
May 12, 2016 

Department of Energy 

Bonneville Power Administration 
P.O. Box 3621 

Portland, Oregon 97208-3621 

FREEDOM OF IN FORMATION ACT PROGRAM 

In reply refer to: FOIA #BPA-2016-00693-F 

Timothy Raymond 
707 Swaggertown Rd 
Glenville, NY 12302 

Dear Mr. Raymond: 

This is a final response to your request for Bonneville Power Administration (BP A) records 
under the Freedom oflnforrnation Act (FOIA), 5 U.S.C. § 552. Your request was received in our 
office on March 24, 2016, with an acknowledgement letter sent to you on April 4, 2016. 

You requested: 
I. Electromagnetic Transients Program (EMTP) Source code 
2. Electromagnetic Transients Program (EMTP) Application guide 
3. Electromagnetic Transients Program (EMTP) Source Code Documentation 
4. Electromagnetic Transients Program (EMTP) Workbook 
5. Electromagnetic Transients Program (EMTP) Rule Book 

In an email dated May 12, 2016, you clarified and narrowed your request to: " include only the 
EMTP software, source code and documentation that is BP A property. Please exclude the other 
items that are not the property of BP A." 

Final response: 
1. Electromagnetic Transients Program (EMTP) Source code: BP A is releasing the requested 
BPA EMTP source code files in their entirety on the enclosed CD. 

2. Electromagnetic Transients Program (EMTP) Application guide: This documentation is the 
property of Electric Power Research Institute (EPRI) and is therefore non-responsive to your 
revised request. 

3. Electromagnetic Transients Program (EMTP) Source Code Documentation: SPA has found no 
responsive records that have this title. 

4. Electromagnetic Transients Program (EMTP) Workbook: This documentation is the property 
ofEPRI and is therefore non-responsive to your revised request. 
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5. Electromagnetic Transients Program (EMTP) Rule Book: BPA is releasing the requested files 
in their entirety on the enclosed CD. 

Appeal: 
Pursuant to Department of Energy FOIA regulations at 10 C.F.R. § I 004.8, you may 
administratively appeal this response in writing within 30 calendar days. If you choose to 
appeal, please include the following: 

( 1 )The nature of your appeal - denial of records, partial denial of records, adequacy of 
search, or denial of fee waiver; 
(2)Any legal authorities relied upon to support the appeal; and 
(3)A copy of the detennination letter. 

Clearly mark both your letter and envelope with the words "FOIA Appeal,'' and direct it 
to the following address: 

Director, Office of Hearings and Appeals 
Department of Energy 

I 000 Independence A venue SW 
Washington DC 20585-1615 

There are no fees associated with this request. 

Thank you for your interest in the Bonneville Power Administration. I appreciate the 
opportunity to assist you. If you have any questions about this letter, please contact 
Kim Witm, Case Coordinator at 503-230-5273. 

\n'~ 
\ ~ u"-'r-
c. M. Frost 
Freedom of Information/Privacy Act Officer 

Enclosure: CD 
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Methods Development Branch, Route EDGB 
Division of System Engineering 
Bonneville Power Administration 
P. 0. Box 3621 
Portland Oregon 97208 
Phone: 503) 230 - 44049 or 4402 

Revision date (last entry): Jan 73, Jul 74, 
Jan 76, Nov 77, May 80 9 Sep 80, 
Apr 82. r 83, Jun 84. 
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0. GENERAL INTRODUCTORY INFORMATION ABOUT THE PROGRAM 

Let this manual begin with a disclaimer as to what it is not! 
The current name "Rule Book" is a replacement for the older term 
"User's Manual" which was employed for editions dated November 1977 
and earlier. 	The name change was for good reason : there is a bare 
minimum of user instruction in the manual. So, novice users, do not 
expect to read this manual as a tutorial handbook. That, it is not! 
Instead, it is basically nothing more than a complete book of rules for 
EMTP input and output. 	And as the modeling capability of the EMTP 
expands without any obvious bound (program size is about 70000 UTPF 
statements as of the "M31." version of November, 1982), documentation 
of the rules begins to resemble more and more the Manhattan Yellow 
Pages. 	Any beginner needs help of various other forms. 

By far the best way to learn about EMTP capability and usage is 
by working beside a competent, experienced veteran. 	Those power 
organizations which have been using the EMTP for a broad range of power 
system simulation, and which have not suffered disabling personnel 
changes, represent the ideal learning environment. 	If the reader is 
working for such an organization, he should count his blessings, and 
disregard most of what follows. 	In case of questions or problems, go 
see the local experts. 	Always ask questions (EMTP users have to get 
into the habit, since they will be doing it until the day they retire, 
so broad and complex is transient simulation)! 

For those not so blessed by local experts, the next-best 
alternative is a strong national or regional EMTP Users Grciup. 	The 
need was first appreciated by the Japanese, who were organized by 
Dr. Akihiro Ametani, Professor of Electrical Engineering at Doshisha 
University (see "Japan" in index for address). 	Something like 24 
industrial organizations and four universities are involved. 	Next 
came the Brazilians (see Ref. 7, Vol. XI, 18 October 1981, page 
SSIA-1), the Europeans (same volume, 3  October 1981, pages IONM-11 
through 14), and most recently the Australians. 	EMTP usage has 
grown so large that we at BPA simply can not corres,p,ond individually 
with all EMTP users. 	If any user or EMTP-interestparty seeks EMTP 
information, we first request that he try his national or regional 
organization, for those parts of the world where these exist. 	Only 
write or call Portland if the national or regional user support is 
unable to answer the question. 	Further, if you do write to Portland, 
be sure to send a copy of the letter to the national or regional EMTP 
organization, to keep them informed. 	National or regional EMTP user 
organizations have been placed on the primary distribution list for 
EMTP Memoranda (Ref. 7), so such information is thereby available 
before enough memos have accumulated to be bound into a new volume. 
Given the existing national or regional organizations, perhaps the 
greatest need now resides very close to home: the USA and/or Canada. 
Are there any volunteers who would provide secondary printing and 
distribution of EMTP Memoranda and other printed EMTP materials in 
exchange for being placed on the primary distribution list? 	Unless 
BPA management decides to massively support printing and mailing 
activities, it is to be predicted that available personnel will 
concentrate on those who are organized so as to help themselves, those 
for whom our limited resources can do the most good. 	While no promises 
can be made for future support of even organized EMTP user groups, it 
seems obvious that the prospects for those who are organized are much 
better than for those who are not. 	Think about it, EMTP users! 
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Since I have just warned Japanese, Latin Americans, Europeans, 
Australians, 	and Indians to seek assistance from their own EMTP User 
Group before writing to BPA, it seems appropriate that I unify all o. 
the names and addresses of interest: 

(I) 

Of 
uJ(f) 

0 
OL 
F-cD 

LU 

Dr. Akihiro Ametani, Professor 
Chairman, Japanese EMTP Committee 
Faculty of Electric Engineering 	 J 	p Doshisha University 
Kyoto 602 
JAPAN 

Mr. Marco Polo Pereira 
Chairman, Latin American EMTP Users Group 
FURNAS CENTRAlS ELETRICAS S A 
Rua Real Grandeza, 219 
20000 Rio de Janeiro RJ 
BRAZIL 

Prof. Dr. Daniel Van Dommelen 
Chairman, EMTP Users Group Europe 
Elektrotechnishch Instituut - Departm. E 
Katholieke Universiteit Leuven 
Kard. Mercierlaan 94 
B-3030 Leuven - Heverlee 
BELGIUM (BELGIQUE) 

Dr. Brian J. Elliott 
System Development Division 
Electricity Commission of N.S.W.  
Box 5257,  G.P.O. 
Sydney, New South Wales 
AUSTRALIA 

Mr. S. D. Tyagi, Deputy General Manager 
EDP and Management Services Department 
National Thermal Power Corporation Ltd 	Ind f-a  NTPC Square, 62-69, Nehru Place 
New Delhi - 110 019 
INDIA 

INDIA is the most recent addition, with NTPC agreeing to coordinate 
EMTP activity for that country in a letter from Mr. Tyagi dated 
25 January 1984L 	Memoranda, Newsletters, and the "M34."-vintage  Rule 
Book were all air mailed to NTPC around the end of January, to supply 
the reference library of the Users Group. 

EMTP education is being handled separately, and materials related 
to it are not available through BPA (so do not write to Portland for a 
copy). Beginning in June of 1978,  a one-week EMTP short course has been 
offered at the University of Wisconsin, for four consecutive summers. 
It was given in the sixth year (1983),  too, and is scheduled for 198' as 
well. This is basically an introductory course. Europeans are offerin" 
an advanced course during the summer of 1984, at K.U.L., 15 or 20 mil€ 
from Brussels, Belgium. Other less prominent courses have been offered, 
too. 	The EMTP Newsletter 	(see index) should always announce such 
offerings, 	with the November 1983  issue relevant to the just-mentioned 
1984 courses. 



In 	passing, it 	might be 	mentioned that a portion of the EMTP 
materials 	used here at BPA are proprietary, 	and not available from us. 
Specifically, 	I am 	referring to 	CalComp 	(or 	simulated-. CalComp) 
plotting routines as required by EMTP batch-mode plotting, 	and also the 
Tektronix 	PLOT10 (or 	simulated -Tektronix 	PLOT10) 	Terminal Control 
System 	routines as required by the interactive plotting program TPPLOT. 
Such 	software 	must either 	be written 	by 	the 	user, 	or it must be 
purchased 	from 	a vendor, 	in order to satisfy externals like "LINE", 
"SCALE", 	"AXIS", "AOUTST", 	"MOVABS", etc. 

Virtual computer architecture, and its relation to quality support 
of the EMTP, deserve a few words of explanation. 	The issue is not one 
of size, I might point out, since both very small machines (e.g., a 
$25K Apollo) 	and very large ones (e.g., a multi-million dollar IBM 
offering) 	use virtual memory management. 	Rather, the issue concerns 
satisfaction of some very special needs of the EMTP. 	Most important is 
the dimensioning problem. 	With 26 independent dimensioning controls, 
the sizing of EMTP tables poses a serious potential problem for the non-
virtual computer shop which is used to solve a variety of transient 
problems. 	If one attempts to minimize the memory requirement by sizing 
EMTP tables parsimoniously, then the burden of frequent "VARDIM" use, 
and re-linkage-editing of the EMTP, must be expected. 	We at BPA know, 
having had years of experience in this mode of usage with our former 
CDC.6500. 	On the other hand, if the non-virtual computer actually has 
sufficient physical memory, such frequent redimensioning can be avoided 
only at the expense of hogging the expensive memory - 	a practice that 
Is frowned on by computer centers or their pricing algorithms. 	Thus 
the EMTP poses a fundamental problem for non-virtual computers, and the 
freedom of virtual memory management should be appreciated by most EMTP 
users. 	With virtual architecture, the EMTP is dimensioned enormously, 
and then "paging" serves to extract only the required portions of the 
oversized tables, and only those parts of the code which are needed. In 
this respect, 	those systems with no front-end load (no delay before 
execution begins) have a decided advantage. 



A general recommendation about computer systems for support of 
the EMTP can be made: if the user has a choice, that system which is 
the most interactive, and which is the most nearly under user control, 
is to be preferred, generally. 	Carefully selected minicomputers have 
proven to be ideal for support of the EMTP. 	Indeed, BPA itself gave 
up the use of its CDC mainframes and switched to a transients-dedicated 
DEC VAX-11/780 in February, 1979. 	Minnesota Power pioneered the way 
with PRIME minicomputers, and their continued support for this EMTP 
version has made it among the most reliable and flexible. 	During 
December of 1981, Minnesota Power and BPA cooperated in the EMTP 
testing of a microcomputer (Apollo), and it now appears certain that 
a whole new class of computers will play an important EMTP role in the 
future. 	An EMTP-incompatible computer which has FORTRAN and which is 
not limited by 16-bit addressing has yet to be found, so one can assume 
acceptability until proven otherwise. 	Interactivity between the user 
and the program is very important, so choose among available computers 
carefully. 	The forty or so pages following Section 0.5 are dedicated 
to different EMTP versions, and readers with a choice are encouraged 
to survey this material for their computers of interest. 	If some brand 
can not be found, feel free to describe your system to us in Portland. 

I would point out that this Rule Book contains almost nothing 
about what is happening in the world of EMTP usage and development. 

It may well contain numerous errors as well, for it is prepared under 
considerable time pressure. 	For EMTP-related announcements, reports 
of interesting studies by program users, corrections to the Rule Book 
and/or common program versions, and summaries of ongoing EMTP research, 
we recommend the EMTP Newsletter which is published by the Leuven EMTP 
Center (LEC) in Belgium: 

Prof. Dr. Daniel Van Dommelen 
Chairman, 	Leuven EMTP Center of 

the European EMTP Users Group 
Elektrotechnishch Instituut - Departm. E 
Katholieke Universiteit Leuven 
Kard. Mercierlean 914 

B-3030 Leuven - Heverlee 
BELGIUM (BELGIQUE) 

Each and every 
EMTP user is expected to be aware of the material in this publication. 
Don't write to Portland for a report of "how things are going?? if you 
do not read each and every issue! 	A subscription form that was 
received in Portland on 7 February 1986 will be found below. 
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INVOICE AND SUBSCRIPTION FORM FOR "EMTP NEWSLETTER"- VOLUME 6 

January 1986 -- January 1987 (4 issues) 

Subscriber's coordinates: 
	

Date:______________ 

Title: 	Initials: 	Name: 

Company: 

Address: 

Zip + City: 

Country: 

Number of copies requested:_____ 

Payment: (also see instructions below) 

Member of LEC (Y/N)?._ (LEC is the Leuven Emtp Center, part 
of the European EMTP User's Group) 

Bank transfer executed on _/_/86 at bank:_________________ 

Receipt required (YIN)?____ Signature: 

Instructions: 

Members of LEC: 	NO subscription fee 	 (one copy) 
(only effective after returning this subscription form) 
(any additional copy : 	see 	"non-members of LEC") 

Non-members of LEC: subscription fee is 35 US $ (one copy) 
Please pay by bank transfer to 

"K.U.Leuven R&D", account number 330-0633504-51 
at Bank Brussel Lambert, Leuven, Belgium 

Reason of payment: EMTP Newsletter 

Please return this form to: 	Ir.G.Empereur 
K.U.Leuven, Dept .Electrotechniek 
Kardinaal Mercierlaan, 94 
B-3030 Heverlee (Leuven) 
BELGIUM 

IMPORTANT - IMPORTANT - IMPORTANT - IMPORTANT - IMPORTANT 
- If subscribing through a library or subscription agency - 

Please forward this form as invoice to your library or sub-
scription agency. No invoice will be mailed to the library or 
subscription agency directly. However, receipt of payment, if 
requested, will be acknowledged to the library or subscription 
agency. 

0.1 Availability of Program to Others 

In conformity with long-standing BPA policy, dissemination of 
materials related to the Electromagnetic Transients Program (EMTP, or 



T.P. in the older notation) is made freely to any and all interested 
parties. A fee to cover reproduction, handling, and mailing costs may 
be assessed against the organization or individual receiving the 
materials, however. No claim or warranty as to the usefulness, 
accuracy, fidelity, or completeness of these materials is, or ever 
has been, in any way expressed or implied 

It is only for potential program users having the sane computer 
system as BPA (currently a DEC VAX-.11/780 minicomputer, or Apollo micro-
computer) that the E4TP probably can be procured most conveniently 
through that organization. For other computer systems of interest 
(IBM. 1-bneywell, PRIME, Univac, SEL, CDC, Cray-1, etc. distribution 
will most often be handled through one or more program users of the 
computer system in question, on a cost or near-cost basis. The 
advantage of this procedure is that standard manufacturer-dependent 
tape-copy routines can be used, the tape will be recorded with an 
acceptable number of tracks and at a proper density, and line printer 
files corresponding to sample solutions will also generally be put on 
the tape as well, for purposes of verification. Information as to who 
is handling distribution of the E4TP for other computer systems is 
available through Program Maintenance at BPA, among other places. But 
first read Section 0.5a onward 	that section which corresponds to 
the computer system of interest. Only if the desired computer is not 
found, or if the information contained there is incomplete, inquire of 
Program Maintenance at BPA. 

0.2 Program Maintenance and Development 

Dr. Hermann W. DDmmel, founding father of the E4TP, left BPA for 
the University of British Columbia in Vancouver during July of 1973. 
Primary responsibility for E4TP maintenance and development at BPA 
then shifted to Er. W. Scott Meyer (address and phone number as on the 
cover), with Dr. Tsu-huei Liu (same address and phone) added to the 
effort in October of 1975. 

So much for BPA and ancient history (back whe9the program was 
small, and manageable, and when most of us still nitured the naive hope 
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of someday finishing it). A new phase of E1TP development was begun 
during 1975, after the discovery of machine translation (see Ref. 13) 
the cooperative development among major program users, for the mutual 
benefit of all. Very substantial contributions to the present E1TP have 
been made by non-BPA personnel (though BPA funding has supported most 
work at other than power companies). Three other North American power 
companies have been actively involved in development, as have four 
universities: 

1. The original dynamic synchronous machine (S.M.) of the 
E1TP was contributed by the Southern California Edison Co. 
(SCE) of Rosemead, California (the Los Angeles area). Mike 
Hall and John Alms did the development work there, as 
documented in Ref. 8, Volume VI, 5 December 1976, pagination 
FOTS. Much of the theoretical basis cane from Er. George 
Gross of Pacific Gas & Electric (San Francisco). That original 
code was considerably enhanced since its 1976 introduction 
to the E4TP, thanks to Er. Vladimir Brandwajn (originally a 
student of Prof. Dmmel, then a contractor of BPA for about 
a year. Between 1978 and 1982, Er. Brandwajn handled all 



EMTP considerations related to the conventional S.M 
code, whether it be the original SCE code, or his o (Type-59) 
modeling. Before moving to Systems Control in 1982, Vladimir 
removed the Type 50 (original SCE) modeling. 

2. The Semlyen recursive convolution modeling of Section 1.27a 
canes from Ontario Hydro (OH) of Toronto, Ontario (Canada). It 
is named after Professor Adan Semlyen of the University of 
Toronto, who inspired it (see Refs. 10, 21). Alex Lbuleanu 
(now deceased; formerly an OH employee) did much of the 
original work, as a student of Prof. Semlyen. Through the end 
of 1979,  Russell Brierley of OH continued to be the premier 
expert in use of the feature, and researcher who paved the way 
for generalization to complex exponentials (theory as per Ref. 
21 by Prof. Semlyen). Bob Eifrig of Oregon State University 
(and a temporary BPA employee for several summers) restructured 
the original Setnlyen code during the summer of 1976 (variable 
,dimensioning, etc.). Then during the summer of 1978, Bob 
,completely recoded the solution code, to allow for an arbitrary 
number of complex exponentials, following the Ontario Hydro 
recanmendation. Bob did work on the associated new "SEMLYEN 
SETUP" (prototype which cane from Russ a-ierley and Vladimir), 
though a workable production tool never resulted. See Point 9 
below. 

3. The dynamic surge arrester for SiC devices with active current 
limiting gaps as described in Section 1.34 was developed and 
contributed by Chuck Wolf and 1). Arun Priadke of the American 
Electric Power (AEP) Service Corporation of New York City. 

4. The original mathematical formulation and crude outlines of 
TACS (see Section 8.), which is used for control system 
Modeling, was developed by Laurent Dube, studying under the 
supervision of Prof. Hermann W. tbmmel at the University of 
British Columbia in Vancouver. See Ref. 12. 	Implementation 
and enhancement in the E1TP were made by Laurent working under 
contract with BPA. This included the valve and diode modeling 
of Section 1.43 . 	Laurent's first BPA contract ended in the 
summer of 1976,  and a second began in the spring of 1979, as 
.a second generation of TACS is being developed. How much of 
the new goodies make the general distribution during the 
summer of 1980 is not now (March, 1980) clear. 

5. Professor Akihiro ("Akj") Ametani of tbshisha University in 
Kyoto (Japan) developed the "CABLE CONSTANTS" code of Section 
7.7 ; and he also inspired the "Ametani linear convolution" 
modeling (see Ref. 11), the implementation of which was 
designed and performed by Bob Eifrlg. Yet this UTPF overlay 
46 was removed during 1983. 

6. The Type-96 hysteretic inductor modeling of Section 1.31 was 
developed by Prof. Narendra ("Ned")- Mohan and Mr. Jim Frame of 
the University of Minnesota in Minneapolis. This was during 
1978 and 1979, under contract with BPA. 

7. The universal machine (U.M.) modeling of Section 1.63 was 
developed by Prof. Hian Lauw of Oregon State University in 
Corvallis, Oregon. This was during 1979  and 1980, under 
contract with BPA. 



8. The Type-59 dynamic synchronous machine (S .M.) modeling of Section 1.62 
was originally researched by Dr. Vladimir Brandwajn while studying for his 
doctorate in Vancouver (another of Prof. tmrnel's graduate students). 	See 
Ref. 15. 	Implementation in the EMTP was under contract with BPA (see Ref. 8, 
Vol. VII, 23 December 1977, pagination CBVB). Between 1978 and 1982, Vladimir 
was with Ontario Hydro, and has since moved to Systaiis Control, Inc. of Palo 
Alto, California. 

9. D. John Hauer of BPA joihed the EMTP development effort during the 
late fall of 1979,  to rescue our suspended "SEMLYEN SETUP" work. See Ref. 8, 
Vol. IX, 	14  October 1979,  page EIYTO-1 . Rather than correcting past work, he 
added his own self-contained, sophisticated, frequency-domain fitting program 
that has evolved over the past decade or t. This "HALER SETUP" code of UTFF 
overlays 118 and 119 existed until 1983,  when it was removed ("MARTI SETUP" is the 
general replacement). 

10. Prof. Jose R. Marti of Central University of Venezuela (in Caracas) 
finished his doctoral study under Prof. Hermann tmrnel at IJBC in 1981. 	Jose's 
dissertation concerned a new, simplified procedure for the frequency-dependent 
representation of transmission lines in a transients program. Implementation in 
the EMTP began in August of 1981, and continued through the following summer, 
under contract with BPA. See Sections 1.26b1 and 7.0. 

11. Ma Ren-ming from the Wuhan High Voltage Institute (Wuhan, China) moved 
to Portland during March of 1982, and has been an integral part of the program 
support tean ever since. 	Curing late 1983  and early 1984, he made very 
extensive improvaiients to TACS modeling. Other projects with which Ma has been 
closely involved are the new EMTP switch logic, and refinaiient of the EMTP load 
flow. 	When Ma Ren-ming returns home during the summer of 1984, his presence 
will be sorely missed. For the first two years of his stay, salary, travel, and 
living expenses were all provided by his institute, for which all users should 
be grateful. 

12. Frank Rasmussen of Elkraft Power Corporation in Denmark did background 
research, and delivered the initial workable code for what is now referred to as 
the EMTP load flow. 	See Ref. 8, Vol. XIII, 23 July 1983,  Section II, pages 
VDEL-2 through 9. 

Hence there is quite a bit of EMTP competence which is spread anong many 
individuals. 	The effort was long ago bigger than any one person, group of 
persons, or even power pool. Industry-wide development on an international 
scale has been involved. The coordination has been centered largely in Portland 
(at BPA), if only by default. But then the possibility of better-coordinated 
and better-funded development motivated the establishment of the EMTP 
Development Coordination Group (DCG) in the fall of 1982. 	As of April, 1984, 
DCG support for S.M. and U.M. contractors (Dr. Brandwajn and Prof. Lauw) has 
resulted in obvious, observable, deliverable irnprovaiients to the program, and 
would seen to be t)CG's prime accanplishment. 

A new EMTP user is encouraged to seek assistance within his own company 
when using the program for the first time, or when using it in a new mode. If 
there are questions as to program and/or problaii restrictions, an inquiry to 
experienced personnel is almost always advisable. The EMTP and associated 
problaii modeling are inimitably tricky and sophisticated, with experience 
invaluable in order to avoid experimentation of a trial and error (garbage in, 
garbage out) nature. 	For those who are able to spend corporate funds, and 
travel of centers of EMTP education, I strongly recctnmend any course sponsored 
by "EMTP insiders". 



2. Lumped inductance: 

3. Lumped capacitance: 

-ç[ 	 -' 'iT; 

0.3 Program Capability (Suzmarij) 

The Transients Program is used to solve the ordinary differential arid/or 
algebraic equations associated with an "arbitrary" interconnection of the following 
elements: 

1. Lumped resistance: 

•V- 

=• 

I-  - - - - - - - - - 4. Multiphase Pi-equivalerits, 
where the preceding scalar 
R, L, C become symmetric 
square matrices jR3 , 
1L, 

S. Multiphase distributed-parameter 
transmission lines, wherein propagation 
time of the line is represented. 
Distortionles s and externally-lumped-
resistance approximations are available, 
as well as "exact" frequency-dependent 
representation S, 

6. Nonlinear resistors, where the 
curve must be single-valued.  

7. Nonlinear Inductors, either with the conventional 

__ 

LI single-valued characteristic (see sketch at right), 
or including hysteresis. 

RW 
8. Time-varying resistance. 

9. Switches, used to simulate circuit 
breakers, lightning-arrestor 	

•___._d-" flashover, or any other network 
connection chance. 	Diodes and dc 
converter valves are included 

rLi t  10. Voltage or current sources. In addition 
to standard mathematical functions 4' (sinusoids, surge functions, steps, Jtj and ramps), the user may specify 
sources point by point as functions 
of time, or in FORTRAN, or as defined 
by TACS (see Point 12 below). 



11. Dynamic synchronous machines (3-phase balanced 
design only). The electrical side is represented 	 CO 

by Park's (Blondel's) equations, while the 
mechanical side is modeled as an interconnection 
of masses, springs, and damping. Arbitrary 
exciter and governor dynamics can be represented, 
by connection to 	TACS (see Point 12). 

12. Control system dynamics,- as are normally 
represented on differential analyzers ( 
analog computers).. This modeling capability 	 I  
goes by the name of TACS (an acronym for 	(E)-*-J 
Transient Analysis of Control Systems). 
Nonlinear and logical operations may be 
represented. Input and output may be 	 I 
interfaced with the electric network of 	 L........j 
the ETP, providing a hybrid representation. 
All TACS representation is user-patchable, 	

1kb,tfl'() 

and hence configuration free. See Sect. 8. 

13. Unconventional rotating electromechanical energy 
converters of various sorts, including induction 
machines and dc machines. An arbitrary number 
of windings on each rotor axis is allowed, there 
is no restriction to 3-phase usage, etc. Compensation 
is used, and any mass-spring dynamics of the shaft 
are represented by an electrical analog. Various 
control system connections are possible, via TACS. 
Refer to Sedtion 1.63 (the universal machine model). 

Trapezoidal-rule (second-order) implicit integration is used on the describing 
equations of most elements which are described by ordinary differential equations. 
The result is to form an associated set of real, simultaneous, algebraic equations 
which must be solved at each time step (see Ref. 1). 	These are placed in nodal- 
admittance form (with new unknown voltages as variables), and are solved by ordered 
triangular factorization (Ref. 14). 

Program output consists of component variables (e.g., branch currents or 
voltages, machine torques or speeds, etc.) as functions of time, for those variables 
which were requested by the user. Both printed and plotted output is possible, with 
plotting possible in either character or vector-graphic modes. See Section 5.0 for 
the separate, disconnected usage of vector plotting, and Section 9.0 for the details 
of interactive (SPY) usage. 

Initial conditions for differential equations of the various components can be 
determined automatically by the program for many if not most cases of practical 
interest. 	The most important restriction is to linear elements (nonlinear 
components must generally be ignored during phsor steady-state solutions). Yet 
injections of the electric netrk may be specified in terms of power and voltage 
magnitude, thereby providing multi-phase load flow capability. Control system 
modeling (TACS) allows for the superposition of an arbitry number of linear phasor 
solutions of different frequencies. 
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0.11 Supporting Reference Material 

Theory behind the EMTP is scattered through various technical 
papers and a few books. The following may be found useful for reference 
purposes: 

1. H. W. Dommel "Digital computer solution of electromagnetic 
transients in single and multiphase networks " IEEE Trans., vol. 
PAS 88, pp. 388-399, April 1969 

2 	H. W. Dommel. "Nonlinear and time varying elements in digital 
simulation of electromagnetic transients." IEEE Trans 	vol. PAS 
90, pp.  2561 2567, Nov/Dec 1971. 

3. W, S. Meyer H. W Dommel, "Numerical modelling of frequency 
dependent transmission line parameters in an electromagnetic 
transients program " IEEE Trans , vol. PAS-93, pp. 11101 11109. 
Sep/Oct 1974. 

II. W. F. Tinney, J. W. Walker, "Direct solutions of sparse network 
equations by optimally ordered triangular factorization," Proc. 
IEEE, vol 55 pp.  1801-1809, November 1967.  Also available in 
1967 IEEE PES PICA Conference Record. 

7. H. W. Dommel, W. S. Meyer, "Computation of electromagnetic 
transients" Proc. IEEE)  vol. 62, pp. 983-993, July 1974. 

8 	W. S. Meyer, "Transients Program Memoranda." Approximately 150 
pages per volume, this concerns the EMTP development memoranda 
which are regular issued as progress is made. Individual memos 
are bound when there has been sufficient accumulation to form a 
volume. As of February, 1984, there were 111  volUmes. Only the 
most recent volume is generally available, however, so do not write 
requesting a complete set. Older volumes are out of print. When a 
new volume is released, a fixed number of copies are printed; and 
when these are exhausted, the volume becomes unavailable through 
regular channels (a Freedom of Information request would always be 
honored, of course, but a copying fee would be charged). As of 
April, 1984, Memoranda writing has been suspended indefinitely 
with the 711--page contribution dated 19#January 19811 (finished on 
25 March 19811) being the final one unless management encourages 
a resumption. A request for guidance in setting such priorities 
was made of higher management on March 26th, 1984. 

9. D. R. Carroll, W. S. Meyer, "Digital and hybrid computation of 
electromagnetic transients in power networks." Sixth Annual 
Pittsburg Conference on Modeling and Simulation, Pittsburg, 
Pennsylvania, April 1975, 

10. A. Semlyen, A. Dabuleanu, "Fast and accurate switching transient 
calculations on transmission lines with ground return using 
recursive convolutions" IEEE Trans., vol. PAS 911,  pp. 561-571, 
1975 

11. A. Ametani, "A highly efficient method for calculating transmission 
line transients," IEEE Trans., vol. PAS-95 pp. 15115 1551, 
Sept/Oct 1976. 



12. L. Dube, H. W. Dommel, "Simulation of control systems in an 
electromagnetic transients program with TACS," IEEE PES PICA 
Conference Record, vol. 10, pp.  266-271, 1977. 

13. W. S. Meyer, "Machine translation of an electromagnetic transients 
program (EMTP) among different digital computer systems," IEEE PES 
PICA Conference Record, vol. 10, pp. 272-277, 1977. 	See also Ref. 
8,Vol.VI, 5 January 1977, pagination PICA. 

14. V. Brandwajn, H. W. Dommel, "Synchronous machine parameters in 
analysis of electromagnetic transients," Canadian Communications 
and Power Conference, Montreal (P.Q., Canada),' October .20-22, 1976. 

15. V. Brandwajn, "Synchronous Generator Models for the Simulation of 
Electromagnetic Transients." Ph.D. thesis written at the University 
of British Columbia (Vancouver, B.C., Canada), April 1977, 117 pages 
plus preface. 

16. G. Gross and M. C. Hall, "Synchronous machine and torsional dynamics 
simulation in the computation of electromagnetic transients," IEEE 
Trans., vol. PAS-97, pp. 10714_10R6, July/Aug 1978. 

18. IEEE SSR Task Force, "First benchmark model for computer simulation 
of subsynchronous resonance," IEEE Trans., vol.. PAS-96r, pp.  1565-
1572, Sept/Oct 1977. 

19. P. M. Anderson, A. A. Fouad, "Power System Control and Stability." 
Ames, Iowa (USA) The Iowa State University Press, 1977. 

20. V. Brandwajn, H. W. Dommel, "A new method for interfacing generator 
models with an electromagnetic transients program," IEEE PES PICA 
Conference Record, Vol. 10, pp.  260-265, 1977. 

21. A. Semlyen, "Contributions to the theory of calculation of 
electromagnetic transients on transmission lines with frequency 
dependent parameters," paper submitted to IEEE for presentation at 
the 1979 PES Summer Meeting. 

22. D. Van Dommelen, Editor, "EMTP Newsletter." Published about 
4 times/year in Leuven, Belgium, issue number one appeared 
during July of 1979. For information about subscription, see 
"Newsletter" or "Europe" or "LEC" in the index. 

23. V. Brandwajn, W. S. Meyer, H. W. Dommel, "Synchronous machine 
initialization for unbalanced network conditions within an electro-
magnetic transients program," IEEE PES PICA Conference Record, vol. 
11, pp. ???-???, 1979. 	Also available in Ref. 3, Vol. VII, 
28 January 1978, pages TDCE-13 through 16. 



2. H. W. Dommel, B.C. Chiu, W. S. Meyer, "Analyzing transients in 
ac/dc systems with the BPA Electromagnetic Transients Program," 
Proc. IEEE International Conference on Overvoltages and 
Compensation on Integrated ac-dc Systems, Winnipeg, Canada, 
July 8-12, 1980. 

25. A. Ametani, "A general formulation of impedance and admittance of 
cables," IEEE Trans., vol. PAS-99(3), pp. 902-91.0, 1980. 

26. A. Ametani, "Wave propagation characteristics of cables," IEEE 
Trans., vol. PAS-99, No. 2, pp. 99-505, March/Spril 1980. 

27. R. H. Lasseter, D. M. Demarest, F. J. Ellert, "Transient Over- 
voltages on the neutral bus of HVDC transmission systems," 	IEEE 
PES paper No. A78 707-4, presented at the 1978 Summer Meeting. 

28. R. H. Lasseter, "Electrical characteristics of long overhead HVDC 
transmission lines," IEEE PES paper No. A79 535-6, presented 
at the 1979  Summer Meeting. 

29. A. G. Phadke, Course Organizer: "Digital. Simulation of Electrical 
Transient Phenomena." 	IEEE Tutorial Course No. 81 EH0173-5-PWR, 
last given at the 1982 IEEE PES Winter Meeting in New York City. 
Sixty pages in length, the notes for this one-day IEEE course 
consist of six chapters, as follows: 

I --- Introduction to Power System Transients (A. G. Phadke); 
II --- Present day procedures and program (W. S. Meyer); 
III --- Extension of the basic solution methods (H. W. Dommel); 
IV --- Synchronous machine modeling (D. W. Olive); 
V --- EMTP synchronous machine modeling (D. H. Baker); 
VI --- HVDC converters & controls (K. G. Fehrle, R. H. Lasseter). 

Anyone seeking a broad overview of the full range of EMTP usage is 
advised to consult this "book". 	Although just an outline, it 
points to numerous other sources of information (there are 145 
references), and is the only known such organized summary. 

30. K. C. Lee, H. W. Dommel, "Addition of modal analysis to the U.B.C. 
Line Constants Program," research report to B.C. Hydro and Power 
Authority, Vancouver, Canada, January, 1980, published by the 
Electrical Engineering Department of the University of British 
Columbia. 

31. J. G. Frame, N. Mohan, T.-H. Liu, "Hysteresis modeling in an 
electromagnetic transients program," IEEE PES paper No. 82 WM 
152-7, presented at the 1982 Winter Meeting. 

32. R. H. Lasseter, S. Y. Lee, "Digital simulation of static VAR 
system transients," IEEE PES paper No. 82 WM 178-2, presented 
at the 1982 Winter Meeting. 

33. V. Brandwajn, H. W. Dommel, I. I. Dommel, "Matrix representation 
of three-phase N-winding transformers for steady-state and transient 
studies," IEEE PES paper No. 81 SM 1429_0, presented at the 1981 
Summer Meeting. 

34. H. W. Dommel, "Transformer models in the simulation of electro-
magnetic transients," Fifth Power Systems Computation Conference 
held in Cambridge, England, September 1-5, 1975. 



35. A. S. Morched, V. Brandwajn, "Transmission network equiva-
lents for electromagnetic transients studies," IEEE PES 
paper No. 83 WM 039-5,  presented at the 1983 Winter Meeting. 

36. H. K. Lauw, W. S. Meyer, "Universal machine modeling for the 
representation of rotating electric machinery in an electro-
magnetic transients program," IEEE PES paper No. 81 SM 
I30-8, presented at the 1981 Summer Meeting. Published in 
Trans. PA&S during April of 1982? 

37. D. Van Dommelen, "Optimization of initial values of mechanical 
variables of turbine-generator units in an electromagnetic 
transients program," IEEE PES paper No. 81 SM 500-8, 
presented at the 1981 Summer Meeting, and later published in 
Trans. PA&S, Vol. PAS-100, no. 12, pp. 4990_4994, December 1981. 

38. IEEE Working Group, "Modeling of Current-Limiting Surge 
Arresters", IEEE Trans. PA&S, vol. PAS-100, pp.4033_14040, 
August 1981. 

39. J.R. Marti, "Accurate Modelling of Frequency-Dependent 
Transmission Lines in Electromagnetic Transients Simulations", 
Pro. IEEE Power Industry Computer Applications (PICA) 
Conference, Philadelphia, PA, 9 pages, May 1981. 

140. V. Brandwajn, H. W. Dommel, "Numerical oscillations in the 
transient analysis of circuits with implicit integration 
techniques," paper presented at the XXIV-th Midwestern 
Symposium on Circuits and Systems, Puebla, Mexico, August, 
1983. 

141. D. Van Dommelen, Chairman. The European EMTP Users Group 
(see index) has held meetings biannually since its inception 
during 1981 (the first meeting, an all-Belgian affair, took 
place on 21 January 1981). Each meeting has an associated 
set of conference documents, of which some have been listed 
in EMTP Memoranda (e.g., Ref. 8, Vol. XIV, 2 January 1984, 
pages FMOE-1 and 2). Anyone interested in EMTP usage should 
not overlook this valuable source of information about the 
program. 

142. F. L. Alvarado, R. H. Lasseter, H. Kwon, S. K. Mong, "A 
module-oriented EMTP interface," paper presented at the 
19814 Winter Meeting of the IEEE PES in Dallas, Texas. 

143. Frank Rasmussen of ElKraft Power Company Ltd., Copenhagen, 
Denmark, is encouraged to write a paper describing his 
pioneering research and development which made the EMTP load flow 
possible. If and when this appears, it will be Reference 43. 
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0.5 	Program Availability on Different Computer Systems and Installations 

The EMTP is being. made available for execution on the different major 
American computer systems by means of machine translation of an installation-
independent master file known as the Universal Transients Program Pile 

bbreviated UTPP). Conceived of in November of 1974 (see Ref. 13), this 
scheme utilizes a different Editor/Translator (BIT)  program for each different 
computer system, so as to machine-process the UTPF, to convert it into legal 
EMTP FORTRAN for the particular installation of interest. Thus all EMTP code 
actually begins with the same master file (the UTPP), but differs according to 
the built-in or specially-requested properties of the translation. Within this 
framework, the writing of a common EMTP User's Manual for all is thus a little 
bit tricky. 

Some differences of the EMTP code for different computer systems are 
completely hidden, out of sight of the program user, and are of no concern to 
him. For example, alphanumeric storage (e.g., the 6-character names for network 
busses) on Univac is handled in FORTRAN INTEGER variables, while on IBM the 
mode is REAL*8 • This is a concern of the program developers only, not of 
any normal interest to the user. 	Reference 13 summarizes the entire process. 

Other machine differences affect the user in only a minor way, and he may 
not even initially be aware of them. For example, computer word length 
dictates certain precision or other numerical requirements on the input data. 
Control Data with its big 60-bit word is more tolerant of a wide disparity of 
input data than is Univac with its 36-bit word, for example. Here we are 
talking about limits which exist for all EMTP users, but which vary in severity 
or value according to the computer installation being considered. Relevant 
comments about such considerations will be found in the user instructions, 
where appropriate. The user should always be aware of the computer word length 
used in his EMTP translation, needless to say. 

Finally, certain EMTP operations are totally different for different 
installations, at least in outward appearance, as far as the user is concerned. 
For example, computers of different manufacture (IBM, CDC, Univac, SEL, etc.) 
will require completely different job control cards, in general. These are the 
instructions by means of which one pleads with the installations operating 
system, asking for the EMTP, madipulating his data input files and the program 
output. Such job control language (JCL) may even vary among different 
installations of the same manufacturer, due to local preferences or constraints 
which are placed on the mode of operation. If in doubt as to what to employ, 
the user should always contact his resident EMTP expert for the last word. Yet 
as a general guide, the following "system" instructions as to EMTP setup are 
typical, for the different computer systems indicated. Refer to Section 0.5a 
onward -- that section applicable to the computer system of interest. 

As summarized In Reference 13, FORTRAN statements which are highly 
dependent on computer manufacturer and/or installation usage have been 
isolated In installation-dependent EMTP modules. If a given organization 
performs its own translation, such modules will be set up to satisfy its own 
peculiar needs, and Program Maintenance of that organization should 
thoroughly understand the decisions which have been made; in this case, there 
should be no complication at all. But, if a given organization receives a 
FORTRAN copy of the EMTP from some other group which uses a computer of the 
same manufacture, then perhaps nothing will be known about installation-
dependent modules and the installation-dependent choices which may have been 



made therein. 	In order to be able to change some of these decisions 
if need be, the user must know how to locate the modules of interest. 
The following chart shows all installation-dependent EMTP modules by 
name and also overlay numbers. 	The purpose is summarized on the 
right (for more description, consult comment cards at the top of the 
module in the UTPF [which con tains VAX copies]). 

Module 	UTPF overlay 	Purpose of installation-dependent code 
Name 	 name and 
F = 	= = 	= = = 	 = 	= = 	= = 

RUNT YM 

TIMELL 

CIMAGE 

LOCF 

LOCINT 

Once used for error recovery (mnemonically 
"ERror EXIT") on BPA's old CDC-6500, for 
five years this was a dummy module. Then, 
with interactivity, it was used again. 
The UTPF has a VAX module with a call to 
the machine-dependent CTRL-C handler, so 
all other computers will substitute for it. 

Find the current central processor 
and input/output job times. 	Basically, 
this is used only for the elapsed-time 
printout of the case-summary statistics. 

Find the current wall-clock time, in 
format "HH.MM.SS" . 	Automatic plot 
file naming (for those systems having 
OPEN/CLOSE capability of FORTRAN) is 
based on the digits of this time, and 
also on "DATELU" results. 

Read the next data card from unit 
LUNIT5 . 	DECODE it as 80A1 if 
free-format is used. Check for any 
$-cards, all of which are processed 
within "CIMAGE". 	Skip over comment 
cards (after interpreting). 

Find the address in memory of the 
argument, as anumber of REAL words. 
This is used by the EMTP to find the 
size of certain fixed-dimension arrays 
(not all code is variably-dimensioned). 

Find the address in memory of the 
argument, as a number of INTEGER 
words. 	This is a scaled version of 
"LOCF", fundamentally. 

All library functions are defined 
using ENTRY points in these 
modules, for those systems allowing 
ENTRY usage. Neutral names are 
used (e.g., "SINZ" is used for 
the usual "SIN" or "DSIN" ) 
Special limit checking can also be 
placed in these modules. 

ER EXIT 
	

MAINOO; -1 

RFUNL1 
RF UNL 2 
RFUNL3 
CFUNL1 

CMPLXZ 



t'j-jjL I  
DLI BR F 

DLI BR 2 

FRENUM 

PACKA 1 

PA C KC H 

SEEDY 

RANDNM 

Used to provide double-precision 
library functions, originally just for 
overlay 13, for use by the Semlyen 
recursive convolution code. 

Used to provide double-precision 
library functions of.2 arguments. 

Returns a floating-point number from 
the next free-field range on the data 
card which is currently being processed 
by the universal module "FREFLD". 

Packs one character (Al information) 
of one word into any character position 
of another words. 	Both words must be 
ALPHANUMERIC (UTPF type). 

Packs A1  or A6 word strings into 
ALPHANUMERIC vector storage so that 
there are no imbedded blanks. This 
was originally designed for CalComp 
plotting, to remove excess blanks. 

Find the number of seconds since 
midnight, based on alphanumeric 
input bf the time ("HH.MM.SS"). 

Compute a random umber (roll the 
dice), uniformly distributed over 
the unit interval (0, 1). 	This is 
for zero argument. 	For nonzero 
argument, initialize the random 
number generator using this seed. 
"RANDNM" also has access to standard 
random numbers of "SANDNM" if user-
requested. 

TAPSAV 

PLTFIL 

MAIN1O; 0 This module is called by the universal 
"TABLES" to dump/restore /LABEL/ as 
part of "START AGAIN", "STATISTICS", 
etc. usage. 	The UTPF module (VAX code) 
assumes COMMON blocks are in natural or 
reverse order, so they can very easily 
be transferred by a single self-indexed 
READ/WRITE following LOCINT location 
f the ends. 	Computers without such 
regular order require "TAPSAV" module 
produced by "VARDIM" (with a separate 
READ/WRITE for each COMMON block). 

For installation-dependent transfer of 
output vector to disk as part of plot- 
file building on LUNITIL 	Conversion 
to single-precision (assuming EMTP 
computation uses REAL*8) is a common 
function, to save disk and I/O time. 
nteractive EMTP versions service the 



ROLLing "PLOT" command of SPY from here, 
too. 	Module is called only if MLIPLOT 
is nonzero (1:SPY MOS, 	2REAL*4 disk). 

PLTLU2 Special version of "PLTFIL" used only 
for TACS "STAND ALONE" cases. 	Module 
is called only if 	MLIPLOT 	.NE. 	0. 

VECRSV Vector dumping/restoring modules used 
VECISV during the overlay 6-11 steady-state 

phasor solution and node renumbering. 
"VECRSV" is for REALs, while "VECISV" 
is for INTEGERs. 	UTPF (VAX) modules 
are installation-dependent since they 
rely on virtual 	storage (/C29B01/). 
See Ref. 	8, 	Vol. 	XII, 	24 August 	1982, 
Section II, 	pages HTNT-14 through 8. 

VECRXX Near-universal versions of "VECRSV" 
VECIXX and "VECISV", or so we thought (see 

Ref. 	8, 	Vol. 	XII, 	20 January 	1983, 
Section 111-A, 	pages MVEM-16 and 	17. 

SYSDEP 	OVER1 ; 1 	Performs various system-dependent 
4.nitializations at the start of 
execution of a new EMTP data case. 

MIDOV1 	 Performs miscellaneous system- 
dependent initializations when EMTP 
pontrol is ready to exit 11 OVER1 11 . 
The call to "SYSDEP" is too early 
to perform all system-depedent 
initializations, it turns out. 

NAM999 	 Installation-dependent module which 
builds default names for linear 
branches (LIN001, etc.), nonlinear 
elements (NLN001, etc.), and switches 
(SWT001, etc.). 

DATELILI 	I 	I Find the calendar date ("MM/DD/YY"). 

WATCH 	 Attach (connect) a disk file of 
plot points to I/O unit LUNITLI 
in conjunction with "REPLOT" usage 
of Section 1.Od . 	"START AGAIN" also 
requires this module (Section 1.0e15). 

ANALYT 
	

OVER16 ; 16 
	

The module which services "ANALYTIC 
SOURCES USAGE" 	modeling (user- 
defined FORTRAN). 	Also, "EMTPSPY" 
of interactive control uses "ANALYT" 
to honor the "RAMP" command (see 
Ref. 8, Vol. XI, 	17 July 1981, page 
IEEO-35). 



1rL -2a 
KATALG OVER20 ; 20 Save the contents of unit number 

LUNIT1 	as a permanent file on 
disk, 	for possible later 	"TPPLOT" 
or 	ttREPLOTtt 	usage. 	But such 
usage is restricted to those 
systems (e.g., 	BPA-modified CDC) 
which permit file naming after 
he creation. 	This is rare (VAX 
OPEN usage of "SYSDEP" is common). 

FLAGER Installation-dependent SPY modules. 
TDELAY For further details, see Section 9.0 
KWITER on interactivity. 	Variations are 
SPYAID associated with details of the user- 
WINDOW keyed interrupt (FLAGER and KWITER), 
APPEND the audible bell (HONKER), hibernation 
PROMPT (TDELAY), 	user instructions (SPYAID), 
TEKPLT window management and usage (WINDOW), 
SYMTEK installation-dependent extensions 
TGRID (APPEND), cursor holding (PROMPT), 
HONKER and vector plotting (TEKPLT, 	SYMTEK, 

and TGRID). 

DATAIN FORTRAN 77 	module for EMTP data 
piodularization and sorting, 	called 
by 	"EREXIT" 	in VAX (UTPF) module. 

STATRS OVER29 ; 	29 This module serves to connect to 
units 	LUNIT3 	and 	LUNIT9 	the 
"STATISTICS" 	results which were 
previously saved on disk by 	STATSV 
This is in response to 	"TABULATE 
• ENERGIZATION RESULTS" 	request of 
Section 	1.0e6 

BEGPLT OVER31 	; 	31 Module is called by the main plotting 
module 	SUBR31 	before any 	CalComp 
plotting is done, for each data case. 
Arbitrary system-dependent initial- 
ization is possible. 

ENDPLT Module is called by the main plotting 
module 	SUBR31 	after all plotting of 
,a given data case is completed. 
Arbitrary system-dependent 
termination (e.g., 	buffer flushing) 
is possible. 

FINTP Module is called immediately before the 
one and only (almost) 	STOP 	statement 
of the EMTP. 	Arbitrary program 
termination operations (e.g., 	spooling, 
file closing, removal of carriage control 
characters, etc.) 	can be performed. 



Several specific modifications will be of concern to many installations, 
particularly those which are not in the U.S.A. (where conventions are different). 
Included are the following: 

1. Power system (synchronous; steady-state) frequency 

The steady-state frequency of power system operation is defined within 
module "SYSDEP" of overlay number 1 • 	Variable 
"STATFR" should 	be assigned this frequency in Hertz (equal to 60.0 for 
usual usage within the United States). 

2. calendar date format 

As set up for usage in the States, "MM/DD/YY" is printed, where: 

"MM" ---- two decimal digits for the month (e.g., 	"03" 	for March); 
- 	"DD" ---- two decimal digits for the day within the month; 

two decimal digits for the year (e.g., 	11 77" 	for 1977). 
In most other parts of the world (including Canada, as I recall), and even in 
the U.S. Army, I believe that it is common usage for the day "DD" to precede 
the month "MM" . 	if module "DATE44" (see above chart) is altered so as 
to produce "DD/MIVVYY" , 	then the associated format within subroutine 
"SYSDEP" (which is used for one or two lines of EMTP heading) should be 
changed accordingly. 

• 3. Free-field data format characters 

As explained in Section 1.0g6 , 	two special characters are used 
in conjunction with EMTP free-field data input. As of April 1980 
("M27." UTPF idents), a comma is the default separator character "CSEPAR" 
and a dollar sign is the default continuation character "CHcONT" • 	If 
local Program Maintenance wants to alter these, it is a trivial matter 
to change these variable definitions within module "SYSDEP" (see above chart). 
The only restriction should be obvious : both characters must be unique and 
distinct from all EMTP data characters. For example, a slash ( "/" ) could 
not be used along with a data case which involved TACS supplemental variables, 
since "/" is used to indicate division in Section 8.5.5 data. 

4. Batch-mode plotting parameters 

Several parameters which are related to batch-mode EMTP plotting 
(Section 1.10 ) 	are defined in module "SYSDEP" (see above chart). 
The following might be varied, from one installation to another: 

SZPLT ----- Height of CalComp plotting paper which is being used, 
in inches. Or more precisely, this is the maximum 
vertical excursion of the pen (any margin and sprocket 
holes thus are not to be counted). Recall that the user 
is able to over-ride this default value at execution time, 
using a 	"PLOTTER PAPER HEIGHT" 	card of Section 1.Oc 
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SZBED 	- Maximum length of the plot, in inches. For BPA CDC usage, 

this is set equal to 72.0 (about the size of óür 
EPII flatbed surface). 	This parameter is used as 
an argument of the overlay #31 call to subroutine 
"PAPRSZ" (whose job it is to protect against illegal 
excursions of the pen). 

LNPIN - 	The number of lines per inch of the line printer. 
Recall that the scaling of a line printer plot will depend 
on this figure. The user is able to over-ride the 
default value at execution time, using a 	"PRINTER 
LINES PER INCH" 	card of Section 1.Oc 

NSMTH --- The number of successive ups and downs before averaging 
of successive points is resorted to, for plot purposes. 
Recall that the user is able to over-ride this default value 
at execution time, using a 	"LIMIT ON PLOT Os" 	card 
of Section 1.Oc 

LLBUPP 	- Variable which is used as the second argument of the 
call to CalComp subroutine "PLOTS" ---- to be found 
within module "BEGPLT" (see above chart) of overlay #31. 
As originally used by CalComp a decade or so ago,  this 
was the buffer length of the "LUNIT8" output chanel 
on which plotter instructions will be written. But many 
installations no longer use such a specification (e.g., 
the buffer may be automatically set by the system, or it 
may be defined by the job control language (JCL) cards). 

The first executable statement of the program, located 
in "MAINOO" (overlay number -1) and never executed 
again, is the assignment of value -3333 to "LLBUPP" 
The first time through "SYSDEP" , 	this is converted 
to a positive value. 	Module "BEGPLT" of overlay #31 
then could append a minus sign, as a flag that "PLOTS" 
has been called once, and is not to be called again --- if 
this is the desired usage. Remember, batch-mode plotting 
is done by a primary-level overlay, if the program is 
overlaid. For BPA CDC, 	this requires that "PLOTS" 
be called each time the overlay is used (for each data case 
which uses CalComp plotting). This seems to be quite 
installation dependent. 



5. Input,/output unit numbers 

Unless explicitely altered to the contrary by Program Maintenance which 
sets up the translation, the following input/output (I/o) unit assignments 
will be assumed: 

LUNIT5 = 5 ----- card reader (ErrP input data cards) 

LUNIT6 = 6 -----line printer (EMTP printed output) 

LUNIT7 = 7 ---- card punch (for EIV!PP punched-card output) 

LUNIT8 = 8 ----- machine-language instructions for plotting hardware 
(as generated by calls to the Calcomp subroutines 
during the overlay #31 batch-mode plotting) 

LUNIT1 = 1 -----scratch tape; veiy small buffer will suffice 
(for BPA CDC, 64 decimal words were used). 

LUNIT2 = 2 ---- scratch tape which is used for dumping most of /BLANK/ 
and /LABEL/ , 	to be read back into central memory 
for each new energization of a "STATISTICS" or 
"SYSTEMATIC" data case. A big buffer is-recommended 
(for BPA CDC, a buffer of 1024 decimal words was used). 

LUNIT3 = 3 -----Like "LUNITi" 

LUNIT4 = 4 -----scratch tape which is used for storage of the raw data 
points of the plot file (later to be plotted). A good 
size bixfferis recommended (for BRA CDC, we used 512 decimal 
words). 

LUNIT9 - 9) 
like "LUNITi" 

LUNIT15=15 
J 

If any of these usages are illegal or inconvenient at the installation of 
Interest, alternate assignments should be made within module "SYSDEP" (see 
above chart). PRIME is one such system, for which some re-assignments had to 
be made. Actually, as of April, 1980, 	I do not believe that "LUNITlO" 
through "L1JNIT16" are actually being used for anything other than possibly 
the "HMJER SETUP" code of overlays 48 and 49. 



6. Use of OPEN/CLOSE statements to manage disk files 

Most new compilers allow internal (within FORTRAN code) disk file 
connection and disconnection via OPEN and CLOSE statements. 	Yet 
the details differ from machine to machine, so all such usage is 
confined to installation-dependent EMTP modules. 	The following is an 
explanation of this usage by functional classification (feature by 
feature) . 	The VAX modules, which presently occupy positions in the 
UTPF, are used for purposes of illustration. 

A. LUNIT4 file of raw plot data points (SYSDEP, KATALG, PFATCH) 

The integer miscellaneous data card (Section 1.0h) defines variable 
ICAT which indicates whether or not the user wants to save the the raw 
plot data points on LUNIT4 once all EMTP processing of a data case is 
complete. 	Variables ICAT and LUNIT4 are in deck BLKCOM, so the 
construct "INSERT DECK BLKCOM" will make them available in any modules 
which might be written. 

VAX is typical of most computer systems which require that a file 
be opened before it is written on. 	For this reason, OPENING of the 
LUNIT4 files is done within "SYSDEP" of overlay one, even though 
variable ICAT is not known that early. 	After the determination of 
the date and the time, we build a legal file name using these, and 
OPEN the file under the assumption that it will be saved: 

CALL DATE44 ( DATE1(l) 
CALL TIME44 ( TCLOCK(l) 

< < Build legal VAX/VMS file name using the digits 
of DATE1 and TCLOCK; put result in FILE25 > ) 

OPEN (UNIT=LUNIT4, TYPE='NEW', NAME=FILE25, 
1 	FORM='UNFORMATTED') 

The TYPE='NEW' specification indicates that we are to create another 
(a new) disk file, as opposed to the connection of an existing file. 
In building file name FILE25, remember that DATE1(2) and TCLOCK(2) 
are ALPHANUMERIC vectors of /BLANK/ 	REAL8 for IBM, VAX, PRIME, 
SEL, etc.; INTEGER for Burroughs, Univac, CDC; REAL*6 for Harris, etc. 
But before such OPENing of a new file, we ask whether the plot file 
of the preceding solution really was to be saved permanently; if so, 
it is saved; if not, it is deleted. 	Thus, at the top of "SYSDEP" 
(before the just-listed code) one sees: 

IF (ICAT .EQ. 0) GO TO 120 
IF (ICAT .GT. 2) GO TO 120 

100 CLOSE (UNIT=LUNIT4, DISPOSE='SAVE') 
GO TO 140 

• 120 CLOSE (UNIT=LUNIT4, DISPOSE='DELETE') 
140 CONTINUE 

Here the ICAT which is being used is left over from the preceding 
solution, note (no EMTP data of the upcoming case has yet been read) 

The use of FORM='UNFORMATTED' deserves mention. 	All WRITEs to 
LUNIT4 will be binary (unformatted) , and this declaration in the OPEN 
statement merely reflects that nature. 	Most computer systems do not 
make such a distinction between FORMATTED and UNFORMATTED I/O (VAX 
was the first we had heard of) , fortunately, so the user can ignore 
this detail. 	For LUNIT4 this is no special complication, since I 
can not recall an other FORMATTED use of the same channel. 	But for 
other I/O units, different EMTP features can use different modes, 
and OpENing and CLOSEing has become conditional on /BLANK/ variables 
(but that need not concern us here). 



One use for previously-saved LUNIT4 plot files is batch-mode EMTP 
plotting at some late time via a "REPLOT" request (see Section 1.0d o: 
the Rule Book) . 	The disk file in question is connected by a call to 
installation-dependent "PFATCH" (mnemonically, "permanent file attach") 
which is found in "REQUES" : 

	

M28.1295C 	$$$$$ 	SPECIAL-REQUEST WORD NO. 4, 	'REPLOT' 
M28.1296 8004 IF ( NOUTPR .EQ. 0 ) 

	

M28.1297 	1 WRITE (LUNIT6, 3364) 
M28.1298 3364 FORMAT ( 34H+REQUEST TO RE-PLOT OLD PLOT DATA. 

	

M28.1299 	DEGMAX = 0.0 

	

M28.1300 	IALTER = LUNIT4 

	

M28.1301 	CALL MIDOV1 

	

M28.1302 	CALL PFATCH 

	

M28.1303 	NCHAIN = 31 

	

M28.1304 	GO TO 5617 
The I/O unit number of the connection is carried through variable 
IALTER of /BLANK/, 	and that jump to S.N. 5617 provides a transfer 
to overlay NCHAIN = 31 plotting. 	As for "PFATCH", the rules 
associated with extracting the requested file from the remainder of - the 
"REPLOT" data card are quite arbitrary and discretionary. 	For VAX, 
we chose to be quite restrictive, for simplicity. 	We require that a 
"REPLOT" data card use EMTP free-format (with a comma after the key 
word "REPLOT", in column 7), followed by the legal VAX/VMS disk 
file name. 	In this way, there is no character checking (e.g., to 
discard any '7" or "." which are shown in the, illustration of 
Section 1.0d) or file-name building; we simply use the supplied name. 
Imbedded blanks are ignored (one minor sophistication; see check of 
TEXCOL(K) against BLANK), 	and the search for characters of the name 
is terminated when the free-field separator character CSEPAR is 
found. 	The search begins in column position KOLBEG, which is one 
column to the right of the last comma (in this case, the comma which 
followed "REPLOT", in column 7). 	ENCODE is used to transfer 
characters from the input card buffer TEXCOL(80) to our file name 
FILEN(25) because of the type difference ---- TEXCOL is ALPHANUMERIC 
(REAL*8 for VAX) , while FILEN is a byte vector (INTEGER*l) . 	After 
connection of the desired plot file, ICAT = 2 	is set so that our 
precious disk file will be retained (rather than be destroyed) at the 
start of the following case (see previous "SYSDEP" logic) 

	

5610 	SUBROUTINE PFATCH 

	

M27. 634 	INSERT DECK BLKCOM 

	

M27. 635 	BYTE FILEN(25) 

	

M27. 636 	N4 = 0 

	

M27. 637 	ENCODE (25, 4523, FILEN(l)) 
M27. 638 4523 FORMAT ( 25X ) 

	

M27. 639 	DO 4532 K=KOLBEG, 80 

	

M27. 640 	IF ( TEXCOL(K) .EQ. BLANK ) 	GO TO 4532 

	

M27. 641 	IF ( TEXCOL(K) .EQ. CSEPAR ) GO TO 4536 

	

M27. 642 	N4 = N4 + 1 

	

M27. 643 	ENCODE (1, 3041, FILEN(N4)) TEXCOL(K) 
M27. 644 3041 FORMAT ( 80A1 
M27. 645 4532 CONTINUE 

4536 CLOSE (UNIT=IALTER) 
OPEN (UNIT=IALTER, TYPE='OLD', FORM='UNFORMATTED', 

	

M27. 652 	1 	NAME=FILEN) 

	

M28.2834 	ICAT = 2 

	

5653 	RETURN 

	

5654 	END 



For those systems which can save fil-es permanently after they have 
been written as scratch files, a cleaner alternative exists. 	This 
goes back to our BPA CDC usage, where all such LUNIT4 considerations 
were relegated to "KATALG" of overlay 20. 	No more writing on unit 
LUNIT4 will occur once overlay 20 is reached (normally by exit of the 
time-step loop of overlay 16, but possibly from overlay 12 if a TACS 
stand-alone case is involved) . 	Further, there is now a call within 
"OVER20" 01 

	 though it also provides service for EMTP table saving 
(if integer miscellaneous data parameter MEMSAV is positive) : 

M28.6577 8005 IF ( ICAT .GT. 0 	.OR. 	MEMSAV .GT. 0 ) 
M22.5384 	1 CALL KATALG 

Hence an installation-.dependent "KATALG" must have /BLANK/ in it 
(via "INSERT DECK BtJKCOM") , 	and a check to see whether this really 
does concern the plot file (ICAT positive) is necessary. 	The date 
and time are still available at this point, and are stored in the same 
vectors DATE1(2) and TCLOCK(2) as was illustrated for "SYSDEP". 
One final warning might be in order, however: 	although the EMTP is 
done writing on the LUNIT4 file by the time "KATALG" is reached, 
this does not mean that the file can be disconnected, since it might 
be read as part of the batch-mode EMTP plotting (CalComp EMTP plotting, 
or printer plots) of overlay 31.. Thus actual disconnection must be 
delayed longer, and would normally be provided at the top of "SYSDEP" 
(as the following data case begins in overlay 1) 

Concerning plot file naming, it is recommended that the date and 
the time (DATE1, TCLOCK) be used, since this will then allow easy 
association of the plot file with line printer output (which has this 
date and time buried in the heading) . 	But beyond that, there should 
be some easy way to access all EMTP plot files as a group -- 	possibly 
for audit purposes, possibly for copying to tape, possibly for 
deletion. 	For the VAX, we have seized upon file type for this 
special characterization (".PL4") . 	Thus, if any user wants a list of 
his plot files, he just issues the wild-card command "$DIR *pL411 ; if 
he wants to delete all such files, he uses "$DEL *PL4.*fl; etc. 	Our 
file names are slightly limited by the VAX restriction to 9 characters, 
however: we use a hexadecimal digit for the month, two decimal digits 
for the day, and six decimal digits for the time (24 hour clock) . 	If 
the user's system allows longer names, more elaborate and precise 
names for the LUNIT4 disk files are probably desirable. 

To complete this treatment of the EMTP plot file, there might 
be an indication of what is actually written to LUNIT4 . 	This is 
fully documented in Section 5.0C (page 86a onward) of the EMTP Rule 
Book, so nothing more need be said here. 

B. Check point capability ( MEMSAV=l and "START AGAIN") 

For most users, the second most important extension (after the 
LUNIT4 plot manipulations just described) has to do with honoring the 
MEMSAV field (columns 59-56) of the miscellaneous data card. 	See 
Section 1.0h, page 4h of the Sept 1980 Rule Book. 	This provides for 
the dumping of EMTP tables onto disk for preservation as a permanent 
disk file. 	If at some later time the user wants to restart the 
simulation, using the identical same EMTP version (warning: dimensions 
must not have been altered) , then "START AGAIN" of Section 1.0e15 
is used. 



	

Consider the saving of EMTP tables (MEMSAV = 1) first. 	This is 
done within "KATALG" of overlay 20, for which the call is as 
follows (as previously displayed in Section A) 

M28.6577 8005 IF (. ICAT .GT. 0 	.OR. 	MEMSAV .GT. 0 ) 
M22.5384 	1 CALL KATALG 

As for the file OPENing and CLOSE1ng within "KATALG", it will 
depend in large part upon how sophisticated a naming procedure is 
desired. 	In the VAX case, we decided to use a fixed, pre-specified 
name TPTABLES.BIN, which simplified things. 	The operating system 
VAX/VMS would simply create a higher version if 	MEMSAV = 1 	were 
used more than once by the user (no problem) , and it is the user's 
responsibility to specify the correct set of tables during a subsequent 
"START AGAIN" request. 	Anyway, as. for the critical block of code 
within "KATALG". VAX usesthe following: 
M30.1048 2469 WRITE (LUNIT6, 2472) 
M28.6606 2472 FORMAT ( I, 20X, '--------- "MEMSAV = 1 REPRESENTS', 

	

M28.6607 	1 	 REQUEST FOR TABLE DUMPING ON DISK.' ) 

	

M28.6608 	CLOSE ( UNIT=LUNIT2 

	

M28.6609 	OPEN ( UNIT=LUNIT2, TYPE='NEW', FORM='UNFORMATTED', 

	

M28.6610 	1 	NAME='TPTABLES.BIN' 

	

M28.6611 	CALL TABLES 

	

M28.6612 	CLOSE ( UNIT=LUNIT2, DISP='SAVE' ) 
2482 WRITE (LUNIT6, 2483) LTLABL 

M28.6614 2483 FORMAT ( 26X, 'SUCCESSFUL SAVING OF EMTP', 

	

M28.6615 	1 	 ' TABLES AS FILE "TPTABLES.BIN" 

	

M28.6616 	2 	 LTLABL =', 18 
Note that part of the table-dumping message (S.N. 2472) is printed before 
the dumping actually begins (it is done by "TABLES") , and the remainder 
occurs upon completion (S.N. 2482) . 	This is mainly for interactive use, 
to placate the impatient user who may be watching such output on the 
screen (and wondering why there is a delay, during the dumping) . 	Note 
that binary (UNFORMATTED) usage of I/O channel LUNIT2 is involved. 
Remember to put /BLANK/ in the module (INSERT DECK BLKCOM) , since this 
carries LUNIT2 and LTLABL. . Also, remember that if the,plot file 
is also to be saved in "KATALG" rather than in "SYSDEP" (see preceding 
section) , then both ICAT and MEMSAV must be checked inside the 
module to see which (or both) of the functions is actually to be 
performed. 

Later use of these EMTP tables is via the "START AGAIN" data card 
of Section 1.0e15 . 	Installation-dependent aspects for VAX are very 
similar to "REPLOT" as described in the previous section. 	Both 
features use "PFATCH" to actually connect the old disk file to I/O 
unit IALTER, though here unit LUNIT2 is employed as shown by the 
following universal code in "OVERl" : 

M22.1329C 	$$$$$ 	SPECIAL-REQUEST WORD NO. 15. 	'START AGAIN' 
M22.1330 8015 IALTER = LUNIT2 
M28. 818 	IF ( NOUTPR .EQ. 0 
M28. 819 	1 WRITE (LUNIT6, 2857) 
M28. 820 2857 FORMAT ( 	40H+CONTINUE PARTIALLY-COMPLETED DATA CASE. 

CALL RUNTYM ( Dl, D2 
M22.1331 	CALL PFATCH 
M28. 822 	CALL TABLES 
M28. 823 	FLSTAT(1) = -Dl 
M28. 824 	FLSTAT(2) = -D2 
M28. 825 	IF ( LSTAT(16) .EQ. LTLABL ) 	GO TO 2863 
M22.1338 	KILL = 201 
M22.1339 	LSTAT(19) = 285 
M22.1341 	GO TO 9200 
M28. 826 2863 CONTINUE 
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Provided "PFATCH" was coded as described in Section A (for plot file 
usage) , nothing else need be done here. 	Note the check on total 
table size (LSTAT(16) is the table size of the disk file, as carried 
out through this /BLANK/ variable, while LTLABL is the total table 
size of the present program version (from "DIMENS") . 	Only if these 
two agree (a necessary but not sufficient check for compatibility) is 
execution allowed to continue. 	Otherwise, a KILL = 201 error stop 
results. 

User's of "START AGAIN 	should be warned that batch mode EMTP 
plotting will be possible for the restarted case only if special effort 
is made. 	The interactive CRT plotting program "TPPLOT" can plot 
such results without difficulty. 	But if the user insists on EMTP 
batch-mode plotting, then put an extraneous "4" in column 13 of 
the "START AGAIN" card (after the comma, before the file name) , 
and previously connect the old plot file to unit LUNIT4 somehow 
(IBM can do it via JCL; we on the VAX use $OLDFILE of "CIMAGE" as 
described under Point 16 on page x-j8a of the Rule Book) . 	See also 
Section D below (for "CIMAGE" $-card enhancement) 

C. Use of "TABULATE ENERGIZATION RESULTS" (STATSV, STATRS, MIDOV1) 

Only the sophisticated "STATISTICS" user will have interest in 
the extensions of this section .... or the user of a computer which 
crashes a lot! 	Monte Carlo studies, where the same basic problem 
is solved over and over (with only switch closing or opening times 
altered between simulations, by the rolling of dice) , are the only 
studies which are affected. 	By means of the extensions now to be 
detailed, such Monte Carlo studies can be solved in several smaller 
pieces, rather than one big one. 	If the computer crashes during such 
a simulation, it is like dropping a basket with eggs in it. 	The 
prudent, conservative strategy for anyone who drops eggs from time to 
time is to never carry too big a basket! 

In terms of Rule Book data structures, we have "STATISTICS 
OUTPUT SALVAGE" of Section l.0e7 (page 4b-5) , and "TABULATE 
ENERGIZATION RESULTS" of Section 1.0e6 (page 4b-4). 	An EMTP support 
person considering such enhancement should read these two sections 
thoroughly before continuing. 

The VAX installation-dependent logic associated with "STATISTICS 
OUTPUT SALVAGE" is confined to "MIDOV1" of overlay 1. 	Before this 
module is called by "OVER1", some universal preparation is performed, 
to be carried into "MIDOV1" via /BLANK/ : 

	

M23. 415 	N12 = JFLSOS / 100 

	

M23. 416 	N15 = JFLSOS - 100*N12 

	

M23. 417 	N13 = N15 / 10 

	

M23. 418 	N14 = N15 - 10*N13 

	

M23. 419 	LSTAT(14) = N12 

	

M23. 420 	LSTAT(15) = N13 

	

M23. 421 	LSTAT(16) = N14 

	

M22.1558 	CALL MIDOV1 
That user-supplied sequence number JFLSOS (columns 30-32) is here 
broken down into three decimal digits which are carried into "MIDOV1" 
via the LSTAT vector. 	Disk file names are then built from these 
characters, and files are opened, as follows (within "MIDOV1"):  

M29.1170 1815 IF (JFLSOS .EQ. 0) GO TO 4271 
M24. 460 	IF (LASTOV .EQ. 20) GO TO 5923 



M24. 461 	CLOSE (UNIT=3) 
M24. 462 	CLOSE (UNIT=9) 
M24. 463 	N4 = 3 
M24. 464 5910 ENCODE (14, 5914, FILNAM(1) )N4, (LSTAT(J) , J=14,16) 
M24. 465 5914 FORMAT (2HST, Il, 3HLOG, 311, 5H.DAT 	) 
M24. 466 	DO 4256 J=15, 20 
M24. 467 4256 FILNAM(J) = Cl 
M24. 468 	OPEN (UNIT=N4,TYPE='NEW' ,NAME=FILN2O,FORM='UNFORMATTED') 
M24. 469 	IF (N4 .EQ. 9 ) GO TO 5923 
M24. 470 	N4 = 9 
M24. 471 	GO TO 5910 
M24. 472 5923 RETURN 

The VAX/VMS file name 	ST3LOG???.DAT is built on the first pass (for 
unit 3) , 	and ST9LOG???.DAT is built on the second pass (for unit 9) , 
where "??? 	is used to denote the three non—blank digits of the 
user—supplied serialization JFLSOS. 	The INTEGER*l vector 
FILNAM(20) is equivalenced to the CHARACTER*20 name FILN20 which 
is actually used in the OPEN statement. 	This is all done before 
anything is written on units 3 or 9. 

As for the information which is written to these two files, we 
have LUNIT3 written to by "OVER12" of overlay 12, 

	

M17. 601 	WRITE (LUNIT3) 	(KHIGH(I) , KLOW(I) , AKEY(I) , TSTAT(I) , 

	

M23.2046 	1 KDEPSW(I) , 1=1, KSWTCH) , KLOAEP 
and LUNIT9 written to by 	OVER20" of overlay 20: 

	

M13.2797 	KNT = KNT + 1 

	

M23.5347 	IF ( KNT .EQ. 2 	.OR. 

	

M23.5348 	1 	IABS(NENERG) .EQ. 1 

	

M23.5349 	2 WRITE(LUNIT9) NSTAT, KSWTCH, NUMNVO, NC 

	

M23.5350 	WRITE (LUNIT9) 	( XMAX(L) , L=l, NSTAT ) 
This is done once each energization. 	In addition to information 
about the switches, LUNIT3 contains the crucial switch—closing times. 
On the other hand, LUNIT9 containts the peak overvoltage vectors 
which are to be statistically tabulated (NSTAT is the number of 
statistical output variables) . 	KNT keeps track of energization 
number, 	and the exceptional additional dump for KNT = 1 is for 
header information, to be written only after the first energization. 

For BPA CDC implementation (prior to our switch to the VAX in 
February of 1979) , we were able to name the file after writing on 
it. 	This had the added flexibility of allowing for "STATISTICS" 
recovery even after operating system interrupts, from which we would 
also recover, and send control to the EMTP error overlays. 	So, in 
such cases, one can use "STATSV" (mnemonically, "statistics save") 
of overlay 55 rather than 	MIDOVl" of overlay 1. 	But for the VAX 
and most computers, 	STATSV 	remains a dummy, unused module: 

M23.6518 	SUBROUTINE STATSV 
M23.6567 	RETURN 
M23.6568 	END 

So much for the Monte Carlo EMTP solutions per se. 	Now on to the 
combination and statistical tabulation, as requested by "TABULATE 
ENERGIZATION RESULTS". 	Universal aspects of this request are found 
in "SUBR29" of overlay 29, where the data cards specifying the 
files are read, and where each characteristic 
serialization (JF1, JF2, etc.) is decoded into three 
decimal digits which are stored in LSTAT(14) through 
LSTAT(16). 	In a loop over the different serializations, there 
are two calls to "STATRS", with interface variables all 
communicated via /BLANK/ .####The non-obvious ones are: 



LX. -7 
LSTAT(13) = 	3, 	9, or 0, 	depending upon whether it is the 

file ST3LOG???, 	ST9LOG???, or nothing which 
is to be connected to LUNIT1 next. In the 
zero case, 	we 	CLOSE LUNIT1. 

LSTAT(14) = first decimal digit of "???" at end of file name; 
LSTAT(15) = 	2nd decimal digit of "???" at end of file name; 
LSTAT(16) = 	last decimal digit of "???" at end of file name; 

Once this communication is understood, and that /BLANK/ is present 
in module "STATRS", 	the code of "STATRS" should be self-explanatory 
by analogy to the previously-treated "STATSV". 	The VAX module 
"STATRS" has the following key statements: 

ENCODE (14, 1804, FILNAM(l)) 
	

LSTAT(I), 1=13, 16 ) 
1804 FORMAT ( 2HST, Il, 3HLOG, 311, 5H.DAT 

DO 4256 .3 = 15, 20 
4256 FILNAM(J) = Cl 

CLOSE (UNIT=LUNIT1) 
IF (LSTAT(13) 	.EQ. 0 ) 	GO TO 9000 
IF ( IPRSUP .GE. 1 
1 WRITE (LUNIT6, 1808) FILNAM 

1808 FORMAT ( ' IN "STATRS", B4 OPEN OF UNIT LUNIT1 .' , 20A1) 
OPEN ( UNIT=LUNIT1, TYPE='OLD', NAME=FILN20, 
1 	FORM='UNFORMATTED' 
WRITE (LUNIT6, 1822) LSTAT(13) F I LNAM 

1822 FORMAT C 20X, 
1 '---- SUCCESSFUL OPEN OF LUNIT', Il, ' DATA', 
2 ' ON DISK. 	PERMANENT FILE NAME = ', 20A1, 2H 

9000 RETURN 
END 

D. Installation-dependent $-card capabilities ( CIMAGE  ) 

"$-cards" are introduced in Section l.D of the Rule Book (page 
3b) , so it is assumed that the reader has studied this universal 
material before going any further. 	All $-cards are recognized and 
acted upon locally in module "CIMAGE 	even the universal ones. 
In this sense, the universal $--cards are only universal in that their 
implementation is possible for any computer; it does not imply that 
the keeper of installation-dependent modules has actually done so. 
But most likely such code does already exist, and in this present 
section we are merely interested in further enhancing $-card capability 
to include those installation-dependent commands which require file 
OPENing or CLOSEing. 

The VAX "CIMAGE" module is large, but the reader should not 
be frightened. 	Most of the code will work for any computer system. 
It is only the 	ENCODE/DECODE and OPEN/CLOSE usage which might 
require conversion. 	Further, it is assumed that the reader has 
ENCODE/DECODE or its equivalence (e.g., Burroughs READ/WRITE involving 
memory) , 	so only the OPEN/CLOSE portions need here be treated. 
This shall be done in order, from top to bottom of "CIMAGE". 

We begin with: 
M27. 183C 	 REQUEST NO. 2. 	"$PUNCH" 
which turns out to be universal if the LUNIT7 I/O channel is the 
closest thing to a card punch which is available! 	But for those who 
have a real physical card punch which is not connected to unit 7, and 
for those who really want $PUNCH to punch physical cards, then 



they can convert the "WRITE (LUNIT7 statement to "PUNCH" or whatever 
other command is appropriate. But cards are rapidly disappearing, and 
$PUNCH is so little used anyway that such modification is not generally 
recommended. 

Next comes: 
M27. 211C 	 REQUEST NO. 14 	"$SAVE" 
which contains three file OPEN/CLOSE operations: 
M27. 2114 141423 CLOSE ( UNIT:N7, DISSE='DELETE' ) 
M27. 215 	OPEN ( UNIT:N7, TYPE:'NEW', FORM='FORMAflED' 	NPLMEFILEN ) 
M27. 220 141436 CLOSE ( UNIT:N7, DISFOSE&SAVE' ) 
These must of course be converted. The file name is stored in vector 
FILEN, as extracted by the logic of $INCLUDE immediately below. 

Next comes 
M36. 217C 	 REQUEST NO. 5. 	"$SPYDATA't 
Assuming B1TP free format usage with commas (which is both easiest 
and most common), the tt$SPYDATA't  is to be followed by a file name, 
followed by one integer for the I/O unit number which can be used 
for the file connection. Details of the file name will vary from 
system to system, of course. Anyway, the characters can be found by 
searching (TEXCcL(K), KKOLBEG, 80). The VAX logic ignores blanks, 
and will truncate the name whenever a comma (CSEPAR) or parenthesis 
is found: 
M27. 228 	DO 14532 KKOLBEG, 80 
M27. 229 	IF ( TEXCCL(K) .EQ. BLANK ) GO TO 14532 
M27. 230 	IF ( TEXCCL(K) .EQ. CSEPAR ) GO TO 14536 
M29. 2147 	IF ( TEXCCL(K) .EQ. 	1H( ) 	GO TO 4536 
M27. 231 	N4N4+1 
M27. 232 	ENCODE (1, 30141, FILEN(N14)) TEXCCL(K) 
M27. 233 14532 CONTINUE 
Here the file name is built into INTEGER*1 working vector FILEN(25). 
The only remaining installation-dependent records are the subsequent 
OPEN and CLOSE operations which follow: 
M27. 259 	CLOSE (UNIT:N7) 
M36. 252 	OPEN (UNIT:N7. STATUS= 'OLD', FORM: 'FORMATrED', FILEFILEN ) 

Next canes: 
M27. 276C 	 REQUEST NO. 8. 	"$RETLJRN" 
which has the single installation-dependent record which follows 
associated with it: 
M27. 279 14817 CLOSE (UNIT:N1) 
This represents a disconnection of whatever disk file may have been 
connected to I/O unit number Ni. It "undoes" what $AUACH or 
$NEWFILE did (the connection operation) when they were previously 
executed. 

Next canes: 
M27. 281C 	 '''' 	REQUEST NO. 9. 	't$NEWFILEt' 
which really is no different that $AUACH except that VAX/VMS makes 
a distinction between FORMATTED and UNFORMATTED usage; $AUACH is 
for FORMATTED usage, while $NEWFILE is for UNFORMATTED. In any 
case, there is just one installation-dependent record, which should 
be self-explanatory: 
M28. 169 4907 OPEN (UNIThN7, TYPE='NEW', FORM'UNFORMArrED', NAME=FILEN ) 



Next comes: 
M27. 298C 	 REQUEST NO. 11. 	"DELETE" 
which uses the following self-explanatory records which are 
installation-dependent: 
M27. 301 5106 OPEN ( UNIT=N7, TYPE='OLD', NAME=FILEN ) 
M27. 302 	CLOSE( UNIT=N7, DISPOSE='DELETE' 

Next comes: 
M28. 178C 
	

REQUEST NO. 16. 	"OLDFILE" 
which contains the following installation-dependent records: 
M28. 182 5608 CLOSE (UNIT=N7) 
M28. 183 	OPEN (UNIT=N7., TYPE='OLD', FORM='UNFQRMATTED', NAME=FILEN 

So much for file operations of "CIMAGE". 	Although certainly no 
conversion problem, I might also mention other minor conversion 
details for some systems. 	In several places there will be found 
explicitly-counted Hollerith strings on the right hand sides of equal 
signs, such as the following of $ATTACH: 
M27. 181 4100 TEXT1 = 6HATTACH 
This could be easily made universal, but I like the self-explanatory 
aspect of having the character string present, so no change is now 
contemplated. 	Also, there is $MONITOR, which directly writes to 
the line printer (whether or not there is a LUNIT6 connection): 
M29. 295 	PRINT 3006, BUFF10 
M27. 307 	PRINT 5214, NUMDCD 
M27. 308 5214 FORMAT ( '+CRT MONITOR. CARD NUMBER =', IS 
Systems which do not have such direct printing will just have to 
comment out this operation. 
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Former Program Versions That Are No Longer Being Listed 

Previous versions of the Rule Book had a page for just about 
every different computer that had been seriously considered for 
support of the EMTP, beginning with this section. But this policy 
is being abandoned in 1986. The last such complete listing, then, 
is in the "M39." manual dated June, 1984. 

In order to save paper, and also to minimize potential bother 
to those whose names were once listed, program versions that are 
not 	known 	to be active today have been downgraded to an 
inconspicuous and sometimes indefinite mention in the list that 
follows. Even if usage is known to continue, there is no listing 
if no active, cooperative contact is known to exist for current 
program versions. 

For those individual entries that have been removed as 
separate pages, a few summary details will be provided. For more 
details, consult older user documentation. 

1) CDC as listed before was the old, 60-bit, overlaid 
machinery that could only address with 18 bits. 	Support ended 
when Prof. Mohan of the University of Minnesota shifted his EMTP 
usage to Apollo in early 1984. 	With all-new, fully-virtual CDC 
machinery now being sold, it is doubted whether EMTP usage of the 
old CDC hardware has much if any EMTP future. It is hoped that an 
EMTP version for the new CDC will come from Prof. Hian Lauw of 
Oregon State University in Corvallis, Oregon, eventually. Such a 
machine was installed in the EE Department during September of 
1985. 	Yet timing is unclear, since such work is not a priority 
for those in Corvallis. 	Also, with the acquisition of half a 
dozen powerful, new, 32-bit Apollo DN3000  nodes, it is conceivable 
that EMTP interest in the new CDC might even disappear entirely. 
Yet we hope not. 

2) Univac 1100-series machines were non-virtual,36-bit word 
machines that used overlaying to handle the EMTP. 	Active support 
from Ontario Hydro 	(Toronto, Ontario, Canada) seemed to end 
shortly after that utility acquired a DEC VAX-11/780, and began 
using VAX for its EMTP'studies. 	That was during 1981 or 1982, it 
is estimated. 	The most recent Univac EMTP version that was known 
to be distributed was of "M31."  vintage. While Univac certainly 
had no trouble supporting the EMTP, users seemed to prefer the 
operational convenience and improved economics of smaller 
alternatives to such mainframes. 



3) Honeywell mainframes once were supported in grand style 
by Bob Newell of Basin Electric Power Cooperative (see the current 
Prime Computer page). But this Honeywell support ended when Basin 
Electric acquired PRIME and PTI PSS/E software for it. 	After a 
lapse in Honeywell EMTP availability of perhaps two years, Bob 
Jones of Southern Company Services in Birmingham, Alabama, 
switched to an existing Honeywell machine for EMTP support, but 
this only ]asted a year or two. 	Honeywell EMTP support in 
Birmingham ended in 1986 with the acquisition of Apollo. 	While 
Honeywell seemed to have no trouble supporting the EMTP, users 
seemed to prefer the operational convenience and improved 
economics of smaller alternatives to such mainframes. 

14) Harris once was used by the University of Wisconsin at 
Madison for EMTP support during the annual summer EMTP short 
course. 	But such usage was switched first to VAX, and more 
recently to Apollo. 	It is doubtful whether any known owner of 
Harris hardware is serious enough about the EMTP to maintain 
proven compatibility in the future. 	Yet it should be emphasized 
that there were no fundamental drawbacks or problems with the 
newer hardware, 	which does indexing with 20 bits (the earlier 
machines with 18-bit indexing were hard pressed to cope with the 
expanding EMTP). 

5) Telefunken TR-14140 EMTP compatibility was confirmed during 
19801 	when the report of generally successful "M19." 
experimentation finally reached BPA from AEG-Telfunken of 
Frankfurt, 	West Germany. 	But the TR 14140 was never a commercial 
success, 	and AEG-Telefunken interest in the EMTP was somewhat 
casual. 	No second party with Telefunken EMTP interest has ever 
been identified, and no newer Telefunken EMTP work is known., 

6) Floating Point Systems FPS-1614 Attached Processor 
compatibility with the "M32." EMTP was demonstrated late in 1982. 
But cost effectiveness and convenience were less than clear. 
Testing by BPA was done with the factory in Beaverton (a suburb of 
Portland, 	Oregon), so no production user with EMTP interest was 
ever located. 

7) DEC PDP-10 and System 20 are machines for which the story 
parallels those preceding stories of Univac and Honeywell. 	So 
does the hardware: 36-bit word machines. Yes, some usage remains 
today, 	but the days of such usage are clearly numbered, because 
the manufacturer has announced its intention to discontinue word 
machines and concentrate on the more modern, byte-organized VAX-11 
line. 	The newest version known to be operating is a true "M39." 
version that is still being used by Prof. Hian Lauw of Oregon 
State University in Corvallis, Oregon. 	Interactive CRT plotting 
has been connected, too. But how long such support will continue 
is speculative (my guess is that use of the 2020 in Corvallis for 
support of the EMTP will end when Apollos begin arriving in 
quantity). 



8) Cray supercomputers certainly are capable of EMTP 
support, and an 11 M31.+" version was set up and tested at Lawrence 
Livermore Laboratory (LLL) in Livermore, California, by Dr. Walter 
G. 	Magnuson, • Jr. 	Is LLL still using the Cray EMTP? Are the 
economics and convenience (or possible inconvenience) of such a 
super computer really desirable for EMTP use? There are more 
questions than answers about the Cray EMTP. 

9) Burroughs mainframes are certainly capable of support of 
the EMTP, but much as with Univac, Honeywell, and DEC PDP-10, such 
usage has been eroded in recent years by the switch to smeller, 
more convenient alternatives. 	Our last good contact was Ebasco 
Services Incorporated of New York City. 	But when Stoney McMurray 
left Ebasco during 1985, the Burroughs EMTP contact ceased. It is 
believed that all Ebasco EMTP usage has shifted to DEC VAX. 	The 
testing of the Burroughs EMTP is so tricky that it is doubted 
whether any future version will ever be fully tested and generally 
available. 

10) MODCOMP was used for a time by EPSRI of Peking, China, 
for support of the EMTP. 	But the "Classic" model then available 
was really a control computer, and it had several drawbacks for 
EMTP usage, 	including limitations on memory addressing, 
unbelievably slow compilation and linkage editing, and lack of 
virtual memory management. 	It was decided to shift EMTP usage-to 
other, better-suited machinery during 1983. 

11) ICL was used to support an "M31." version of the EMTP 
by The University in Glasgow, Scotland. 	For those not familiar 
with the name, International Computers, Limited is the computer 
giant of the British empire. 	The hardware being used in Glasgow 
was very similar to an IBM mainframe, and it seemed obviously 
capable of handling the EMTP. Yet nothing has been heard from any 
ICL EMTP user for several years. 	If there is a problem, it would 
seem to be a lack of one dedicated industrial user who can produce 
and maintain current program versions for others around the world. 
All machines of interest are located a long way from Portland, 
unfortunately 	(none having EMTP interest are located in the 
Western hemisphere). 	The man most closely associated with ICL 
EMTP computer details back in 1983 was Dr. Paul Rosenberg of The 
Computing Service (the central computer installation). 

12) Siemens is the "General Electric of West Germany," and 
the sale of computers that resembled IBM mainframes was a small 
portion of this giant company's business. Such a Siemens computer 
was used by FGH (Forschungs-Gemeinschaft fur Hochspannungs- und 
Hochstromtechnik E.V.) of Mannheim for support of the EMTP until 
1985, when there was a shift to Apollo. 	Any questions about the 
future of the Siemens EMTP could best be directed to Dipl.-Ing. 
Bernd Stein of FGH, 	who once was in charge of producing and 
maintaining it. 
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13) NEC ACOS 	is a Japanese computer that once was used in 
two quite different forms for support of the EMTP. 	First, there 
was the non-virtual, 	36-bit word machine that looked almost 
identical to Honeywell. 	This was used by Meidensha Electric Mfg. 
Co., 	Ltd., 	of Tokyo during late 1982. 	Second, there was the 
virtual, byte-organize.d ACOS computer of Nissin Electric Co., Ltd. 
of Kyoto. 	Nothing later than 1983 is known about either 'machine 
or its usage for support of the EMTP. 

114) FACOM is another Japanese computer. 	In 1982 when EMTP 
work was under way, it looked a lot like an IBM mainframe with 
enhanced software. 	Work was done at Century Research Center 
Corporation of Osaka. 

15) Hitachi HITAC 	is still another Japanese computer that 
resembled an IBM mainframe. 	It was used by the Kokubu Works of 
Hitachi, Ltd., for support of the EMTP during 1983,  when we had 
extensive contact. 

1.6) Perkin-Elmer 	was a manufacturer of powerful 
minicomputers during 1981 when 	"M28. +" 	EMTP materials were 
produced. 	But a cooperating user with EMTP interest was never 
found. We have here an EMTP versions that is looking for an owner 
and a home. 	On paper, 	Perkin-Elmer machines should be EMTP 
compatible, 	but FORTRAN was never tested 	(although it was 
produced). 	 - 



0.5b IBM EMTP Setup (K.IJ.L. in Belgium and AEP in Columbus) 

As this page is being written on 6 April 1984, production EMTP 
users can receive IBM program versions of approximately the sane vintage 
("M3IL+11) from one of two sources, for approximately the sane copying 
fee ($200 or less). Most European users who rely upon IBM computers 
have received their IBM EMTP FORTRAN from K.U.L. in Belgium, whereas 
most American users rely upon American Electric Power (AEP) in Columbus, 
thio, as their source of supply. In the remainder of this section, 
further information about these two sources IBM EMTP versions will be 
provided, along with information about the latest IBM EMTP research. 

Both K.U.L. and AEP use IBM 3033 computers for support of the EMTP. 
Although fully-virtual versions are possible, the practical priorities 
and econanics of usage have forced the continued reliance upon 
overlaying for the IBM EMTP. In that most recipients will probably 
want to operate similarly, and the switch from overlaying to fully-
virtual just requires the deletion on OVERLAY cards during linkage-
editing, there is no loss of generality in this. But what about DOS 
installations, for which IBM EMTP usage has nearly vanished in this 
country? Changes are required, although we are not prepared to document 
then here. Or one continuing contact to such usage is S&C Electric in 
Chicago, where Art Jahnke provides years of experience dealing with both 
the EMTP and IBM LOS complications. But S&C Electric is a cctmnercial 
operation, and can not be expected to provide free advice to the general 
public. 

A current ("M38.0) IBM EMTP translation was tested during the 
first week of March, 1984, when WSM worked on--site with Mike Price in 
Columbus. While most test cases solved perfectly, cases involving the 
Type-59 S.M. had trouble, and cases involving the U.M. are still 
undergoing evaluation (IJTFF corrections have yet to be applied, 
reflecting Hian ' s latest changes). When such a current version might be 
made available for use by others is unknown, although it seems clear 
that this latest IBM experimentation at AEP points the way toward future 
IBM EMTP usage. Specifically, there has been a shift to the VS FORTRAN 
compiler, using LANGLVL(77) everywhere. For a detailed account of this 
work, see Ref. 8, past the end of Vol. XIV (not yet bound), 19 January 
1984, Section V-D, pages AESS-48 through 61. 

The European IBM EMTP connection shall be described first, since I 
have no associated printed documentation of it which can be passed along 
as well. Any reader who has interest is invited to contact: 

Prof. fl. Daniel Van DDmmelen 
Elektrotechnisch Instituut - Departm. E 
Katholieke Universiteit Leuven 
Kard. Mercierlaan 94 
303D Heverlee - Leuven 
BELGIUM 

Phone (International): 32-16-220931 
Telex: elekul b 25941 

In addition to his university duties, Daniel serves as Chairman of the 
European EMTP Users Group. 	His English is excellent, so no party 
contemplating a telephone call in that language should hesitate. If the 
phone is answered in Dutch by a secretary, just ask for "Professor Van 
Immelen" in slow English, and there should be no problem. 
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• The remainder of this IBM EMTP section shall be devoted to AEP 
documentation, which begins with a sample letter of response to an inquiry 
about the IBM EMTP. After that comes the printed documentation with which 
AEP supplies people, in responding to requests for the IBM EMTP. Inquiries 
should be made of : Michael M. Price; Floor 7 

Engineering Information Systems 
Information Systems Department 
American Electric Power Service Corp. 
1 Riverside Plaza 
P. 0. Bbx 16631 
Columbus, Chio 43216-6631 

Phone: (614) 223-3776 

American Electric Power Service Corporation announces the avail-
ability of the M34+ version of the Electromagnetic Transients Program 
(EMTP) for the IBM computer. This program, developed under the aus-
pices of the Bonneville Power Administration (BPA), has been set-up 
and tested on the IBM computer by AEP. As with previous versions of 
EMTP, AEP will supply the program, JCL, and installation documentation 
at no charge. However, due to the large number of tapes received, the 
problems in handling out-of-company tapes, and the unacceptable condi-
tion of many of the tapes (mislabeled, too short, physically broken 
during shipping, etc.), AEP has decided to supply the tapes and 
mailers for the program distribution. 	 - 

To offset our costs for the tape purchase, preparation and mail-
ing, the following fee schedule has been set: 

• For all organizations within the USA, 
Canada, or Mexico:..... . . . . . . . . . . . . . . . . . . . .$150.00 

0. 	For all organizations outside the USA, 
Canada, or Mexico:..... . . . . . ......... . . . . . .$175.00 

AEP's offer does not include the EMTP Rule Book. For a copy 
please contact Dr. Scott Meyer of BPA. His address is: 

W. Scott Meyer, Rute EOGA 
Bonneville Power Authority 
P. 0. Box 3621 
Portland, Oregon 97208 
Phone: (503) 230-4404 

Through AEP's newly created subsidiary, AEP Energy Services, 
Inc., several EMTP-related services could be offered: 

• Processing EMTP studies on our corporate computer for 
other organizations. 

• Providing an EMTP installation service. 

• Performing power system studies. 

• Providing training in the use and/or internals (FORTRAN 
Source) of EMTP. 

0 	Providing a user friendly preprocessor for EMTP data. 
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If you have an interest in obtaining the IBM version of EMTP or 

making use of the services mentioned above, please write to: 

Michael M. Price 
American Electric Power Service Corporation 
1 Riverside Plaza - 7th Floor 
Columbus, Ohio 43216-6631 

For your convenience, an order form has been included. Please use a 
copy of this form as your invoice. If you have any questions, you may 
call Mike Price at (614)223-3776. 

The AEP-created tape will be 6250 BPI, 9-track, 2400 foot, with 
a standard IBM label (non-label and/or 1600 BPI by special request). 
It will include all the JCL needed for installation and execution of 
EMTP (system dependent changes will need to be made), the FORTRAN 
source code, executable load modules, object modules, link editor 
data, and test case data. This version has been successfully compiled 
using the IBM 'OS/360 FORTRAN H-extended Level 2.2 (Sept.76)" 
compiler. 

Sincerely yours, 

Your tape has been loaded with the following information to aid in 
the installation, testing, and execution of the EMTP. 

FILEt 	CONTENTS 	 t OF RECORDS 	 FORMAT 

1 	Job Control Language 	756 	Sequential with IEBUPDTE 
control cards 

2 	FORTRAN Source, Link 	107,587 	Sequential with IEBUPDTE 
Editor Data, Test 	 control cards 
Case Data 

3 	Executable Load Modules 	--- 	Unloaded sequential 

4 	Object Modules - 	 --- 	Unloaded sequential 
All Modules 

5 	Object Modules - 	 --- 	Unloaded sequential 
11 Modules for the 
Big Version 

Files 1 & 2 have the necessary control cards between each module to 
be used as input to the IBM utility program IEBUPDTE. By the use of 
IEBUPDTE, the partitioned dataset (PDS) can be reconstructed for the JCL 
& source. The JCL maybe kept in a PDS where it can be submitted via 
TSO, or the sequential file may be punched to cards. In addition, global 
changes can be made to the sequential JCL and FORTRAN files, and then the 
PDS can be recreated via IEBUPDTE. 

Files 3, 4, & 5 were created by unloading the load and object mod-
ule PDS' via IEBCOPY. These files should be loaded onto your computer 
system using IEBCOPY. Note that these three files have been included as 
a time saving option since file one includes the JCL needed to recreate 
files 3, 4, & 5. 



The following JCL is included in file one: 

DUMPTAPE - used to dump the tape contents onto disk. As written, all 
files are stored in temporary disk files only. Any files 
required to be kept on disk can be renamed, supplied with a 
VOL t and its DISP changed to KEEP/CATLG. 

If the files .are going to be saved on disk, the following 
names will agree with those used in the other JCL modules on 
this tape: 

Source Module PDS 	&&SRCPDS 	 TST. TR.AEMTP. PORT 

Load Module PDS 	&&LOADMODS 	 TST.TR.A 

Object Module PDS 	&&OBJMODS 	 TST. TR.AEMTP. OBJ 
(all modules) 

Object Module PDS 	&&OBJMODS2 	 S710828.EMTPBIG.OBJ 
(Big Version) 

(NOTE: DUMPTAPE specifies 'DEN-3" for 1600 BPI. This should be 
changed.to  DEN=4" for 6250 BPI.) 

COMPILE - Used to compile all the FORTRAN modules. Note that this job 
has 336 steps which is greater than the maximum allowed on 
most systems. This was split into 7 jobs at AEP. The re-
sults of running these jobs have been included in file 4 of 
the tape. 

ASSEMEL - Used to assemble the three assembler modules (P0011013, 
P0011337, & P0011338). The results of running this JCL are 
also included in file 4 of the tape. 

LINEVARD - Used to link edit the variable dimensioning program (VARDIM). 
The linked VARDIM program (VARDIM34) has been included in 
file 3 of the tape. 

EXECVARD - Is used to run the variable dimensioning program (VARDIM) and 
save the 11 subroutines (P0011003, P0011041, P0011141, 
P0011148, P0011158, P0011173, P0011207, P0011211, P0011230, 
P0011245, P0011277) in the source PDS. 

M34LNKFS - Is used to link the fully overlayed Nsma].1u version of EMTP 
(TRAM34FS). This JCL uses the object modules stored in 
TST.TRAEMTP.OBJ. The link editor data used is 
TST. TRAEMTP. FORT (P0011). 

M34LNKFB - Is used to link the fully overlayed "big" version of EMTP 
(TRAM34FB). This JCL uses the object modules stored in 
TST.TRAEMTP.OBJ, but uses the 11 object modules stored in 
S710828.EMTPBIG.OBJ instead of the same named modules in 
TST.TRAEMTP.OBJ. The link editor data used is 
TST.TRAEMTP.FORT(P0011). 	 -0 
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M34LNKSS - Is used to link the semi-overlayed "small" version of EMTP 
(TRAM34SS). This JCL uses the object modules stored in 
TST.TRAEMTP.OBJ. The link editor data used is 
TST. TRAEMTP. FORT(POO11A). 

RUNVARDS - Is used to run the VARDIM Program, store the 11 subroutines 
in TST. TRAEMTP. FORT,, compile these routines, and store the 
object modules in TST.TRAEMTP.OBJ. 

RUNVARDB - Is used to run the VARDII'l Program, store the 11 subroutines 
in a temporary dataset, compile these routines, and store the 
object modules in S710828.EMTPBIG.OBJ. 

EMTPRUN- 	Is used to execute the EMTP. 

2) 	FORTRAN SOURCE US 

File 2 of the tape has the contents of the FORTRAN PDS which in-
cludes 337 FORTRAN members, 3 Assembler members, 2 link editor data mem-
bers,- and 1 test case data member. The following list is an abbreviated, 
alaphabetical listing of the 343 members from this file. 

P0011 - 	link editor data, fully overlayed 

PO011a - link editor data, semi-overlayed 

P0011000 - HEADER, subroutine for the IBM version only (see link 
editor JCL) 

P0011001 - FORTRAN and Assembler routines of EMTP 
to 

P0011338 

TESTDATA - test case data (see microfiche of BPA's results) 

TRAIHOED- A FORTRAN program used to edit the output file to re-
move the underflow errors generated by the AEP supplied 
load modules. These messages should be suppressed, but 
due to an error in the setup of AEP's H-EXT compiler, 
an unlimited number of the messages will be printed 
out. Since this is just a warning message, the program 
answers are correctly calculated. If the user decides 
to recompile the EMTP on their computer, this program 
and the supporting JCL may be removed. 

The following load modules are included in file 3 of the tape: 

VARDIM34 - is the load module of the variable dimensioning program 
VARDI M. 

TRAM34FB - is the fully overlayed "big' load module of the EMTP allowing 
603 busses. 
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TRAM34FS - is the fully overlayed small load module of EMTP. This 

module uses the default dimensions of the VARDII4 Program (250 
busses). 

TRAN34SS - is the semi-overlayed "small" load module of EMTP. This 
module uses the default dimensions of the VARDIM Program (250 
busses). 

TRAIHOED - is the load module of the TRAIHOED described in the previous P1 
section. 

The object modules in file 4 are the compiled version of the 
FORTRAN and assembler modules of file 2. The IBM '05/360 FORTRAN 
H-extended level 2.2 (Sept.76) compiler was used for all the FORTRAN 
modules. When the G-1 compiler was used, an 1G10311 ROLL SIZE EXCEEDED 
error was produced for the routines with very large common areas. 

The object modules in file 5 are the compiled VARDIM created sub-
routines as created by the RUNVARDB JCL. 

Since the load modules have already been included, there is no need 
for the source and object modules to be unloaded from the tape (unless 
program or dimension changes are to be implemented). Listing 1 is the 
member DUMPTAPE from the JCL file. From this JCL,, the sections needed 
can be extracted to get only the files you wanted on your system. Op-
tionally, listing 2 can be used to punch the complete JCL file to cards, 
or an OS file, so that the DUMPTAPE JCL can be accessed with minimum 
typing on your part. 

Most of the test cases supplied by BPA were made to run on the IBM 
version and produce comparable results with the BPA version. The follow-
ing cases are the exceptions: 

DC-29 & DC-63 	Semlyen setup 

DC-16 	 systematic study 

DC-36 	 TRELEG study 

DC-49 	 Start Again 

DC-68 	 DC simulation 

)C-40, 65, & 
Hauer setup 	no longer supported by BPA 



DC-47 type 59 	machine with TACS. Note that other cases with tacs 
and the type 59 machine run. 

DCNEW-3, 5, & 6 will bomb while printing a listing of the cards 
that were punched to file unit 7. Since the cards are 
punched prior to the stopping of the program, and since 
the object of the study is to get those punched cards, 
this error is considered to be an inconvenience rather 
than a problem. 

DC-8, 24 	 will bomb if run on the fully overlayed version, but 
will run correctly on the semi-overlayed version. 

LISTING 1: DUMPTAPE 

/TA 	JOB 90000100 
f/ 	I9$I4zZI4K9fl%CLA33zC,CLA33zC 90000200 
*3E1UP T*fl 0984$0I01 90000300 
#/SEN 	PX 00000400 
//P1 	EXEC Pçfl:IEBUNER 00000500 
//SYSIN 	OD D.ttlY 00000600 
//SYSPRINT DO 	SYSOUTC 00000700 
//SYStfll DO 	DSN:IOSN. ,tlIT(TAP(, ,OEFER ),VOLREFZ*.3l .ORIG. 00000800 
/1 	LAEZL'(INO. ,SL),OISP:(OLD,?ASS) .00B:OEPI:If. 00000900 
//3YW2 00 	DSNII&OSN.,OISP(OLD,PASS) 00001000 

PEC 00001100 
/151 	EXEC PS1I:IEFBP14 	 - 00001200 
//SYSPRINT DO 	STSOUT:C 00001300 
IIORIG DO 	LWIIT'(TAPE, ,DEFER ),DISP:(OLD,PASS),VOLL$Ep:028480 00001400 
//JCLSEQ DO 	DSN:IIJCL,DISP=( ,PASS),I)IIT:OXSK, 00001500 

$PAC(:(TRK,(10,t)),OCB:(RECFMFB,BLKSIZ(3200,I.R(CL=80) 00001600 
//JCLPOS DO 	DSN:&1JCL29OI$Pz(,PASS).L1ITOX5K9 00001703 
/1 SPACE:(TRK9(10,2,)),OCB:I.JCLSEQ COMM 
/ILOADPOS DO 	DSN:1&LOADIIOOS,OISP:( ,PASS),LJIIT:DISk, 00001900 
/1 SPACE(TRK,(400,t0,5) ),DCB:( BLKSIZE:1024,RECFMU) 00002000 
/I'OOJPOS DO 	DSN:UOBjtlOOS,DISP:( ,PASS),LJIIT:OISK, 00002100 
II SPACE:(CYL9(10,1,40)),DCB:a.JCLSEQ 00002200 
//OBJPOS2 DO 	DSN:&&08J110052,OISP:( ,PAS5),L1UT:OI5k. 00002300 
/1 $pACE:(CYL,(1,1,1 ) ),OCB:*.JCLSEQ 00002400 
//SRCSEQ 00 	DsN&&SOLpCt,DI$P:( ,PASS ) ,tJlIT:OISK, 00002500 
II SPACE:(CYL,(t0.1)),OCB.JCLSEQ 00002600 
//SRCPOS DO 	DSN:1&SRCPOS,DISp:( ,PASSi,LJ1ITOISK, 00002700 

5pA((cyL,(20,1,40)),Oc:ø.JCL3(Q 00002800 
/IGO1A EXEC 	EN,OSN:JCL,NO1 00002900 
//GO1B EXEC 	PS1I:IEBUPOTE,PARM:NEN 00003000 
//SYSPRINT DO 	DLRTIY 00003100 
,/SY$UT2 DO 	DSN:UJCLZ,DISP:(OLD,PASS) 00003200 
//SY$IPI DO 	DSH:1&JCIDISP:(OLD,PASS) 00003300 

00003400 
//02 	EXEC GEN9NOZ290SWSOURCE 00003500 
//6025 EXEC 	PGfl:IEWPOTE PARM:PIEW 00003600 
//SYSPRINT DO 	DLflIY 00003700 
,/SYSUTZ DO 	DSI=&ISRCPOS ,DISP: (OLD, PASS) 00003800 
/SYSIN DO 	DSHIISOIWCE.DISP(OLDPASS) 00003900 

• 00004000 
EXEC 	P1:IEBCOPY.PARM:'SIZE:100K' 00004100 

//SYSPRINT DO 	STSOUTZC,HOLD:YE$ 00004200 
//IP4TAPE 	DO 	IMITZ(TAPE, ,D(F(p),LABEL( 3,SL), 00004300 
/1 	DISP=(OLO,PASS),VOL:REF*.S1.ORIG,Dc8:(RECFM:U, 00004400 

BLKSIZE:1024DEN4) ,DSN:LOAOPIODS 00004500 
//CUTDISK DO 	DSH=&&LOADPIOOS,DISP:( OLO ,PASS) 00004600 
//SYZUT3 DO 	IjaT=OISK,SPACE:(TPK.(1)) 00004700 
//SYSUT4 DO 	(J4ITDI5K,3PACE:(TRK,(1)) 00004800 
//STSIH DO 	* 00004900 

COPY 	OIJTDO=OUTDISk IPED: INTAPE 00005000 
//G04 	EXEC PGl1:IECOPY,PARp1:'3IZE:100K 00005100 
//SYSPRINT DO 	SYSOUT:C 00005200 
//STSIPI DO 	ft 00005300 

COPY OUTDOOUTDISX , I1)OINTAPE 00005400 
//OUTDIS( DO 	O5N:1&0eJnOO5OISP:(OLD,PA3S) 00005500 

m 
-o 



//INTAPL DO 	IDIITB(TAPI,.DUER ),LADEL(4.SL), 
•Z$PsIO1D,PAS3) ,LsRCFz*.31 .cpXs,Dcez( RECfllFB, 
LRECL80 ,BLKSIZE3200 ,DCH4 ,DsNoe.R1oos 

//SYSUT3 DO 	D34&&tL,IP,tJ4IT$STS0A, SPACE= ICTL,(7 s I  
//005 	EXEC pcl:IEac0Pv,pApp1='5IZE=l80K 
//STSPRIHT DO 	$TS0UTC 
//STSIN DO 	* 

COPY OLITDD:OUTDI5I( ,ItCD:INTAPE 
//OUTDISK CD 	DSNz&1OBJOOS2,DISP (OLD ,PASS) 
//XNTAPE DO 	tDlIT(TAPE,,OEFER),LABEL(5.SL), 
1/ DISP:(OLD,PASS),VOLREF*41.ORXG,OCB(RECFPIFB, 

LPECL'DO ,BLKSIZE$3200,DEN+ ,DSHOSJMOOS2 
//SYSLfl3 DO 	D5H:UTEMP.tDlITSTSOA,SPACt:(CTL,( 7,1)) 

•000s000 
00005700 
00005800 - 
00005900 
00006000 
00006100 
00006200 
00006300 
00006400 
00006500 
00006600 
00006700 
00006600 

LISTING 2: JCL PUNCH 

//GOi 	FXEC PGMIEBGENEF 
//SYSPF:1NT DD SYSOLIT=C 

DD DUMMY 
SY'UTi 	DL' 	UNIT=TPE,LABEL.(1 .SL.),D1SP=OLD..E'S--jCL. 

I, 	 VOL.=SER=XXXXXX DCF=DEN=. 
/ISYSUT2 	DD SYSOUT=F' 

//?YSUT2 	Dr: 1)SN=X>:XXX , rIF• - oLI 

F64-LEVEL LINKAGE EDITOR OPTIONS SPECIFIED OVLY,TERM,LET,SIZE:(999,ç,24K) 
VARIABLE OPTIONS USED - S 	1022976,24576. 

1EW0182 
1EW0182 31 WYLACE I 	Th €&C -C 
1EW0182 32 READLS 
1EW0182 32 READL5 CALL 
1EW0182 
IEW0182 

32 
32 

READI.5 
READL5 r 	bourie.S JO3S. 	cct3 

IEW0132 OPENI.5 
 

 
WA cm 

DIAGNOSTIC MESSAGE DIRECTORY 
1EW0132 ERROR - SYMBOL PRINTED IS AN J1RE5OLVEO EXTERNAL REFERENCE. 
1EW0182 ERROR - INVALID EXCLUSIVE CALL FROM SEGMENT NUMBER PRINTED TO SYMBOL PRINTED. 

PLEsF /Vt7TE: 

TI-/is L5 	9 ,vor/nz/ 	//di,jc 
	

jiot 	o&rPT 

1'a4e /;$,-e,/ 
	

Alo /0 %'y Ci 	Ec is r 

liv 74e E,'flrp. 

****TPAM34FS DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET 
AUTHORIZATION CODE IS 	0. 
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0.5e Data General MV/8000 EMTP Setup (by lIT, Madrid, Spain) 

i 1111 	INSTITUTO DE INVESTIGACIONTECNOLOGICA  

__J 

During the spring and early summer of 1981, a translator was 
developed for the DG MV/8000 computer system. 	This is a fully- 
virtual, 	32-bit minicomputer that should be capable of quality 
EMTP support. 	Our contact was one Ignacio J. Perez, a Spaniard 
who then seemed to be attending the Massachusetts Institute of 
Technology in Cambridge. 	Back home in Madrid, he told us, was 
to be a DG MV/8000, and the company in question had interest in 
electromagnetic transients. 	My letters to him dated 8 May 1981 
and 	8 June 1981 document such details, as well as translation 
principles. 

Then we lost contact with Mr. Perez, 	who seemed to be 
preoccupied with other matters until May of 1985. 	No other party 
seriously interested in the DG MV/8000 EMTP version could be found 
in the interim. So no progress was made for almost 4 years. 

In may of 1985, we learned that Mr. Perez is not only alive 
and well, but that he also is a very busy men with a responsible 
position. For the record: 

Ignacio J. Perez-Arriaga, Director 
Instituto de Investigacion Technologica (lIT) 
Alberto Aguilera, 23 
28015 Madrid 
SPAIN 

BPA complied with this second request for DC MV/8000 EMTP 
materials, 	which were mailed along with a cover letter dated 
29 May 1985. 	A letter of response dated 	4 November 1985 
confirms that "the program is currently running in our computer." 

The November 14th letter indicates that lIT has joined the 
Leuven EMTP Center, 	so other Europeans with Data General EMTP 
interest could also inquire through the Belgian channel. 	But for 
non-Europeans, write directly to Madrid for more information. 



0.5f PRIME EMTP Setup (as used at Basin Electric, Bismarck, N.D.) 

BASIN ELECTRIC 
POWER COOPERATIVE 
1717 EAST INTERSTATE AWENUE 
BISMARCK, NORTH DAKOTA 585019990 
PHONE 101/223•0441 

Program Strtt 

Assuming the user has performed the norma]. LOGIN procedure for his 
installation, execution of EMTP begins by typing in 

EMTP 
at command level. 

This initiates a small program which in its turn starts the large 
segmented transients program. A short delay in program response will be 
experienced by the user during the initial setup. (This is due to the 
segmented loader paging the program out to disc.) 

Execution 

The program will request the names of four disc files for input, 
output, punching, and plotting. The input file must exist in the user's 
UFD, and all four names must be given regardless of the fact they may not 
all be used. If the user does not enter a filename as rquçsted, but 
instead responds with only a carriage return, the program will use its 
own default names, these being, 

EMTPIN 

ENTPOT 

EMT PW1 

ENTPPL 

respectively. After those file names have been entered, the program will 
begin processing the input data. 

Upon successful execution of EMTP, the user's terminal will be 
returned to normal system command level. 

Program Output 

To print the output file, type 

SPOOL output filename (F 

To obtain plots on an electrostatic plotter, type 

SPOOL plot filename (R 

The individual at Basin Electric 	Robert J. Newell, Supervisor 
who is most closely associated 	 Power System Studies Division 
with PRIME EMTP setup is ---------> 	Planning & Marketing Department 



0.51 Hewlett Packard EMTP Setup  

Preceding versions of this section included summaries of 
unsuccessful attempts first with HP 3000 and later with HP 1000 
minicomputers. There was always some combination of hardware or system 
software that prevented support of the EMTP using such early HP 
equipment. Today; we have forgotten about those difficult early times, 
and we concentrate just on the good news of more modern HP offerings, 
such as the HP 9000. 

Consideration of the HP 9000 began with the cooperation of both 
Ms. Geri Georg of H-P in Fort Collins (Ref. 8, Vol. XIV, 21 November 
1983, Section I-C, pages CAUS-3 through 7), and Dr. Olov Einarsson of 
ASEA Researchin Sweden (Vol. XV, 19 January 1984, Section VI-B, pages 
AESS-143 through 47). 	During a brief period when ASEA support using HP 
was in question, Keith Adamson of Chas. T. Main in Boston come to the 
rescue. 	All three parties have done commendable work, and have freely 
shared it with others, making the HP 9000 EMTP the useful production 
tool that it is today. 

HP 9000 was the first Unix machine to support the EMTP, so it has 
been important in this sense. 	With Unix rapidly becoming the standard 
for scientific workstations (it is expected that Apollo will 
discontinue Aegis in the not too distant future), there should be no 
question of future support and compatibility. 	One peculiarity of the 
HP implementation of Unix for the 9000 is that unprintable numbers will 
result in an error flag being set by output routines, and subsequent 
termination of execution. 	Most computer systems do not do this. Most 
(e.g., Apollo, CDC, or IBM) just print some special characters such as 
a string of stars, and continue with program execution without further 
protest. 	Some systems (e.g., VAX-11) will generate an error message, 
but thereafter, execution will continue. 	But not HP 9000. While the 
phenomenon is not serious for normal production studies, it can make 
the program unusable when DIAGNOSTIC printout (IPRSUP) is turned on. 
Program developers understand the problem, and have agreed to work on 
a solution as time permits. But it will take patience, and time. 

Programs and data are exchanged among HP 9000 owners by the 
thoroughly modern medium of cartridge tape. 	I do not have any model 
numbers or specifications, 	but something on the order of 45 or 60 
Mbytes of data can be stored in a single cartridge. No one else (i.e., 
a non-9000 owner) may be able to read the medium, but it certainly is 
ideal among those who are members of the HP 9000 club. 	Those wanting 
the HP 9000 EMTP should be prepared to mail such a cartridge to the 
supplier. 

Those outside North America are referred to Europe for a version 
of the HP 9000 EMTP. 	It is believed that an "M39." or "M39.-i-" is 
currently being used. 	The individual most closely associated with 
support of the HP 9000 EMTP is: 

Dr. Olov Einarsson 
ASEA, Department KZEB 
S-72183 Vasteras 
SWEDEN 

Dr. Einarsson has been a model of cooperation in his HP 9000 EMTP 
support, 	requiring only that the interested party agree to share the 
materials freely with others as ASEA shares those materials with him. 
As for requests from North America, it probably is easiest to telephone 
BPA for a recommendation. 



0.5j 	DEC VAX EMTP Setup (as used at BPA in Portland) 

A. Background of BPA VAX EMTP 

The VAX-.11/780 (as well as the newer and weaker VAX-.11/750, VAX-
11/730, and MicroVAX models) is a fully-virtual 32-bit minicomputer 
of the Digital Equipment Corporation (Digital; DEC). 	The factory- 
supplied operating system is known as VAX/VMS. 	At BPA, all EMTP work 
was shifted from our CDC computers to a dedicated VAX-11/780 in 
February of 1979 (see Ref. 8, Vol. VIII, 19 November 1978, pagination 
ABBO). 	No customization of the software is required for support of 
the EMTP using VAX, 	except possibly by the operator who controls 
system parameters at start-up time. 	The EMTP is a very large virtual 
image, 	so if the 	"/DEBUG" 	option is used everywhere, around 
16 megabytes of virtual address space are required (at one time, the 
factory-supplied default limit was between 4 and 5 megabytes). 
Inquiries by interested parties should be directed to Drs. W. Scott 
Meyer and Tsu-huei Liu at the address shown on the front cover. 

The interactive plotting program of Section 5.OA is available for 
VAX users who also have a Tektronix CRT terminal and PLOT10 software 
(or one of the several available immitations). 	But note carefully 
that PLOT10 is proprietary with Tektronix, that a user can run the VAX 
interactive plotting program in the vector-graphic mode without 
alteration only if he has purchased a Tektronix PLOT10 interface. 
Instructions for the use of interactive plotting will be found in Ref. 
8, Vol. IX, 11 May 1979, pagination "PIEP". 

A similar statement applies to CalComp or simulated-CalComp 
output of either the EMTP or the interactive plotting program (the 
"COPY" command of "TPPLOT"). Only if the user has purchased a CalComp 
or CalComp-like plotting capability 	(BPA uses an 11-inch Versatek 
printer/plotter) can CalComp plotting be utilized. 

B. Content of Standard VAX EMTP Tape 

Requests for the VAX EMTP should be mailed to Program Maintenance 
at BPA, 	and should be accompanied by a reel of magnetic tape. 	For 
the full package in uncompacted form, a full 2400 feet of tape are 
required. 	Just the executable version EMTP.EXE can be put on a very 
small reel (e.g., 400 feet), but this has not been used much, since 
most contacts prefer the source code. 	The default tape format is 9- 
track, 1600-BPI, labeled with "EMTP", and the tape is created using 
VAX/VMS $COPY commands. The following is an explanation of 
VAXTAPE.COM, 	which is commonly used for 21100-foot reels of tape. 
First, consider essential lines of the command procedure itself: 

$ ITAPE EMTP 
$ MT 	EMTP 	TAPE 
$ COPY DRB2:[EMTPTEST)DC*.DAT 	 TAPE 
$ COPY SERVO.DAT TAPE 
$ COPY [SCOTT)INC*.DAT TAPE 
$ COPY [SCOTT)TPPLOT.FOR TAPE 
$ COPY [SCOTT)TPPLOTKOM.FOR TAPE 
$ COPY ISCOTT)TPPARAM.DAT TAPE 
$ COPY PLOTDAT.FOR TAPE 
$ COPY [SCOTT]MDDHHMMSS.PL'I TAPE 
$ COPY MEMORANDA. REF TAPE 



$ COPY [UTPFIUTPF PARTS. SPL 	TAPE 
$ COPY [TSUIVARDIM.EXE TAPE 
$ COPY [TSUIVARDIM.COM  TAPE 
$ COPY [TSU]NEWMODS.FOR TAPE 
$ COPY LISTSIZES.DAT TAPE 
$ COPY [UTPF]VAXUM.DAT TAPE 
$ COPY [SCOTIEMTPSETUP.COM;1 TAPE 
$ COPY [UTPF]*.FOR;61 TAPE 
$ COPY CONTROLC.OBJ TAPE 
$ COPY BLOCKDSPY. TAPE 
$ COPY [TEMP]*.FOR;61 TAPE 
$ COPY [TSU]EMTP.EXE TAPE 
$ DIRECTORY MTAO: 

Fl) EMTPSETUP.COM  is the command procedure which will compile 
and link all EMTP FORTRAN. 	Execution takes about an hour on our VAX- 
11/780 when I am all alone, as was the case during the evening of 
February 27th, when the "M38." VAX EMTP was created. 

F2) The [TEMP]*.FOR;61  files are the 300 or so SUBROUTINE 
and/or FUNCTION modules which make up the EMTP proper. 	For use, 
these files and those of Point F3 should be in the same directory 
along with EMTPSETUP.COM  at the time of compilation. 

F3) The [UTPF]*.FOR;61 files constitute all of the INCLUDE 
files of the VAX EMTP FORTRAN --- some 30 in number. 

FI) LISTSIZES.DAT is the 4-line file of EMTP variable- 
dimensioning table sizes which are requested by the user. 	For 
standard BPA setup, times default dimensioning is used (that is the 
meaning of 90000003 on the second card, as described on page xv-1, 
Point 6). 	For example: 

90000000 
90000003 

0 
+50000 

Due to KBURRO = 1 usage of virtual working space, only one field of 
the offsets ( 14th) card is actually used. 

F5) "VARDIM" is the variable-dimensioning program, 	and it 
produces the NEWMODS.FOR file (on unit FOR007) which is needed for any 
subsequent EMTP LINKing. The program reads LISTSIZES.DAT from unit 5, 
and produces a very few lines of printout on unit 6. 

F6) The file [TSUIEMTP.EXE is an executable version of the VAX 
EMTP, 	dimensioned to three times default list sizes (using 
LISTSIZES.DAT). 	As per EMTPSETUP.COM, the interactive debugger is 
"on". 	If virtual image size is a problem, the recipient can compile 
and link without the debugger (change "/DEBUG" to "/NODEBUG"). Or 
more precisely, it is only the linking must be with "/NODEBtJG" (one 
really does not have to change the compilation, if the difference in 
compilation time is of no concern, or if maybe you might want to 
selectively use the debugger later) 

F7) The first 75  DCXX.DAT files, plus twelve DCNEWX.DAT files, 
constitute test cases which can be used by the recipient. 	BPA's 
latest solutions (the LUNIT6 line printer output files) are not on the 
tape, 	but are available from time to time on microfiche (e.g., the 
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fiche set entitled "M38EMTP'O. Remember that DC-1 is quite large (but 
does fit within 3  times default dimensioning), while DC-2 is time- 
consuming 	(it is a good-sized Monte Carlo study). 	These are two 
exceptional test cases which many recipients will want to avoid. 	All 
data cases are complete, including the extra blank card at the end to 
stop execution. Solutions are on microfiche only (not on the tape). 

F8) "TPPLOT" is the interactive EMTP plotting program 
(TPPLOTKOM.FOR is the associated INCLUDE file), and MDDHHMMSS.PLL is 
a small test data file 	(i.e., a simulated EMTP plot file). 	-it 
involves 1001 points, and four curves: a sine wave, a cosine wave, a 
linear ramp, and an exponential. In case the recipient wants to vary 
the number of time steps or the curves in MDDHHMMSS.PL , see 
PLOTDAT.FOR which created it. 	Refer to the first Memo of Vol. IX 
(Ref. 8) for user Instructions of "TPPLOT". 	There also is a "HELP" 
command at each of the three levels (OUTER, MIDDLE, and INNER) of 
program prompts to the user. 	For different terminals, different 
program parameters are applicable, 	and these can all be set at 
execution time. 	The file TPPARAM.DAT contains data which is to be 
connected to unit 30 ($ ASSIGN TPPARAM.DAT FOR030) before execution of 
"TPPLOT", for the case of Tektronix PLOT10 plotting. 	The "SET DATA" 
(an OUTER-level command) parameters are to be built into this file, 
and available subsets now apply to our big-screen 4014, a small-screen 
4006, and Tsu-huei's Retrographics-enhanced DEC VT100. 

F9) The 21 DCPRXX.DAT files will only be of interest in case 
of trouble, generally. All involve DIAGNOSTIC printout, and most are 
small, simple problems. 

FlO) UTPFPARTS.SPL shows a list of all EMTP modules, in order. 
This information is also contained in EMTPSETUP.COM  (except for 
INCLUDE files), although UTPFPARTS.SPL is much more compact. 	It can 
be displayed on an 80-column printer or CRT terminal. 

Fli) File VAXUM.DAT is a concatination of all installation-
dependent modules of the VAX EMTP, so is most useful to those adapting 
the program for other computer systems. 

F12) CONTROLC.OBJ, the lone object file on the tape, is only 
being sent because we have no FORTRAN. 	This is to satisfy the user- 
keyed interrupt of interactive (SPY) usage, wherein CTRL-C provides 
the break. 

Along with the tape, the DECwriter console printout which documents 
the tape creation will be packed. 	This will show a listing of all 
files ($DIRECTORY of tape), thereby confirming that the tape should be 
readable. 

C. Common Usage of VAX EMTP Materials 

Basic execution procedures 

EMTP execution is normally done on the VAX via a command 
procedure file such as GOEMTP.COM  which follows: 

$ ASSIGN EMTPDATA.DAT FOR005 
$ ASSIGN PRINTOUT.LIS FOR006 
$ SET WORKING/LIMIT&400 
$ RUN/NODEBUG [TSU]EMTP.EXE 
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It is here assumed that the data case (or cases) to be solved has been 
stored on disk as a file named EMTPDATA 	The EMTP printout goes on 
disk, too, as a file named PRINTOUT.LIS. Should a printed copy of the 
output file be wanted, the command $ PRINT/DELETE PRINTOUT will do 
the job (and destroy the file when completed). 	Alternatively, the 
user may be operating remotely through a terminal, and he may want to 
take a look at the output file using a VAX text editor (SOS or EDT), 
before any final disposition is to be made. 	In this case, $ EDIT 
PRINTOUT.LIS is all that it takes. All of these options for handling 
the output file are possible because of the ASSIGNment of a disk file 
to FOROO6. 

There still is the choice between batch-mode and non-batch-mode 
of execution. 	I hesitate to call the latter "interactive", due to 
the possible confusion of this VAX terminology with EMTP terminology 
(where "interactive" means something much more powerful, as will be 
described later). The choices are: 

a) The command "$€GOEMTP" will result in non-batch execution 
of the EMTP. 	Often, the "$ ASSIGN PRINTOUT.LIS" command would be 
omitted in this case, so that program output would be written to the 
CRT terminal as it is generated. 	This mode is very useful, provided 
the volume of output is not excessive, and provided the terminal is 
driven at sufficient speed (all in-house BPA CRT terminals run at 9600 
baud). But such usage can be quite unsatisfactory for slow typewriter 
terminals (e.g., our own 30 character per second DECwriter console). 
If a CRT is used, 	then no permanent copy of the EMTP output is 
preserved, unfortunately (once it rolls off the top of the screen of a 
dumb terminal, it is gone forever). A final disadvantage is that the 
terminal is tied up during this non-batch mode of EMTP execution. 

b) The command. "$ SUBMIT GOEMTP" will result in the queueing 
of the command procedure for batch-mode solution. 	This is the basic 
form of the command, with variations possible based on local decisions 
as to priorities, resources, etc. 	VAX/VMS will respond with some 
acknowledgement like "Job 287 entered on queue SYS$BATCH". 	At this 
point the terminal is free, and the job is out of the user's hands. 
Most production EMTP studies at BPA (by Al Legate and Bob Hasibar) are 
so executed. 	A file should always be assigned to unit 6 in this case 
(otherwise, output goes to the default disk file FOR006.DAT). 

Such discussion of DCL (Digital Command Language) usage could go 
on and on, of course.' Very powerful and flexible things are possible, 
although they are beyond the scope of the present discussion. 	The 
voluminous "VAX-11 USER; Student Guide; Student Workbook" produced 
by DEC is an excellent motivator for the innovative use of the system. 
Less tutorial, 	but also excellent, 	is the DEC "VAX/VMS Command 
Language User's Guide." Most basic of all, and the simplest to read, 
is the DEC 	"VAX/VMS Primer." 	All of this material is available 
through DEC, and not BPA, of course. 

Because production versions are compiled and linked with the 
interactive debugger "on", the "/NODEBUG" qualifier is required on 
the execution request, 	to bypass such usage. 	But if this very 
powerful diagnostic tool is wanted, consult the DEC "VAX-11 Symbolic 
Debugger Reference Manual". 	As of April, 1984, there are no special 
problems with the debugger (all modules can be entered, and commands 
seem to be reliable). 



Plotting of VAX EMTP solutions 

Plotting with the VAX EMTP is easy. 	The "PRINTER PLOT" feature 
always works, 	of course, 	and it shall not be mentioned further. 
Quality EMTP plotting (so-called EMTP CalComp plotting) requires that 
the user link the EMTP along with his CalComp plotting modules "LINE", 
"GRID", "SYMBOL", etc. 	Interactive plotting "TPPLOT" will produce 
line-printer type plots for anyone, using any terminal (including 80- 
column alphanumeric terminals). 	But for vector-graphic plotting on 
Tektronix terminals, 	interactive plotting must be linked along with 
the user's PLOT10 package. 	Saving of the plot file after an EMTP 
simulation is done automatically, 	if miscellaneous data parameter 
"ICAT" 	has been given a value of one or two. 	The form of the plot 
file name that results is MDDHHMMSS.PL1 , where ".PL11' is simply a 
characteristic file type, and "MDDHHMMSS" are digits of the date and 
the time. 	The "M" is a hexadecimal digit for the month (with "A" for 
October, "B" for November, and "C" for December). Files are created 
in the directory of the user, so can be inventoried using the command 
"$ DIR *PLlft. 

As for the "REPLOT" feature of Section 1.0d, this requires a 
special format (do not try to use the one shown) which is as follows: 
"REPLOT, 	FILE, 	IPRSUP". 	This is free-format after the key word 
"REPLOT" 	(which must begin in column 1), so blanks can otherwise be 
interspersed at will. 	The commas (",") are the familiar free-format 
field separators. 	Data item "FILE" must be a legal VAX/VMS file 
specification (e.g., ETSU]A17231 105.PL ) of 25 or fewer characters, 
and IPRSUP is an integer constant used for DIAGNOSTIC printout 
control. 

Usage of "TABULATE ENERGIZATION RESULTS" 

As for the use of "TABULATE ENERGIZATION RESULTS" of Section 
1.0e6 (or alternatively, use of "STATISTICS OUTPUT SALVAGE" of Section 
1.0e7), there are two disk files for each "STATISTICS" data case that 
was solved and saved: 

ST3LOGXXX.DAT --- file for LUNIT3 = 3 file 
ST9LOGXXX.DAT --- file for LUNIT9 = 9 file 

Here "XXX" are the three decimal digits that are uniquely associated 
with the file 	(see "JFLSOS" in Section 1.0e7). These files are 
opened without directory specification or version number, so must be 
in the user's area, and will always be the highest version (if more 
than one having the same name exists). 	In the case of "TABULATE 
ENERGIZATION RESULTS" 	usage, 	there will be confirmation of the 
connection of each disk file in "STATRS" of overlay 29 ---- one at a 
time, as the attachment is made. 	These go in pairs, with the "5T3" 
file following the 	"5T9"  file, for each of the previously-solved 
"STATISTICS" cases of interest. The opening and confirmation for the 
file of LUNIT9 are performed as follows: 

OPEN (UNIT=1, TYPE='OLD',NAME=FILN20,FORM'UNFORMATTED') 
WRITE (LUNIT6, 1822) FILNAM 

1822 FORMAT ( 20X, 
1 	'---- SUCCESSFUL OPEN OF 'LUNIT9' DATA ON' 
2 	' DISK. 	PERMANENT FILE NAME =', 3H ', 20A1, 
3 3h' . 	) 

If there is a VAX/VMS error termination before all such printouts are 
seen, 	presumably the file following the last one which was printed 
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could not be found on disk by the operating system. 	Files are taken 
up in the order of user input, from left to right on each data card. 
As for the creation of such files in the first place (the preceding 
"STATISTICS" or "SYSTEMATIC" simulations), file opening is done in 
"MIDOVi" of overlay 1, without any version number. Hence there is no 
fundamental problem with using the same characteristic integer JFLSOS 
more than once, 	since higher versions will simply be created. 
However, 	if any other than the highest version is wanted for 
tabulation, RENAMEing will be necessary (since the OPENing by "STATRS" 
is done without version number). 

Allocation of physical memory 

The allocation of physical memory 	(1400  pages in the above 
example, via $ SET WORKING) will depend on the size of the data case 
being solved. 	A figure of 1400 pages works well for most production 
BPA cases, 	avoiding paging inthe time-step loop. 	But much larger 
cases have been solved using less memory (see Ref. 8, Vol. IX, 10 June 
1979, page  USEC-9);  there simply is substantial paging, and execution 
is slowed, both in terms of wall-clock time and also CPU time. 	Yet 
even this advice may be dated, since Terry told us perhaps a month or 
two ago 	(February of 19814) 	that the operating system will now 
automatically increase the memory of a process which is paging 
excessively (it sounds like a sell out to the PRIME philosophy to me, 
and I am not really sure whether this is progress, if the user does 
not have control). 	The user can and should experiment with limits on 
physical memory, 	if the optimization of computer resources is a 
concern. 

Use of MEMSAV = 1 and "START AGAIN" Features 

The integer miscellaneous data parameter MEMSAV (see Section 
1.0h), when set to unity, will result in a dumping of EMTP memory onto 
disk at the conclusion of a simulation. 	The "START AGAIN" request of 
Section 1.0e15 can then subsequently be used to restart such a halted 
run. But there are some VAX-dependent aspects to be considered. 

First, there is the "file specification" of the "START AGAIN" 
card. 	This will be seen by looking at the special line of printout 
which precedes the extrema: 

-----SUCCESSFUL SAVING OF /BLANK/ AND /LABEL/ AS 
DISK FILE "TPTABLES.BIN" . 	Ni, LTLABL = 	1352 225779 

Thus the file name is TPTABLES.BIN", in the user's directory, and 
without version number. 	Each time memory is so saved, a higher 
version is created. 	As for Ni and LTLABL, these are sizes of 
/BLANK/ and /LABEL/, respectively, in INTEGER*14 words. 	The latter 
(LTLABL) is determined completely by the user's variable dimensioning, 
while the former (Ni) may vary with program version (e.g., "M314."  and 
"M38." versions might not be compatible for such mixed usage, even if 
EMTP list sizes are identical) 

A user of the MEMSAV = 1 option should monitor his available 
disk space closely. 	First, TPTABLES.BIN is a big file, with my test 
on 	04-JUL-80 	showing 1832 blocks (938 Kbytes) in response to a 
$DIRECTORY TPTABLES.BIN command. The overhead is thus substantial, if 
disk is in short supply, using our enormously-dimensioned BPA image. 

>1 



This could be drastically decreased if the user cut EMTP table sizes, 
but then one would have to worry about saving the corresponding EMTP 
version, 	which is an even bigger file (6680 blocks for an "M38.+" 
version). 	The best general strategy is believed to be the reliance 
upon one enormously-sized executable image of the EMTP. 

Treatment of EMTP free-format using VAX 

EMTP free-format rules are covered in Section 0.7 	Note that 
there is mention of possible problems with precision on some computer 
systems, 	due to roundoff-like error involved with use of the FORTRAN 
fl**tI operation. VAX was one system with this problem. Sometimes only 
8 or so digits of significance were achieved, 	even though all 
floating-point computation was IMPLICITly REAL*8). 	Well, the first 
attempt at amelioration was to create module "FRENUM", which is called 
by a near-universal "FREFLD". Module "FRENUM" wrote the characters of 
the next free-field number on F0R039,  and then read them back using 
VAX free-format: READ (39, ). This was found to be fully accurate, 
but was amazingly slow in real time. It was with "M28." idents that 
we switched to ENCODE/DECODE instead, with a temporary internal limit 
of 30 characters in any one number. 	As far as is known, this is 
fully accurate, 	and also fast! 	But note that it is less than 
perfectly general. 

D. $-Cards for VAX EMTP 

So-called $-cards were introduced in Section 1.-D, and it is 
assumed that the user has read that material before continuing with 
what follows. 	Concerning format rules, remember that the "$" and 

.following request word must be a continuous string of characters (with 
no imbedded blanks). 	Thereafter, EMTP free-format is used, so blanks 
are acceptable anywhere (see Section 1.0g6). 	Well, the following $- 
cards are honored by the VAX EMTP 

1. $ATTACH, FILE, M 

This command serves to connect a disk file having name "FILE" (any 
legal VAX file specification of not more than 25 nonblank characters) 
to EMTP I/O unit number "M" (an integer constant). The EMTP data card 
interpetation involves the printing of "FILE" and "M": 

ATTACH FILE: EII25A1 ] UNIT = LUJ 
If I/O unit number "M" is blank or zero, the EMTP will simply connect 
the disk file to that free channel which has the lowest unit number 
(e.g., if unit 1 is free, it will be used). Whatever was connected 
to I/O channel "M" before the new connection is first released (CLOSE 
operation). 	A sample usage follows: 

$ATTACH, [TSU]NED96.DAT;1 , k 

2. $PUNCH, M 

This command serves to copy the 80-column card image contents of 
EMTP I/O unit number "M" (an integer constant) to the card punch. The 
only problem is that I have yet to find a VAX owner with a card punch! 
VAX FORTRAN does not honor the CDC output command "PUNCH", either. 
Cards are going the way of the dinasaur, in this business, anyway. 
So, doing the best I could, I simply copy the card images to unit 7 
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(FOR007). 	Data card inter retation involves the printing of "M": 

COPY FILE IT4_j 	TO PUNCH 
The contents of unit 

	

	"M" 	are rewound before and after the copy 
operation; the unit 7  file is not, of course. A sample usage follows: 

$PUNCH, 9 

3. $OUTPUT, M 

This command serves to copy the 80-column card-image contents of 
EMTP I/O unit number "M" (an integer constant) to the line printer 
(the FOR006 connection). 	If "M" is zero or blank, a value of 7  is 
assumed (the card-punch file). 	EMTP interpretation of the data card 
involves the printing of I'M": 

COPY FILE [I4L1 TO OUTPUT 
The contents of unit "M" are rewound before and after the copy. 	As 
for the line printer file (FOR006), records are printed single-spaced, 
with the following identification, 	beginning in column 20 of the 
paper:  

RECORD 15 . 1 (.jQA8] 
The 15 field is for the record number (1, 2, etc.), while the 11 1" 
to the left of the card Image serves to identify the left margin of 
that image (it Is a column-zero marking). 	A sample usage follows: 

$OUTPUT, 9 

it. $SAVE, FILE, M, N 

This command serves to copy the 80-column card-image contents of 
EMTP I/O channel number "N" (an integer constant) to I/O channel 
number "M" (an integer constant), and save the result as a new disk 
file named "FILE" (any legal VAX file specification not having more 
than 25 non-blank characters). 	Data card interpretation involves the 
printing of "FILE" and "M": 	 ____ 

SAVED FILE: I 25A1 _.j  UNIT 	f 13 
The contents of unit 	ffW 	are rewound before and after the copy 
operation, 	and the newly-created file is disconnected from unit "M" 
(CLOSE command) after it has been completed. If "N" is zero or blank, 
it is assumed that the user wants to save a copy of the unit 7 
(FOR007) punch file. But do not forget the comma preceding "N", ever. 
If 	"M" 	is zero or blank, the EMTP will simply use that free I/O 
channel which has the lowest number for creation of the new disk file. 
A sample usage follows: 

$SAVE, CSCOTT]NEWFILE.DAT, 1, 9 

5. $SPYDATA, FILE, fyi 

This command serves to provide a batch-mode connection of 
interactive EMTP 	(SPY) 	commands which are contained in disk file 
"FILE" (any legal VAX file specification having not more than 25 non- 
blank characters). 	For usage, see Section 9.0 on EMTP interactivity. 
The connection is made using I/O channel number "M" (an integer 
constant). 	Records are read until an end-of-file is encountered, at 
which point input reverts to the original input unit. 	The data card 
interpretation involves the _printing of "FILE" and "M": 

SPYING FILE: [5A1 ] UNIT = 13-1 
If "M" is zero or blank (but remember not to omit the preceding comma 
separator!), the EMTP will simply use that free I/O channel which has 
the lowest number for connecting the file in question. A sample usage 
follows: 

$SPYDATA, SPYDEMO.DAT , 0 



6. $DISABLE 

This command marks the beginning of the implicit commenting of a 
block of data cards; it "disables" the following EMTP data cards. 
There are no parameters, 	and the card is universal (it can be 
implemented on any computer system) . Interpretation of this data card 
will be: 

BEGIN DATA TO BE IGNORED. 
.This implicit commenting then remains in effect until it is cancelled 
by a later $ENABLE card (see Section 7). 

7. $ENABLE 

This command marks the ending of the implicit commenting of a 
block of EMTP data cards; 	it cancels the action of a preceding 
$DISABLE card. 	There are no parameters, and the card is universal 
(can be implemented on any computer system). 	Interpretation of this 
data card will be: 

END OF DATA TO BE IGNORED. 

8. $RETURN, M 

This command serves to disconnect (CLOSE) a data file which is 
connected to EMTP I/O channel number "M" (an integer constant). Data 
card interpretation involves the printing of "M": 	 - 

CLOSE FILE ON UNIT [13_J 
If "M" is zero or blank (but remember not to omit the preceding comma 
separator), I/O channel LUNIT4 = 14, the file of raw plot data points, 
is assumed. 

9. $NEWFILE, FILE, M 

This command serves to connect EMTP I/O channel number "M" (an 
integer constant) to a brand new disk file named "FILE" (any legal VAX 
file specification having 25 or fewer nonblank characters). 	This is 
in preparation for EMTP-generated, UNFORMATTED data to subsequently be 
written to the file via the I/O channel number "M". After such file- 
filling is complete, 	$RETURN can be used to disconnect the newly- 
created file from I/O channel number "M". 	Data card interpretation 
involves the printing of both "FILE" and "M": 

NEWFIL FILE: [5AT1 UNIT = L13i 
If 	"M" 	is zero or blank (but do not forget the preceding comma 
separator), 	M = 14 is assumed (corresponding to the file of raw plot 
data points). 	Note the restriction to UNFORMATTED files; card-image 
copying to the file is not allowed. 	If a corresponding $-card for 
FORMATTED usage is desired, 	we can create it easily enough (call 
Program Maintenance at BPA). 	Present thinking is that usage will 
probably be just for the plot file, which does involve only 
UNFORMATTED writes. Unfortunately, VAX/VMS forces the user to declare 
beforehand his choice between these two modes, which is why there is 
the UNFORMATTED restriction. 	A sample usage follows: 

$NEWFILE, [AL]PLOTFILE.PL14, 0 

10. $NEW EPSILN, EPS 

It is the floating-point miscellaneous data parameter EPSILN of 
/BLANK/ 	(deck 	"BLKCOM") which can be redefined by means of such a 
declaration. 	Due to differing uses of EPSILN during the steady-state 



and transient solutions, 	it is possible that the user will want 
different value; and the indicated card allows such changes wherever 
data cards are read. 	Data card interpretation confirms both the old 
and the new values of EPSILN, as follows: 

EPSILN CHANGE. OLD, NEW =[2E11.2J 
As an historical note, 	it might be mentioned that the former 
$DIAGNOSTIC, which was the original 10th $-card, was disabled "M31." 
program versions. 	With the advent of 2nd-generation EMTP 
interactivity, there was no longer much need (EMTPSPY could change any 
value such as EPSILN at any time, using shared COMMON). 	Hence the 
original usage was removed. 	As for a sample usage, consider the 
following: 

$NEW EPSILN, i.E-b 

11. $DELETE, FILE, M 

This command serves to destroy an arbitrary disk file named 
"FILE" (any legal VAX file specification having 25 or fewer non-blank 
characters). 	I/O channel number "M" is simply a free channel to 
temporarily be used during the destruction process. 	Data card 
interpretation involves the printing of "FILE" and NM??: 

DELETE FILE: L 25A1 } UNIT = [ifl 
If 	"M" 	is zero or blank (but do not forget the preceding comma 
separator), 	the EMTP will simply use that free I/O channel which has 
the lowest number. 	A sample usage follows: 

$DELETE, [BOB]BYEBYE.BYE;', 0 

12.. $MONITOR, TEXT 

This command serves to provide a line of CRT output at the 
instant the data card is read, 	for the non-batch mode of EMTP 
execution. 	It has meaning and practical use if the output file of 
FOR006 (unit LUNIT6 = 6) is assigned to a disk file. 	Then, in the 
absence of a $MONITOR cards, there would be no observable terminal 
activity as EMTP execution would proceed --- until the STOP of 
"SUBR31" is reached, when "FORTRAN STOP" is written to the terminal by 
VAX/VMS). 	Using $MONITOR, the user can be periodically reassured of 
the progress of data input. 

When the $MONITOR card is read by the EMTP, the card image will 
show up in the output file of FOR006, but without any column 1-50 
interpretation. 	The same card image is written to the terminal, and 
will there be interpreted with printout which includes the data card 
number NUMDCD  

CRT MONITOR. CARD NUMBER = LI5 1 
V Here NUMDCD is simply a cumulative count of the number of input 
records, 	which provides the user with a measure of positioning. 	On 
the other hand, if unit 6 is not assigned to a disk file, then two 
card images will be seen to the right of column 51, with only the 
second one being so interpreted (the first will have columns 1-50 
blank). 	As for what happens in the case of batch-mode solution, I 
have yet to try it. 	In any case, it is the FORTRAN statement PRINT 
which is used. 

The parameter 	"TEXT" 	is arbitrary, and can be punched with 
whatever identifying information the user wants. 	Since "$MONITOR," 
requires nine columns, 71 remain for "TEXT" (which is not actually 
processed by the EMTP). 	A sample usage follows: 

$MONITOR, END OF EMTP BRANCH DATA. 



13. $LISTOFF 

This command serves to turn off the interpreted listing of input 
data cards, beginning with the card which immediately follows. 	This 
$-card is universal in that it can be implemented on any computer 
system. 	It is nullified by a subsequent appearance of $LISTON (see 
Number ill below). 	Interpretation involves printout of the cumulative 
data card number NUMDCD:  

TURN OFF INPUT LISTING AT CARD E15] 
Common usage of this feature is to save paper and/or time during 

the data-input phases of the program, particularly for the users of 
slow output devices such as 300-baud typewriter terminals. 	But the 
user should be aware that more than just the data-card listing can be 
so turned off. 	In fact, all production printout (including th'e data- 
card listing) 	is affected. 	This is because the printout control 
variable NOUTPR, 	which was originally added to suppress all output 
during a "MODIFY DELTAT" restart, is used by $LISTOFF. Hence do not 
leave $LISTOFF in effect beyond the last source card, if such 
additional suppression of output is not desired. 

ill. $LISTON 

This command serves to cancel a preceding $LISTOFF request (see 
Number 13 above), which turned off the output. 	The $LISTON command 
turns the output back on again. 	It is universal in that it can be 
implemented on any computer system. 	Interpretation involves printout 
of the cumulative data card number NUMDCD:  

TURN ON INPUT LISTING AT CARD [5] 

15. $VINTAGE, M 

This command serves to redefine the vintage number of data 
formats which are to be used (where two or more choices are available, 
it is the vintage number which selects between them). 	This $-card is 
universal 	(it can be implemented on any computer). 	Data card 
interpretation involves the printing of "M", which is the new data 
vintage number:  

NEW MOLDAT = liii] 	(DATA VINTAGE) 

16. $OLDFILE, FILE, M 

This command is identical to that of Number 1 ($ATTACH),  except 
that it applies to UNFORMATTED files (e.g., plot files of LUNIT1I) 
rather than FORMATTED ones. 	Also, the data card interpretation is 
different, using the characteristic identifier "OLDFIL" rather than 
"ATTACH". 

The $OLDFILE command was actually implemented for usage with 
postprocessing of old plot files using TACS, as described in Section 
1.0e17 . 	For this usage, remember that VAX plot files names are of 
the form MDDHHMMSS.PL1I , and that I/O unit LUNT19= 19. 	Thus sample 
usage would appear as follows for a file created on October 13th at 
23:111 and 52 seconds: 

$OLDFILE, A132311152.PL1I,  19 



17. $STOP 	
_x -j11 

This 	command 	serves to terminate execution of the EMTP 
immediately, by means of a call to the installation-dependent 
SUBROUTINE STOPTP. 	For VAX, this just stops locally, after a line of 
diagnostic output. 	The $STOP command is universal in that it can be 
implemented on any computer system. 	Interpretation is as follows: 

"STOP EXECUTION IMMEDIATELY, IN 'CIMAGE'." 
Needless to say, 	the. $STOP card has little application to normal 
production usage; 	it was originally designed for test purposes by 
Program Maintenance, 	which may desire to terminate execution at a 
certain point in the data input. 

18. $WATCH5, M 

This command serves to direct 72-column input card images to be 
written on the screen as they are read by the EMTP, every M-th card. 
This normally will only be used for non-batch execution of the EMTP 
through a terminal, with FOR006 assigned to a disk file. 	Otherwise, 
there would be no output on the screen as the case executed. 	Using 
$WATCH5, 	the user can at least monitor the input data as it is being 
read. 	Interpretation of this request record involves the printing of 
it M"  

PAINT INPUT DATA ON SCREEN. Li] 
As for possible values of parameter "M", zero or blank (but do not 
forget the preceding comma separator) 	are equivalent to unity, 
resulting in the writing of each data record to the terminal (CRT 
screen). To later stop such extra output, simply use a large positive 
value for 	"M". 	Those EMTP data cards which are written to the 
terminal via this request are slightly truncated, as shown by the 
FORTRAN at the point of output: 

PRINT 3009, NUMDCD, (ABIJFF(I), I1, 9) 
3009 FORMAT ( 1X, 15, 2H :, 9A8 ) 

Integer NUMDCD is the data card number. 

19. $COMMENT 

The appearance of such a card serves to toggle the binary switch 
which controls comment-card destruction. 	The switch starts in the 
"ON" 	position, 	so comment cards of the user's EMTP data are indeed 
seen as part of EMTP output. 	But after the first appearance of 
$COMMENT, 	the status is toggled to "OFF", and comment cards are 
ignored by the EMTP 	(and will not be seen on the interpreted data 
listing). 	A second and later $COMMENT would serve to switch back to 
"ON", etc. 	Interpretation of this request record is as follows: 

TOGGLE COMMENT CARD DESTRUCTION FLAG. r181 
The integer printout shows the status after this card has been 
honored, with "ON" equal to 0 and "OFF" equal to unity. 

20. $WIDTH, KOL 

This $-card allows for the change of width of output to file 
LUNIT6 during the course of execution. 	As used here, KOL is an 
integer constant which should be either 80 or 132 (anything other than 
80 is taken to be 132). This is the $-card equivalent of the special-
request cards "OUTPUT WIDTH 80" and "OUTPUT WIDTH 132" (see Sections 
1.0g1 and 1.Og11). 	Interpretation is as follows: 

SET EMTP OUTPUT FILE WIDTH. [I87 
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Common points of transition are between data input and the steady- 
state solution. 	For example, 	if the user wants a more compact 
printout of branch flows, but all other output should be full (132-
column) width, then $WIDTH, 80 could immediately precede the blank 
card ending sources, and $WIDTH, 132 could immediately follow this (to 
be read in overlay 13,  after the phasor solution is complete, assuming 
to "FIX SOURCE" usage). 

E. VAX EMTP FORTRAN and its Modification 

For those who want to alter VAX EMTP List sizes, or EMTP FORTRAN 
logic, 	we will generally be supplying the VAX translator output 
corresponding to the last major update. 	Processing is possible using 
the 'file EMTPSETUP.COM , 	which compiles each EMTP SUBROUTINE or 
FUNCTION module one at a time, 	and creates overlay object files 
whenever a UTPF overlay boundary is crossed. 	For example, file 
content in and around overlays 3  and k appear as follows: 

$ SHOW TIME 	! BEGIN COMPILATION OF OVERLAY NUMBER 3 
$ FORTRAN/NOLIST/DEBUG/NOOP/OBJECThOVER3OBJ;61 OVER3.FOR 
$ FORTRAN/NOLIST/DEBUG/NOOP/OBJECThCXRED.OBJ;61 CXRED.FOR 
$ COPY OVER3.OBJ, - 

CXRED 0V3.OBJ;61 
$ SHOW TIME 	! BEGIN COMPILATION OF OVERLAY NUMBER k 
$ FORTRAN/NOLIST/DEBUG/NOOP/OBJECT:OVER4LOBJ;61 OVERk.FOR 

There are about 400 lines of such EMTP FORTRAN compilation. After all 
EMTP modules have so been compiled, and all overlay object files 
OV*.OBJ;61 	have been created, 	the separate variable-dimensioning 
program 	"VARDIM" 	will be compiled, linked, and executed. 	EMTP 
dimensions are set by the four data cards in file CISTSIZES.DAT which 
is connected to unit five. 	"VARDIM" output, on unit 7, is itself 
compiled, 	creating the object module 	NEWMODS.OBJ which is then 
linked with the EMTP overlay-object files to create an executable EMTP 
version EMTP. EXE;61: 

$ SHOW TIME 	! BEGIN 	VARDIM 	COMPILATION. 
$ FORTRAN/DEBUG VARDIM 
$ LINK/DEBUG VARDIM 
$ ASSIGN LISTSIZES.DAT FOR005 
$ ASSIGN NEWMODS.FOR 	FOR007 
$ RUN/NODEBUG VARDIM 
$ FORTRAN NEWMODS 
$ SHOW TIME 	! BEGIN EMTP LINKING. 
$ LINK/DEBUG/EXECUTABLE:EMTP.EXE;61 	NEWMODS+ - 

[UTPF]OVM1;61+OVO;61+OV1 ;61+0V2;61+0V3;61+ - 
OV4;61+OV5;61+OV6;61+OV7;61+OV8;61+ - 
0V9;61+OV1O;61+OV11;61+0V12;61+0V13;61+ - 
OV1';61+OV15;61+OV16;61+OV2O;61+OV29;61+ - 
OV31;61+OV39;61+OVLfl;61+OVL2;61+OVL3;61+ - 
OVLL;61+OVL5;61+OV'7;61+OV51;61+OV52;61+ - 
OV53;61+OV54;61+OV55;61+ - 
SYS$LIBRARY: PHASE 1/LIB+ - 
DRBO:[5COTT]CONTROLC+BLOCKD5PY+[UT1TEKP10..OLB/LIB 

The final two lines are exceptional in that two items are missing. 
The CalComp modules come from SYS$LIBRARY:PHASE1/LIB, while Tektronix 
PLOT10 modules are contained in [UT]TEKP10.OLB/LIB. 	The recipient 
will almost certainly be required to modify these corresponding to his 
local conventions. 	Should one or both of the possible plotting modes 
not be available, it is strongly recommended that a dummy module be 
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added, 	a module containing nothing but the missing routines as dummy 
ENTRY points. 	That way, a clean LINK will result (otherwise, there 
will be so many messages that other, 	serious messages might be 
overlooked) 

If the VAX user is unable to obtain sufficient virtual address 
space (nearly 16 megabytes, as of the "M38." code) for this linkage-
editing with the interactive FORTRAN interpreter (VAX Symbolic 
Debugger) turned on, he need only change "/DEBUG" to "/NODEBUG" on the 
$LINK card. 	This should reduce the virtual size by approximately a 
factor of three (down to perhaps 5 megabytes, for the "M38." version). 
It is not necessary to recompile with the debugger off, since the 
linker switch alone seems to be fully effective. 	However, the 
compiler output occupies more space when "/DEBUG" is used to qualify 
the $FORTRAN command, and this consideration might prompt some user to 
remove the "/DEBUG" from the file wherever it occurs (easy, using a 
system editor) 

Those who compile EMTP FORTRAN are warned that EMTPSETUP.COM  may 
contain $RENAME instructions at the end, 	to move files from one 
directory to another. 	These will be present unless someone has 
already removed them using an editor. 	If $RENAME commands are 
present, they might be modified to suit the user, or deleted (if not 
needed). 	Before executing the procedure, it is a good idea to check 
this. 	As for direâtory requirements, there are none. At BPA, we use 
an empty dummy directory [SCOT], but any other would work equally 
well. 

Thse in Europe or Japan who have VAX EMTP interest are requested 
to contact the Chairman of their Users Group in order to obtain a copy 
of the program. 	As a general rule, BPA only mails one copy of such 
materials to Europe or to Japan, and then all VAX EMTP users of the 
area share these. 

F. Interactive EMTP Execution, Observation, and Control 

Section 9.0 explains universal aspects of interactive EMTP usage, 
so the mention here will be confined to only VAX-dependent details. 
As of April, 	1984, 	VAX operation is incomplete, and BPA has no 
immediate plans for enhancement. 	Any free time or energy for SPY 
development is aimed at Apollo, to which BPA interactive EMTP interest 
is confined. 

The user-keyed interrupt is the familiar CTRL-C as is used by 
numerous factory programs. It is object file CONTROLC.OBJ of the EMTP 
linking which appends this DECUS-supplied routine. Unfortunately, for 
reasons which are not at all understood, this occasionally fails. It 
might be one usage out of 10 or 20 which does not correctly result in 
an interruption followed by the "SPY:" prompt. The user is lucky if 
the CTRL-C merely becomes (effectively) a CTRL-Y, and the process 
terminates. More disturbing is the case where the process enters some 
tight loop somewhere, and is locked. 	Even CTRL-Y will not terminate 
execution, and a "$MONITOR;  PROCESSES/TOPCPU" will show intense CPU 
utilization nearly 100%,  if the EMTP is all alone. 	In such cases, I 
must log in under the system manager (SYSTEM), and use "$KILL PID" to 
break the loop. 



Not only is the VAX CTRL-C interrupt less than perfect, but it 
also erases any typed-ahead SPY commands. 	Thus time-sharing is 
ineffective (com.pare with the Apollo description). 

Vector-graphic plotting has yet to be tried. This is confined to 
the one SUBROUTINE TEKPLT of overlay 20. The module in question began 
as VAX FORTRAN of the separate plotting program TPPLOT.EXE, but was 
substantially changed after movement to Apollo. 	If and when work 
might resume on VAX, it is the Apollo module which should be converted 
back to VAX, since all logic except the specific output calls should 
be right. 	With this in mind, the UTPF contains the Apollo code, not 
the VAX code, for "TEKPLTtt. 

Multi-terminal (or window) operation has not yet been solved for 
the interactive VAX EMTP, either. 	All character output is just sent 
to FOR006, which is the one and only connected terminal. 
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0.5n 	SEL EMTP Setup (as used by LABORELEC inBelgium) 

Since the early summer of 1980, a SEL computer system has been 
used for support of the EMTP in Belgium. 	As of today (16 April 
1984), 	there still is no North American user, so.all serious 
inquiries should be addressed to Europe. 	It is our understanding 
that LABORELEC would be happy to make the code available to anyone. 

Throughout the winter of 1979/1980, translation principles for a 
SEL EMTP version were worked out with the cooperation of Messrs. 
Germay and Verbinnen of LABORELEC in Rhode-St.-Genese, (a suburb of 
Brussels) 	Belgium. 	Mr. Steve Buroker of the Seattle (Washington) 
office of SEL (Systems Engineering Laboratories computer systems) was 
also indispensable, 	as a local adviser. 	A description of this 
original SEL EMTP work is summarized in Reference 8, Volume X, 
14 November 1980, pagination SSOM. 

The first EMTP code mailed to Mr. Verbinnen was of 11 M26." 
vintage, and that version continued to be used for some time. After 
certain intervening compiler problems, the EMTP would seem once again 
to be SEL-compatible in the spring of 1984, even though the version 
being used is slightly dated. 	In a letter dated 6 April 19814. 
Messrs. 	Verbinnen and Germay write the following: "We received the 
M314 release from Prof. D. Van Dommelen at the beginning of January 
this year,. and at the present time, we possess an executable version 
with full EMTP capabilities 	(most of the test cases have been 
executed with success)." 	This is for a SEL 32/77 computer running 
the MPX-21A operating system, 	and using the latest FORTRAN 77 
compiler and run-time library 	(both version 14.0). 	I refer all 
inquiries 	to 	Mr. Verbinnen, 	who is the SEL computer expert 
responsible for the EMTP at LABORELEC 

Monsieur J. Verbinnen 
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0. 5r 	Apollo EMTP Setup (as used at BPA, in Portland,Oregon) 

A. General Background about the Apollo EMTP 

The text now being read has its origin in BPA Apollo disk file 
//A/SCOTT/INSTRUCTIONS, which is the very first file on floppy disk number one 
of Apollo EMTP materials as they are distributed to others. If text is right-
justified, then it has been processed by WP s home-.made 11 RLJNOFF11 program. To 
avoid anachronistic information, always consult the latest disk file, please 
(the file is expected to evolve with time, just as the EMTP)! 

Apollo Computer offers fully-virtual FORTRAN systems which are built 
around t'btorola 68000 or 68010 microprocessor chips; or more recently (late 
1983 annoixcenent), around its own proprietary chip. Super-fast vector 
graphics and network architecture (DOMAIN) are characteristics of these 
exciting new user-controlled canputer systems. With Apollo, there are no 
"computer centers" as such. Instead, the hardware is distributed around the 
work environment, with each screen having its own dedicated processor. 
Peripherals (including disks) are then shared via circular coaxial cable 
communication which runs at 1.5 Megabytes/sec (see sketch). 

'1 
L:rL.á 

• Complete virtual memory computer system on every tech-
nical professional's desk. 

• Dedicated 32-bit VLSI processor. 
• 16 Mbytes virtual address space per process, up to 15 

concurrent processes per node. 
• .5 to 1.5 Mbytes main memory. 
• 12 Mbit per second local-area network. 
• Network-wide virtual memory operating system. 
• Compatibility with all members of the DOMAIN processing 

family. 
• 1024 x 800 pixel, high-resolution, bit-mapped graphics 

display. 
• Detachable, low-profile keyboard. 
• Two asynchronous serial I/O ports. 
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Further details can be found in Reference 8, beginning with Volume XI, 
18 October .1981, pages SSIA-16 through 18. 	Apollo was firstEMTP-tested in 
Minneapolis. in cooperation with Minnesota Power and Light (the PRIME EMTP 
distributor). 	This initial work by Tom Varilek, Jim Weaver, and W1 is 
described in Volume XI, 	24 December 1981, pages DrTM-6 through 12. 
Subsequent Apollo testing by W1 in Seattle is described in Vol. XII, 
6 February 1982, Section VI, pages ECEO-11 through 13.  At this point, Apollo 
was known to beEMTP-compatible, and those at BPA who were associated with the 
procurement of EMTP computer resources encouraged an initial purchase (one 
DN420). 	As of February 1984 when this paragraph is being written, the DN420 
remains in the hands of program developers on floor 18 of the Lloyd Center 
Tower, while to additional DN3005 are about to be installed one floor above 
for the production users of High Voltage Practices. The three nodes will be 
connected via coaxial cable to form a 3-node ring network using DOMAIN, of 
course. 

BPA's experience with its Apollos has been favorable, and anyEMTP-
interested party having flexible money is strongly advised to look at the 
alternative provided by personal computers, with Apollo being a good place to 
start. 	Speed of EMTP simulation ranges from about 1/6th or 1/7th of a VAX- 
11/780 for the most inexpensive, desktop DN300, up to alleged near-equality 
with the VAX-11/780 for the high-powered, new DN460. But more important than 
raw machine power are the numerous other desirable features of luxury personal 
computers such as Apollo: predictable response, reliability, low cost, fully-
virtual architecture, an interactive FORTRAN debugger, portability, high-speed 
vector graphics, arbitary character fonts, true distributed processing, and 
windows. Overall, microcomputers are believed to represent an exciting EMTP 
trend of the future. 	Apollo just happens to be the first luxury personal 
computer to support theEMTP; there will be others, and the Interested reader 
is urged to check each and every attractive possibility (the market is very 
dynamic, with price/performance and functionality changing rapidly). 

Rilly-exploited EMTP interactivity is a strength of the Apollo program 
version. Yes, batch-mode execution continues to have a role, but interactive 
execution is much more powerful, flexible, productive, and fun! The gateway 
to such usage is "SPY", which is to be sent in response to the initial one-
line prompt which begins program execution 

$EMTP. EXE 
EMTP BEGINS. SEND (SPY, $ATIACH, DEBUG, HELP, MODULE, JUNK, STOP) 

This command will typically be sent in a window having either F5x7 or F5x9 
character font, to allow for 132-column output (the normal EMTP LUNIT6 line 
printer output). The window should be nearly full width, and should occupy 
the bottom 3/8ths of the screen only, if overlap is to be avoided. Shortly 
thereafter, to windows will automatically open in the top 5/8ths of the 
screen. The left window has an input pane, and at this point the user should 
move the cursor to it for all future input (nothing further will be read from 
the original window in which EMTP execution began). The window on the right 
is for vector-graphic display of the on-going simulation, in response to the 
"PLOT" command of SPY. Begin SPY dialogue by sending "HELP" in the pane of 
the upper-left window, to produce a menu of available commands, and details of 
each (exit by sending "SPY"). Further details about Apollo EMTP SPY operation 
can be found in Section B below, and sample hard copy of the 3-window screen 
is shown on the following page. 

For batch-mode (non-interactive) EMTP execution, it is the $ATACH option 
of the just-shown initial EMTP prompt which must be used. The associated EMTP 
data file naie, a legal Apollo Aegis disk file naie, is to follow, separated 
by commas. For example: 

- $ATrACH, //A/IEST/DC70.DAT, 
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Then only one window (nominally of nearly full width, and with an F5x7 or F5x9 
font) is needed, and program LUNIT6 output will be written to that window as 
it is generated. 	In this mode, there is no punch file, although users can 
without much difficulty use MARK, COPY and PASTE keys (of a DN300 keyboard) to 
extract any desired card images, which generally will be listed on the LUNIT6 
output as well as the LUNIT7 "card punch" (it is only the latter vhich is 
unavailable). 

Although it has nothing special to do with the EMTP program, the Apollo 
EMTP user is reminded of the Importance of cleaning out unneeded backup files 
of the Apollo editor. From time to time we issue wild-card deletes of these, 
and are astounded by the resulting free disk space. I use the shell command 
"$DLF /%/%.%.BAK -NQ" from time to time, particularly vhen there has been 
editing of the big EMTP FORTRAN files /TP/%.FTN. 

Slightly more complicated is batch-mode execution with the LUNIT6 output 
going to disk rather than the window in vhich execution begins. For this, a 
"DISK" command must precede the just-described "$ATrACH" usage, and a name for 
the desired output disk file must follow it. To illustrate this, as well as 
use of a parameter as an argument of an Aegis command procedure, consider the 
following listing of the essential lines of //A/SCOTT/TIME, which was written 
for BENCHMARK DC-XX test cases: 

von 
EMTP.EXE <<! 
DISK 
$ATI'ACH, //A/M35/DC1 .dat, 
//B/EMTP/DC'1 . LST 

VOFF 
The appearance of 11'1" represents a request for the replacement of these two  
characters by the first (and in this case, the only) argument of the execution 
command. Hence the Aegis shell command "$TIME 70" will execute the EMTP using 
disk file //A/M35/DC70.DAT for input data, and //B/EMTP/DC70.LST for the disk 
file to store LUNIT6 output. If the solution punches cards, the LUNIT7 card 
images will be found in //B/EMTP/DC70.PCH (only the file type differs from the 
LUNIT6 output). 

B. Apollo SPY (Interactive EMTP) Usage 

In this present subsection, installation-dependent aspects of the 
interactive Apollo EMTP (SPY) will be detailed. Because universal aspects are 
described for all computer systems in Section 0.1, that universal material 
will not be repeated here. Rather it is only special peculiarities of Apollo 
EMTP interactivity kiich will be detailed in the present subsection. 

B-i. SPY Pads --- Names, Sizes, Font, HOLD, Time-Sharing, etc. 

Unless the user employs the "JUNK" command (see Point B-2 below), the to 
upper SPY windows will be named JUNKA and JUNKB, as is readily seen in the 
upper border of each. When a simulation ends (either following a clean "STOP" 
command to SPY, a CTRL-Q interrupt of the process, or an internal, undesired 
interrupt by Aegis, the user will rapidly see 	Pad Closed 	messages in 
both of the upper windows; then the $-sign prompt of Aegis will return to the 
lower, original window in .kiich EMTP execution began. To close the to upper 
SPY windows, use CTRL-N on each of them in turn. If nothing further is done, 
window contents will remain as disk files until a second EMTP execution 
begins, at kiich time the program will automatically delete them. Should the 
user want to preserve them, they should be renamed or copied prior to such 
erasure, of course, or the pad names could be varied (see the "JUNK" command 
below). 



	

The font used for the SPY pad JUNKA is simply that one which is in effect 	TJ 
for the Apollo node as execution begins. For easy reading (albeit with some 

	

truncation on the right), the F7x13.B has merit. Immediately prior to sending 	Q 
"$EMTP. EXE" in the wide, F5x7 or F5x9 window at the bottom of the screen, set 
the font: "Command: FL F7x13.B11 . 

Daring execution, the output portion of SPY pad JUNKA (upper-left) will 

	

be locked, so can not be rolled backwards or forwards using the EM scroll-up 	() and scroll-down keys. 	The scroll-left and scroll-right keys do function 
normally, however. In order to scroll JUNKA vertically, the HOLD key must be 
applied (unless and/or until we better learn to control the attributes of the 
window when the E)ITP opens it). 

The Apollo E)ITP allows full time-sharing without any special contrivance 
or action on the part of the user. SPY commands are simply typed into the 
input pane of JUNKA, and provided the window is not on HOLD, will be processed 
as soon as the E)ITP can. Specifically, there is the opportunity to read 
another line of SPY input whenever an E)ITP data card is read (in "CIMAGE"), as 
well as one at the beginning of each 1JFF overlay. Within the time-step loop, 
there are four opportunities each time step, so for anall networks, the 
response appears to be instantaneous. For most usage, the user need not think 
about the time-sharing, since it just takes care of itself. Yet there are 
cases where timing or sequencing is critical. If the user sends the SPY 
command "LOCK", ongoing E)ITP execution will be suspended, and SPY dialogue 

	

will continue exclusively until the following "GO" (at which point the 	() 
simulation will be resumed, as time-sharing is re-enabled). 

The 	SPY 	user-keyed 	interrupt is none other than the familiar carriage 
return (RETURN key). 	Hence, in most cases where E)ITP output is repetitive and 
excessive, 	and in which the user wants to abort the display, 	a simple tap on 
the 	RETURN 	key 	will do the job! 	Examples of such usage are to abort an on- 
going display of a SPY table 	(e.g., 	"BRANCH" 	or 	"RLC"), or to abort LUNIT6 
connectivity, 	or 	to 	abort the *iasor steady-state output, 	or to silence a 
disaster-level alarm (level-10 usage of the SPY "HONK" canmand). 

0 In the preceding general instructions, 	it was recommended that one begin 
E)ITP 	execution in a window which is both short 	(3/8ths of the screen height, 
since the internally opened SPY windows are of height 500 pixels) and wide (to 
handle 132-column output, a window with F5x7 or F5x9 font must be within about 
an 	inch of full width). 	Then there would be no overlap, 	which is generally 
most satisfactory. 	Yet Apollo certainly has no trouble with overlap, 	so the 
user 	can in fact begin execution in any window of any size, 	and can MARK and 
GROW 	(DN300 DM keys) 	any of the three windows at any point during the course 
of 	E)ITP execution. 	Yet the consequences of partially- or cctnpletely-covered 
windows 	should 	be 	understood. 	The 	PLOT 	window in the upper right is an 
exception, 	in that there are no known ccznplications. 	Any portion of the PLOT 
window 	which 	is not visible is simply unobservable. 	Yet plotting can go on 
all 	the 	while, 	without any noticeable cctnplication for the other windows as 
new 	graphics 	are 	generated 	in the hidden region. 	Bt more care should be 
exercised 	with the other two windows. 	If E)ITP LUNIT6 output is partially or 
totally 	obscured, 	the familiar Aegis refresh of the entire window will occur () with 	each 	new line of output, 	thereby drastically slowing the display 	(not 
recanmended). 	As for a portion of the SPY window JUNKA 	(upper left) 	being 
obscured, 	this 	is acceptable only if the PLOT window is hiding the contents 
(for 	which 	there is no problem). 	Bit if either the B1TP LUNIT6 window, 	or 
some 	other 	window 	not 	related 	to 	E)ITP 	execution, 	is on top, 	the first () character 	of 	SPY text which is typed in the input pane will pop JUNKA to the 
top, 	of course (as per expected Aegis behavior for obscured windows). 	ould 
anyone 	want 	to 	permanently modify 	the position or size of the internally- 
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opened EMTP windows, it is Apollo installation-dependent SUBROITHNE WINDOW of 
disk file /UTFF/AFOLLOMOE$NONOO.FTN in which all parameters have been fixed. 

B-2. Implied File Names : ".FCW', ".PLLP' 

As presently coded, the,  user has no control over the plot file (the disk 
file which might be filled with raw plot data as a simulation progresses), and 
only limited control over the punch file (for LUNIT7 EMTP output of card 
images). Later, these names might be made fully variable, but for now, the 
user must either live with the established conventions, or modify those 
conventions to suit his needs. Details follow. 

First, the plot file. If requested (integer miscellaneous data parameter 
ICAT positive), this will be a disk file in the default directory of EMTP 
operation, having file name 

PLOTMMDDYYHHMMSS. PLL 	 - 
where the first four characters are the fixed root name "PLOT" the next 12 
cane from the current date and time as displayed in the EMTP heading (!+1/DD/YY 
HH.MM.SS at the start of execution). 	Finally, a pseudo file-type 11 .f 11' is 
appended --- a holdover from five years of VAX usage. No two plot files can 
have the same name, of course (Apollo does not allow version numbers the way 
VAX does), but this is not a problem. In case two simulations begin during 
the same second, the one which is slightly retarded will have the seconds 
count "SS" incremented by one until the conflict is removed. 	ould such a 
perturbation of the expected name occur, there will be an associated LUNIT6 
warning message, produced by Apollo module 11 S 1XP11  (stored in disk file 
/UTFF/AFOLLOMOE$NONOO. FTh). 

Unless the user sends the EMTP LUNIT6 output to disk, there will be no 
permanent punch file. 	Yet this does not mean that card images can not be 
recovered. Using the MARK, COPY, and PASTE operations (DN300 DM keys), a copy 
can be extracted from the listing which normally is part of the LUNIT6 which 
goes to an Apollo window. Yet this is a little indirect. If the user really 
expects LUNIT7 punched EMTP output, it is probably simplest to send "DISK" in 
response to the original EMTP SPY prompt. Then the EMTP will prompt for a 
desired file name for LUNIT6 EMTP output. Assuming that this name involves a 
period, with a pseudo, 3-character file type to the right (e.g., CC 2. LIS), 
then tt.}IT' 	will replace this in the name used for the LUNIT7 file (e.g., 
CC42. FCH). 	Yet the user should also be warned that numerous such vacuous 
files can result, since if "DISK" is used, there will be a punch file on disk 
whether the EMTP writes anything to LUNIT7 or not. I say "vacuous," but in 
fact I believe that a $LD cctimand will show some minimum size like 32 bytes. 
So, be prepared to eliminate these via the wild-card deletion cctmnand "$DLF 
/TP/%. FCH" from time to time (after having first renamed any which should be 
saved), if the accumulation is bothersome. 

B-3. Exceptional Window Usage Mon-Default Names, Locked Pads 

If no precautions are taken, two or more simultaneous users of the 
interactive EMTP will both attempt to use pad names JUNKA and JUNKB for the 
upper windows. This leads to a conflict with Aegis, which will prevent any 
second such usage; 	While it is unlikely that more than one interactive 
simulation would occur at the same time on any one node, there is a very real 
concern for those with diskiess nodes. The second or later user must vary the 
root name of the pads via the "JUNK" cctmnand, to make it distinct. This is to 
be the very first response to the initial EMTP prompt. 	It is equivalent to a 
request of file renaming, plus an associated implicit 11 5PY11  (which need not be 
sent). 	That is, following the JUNK cctmnand, the EMTP will prompt for a 
replacement name; once this is received, the upper windows will open just as 
they normally would, automatically. 



Occasionally pads JUNKA or JUNKB may be xieditable or undeletable because 
they are locked, for reasons which can not be fully explained (the result of 
some abnormal sequence which has confused the operating system). For exanple, 
consider the following attempt to make a copy of the upper-left SPY pad: 

$ CI' /TP/JUNKA /TP/JUNKAA 
?(cpf) "/tp/jxka" - object is in use (OS/file server) 

To confirm that such an object is locked, issue a request for the display of 
all locked objects: "$LLI<OB". knong the 30 or so entries, the offending file 
JUNKA should be found.* To free this, issue a "forcible unlock" ccznmand: 
"$ULIB JUNKA -F". Then all should be well (disk file JUNKA can be copied, 
edited, deleted, etc.). 

Occasionally,,  interactive EMTP execution might fail immediately after the 
initial "SPY" request is sent, due to problems with locked-objects as just 
described. 	Since system status flags are checked in SUBROUTINE WINDOW of 
FORTRAN file AFOLLOMOLSM)NOO.FTN, this would be a clean refusal on the part of 
EMTP FORTRAN to continue, such as the following 	 10 $ entp.exe 

EMTP BEGINS. SEND (SPY, $P1UACH, DEBUG. HELP, MODULE, JUNK. STOP) : 	
() SPY 

Error in "WINDOW". STOP. ISTAT = 1100008 
Fortran STOP 

Again, this is abnormal, since the user has done something wrong (who knows 
that?!). 	By forcibly unlocking JUNKA and JUNKB, any such problem should be 

cured. 

C. Importance of "Node //A" (Node Entry Directory I/A) 

In 	the following section, 	the distribution of Apollo EMTP materials on 
floppy 	disks 	is 	described. 	In order to avoid modification of the cookbook 
procedures which have been provided, 	it is important that naning trees of the 
recipient match those In use here at BPA. 	The only tricky part of this is the 
node 	nane, 	since 	"I/A" 	has been assixned, 	and most likely this will not 
correspond to the recipient's node nane. 	Reconciliation of such a difference 
Is explained In the remainder of this subsection. () 

A word about smantics. 	What I sometimes refer to as "node //All is more 
properly referred to as the 	"node having node entry directory I/A." 	Since we 
at BPA only have one 	"II" 	nane associated with each node, there is a one-to- 
one correspondence, so we can use the more canpact notation "node //All without 
any 	confusion. 	For the proper terminology, 	see 	"Getting Started With Your 
DOMAIN System," 	SR6. 0, 	the section entitled "Node Entry Directories" on page 
2-2). 	If 	other users could receive and process EMTP materials on their own  
"node /All, 	this would be ideal, 	since it would ensure canpatibility with us 
in Fbrtland. 	We use 	"I/A" for our rN420, "//B" for our DN300 with disk, and 
"//C" for its diskiess DN300  partner node. 

It 	is true that one can just create 	"I/A" 	on any existing node at any 
time, 	if such does not already exist. 	The shell ccznmand is trivial: 

$CRD 	//A 
But 	we 	avoid this approach, 	due to potential resulting confusion. 	Setting 
working directories then becanes tricky, 	and W1 is not prepared to cope with 
such 	subtleties. 	Based on THL's and W1's observation of Ken Strong's usage 
in 	the 	local 	Apollo office on March 14th 	(during preparation for the rN1460 
benchnarldng), 	we are not the only ones who can be confused, 	either! 	Unless 
and/or until some sophisticated user steps forward with an air-tight, 	written 
explanation 	of 	such 	usage, 	and until he demonstrates correct operation, 	I 
prefer to rely upon node renaning (the remainder of this subsection). 
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Based 	upon experimentation at BPA, 	it would appear that any other node 
entry directory name 	(e.g., 	Ned's 	"I/POWER" in Minneapolis) could easily be 
temporarily 	changed 	to 	"I/A" 	just during the floppy copying and EMTP 
setup. 	Then, 	once 	this is done 	(within three hours for a 1N300 with one 
megabyte 	of memory, 	if nothing goes wrong), 	the original node name could be 
restored 	without any lingering cc*nplications to any files. 	As long as there 
is 	no 	time-sharing 	with 	other 	non-EMTP 	processes on the node of interest 
during 	the 	EMTP 	operation, 	and 	as 	long 	as no other node of the network 

() attempts 	to 	access 	files 	of the node being used during the period of work, 
there should be no adverse effect of the temporary name change. 	The procedure 
for 	such 	a 	temporary change of node name is really remarkably simple. 	For 
purposes of illustration, 	let "//RCX)T" be the assumed original node name, and 
11 HEX14" 	be the node ID. 	Then precede processing of the new EMTP materials by 

$UCTNODE 	ROOT 
$CTNODE 	A 	HEX14 
$CRD 	/SCOTT 	/TU 	/UTFF 	/TP 

Note 	that the third of these lines creates the four required EMTP directories 
mentioned above, assuming that they do not yet exist. 	Should such directories 
already exist, 	this step should be omitted. 	Or, if the user really wants to 
begin cleanly, 	from nothing 	(from level zero), he could delete such existing 
directories before beginning with these three cctnmands 

$DLT 	/SCOTT 	/TU 	/UTFF 	/TP 
This 	assumes 	that 	the 	four 	directories 	in question are reserved for just 
Apollo 	EMTP materials 	(if other, 	unrelated files are present, 	they will be 
destroyed in the process, 	note, so be careful of such usage). 	Yet this would 0 be 	my 	general 	recctnmendation: 	reserve the four directories for nothing but 
Apollo EMTP materials. 	Then, 	when new materials arrive, all old ones can be 
destroyed, 	since they are being replaced ccvipletely. 	Finally, after all EMTP 
floppy disks have been copied, 	and EMTP FORTRAN is translated, 	cc*npiled, and 
bound 	(as will be described shortly), 	restore the original node name: 

$UCTNODE 	A 
$CTNODE 	ROOT 	HEX14 

I 	can conclude this explanation of node renaming with an explanation of 
the 	exceptional 	circumstance 	which 	would result if some node of the DOMAIN 
network already is named "I/A", but if this node is not the one into which the 
EMTP 	materials 	are to be read and processed. 	Such is the case at BPA, 	for 
testing of the materials which we send to others. 	It is much more convenient 
for us to use our 1N300 with local 314 Mbyte Winchester disk --- presently node 
"//B" 	with node ID FLtO. 	But before 	"//B" 	can be changed to "I/A", we must 
first change the present "I/A" (our 1N1420) to some temporary, unused name like 
"//Z". 	For 	testing during the morning of March 15th, 	ThL and WM used the 
following sequence of operations: 

Through the 1N1420 keyboard 	$UCTNODE 	A 
$CTNODE 	Z 	1465 

Through the 1N300 keyboard: 	$CTNODE 	-UPDATE 
$UCTNODE 	B 
$CTNODE 	A 	F140 

Then 	our 	1N300 is ready to receive EMTP materials as node 	"I/A". 	Once all TJ 
such 	processing 	(including EMTP translation, 	cc*npilation, 	and BINDIng) is 
cctnplete, 	we restore the original names as follows: 

Through the 1N300 keyboard: 	$UCTNODE 	A 
$CTNODE 	.B 	F140 

Through the 1N1420 keyboard: 	$UCTNODE 	Z c- $CTNODE 	A 	1465 
Through the 1N300 keyboard: 	$CTNODE 	-UPDATE () 

When this is all done, 	the display of $LCNODE 	(list connected nodes), issued 
through either keyboard, should show that original entry directory names "I/A" 
and 	"//B" 	have been restored. 



D. Distribution of Apollo EMTP Materials; Reading Such Materials 

The 	standard 	distribution 	of Apollo EMTP materials is on four sets of 
floppy 	disks, created by four canmad procedures //A/SCGFT/GIVE 1. CCII through 
GIVEZL Cal. Both 	for simplicity and reliability 	(independence), 	the first 
three of these involve conventional file copying ($C!), and they produce just 
the 	first three diskettes 	(for each camnad procedure, 	all files fit onto a 
single 	floppy 	disk). 	The 	recipient 	can 	use 	parallel canmad 	files 
RECEIVE1.CQ'.l through 	RECEIVELCCT'.1 	to copy the Apollo EMTP floppies onto his 
Winchester. Consider essential lines of 	RECEIVE 1. CCT1 	first: 

MTL F 	/FLOP 
C /FWP/INSTRWTIONS iiivscar 
C /FWP/AFOLLOMOE600. FTN //A/UTF 
CF /FLIDP/AFOLLOMOL6NONOO. FTN 	//WUTP 
C! /FLOP/CIMAGE; FTN //A/UTF -R 
CW /FWP/CALCcMP.FTN //A/UTW -R 
CW /FWP/IEKPLTFLUS. FTN //A/UTF -R 
CW /FLOP/BLDCKDSPY.FTN //A/SCOTT -R 
C! /FWP/AFOLLOET. CQ1 //A/SCOTT -R 
CW /FWP/AFOLLOET. FTN //A/SCOTT -R 
CW /FWP/ARDLLOKOM. INS. FTN //A/SCOTT -R 
CW /FWP/EIITFCcMPILE.CcM //A/SCOTT -R 
CW /FLOP/TPPLOT.FTN //A/SCOTT -R 
CW /FWP/TPPLOTEOM. INS. FTN //A/SCOTT -R 
CW /FWP/TPPARAM.DAT //A/SCOTT -R 
CW /FWP/PLOTDAT. FTN //A/SCOTT -R 
CW /FLOP/INC%. DAT //A/TP 	-NQ -R 
CW /FWP/LISIHAKER.FTN //A/SCOTT 
CW /FWP/CtJrtJrW.FTN //A/SCOTT -R 
CW /FWP/CtJrtJrw.Ca1 //A/SCOTT -R 
CW /FLOP/CEJrKOM. INS. FTN //A/SCOTT -R 
CW /FWP,tENCOR.FTN //A/SCOTT -R 
CW /FWPiENCOR //A/TSU -R 
CW /FWP/TRJPDAIE.FTN //A/SCOTT -R 
CW /FWP/PACKIJTWT.CQ'.l //A/SCOTT -R 
CW /FLOP/PIJM1 //A/TSU -R 
CW /FWP/PUM2 //A/ISU -R 
CW /FWP/LIS1SIZ.tT //A/SCOTT -R 
CW /FLOP/SPYAID. DAT //A/SCOTT -R 
CW /flOP/SERVO. DAT //A/SCOTT -R 
CW /FWP/VARDIM.Cal //A/lStJ -R 
CW /FWP/EIITFBIND.CcM //A/SCOTT -R 
CW /FLDP,tIVE1.CcM //A/SCOTT -R 
CW /FWP,tIVE2.CcM //A/SCOTT 
CW /FWPA)IVE3. CQ'l //A/SCOTT -R 
CW /FLDP/GI VEiL CQI //A/SCOTT -R 
CW /FWP/RECEIVE1.CQ1 //A/SCOTT -R 
CW /FWP/RECEIVE2.CcM //A/SCOTT -R 
CW /FWP/RECEIVEILCQ1 //A/SCOTT 
LMT1)L F 	/FWP 

This 	restoration 	of 	floppy 	disk 	number 	one 	provides everything 	except 
BENCHMARK 	DC-XX 	data 	cases 	and 	the tJIFF, 	which are the subjects of the 
remaining canmad procedures 	(described below). 	In order to avoid confusion 
and/or 	conflict 	involving 	directory names, 	it is strongly recanmended that 
recipients employ the same directories ("/lSIJ", eta.) 	as we at BPA do, as was 
explained in the preceding subsection. Note that the floppy disk is connected 
via 	"/FLOP", for which a name conflict is unlikely 	(if one exists, 	it will 
have to be removed by the recipient). 



A minor qualification about GIVE1.COM  might be male, even though the 
recipient should have no need to look at this file which created floppy disk 
number 1. 	In fact this is a file of commands, not a command procedure, since 
it can not be executed directly. 	Instead, what I do is edit the file, and 
copy (using MARK, COPY, and PASTE keys of the t*1300 keyboard) the contents 
into the input pane of a window for execution. We tried to convert such 
commands into a ccmznand procedure, but had trouble with the user responses to 
$INOL. 	Adding "<<!" to the command worked fine down through the final 
question, at which point the "N" was somehow not real properly. Strange (if 
any reader has an explanation, and can modify GIVE 1.CCM so that it can be 
directly executed, we would be grateful to learn the error of our ways)! 

Next cane BENCHMARK DC-XX, tCNEW-XX, and tCPR-XX data cases. It is 
command procedures GIVE2.C(N and GIVE3.COM  which were used to create the 
second and third floppy disks, and the single command procedure RECEIVE2.CCM 
which can be executed twice, to reverse the two operations (to copy from 
floppy disks numbered 2 and 3 to the Winchester). 	RECEIVE2.CCM applies to 
both floppies, since it copies all available ".DAP" files' 

$ITVOL F /FLOP 
$LD /FLOP 
$CW /FLOP/%DAT /TP -NQ 
$DMTVOL F /FLOP 

Apply this to floppy number 2 first, then to floppy number 3. Two floppies 
were required because of the enormous size of DC-1, which requires more than 
1/4 of a megabyte. This explains why floppy number 2 contains all test cases 
except DC-1 and 1-11 through 19 (those picked up by the wild-card copy of 
/TP/DC 1%. DAT). 

Finally, there is the lTrW, which will be found on floppies ni.znbered 14 
onward (as of the "M38." vintage of February, 1984, four floppies were 
required for the 75K lines). 	Creation of the floppies was via GIVE1I.CG, 
which relies upon the Aegis utility BAK ("WRITE BACKUP -- Create a magnetic 
tape backup file"). Due to the :impoitance of this canrnand, I show GIVELC(} 

$.qBAK //A/UTW/%. SF-L. 66 	-F 1 	-LF -DEV F 
To reverse this operation, the recipient can use RECEIVE4.CG, which relies 
upon $RBAK ("READ BACKUP" 	Restore or index a magnetic tape backup file.") 

$RBAK 	-F 1 -ALL -LF -DEV F -R 
In that $WBAIC and $RBAIC usage is common, little explanation will be provided 
here. 	Real the SHELL CCMMAND DESCRIPTIONS section of the Command Reference 
Manual. Just do not be misled by the continual reference to magnetic tape (we 
are using floppy disk, as requested by the "-DEV F" qualifier, which is not to 
be found in our documentation, for some strange reason!). 	I might also 
mention that "-F 1" refers to the first (and only) "file" being used, "-ALL" 
will copy all contents, "-LF" will show each file as it is copied (be prepared 
for 333 segments, for the "M38." UTW of February, 19814), and "-R" will 
replace any existing files of the same names. 

If Apollo users can provide a good explanation of the need, and an 
adequate number of floppies to store the associated files, we are generally 
willing to vary the contents of wild-card copies in GIVE14.CC. 	For example, 
we could aid the executable Apollo EMTP version EMTP. EXE, or all compiler 
output (/TP/%.BIN), or the EMTP FORTRAN (/TP/%.FTN and /UTW/%.INS.FTN). For 
those who do not work inside the program, just the EMTP FORTRAN might be 
adequate (warning: U'FW idents are missing, to save space!). 	But just the 
executable version EMTP. EXE should only be requested after considerable 
thought (rnnber that the FEB option creates a possible incanpatibility). 
Give us a good reason, and we are willing to tailor GIVE4.COM  to your special 
needs --- provided the correspondent supplies an adequate number of floppy 
disks to hold all materials of interest. 
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F. Translating, Compiling, and Binding the Apollo E)ITP 

Following the restoration of disk files using RECEIVE1.CcM through 
RECEIVE4.CCM as described in the preceding section, the recipient should 
produce Apollo E)ITP FORTRAN by execution of the Apollo translator. 	After 
setting the directory to "/SCOTT", compile, bind, and execute the Apollo 
translator as follows; 

D /SCOTT 
$FTN AfOLLOET -SAVE -B AFOLLOET. BIN 
$BIND AFOLLOET.BIN -BINARY AFOLLOET. BIN 
$AFOLLOET.CCM 

For our 1)11120 without FEB and with only half a megabyte, translation requires 
about 22 minutes, as of February, 1984. There will be one line of output for 
each overlay, so the user can monitor progress. The result will be E)ITP 
INCLUDE files /UTFF/%. INS.FTN (about 30 in number), and massive chunks of E)ITP 
FORTRAN in files /TP/MAINOO.FTN, OVER2.FTN, OVER8.FTN, OVER13.FTN, OVER20.FTN, 
OVER29.FTN. 0VER143.FTN, and OVER51.FTN. The 75K lines of Apollo E)ITP FORTRAN 
are split into these 8 nearly-equal pieces, for convenience of manipulation. 

Next canes E)ITP compilation, which requires only the execution of command 
procedure E)ITPCCMPILE.CCM. 	The variable-dimensioning program "VARDIM" must 
also be compiled, bound, and executed, and its NEWMOE$. FTN output must also be 
compiled --- all by the command procedure /TSU/VARDIM. CCM. 	Finally, the EJITP 
must be bound using E)ITPBIND.CCM: 

$EMTPCcMPILE.CcM 
$/1SU/VARDIM. CcM 
$EMTPBIND. CCM 

The result will be /TP/EJITP. EXE, an executable version of the interactive 
Apollo E)ITP. 	Compilation without the debugger (without the "-DBA" switch) 
requires about an hour and a quarter on a 1)1300, while BINDing may take five 
minutes. During this final step, all globals should be resolved, and there 
should be no error messages. Le voila! 

F. TPPLOT. EXE -.-- Separate Vector-Graphic Plotting Program 

Yes, via SPY, 	E)ITP results can be plotted while the simulation is 
progressing, using the "PLOT" command. Bit comparable functionality is also 
available after an E)ITP simulation has terminated, provided the user created 
and saved the plot file (provided integer miscellaneous data parameter ICAT 
was positive, and output frequency MOT was not negative). It is program 
"TPPLOT" which can be used for such later plotting, as described in Section 
5.0 of the E1TP Rule Book. 

Since recipients are generally supplied only with FORTRAN, compilation 
and BINDing will generally be required. The associated files are all obvious 
from the BINDing procedure, TPPLOT. CCM 

BIND <<! 
TPPLOTMCT.BIN FLAIBD.BIN LINFLT.BIN 
KPLT.BIN EXTRA.BIN -BINARY TPPLOT.EXE 

For the preceding compilation of the five disk files TPPLOTMCT.FTN, 
FLAIBD.FTN, LINFLT.FTN, TEKPLT.FTN, and E)RA.FTN, I do nothing special other 
than use the "-SAVE" option (perhaps not required, but a good safety measure). 

The default is for vector-graphic plotting, of course, and no special 
"SET DATA" usage should be required. Default settings provide for covering 
most of the screen with the fixed-size plot (the window should be full-height, 
and within an inch of full-width, to avoid having part of the plot hidden). 



X-rii 

The initial prompt of "TPPLOT" is "OWER", corresponding to the request 	1J 
for keyboard data at the outermost of three levels of operation. The three 
levels are: 	 3 OWER: 	for specification of the disk file to be 

plotted, after which there will be an 
automatic transfer to the "MIDDLE."' level. 

MIDDLE: --- for specification of the variables to be 
plotted, time, units, and graph labeling. 

INNER: 	to produce another plot, perhaps varying 
the abscissa or ordinate scaling. 

The functions indicated are those cciirnonly used. 	In addition, there are many 
alternative, special requests. 	For a list of available cciixnands at any level, 
and an abbreviated explanation of their function, 	send "HELP" at the level of 
interest. 	Also, to transfer among levels manually, use "O1Tfl' or "IN" 

Until I learn how to control "page skips" at the beginning and the end of 
a plot, users of TPPLOT.EXE must put up with these inconveniences. 	There will 
be such a skip at the beginning 	(no remedy here); 	but at the end, I chose to 
inhibit 	the 	page skip by means of a READ from the keyboard. 	This holds the 
plot on the screen. 	If and when the user hits the RETURN key, 	the plot will 
rapidly 	be 	rolled 	upward 	(the 	undesirable 	page skip), 	and the familiar 
"INNER" prompt should appear. 

o 
The fundanental, 	original data required of the user is a disk file name, 

which should be associated with an EMTP plot file. 	Provided the day, 	month, 
and year have not changed, 	the user need only send the six digits of the time 
(HHMMSS), 	and 	"TPPLOT" will append the rest. 	Since most plotting is done on 
the same day as the simulation (EMTP users are in a hurry, and Apollo provides 
instant 	gratification!), 	the 	use 	of 	such 	abbreviated file specification 
greatly simplifies the burden of keying, and minimizes mistakes. 

Originally, 	EMTP plot file names just used the six digits from the time: -O 
FLOTHHMMSS.FLL 	But during late 1983,  the Apollo EMTP was modified to add six 
more 	digits, 	from the date: 	FLOTMMDDYYHHMMSS. FLLL 	This is the only change 
affecting 	canpatibility 	of 	new and old versions and files. 	If 	TPPLOT.EXE 
rejects the user's abbreviated plot file name at the 	"OUTER:" level, it might 
be 	wise 	to 	try 	the 	full 	disk-file name 	(all 20 characters, 	for current 
versions). 

() 
For those wanting to test 	"TPPLOT" 	using a standard, controlled file of 

plot points, try "HHMMSS" literally as a specification of the disk file at the 
"OWER" 	level. 	The recipient of Apollo EMTP materials on a floppy disk will 
receive 	the 	FORTRAN 	file 	/SCGIT/PLOTDAT.FTN, 	which need only be canpiled, 
bound, 	and 	executed. 	The 	result 	will 	be 	a 	special 	disk file 
/SCOIT/PLOTHHMMSS. H..14, 	which 	enjoys a special connection with the 	"HHMMSS" 
request 	(note that the current six digits of the date are not appended). 

G. Use of Remaining Apollo EMTP Support Software 

Programming 	is 	done via copies of the WPF segments /UTPF/%. SFL. 66 
copies 	which 	are 	placed 	in 	Tsu-huei's 	directory 	"/lSU", 	and which are 
distinguished 	from 	one 	another by file type. 	One set of files are 	".RJM" 
(e.g., 	/1SU/OVER1. RUM), 	another are 	".qJM", etc. --- with as many different L 

file 	types as there are parallel program developments to be separated. 	This 
() is for minor-update usage, which wi ll be explained in the renainder of the 

present section. For all such work, the working directory should be set to 
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Consider first the convention for indicating those ITFFF records which 
have been changed. 	In order to interface with "GENCOR" (to be described 
later), the ITFFF ident of each altered (or moved) line must be blanked out. 
True, functioning of the minor update itself does not depend upon this, and 
corrections could later be summarized using the standard Apollo file-
comparison utility $CMF. Bit to agree with standard EIITP programing practice 
of more than five years with the VAX, altered records should have columns 1-8 
blanked. 

Suppose that the user has been making changes to his copies of ITFFF 
segments which are assumed to be stored as /ISU/%. RJM files. Provided he 
has been blanking columns 1-8 as just described, UFFF-update correction 
records are generated by issuing the shell caninand "$GENCOR RJM", which will 
produce correction segments /1:SU/%.COR. 	An example of such usage follows: 

$ GENCOR FUll 
LD /ISU/%.PUM -A 	>DIRMUP.LIS 
//WSCCIrT/LISNAKER. BIN <<! 

Fortran STOP 
//WSCOrT/GENCOR.BIN <<! 
Completion of 	"data in". KKA = 1 	REC = 	3 	KTRTCJI = 	0 
Completion of 	"dekzpy". KKA = 2 	REC = 	6 	KTRTUT = 	0 
Completion of 	"initsp". KKA = 3 	REC = 	2 	KTRTCJ 

Fortran STOP 

Note that three modified ITFFF segments are involved, and that there is-one 
line of output for each, as the execution of "GENCOR" continues. The "REC" 
figure shows the number of UFFF-update correction records which have been 
produced for the segment in question, and "KTRTCJr = 0" is an indication of no 
trotle (mnemonically, "K TRouble T(al ,!' where "K" is an integer counter). 
If any value other than zero is ever seen, the user should stop immediately 
(CflL-Q), and investigate the segment for which a non-zero value was first 
produced, since either that modified ITFFF segment, or the associated reference 
ITFFF segment (".SPL.6611) is somehow In error. To illustrate the format of the 
UFFF-update correction records, let me display part of a corrections file 
/ISU/0VER1.COR which was produced during the major update of 10 March 19814: 

'I M37-1057 	 63 	 OVER1 
IOFGID = 0 ! LESS THAN 80-COL MARTI CARDS OK IN "SUBR39" 

*D M31. 198 	 71 	 OVER1 
*D M32. 672 	 218 	 OVER1 

2 LFLEP, LWT, LTAILS, LIMASS, LSYN, MAXPE, LTACST, LFSEII, LFD, 
First, one sees the insertion of one new record (IOFGW = 0), after line 
number 63 of the ITFFF segment "OVER 1" (which has ITFFF ident "M37.105711). 
Next, there is the deletion of line number 71 (which carried ITFFF ident 
"M31. 19811). 	Finally, there is the modification of line number 218 (UTFF 
ident 11 M32. 67211). The only missing structure In this illustration is that of 
a block deletion and multiple insertion, such as the following example (from 
"CSUP" of the same major update) 

'D M28. 600,M28. 601 	509, 510 	 CSUP 
3 E13. 14, 146H SEC. USE DEVICE TYPE 53 INSTEAD OF TYPE 54 . 
14 21X, 50H 	** THE ANSWER MAY BE WRONG LATER 	 ) 

The importance of such UFFF.-update correction records can not be 
overemphasized, since they form the basis of major updates and production 
updates of the program (not to be described here). If a user wants to 
communicate program changes to us in Rrtland, it is the correction files 
%.COR which should be sent, since they can immediately be incorporated without 
modification. The procedure is both compact and automated. 

On to the minor-update producedure --- the creation of a modified EIITP 
which corresponds to a set of modified ITFFF segments. Command procedures are 
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used 	for 	minor 	updates, 	with 	a 	pair for each file type which is used to 
distinguish 	sets 	of 	correction 	files 	(".FUM", 	".JM", 	etc.). 	I will 
illustrate 	just 	$PUM1 and $PUM2, 	the shell ccmmands in Tsu-huei's directory 3 ("/lSU") 	which 	will 	produce 	a minor update corresponding to modified ITFFF 
segments 	/IS U/%. RUM. 	If 	the 	user sends these two ccmmands in order, 	in 
effect he will be ordering: 

LD 	/TU/%.F1JM 	-A 	>DIRNAME96 
/SCGT/TRJPDATEBIN 	<<! 

0 	96 	IPRSIJP(15), VERS (3X, A2) 

/SCclrT/AFOLLOET. BIN 	<<! 
RiM 	1 	96 	0 	0 	8 	4 	0/M35/ 

ENLMOD 

FTN 	MINOROITF96 	-SAVE 	-B MINOROITF96. BIN 
BIND 	<<! 

//W1SU/NEWMOLtS. BIN 	MINOROITF96. BIN 	//A/M35/BLOCKDSPY. BIN 
//A/M35/AFOLLOMOLOO. BIN 	//A/M35/AFOLLOMOL$NONOO. BIN Ti 
//A/M35/CIMAGE. BIN 	//A/M35/CALCCMP. BIN //A/M35/TEKPLTPLUS. BIN 
//A/M35/MAIN00. BIN 	//A/M35/0VER2. BIN 	//A/M35/0VER8. BIN C) 
//A/M35/OVER 13.  BIN 	//A/M35/0VER20. BIN 	//A/M35/0VER29. BIN 
//A/M35/OVER1 3. BIN //A/M35/OVER51 . BIN 

-BINARY 	EMTPPIJM. EXE 
-END - 

In fact, 	my preference was for just one such ccmmand procedure. 	However, for 
some 	not-yet-understood reason, 	execution would terminate upon cctnpletion of 
"AFOLLOET" 	(the 	canpilation 	of 	MINOROITF96.FTN never occurred). 	S, 	the 
single, 	original 	ccmmand 	procedure 	was 	split 	in t, 	and now execution 
proceeds without difficulty. 	If and when we learn what I am doing wrong, the 
two will probably be canbined into the single minor-update ccmmand "$PUM". 

It 	is important to note that there will be multiply-defined modules for 
each 	and 	every 	SUBROITFINE or FUNCTION involved in the update. 	This is the 
price 	we 	pay 	for 	the 	simplicity 	and speed of Apollo minor updates. 	The 
message 	should 	always refer to one of the /M35/0VER%. BIN files, 	since it is 
the 	major-update module of such files which is seen second, 	and therefore is 
discarded by the BINDer. 	For example, if only "OVER16" were modified (suppose 
OVER 16. RiM were the only 	".FUM" 	file), 	then the execution of "$PUM2"  should 
appear as follows: 

FTh MINOROITF96 -SAVE -B MINOROITF96. BIN 
no errors, no warnings in OVER 16, Fortran version 5.55 

BIND <<! 
?(bind) Warning: OVER 16 Multiply Defined Global 

Input file "//A/M35/OVER13.BIN" 
All Globals are resolved. 
No Errors; lWarning. 

The reference to 	"OVER13" is correct, since "OVER16" follows this module, but 
precedes 	"OVER20" (which begins the following disk file of the segmented EMTP 
FORTRAN). 	Note 	that 	the 	resulting, 	modified, 	executable 	EMTP is 
I1SUIEMTPPUM. EXE, 	and this can be used just as 	EMTP. EXE 	otherwise would be. () 

Note that a number of executable programs have been referred to, although 
none 	are 	distributed 	on the standard floppy disks of Section D. 	It is the 
recipient's 	responsability 	to 	canpile 	and 	BIND 	the 	associated 	FORTRAN, 
creating executable versions. 	For example, consider the translator. 	The user 

() will 	receive 	ISCCIrTIAFOLLOET.FTN, 	so after setting the working directory to 
"/SCOT", 	the 	following 	two operations will produce the desired executable 
translator: 
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$FTN APOLLOET -SAVE 	-B APOLLOET. BIN 	 TJ 
$BIND APOLLOET. BIN -BINARY APOLLOET. BIN 

Corresponding steps apply to all other executable programs which are required 	C) by the command procedures. Whether renaming the binary in each of these two  
cctrnnaids is really necessary, I am not sure. 	It is simply a case of my 
remembering trouble long ago when I did not do this for files of two or more 
SUBROIJrINEs, and wanting to avoid any such problems here. 

H. Use of Apollo Symbolic Debugger on the EMTP 	 0 
The 	Apollo 	Symbolic 	Debugger 	DEBUG 	allows 	the EMTP user to suspend 

program 	execution at any line of the EMTP.FORTRAN, 	and. examine or change any 
accessible variables 	(e.g., 	all local variables and COMMON variables present 
in 	the module under consideration). 	This Is a very powerful diagnostic tool 
In 	case of trouble, 	so the Apollo EMTP user should be familiar with its use. 
Details 	are 	fully 	described 	in a separate Apollo manual of some 100 to 200 
pages entitled 	"Language Level Debugger Manual" 	(the one I am now looking at 
is for SR6.0). 

'While 	I can not begin to duplicate the detail of the Apollo manual, 	it 0 
might 	be valuable just to outline a few of the basic commands. 	First, 	EMTP 
execution is begun as follows: 

$DEBUG 	/TP/EMTP. EXE 
As of March 1984, this requires about two minutes on either our t?300 or 
(each with 1.0 Mbyte of memory, and no PEB). 	After such a short wait, the top 
half 	of 	the 	window 	being 	used will automatically be taken over by another 
window with an input pane for all DEBUG commands. 	Then, if execution were to 
be suspended at S. N. 3472 of 	"OVER 5", 	the following wiRuld be keyed after the 
">" 	prompt in the new DEBUG pane: 

B OVER5\43472 
G 

Note 	the 	backslash 	here 	(a cannon error of beginners is to use the normal 
forward slash 	"I" 	instead, 	and then wonder why DEBUG rejects the command as 

-o having 	an 	unknown 	label). 	The 	pounds 	sign 	precedes a statement number 
(without such a mark, 	the number 3472 would be interpreted as a line nunber). 
The 	"G" 	is 	the 	command to 	"go" 	(continue EMTP execution). 	To examine 
variables, 	use the 	"E" command (e.g., ">E NCHPJN"); to step from the present 
line to the next executed line, 	send 	"SI". 	Finally, to stop EMTP execution 
via dUG, send "Q" (the short form of "QUIT"). 

Yet 	EMTP 	users have a special problem, 	due to program size. 	For the () 
"M38." 	version of 27 February 1984, 	$DEBUG would not function for the entire 
program 	dimensioned at three times default, 	and with only OVER2.FTN cctnpiled 
using the 	"-DBA" 	switch 	(debugger 	"on"). 	But dropping OVER51 . BIN from the 
BIND 	command 	of 	/SCCJrT/EMTFIND. CCM reduced the burden enough so that DEBUG 
operation 	was 	possible. 	This 	was using the 5R7. 0 operating system and an 
advanced 	ccinpiler 	(vintage 	5.69, 	which preceded the 5R7.1 system update). 
Correction! 	With the installation of SR7.1, a test performed on 31 March 1984 
shod that the missing OVER51.BIN could be added without difficulty. 	So, the 
good news is that size has been expanded a little. 	But how much? 	An attempt 
to add "-DBA" usage for OVER13.FTN (overlays 13, 	11, 	15, and 16) failed (Aegis () 
ccinplained about "not enough address space for static storage", when execution 
via 	"$DEBUG" was attempted). 	Using these crude numbers, and remembering that 
each segment of EMTP FORTRAN averages close to 10K lines, it would appear that 
"-DBA" 	can 	be used with a maximum of some4nere between 10K and 20K lines of 

1TP FORTRAN, without any program segmentation. With segmentation (e.g., 
dropping OVER51.BIN), greater capacity should be possible, but I will leave 
this experiment to others. 
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-O Peculiarities I. of Non-SPY Apollo Installation-Dependent Modules 

Installation-dependent 	Apollo 	EMTP 	modules 	which 	affect 3 
interactive 	EMTP 	use 	(SPY) 	have 	already 	been 	described 	in 
subsection B. 	To complete the job in the present subsection, 	then, 
only peculiar details of non-SPY Apollo modules will be added. c 

"RANDNM". 	Because 	Apollo 	FORTRAN 	does 	not 	seem to offer a 
random 	number 	generator 	along with other library functions as most 
other 	computer 	systems do, 	the generation of random switch closing 
times for Monte Carlo 	("STATISTICS") 	studies poses a minor problem. 
For 	lack of anything better, 	we have adopted logic which dates back 
to 	the IBM System/360 Scientific Subroutine Package, 	according to a 
letter 	dated 	20 June 	1983 	from 	Willie 	Magoon 	of 	Eleetrocon 
International 	(Ann Arbor, 	Michigan). 	See Ref. 	8, 	Vol. 	XIII, 	27 May 
1983, Section IV-G, bottom of page POAD-32. 	The Electrocon structure 
has 	been 	modified 	(SUBROUTINE RANDU was eliminated, 	SAVE is used 
instead 	of 	COMMON, 	etc.), 	but the mathematics of 32-bit INTEGER 
overflow 	should be unaltered. 	Because so much time can be absorbed 
by Monte Carlo studies, 	any uses should be sure that he is satisfied 
with 	Apollo 	EMTP 	random 	numbers 	before 	relying 	upon 	them for 
engineering studies. 	To aid such consideration, 	I reproduce critical 
non-comment portions of the module as it existed on April 2, 	19814: 

FUNCTION RANDNM ( X ) 
IMPLICIT 	REAL*8 	(A-H, 	O-Z), 	INTEGER*14 	(I-N) 

%INCLUDE 	'I/A/UT PF/BLKCOM INS, FTN' 
SAVE 
IF 	( XWAXMX 	.LT. 	0.0 ) 	GO TO 7265 
IF 	( X 	.EQ. 	0.0 	) 	GO TO 2563 
IF 	( KNT 	.GT. 	1 	) 	GO TO 9800 	{ ONLY USE 
IRANX = X 	{ "FIX" THE INPUT SEED (LARGE RA 
IF 	( 	IRANX/2*2 	.EQ. 	IRANX ) 	IRANX = IRANX + 

2563 IRANY = IRANX * 65539 
IF 	( 	IRANY 	.LT. 	0 	) 	IRANY 	IRANY + 211471483 
D15 = IRANY 
RANDNM 	D15 	* 0.14656613E-9 

2568 IRANX 	IRANY 
GO TO 9800 

7265 RANDNM = SANDNM ( X ) 
9800 RETURN 

J. Using Apollo $EMT Command to Pass Files to VAX 

In theory, the passing of files between Apollo and VAX via an 
RS-232 line is trivial. 	But in practice, 	it has not always been so 
easy. 	Tips which should allow the VAX user to avoid a considerable 
portion of our own trials and errors follow. 

First, 	consider the passing of files from VAX to Apollo. 	Begin 
by 	establishing the physical connection, 	if one does not exist 	(no 
problem for our DN1420, 	which has a VAX line permanently connected to 
the 2nd RS-232 Apollo port). 	Then, 	in an Apollo window, activate the 
communication by sending 	"$EMT", 	followed by 	"RAW", "LINE 211, 	and 
"TERM 	VAX" (the latter three in response to the EMTP prompt 	">"). 
The 	opening of 	the 	Apollo 	disk file is then via a command 	11>R6 
FILE NAME -R", where the extra "-R" will overwrite any existing file 
of 	the 	same name. 	Then push the Fl key to switch to the VAX side, 
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and log in, 	if necessary. 	It is always a good idea to send some 
trivial VAX/VMS command like "$SHOW TIME", to be sure VAX/VMS is 
listening. 	Usually, the VAX/VMS prompt "$" will not be seen, for 
some reason. Once the communication with VAX/VMS is proven, initiate 
the file transfer by a "$TYPE" command. 	After a few records have 
begun to fill the window, 	press the F3 key, to turn off such 
monitoring. 	If the file is big (e.g., the 75K-card UTPF), it is 
prudent to press the F3 key from time to time, just to be sure the 
transmission is continuing. 	When finally nothing is seen, this is 
taken as an indication that the transmission is complete. 	Pushing 
the Fl key returns to the Apollo side, at which point the "CLOSE" 
command will finish the Apollo storage. 	Then the file should be 
edited, to delete the irrelevant records at the top, and to add the 
missing column number one of the first record of the VAX file. 

The only general complication with the just-described procedure 
is that a carriage-control character (column 1) may be lost, if 
attributes of the VAX file storage are not correct. 	If the file has 
been created using the SOS editor, then there is no such loss. 	On 
the other hand, if a VAX FORTRAN program creates the file (.e.g., 
CUTUTPF.EXE, which segments the UTPF following a production update), 
this always seems to create files from which column one will be 
stripped by the VAX/VMS "$TYPE" command. 	This represents no real 
problem, 	once one knows -the rule, and takes it into account. 	For 
those files which will lose column one, we add an extra, blank column 
one, 	creating 81-column images prior to the transmission. 	This is 
via CARRIAGE.EXE, 	which uses FOR021 as input and F0R022 as output 
(assigned externally by the user). 

It is the passing of files from Apollo to VAX which created 
considerable trouble for us, for over a year. 	It was only in early 
April of 1984 that we learned the error or our ways, thanks to a 
suggestion from Ken Strong of the local Portland office of Apollo. 
Ken supplied the TCTL command of the procedure which will follow, 
thereby synchronizing the transmission. Without TCTL usage, we found 
that the file creation by VAX/VMS apparently would randomly 
terminate, aborting the reception (VAX/VMS would then reject 
subsequent lines one at a time, with an error message). So, a tip of 
the EMTP hat to Ken Strong, without whose help the passing of multi-
megabyte BPA power flow files from Apollo to VAX would not have been 
possible. 

As for the mechanics of passing a file from Apollo to VAX, the 
initiation is similar to that just described. 	Only instead of RCV, 
immediately toggle Fl to switch to the VAX side, and issue the 
VAX/VMS command "$CREATE VAX _FILE _NAME" (where VAX _FILE _NAME is any 
legal VAX/VMS file name into which the Apollo file is to be copied). 
Press Fl a second time, and respond to the EMT prompt t>tt  with "XMIT 
APOLLO _ FILE _NAMEt'. 	Finally, press Fl a third time, and watch the 
file being transferred. 	When the transmission ceases, CTRL-Z will 
close the VAX/VMS file, and the process is complete. 

Yet two problems with the preceding Apollo-to-VAX transmission 
remain. 	First, there is echoing (each line appears twice). Second, 
the F3 key does not turn off the monitoring of the transmission, 
unfortunately. 	If any reader knows how to eliminate these two 
effects, we in Portland would appreciate being informed of the error 
of our ways. 
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K. 2800-Bus Apollo BPA Power (Load) Flow Program 	 TJ 

	

Although it has nothing to do with the EMTP, I am making known 	3 the availability of a 2800.-bus BPA Power Flow program for Apollo, 
too. 	This program is the backbone of System Planning, and it 
corresponds to what most refer to as a "load flow" program. 	It is 
true that loads do not flow, but then neither does power (I maintain 
that BPA naming is not only non-standard, but also equally illogical, 
since power is the flow of energy)!.. Be that as it may, most parties 
who have interest in the Apollo EMTP will also have interest in the 
Apollo BPA Power Flow program, so this unifies the information, and 
saves a second request. 	For those who send an adequate number of 
floppy disks, 	Apollo Power Flow FORTRAN will be supplied 
automatically along with the EMTP. 

No 	special adaptation of the BPA Power Flow has yet been made, 
in 	order 	to 	accommodate 	the special features of Apollo. 	This is 
because 	Apollo 	is 	not 	yet 	being 	used 	for production Power Flow 1J 
studies 	by 	System 	Planning 	personnel, 	as 	of 	April, 	1984. 
Specifically, there is no special graphical output of the Power Flow, Q and 	no 	new interactive control or adjustment options. 	The program 
remains 	the 	same basic batch-mode program as is used for production 
purposes on BPA Is VAX-11/780. 

During 	April 	of 	1984, 	Walter 	Powell 	(the BPA Power Flow Q programming 	guru) 	regenerated 	a current version of BPA Power Flow 
FORTRAN, 	and 	passed the result from VAX to Apollo. 	The source is 
maintained on VAX1, 	and the "version switch" 	(about which I known no 
details) 	was 	set 	to 	produce Apollo output rather than VAX output 
(there would seem to be 	!'either/or" choices at various installation- 
dependent locations of the source code. 	While this is not 	"machine 
translation" 	in 	the 	EMTP 	sense, 	it does effectively account for 
differences 	required 	by the two computers which are of interest for 
the 	Power 	Flow at BPA. 	Following a rather uneventful set up, 	and 1J 
subsequent 	program 	changes 	to 	gain 	space 	(permitting 	larger 
dimensions 	within 	the Apollo 214-bit addressing limitation), 	Walter 
performed 	some testing with realistic production cases up to 2500 or 
2600 busses. 

Walter's timing tests using realistic production studies reveal 
outstanding performance for our Apollo DN1420 with 1.0 MByte of memory 
and a PEB. 	Relative to VAX, the Power Flow seems even better suited 
to Apollo than does the EMTP. 	If average Apollo performance for the 
EMTP 	might 	be a quarter of a VAX-11/780, 	the corresponding average 
Power Flow ratio seems to be around a third. 	Walter's most favorable 
ratio 	was 	for 	WSCC 	base 	case number' 814J 14001 	--- a solution which 
involved 1727 buses, 	full printed output 	(501 	line printer pages), no 
microfiche 	output, 	no 	saved 	base 	case, 	and which solved in 13 )> 
iterations. 	For 	this 	case, 	the Apollo-to-VAX CPU ratio was 2.3, 
whereas 2.4 is the corresponding wall-clock ratio. 

Walter 	was kind enough to write a page of instructions for use 
of 	his 	Apollo 	BPA 	Power 	Flow 	materials. 	This file, 	//A/WLP/ C 
PF USERS INSTRUCTIONS, will be copied into the present file to ensure - 
that it will not be lost and/or overlooked. 	The most recent date is 
29 April 	1984. 	Walter: 

This guide summarizes the steps required to install BPA's 
Powerflow program on the Apollo. 
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1. Copy the following files from directory /WLP/: 

a. All "include" decks, i.e., the %.INS.FTN modules. 
b. All Fortran decks, i.e. the %.FTN modules. 
c. A compilation command procedure: PFCOMPILE.COM. 
d. A binding procedure: PFBIND.COM. 
e. A small sample test deck, complete with non-fatal 

errors: TESTDC.DAT. The solution is TESTDC.LST 

2. Most of the dimensions are parameterized. They are 
either fixed or expressed as a function of three major 
attributes: the number of buses (NtJMBUS), the number of 
REI subsystems which can be created during a network 
reduction (MAXREI), and the number of changes (MAXCHG). 
They are defined in PARAMS.INS.FTN. Their current 
values are '2800 buses and 1000 changes. 

3. Compile the relevant modules using the -SAVE option. 
If possible, include these options: -PEB, -OPT, -NDB. 
A command file PFCOMPILE.COM  has been prepared for this. 

4 Bind the relevant-modules. Modules PWRFLO and its 
associated block data BLKDTA are the main ones. A 
command file PFBIND.COM  has been prepared to create 
the executable image PF.EXE. To conserve memory, some 
of the modules have been replaced with stubby modules. 
Two major features - network reduction and base merging 
- have been disabled to permit the powerfiow program to 
fit within Apollo's physical memory. 

5. Create a command/data file for Powerflow exection. The 
file TESTDC.DAT is available for testing. The file 
consists of approximately 20 buses, but tests isolated 
systems, multi-terminal dc, area interchange, phase 
shifters within line sections, and (for good measure) 
a few non fatal errors. 

6. Execute the PF program by the command $PF.EXE. It is 
interactive, and will prompt with the message: 

Enter Program control file name > 
Enter the name of the command file ("TESTDC.DAT") 
described in item 5 above. 

Three output files are automatically assigned from 
the name of the input command file. For the particular 
file TESTDC.DAT, the output files will be: 

a. Printed output 	- TESTDC.PFO 
b. Debug output 	- TESTDC.PFD 
c. Microfiche output - TESTDC.PFF 

Walter L. Powell 
211 April 1984 

Distribution of the Apollo Power Flow materials on floppy disks 
will be handled using only one special command procedure, which will 
communicate all program FORTRAN 	(including the 129 or so INCLUDE 
files). To minimize wasted space and manual intervention, $WBAK will 
be used, as the following view of //A/SCOTT/PFGIVE.COM  shows: 

WBAK 	//A/WLP/%.INS.FTN 	-F 1 	-LF 	-DEV F 



WBAK 	//A/WLP/%.FTN 	 -F 2 	-LF 	-DEV F 
Associated 	Power 	Flow 	test 	data 	will 	be 	limited to two small 
problems: 	one of 20 busses, 	and the other of 306 busses. 	While the 
first 	of 	these is purely imaginary, 	it is very general, 	including 
"one 	of everything" 	(including two slack busses of subsystems which 
are 	connected 	by 	a 	dc 	link). 	The second 	is a fairly realistic 
representation 	of 	the 	core system of the Pacific Northwest some 20 
years 	(when computers were much slower and weaker, 	and the standard 
BPA 	Power 	Flow 	was dimensioned 500 busses!). 	These two data sets 
will 	be appended to the 3rd EMTP floppy disk 	(files /WLP/TESTDC.DAT 
and /WLP/TEST306.DAT), 	in order to maintain the separation of FORTRAN 
and 	data. 	Also on the 3rd EMTP floppy disk are the compilation and 
binding 	command 	procedures 	for 	the Power Flow 	(PFCOMPILE.COM  and 
PFBIND.COM, 	respectively), 	and the solution to TESTDC.DAT (disk file 
TESTDC.LST 	includes 	both 	the 	output 	to 	the 	window and the line 
printer file TESTDC.PFD, 	which total less than 600 lines). 

L. 	Miscellaneous Last-H-mute Comments and Observations 

As 	of 	28 February 	1984, 	the 	compilation 	of /TP/OVER2.FTN 
requires 	the 	use 	of 	a prototype compiler such as FTN_5.69, 	since 
standard 	Rev 7 	software 	will 	abort. 	Wayne Rommel of the Seattle 
office 	of Apollo provided us with this temporary remedy. 	Then, 	on 
March 	13th, 	having 	tried 	the 	compiler 	of 	the brand new Apollo 
software release 5R7.1 at the local Apollo office, 	I can report that 
"-DBA" 	is still required, 	but that at least no special compiler is 
needed any longer. 

As 	of the .end of February, 	1984, 	Apollo PRINTER PLOTs may be 
missing lines containing no data points. 	Yes, 	this can and will be 
fixed, 	eventually, but with vector plotting, 	who wants PRINTER PLOTS, 
anyway? 	The 	logic 	of 	installation-dependent 	"LINPLT" 	of 
APOLLOMODSNONOO.FTN is simply defective, 	due to special requirements 1J 
for mimicing the "lH+" carriage-control. 

EMTP table dumping and restoring deserves further work. 	Here I 
am 	referring 	to 	the 	installation-dependent 	SUBROUTINE 	TABLES 
(produced 	by the variable-dimensioning program 	"VARDIM"), 	which is 
used 	by 	Monte 	Carlo 	simulations, 	as well as by the 	"SAVE" 	and 
"RESTORE" 	commands 	of SPY. 	During conventional simulations, 	the 
following 	short 	messages 	will be seen between connectivity and the 
phasor branch flows 	(the following is from DC14): 

TOP "TAPSAV". 	NCHAIN = 6 
TOP "TAPSAV". 	NCHAIN = 8 

PI-EQUIV BRANCHES OF DISTRIB LINES IN TR, TX, 
NONLINEAR AND TIME-VARYING RESISTANCES IGNORED 
TOP "TAPSAV". 	NCHAIN = 8 

In 	fact, 	no 	"LABCOM" 	dumping 	is 	occurring. 	But not so for 
"STATISTICS" data cases, which presently use unformatted READs and/or 
WRITEs to disk --- one per COMMON block. 	This is not the fastest. 0 

4. 

0 
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0.6 	User-Controlled.Variable Dimensioning of the EMTP 

The EMTP stores most problem data (exceptions are the S.M. of 
Sect. 1.62 and ZnO of Sect. 1.32)  in tables which can be sized by the 
user at linkage-editing (loading; linking; etc.) time. 	The basic 
procedure was originally detailed in Ref. 8, Vol. II, 30 January 1975, 
pagination •VARD and 17 April 1975, pagination RSFU. 	For the user's 
benefit, key points that are independent of computer system shall now 
be summarized. The user Is also referred to the installation-dependent 
instructions for his computer system (Section 0.5a onward), since 
various aspects of the procedure depend upon both the brand of computer 
and the organizational usage. 	But universal aspects are: 

Point 1 : With only a few relatively minor exceptions, the user can 
size all EMTP tables at will. There are currently 27 
independent tables (or "lists") in the program,- as per 
the following definitions: 

List 1 : LBUS 	---- The maximum number of problem nodes (busses). 

List 2 : LBRNCH ---- The maximum number of problem branches. A 
3-phase overhead line counts as three, etc. 

List 3 : LDATA ---- The maximum number of R, L, C floating-
point parameter values which are read from 
branch cards (such as for Pi-circuits and 
series R-L-C branches). 

List 14 : LEXCT ---- The maximum number of problem sources. Each 
dynamic S.M. 	(see List 17) contributes 3. 

List 5 : LYMAT ---- Limit on floating-point storage for both 
the admittance matrix [Y] of the time-step 
loop (both upper and lower triangle are 
stored) and also its factors (upper-triangle 
only). 	Both are stored simultaneously. 

List 6 : LSWTCH ---- The maximum number of problem switches. 
Diodes and valves also count as switches. 

List 7 : LSIZE7 ---- Total number of distinct 6-character (A6) 
ALPHANUMERIC names that are used by the 
program. As of April, 1984, it is only 
TACS and the Type-59 S.M. which use this 
new storage principle. Later, perhaps 
electric network tables will be converted 
(it saves memory and simplifies SPY displays). 

List 8 : LPAST ---- The maximum number of model past-history 
points, for distributed-parameter transmission 
lines. 

List 9 : LNONL ---- The maximum number of nonlinear and pseudo-
nonlinear elements in the problem. 



List 10: LCHAR 	- Maximum number of points that 
define the characteristics of the 
nonlinear or pseudo-nonlinear elements 
of List 9 . 	Type-96 hysteretic inductors 
are an exception, however. For the first 
such element, 2*N + 8 cells are allocated, 
where N is the number of data cards that 
define the characteristic. Second and later 
elements might use the reference-branch 
feature, in which case requirements-drop to 
six cells. See Section 1.31 for further 
details of this exceptional case. 

NOTE: If there are ZnO surge arresters in the case, extra 
cells are needed. The burden of each arrester 
Is equal to the number of segments (expcnentials) 
that require representation. 

List 11: LSMOUF 	The maximum number of Type-59 synchronous 

machine (S.M.) outputs. 

List 12: LSIZ12 ---- The maximum number of output quantities. 

List 13:  LFDEP ---- The maximum number of frequency-dependent modes 
of distributed-parameter transmission lines 
.hich use the "WEIGHTING" modeling of 
Section 1.26b  

List 14: LWT -----The maximum number of cells required to store 
frequency-dependent weighting functions Al 

- 	 and A2 for the modes of List 13 

List 15: LTAILS ---- The maximum number of cells needed to store 
the convolution line history for the 
exponential tails of frequency-dependent 
weighting functions of List 14 

List 16: LIMASS ---- The maximum total number of masses of all 
Type-59 S.M. usage (total over all machines). 

List 17:  LSYN -----The maximum number of Type-59 synchronous 
machines (S.M. components) of Section 1.62 

List 18: MAXPE ---- The maximum number of branch or switch power 
and energy requests (column 80 punches having 
a value of ftLt )• 

List 19:  LTACST ----- Maximum number of floating-point cells of 
total storage for all of the TACS tables. 
See Section 8. 	A value of 23 is the 
minimum allowed (any small value will be so 
increased). A reasonable practical minimum 
for production problems might be 2000 
Serious TACS users will probably want more. 



List 20: LFSE1 ---- Storage for frequency-dependent lines which 
rely upon recursive convolution. For Marti 
modeling (Sect. 1.26b1), any branch requires: 
5 + 7 * the number of poles used to 

represent the two functions Zo and Al 
For Semlyen modeling (Sect. 1.27), each branch 
requires one cell, plus five times the number 
ofpoles of the propogation functions, plus 
four times the number of poles of the 
admittance functions..  

List 21: LID ------The maximum number of cells used to store 
transformation matrices for the constant-

.,parameter and frequency-dependent 
distributed transmission line models. 
For each non-copied line section of "N" 
•phases, 2 x N x N cells are required. 

List 22: LHIST -----For each Marti line, 15 cells are required 
for each coupled phase. 
For each Semlyen line, it is the larger of 
six times the number of coupled phases 
and to times the number of poles used for 
both funôtions (propagation & characteristic 
admittance) which is required. 

List 23:  LSIZ23 ---- Ignore for all non-virtual computer 
systems (CDC, Univac, Honeywell), and 

also for all 'computer systems which use overlaying 
(presently IBM, Harris, etc.) --- unless the E1TP 
load flow ("FIX SOURCE") is used. But for fully-
virtual systems not short of address space, and for 
computer systems where CCMMON blocks are not in 
order, this list is required. 	It specifies the 
size in floating-point words of three giant vectors 
which are used for node renumbering and the phasor 
steady-state solution. As of the end of 1981, 
this list is used for Burroughs, PRIME, VAX, Data 
General, and Apollo E1TP versions. 	Default is 14000. 

List 214:  NCC?IP ------ Maximum number of phases of 
compensation, at peak problem size. 
The actual maximum number of phases 
then varies inversely with the number 
of problem nodes. Use of NCCMP = 3 
is most common, allowing for 3-phase 
compensation with full-size problems, 
6-phase compensation with half-size 
problems, etc. 

List 25: LSPCIM ----- Maximum number of floating-point 
cells of total storage for all 
universal machine (U.M.) tables. 
If U.M. modeling of Section 1.63 
is not of interest, set to unity. 
Practical production usage allowing 
two 3-phase induction machines 
typically takes LSPCUM = 1500 



List 26: LSIZ26 ---- Length of working vectors in /BLANK/ which 
are used for various things in the EMTP. 
Originally fixed at 50 cells, these are 
now variably-dimensioned to allow open-
ended usage (e.g., more coupled phases). 
See Ref. 8, Vol. XI, 18 Oct1981, SSIA-12. 

List 27: LSIZ27 	Reserved for possible later use with 
frequency-dependent sources (Ref. 35) 
But for now, it is used only to store 
steady-state node voltage outputs. Size 
should equal List 11, then, not unity. 

An abbreviated version of this explanation appears as part of the 
case-summary statistics which complete the line-printer output of each 
data case being solved. See the example of Section 2. 3 

Point 2 : One step in the dimension-changing process is the execution of a 
separate variable-dimensioning program named "VARDIM" • This program 
reads 3  data cards in 1018 format, obtaining therefrom the user-
specified list sizes. The format for these 3 cards is as follows: 

LiUS 	LCWCH LDPTA 	LEXCT 	LYMAT L.SWTCH 	t.SMPT 	LPPST 	LNONL 	LCHPR 

18 	18 	i8 	18 	18 	18 	IS 	18 	18 	18 

11 	Ia 

 

13 14 	IC, 17 12 19 20 

;;;;;;; 
I8 	18 	18 	I 	12 	18 	18 	T8 	18 	[ 	IS 	18j 

Point 3 : As immediate verification of the list sizes applicable to any given 
EMTP simulation, the introductory heading which starts each new case 
displays such figures. For example, (see next page) 



ELECYROMAGNETIC TRANSIENTS PROGRAM (EMTP), DIGITAL '(DE)Ax'f70 	ANSIA'?XONSlJSCD'WrBpA'IN PORTLAND, OREGON 97208: 'USA, 
DATE (MM/DD/YY) AND TIME OF DAY (HM,MM,33,). 04/06/82 11,05,56 	VAX/VMS PLOT F11.E • 406110556,PL4 
? 	N?URATION, CONSULT THE 746-;PAGE EMTP RULE NOOK DATED SEPTEMBER, 1990. 	PROGRAM VERSION • 
I 	EPDENT LISt LIMITS F0Ll..O.. 	TOTAL LENGTH OF ' 	AIEI/ 	EQUALS 194020--  INTEGER WORDS, 	- 103 1050 2500 	40 9500 

.b 6300 1000 	100 	400 	200 	140 	20 1000 	400 . 15 	4 	100 20000 	200 	900 	300 20000 	6 	700 . 500 - 	 -------------- .&%---------------------------------------------------------------------- - -. _____ 
DESCRIPTIVE INTERPRETATION or NEW-CASE INPUT DATA I INPUT DATA CARD IMAGES PRINTED BELOW, All, SO CDL.UNNI, CHARACTER BY CHARACTER. 

1 	 2 3 	 4 	 S 	'6 	 7 
0 	 0 	 0 	0 	 0 	0 	 0 	 0 	0 

............... .................................... B...........................................em......................... 
PARKER CARD PRECEDING NEW DATA CASE, 	 IBEGIN NEW DATA CASE 

Also shown in this printout is a figure for the total number of words 
of labeled common (abbreviated as "/LABEL/" ) storage, which is the 
total storage requirement for all of the EMTP tables during the solution 
phases of the program. This figure will generally be needed by Program 
Maintenance should a computer system error occur during the execution 
(at which point the system rather than the EMTP will terminate 
execution), and the EMTP experts are forced to dig into the FORTRAN 
listing to find where execution stopped. 

Point 4 : The "cost" of variable-dimensioning of the EMTP is a constant, 
pre-execution overhead which consists principally of the cost of 
loading (called linkage-editing, on IBM) the previously-compiled 
FORTRAN code. Once this operation has been performed, execution of 
the redimensioned EMTP will proceed at essentially the same speed 
as would a fixed-dimension program; there is negligible penalty 

• during the actual solution phase of a typical EMTP data case. 
Exceptions are the TACS code of Section 8. (which also 
uses offset-subscripting) , and the universal machine 
(U.M.) code of Sectioi 1.63 (which also assigns working 
locations for arrays as arguments of SUBROUTINE calls). 

Point 5 : Certain primary-level non-solution overlays have giant 
working arrays (a maximum of one per overlay) which 
are sized the same as /LABEL/ except for a possible 
built-in offset which very crudely adjusts for the 
amount of code of the overlay. If the user wants to 
manually apply an additional offset to this storage, 
he can add a fourth data card as follows: 

1. Punch an extra 119" in column one of the first 
data card that is read by' VARDIM. This is taken 
as a special flag (VARDIM extracts it from LBtJS 
before LBUS is used). 

2. Add a fourth data card containing the extra 
desired offsets. The format is 1018 , with 
one data field for each such primary-level 
non-solution overlay. Currently there are eight: OVER29, 
OVER31, OVER39, OVER43, OVER44, 0VER 245, OVER47, and OVER48. 

Common usage 'of this feature is for virtual machines, 
where enormous list sizes are requested; unless specially 
compensated for, the giant working arrays would be 
dimensioned far beyond any reasonable program needs. In 
this case, offsets will all be negative. We do this on 
the VAX, where in March of .1980, offsets of -128500 are 
being used for the five overlays. For the record, the 
size of /LABEL/ is 207363 integer words, or in excess 
of 3/14  MB! Using the negative offsets saves on virtual 
address space for us, that's all. 
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Point 6 : If one wants to have a set of list sizes which 'integer 
multiple of all the default sizes, 	 punch a 119" in 
the first column of the second data card and a integer N 
ending in column 8 of the same card. For example, 
to size the table 1  times as large as the default size, 

punch, on the second data card, a 119" in column 1 and a. 
1114" in column 8. 

The default values for EMTP list sizes are: 

250 300 	500 100 	2500 40 	1500 	1750 	75 	160 

50 50 	5 400 	50 4 	4 	5 	2400 	650 
100 150 	4000 3 	300 50 

Once the EMTP has been re-dimensioned, the resulting executable code can be 
saved for immediate re-use as often as the user wants, without any extra associated 
cost (other than for storage of the code, generally on disk). This is what makes 
the procedure so practical. Generally, a number of simulations of basically the 
same problem are made, so that the cost of the single dimension-changing operation 
associated therewith works out to be a very small fraction of the total simulation 
cost for the problem. One can afford to re-dimension for all large problems 
without appreciably increasing the cost of simulation. In fact, if one has 
realistic accounting charges which appropriately penalize usage of core storage 
during execution, one may indeed save money in this way (since running the jobs 
will require less core storage). 

Should the variable-dimensioning program detect illegal or absurd data as 
having been supplied by the user in his attempt to redimension, it will terminate 
execution with an error message of which the following is an example: 

ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR I 
IRROR ERROR 	ROR ERROR RRUR EMROR'ERKOR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR LRfiO LI 

------------------------------------------------------------------------------------------------------------- 

HE USER IS IN TOU811E, UNLESS HE HAS MADE A DATA-PUNCHING ERROR * 	VARIABbt-DIMEN310MING OF THE MTP NAB 
8ROKN DOWN WITHIN TH9 SEPARATE AIA8LE-DXMEN$XONIN PROGRAM 	VAD!M 	IN PARTICULAR, ONE OR 14ORE 0? THE 
U3EH-INPUTTED LIST SUES MUST B RJCTDAS BEING ILLEGALLY*LiAR, 	U36-SUPPLIED' LIMITS (DR DEFAULT LIMITS, 
FOR ANY NON-PO3XTXV OAfl riis) ARE AS FOLdOwS .,, 	- 	 S 	

- 

	

72 	976543 	- 	245 	 0 	 0. 	25 	1.0 	 0 	 0 	 0 
o • - O 	 0 	 0 	 0 	 0 	 0 	 0 
o 0 	 0 	 0 	 0 

SPCIFXCA1L1!, THE UUR-SUPP1dD VALUE WHICH WA3 READ FOR LIST NUMBER 	2 EXCEEDS 999999 
WHICH IS UNREAL, 	AALUE QV - 976543 	WA8IIADFOMTH OSR8 DATA cARDroRrHX$Lx3T. 

£RROR ERROR ERROR ERROR ERROR ERROR ERRQ ERROR ERROR ERROR ERROR ERROR ERROR ROR £RROR ERROR ERROR ROR ERROR 
ERROR ERROR ERROR ERROR CHROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERROR £RoP EAPOR ERROR ERROR £ .........................0 ......S ...................................................S ................ 



Such an error message will come out on the line printer, just as the regular 

EMTP printout would have if the run had successfully continued. Hereafter, any 
output should be ignored. Ideally, the entire job should be instantly killed 
following such an error message, although this may not be possible or convenient 
on all systems. On some computer systems, an indirect method of killing the run, 
such as dividing by zero or accessing a memory location way outside the partition 
in which the job is being run, may be resorted to, in order to get the system to 
terminate execution of the job. 

Normal execution of the variable-dimensioning program results 
in minimal printout which includes a pseudo-listing of the input data 
cards (3 or 4 in number).. For example, as part of our BPA VAX EMTP 
setup (remember that this is a fully virtual machine, so list sizes 
can be enormous), the following was produced: 

PSEUDO-LISTING OF DATA CARDS WHICH HAVE BEEN READ BY THE VARIABLE-DIMENSIONING PROGRAM  @VARDIMP  • 	ONLY 
IF ALL DATA FIELDS AM PUNCHED WITH 	CLEAN 	18 INTEGER INFORMATION WILL THIS BE A TRUE LISTING. 	DATA CARDS 
ARE IN tACT READ IN AND THEN PRINTED OUT U5ING INTRYARIABLSAND 1010 FORAkTo

- 	- 	- 

o 1 	 2 	 3 	 4 	 5 	6 	 7 
o 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

a.. 	a..............S*.fl*..flS..Se..*e*e .......S ........ 
15T CARD (LISTS 1-10). 	190000701 	1050 	2500 	30 	9500 	125 	6100 	5000 	50 	300 
2ND CARD (LISTS 1t-20, 	j 	100 	140 	5 	000 	.400 	0 	4 	30 	6000 	500 
3RD CARD (LISTS 2$-30). 	L 	72 	200 	3000 	• 	300 	 - 
SUPPLEMENtAL UFF3CT3. 	i-182500-102500 -102500 .2500.13$00 

.................a............... 
NORMAL TERMINATION WITHIN 	YARDIM • 	THE 
IILC 01 	/l1AIEt/ 	EQUALS 20013 	INTEGER WOPD5. 	 - 

System-dependent control cards will be required to actually effect 
the dimnsioning-changing process. Refer to your own computer system 
of interest in Section 0.5e onward. Should e cook-book procedure for' 
doing the job not be found there, check with Program Maintenance of your 
company. 

In order to parsimoniously re-dimension the EMTP, the user must 
know the multiplicity that Is associated with each list which is to be 

	

re-sized. 	That is, he must know the number of arrays (vectors; columns 
of tables) to which each list applies. This handy information is 
automatically printed out by the EMTP following the error text which is 
associated with any overflow error stop of the program (KILL = 1). For 
example, in the case of network node (List 1) overflow, the tail end of 
the error-message printout appears as follows: 

Cr COJRSE MAYBE THE USER WOULD LIKE SOME SUGGESTIONS AS TD WHY THE TABLE IN QUESTION (LIST NUMBER 	) 
HASOvErL.OEo. 	IF 8, READ ON, GOUD FUDDY. 	THE EMTP HAS A TONG-ESTA8TdSHE0 POLICY or MEIrORIOUS AND LAUDABLE  
C0CiI.L'A2IoN IN TH. FORM Of CRX54AL.-CLEAR DIAGNOSTIC MSsAGS, SUCH AS THE FOLLOWING ...., 

PAST-HISTQRY POINTS FOR' D5TR1bUTED-PARAnETER IEPRESLNTATZDN OF tRANSMISSXON LINES ARE STORED IN NODAL. FORM, 
A&.WAYS. 	LACK OOC kQUIRES5TOIAGE, .HER 	HERC ARE AS MANY MODES As TH 	AR COUP&.ED CWIDUCTORS C.G.,A DOUBLE 
CIRCUIT LINE HAS 6 MODES,), 	A CONSTAl4T-PARAMTERCFREQUENCY-INDEPLflDENT) MOPE CONTRIBUTES 	TAU/DLTAT 	ENTRIES, 
WI4LRC 	TAU' 15 THC MQOAL TRAVEL.-TINE or THE LINE, 'D1..TAT 	18 THE TIME-STEP SIZE, AND HE DIVISIUN INVOLVES 
ItTtGLR TRUNCATtON FDL.L.OWED BY THE ADDITION OF UNITY, 	FOR A FREQUENCY-DEPE!DENT MODE, NOR PAST-HISTORY 
THAN Tfl15 IS NEEDED, ENOUGH TO PERFORM THE AM) CONVOLUTION. 	IN THE PRECEDING FORMUL.A, TAKE 	TA.J 	TO BE THE 
TIME 	T2 	AT wHCM THE EXPONENTIAL TAIL ON A2CT) BEGINS (TYPICALLY 3 TRAVEL.-TIMES OR SO). 	- 

IN ORDER TO EFFECTIVELY TRADE MEMORY RACE AMONG THE DIFFERENT TABLES, ONE MUST KNOW HOW MANY ARRAYS THERE 
ARE IN EACH TABbE CErrLCTzVlY), 	THE FOLLOWING TABULATION 5H0w5 THE ErrECTIV MULTIPLICITY ASSOCIATED WITH EACH 
INDEPENDENT LIST ...... THOSE L;3T5 WH08E LENGTHS ARE UNDER USER CONTROL. BY MEANS or £MTP VARIABLE OIMENSION1G. ............. *eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 

LIST NUMBER $ 	1 	2 	3 	4 	5 	6 	7 	• 	9 10 11 12 13 14 U 16 17 se 19 20 21 22 23 24 25 ......*.... ............... . .................. ... .......... .......................... . ...... ..... ------- .----- 
rL.OATINGP.1 6 5 3 6 112 2 2 i 3 1 4 a 1 2 0 6 1 124 2 I • S 
INTEGER 	1 4 7 0 2 1 10 0 0 11 0 3 0 4 0 0 1 10 2 0 0 * 0 0 C 0 
TOTAL 	1 10 12 3 I 2 22 2 2 19 3 4 4 12 1 2 1 16 3 1 24 2 	 * I ........................................................................................................... 

S 	USED OH.Y FOR URROUG.S AND PRIME AS or MAY or 1980. OTHER CDMPUTE 	CAN 1,NORE THIS TdST. 
S •-- L.IS 24 II NOT COUNTED BY ITSELF, 	INBTEAO, ADD THE VALUE TO THE FLOATING-POINT AND TOTAL. COUNTS OF L.15T5 I AND 6. 

CAUTION* 	BE SKEPTICAL OF ABOVE 'PRESENT FIGURE' ENTRIES, DUE TO ABNORMAL TERMINATION or CASE. 

CAPO IGNORED I SEARCH FOR NW•CAE 8GINNING. 	1 GENA TRAIA RCCA 
CARD IG3REO IN SEARCH 1O NEW-CASE BEGINNINGS 	i 
CARO IGNORED IN UARCH FOR NEW-CASE BEGINNING. 	I PRINTER PLOT 



Note that the tabulation not only includes a total-multiplicity figure (bottom 
row of the table), but also decomposes this into integer and floating-point 
components. Such a distinction is important when working with a program version 
in which integer words are not as long as are floating-point words (e.g., the 
common double-precision IBM translation, wherein integer words are 32 bits 
(INTEGER*4), and floating-point words are 64 bits (REAL*8) ). 

Example: Suppose that a user wanted tb increase list 11 and 
decrease list number 2 , all the while maintaining 
constant memory allocation. 

a) On CDC where integers and floating-point words 
are of equal length (both 60 bits), the "TOTAL" 
row of the table shows that: 

L11 0  z 	+ 	L2  • 8 	= 	0 

where 	L, 	is the increase in size of list k 

b) For the most common case on IBM, with 4-byte 
integers and 8-byte reals, 

• (i + 3/2) 	+ 	L2•(3 + 5/2) = 0 
Note that the multiplicity from the row marked 
"FLOATING PT." has here been used unchanged, while 
that from the row "INTEGER" has been divided by 
two in order to reflect their relative length of 
a-half a floating-point word. 

As to how large a computer memory partition is actually required for the execution 
of any particular program version --- or perhaps more appropriately, how much 
memory space is actually unused when a given standard memory partition of the 
computer is used -- the user should see a Program Maintenance expert. From the 
size of /LABEL/ as found in the heading printout which begins each new data 
case which is being solved (see Point 3), and a memory map for the standard EMTP 
version which has all default dimensions, the question is readily answered. The 
required partition size depends directly, and only, on the size of /LABEL/ , 
of course. 
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0.7 FORTRAN Data Format Specifications 

Throughout this manual, data formats are indicated in FORTRAN notation, 
with symbols like F10.3,  18, A6, or E10.3 • A short, illustrative 
explanation is as follows. If unclear or incomplete, refer to a FORTRAN manual. 

F10.3 - A decimal number is to be inserted in this space (field) of width 
10 columns. In general, you should punch a decimal point; if you 
do not, it is assumed that digits in the last 3 of the 10 positions 
are to the right of the decimal point. As long as you punch the 
decimal point, the "3" is overridden, and positioning within the 
field is immaterial. Examples follow:. 

	

i327J5 	 '1I 

	

. ............j,. 4.59 	 J_ 

18 '. Integer data (no decimal point allowed) is to be inserted in the 
space (field) or width 8 columns. Integers should be punched 
"right-adjusted," as far to the right in the field as possible, 
since blanks are interpreted as zeros. Examples follow: 

lip 
-i -----t .- ...............- -- -. 

ILQ 	 - 

A6 - 	An arbitrary collection of characters (letters; numbers; punctuation) 
is to be inserted in this field of width 6. Blanks are a special 
unique character, remember, so 'BUS A ' and ' BUS At are not 
the same. Examples follow: 	 . 

1 
3uIci11P¼I 

• ........ 

iL £1RC1U1O1 

E10.3 	A decimal number is to be inserted in the field of width 10 columns. 
Use of scientific notation, with a power of 10 following the symbol 
ItEll , is added onto the previous rules for F-formats. Omitting the E 
and its following exponent is interpreted as a unity multiplier, so 
the E10.3 format then behaves just like F10.3 . Right adjust the 
number if an E is punched, since just as with the I-format, any 
trailing blanks are interpreted as zeroes. Examples follow: 



There also is the option of free-format data specification, for 
half or more of the different EMTP data structures. The idea 
is simple. Rather than positioning data fields in fixed column 
locations, there is an ordering from left to right, with a separator 
character (usually a comma) used to delineate the field boundaries. 
If more than one data card is needed for the string of data items, a 
continuation character (usually a dollar sign) is used rather than a 
separator character, which means that another data card is to be read 
before extracting the next data item. 

To illustrate, consider the special request word "POWER FREQUENCY" 
which provides for redefinition of the steady-state frequency (see 
Section 1.0c). Using free-format, this reads: 

POWER FREQUENCY, 50 
Rather than punching 50.0 in columns 33-40, then, ", 50" has been 
appended to the key word. The comma is a separator character, dividing 
the key word from the parameter; the space after it is optional, since 
blank characters are ignored in this mode. Note also that no decimal 
point has been punched, for integers and floating point variables are 
interchangable when using free-format. 	For a realistic, full-scale 
application of free-format usage, see the data cards punched by the 
transformer impedance matrix program of Section 7.1 

In case the user wants to redefine the free-format characters 
CSEPAR (for field separation) and CHCONT (for continuation), see 
Section 1.0g6 . 	This is not recommended, however. 

More serious is the question of which EMTP data structures can 
be handled by the EMTP free-format. There is no simple rule. Read 
Section 1.0g6 for further perspective. In any case, be skeptical, 
and always test the capability before relying on it for the coding of 
any substantial volume of data. 

For numeric data fields, blanks are ignored, no matter where they 
appear. For example, ", 10 3," is the same as ",103," 

For floating-point numbers, either "D" or "E" can be used 
to indicate a power of ten. 	Thus "1.E+9" and "1.D+9" are 
identical. 	Also, the plus sign preceding an exponent can be dropped, 
so that "1.E9" is equally valid. 

Errors with the use of EMTP free-format capability can be 
confusing sometimes, due to the fact that execution will not always 
be stopped immediately. A KILL = 166 error flag can be set within 
module "FREFLD" I. and there should be a line or two of immediate 
printout announcing the fact. But there is no easy way to immediately 
transfer control to the EMTP error overlays. 	It may take some time 
before an 	IF ( KILL .GT. 0 ) 	error check will be encountered, at 
which point the formal EMTP error stop ("You lose, fella") will result. 

Users should also be warned about possible precision problems 
with the use of EMTP free-format, as documented in Ref. 8, Vol. X, 
3 July 1980, page MSDO-10. At issue is the accuracy of the library 
function handling of FORTRAN exponentiation ( 11**11  operation). A 
standard procedure for avoiding the issue is to rely on the system-
dependent READ (KK, *) operation. If full precision of the result 
is a concern of the reader, he should check with Program Maintenance 
about module 	"FREFLD" for his computer system. He might also look 
at the installation-dependent instructions (Section 0.5 onward). 



Daniel's warning about possible need for extra commas at end of card 
= = = == = = = = = = = = = = = = = = = = = == == = = = = = == = = = = = = = = = = = = = = = = = = = = = = = == = = 	= = = = 

When Daniel (Prof. Daniel Van Dommelen of K.U.L. in Belgium, 
Chairman of the European EMTP Users Group) worked with us in 
Portland during August of 1982,.he reminded me of some additional 
information about EMTP free-format usage, as mentioned on page 2 
of a letter from him dated 26 May 1982. Although I have not 
independently checked this information, I pass it along as. reliable 
rumor. If not true for current (the "M34." version now being 
documented during March of 1983) versions, it certainly must have 
been true for the "M28.+" and/or "M31." IBM versions with which 
he had been working at that time. The following were Daniel's 
points, as I summarized them during August of 1982: 

Restriction 1 : The branch type code ITYPE and four node names 
BUS1, BUS2, BUS3, and BUS4, must be contained in 
columns one through 26. Note that this is the 
normal fixed—format location. Why the EMTP needs 
this is no longer clear to me. I suspect that if 
the last name and its separator comma ("BUS4,") 
must be to the left of column 27, then the 
numeric data to follow must also be to the right 
of column 26. This agrees with the example of 
Vladimir's "TRELEG" output in the bottom half of 
page løøe. 

Restriction 2 : For the uncoupled, series R—L--C branch, at least 
nine data fields are required. Since only three 
floating—point fields are actually used, this 
suggests that six extra commas after the third 
of these might be a good idea. 

Restriction 3 : For coupled R-L elements, at least six data fields 
are required. Since the first phase only shows the 
use of two numbers, and extra four would seem to 
always provide safety. But what about Pi—circuits? 
Although I wrote nothing, I suspect that the rule 
of Restriction 2 might well apply to these as 
well. 	The "nine" data fields would correspond 
to three triplets of R—L--C parameters, which is 
the longest Pi—circuit data card --- and probably 
the source of the trouble. 
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1. STRUCTURE OF E}ITP INPUT DATA 

Any number of cases can be run with one jab submittal. Simply stack 
the data decks for the different cases: 

Special end-of-job termination 
card, if required by user's 
system. 

'Blank card for termination of cases 
Data deck for n-th case 

S 

Data deck for first case 

Job Control cards (see Section 0.5) 

a) DATA DECK : Each EMTP problem is described by a data deck (or data 
-------- 	case) that is ccznposed of the following parts, in order: 

1) Cards to begin a new data case. Included are a 
"BEGIN NEW DATA CASE" card, special request cards 
of various types (if any), and finally the BIT? 
miscellaneous data cards. 

?) Specially-requested extensions to miscellaneous data cards. 

3) Cards that define any TACS (control system; digitally-
simulated analog cc*nputer) modeling. 

1) Cards for linear and nonlinear branches, transformers, and 
transmission lines (or cables), terminated by a blank card. 

5) Cards for electric-network switches, diodes, and thyristers 
(ac/dc converter valves), terminated by a blank card. 

6) Source cards for electrical network (voltage sources, 
current sources, dynamic synchronous machines). These 
are terminated by a blank card. 

16 a) Load flow cards for "FIX SOURCE" usage. 

7) Cards for over-riding the internally-calculated initial 
conditions (which cane from the çhasor steady-state 
network solution). 

8) Output variable specification cards. These are 
terminated by a blank card if the specification is 
selective. But if all node voltages are requested by 
means of a "1 "-punch in column number 2, then there 
is to be no blank terminating card. 
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9) Cards for specifying Type 1-10 EMTP source functions 
point by point. There is one card for each time-step, 
terminated by a 119999" card. 

10) Batch-mode plotting cards (either for CalComp plotting 
or line printer plotting), terminated by a blank card. 

This data structure is for a single deterministic transient simulation, which is 
the most common case (see next paragraph for exceptions). Often data classes 2) 
3) , 7) , and/or 9) are not required, and can simply be omitted. If data class 
5), 6) , or 10) might possibly not be heeded due to the nature of the problem 
under consideration, then only the terminating blank card alone is required, and 
must never be forgotten. 	- 

There are valid E1TP data cases that do not have the above structure. The 
first class of such exceptions involves usage of the E2ITP supporting routines. 
Examples are "LINE CONSTANTS" (used to calculate the constants of overhead 
transmission lines) and "REPLOT" (used for the batch-mode plotting of a 
previously-solved data case). The second class of such exceptions involves the 
usage of multiple-simulation features such as for statistical overvoltage studies 
(the "STATISTICS" request of switch cards). Details of such exceptions are 
covered in the body of this manual. 

As seen from the preceding explanation of data-deck structure, the blank card 
is extensively used as a terminator card, for various classes of data. Sometimes 
a user is confused as to the purpose of one or more blank cards, and would like to 
add some explanation of the meaning. This is easy; just use "BLANK " for the 
first six characters, and the remainder of the card is available for comment. For 
example, "BLANK CARD ENDING BRANCH CARDS" . The E)ITP recognizes all such cards, 
and blanks them out internally, before processing them (but after listing on the 
printer; they appear as as they were keyed by the user). 

Just as with FORTRAN programing, "comment cards" of English-language (or 
French-language, etc.) text can be added to the data deck at any point. The 
punching of "C " in columns 1-2 is all that It takes for the E2ITP to ignore a 
data card completely. 	Do not forget the blank in column two, however. Such 
comment cards will appear as part of the input data listing, but otherwise will be 
disregarded by the E)ITP. 

Also, whole blocks of data can be so ignored by the E)ITP if recourse is made 
to $DISABLE and $ENABLE cards. Refer to Section 1.-D , as well as to the 
installation-dependent information for your computer system in Section 0.5a 
onward. 

b) DESCRIPTION OF THE ELECTRIC NETWORK 

Each non-ground node of the electric network is given a 6-character 
alphanumeric name. Only identical sequences of 6 characters will be recognized as 
one and the same node. 	Therefore, "VOLTS " will be a different node than 
it VOLTS". 	Six blanks (an all-blank name) is reserved for ground (common 
reference or local ground). 	Special names that the user should avoid are 

it 
, "TYP-1 6", "HEIGHT", 	, "S!COTH" , "TARGET", and "BRANCH" 



e  is voltage between 

terminals A and A'; 
eB is voltage between 

terminals B and B' 

2 

Branches are identified by their data and the names of the nodes to which 
they are connected)  or a 6-character element name (Sect. 1.-E). 

Switches are identified in same way as branches. 

Voltage and current sources are identified by node names and are 
assumed to be between the node and the local ground. If no ground 
resistance is involved, then "ground" is the common neutral. Other-
wise "ground" means local ground. 

Transmission Line 
with Ground Resistance 

Tie 
Voltage Source Current Source 

Node voltage is the voltage from node to local ground. 
Branch voltage is the voltage difference across a branch. 
Output voltages of the 3TP consist of an arbitrary selection by 
the user of these two types of voltages. If one wants a voltage 
difference where no branch exists (or where such output is otherwise 
not permitted), the user need only add a very high resistance branch 
between the nodes in question, and request thereupon the branch-voltage 
output. Acceptable values for this purpose are 1.E18 for Univac and 
Honeywell/GE, 	1.E35 for IBM, and 	1.E100 for CDC. 

Current source between 2 nodes: A current source from node A to node B 
can be represented by two current sources, one out of node A and one 
into node B. 

/ 

I - I  
all  represent as: OUT 

This representation does not change any 
impedances between nodes A and B. 



Voltage source between 2 nodes: If the voltage source between 2 nodes 
has an internal resistance, then make an equivalent current source out 
of it and treat It as such (see Point 9), Section 1.6). For example, 

,0 	 o. represent as: 	 L-'- 
/ 

0 . 

If R. = 0, then the voltage source between 2 nodes cannot be handled 
by tfi5 program. 

Voltage sources in series: If more than one voltage source is 
specified at the same node, the voltages will be taken in series 
from ground to that node. This permits the representation of a 
complicated wave form as a sum 	 - 
of different functions. 	 NMEN 

ek 	a14-Q24... 

Current sources in parallel: If more than one current source is 
specified at the same node, the currents will be taken in parallel 
from ground to node. 

I Z 

Simultaneous voltage and current source on same node: If voltage and 
current sources are specified at the same node, the voltage sources 
override and the current sources are ignored. Both forms cannot 
exist simultaneously. 

Connectivity Requirement: With all nonlinear and time-varying branches 
deleted, the resulting equivalent resistive net 
which is solved at each time step must be connected. 
See details in Section 1.3-D. 
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C) DESCRIPTION OF CONTROL SYSTRIAS  

The preceding summary has considered only the description of the electric 
network (resistors, capacitors, voltage sources, etc.). The modeling of 
control system dynamics is separate and distinct, as provided by the TACS 
code of Section 8. 

Control system blocks can take various forms : Laplace transfer functions, 
summing junctions, nonlinear algebraic operations (multiply, divide, square root, 
etc.), logical operations, etc. The output of each control system block Is 
given a distinct 6-character alphanumeric name, so as to identify the signal 
in question. Such blocks can be defined and interconnected arbitrarily by the 
user, forming a control system circuit. One such sample illustrative diagram 
is shown below: 

It might be mentioned that any given 6-character alphanumeric name can be used 
once in TACS and also once in the electric network; there is no confusion by 
the EMTP, since the TACS solution is completely separate from the electric network 
solution. Such double usage is in fact recommended in the case of interface 
quantities, to remind the user of the connection. 

Note the one-way flow of signals (unlike for the electric network, control 
system components-have an orientation, and are not  bilateral). Signal sources 
which serve as input to such control circuitry can be either self-contained 
(e.g., a sinusoidal oscillator, or a step function), or can be controlled by 
the electric network (e.g., any node voltage or any switch current can be used 
as a TACS source). Likewise, any TACS variable 
can be passed back to the electric re twork for  

f 

MAcil 	
WITcHES

/NE ANGLE, etc. 

VOLTAGES control purposes (e • g., the status of an 	 EL (C TRIG 	 I BRANCH CURRENTS 

electric network switch can be controlled NETWORK 	 STATUS OF S 

by TACS, asn a voltage source, or the   

CURRENT SOURCES 
field voltage of a dynamic synchronous 	VOLTAGE SOURES} 	 a 	I machine. Variables of this type which 	SWITCH CONTROL 
are passed back and forth between the 	VALVE F7RING. 	

SYSTEM 

electric network and TACS are referred to 
as interface quantities. 

Fig. 7. Dynamic interaction between electric 
network and control system. 



D) $-CARDS for Special File Operations 

The dollar sign "$" is conventionally used as the continuation 
character CHCONT for free-format specification (see Section 1.0g6). 
But when placed in column number one, and when followed by the 
appropriate key word, it represents a request for a higher-level 
file operation. 

The exact form of $-cards, as well as the list of available key 
words and their meanings, will vary somewhat from one computer system 
or installation to another. If no instructions are to be found in 
Section 0.5a onward for the computer system of interest, check with 
the on-site Program Maintenance. Should they in turn deny all 
knowledge, procure a listing of the FORTRAN code of module CIMAGE 
(see near the beginning of Section 0.5 for the location) , and study 
it. 1f $-cards are allowed, there should be very conspicuous 
comment cards and DATA statements which define the acceptable key 
words. For the original VAX implementation, see Ref. 8, Vol. X, 
20 January 1980, pages ANFC-1 through 7. 

One trivial $-card function whose form is invariant on all 
systems (and which can clearly be implemented on any system) is 
the $DISABLE/ENABLE feature. A $DISABLE card tells the EMTP 
to treat all following data cards as if they were comment cards, 
until the subsequent appearance of a $ENABLE card. 	This is a 
very handy feature for big blocks of comments, or for the temporary 
removing of components from a data case without actually throwing 
the records away (one might want to later restore them) 

Another universal $-card is the $LISTOFF/LISTON feature. A 
$LISTOFF card tells the EMTP not to print and interpret data cards 
which follow. 	This continues until a $LISTON card is encountered. 
The object is to minimize the size of the output file by omitting the 
listing and interpretation of blocks of data which have been tested and 
used before. This is particularly advantageous for users of slow (e.g., 
300 baud) typewriter terminals, to speed the printout. 

A third universal $-.card is the $DIAGNOSTIC,M card, where 
"M" is an integer (diagnostic printout control variable IPRSUP ; 	see 
Section 1.0h, integer miscellaneous data card) . 	Within the overlay 
currently being executed, this allows redefinition of the dumping level. 
When the current overlay is left, however, the $-card definition is 
lost. 	Free-format is used for the ",M 	part, so imbedded blanks 
are permitted here. Printout can be turned off later in the overlay 
using 	$DIAGNOSTIC,0 (remember that level zero implies none) . 	Use 
of this $-.card does not replace the "DIAGNOSTIC" special-request 
card of Section 1.0g7 (for diagnostic control overlay by overlay) 
In fact, this is why the $-card definition is local to the 
overlay: because IPRSOV is used to reset IPRSUP every time a 
new overlay is begun. 

A fourth universal $-card is $STOP , 	to terminate execution 
immediately (within input module "CIMAGE", as the card is read). 

A fifth universal $-.card is the $WIDTH,M card, which allows 
the user to switch between 80 and 132-column EMTP output widths for 
different parts of the program output (M=80 or M=132 here) . This will 
revise any earlier "OUTPUT WIDTH 80" or "OUTPUT WIDTH 132" card. 
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Finally, the universal $VINTAGE,M card allows the user to choose 

between old and new data formats on a component by component basis. 
Here integer constant 'M" characterizes the age of the data (only 0 
and 1 have meaning as of the inauguration in June of 1980, for "M28." 
versions). 	Data options will be described later in the manual, along 
with the components which allow such choice. 

By far the most important $-card is $INCLUDE , 	which was 
named after a comparable FORTRAN feature (in the Univac and VAX 
dialects, anyway). Also on this data card will be the specification 
•of a file, which will vary from system to system. When $INCLUDE 
is encountered, the EMTP switches to the named file fo.r all input. 
This continues until an end-of-file is encountered, at which time 
reading from the original input file (connected to unit tJJNIT5) is 
resumed. 

The user of any non-universal $-card feature must 
remember that his data case is installation-dependent. He must not 
try to solve such a data case on a different computer system than 
it was set up for, without consideration of needed changes to one 
or more $-cards. 

E) 6-Character Element Names for Branch and Switch Identification 

In the beginning, when cases were small and methods were less 
mechanized, the use of the pair of terminal node names was adequate for 
element identification. But since this is often not unique (parallel 
branches are allowed, and switches may parallel branches) , there can 
be confusion and/or error from this, so branches have also been given 
6-character names just as nodes are. In the years ahead, it is expected 
that branch and switch names will receive increased usage. So, although 
today the feature is not common, program users should at least be aware 
of the concept, and how it can be employed. 

The first point is that each and every branch and switch is given 
a default name, before any data input begins. If DIAGNOSTIC printout 
is turned on, or if EMTPSPY is used for interactive observation (with 
BRANCH or SWITCH commands) , these names will be seen: 

LIN001, LIN002, etc. for rows of the linear branch table; 
NLN001, NLN002, etc. for rows of the nonlinear element table; 
SWT001, SWT002, etc. for rows of the switch table. 

Hence, even if the user does not supply names of his own (as explained 
below) , he can use these default names, which really correspond to 
referring to elements by number in the associated table. 

For both linear and nonlinear branches, it is s.imple to supply a 
name provided the element of interest is not a copy of some preceding 
element. In this case, the BUS3 and BUS4 name fields (columns 15 
through 26). would otherwise be left blank. To provide a name, use: 

BUS3 = " NAME:" 	 A request word for the naming operation 
BUS4 = 	 --- Whatever branch name the user desires. 

This is not possible for switches, however, since no such name fields 
exist (unfortunately) 

To copy a previously-named branch using the 6-character branch name 
of that original branch (rather than the pair of terminal node names) , 
one again uses the two 6-character name fields of cols. 15-26: 
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BUS3 = "COPY " ---- A request word for the copying operation 
B11S14 = "??????" ---- Name of the branch being copied. 

To name a branch which is a copy of some preceding branch (so that 
columns 15-26 are already being used), precede the branch to be named 
by a special, extra card which performs this function. The just-listed 
BUS3 and BUS14 appear in columns 15-26 of this extra card; in columns 
3_114, add the special-request text: 

BRANCH NAME: ---- if following branch to be named is linear 
NONLIN NAME: ---- if following branch to be named is nonlinear 

This will be extended to switches (using "SWITCH NAME:") for program 
versions dated 1 April 1983 (11M314.+11) or later. Note that for 
switches, it is the one and only way of providing a name. But for 
versions of "M314." or earlier vintage, no such capability exists. 

1.0 CARES TO BEGIN A NEW DATA CASE (INCLUDING MISC. DATA CARES) 

Each new data case which is to be solved must be begun with one 
or more of the data types described in the following subsections. 
Structurally, there are an indeterminate number (possibly zero) of 
special-request inputs which come first, in any order. The 
miscellaneous data cards of Section 1.0h only come after the last 
of any such special-request inputs for the data case. 

It should be mentioned that free format is particularly useful 
for special-request inputs, for the user who is assembling data via 
a conventional computer terminal (on which column position is not 
intuitively obvious). Take the "FREQUENCY SCAN" output of Section 
1.093 as an example. Using free format, a valid sample card image 
is as follows: "FREQUENCY SCAN, 10., 5.0, 100., 0" . 	Even further 
abbreviation is possible for the really-lazy data assembler; rather 
than using the full request word, an acronym made up of the first 
letter of each sub-word can be used. In this case, "FREQUENCY SCAN" 
can be abbreviated to "FS" , 	if desired. 

In the order that they are explained in subsequent sections, the 
following key words are recognized at this point of EMTP data input: 

BEGIN NEW DATA CASE 
PRINTER LINES PER INCH 
PLOTTER PAPER HEIGHT 
LIMIT ON PLOT OSCILLATIONS 
REDEFINE TOLERANCE EPSILN 
HIGH RESISTANCE 
POWER FREQUENCY 
RE PLOT 
FILE REQUEST 
USER IDENTIFICATION 
ABORT DATA CASE 
}LL CODES 
AVERAGE OUTPUT 
ABSOLUTE TACS DIMENSIONS 
RELATIVE TACS DIMENSIONS 
TABULATE ENERGIZATION RESULTS 
STATISTICS OUTPUT SALVAGE 

case-separation cards 
redefine no. of lines/inch on printer output 
redefine height of paper on a Calcomp plot 
redefine no. of osc. allowed before averaging 
redefine EPSILN for cases w/o misc. data cards 
redefine R of internally added resistor 
synchronous power system frequency 
batch-mode plot of case solved before 
access to module "MIDOVi" during input 
user i.d. info, for batch-mode plot file 
skip the current data case 
print context of the kill codes 
average the values of EMTP output variables 
allocation of storage for 8 TACS tables 
relative sizing of the 8 TACS tables 
combine different runs of a statistics case 
save results of a statistics run 
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OMIT BASE CASE 
MISCELLANEOUS DATA CARES 
CHANGE PRINTOUT FREQUENCY 
BEGIN PEAK VAUJE SEARCH 
TIME OF DICE ROLL 
PEAK VOLTAGE MONITOR 
ABSOLUTE U.M. DIMENSIONS 
RELATIVE U.M. DIMENSIONS 
START AGAIN 
TIME STEP LOOP 
POSTPROCESS PLOT FILE 
USER SUPPLIED SWITCH TIMES 
FIX SOURCE 
MODE VOLTAGE OUTPUT  
JMARTI SETUP 
XFORMER 
SATURATION 
WEIGHTING 
LINE CONSTANTS 
SEMLYEN SETUP 
CABLE CONSTANTS 
ANALYTIC SOURCES USAGE 
TACS EMTP SOURCES 
FREQUENCY SCAN 
RENUMBER BYPASS 
FREE FORMAT 
DIAGNOSTIC 
ALTERNATE DIAGNOSTIC PRINTOUT 
CUSTOM PLOT FILE 
O(JFRTF WIDTH 80 
OUTPUT WIDTH 132 
MODIFY SWITCH LOGIC 
FAULT DATA USAGE 
TACS WARN LIMIT 
STEP ZERO COUPLE 
CONVERT ZNO 

ZINC OXIDE 

skip base base solution in a statistics case 
read miscellaneous data cards 
change frequency of solution printout 
time at which extrema computation is to begin 
the time before which no random closing occurs 
request for peak node voltage 
allocation of storage for the 4 U.M. tables 
relative sizing of the L  U.M. tables 
restart a halted simulation 
transfer of control to time-step loop 
postprocess plot file using TACS 
user supplied random switching times 
EMTP load flow 
modal voltage output for distributed lines 
freq.-dep. rep. of lines using "JMARTI SETUP" 
derive impedance matrix for transformers 
access B-.H.curves, hysteresis, ZnO data 
freq.-dep. rep. of lines using "WEIGHTING" 
calculate overhead line constants 
freq.-dep. rep. of lines using "SEMLYEN SETUP" 
calculate cable system constants 
user supplied sources 
TACS-defined, user supplied, sources 
multiple-freq. steady state solutions 
bypass transient node renunbering 
redefine free format delimiters 
selective diagnostic printout 
selective printout in time-step loop 
change precision of the plot file 
request for 80-colunn output 
request for 132-colunn ouput 
alternative switch logic 
request for generator equivalent 
redefine limit on no. of TACS warnings 
subnetwork ident. with all switches closed 
convert old data of Z,, i) to new formats 
redefine controls of Newton iteration for ZnO 



1.0a Optional Case-Separation cards 

While not mandatory, it is,. good practice for the EIITP user to make the 
very first card of each data case a special case-separation marker: 

See the sample data listing of Section 2.3 for an example of this usage. 

For runs which terminate normally, or single-data-case runs, this card 
just described serves no operational purpose; it does of course appear on the 
80-column input data listing, with appropriate interpretation on the left, but 
that's all. 

On the other hand, should the ENT? decide to prematurely terminate 
execution of a particular data-case solution (with an EIITP error message), 
then a case-separation marker does come in handy. The .Ei1TP automatically steps 
over remaining input cards, discarding then one at a time until it finds such 
a "BEGIN NEW DATA CASE" record. At this point, a new data case is known to 
begin, so the E11TP can correctly recover to solve the just-found following 
case. This is referred to as EIITP error-recovery capability, during multiple-
data-case runs. 

Yet suppose that it was during the solution of the final data case of the 
run that a fatal E1TP error termination occurs. In this case there would be no 
following data case, so further solutions would not be possible. To 
distinguish this situation, the final data case should always be followed by a 
"BEGIN NEW DATA CASE" card and a blank card --- which then will terminate 
execution. 	The blank card in this situation is read as the start of a new 
data case, and the lack of any punching on it is recognized by the E1TP as the 
end of all data cases. 

It should be emphasized that "BEGIN NEW DATA CASE" cards must be properly 
positioned in the data deck; they do not in any way alter the need for blank 
termination cards (the function of which is explained elsewhere in this 
manual). The identity and function of these special cards is recognized by the 
EIITP in only two places. 

1. Following an EIITP fatal error, such cards are watched out 
for, as other records of the input data are discarded. 

2. Following normal completion of the solution for any particular 
data case, the very first non-canment record of the following 
data case will be checked for "BEGIN NEW DATA CASE". 

Any other placement of these key cards will generally lead to program 
bomboff, 	since the alphanumeric text will be either read or decoded 
numerically, which is impossible, and will lead to a system error. 
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1.0b Blank Card for the Termination of EMTP Execution 

- The normal termination procedure for the EMTP is to have the first card 
of the following (non-existent) data case completely blank; by agreement, this 
means that there remain no more data cases to be solved, and E4TP execution is 
terminated. 

In order to protect against boinboff by the operating system in the event 
that data should run out on the input file of the E1TP, the just-mentioned 
final blank card should always be preceded by a "BEGIN NEW DATA CASE" card. 
This is as per Section 1.0a. 

1.0c Special Recpiest Cards to Redefine Built-In Program Parameters 

There currently are three plotting parameters which are given default or 
nominal values by-the EMTP, but which can be redefined at the start of any new 
data case, if thisdesired by the user. These are as follows: 

Variable "LNPIN" ---I 
Used only in conjunction with the line-printer plotting of 
graphs, variable "LNPIN" gives the number of lines per inch to 
which the line printer has been set. Since both 6 and 8 
lines/inch are common in the USA, the user should check with 
Program Maintenance as to which default value his particular 
program translation has been set for. In any case, redefinition 
is by means of the above-listed special request card which 
carries the text "PRINTER LINES PER INCH" in columns 1-22, and 
the new desired value for "LNPIN" punched in columns 33I0 as 
18 information. 

Variable "SZPLT" ' 

1LII1 

Variable "SZPLT" is the height of the graph paper upon which 
'Calcap plots are to be drawn. Protection against pen movements 
which would go off the top of the paper (higher than "SZPLT" 
inches, relative to the location where the pen is initialized 
at the bottom of the paper) is provided by this variable. The 
nominal value presently used for "SZPLT" is 10.0 inches, though 
this may vary from translation t translation; the user should 
consult with Program Maintenance to find out what built-in 
value exists for his program. In any case, redefinition is by 
means of the above-listed special request card which carries 
the text "PLOTTER PAPER HEIGHT" 
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in columns 1-20, and the new desired value for 
"SZPLT" punched in columns 33140  as E8.0 
information. 

Variable "NSMTH" :  
LiIMIT ON PLOT OSCILPT1ONS .t 	J NSMTII 

FU 
Variable "NSMTH" is a limit on the number of 
successive ups and downs which a curve being plotted 
is to be allowed, before the averaging of successive 
ordinates for all later time is to be instituted. A 
default value of 50 is normally used (assigned in 
installation-dependent module "SYSE€P" ; see Section 
0.5 for location). In any case, redefinition of this 
variable is possible by means of the special request 
card reading "LIMIT ON PLOT OSCILLATIONS" ; the new 
oscillation limit is to be punched in cols. 33_140. 

Currently there also are three non-plotting parameters which can be 
redefined by the user, if need be, as follows: 

Variable "EPSILN" 

The familiar floating-point miscellaneous data 
parameter "EPSILN" (see Section 1.0h) is used far 
more than for the stated reason of checking matrix 
singularity. Often the EMTP wants to know whether a 
floating-point result is getting small, and "EPSILN" 
(possibly scaled by a power of ten) is usually used 
as the standard of comparison. This may occur in 
the solution of EMTP data cases which have no 
riiscellaneous data cards, however, so that the user 
would otherwise have no control over this important 
parameter. A "LINE CONSTANTS" or "CABLE CONSTANTS" 
data case is such an example. By means of the 
"REDEFINE TOLERANCE EPSILN" request card shown above, 
the user can redefine this value at will. The default 
value is set in installation-dependent module "SYSDEP" 
(see Section 0.5), and typically has a value of 
1.E-8 for REAL*8 translations, and 1.E-5  for 
36-bit translations. 

Variable "KPARTB" 
I 	IJ°IfzJI 

HIGH RESISTN4CE L 	HL riI 

XT 



Type-99 pseudo-nonlinear elements (see 
Section 1.28) have large resistance internally 
added, always. The value of resistance in both of 
these cases is normally based on the near-zero round-
off tolerance "FLZERO" which is defined within 
installation-dependent modUle "SYSEEP (see Section 
0.5). For example, most REAL'8 translations (IBM, 
VAX, PRIME, SEL, etc.) will have FLZERO = 1.E-12 
The E?ITP uses resistance value RINF = .01/F12ERO 
ohms, or 1.E+10 for REAL*8 machines. Generally 
no problem in this case. But for lower-precision 
translations like the 36-bit Honeywell and Uivac 
ones, the resulting RINF value will drop, and may 
be bothersome. By means of the "HIGH RESISTANCE" 
request card shown above, the default value of RINF 
can be replaced by 10**KPARTB . 	The user thus has 
control within a power of ten. 

Variable "STATPR'!  

1P.0WER'YREqU'ENC.Y 	I 	STATF 

Variable "STATFR" is the synchronouspower system 
frequency, in Hertz. This will normally be 50 Hz or 
60 Hz, depending on the translation being used (the 
definition 	is made within installation-dependent 
module "SYSDEP" of overlay number 1). 	Yet special 
cases can be of interest (e.g., the 40OHz usage of the 
aircraft industry, or the usage of both 50 Hz and 60 
Hz within Japan). 	In any case, if the user wants to 
change variable 11 A1FR11, he need only punch a card 
according to the above format; the text "POWER 
FREQUENCY" is to be punched in columns 1-15, and the 
desired new power frequency goes in columns 33-40 as 
E8.0 information. 

If the user chooses to alter two or more such parameters, the 
order of requests is immaterial. If the data case in question is a 
"REPLOT" case, the above-described parameter redefinition cards (if 
any) must precede the "REPLOT" card (see Section 1.0d), since 
immediately thereafter program control will be transferred to 
plotting. 



1.Od "REPLOT" ---- Calcomp Plotting of Previously-solved Cases 

If a previously-solved data case had miscellaneous data parameter 'ICAT' 
set to 1 or 2 , then the plot data points of that solution were saved on 
disk as a permanent file. Should the user now, at a later time, wish to do 
Calcomp batch-mode plotting from this data, he need only precede his plot cards 
by the following 11REPLOT11  request card: 

Mm.  
LuillII 

Cols. 1-6 : Must contain the key request word "REPLOT" 

Cols. 11-30: The date and time which are uniquely associated with the 
solution to be plotted are to be punched between columns 
11 and 30. This date and time will be found in the line-
printer heading which began the output of the solution to 
the data case which is now to be plotted. Only the six 
decimal digits of the date and the six decimal digits of the 
time are required or actually used, with blanks or separation 
characters like "I" and "." totally ignored by the EMTP. 
Hence within the column 11 to 30 boundary, it is free-field 
format. 

Cols. 73-80: Parameter controlling diagnostic printout; leave "IPRSIJP" 
blank (or punch a zero) for production runs. See further 
definition associated with usage on integer miscellaneous 
data card. 

Warning! Before blindly trying the just-described 
feature for the first time, a user is advised to first read the 
installation-dependent instructions for his own computer system. (in 
Section 0.5a onward). 	If "REPLOT" is not explicitely mentioned 
therein, check with more experienced users, or with Program 
Maintenance of your organization. The "REPLOT" feature is quite 
installation-dependent, and may not even be activated on many 
systems. 	With the advent of interactive CRT plotting (see Section 
5.), it is falling into disfavor. On some systems (e.g., VAX as used 
at BPA in 1980), there may be restrictions as to the form of the file 
name (date and time), or the use of free-format only (rather than the 
fixed-format that is shown here). The fixed-format just described 
was used with BPA CDC during and before 1978; it is retained here 
only as an illustration of one possible high-level implementation. 

A data case in which the user wants to produce Calcomp plots by means of 
the "REPLOT" feature then consists of the following components: 

1. First, a "BIN NEW DATA CASE" card, if so desired. This 
is optional, as per Section 1.0a description. 

2. Possible special request cards to redefine built-in EMTP plot 
parameters, as per Section 1.Oc . These have key request-words 
"PLOTTER PAPER HEIGHT" & "PRINTER LINES PER INCH" 

3. Then the "REPLOT" card as just described. 

4. Finally, the plotting cards, as described in Section 1.10 



1-0e Calling of Installation-Dependent Module "MIDOVl" 

The principal installation-dependent module that is called at the 
start of execution of each data case is "SYSDEP" . But there is yet 
another such module in overlay 1 which is used for initialization (see 
Section 0.5): "MID'3V1" . For some computer systems, for certain 
special types of data cases, it may be necessary or desirable to have 
"MI])OV1" called at a certain point during the data input. This is 
possible, by means of the special 
request card "FILE REQUEST" (see 	'7 
format at the right) 	But a warning  
should be issued: do not use this 	FILE REQUEST 
without the knowledge and approval of 	LHHfl 	HLt 
Program Maintenance. 

1 Mel Redefinition of 6-character Text "USERID" 

In conjunction with the batch-mode plotted output (CalComp) 
of Section 1.10, there is the problem of identifying which plot belongs 
to which user. Of course, individual installations may have special 
exotic ways, in which case there is no problem. But if this is a 
problem, the EMTP comes to the rescue with six characters of user-name 
type identification "USERID" . 	For sophisticated implementations, 
the assignment of an identifying name will automatically be performed 
within installation-dependett module "SYSCEP" (see Section 0.5), so 
the user need not be concerned by it. During and before 1978, this was 
done at BPA for the CDC installation. But for some systems it may be 
difficult to obtain such user identification at the FORTRAN level, or 
the user may want to over-ride it in any case. Such a redefinition of 
the six-character contents of "USERID" is possible, using the following 
special-request card: 

I+-_IIt 	lIi 
.................................. 

U5ER.ThN1IF.ICATION................ As. 
USER.tD 

1.0e2 Card to Disable an Entire EMTP Data Case 

Suppose a user has an EMTP data 
which he also knows is defective for 
the running of such a data case (and 
job of several data cases, for 
example), a user can resort to the 
below. Once this is encountered, 
the EMTP will skip input records 
until the next "BEGIN NEW DATA 
CASE", at which point execution 
begins anew. 

case which he wants to keep, but 
one reason or another. To prevent 
subsequent bomboff of the entire 

key-word card shown immediately 

I 

ABORT .... DATA.CSt.............. 

1.0e3 Request for the Printing of EMTP KILL Codes (Error Messages 

It is sometimes handy to be able to generate the text of any 
particular fatal EMTP error message (KILL code) without actually having 
to set up a data case which will so bomb off the machine during 
execution. This is possible for most systems, using the request: 
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It1' F11 ...
1 

The key-word "KILL CODES" begins in column 1, and KILL 1 and KILL2 
are the beginning and ending KILL numbers of the consecutive KILL 
codes which are to be printed. Of necessity, KILL2 must not be less 
than KILL1 

A few words about the functioning of this feature are in order. 
As of April of 1980, EMTP error messages are confined to five overlays 
51, 52, 53, 54, and 55. 	The first four of these have 50 error messages 
each, and the last is well short of this limit (when we reach 50, a new 
overlay is created). As we loop over KILL codes, control always 
begins in overlay 51; then, a transfer is made to the overlay that has 
the error message in question (e.g., overlay 52 for KILL between 51 
and 100); then a transfer is made to overlay 551 to the end of the 
loop; finally, if this is not the last error message, control passes 
back to overlay 51 where it began,.and the cycle repeats. Of these 
three overlay transfers, not that one can be omitted (only two are 
actually required) if the error message is located in overlay 51 or 
overlay 55. 	Now, for computers with overlaying (non-virtual), all of 
this rolling of code in and out can be time consuming. In the Vol. 
VIII EMTP memo of Ref. 8, page AOVA-3 presents some CDC-6500 times 
as part of my bigger argument for virtual architecture. The figure 
presented is about 25 seconds of I/O time for each error message, 
worth perhaps 83 cents. On such a computer, then, do not expect to 
dump 100 or 150 error messages rapidly and economically. 

Mother caution is in order. Systems which do not allow the 
printing of garbage may have trouble with this feature. VAX is one 
such system, and the printing of a range of KILL codes will typically 
end prematurely with an I/O complaint by the operating system. We 
never had that problem with CDC. If this becomes a problem, perhaps 
later we shall carefully initialize all variables of /BLANK/ before 
the printing begins; but as of April, 1980, there is no such 
initialization, so a lot of garbage is printed. 

1. OeLt  Request to Average EMTP Output 	 __  

F1H 
___ 

	:21
I 

By means of the special-request text 
"AVERAGE OUTPUT" beginning in column one, AVER¼6E OUTP UT the user signals his intention that 
successive values of EMTP output variables 
be averaged before printing and plotting. The mathematics of E11TP 
solution are not affected; this is just a massaging of the answers at 
the time answers are printed and written to the UJNIT4 plot file. By 
averaging is meant the arithmetic mean of the current and the preceding 
variable value, (Vnew + Vold)/2 

For studies-where EMTP output variables are smooth functions of 
time, the "AVERAGE OUTPUT" request would have negligible effect, and 
should not be used (it just adds a small error to the answer). But 
there are problem cases like that of the hanging inductor (see the two 
pages of discussion in Section 1.40 about 11REMAHS ON OPENING ACTION"). 
There are pathological cases where the trapezoidal rule gives answers 
that oscillate around the true value, so that this remedy is useful. 
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1.0e5 Request for Allocation of Total TACS Storage 

TACS is the control system modeling feature of Section 8 	Total 
working space for all TACS tables is assigned in List 19,  along with 
the other 27 or so EMTP lists (see Section 0.6). But there still 
remains the question of how this total working space is to be divided 
among the 8 TACS tables. This allocation Is performed at execution 
time, according to the description of the present section, thanks to 
the procedure of offset subscripting (see Ref. 8, Vol. VIII, .27 January 
1979 page FROV-19 through 22). 

The first way to allocate total TACS storage is with a request for 
absolute TACS table sizing, followed by two data cards giving those 
desired sizes: 

The format for the list sizes is (1018), with the 8 TACS table 
sizes having the following meaning: 

LT1 	Maximum number of TACS dynamic function blocks, having 
Laplace transfer functions H(s) 

LT2 : Maximum number of nonzero factors of the triangularized 
TACS network matrix. This limit applies to both the 
steady-state solution and the transient solution. 

LT3 : Maximum total number of input variables to TACS 
dynamic function and supplemental devices. 

LTL 	Maximum number of TACS sources. This includes built-in 
sources (e.g., "TIMEX" or "UNITY"), and variables passed 
from the electric network to be TACS driving functions. 

LT5 : Maximum number of supplemental variables and devices 
(type codes 99, 98, or 88 punched in columns 1-2). 

LT6 	Maximum total number of extra INTEGER pointers which are 
associated with supplemental variables and devices. There 
is no easy, exact formula, although sample figures can be 
given. Each parenthesis requires 3 cells, as does each 
arithmetic operation ("+", 

LT7 : Maximum total number of extra REAL cells which are 
associated with TACS variables. Each TACS variable 
requires one or more such cells. Again, a simple rule 
is impossible to state. Each first-order function 
block requires 10 cells, intermediate variables of 
supplemental-variable expression evaluation each 
requires one, the average device might require between 
3 and 5, and the most complex device (the RMS sensor, 
Type 66( requires 1 / ( f * DELTAT ) 	where 'If"' is  
fundamental frequency. 
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LT8 : Maximum number of distinct TACS variables used in the 
TACS data specification. 

Provided the total storage represented by this user request is less than 
or equal to the List 19 space available, execution will proceed 
normally. 	If not, the fact will be noted upon entry into 11TACS1" of 
overlay.  1 (which occurs after reading of the "TACS OUTPUTS" card of 
Section 1 ld), and execution shall be stopped with a KILL = 1 EMTP. 
error message pointing to List 19 

The second way to allocate total TACS storage is with a request for 
relative sizing. That is, rather than request a specific number of 
function blocks, supplemental variables, etc., one can simply request a 
proportional allocation (e.g., 5% of the total storage for function 
blocks, etc.). 	There first is the special-request card, then the two  
data cards bearing the 8 proportions: 

But one problem with this second option is that the user has no 
intuitive feel for the relative space taken by different tables. To 
aid the user, we present an approximate correspondence between nominal 
absolute dimensions and the proportions which produced them: 

ABSOLUTE DIM. 	20 	90 	100 	20 	30 	250 	300 	60 

RELATIVE DIM. 	11 	15 	7 	7 	3 	8 	21 	28 
(%) 
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This applies to translations having integers which are half as long as 
floating-point variables (INTEGER*I vs. REAL*8 for 
IBM PRIME, VAX, SEL). Proportions are a little different for computers 
where floating-point variables are the same length as integers (CDC, 
Cray, Burroughs, FPS-164; also single-precision Univac and Honeywell). 

In the absence of either such special request card for TACS 
dimensioning, the EMTP sets dimensions according to the following 
default absolute dimensions: 

20 90 100 20 30.250 300 60 

Depending upon the size of List 19 , 	execution may or may not be 
possible (i.e., even with default dimensioning, there still might not 
be sufficient table space for execution). 

1.0e6 	Request for Combination and Tabulation of "STATISTICS" 

Provided the user has previously executed a "STATISTICS" data 
case one or more times beforehand, and saved the essential internal 
tables (using "STATISTICS OUTPUT SALVAGE" request of Section 1.0e7), 
then it is possible to proceed with the statistical tabulation of 
overlay 29.  This 
begins with a 	1 
special-request 	 I I 1 

card reading: 	TA13UL1E ENRG1ZATIOH.REISUVTS....... 

followed by a statistics miscellaneous data card (see Sect. 1.1a). 
At this point, program control is transferred to overlay 29,  where the 
3-digit integers that uniquely identify all previous simulations (see 
parameter JFLSOS of Section 1.0e7) are specified: 

IrIIIiIIEIIIIEIEIllIEIEINEIIEEII 

Use as many cards as desired, skipping any of the 8-column data fields 
if this is convenient. Ordering of the integers is immaterial. Signal 
the end of such data by punching 119999"  in a field to the right of the 
last real integer specification. 

That is all that can be said for the data input. 	This constitutes 
the end of data for such a data case. 	After this universal data input 
in "SUBR29" is accomplished, installation-dependent module "STATRS" 
of overlay 29 is called, once for each partial simulation which is now 
to be tabulated. 	Module "STATRS" actually attaches (connects) the 
associated disk files, and reads the data into internal program storage. 



Refer to- installation-dependent instructions of Section 0.5a onward for 
the computer system of interest, for further details as to file 
identification, special complications for a particular system, etc. If 
nothing is found there, the curious user might study a listing of 
"STATRS" , and have a talk with local program maintenance, should 
there be trouble. 

1.0e7 Request for Saving of "STATISTICS" Tables for Later Tabulation 

Because "STATISTICS" data cases can be so time consuming, it is 
often convenient to solve them in pieces. Take a really big case 
(either many nodes, or many time steps, or both), which might require 
15 minutes for the base case simulation. If 100 shots of "STATISTICS" 
simulation were desired, it would be an all-day operation --- with a 
good probability of a computer crash in the interim, which would lose 
everything. Also, when one so puts his eggs all in one basket, yet can 
not look at the output until the job is complete, it is not unheard of 
for a user to waste the entire output due to input data errors. Much 
more prudent is the splitting of such a large job into a number of 
smaller ones (e.g., five jobs of 20 shots each), solve the smaller jobs 
individually, and then combine and tabulate results later using the 
"TABULATE ENERGIZATION RESULTS" feature of Section 1.0e6 

For most computer systems (those which catalog files before any 
data is written), the following special request card is required for the 
saving of "STATISTICS" results for later tabulation: 

STAflST1cS OLrrPUT SALVAGE 	1i;13.  

The 3-digit integer field JFLSOS allows the user to identify the disk 
files which result using a decimal serialization between 001 and 999. 
If JFLSOS is left blank or punched with zero, the EMTP shall itself 
generate such integer identification randomly. The only disadvantage 
with this is that then the user does not know file names before the 
case has been solved (the random serialization will appear in the column 
1-50 interpretation of the 'STATISTICS OUTPUT SALVAGE" data card). 

So much for the universal aspects of file identification. 	The 
three decimal digits are typically appended to the end of some standard 
root word, to create actual system file names. As such file naming is 
system or installation-dependent, the user is referred to instructions 
for his system which begin with Section 0.5a , or to his local Program 
Maintenance. He might also look at the FORTRAN coding of "MIDOVl" of 
overlay 1, where file opening should be placed (see also Section 0.5). 

For those computer systems which can catalog files after they have 
been written (e.g., EMTP exploitation on the BPA C1-6500, using special 
customized software), there is more flexibility. The just-described 
request card can either appear at the beginning of the data case as just 
described, or at the very end, positioned so as to be read as the first 
data card of the following data case. In this position, it is read in 
overlay 55, before the printout of the case summary statistics. Even if 



the job bombed off for some reason, on the BPA CDC-'6500 the E4TP would 
regain control from the operating system (provided the system itself had 
not crashed), and would save the relevant "STATISTICS" files by a call 
to installation-dependent module "STATSV" of overlay 55. But this is 
the exception rather than the rule. Systems as nice as this do not seem 
to be built any more (those were the good old days, when it cane to 
salvaging "STATISTICS" simulations)! 

1 .0e8 Request for Qnission of Base Case of "STATISTICS" Simulation 

The conventional "SFATISTICS" or "SYSTEMATIC" data case i 
involves a base case solution before any of the NENERG (integer 
miscellaneous data parameter; see Section 1.i).energizations are 
begun. This is a preliminary shot right down the middle, with all of 
the variances set to zero. Well, the user can. suppress this extra, 
preliminary simulation by a special request card reading: 

I 	
I OM1'r6APSCfsE H1 

Resulting statistical tabulations are unaffected, since the base case 
solution was not part of the statistical processing anyway. So, if the 
user already knows what the base case solution looks like, he can save 
one shot, as well as some paper. A classic case is where one is solving 
one of several small pieces of a bigger problem, using "STATISTICS 
OTrP1Tr SALVA(" as in Section 1.0e7 . 	It would be wasteful and 
unnecessary to repeat the sane base case solution for each piece of the 
problem that is solved. 

1.0e9 Request to Read Miscellaneous Data Cards 

The floating-point and integer miscellaneous data cards are 
described in Section 1.0h . For a conventional simulation, they come 
after all special requests of the type now being considered. For the 
normal simulation this is fine, and there is no problem. 

But in special circumstances, the user may want to define one or 
more of the miscellaneous data parameters ahead of time. Perhaps I 
should not say "ahead of time," since in the extreme case where there 
is no simulation at all (e.g., when using "LINE CONSTANTS"), such data 
cards would otherwise never be read. Anyway, the user can have 
miscellaneous data cards of Section 1.0h read at this time provided 
he precedes the cards by the appropriate special-request word: 

Ij IJL ;IilI' 

ISCELANEOS DAT 	Rdst_ 
I 	t 	I 41 

loEg.o -j-  :cLOtInl!J 	porrL 	ceHeu. 	
...

......  I 
io-  I.J. L.- I t 

The user is advised not to do this casually, however; there should be a 
reals  known need, and local Program Maintenance should be aware of the 
usage. 
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1 OelO Request to Change the Frequency of Time-Step Loop Printout 

Printout in the time-step loop has frequency controlled by integer 
miscellaneous data parameter lOUT of Section 1.0h . But this 
frequency can be changed as-simulation time progresses. Begin with 
the special-request card  
shown at the right, and 
follow this with the card 
of (KCHG, MULT) pairs 	 CHAI6E PRINTOUT FRQUENCsr .I.I. .L. . 
of Section 1.1b  

. 
111111 

IflIOJP.IO3 O C 	 ' 	WI O 0 	C 	C) ml ø 	OIOI 	C u 	'oI.. 
________ O C 

I 

•• MULIT KCHc, PIOLT KtHG ___ 
This card specifies at what time-step numbers the printout frequency is to 
be changed, and what values the frequency is to be changed to. Up to five 
pairs of step numbers and new printout frequencies are permitted, as per the 
following definitions: 

KCHGI 	Time-step number at which the i-th variation in the 
printout frequency is to begin. Printout for this 
particular step number is always provided, as a 
beginning to the new frequency of output. 

MULTI  -- Modified value of "lOUT" (see second misc. data card), 
to begin at time-step number KCHG 

A change in the printout frequency was originally provided as per 
Section 1.1b , 	if integer miscellaneous data parameter IPUN was 
given a value of minus one. That still applies. But IPUN also has 
meaning when it is positive: the punching of terminal conditions. The 
user may want to do both of these operations in the sane data case, 
which was impossible before (variable IPUN could not be both negative 
and positive at the sane time). The special request card of the present 
section resolves this potential conflict. Users may prefer it even if 
there is no conflict. 

1.Oe11 Request for Delay in Extrema Calculation 

The integer miscellaneous data parameter MAXOIJT (see Section 
1.0h) provides for the calculation and output of variable extrema. The 
sane vector of extrema is used for "STATISTICS" and "SYSTEMATIC" 
output as well. 	Normally, extrema are wanted over the full time span 
of the simulation. But not always. There are cases where one wants to 
ignore a certain initial Interval of the simulation, only considering 
transients after a certain minimum time. For example, in a "STATISTICS" 
simulation, it is possible that random closing shall follow the opening 
of breakers (clearing of a fault), but that the peak simulation voltage 
will be produced during the deterministic opening portion of the 
simulation. If extrema were calculated over the whole time span of the 

'I 
. r 
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simulation, each energization would generate identical peaks, which is 
useless to the designer. So, in this case, the solution is to inhibit 
the calculation of extrema until transients of the opening phase of 
execution - have passed. This is possible, using a special-request card 
which reads as follows: 

'[.• 	 :IiI 

Here BEGMAX Is the time in seconds at which the extrema computation 
is allowed to begin. 

So much for the simplest possible case, where an initial time 
span is simply ignored in the extrema calculation. 	But more complex 
time ranges are possible, if the above BEGMAX is given a value of 
"-1.0". 	In this case, an extra card is to follow upon which monotone 
increasing times Tl, T2, etc. are to be punched. 	In this case, 
extrema are to be calculated only for those portions of the simulation 
which intersect the sub-intervals (Tl, T2), (T3, T4), etc. 	The 
format for this extra card is shown below, where the final subinterval 
is followed by some very large beginning time ofa non-existent 
bounding interval: 

III JIII!IN1Ii!1II IOii III!I1LiII 
Temporary (initial) dimensioning has been limited to two subintervals, 
so either T3 or T5 is to be chosen to be a very large time (the 
bounding interval). 	For details of how to allow more such storage, 
see Ref. 8, Vol. XI, 20 September 1981, page MMED-l. 

l.0e12 	Request for "STATISTICS" Table Saving at a Specific Time 

As explained in Section 1.40, Class 3a, a "STATISTICS" data case 
can Involve the random opening of switches (rather than the more 
conventional random closing). 	The development of this capability is 
documented in Ref. 8, at the end of Vol. IX, 6 November 1979, page 
EOVN-1 and 2 • 	Had there been sufficient time to develop this 
option, there would be no need for the special request of the present 
section. The special-request that is now to be described really just 
represents a patch; if EMTP tables are straightened out at some later 
date, it should be removed. 

Well, if the user wants to manually define the simulation time at 
which the EMTP tables are to be saved, so that each energization need 
not repeat the deterministic simulation up to this point, he uses the 
following special-request card: 



TIME OF 

Ic-la 

Variable TENERG is in /BLANK/ , 	and it is the time before which 
no random switching can reasonably occur. 	If this variable is set 
equal to -FLTINF in installation-dependent module "SYSDEP" of 
overlay one (see Section 0.5), which is the VAX and Univac usage as of 
March 1980, then we have the following cases: 

1. If a "STATISTICS" or "SYSTEMATIC" data case is executed 
without a "TIME OF DICE ROLL" special-request card with 
reasonable positive TENERG , 	then internal program table 
dumping will be at time zero. 	This is done in overlay 15, 
at the end of UOVER15U , 	by the call to TABLES . 	In this 
case, the deterministic portion of each energization is 
repeated for each random simulation. 	THIS IS REQUIRED FOR 
THE CASE OF ONE OR MORE RANDOMLY-OPENING SWITCHES, due to the 
aforedescribed sloppy table housekeeping. 	But it is wasteful 
and unnecessary if there are no random-opening switches. 

1.0el2a 	Declaration of Intention to Use EMTP Load Flow 

EMTP load flow capability is associated with special data 
cards that are to follow the blank card ending sources, as explained 
In Section 1.66. But such observation of power constraints is 
optional. If such data is to be read at the appropriate time and 
place, the EMTP must know of its existence. The user declares this 
by means of the following request card: 

H4fl::4 
For examples of such usage, see the standard test 
cases BENCHMARK DC-25 and DC-26. 
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2. If the "TIME OF DICE ROLL" card is present in a "STATISTICS" 

or "SYSTEMATIC" data case, then the user defines the time 
at the end of the deterministic portion of all simulations at 
which tables can be saved. As long as there are no random-
opening switches, do this, to save computer time (if TENERG 
is a significant fraction of NAX ). 

Current (March, 1980) thinking is that all program versions to be 
set up during the summer of 1980 shall be this way. But there may be 
exceptions. The key point is the initialization of TENERG within 
"SYSEEP" . 	If that negative initialization is not present, then the 
above does not apply. Instead, TENERG is automatically defined 
internally. This is fine for the case of just random closing, in this 
way sparing the user from defining the table-saving time himself 
manually. But then the random-opening case is fouled up, if the user 
fails to disable the automatic procedure by inputting a special-request 
card with TENERG negative. This would be a disaster (wrong answers 
to the simulation), and it is to guard against this worst case that 
the options of the preceding paragraph were decided upon. If there 
are questions about this, or if the second alternative are desired 
(e.g., if random opening will never, ever be used), contact Program 
Maintenance. 

1.0e13 Request for Peak Node Voltage of Simulation 

For the user who is interested 	I 1 	 !II I 
in peak node voltage, but is not 	

tj L 
sure at which node this will occur, 	 VOI.)ThGE NONITOR I 
we have the paper-saving alternative 	I 	 I 	I  
requested as shown to the right: 
Then, at the end of the simulation, before the usual peak-value printout 
for the output vector, will be generated one line of output from the 
following statements: 

WRITE (LUNIT6, 5011) PEAKND(1), PEAKND(2), B1(N6) 
5011 FORMAT ( 8X, 38HOVERALL SIMULATION PEAK NODE 'VOLTAGE : 

1 E15.6, 	17H . 	TIME (SEC) :, 
2 E14.5, 	1211 . 	BUS = I 	A6, 	3H' . 	) 

Remember that this is the peak node voltage in volts, not in per unit. 
If the problem has transformers which step the voltage up or down, there 
is no way of spotting per unit peaks which might occur on the low 
voltage side. 

1.0e14 Request for Allocation of Total U.M. Storage 

The universal machine (U.M.) component of Section 1.63 has total 
working space for all tables assigned in List 25 of the overall 
program variable dimensioning (see Section 0.6). But there still 
remains the question of how this total working space is to be divided 
among the four U.M. tables. This allocation is performed at execution 
time, according to the description of this section, thanks to the 
procedure of variable dimensioning by arguments of a SUBROUTINE call 
(see Ref. 8, Vol. I, 3  July  1974, page VDTP-2 onward). 
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The first way to allocate total U.M. storage is with a. request 

for absolute U.M. table sizing: 

I....I 
G5OiLTE. d.ti.;.plN;NSIoMS . . '..I....I 

ILl 

r 

....Bi.. 
'_.L.l.... .I.I 

t.;I.. 

I. 
rA . ....... • I... 

.._______ 

'.1...... . 
_______ 

NCLFIX 
(33_LO) 

NUMFIX 
(L1_L8) 

IOTFIX 
(49_56) 

IBSFIX 
(57_6L) 

Maximum total number of U.M. coils in the 
data case. This is the total for all U.M. 
components involved. 

Maximum number of U.M. components for the 
data case. 

Maximum number of U.M. output quantities 
(total for all machines). 

Maximum number of U.M. 6-character 
alphanumeric names (total for all machines). 

Provided the total storage represented by this user request is less than 
or equal to the List 25 space available, execution will proceed in a 
nominal fashion. If not, this fact will be noted by module "UMOFFS" 
of overlay 5, as the first U.M. data component itself is ready for 
input, and an EMTP error stop will result. In any case, the 
corresponding minimum size for List 25 will be printed out by 
"UMOFFS" as part of the column 1-50 interpretation of the Type-19 
request card for U.M. modeling. This way the user knows what fraction 
of the available space he is utilizing. 

The second way to allocate total U.M. storage is with a request 
for relative sizing. That is, rather than request a specific number of 
coils, machines, etc., one can simply request a proportional allocation 
(e.g., 50% of the total storage could go for coils, etc.). The format 
for such an allocation is: 

1IIllhIIIIllIIIIII!IIllhIIIIIIIllh1 
We still use integers, note; and the four data fields correspond one to 
one with the four tables as described for "ABSOLUTE U.M. DIMENSIONS" 
But here the meaning is a fraction of total available space for that 
table. In order to use this effectively, one must know the multiplicity 
of the four tables: 

REAL 	 L 	19 	0 	0 
INTEGER 	 L 	14 	2 	0 	- 
ALPHANUMERIC 	0 	0 	0 	1 

For a computer with half-length integers (e.g., IBM, VAX, PRIME, and 
SEL, all of which use REAL*8 and INTEGER*4  translations), the 
overall byte weighting is: (6, 26, 1, 1) . 	On the other hand, for a 
word machine where variables all have the same length (e.g., CDC), the 
overall word weighting is: (8, 33, 2, 1) . 	Using which ever of these 
is appropriate, multiply the corresponding absolute dimensions by these 
components in order to produce the corresponding relative dimensions. 
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As an example of this, suppose that absolute dimensions that are deemed to be 
balanced are the default ones of the E1TP : (20, 3, 50, 60) . Well, operating 
at BPA on our VAX, the weighting (6, 26, 1, 1) then produces the associated 
relative dimensions (120, 789  50, 60) . 	If the data card "RELATIVE U.N. 
DIMENSIONS, 120, 789  50, 60" were then placed at the top of a data deck with 
involved U.N. modeling, these numbers would never have to be altered, no 
matter how many machines were involved. Of course, if there were too many 
machines for the available memory, there would be an overflow error stop. But 
this could be corrected by redimensioning the E)ITP with larger List 25 
without touching the "RELATIVE U.N. DIMENSIONS" card. 

- If the user fails to input one or the other of the above two cards which 
specify U.N. table sizing, then the E)ITP allocates absolute dimensions in 
"iJMOFFS" of overlay 5 which equal (20, 3, 50, 60) . These, then, are default 
dimensions. 	For IBM, 	VAX, PRIME, and SEL, a List 25 size of 300 is 
sufficient for this usage (and it corresponds to the default allocation of 
VARDIM for List 25). Word machines will need more (it appears that 1410 
should do the jct). 

1. 0e15 Request to Restart a Halted Simulation ("START AGAIN") 

Integer miscellaneous data parameter ME1SAV will result in the dumping 
of flITP memory onto disk at the conclusion of a simulation (i.e., at 
t = Tmax). 	For those cctnputer systems which have allowed this capability, 
such a simulation can be restarted, as documented in Ref. 8, Vol. X, 
pagination MSW, 3 July 1980. Also see the following memo, which contains 
modifications. In the present material, it shall be shown how such a halted 
simulation can be restarted using the "START AGAIN" request. 

The request to load those memory contents back from disk is of the form 
shown below. 	The request-word "START AGAIN" is universal, but the file 
specification that follows it will depend upon the cctnputer system being used. 
Indeed, there may even be more installation-dependent information on this data 
card, so consult the instructions pertaining to your cctnputer version at the 
front of the manual before going further. This just-described first card is 
to be followed by an arbitrary number of cards that redefine switch and TACS 
source parameters, one card per device that is to be changed. The last of 
these is terminated by a 119999"-card (punches in columns 5-8): 

START AGAIN, file name 
One card for each switch or TACS source to be changed 

9999 
As for the format of the cards to change parameters of switches or TACS 
sources, there are 5 choices: 
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1) Cols. 55-60 left blank means that a special, dedicated input structure 
for a switch is assumed. In the format below, "J" is the switch number, in 
order of data input. The switch opening time Topen will be redefined only 
if columns 25-40 are punched with a positive number. More ccznrnonly, it is the 
closing time Tclose that will be altered, for switches that are open at the 
end of the preceding, discontinued simulation. Columns 9-24 are always read, 
and Tclose is always redefined (blank is interpreted as a request for zero 
closing time). The format is: 

2) Cols. 55-60 keyed with "1111." means that the data card is a TACS 
source card, with its usual format (except for cols. 55-60). Any blank field 
of such a TACS source card will result in no change to the associated source 
paraneter. 	I.e., the user only need punch those paraneters that he actually 
wants to alter. 

3) Cols. 55-60 keyed with 11 222." means that the data card is a switch 
card, with its usual format (except for càls. 55-60). Any blank field of such 
a switch card will result in no change to the associated source parameter. 
I.e., the user need only key those paraneters that he actually wants to alter. 

'I) Cols. 	55-60 keyed with "-1111." ---- like 2), except that all 
data fields are read. Here, blanks mean zeroes. 

5) Cols. 	55-60 keyed with 11-2222." ---- like 3), except that all 
data fields are read. Here, blanks mean zeroes. 

Following the 119999" terminator for all such change cards, the end-
time ThAX can be altered with by means of a "MISCELLANEOUS DATA CARDS" 
request of Section 1.0e9, and then a "TIME STEP LOOP" request of Section 
1.0e16 actually transfers control to the time-step loop to begin again the 
simulation. 

For users who want a complete ".PL'" plot file at the conclusion 
of the restarted simulation, the following can be tried. Use the 
free-format form of the request as shown on the preceding page, so 
that "STARTI/AGAIN," occupies columns 1-12. 	This leaves column 13 
blank. Well, if column 13 is punched with an extra, extraneous IIZI?, 

the EMTP will copy onto the ".PL'" file the contents of OLDPL'LBIN, 
which is assumed to be the ".PL'" file of the preceding simulation. 



A few additional points might be passed along as well. Between 
the "MISCELLANEOUS DATA CARDS" and the "TIME STEP LOOP" requests, 
the user is able to place any other special requests which seem 
appropriate. The most commonly used is "CHANGE PRINTOUT FREQUENCY", 
to alter the frequency of the time-step loop printout. If this is 
done, remember that step numbers begin where the previous halted run 
left off (e.g., for ThAX = 50 msec and DELTAT = 100 microsec, the 
first printed step would be for number 500). Yet the user should be 
aware that, while all requests may be accepted by the EMTP, some of 
the more complex ones can not possibly be honored in fact. Perhaps 
the best example is "RENUMBER BYPASS" of Section-1.0g4 : since 
renumbering is to be skipped (control is transferred immediately to 
the time-step loop), there is no way node renumbering can be altered. 
Even worse are some requests which will simply make erroneous or 
Inconsistent certain parameters of the memory contents to be restarted. 
An example of such a potential disaster is provided by use of the 
"ABSOLUTE TACS DIMENSIONS" request of Section 1.0e5 . Use of this 
feature would alter the pointers to the TACS tables, without changing 
the tables themselves (which are already built), leading to "garbage 
out", and most likely an operating system interrupt of some sort. 
Hence the user Is warned to be both intelligent and skeptical about 
any such usage; if there are some added hidden benefits, there also 
are some very real limits, and some hidden traps. Be cautious! 

1.0e16 Request for Transfer to the Time-Step Loop 

Used in conjunction with the 	 , 	 - - 
"SrART AGAIN" request of Section 
1.0e15 , 	the appearance of the 	 •.. 
"TIME STEP LOOP" card will begin 
execution by a transfer of control 
to the time-step loop. 

1.0e17 Request for Rstprocessing of Plot File Using TACS 

TACS can be used for the postprocessirig of plot files, as 
described In Ref. 8, Vol. X, 3  July 1980, page MSDO-6. 	Yet the 
user is cautioned that this is installation-dependent, and will work 
only for those computer systems which honor a $OLDFILE request 
(logic built into module "CIMAGE"). 

For so-equipped program versions, the procedure is summarized 
as follows. First connect the old plot file (input to the post 
processor) to UJNIT2 using $OLDFILE 

$OLDFILE, Iplot  file specificationj , ILJJNIT2] 

Note that exact formats can not be Indicated, due to the installation-
dependent nature. Users should consult the specific information for 
their computer systems (Section 0.5a onward). As for UJNIT2 , this 
is to be the I/O unit number that is assigned to variable LUNIT2 
This will be 2 unless a system-dependent assignment within module 
"SStEP" alters the natural assignment. Variables in this plot file 
will be assigned to user-defined TACS sources in natural order by the 
EMTP, thereby providing the connection for postprocessirig by the user. 
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Next comes the key request, 

shown shoi at the right. This is 
a universal card. Here "IPLOP' 
is to be an integer indicating jJ' 
irequericy 01 ine output, not 
unlike the miscellaneous data parameter 
of the same name. For example, if IPLOT 3  is used, then only 
every third point of the old plot file shall be used. The most 
cctnmon (and least tricky) case. is for IPLOT = 1 , so that there 
are as many output points as there are input ones. 

The data case is completed by cards for a TACS-only (TACS AND 
ALONE) EMTP data case. There are generally to be as many TACS sources 
as there are variables in the old data file, with 6-character names 
being arbitrary. In the order defined, these are automatically 
(internally) connected to variables of the old plot file. Most post-
processing will involve supplemental variables, though function 
blocks are also useful (e.g., 1/S for integration of voltage to 
give flux). 

1.0e18. User Supplied Switch Times 

This special request allows the user to specify the random switch 
closing/opening times himself. To use this feature, one .prepares the data 
the sane way as for the regular statistics case except the followig two items: 

1. Input a special request card "USER SUPPLIED SWITCH TIMES" before the  
first misellanous data card. 

where IUNIT (default equals to 24) is the unit number of the file 
storing the user supplied switch tunes. The connection and disconnection 
of this file of switch times is installation-dependent, to be handled 
either externally (for VAX, using $ASSIGN; for IBM, in the JCL), or via 
the installation-dependent $ATTACH function of "CIMAGE". 

2. Specify the switch closing times (TCLOSE) and opening times (TOPEN) of 
all the switches in a data file numbered flJNIT using 5E15.O formats: 

isms 

IIHIiiIIIIIIIi1I1IIIIIiIIiIiHhI1IIl1IIIOhIHI 
out  

OE9E - 
iIII!!I gill 11 
1III!i!O!IIIIII 

-a— 
Repeat this set of switching tunes (closing and opening) for each energization. 
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1.Of Tricky 	 Mode-Voltage Output Request for Distributed Line 

There are cases where mode-voltage rather than phase-voltage output is 
desired, generally for educational usage of one form or the other. Now, 
distributed-parameter transmission line modeling of Section 1.26 uses the 
transformation matrix to decouple the multi-conductor line equations, so 
such modal output is quite natural, and esily provided. With care, the user 
can request the modal voltage to ground at both ends of one distributed-
parameter transmission line, as shall be described shortly. Refer. to 
Section 1.26 for a definition of the transformation in question. 

First, before input of the miscellaneous data cards of Section 1.0h, the 
user must declare his desire for modal (voltage) output by means of the 
following special request card: 

1111111 
Cola. 1-19 : biter the special request word "MODE VOLTAGE OUTPUT" 

Cola. 33-40 : Enter the number of phases (or coupled conductors) 
which.meke up the distributed-parameter line whose 
modal output is desired. A blank or zero field will 
be given default value equal to 3 , which is the 
most common case, of course. 

Such a special request card can be preceded by a "BEGIN NEW DATA CASE" card, 
and either preceded or followed by parameter-redefinition cards of Section 1.0c, 
if desired; comment cards, 	 can also be mixed in anywhere, of 
course (using "C " in columns 1 and 2). 

Additional data-input obligations and/or constraints on the user of this 
feature include the following: 

Point 1 : The distributed-parameter transmission line in question (for which 
the user wants mode voltage output) must be the final branch-component 
of the data case; it must immediately precede the blank card which 
terminates all branch cards. 

Point 2 : The very first branch data of the data case should consist of 
fictitious high-resistance branches from each node at both ends of 
the line in question to ground. Equal in number to .2 * MODOUT , 
column 80 of these uncoupled (type-zero) resistive branches must be 
punched with a 1 so as to request branch-current output. Use a 
resistance value which is so large that the problem is unaffected 
by addition of these resistors (see Section i.aI for acceptable 
limits on different computer systems). 



So much for data input. After the case has been run, the user Will find 
his modal voltages in the output locations which should otherwise have 
been reserved ror tne orancn currents or Point 2 above. This is why the present 
feature is a little tricky. The first "MODOUT" output currents are in reality 
modal voltages to local ground at -the "BUS1" end of the line, in 
natural order; the next "MODOUT" output currents are mode voltages to ground 
at the other end ("Bus 2" end) of the line, also in natural order. A reminder message 
to this effect is printed immediately below the column headings for the output 
variables, so the user will not forget. Note that if one is plotting, type-9 
plot requests (see Section 1.10) must be used, since the EMTP thinks that the 
modal voltages are currents in the 2 * MODOUT high-resistance branches which 
were supplied by the user. 

1.0g Special Requests for Transfer to Auxiliary Supporting Programs 

Several programs are not part of the EMTP simulation process proper, but 
are sometimes used in order to compute parameter values which are needed for 
the setup of a data case. These separate calculation procedures have been 
appended to the E!ffP as "auxiliary supporting programs", access to which is 
controlled by key request words. Section 7. describes the auxiliary 
supporting programs which are available, with the following being a list of 
the associated key words which are used for access: 

A data case to use one of these auxiliary supporting programs then has the 
following structure: 

1. First, a "BEGIN NEW DATA CASE" card, if desired (optional). 

2. Then a card bearing the correct, desired special request 
word (see above list). 

3. Finally, data for the auxiliary supporting program in question. 
This is completely described in Section 7. and thereafter. 



1.Ogl Declaration of Intention to Use Analytically-Defined Type 1-10 Sources 

As explained in Section 1. 6, source types 1 through 10 are reserved 
for functions which are directly defined by the user. If one or more such source 
functions is to be defined in FORTRAN within a special user-supplied version of 
subroutine "ANALYT" , then the following special request record must precede_ 
input of the miscellaneous data cards for the data case in question: 

It is the user's iresponsability to see to it that his own special module 
"ANALYT" has replaced the dummy one which comes with the prograni, when 
actually executing a data case which contains such an "ANALYTIC SOURCES 
USAGE" request. 

1.0g2 Declaration of Intention to Use TACS-Defined Type 1-10 Sources. 

As explained in Section 1.6, the source types 1 through 10 are 
reserved for functions which are directly defined by the user. 
If one or more such source functions is to be defined within TACS as 
a signal whose value is determined by the user-defined TACS data, 
then the following special request card must precede input of the 
miscellaneous data cards: 

1IIH! 

TACS EPtTP SOURCES AG 	Ary 	AG 	A6 AG 	A6 	AG AG 	ArD A 
'1 	2 	3 	4 S. 	(. 	7 8 	10 

Names of TACS variables which central eletrtc network sourcee "vin 	type-codee 1-10 

First, the special text "TACS EMTP SOURCES" is to be punched in columns 
1-17 of the card. Then, if an EMTP electric-network voltage or current 
source of type-code number K (for K between one and ten) is to be 
controlled by TACS, the 6-character name of the controlling TACS variable 
is to be punched in the K-th name-field of the card. Of course any such 
name punched on this card must be defined as part of the TACS data specification 
of Section 8. 	0 (See also simpler source type 60-99 in Section 1.6 

1.093 Declaration of Intention to Use the "FREQUENCY SCAN" Feature 

The "FREQUENCY SCAN" feature of the EMTP allows for the repetition of 
steady-state phasor solutions, as the frequency of sinusoidal sources is 
automatically incremented between a beginning and an ending frequency. Rather 
than conventional E42P time-response output, the user then has available a 
frequency-response output. When plotted, the time axis of conventional EI1TP 
simulations becomes the frequency axis, with the result being a Bode plot. 
Polar coordinates (magnitude and angle of the phasor solution variables) are 
used for output purposes. For example, the following could apply to the node 
voltage of phase "a" somewhere in the network: 
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• Should the user desire to make a 	"FREQUENCY SCAN" 	simulation, then the 
following card must precede input of the floating-point miscellaneous data 
card: 

ft1 

'iTu44 44 t1I& 
min 	Beginning (minimum) frequency of the scan, in Hertz. 

This must be a positive number. 

A,f --- 	The frequency increment, if the user wants uniform 
spacing between adjacent frequency points. In this 
case, 	f 	= 	+ f . 	If logarithmic 
(geometric) spacing between adjacent frequency points 
is desired, this field should be left blank. 

f 	- Terminal or end (maximum) frequency of the scan, in Hertz. max 	This must be greater than or equal to fmin 

NP]) ------ For uniform spacing of the frequency points leave this 
field blank. But if logarithmic (geometric) spacing is 
desired, this field is to be punched with the desired 
number of points per decade. In this case, adjacent 
frequency points are related by 

f 	- (1o1)If k+1 - 	 k 

Special attention should be paid to integer miscellaneous data parameter 
"KSSOTJT" , when using the "FREQUENCY SCAN" option. See the Section 1.0h 
definition. If punched with unity, the full steady-state branch flow and 
injection printout will result, for each solution frequency of the scan. This 
could produce large quantities of printed output, if the number of frequency 
points is large. Be careful (save a tree in Oregon)! 

Except for the just-mentioned furl branch-flow and injection 
printout, only node-voltage output is presently available in the 
case of "FREQUENCY SCAN" data cases. 	Any column-80 punches for 
branch or switch variables (voltage differences, branch currents, 
powers and energies) will be disregarded by the EMTP. 	Node voltages 
are outputted in both polar (magnitude, angle in degrees) and 
rectangular (real, imaginary) forms. 
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For the LUNIT6 line printer output, there really are two 

component output vectors; first comes the polar part, and second 
(beginning at the left on a new line) comes the rectangular part. 	For 
the LUNIT 	plot file, the two are concatenated into one double-size 
output vector. 	An example of the LUNIT6 output is displayed on the 
following page. 	This output is extracted from a modified version of 
BENCHMARK- DC-51 (one extra node "DUMMY" was added, to produce more 
output, and clearly show the boundary between polar and rectangular 
outputs). 	The final line of heading (before step-1 output) shows 
that there are five complex output quantities, or iO numbers total in 
both the polar output and the rectangular output. 	Prior to "M30." 
program versions, the output was in polar components only. 	For an 
explanation of the addition-of rectangular components, see Ref. 7, 
Vol. XI, 5 August 1981, page MSPR-2, Point B. 

For purposes of plotting, all output variables are given type 
code 119" (branch currents). 	A pair of names is associated with 
each number. 	Suppose that NODNAM is the name of the node which is 
of immediate interest. 	Then plot the "current" with names: 

(NODNAM, MAG) ---- for the magnitude of node voltage NODNAM; 
(NODNAM, ANG) ---- for the as 	angle in degrees. 
(NODNAM, REAL) --- for the real part of node voltage NODNAM; 
(NODNAM, IMAG) --- for the associated imaginary part. 

Such plotting is illustrated by BENCHMARK DC-51, where printer plots 
of both polar and rectangular quantities are illustrated. 	For easy 
reference, I reproduce the two plot cards of that data case. 	All 
plotting is for steady-state voltage components veisus frequency at 
node "CUR " 

PRINTER PLOT 

	

19630. 60.150. - 	CUR 	MAG 	CUR 	ANGLE 

	

19630. 60.150. 	 CUR 	REAL CUR 	IMAG 
BLANK CARD ENDING PLOT CARDS 

If the user needs branch currents, 
or voltage differences, he is of course 
free to add one or more measuring 
transformers for this purpose. See 
Section 1.25 . 	A 2-winding 
transformer which draws no 
magnetizing current and has small 
leakage impedance should of 
course be used, to ensure accurate 
measurement (just as in the real world 
of instrumentation). For a voltage 
difference, the primary would be 
connected across the two desired 
nodes; the turns ratio would be 
unity, and the secondary would be 
left open circuited, with one ternina]. 
grounded. See sketch at right. 

The just-described sampler of 
voltage difference can be easily 
extended to measure current. If 
nodes "K" and "Mt' are the terminals 
of a resistor which carries the desired 
current, then the measured voltage will 
equal the current if one uses a turns 
ratio of R : 1 (see sketch at 
right). 

BUSK 
1 VKM 
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1.0g4 Request for Bypass of. Transient Network Renumbering 

Sparsity-based node renumbering is normally used on the coefficient matrix 
YJ of the time-step loop. As per Scheme 2 of Reference 41  nodes are thus 
renumbered so as to preserve sparsity during the triangular factorization of I Y]. 

But, the just-described transient node renumbering can be bypassed.(ornitted) 
if so desired, by means of the following special request card which must precede 
the miscellaneous data cards: 

RENVt46ER SYPASS 

In such a case, nodes will remairrntunbered in the order that they will' be 
encountered upon the reading of E1!2P branch data. On any one branch card, it 
is the left node (data field "BUSi" of columns 3-8) which is processed 
before the right node (data field "BtJS2" of columns 9-14). 

Actually, more than just a bypass of transient network renumbering is 
involved. By agreement, the full IY 3 is to be retriangularized whenever 
Y 3 changes (e.g., when a switch changes status). Switch nodes and 
pseudononlinear element nodes are not necessarily eliminated after unknown 
voltage nodes which are not in this class, note. There is no partition-A 
triaxigularization outside of the tiirie-step loop in this case. This is the whole 
rationale behind the use of the "RENUMBER BYPASS" feature -__-- there is no 
artificial forcing of switch and pseudononlinear-element nodes toward the bottom 
of the matrix. 

Use of the "RENTh1BER BYPASS" feature is not recommended for beginners. 
In fact, its use by even old hands is rare, and is recommended only for very 
special big problems. One such example is a full ac/dc converter representation 
which might require 50 or 100 EP switches to represent the valves. 

1.0g5 Option of linearly-varied bias for Monte Carlo Studies 

At the request of BPA production users (specifically, Dan Goldsworthy), 
the normally random or zero bias that can be added to all switch times of 
Monte Carlo studies can be replaced by a linear variation. This will be 
the program response to the request: 

IM, 
NOWNW,  

HIM I 111millm 
No further information is required, since limits on the bias have 
already been provided by the "STATISTICS" miscellaneous data 
parameters DEQ'11N and DEQ'1AX (see Section 1.1a, columns 41-56). For 
a case with "LINEAR BIAS USAGE", there is replacement of the randccn 
number that normally is used by a variable that varies linearly 
between 1.0 / NENERG and unity as the NENERG energizations are 
performed. 

V 



Im 
1. 0g6 Re-Definition of Free-Format Data-Field Delimiters 

As explained in Section 0.7 , certain classes of EMTP data may be punched 
either according to the conventional fixed-format specifications, or using the 
newer free-format option. This latter mode makes use of two special 
alphanumeric characters 	one which separates data fields, and one which 
requests a continuation, card. Should the user want to re-define one or both of 
these characters, a data card in the following format should be punched, and 
should precede the miscellaneous data cards: 

....9 ,: 

FREZ, FORMAT., 

1 CSEPAR CHCO4TJ 

CSEPAR ---- The single alphanumeric character which is to serve 
as separator between adjacent data fields. Punch this 
character left-adjusted in the field shown (i.e., in 
'column 17). Mneunonically, the name signifies "Character 
'SEPARator". If left blank, a comma ( "," ) will be assumed; 
if no such redefinition card is present, a comma will be 
assumed. 

CHCONT ---- The single alphanumeric character which is to serve as a 
request for a continuation data card. Punch this character 
• left-adjusted in the field shown (i.e., in column 25). 
Mneunonically, the name signifies "CHaracter CONTinuation". 
If left blank, a "$" sign will be assumed. Remember that 
this must be a special character which the user will never 
employ as part of his non-comment EMTP data cards. 

If the user wants all data cards of the data case in question 
to be read using fixed formats, he should enter 119" (nine) 
for "CHCONT". By definition, this will bypass all attempts 
at free-format data reading (except for the free-format FORTRAN 
expression in TACS), and will thus speed up input slightly. 
It will also guard against possible confusion of the fixed-
format data with free-format recognition rules. 

As of April of 1980, the free-format option has been implemented for most 
EMTP data structures. But there are important exceptions, so it should be used 
with caution and considerable skepticism only. 

The reason for incomplete implementation can be blamed on existing EMTP 
logic which uses two or more DECODEs of a data card image. For the first 
DECODE, which EMTP usage typically begins at the left edge of the card, there 
is no ambiguity. But for the second and later ones, it is sometimes impossible 
or impractical to determine how many data fields have preceded it. EMTP logic 
simply is not so component-oriented (it is more table-oriented). The column-80 
punch for branch current is a classic example, and my recollection is that 
this must remain as a fixed-format punch, even if the rest of the data card is 
free-format. Switch cards likewise suffer from this multiple-DECODE problem. 
There is no simple rule for knowing which data structures work with free-
format usage, and it is impractical to tabulate an exhaustive list. I can only 
recommend skepticism and caution. 



But an even more fundamental reason for not completing the free-format 
work is that the resultant data has been judged to have unacceptable reduced 
readability. For small data cases, this is not a serious problem. But with 
hundreds of data cards, where the user forgets the modeling details or even 
the extent, readability is most important. Column positioning of the nonzero 
data is an Important element in allowing for the rapid visual scanning and 
interpretation of E)ITP data cards. The counting of commas becomes impossibly 
slow and error prone (e.g., an inductor and a capacitor are distinguished by 
only one cctiina in a string of several). Yes, we need free-format capability 
for use with CRT terminals, but current thinking is that it will not be of the 
simple-minded type described in this section. One idea under consideration is 
that of data tags (see ref. 8, Vol. IX, 6 August 1979, page FYTM-8, Project 
2). Mother idea is to write a special program which would assemble the fixed-
format data records based on data which is supplied in various free-format 
pieces (thereby preserving readability for future use). Something will be 
done, though we are only talking about it today. 

An Important property of free-format numbers is that there is no 
distinction between integers and reals ( "I" vs. "E" data fields). In fact, 
all numbers are extracted from the data card as reals, with a mode conversion 
subsequently used if the E)ITP expected an integer. 

The appearance of either "CSEPAR" or "CHCONT" characters (which have 
default values "," and "5", respectively) on a data card is the sole 
determiner as to whether the card uses free f&'mat. Thus, it is imperative 
that these two characters not be buried in A6 names like bus names, or TACS 
variable names. As a general rule for staying out of trouble, I recommend the 
"CSEPAR" and "CHCC!fl" not be redefined without very good reason, and that 
users simply never use cctiinas or .dollar signs in A6 names. This assumes that 
the user has not disabled free-format capability (easily done within 
installation-dependent module "CIMAGE"; see Section 0.5 for location), or that 
he does not always define "CHCONT" equal to 11911 . 

The summary recommendation from Portland is that users stay away from the 
free-format usage, if possible. Being forced to enter E)ITP data through a 
computer terminal is not a sufficiently strong reason for the use of free-
format capability in the general case. All BPA data is so created, yet BPA 
production users still employ fixed-formatting. There should be a really 
overpowering reason, like the need for more precision, before it is 
recommended that the average user try his hand at free formatting. There 
simply are too many problem cases, too many things that can go wrong. 

1.0g7 Request for Selective Diagnostic Printout 

Parameter "IPRSUP" of the integer miscellaneous data card (Section 1.0h) 
will turn diagnostic printout on or off irrespective of the location of that 
printout within the program. That is either all printout is turned on, or all 
is turned off, at a certain threshold level. If positive, "IPRSUP" will over-
ride the selective printout request of this present section. 

But if "IPRSUP" is to be punched zero or blank, then the EIITP diagnostic 
printout can be controlled overlay by overlay. A special-request card bearing 
the key word "DIAGNOSrIC" in columns 1-10 is used in this case. The following 
format is applicable for this card which must precede the miscellaneous data 
cards: 
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IPRSOV(K) ------ diagnostic printout control parameter as restricted 
to overlay rn.znber "K". Within overlay "K", IPRSOV(K) 
has the sane meaning as "IPRSUP" described in Section 
1.th. 

For overlays "K" which exceed 30, IPRSOV(K-30) is used 
to control the diagnostic printout. That is, only 30 
distinct codes have been provided for, with these being 
reused cyclically for higher overlay numbers. 

In the selection of these diagnostic-printout codes, special care should 
always be taken with regard to the time-step loop, which is overlay number 16. 
Remember that diagnostic printout can be generated for each time step, so 
beware of the termination time "ThAX" in relation to the step-size "DELTAT", 
should such printout be requested. Another consideration is for large 
networks, which will heavily Impact on overlay number 7 (network node-
renumbering). Here printout can be produced for each row of the matrix. 

As a general rule, always consult with Program Maintenance if in doubt 
about the-control of diagnostic printout. "Save a tree in Oregon." 

Control of diagnostic printout for the time-step loop code of overlay 16 
deserves further explanation. 	Actually, it is broken into four principal 
modules : SUBTS1, SUBTS2, SUBTS3, and SUBTS1  . Printout control parameter 
IPRSOV(16) applies to the first of these (SUBTS1), 17 applies to the 
second, 18 applies to the third, and 19 is for the last (SUBTS1). 	Since 
the time-step loop is followed by UFFf overlay rn.znber 20, there is no 
contradiction or confusion in this usage. 

If diagnostic printout is being turned off and on as a function of-time 
(see Section 1.1b, with a minus sign on MULT), then (IPRSOV(J), J=16, 19) 
alternate with (IPR(J), J_-1, 'I) 	for control of diagnostic printout of the 
time-step loop. 	There are two distinct cases: 

Case 1: If the user wants to start with no diagnostic (Step zero 
or one), then IPRSOV(16) through IPRSOV(19) should all 
be zero, and the "ALTERNATE DIAGNOSTIC PRINTOUT" request 
of Section 1-0g8 should be used to define the nonzero 
printout codes (one or more nonzero). 

Case 2: If the user wants 
then IPRSOV(16) 
be zero. In this 
PRINTOUT" request 
default. 

to start with diagnostic (Step zero), 
through IRPSOV( 19) should not all 
case, no "ALTERNATE DIAGNOSTIC 
is needed, since zero values are the 



1.0g8 Request for Alternative Diagnostic Printout of the Time-Step Loop 

If minus signs are applied to MULT(K) as part of the printout-
frequency changes of Section l.lb, then diagnostic printout codes of 
the time-step loop are switched. Those of the DIAGNOSTIC request 
(Sect-ion 1.0g7) are in effect initially. Then, at the step of the 
first change, an alternate set of printout control parameters 
( IPR(K), K=l, 4 ) 	is used instead. These four new variables 
replace IPRSOV(16) through IPRSOV(19), to control diagnostic 
printout of the four pieces of the time-step loop. Upon the second 
such change (second negative MULT), there is a switch back to the 
original DIAGNOSTIC printout control codes. Etc. (for each minus 
sign, the two sets of control variables are switched). 

The alternate set of printout control parameters (IPR(K) , K=l, 4) 
is initialized to zero at the beginning of execution. Hence if this 
is what the user wants, he need do nothing special. This corresponds 
to Case 2 at the end of Section 1.0g7 (begin with diagnostic printout 
at time zero). 

But if the time-step loop is to begin without any diagnostic 
printout (Case 1, Section 1.0g7) , then nonzero IPR(K) must be defined 
by the user. This is done using a special-request word "ALTERNATE 
DIAGNOSTIC PRINTOUT", as shown in the following format: 

1.0g9 Request for Non-Standard Plot File Precison 

The program user will normally employ whatever plot file precision 
has been decided upon by Program Maintenance for his computer system, 
and not think further about the question. For plotting only, which 
is a low-accuracy operation, any computer precision is adequate, so 
the user need never worry. But not so for other uses of the plot 
file like "POSTPROCESS PLOT FILE" (where plot file variables become 
TACS sources of a subsequent simulation) , or "FOURIER ON" (to request 
Fourier series decomposition of a plot file variable) , full EMTP 
solution precision may be desired. For those computers that store 
output variables on disk with reduced precision, a special request 
(the "CUSTOM PLOT FILE" request illustrated below) is required to 
over-ride the default decision favoring reduced precision. 

Actually, the "CUSTOM PLOT FILE" request toggles the choice of 
plot file precision. If Program Maintenance has asked for single- 
precision plot files with an 	M4PLOT = 2 	statement in installation- 
dependent SUBROUTINE SYSDEP, then "CUSTOM PLOT FILE" will switch to 
full-precision (double-precision) plot file usage. The reverse is also 
true (although not commonly the case, since Program Maintenance is 
supposedly better informed than program users!) 

I 
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1.0glO Request for 80-column Output of Many UTPF Printout Structures 

Either because one only has available an 80—column computer 
terminal, or because one wants to save paper, or speed the output (by 
less printing) , he can switch to 80—column output (rather than the 
more common 132-column output) by means of an "OUTPUT WIDTH 80" 
request. The philosophy behind this decision, as well as a sample of 
such output for phasor branch flows, is contained in Ref. 8, Vol. XI, 
6 February 1982, Section I, pages ECEO—1 and 2. 

In the absence of such a request, EMTP printout will normally be 
132 columns 	unless Program Maintenance for the computer system 
of interest has inserted a statement 	KOL132 = 80 	in installation- 
dependent SUBROUTINE SYSDEP of overlay 1. As of March 1983, however, 
no systems are doing this. 

Use of 80—column output has some serious limitations which should 
be understood. First, the interpreted tabulation of input data cards, 
as well as the connectivity table, will be truncated at column 80, and 
all output to the right of this point will simply be lost. Second, not 
all displays any longer convey full information. For example, the 
phasor branch flows are now only in polar coordinates, for the near end 
of the line. Case summary statistics now onlydisplay PRESENT SIZE 
figures and computer times, without the voluminous associated English 
language text. Etc. If in doubt, try the feature on a small problem, 
and see if the output is satisfactory. 

The request "OUTPUT WIDTH 80" is a single—time request which 
then would normally remain in effect for the entire EMTP solution. But 
there are times when the output width might profitably be switched 
between 80 and 132 columns at different points of the EMTP execution. 
This is generally possible via the universal dollar card $WIDTH as 
described in Section 1.—D (serviced by installation—dependent "CIMAGE") 

1.0g11 Request for 132-column Output of Many UTPF Printout Structures 

There is need for an "OUTPUT WIDTH 132" request only if Program 
Maintenance for the computer system of interest has for some reason 
decided that 80-column output will be standard (via a 	K0L132 = 80 
statement within installation-dependent SUBROUTINE SYSDEP) . See Section 
1.0g11 for further explanation. 

I 

uTr1 ... 1 
1.0g12 Request for Different Switch Logic 

Provided Program Maintenance for the computer system of interest 
has not set 	KTRLSW(6) = 1 	within installation—dependent SUBROUTINE 
SYSDEP of overlay 1, few if any program users should have use for a 
"MODIFY SWITCH LOGIC" request. The value KTRLSW(6) = 0 set near the 
top of universal "OVER1" gives simple switch logic 	generally best. 
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The motivation behind two different switch logics was summarized 
in Ref. 22, Vol. 2, No. 4, pages 36-42, and Vol. 3, No. 1, pages 70-74 
(Specifically Section III on page 73). The simple logic works so well 
that program default is set this way (no KTRLSW(6) = 1 definition of 
"SYSDEP") for all computers known to WSM as of March 1983 as this text 
is being frozen for publication. All but the most esoteric of hvdc 
experiments are advised to keep it this way. 

1.0g13 Request for Constant—Parameter Generator Equivalent Routine 

During the summer of 1982, WSM worked with Dan Goldsworthy (a BPA 
production user of the EMTP) on a routine which would calculate Thevenin 
impedances for a user who knew short—circuit currents at the busses of 
interest. The result was a 428—line SUBROUTINE FLTDAT (mnemonically, 
"FauLT DATa") , which for convenience was added to overlay 29, to be 
CALLed if and only if blank COMMON flag ISTEP = 6633 is set. This in 
turn is the response to the request word "FAULT DATA USAGE" which is 
of concern in this section. 

It was the intention of Dan and WSM to jointly write a Newsletter 
article on the theory and usage of "FLTDAT", but this was not possible 
before WSM's trip to the Orient at the start of October. Nor has it 
been possible since, thus far. But the intention has not been 
abandoned, and dnce that background material has been completed, it 
should be relatively easy to complete the explanation of "FAULT DATA 
USAGE". But until that is done, nothing more in this present section 
shall be attempted. The current date is 22 March 1983. 

it 	 10.  

1.0g14 Request to Redefine Limit on Number of TACS Warning Messages 

Although the origins and intended operation. no longer remain clear, 
we shall document the special request word "TACS WARN LIMIT" which 
can be found in the universal SUBROUTINE REQUES of overlay 1. This is 
not functional today, but could and should be expanded in the future. 
The present section should serve as a reminder of needed future program 
work. 

The idea as best I can remember it on 22 March 1983 is simple: 
There are special cases where certain TACS warning messages are a 
nuisance. My recollection is that Vladimir objected to one from the 
frequency sensor, which apparently appeared many times during the course 
of hvdc start up. As he pointed out, the complaint had no meaning for 
his use, so it was unsightly and aggravating at best, and misleading at 
worst. On the other hand, I pointed out that the putting of such a 
message under normal DIAGNOSTIC control (Vladimir's solution, as I 
recall) could be dangerous. 	I decided to force the user to explicitely 
request the suppression of TACS warning messages via a "TACS WARN 
LIMIT" card --- but apparently never did anything outside of "REQUES". 

11 



1.0g16 Request to Convert ZnO Branch cards from Old to New Formats 
With this special request card "CONVERT ZNO", the program will convert 

the "old" ("M36." or earlier vintage) Zinc Oxide arrester branch data into 
the "new" formats as required for "M38." and later versions of the E1TP. 

!::I::H'IH1'III1' 
To use this feature, one should add this special request card "CONVERT 

ZNO" before the first miscellaneous data card of the old data deck. The 
new ZnO arrester branch cards are outputted on UJNIT7.'  User then should 
replace the old ZnO branch cards by the new ones generated on LJJNIT7 and 
remove the special request card "CONVERT ZNO" added earlier. To illustrate 
this, an example is given in the following: 

(1) Add special request card "CONVERT ZNO" to an old ZnO data case: 

BEGIN NEk DATA CASE 
CONVERT ZNO 	! special request card to convert ZnO old data 
C 	BENCHMARK DC-38B 
C 	TEST OF SINGLE-EXPONENTIAL, NO-GAP, ZINC-OXIDE SURGE ARRESTER 
C 	MODEL AS DESCRIBED IN SECTION 1.32 OF THE E'1TP RULE BOOK. 
C 	UNLIKE PRECEDING PROBLEM WHICH USED SINGLE-PHASE COMPENSATION, 
C 	THIS ONE USES 3-PHASE COMPENSATION FOR THE THREE IDENTICAL 
C 	ARRESTERS AT THE END OF THE 0-MILE OVERHEAD TRANSMISSION LINE 
C 	(MODELED AS DISTRIBUTED, WITH CONSTANT PARAMETERS). 
C 	3-PHASE ZNO SURGE ARRESTER EXAMPLE TAKEN FROM ISSUE NO. 2 OF 
C 	BITP NEWSLETTER (SEE THIS ARTICLE FOR FULL DESCRIPTION). 
ZO,20,,,1,91 , 

.000050 .020000 
1 	1 	1 	0 	1 	-1 
5 	5 	20 	1 	30 	5 	50 	50 

-1SENDA RECA 	 .305515.8187.01210 200. 0 
-2SENDB RECB 	 .031991.5559.01937 200. 0 
-3SENDC RECC 
C 356789012356789012345678901234567890 



4Le- /3  
92RECA 	 5555. 

Old ZnO data formats 
1. 	 1. 
9999. 

92RECB 	RECA 	5555. 
92RECC 	RECA 	5555. 
BLANK CARD ENDING BRANCH DATA. 
BLANK CARD ENDING SWITCH DATA. 
114SENDA 	408000. 	60. 0.0 
114SENDB 	408000. 	60. -120. 
114SENDC 	408000. 	60. 120. 
BLANK CARD ENDING SOURCE CARDS* . 
C 3145678901231456789012314567890123145678901231456789012314567890123145678901231456789 
C 	the following 	3 cards are part of the ZnO data using the old formats 

-1 	2500. 	26. 0.5 	 778000. 
-1 	2500. 	26. 0.5 	 778000. 
-1 	2500. 	26. 0.5 	 778000. 

1 
PRINTER PLOT 
144 3. 	0.0 20. 	RECA 

BLANK CARD ENDING PLOT CARDS. 
BEGIN NEW DATA CASE 
BLANK 

(2) The new ZnO branch cards generated on LJJNIT7 after running the above data 
deck with "M3."  EMTP are as follows: 

92RECA 
0.778000000000000E+06 
0.250000000000000E+04 

92RECB 	
9999 

0.778000000000000E+06 
0.250000000000000E+04 

9999 
92RECC 

0.778000000000000E+06 
0.250000000000000E+04 

9999 

.5555. 
-0. 100000000000000E+03 
0.260000000000000E+02 

5555. 
-0.100000000000000E+03 
0.260000000000000E+02 

5555. 
-0.100000000000000E+03 
0.260000000000000E+02 

0. 000000000000000E+O0 
0.500000000000000E+00 

0. 000000000000000E+O0 
0.500000000000000E+00 

0. 000000000000000E+O0 
0.500000000000000E+00 

(3) Replace the old ZnO branch cards in (1) by the new ones shown in (2), and 
remove the "CONVERT ZNO" special request card in (1), one then obtains 
the data deck with the correct new formast as required by "M39."  EMTP: 

BEGIN NEW DATA CASE 
C 	BENCHMARK DC-38B 
C 	TEST OF SINGLE-EXPONENTIAL, NO-GAP, ZINC-OXIDE SURGE ARRESTER 
C 	MODEL AS DESCRIBED IN SECTION 1.32 OF THE EMTP RULE BOOK. 
C 	UNLIKE PRECEDING PROBLEM WHICH USED SINGLE-PHASE COMPENSATION, 
C 	THIS ONE USES 3-PHASE COMPENSATION FOR THE THREE IDENTICAL 
C 	ARRESTERS AT THE END OF THE 200-MILE OVERHEAD TRANSMISSION LINE 
C 	(MODELED AS DISTRIBUTED, WITH CONSTANT PARAMETERS). 
C 	3-PHASE ZNO SURGE ARRESTER EXAMPLE TAKEN FROM ISSUE NO. 2 OF 
C 	EMTP NEWSLETTER (SEE THIS ARTICLE FOR FULL DESCRIPTION). 
Z0,209 , , , .9, 
.000050 .020000 

1 	1 	1 	0 	1 	-1 
5 	5 	20 	1 	30 	5 	50 	50 



-1SENDA RECA 	 .305515.8187.01210 200. 0 
-2SENDB RECB 	 .031991.5559.01937 200. 0 
-3SENDC RECC 
C 31667890123156789012315678901231567890 
92RECA 	 5555. 

0-778000000000000E+06 -0.100000000000000E+03 	0. 000000000000000E+OO 
0.250000000000000E+04 0-260000000000000E+02 0-500000000000000E+00 

9999 
92RECB ssss. 

0.778000000000000E+06 -0.100000000000000E+03 0. 000000000000000E+O0 
0.250000000000000E+04 0.260000000000000E+02 0.500000000000000E+00 

9999 
92RECC 5555. 

0-778000000000000E+06 -0.100000000000000E+03 0. 000000000000000E+O0 
0.250000000000000E+04 0-260000000000000E+02 0-500000000000000E+00 

.9999 
BLANK CARD ENDING BRANCH DATA. 
BLANK CARD ENDING SWITCH DATA. 
11SENDA 	108000. 60. 	0.0 
11SENDB 	108000. 60. 	-120. 
11SENDC 	108000. 60. 	120. 
BLANK CARD ENDING SOURCE CARES. 
C 3156789O123156789012315678901231567890123156789Q123156789o123156789o123L56789 

PRINTER PLOT 
114 3. 0.0 20. 	RECA 

BLANK CARD ENDING PLOT CARDS. 
BEGIN NEW DATA CASE 
BLANK 

1-0g17 	Request to Redefine Controls of ZnO Newton Iteration 

The average ZnO surge arrester modeling can use default 
parameters to control the Newton iteration without difficulty. But 
sometimes the Newton iteration falls to converge, and then recourse 
should be made to special controls by means of the following 
request: 

Rather than explain such information here, however, the reader is 
referred to the end of Section 1.32-A, where the explanation was 
erroneously placed years ago. 

-a 
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1.0h Miscellaneous Data Parameter Cards 

The first non-comment card which fails to be recognized as any of the 
preceding special request types will be taken to be the beginning of "regular 
data" for a conventional EMTP data case. This regular data begins with two 
miscellaneous data cards ---- first one card for floating-point parameters, 
and then one for integers, as follows: 

Pit misc, data card (floating-point misc. data) 

DELTKr 
__ 

TMAX kO PT' 

lIl;I: 

EPTh 
1 
OLT 1ST1A+ 

!0 :2.O '? Ego IE?.O 
where 

DELTAT ----- The time-step size 	At 	of the numerical integration, in sec. 
(1-8) The solution will be calculated at time instants with this 

spacing: 	t=0, SAt, 2t, 	etc. 	seconds. 

V1AX The termination time 	T 	of the study, in seconds. 
(916) max. 

The simulation thus covers time interval 	0 	t 	T 'flax 

XOPT 	----- Parameter indicating whether inductance or inductive-reactance 
(17-24) is to be inputted on all linear branch cards: 

('0 	All inductance values on branch cards are 
interpreted as 	L 	in 	mH (miliihenries). 

f 	All inductance values on branch cards are 

I 	interpreted as 	WL 	= 	2f L 	in 	.fl 	(ohms) 
at frequency 	f = XOPT 

OPT 	---- Parameter indicating whether capacitance or capacitive reactance 
(25-32) is to be inputted on all linear branch cards: 

0 	=' All capacitance values on branch cards are 
interpreted as 	C 	in pP (microfarads). 

f 	All capacitance values on branch cards are 
interpreted as 	= 	271f C 	in 	PV 
(micronihos) at frequency 	f = OOPT 

EPSILN ----- Near-zero tolerance E, used for checking singularity o± 
(33-40) •the real coefficient matrix 	G 3 within the time-step loop, 

where / 	 / 
tlGJv d t) 	= 	1nodt 

A blank or zero field is given a default value which is 
dependent upon the translation being used. With 36-bit 
floating-point words (single-precision tYnivac and Honeywell/GE), 
a default value of 1.E-5 is common; the 60-bit CDC and 64-bit 
IBM (p*8) versions are commonly given default values of 1.E-8 

TOLMAT' -----A second near-zero tolerance, used for checking singularity 
(41-48) 	of the steady-state phasor (complex) admittance matrix 1. Y] 

A blank or zero field is given default value equal to 
whatever IEPSILNI happens to be. 



-if -1 
TSTART -----The beginning simulation time. This will normally be zero (the 
.(49-56) 	data field can be left blank). If a previously-solved data case 

is to be restarted, however, then this field must be punched 
with the terminal (ending) time of that preceding partial 
simulation. 

Second misc. data card (integer misc, data card) 

;rzi;Ik h IZ1 

louT IPLOT IOOU8 SSouT MAXOUT IPUN MEMS%V ICAT NENERG tPRUP' 

H18i 12 18 18 ''18 18 '18f: 12 18 18 

lOUT -----Parameter providing control over the frequency of the 
(1-8) 	printed transients simulation: 

t ¶fl. !=> Output quantities are printed for every time step. 
K ==> For K >1 , results are printed for every K-th 

step only; that is, for times t = 0 , (K At) , 
(2K &t) , (3ICAt) , ...... etc. 

IPLOT ------Parameter providing control over the frequency of the 
(9-16) 	plotted transients simulatioft: 

== 1 	
> Every computed point will be used for plotting. 

M j  For, M>1 , only every M-th c6mputed point will be 
used for plotting. This saves plotting time and 
reduces storage requirements if, for some reason, 
a smaller step-size is needed for solution than for 
graphical output. 	If the user should punch an even 
value for M , the program will automatically 
increment it by one, to make it odd. This is 
because even values will produce deceptive results 
for an oscillating curve, graphing only the upper 
or lower envelope. 

-1 =4>No plotting is possible, as no permanent 	file of 
plot values is created. Use this option if no plots 
are desired, in order to speed execution. 

IDOUBL -----Parameter controlling the printing of a network connectivity 
(17-24) 	table, showing how branches and switches topologically 

interconnect the network busses. 

0 '? No such output is provided. 

1 	A printout of network connectivity is provided. 
J 	For each node, a list is given of the nodes to which 
J 	it is connected through physical branches and switches. 

Mutual coupling between phases of multiphase elements 
is ignored in this output, as is the capacitance 
to ground of Pi-circuits and distributed-parameter 

I 	lines. Since the node name " 	" (6 blank 
I characters) which normally signifies ground would 

not show up in print, the word "TERRA " Or 
"TERRA FIRMA" is used in the connection list. 



KSSOUT 	- Parameter controlling the printout of all linear-branch line 

(25-32) 	flows, switch flows, and all voltage-source injections, for 
the steady-state phasor network solution: 

( 0 	> No steady-state solution printout. 
1 	> Print complete steady-state solution (branch flows, 

switch flows, source injections). 
1 2 ===> Print switch flows, source injections; but not branch 
I 	flows, 
1 3 => print branch flows requested by column 80 punches, 

switch flows and source injections. 

MAXOUT ---- Parameter controlling the printout of maximum absolute 
(33-40) 	values of all output variables, the maximums which occurred 

during the simulation: 

(0 : No such output 

1 	Print the maximums, as calculated using every time step. 

2 	Print the maximums, as calculated using only the time 

I 	stepst1  for which the output solution vector must 
be formed for printing or plotting. If the user's branch 

I 	cards carry a power or energy-output request, every 
time-step is automatically used. though. 

IPtJN ----- Parameter controlling the punching of terminal conditions of 
(41-48) 	the simulation (at time t = 

0 	No such punching. 

1 	Node voltages and branch currents (plus capacitor 
voltage on series R-L-C branches) at the last time 
step are punched on cards; these can be used as 
initial conditions for other studies starting from 
this state of the system. The present version of the 
program interrupts punching if a branch with distributed 
parameters is encountered; in this case, a message 
"PUNCHING OF CURRENTS STOPPED BECAUSE INFORMATION 
INSUFFICIENT IN THE PRESENCE OF DISTRIBUTED PARAMETERS" 
is printed. The transient state of a branch with dis-
tributed parameters would have to be defined by the 
entire voltage and current profile along the line; this 
causes complications in the input/output phases, which 
have not yet been incorporated. 

-1 	' An extra, special card will immediately follow this 
second misc, data card, to vary the printout frequency 
as described in Section 11 . 	See also Section l.OelO 
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MSAV ---- Parameter controlling the dumping of memory onto disk at 
(49-56) 	the end of the simulation (time TMAx), for subsequent use 

with the "START AGAIN" request of Section 1.0e15 

o 	No such memory saving will occur. 

1 	Yes, save the memory contents for later use. 

WARNING! The dumping of memory onto disk in this way is an 
installation-dependent feature which has not been implemented 
on all computer systems. Modules KATALG and WATCH are 
involved (see Section 0.5). Consult the installation-dependent 
information for your computer system at the beginning of this 
manual, if in doubt. 

RESTRICTION : The "START AGAIN" reactivation of a previously-halted 
simulation can only be guaranteed if the same EMTP version 
is used. An internal check is made on the size of /BLANK/ 
and /LABEL/ , with an EPP error stop resulting if these 
figures do not match for the two program versions. The 
dimensioning must be identical, then. 

ICAT -  --- Parameter which controls the permanent disk storage of plot 
(57-64) 	data points which are accumulated on logical unit number 4 during 

the simulation: 

0 4' No permanent storage will be provided, though 
conventional batch-mode plotting at the conclusion 
of the solution process is possible. But once the 
computer job ends, the plot file will be lost. 

1 1  4 Permanent storage of the plot data file will be 
I 	provided at the conclusion of the solution process; 

J 	these will be cataloged on the disk using the date 
1< 	 and the time (MM/DD/YY HH.MM.ss) when the data case 

began execution (see initial line-printer output of 
a data-case solution). No conventional batch-mode 

I 	plotting of the results in this case will be allowed 
(the T.P. will skip over plot cards, discarding them 

I 	until it finds the blank card which terminates plot 

1 	cards). 

1 2 	' Combination of the above. That is, the plot data file 
is saved on disk for later re-use, plus, conventional 
batch-mode plotting requests are honored. 

WARNING! The saving of plot data points on disk is an installation-
dependent feature which has not been implemented on all computer 
systems. Modules KATALG and PFATCH are involved (see Section 
0.5). Consult the Installation-dependent information for your 
computer system at the beginning of this manual, if in doubt. 
The practical production use of such files is for CRT plotting 
(see description of Section 5.). 
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NE?ERG — Control parameter related to the running of multiple-energization 
(65-72) 	studies (either "STATISTICS" or "SYSTEMATIC" ). 

o > Conventional, single, deterministic T.P. simulation 
is desired; no dice rolling! 

K 	For IC ) 0 , this is a request for a statistical 
study of this data case, in which IC energizations 
(switch closings) will be performed. 

For K <0 , this is a request for a systematic 
study of this data case, In which JKJ energizations 
will be performed. 

See the section on switch cards for a complete 
discussion of such studies (both "STATISTICS" and 
"SYSTEMATIC" ). Should "NENERG" be punched nonzero, 
an added special statistics or systematic miscellaneous 
data card must follow, giviiig necessary scalar parameters 
for the study. 

IPRSUP -----Parameter controlling the output of program diagnostic printout. 

(3) 	Production runs should always leave this field blank (or punch 
a zero). Beware of astronomical paper requirements in using 
this capability; use only with understanding, or upon the 
advice of program maintenance. 

O 	

there will be no diagnostic printout unless such 
was selectively requested using the "DIAGNOSTIC" 
key-word card of Section 1.0g7 

M — For increasingly-positive "M" , more and more 
diagnostic printout will be generated. Such a positive 
"M" over-rides any selectively-requested diagnostic 
printout (key-word "DIAGNOSTIC" ). 
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Sinusoidal steady-state solution output 

In order to determine initial conditions for starting the transients 
solution, a single-frequency, sinusoidal, steady-state solution is automatically 
calculated by 	 the Transients Program. This produces a phasor solution 
to the linear network which the user inputted -- linear because all nonlinear 
elements are either disconnected during the solution, or are assumed to operate 
in their normal linear range. 

Excitation for these solutions consists of only sinusoidal sources (Type 14 
sources of Section 1.6) for which TSTART<O 	has been punched. Solution is 
only for a single frequency fSTEADY , that frequency read from the first 

Type 14 source card. All Type 14 sources within ±1% of this frequency are 
used; all others are ignored during the steady-state solution. 

If the user is interested in printout of the above steady-state solution, 
he has two options: 

a) Complete Solution. By punching a ?tll  in column 32 of the Intege 
Misc. Data Card (Section 1.0h; the 2nd miscellaneous data card), 
complete printout of the flows in all network branches is produced. 
The printout includes complex currents and powers, as well as 
terminal voltages for the two ends of each branch, in both rectangular 
and polar form. 

b) Transients variables only. By setting Tmax  of the Floating-Point 
Misc. Data Card to be non-positive (see Section 1.0h; columns 9-16 of 
the first miscellaneous data card), the EMTP will never reach the 
transients mode in solving the data case. 
Rather, the steady-state solution is found, and then a special phasor 
printout of only those variables normally printed during the transient 
run (see Section 1.8) occurs. The case is then terminated following 
this printout. 

Note that following the output of option a), a transient solution to the network 
is allowed. Also, either, both, or neither steady-state printout can be requested, 
since they are independent. See Section 2.2 for sample output of this type. 
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The formula used for the power flow calculation is 	P jQ = V•I / 2 
Hence it is implicitely assumed that sources are specified in peak, and not in 
tins, terms. Such a use of peak quantities will be found to be consistent with 
source-input rules of Section 1.6 • For example a nominal Wye-connected voltage 
source for 500kV would have amplitude 5003 = 408248 volts. With 
sources given in volts and amps, power then comes out in watts or vars. 

The complete steady-state solution output provides printout on the 
extreme right of the page ffor power loss, branch by branch (see 'example of 
Section 2.2). Assuming that the 
branch in question connects nodes 
k and m as shown, then by 
definition, the program prints  
out the following: 	 - 

p 	+jQ 	= loss 	loss 

	

rpkm 	 PD 

	

km 	 xnk 

For simple series R-L-C branches, 
this is indeed the true loss figure 
for the branch ---- the heating loss 
(considering real power only) in 
resistance of the branch. 

But for distributed-conductor or 
P1-equivalent branches, the loss 
figure so printed is not really loss 
at all; it is simply the sum of the 
power inputs at the two ends. 

BEWARE! 

Conservation of energy dictates that 
power in equals power out. But only If 
terminals k and m were the only 
connection to branch (k,m) would the 
printout actually give true branch 
loss. But mutual coupling (capacitive 
and/or inductive) between branch 
(k,m) and other branchet 
provides 	 additional paths 
for power entry and/or exit (see 
Fig. 2). Thus adding the k-to-m and 
the rn  -to -k powers does not provide 
loss. 

Fig. 1. Branch (k,m) 

Fig. 2. Mutual coupling with branch 
(k,m) may be present. 

CON LUS ION : With distributed or Pi-equivalent branches, 
do not interpret the printed loss figure (p or Q) 
of the complete steady-state solution printout 
as loss attributable uniquely to the branch in 
question. 	The one exception to this warning is 
in the single-phase (uncoupled) case, where there 
is no problem. 
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A sample of the complete steady-state solution printout is shown below. 

This begins with branch flows, as follows: 

SINUSOIDAL STEADY STATE SOLUTION, BRANCH BY BRANCH. 	ALL FLOWS ARE AWAY FROM BUS, AND REAL PART, MAGNITUDE, OR P 
IS PRINTED A8O.VE THE IMAGINARY PAT 	THE ANGLE, OR Q. SOLUTION FREQUENCY ..60008000E+O2 	.. HERTZ. 	.................... 
RUS K . 	. NOOE VOLTAGE BRANCH CURRENT POWER FLOW POWER LOSS 

BUS M RECTANGULAR POLAR RECTANGULAR POLAR 	. P AND Q P AND Q 

83A 	 . •4043519E+06 •4082102E+06 .34 1 10E+03 •3562553E.03 .7252161E+08 .5669119E.06 
.559997E+05 7.6649 •1434621E+02 12.0456 -.5275966E+07 -.102552E+09 

84A .3719949E+06 •3162561E.06 -.3993051E.03 •639166?E1;03 -.  7195469E'08 
.I..140551#3E+05 3E+05 2.1295 •4996589E'03 126.6191 -.9121826E+0e. 

838 -.1536785E+06 •062122E+06 -.1098160E+03 •3562553E.03 .1252167E.08 .5669119E+06 
-779E+06 . 	-!12.II5I. . 	-t3.3e9069E.03 .. - 	-107.9542 -.5275966E+07 -.1025542E+09 

BlIB -.1166251E+06 .  •3762561E106 •6325434E+03 •6391667E.03 -.119569E.05 
3360906  -117.8105 .9567942E+02 . 	6.6191 -.9721626E+0e 

03C 	 - -.2506724E+06 . .4082102E+06 	• 	-.2365929E+33 	•3562553E+03 	.7252161E+08 	.5669119E,06 

:Et. 

	

Note that the first branch connects node 	11B3A" with node 	11B4A" . 	Using 
"k" and "in" as abbreviated subscripts for these, the following diagram shows 
which quantities are printed out for this branch: 

floe a 	 1 

	

F- 	 ] 11mu 

In mathematical notation, the following answers will be read from 
the printout: 

V  = 404350.9 + j55999.47 = 408210.2 / 7.8849 

	

Vm = 377994•9 + j14055.43 = 	378256.1 / 2.12950  

I km = 348.4110 + j74.34821 	= 	356.2553 / 12.04580  

Imk  = -399.3057 + j499.8589 = 639.7687 / 128.61910  

+ jQ 	= ( 72.52187 - j5.275966 ).106 km 
+ jQ 	= (-71.95489 - j97.27826 ).106mk  

P1055  + jQ 	= awn of above = ( .5669779 - j102.5542 )'106loss 

After the last such branch-flow printout, there will be an injection printout 
for all non-ground nodes which are connected to voltage sources during the 
steady-state phasor solution. The general format is similar to that which has 
just been illustrated for branches: 

SOLUTION AT NODES WITH KNOWN VOLTAGE. NODES SHORTED TOGETHER BY SWITCHES ARE SHOWN AS A GROUP OF NAMES, WITH 
THE PRINTED RESULT APPLYING TO THE COMPOSITE GROUP. 	THE ENTRY 	MVA' 	IS 	SORT(P•2 • 0'•21 IN UNITS OF POWER. WHILE 	'P.F.' 	IS THE ASSOCIATED POWER FACTOR. 

NODE SOURCE NODE VOLTAGE INJECTED SOURCE CURRENT . 	INJECTED SOURCE POWER 
NAME RECTANGULAR POLAR RECTANGULAR POLAR P AND 0 "VA AND P.F. 

GENA •1966916E.05 .2122690E.05 .1605429E "5 .2396948E+05 •2289652E+09 .2544229E09 
-.7966627E+3 -22.1000 -.1119876E+05 -41.9499 .1109321E.09 •09939c 

GEH8 -.1615139E.05 •2122690E+05 -.2344.132E'05 .239694.8E*O5 .2289652E+09 .2544229v9 
-.1304060E+95 -142.1000 -.5004043E.0 -167.9499 .1109321E+09 .6999395E00 

GENC -.2911197E0 •2122390E.05 .1361033E.04 •2396946E405 •2269652E09 .2544229E.09 

Eic. 
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Assuming that we are considering node "k" , then the next to the last column 
gives the Injection Pk + jQk 	positive if from the source into the 
network. The final column shows the magnitude of this complex number, plus 
the power factor (the cosine of the angle which has taigent Qk / Pk ). 

One special feature of the injection printout 
concerns the effect of closed switches. There 
will only be one double line of Injection 
printout for each point of known, equal voltage 
in the network. For example, suppose that 
three nodes happen to be shorted together 
by closed switches during the steady-state 
phasor solution, as per the sketch at the 
right. Then there would only be one line 
of injection printout for these three EMTP 
nodes. All three node names in question 
would be listed contiguously in the 
"NODE NAME" column, however, as indication 
of the node combination or shorting which 
has occurred:RBG1 

RBG2 
RBG 

The user should be warned that the aforementioned steady-state phasor 
branch-flow printout shows an entry for each component in the Erv?TP branch table 
List #2 of Section 0.6 ), in order. Since the branch table is not sorted 
s of 1977), the printout is in the order of data input to the branch table. 

Nonetheless, there can be confusion in some cases, due to internally-defined 
nodes and branches. The following comments document the way data can thus 
be disguised: 

2) The saturable "TRANSFORMER" of Section 1.25 may contribute a 
number of entries to the EMTP branch table. See the list of these 
elements under Message 48 of Section 2.2b • 	At least in this 
case all nodes are distinct, and user-defined (so that there is no 
ambiguity). 

3) For the Type-16 EIffP source component of Section 1.61 , 	the 
E?P internally defines two branches (both resistors) and two nodes 
( "TYP-16" and "......" ) . 	There will be two entries in the 
steady-state branch-flow printout for each Type-16 component, then. 

4) Each Type-98 pseudo-nonlinear inductor (Section 1.29 ) is 
represented by a linear inductor, for purposes of steady-state 
solution. 	The same holds true for each Type-93 (true) 
nonlinear inductor of Section 1.33 
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5) Flashover branches are all open circuits during the steady-state 
phasor solution. They are not in the branch table (List #2) at 
all, and have no associated steady-state printout. Included in 
this category are: 

a Type-91 time-varying resistance of Section 1.31 
b Type-92 (true) nonlinear resistance of Section 1.32 
c Type-94 dynamic surge arrester of Section 1.34 

There also is steady-state (initial condition) printout for dynamic 

	

synchronous machine (S.M.) source components (Section 1.62 ), 	.although 
the requests for such printout are handled separately as part of the S.M. 
data. See "Class 5 S.M. Data" of Section 1.62 • 

Note that such printout is separately 
controlled for each machine, at present. Anyway, should such printout be 
requested for one or more machines, the aforementioned injection printout will 
be followed by the initial condition printout for each machine, of which the 

- following is an illustrative example: 

U 	 OAT PLP41ETER AND IITIALCO.DXTto,S OF NEXT tck:'E cou.ow. - 

• pLJ 	pft "• 	 DUAL. 	5T HALF 

CII'E t.flUTAN 	AID KStS1P4GEPtAMETRS IN PER UNIT 
•l859.E'Cl 	LF 	a .)-$XIS FLLQ SELF INDUCTANCE  
•UECF_4QI 	t.*c • J-AXXS FIELD_ARiATuE MUTUAL INDUCTANCE 
.I7LCCE'OI 	LcK, 	3-AXIS FIELD-QiPE MUTUAL INflUTANC 
.ZCC3E'aI 	Lt 	• O-XXS ARMATURE 5LF INQUCTANCE (SYNH)NOUS REACTANCE 
•I7339CE+OI 	L.6K0 a 	 ARWATUcE_OANPER MUTUAL NOU'TAIC 
.U)CC1€.OI 	LKO • fl-AXIS O4HPV SELF INOUCTANCE 
•Z2.E.tI 	LG 	.-.X1S CIRCUIT :_SELF INDUCTANCE 

- -. 	.i:c::'ci 	Lt.0 • )-XI3 cx:ceiT !-A4TUE MUTUAL tnucuc€ 
.CL'3I 	LG 	a .2 ',XIS CIRCUIT I-CIRCUIT 2 uTsAl. IN)C(ANC€ 

LO 	C-AXIS AM4TRE SELF XtUCTNC 
LAk 	O-AxIS CICUtT 2-A4TuRE MUTUAL INDUCTANCE- 

.I7444E,3I 	LK 	0-UIS CZKC!JIT 2-SELF IMflUCTAIE 
•2.'3 	L'3 	ZE'O SE'UENCE 'E4CTANC 
.ir. '-3 	Rk 	RESISTIVE PART O P.IUTAL GOUN)ING ZPE)AP4CE 
.lc2E-C 	LN 	• Iiicrivc PA 	OF tUT.4L GkOLJflXNC IMPEDANCE 
.1 CE 72E-'2 	RF 	Rt XSTAiCE OF FIELD WI.ING 

RA 	.41JCE RE SISTANCE 
• I5'..2-'!  RKO0-AXiS rJA.PE RESISTANCE  

- O-.XiS CIRCUrT-J FESISTARCE  11 G

•2..q3I€-cI 	RKO a -AXIS CIUXT-2 RESISTANCE - 

1EC . PftMTRS flF lClINE, IN PER UNIT. 
KIIENt Or Is1i.TIA 	SELF-DAPPING COEFFICIENTS OF MASS 	 MUTUAL-C.IPIMG CQ€FF. 	TCRSIONAL SPRING CONSTANT 

OFZGTOR PASSSPEC-CEVZATION 	ABSOLUTE-SPEED(WITH FOLLOWING MASS) 	 (WITH FOLLOWING MASS) .1 

	- 	.IC1IE-37 	.0 	 .0 	 .0 

rCTL cur 	£N.ET 	tT.o sTwOFJ AT GENRATO GUS, IN PHASE CCOOINATES. 	FOR A DUAL- 
- TIZ I TE 	AL Zri\ ( •A + I I • 	THE FIT UN OISPLAYS 1E CjrTS AS FONI Y THE PIASC 

:u1zo (HI 	-,Y 3 jP3AL,.O, IF THE NE1WO 	X). 	THE 2N0 LINE SMOS ONLY THE POSITIVE-SEQUENCE COPC€NT, 
Wh4 IS UCil. FOri 11IE IILtZTION. 	MANITU0ES OF THE CLREUS ARE IN UNITS OF PER UNIT. 

ATU€ OF 	 A 	 kiM A NAE OF PHASE • 	 AATE OF FHLSF 'C' 
1A3ITU1E 	1 G 	 MAGNITUDE 	O€GS - 	 MAG.ITuCC 

L 	

I37

.5

3

2

3J5E353 

E.0 	aaq'o4GTJ 	

.c\ 	

I8b3ó4E+2I 	I2.2I$'i30 7  

	

y

I

t

I3I

e

qE,Gl 	II8.4374 5 
PnS. S. 	.63I62E30 	2I.I9i2 	 •8H629.E+ 	-96.0106068 	 .83!6 23E+ 3 	I 	3 ' 

ATU 	CURRENTS O GE.EATOR IN ROTA Mr. REFERENCE FRAME ( O-Q-4 CCOADINATES), I P 

	
- 10 	 IQ 	 III 	

a 
I`U.~!EIITS OF SENERATOR IN PHASE REAL CILI CCORNATS. IN PER UNIT. 	 open 	cei 	i t 'fwIT-iE4C: CI.WdONEliT 04LY, AS USED FOR 	TI4LIZATtcI OF THE IACkIME. 	 ' 

44TJE OF PtsA€A 	 A.i4ruL OF D445 	8 	 .tFlrtJt OF FIi 	C 
1tT!J 	 O€EES 	 'sAGHITUOf: 	VGAEES 	 MAG':T.2iE 

• (333722E'C5 	21.I93932 	 I3372E15 	-98.8ICE68 	 .3722E#5 	II.3332 
- 

F IELD CFE'T OF 	ERTOi. IN PER UNIT* 	 I • I72413F.0 	 Note. smi le, r".i Q - 	 .. 

OR 
-.eIG7IJ. 	TT 	FOI MASS NO. 	I 	(IN RAO:A'; 	 - ----- 

A'LAR VLCITItS OF RCc , IN PER UNIT. 
FOR MASS NO. 

DATA PARAMETERS AND INITIAL CCNOITIoS OF NEXT 	IACKNE FOLLOW. 	------------------- - --------------- ---------- 
3ULL, 	21,0 	4ALF 

tL' 	2'tc ACIP.E INCU'T&NE AND ESISt*ICE 

: 
PARAMETERS IN PER UNIT 

iL& ek.J 	tst 	øUb'S 
L*F IouCT.P: 

.I 73t LFKI) • B-AXIS FIE 	 1; 	.1UAL 	IOUCTA'E 
E..i 1.0 	= 0-xIS A 	t.TWE SELF ZUCTAMCE 	(SVC)ONOtJS REACTANCE) 

.1 7.'E:I LL 	a O- XIS L'MATuRZ-rAP& MUTUAL INQUC(AI4GE 
•it r LXO 0-AXIS OAPk SELF I NDUCT AN CE  



1 • 1 SPECIALLY-REQUESTED EXTENSIONS TO MISC. DATA CARDS 

There are two fields on the integer miscellaneous data card which 
can require the input of additional data, data which is to Immediately 
follow the integer (2nd) miscellaneous data card, in the following order: 

a) If 'NiG' -of columns 65-72 is nonzero, a special 
miscellaneous data card must immediately follow the integer 
miscellaneous data cards  for this "STATISTICS" or "SYSTEMATIC" case. 

b) If 'IPUN" of columns 41-48 has value -1 , the preceding card 
(if any) is to be followed by a card which varies the printout 
frequency. 

The format and meaning of these additional cards is as described In the 
subsections which follow: 

1 • la Extra "STATISTICS" - or - "SYSTTIC'S1jscelleo Data Card (Optional) 

If and only if parameter 'NERG' of the integer miscellaneous data 
card has a poaitivevalue, the following additional special "STATISTICS" 
miscellaneous dtaàard is required: 	 - 

1RF I 	Jru!I J 

IM I1T DST AINCR XMAXt [)EGt11N1 t*A STi\Tr StMA)( NSEEI 

:F30 F3.O F.0 M0 IS 
- 

where: 	 - - 
(1 - Request for the printed output of all variable switch closing/ 

ISW ( 	opening times, for every energization. 
1 -- No printed output of variable switching times will occur. 

f 0 -- An extra, randanly-selected offset time, calculated using the 
parameters "DEGIIN", "DEGIAX", and "STAR", is to be added to 
the randanly-generated switching tunes, for each energization. 

ITEST 

1,3  

1 - No such additional offset is added. 
2 -- This extra offset is added to the randanly-generated switch 

closing times for each energization, but not to the randan switch 
opening times. 

 -- This extra offset is added to the randanly-generated switch 
opening times for each energization, but not to the randan switch 
closing times. 

IDIST lo Zi All randomly-generated sitch closing times (for 
J 	"STATISTICS" switches) will have Gaussian (normal) 

distribution. 

1 	All randomly-generated switch closing times will 
have a uniform distribution. 

AINCR ---. The post-solution statistical tabulation of overvoltages, 
following the solution of all "NERG" energizations, 
will use a voltage discretization Increment of "AINCR" 
in per unit. A zero or blank field will be given default 
value AINCR = 0.05 per unit. 
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Note : Variable "AINCR" is also used as a flag for the request 
of additional printout by the EIVWP. Add a bias of "55." 
in order to also produce the familiar base-case printout 
of minim and maxima (along with their associated times 
of occurence) for each energiation. This printout is in 
addition to, and not a replacement for, the regular 
printout that occurs for each energization. 

XKAXI,IX '- The maximum per unit overvoltage that the counting algorithm 
will consider. This is a per unit bound on the tabulated 
overvoltage distributions which will be outputed, with a 
default value of 2.0 assumed if the user should input a 
zero or blank value. A "-" sign on XMAXMX means 
that the built-in random number generator In the module 

DEGMIN 	
"SANDMN" is going to be used. 

DEGMAX 	if statistics parameter "ITEST" of columns 9-16 of the 
- same card is zero or blank. In this case, the additional 

STATPR J 	random time which is to be added to the randomly-generated 
switch closing times is produced from these three parameters 
for each energization using the following formula: 

T0555 	II  / S-rATFR 	 Et1t + 

where CC is a random number which is uniformly distributed 
over the unit interval (o .0, 1.0) . 	"DEGMIN" and 
"DEGMA.X" are thus minimum,  and maximum angles in degrees 
which define a "window" of a sine wave having frequency 
"STATPR" Hz., from which the added time is randomly 
selected according to a uniform distribution. As an 
illustrative sample sketch, consider the following example: 

Blank or zero values for fields "DEGMIN" and "DEGMAX" 
are given default values of zero and 360 degrees, 
respectively; the corresponding default value for a blank 
or zero "STATFR" will depend on the particular translation 
being used, with a value of 60 generally used in North 
America (where virtually all electric power is of frequency 
60 Hz). 	Default values are set within installation- 
dependent module "SYSDEP" of overlay number 1. 
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SIG.MAX 	For a Gaussian (normal) distribution, "SIGMkX" gives 

the point at which the "tails" of the distribution will 
be truncated, for calculating the random switch times. 
This is as a multiple of the standard deviation, and 1s 
symmetric about the mean. A zero or blank field will be 
given a default value of 4.0 , which means that no 
random switch times further removed than 45 from the 
mean will be allowed. 

NSEED --. Parameter which controls whether or not the random 
switch times will be identical, should a given "STATISTICS" 
data case be re-run a second time: 

( 1 	a re-run of the data case will produce 
J 	identically the same answers; the random-. 

J 	number generating algorithm uses a constant seed 
of 11  x P1, which does not depend on the time of day. 

J 0 =0 a re-run of the data case will produce different 
answers; the seed does depend on the time 
of day. 

The re initialization of the random number generator is 
done for each energization. However, this can be changed 
in the system. dependent module "RANDNM" Starting with 
"M39.", VAX, IBM and APOLLO versions initialize the random 
number generator only once during the 1st energization. 

1P 

If and only if parameter "NENERG" of the integer miscellaneous data 
card has a negative value, the following additional special "SYSTEMATIC" 
miscellaneous data card is required: 

ISW 	-. Same meaning as for "STATISTICS" immediately above. 

ITEST 	0 	The inputted switch-time TCLOSE , which is read 
I 	from a "SYSTEMATIC" switch card, is understood to 

J 	be the mean switch time. The variation will be 
around such center values, then. 

1 	The inputted switch-time TCLOSE , which is read 
from a "SYSTEMATIC" switch card, is understood to 
be the minimum or beginning switch time. The variation 
will be for times greater than this, then. 

AINCR - Same meaning as for "STATISTICS" immediately above. 

XMAXMX 	Same meaning as for "STATISTICS" immediately above. 
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3 	If and only if parameter "NENERG" of the integer miscellaneous data 
card has a positive value, and field 1115W" of the "STATISTICS" miscellaneous 
data card is punched with the integer 4444 , 	then a special test of the 
random switch times is produced. In this case, no simulations are actually 
produced. Rather, the random switch closing times are just generated, and 
subsequently tabulated statistically, so as to compare the observed distribution 
with the expected theoretical distribution. For this case where 1115W" is 
punched with value 4444 , two other fields of the "STATISTICS" miscellaneous 
data card also take on apeciá]. meaning: 

1!! I I I II 
iF 1iioi III I1II1!XI 

ISW 	- - Punched with special flag 4444 , 	in this case. 

AINCR ---- The sample and theoretical cumulative distribution 
functions will be tabulated at a number of 
uniformly-spaced time instants. The time-spacing 
of this tabulation is "AINCR" , as a multiple 
of the standard deviation 	of the switch in 
question. 

SIGMAX - The range of the just-described tabulated comparison 
is "SIGMAX" on either side of the mean closing time, 
as a multiple of the s.tandard deviation 

NSEED --- For repeatable results (see previous explanation) 

A number of comments might be appropriate, as to usage of this diagnostic 
feature 

Comment 1 : Characteristic printout of this feature is a series of tabulations 
for different pairs of switches. Recall that if closing times 
for switch "A" and switch "B" are both of Gaussian (normal) 
distribution, then the difference will also be Gaussian and will 
have mean and standard deviation given by: 

It is this difference of closing times which is checked, and this 
is not the same as just looking at the closing times of any one 
switch. Recall that no random number generating algorithm is truly 
random; •the K+lst number 	a function of the K-th number, 
somehow (usually). Since there is only a finite number of different 
bit permutations within a computer word, every generating algorithm 
must eventually repeat. Presumably the period is so large that it 
is of no practical interest for EVYTP usage. But what about correlation 
of successive numbers? I am still haunted by Stanford's assessment 
of IBM's random number generator, as reported in the July, 1975 issue 
of DATAMkTION (in the Software and Services section): 
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"IBM's Scientific Subroutine Package, a collection of 
over 250 routines, is not getting high marks at 
Stanford Univ., and will be expelled before the end 
of the summer. 	..... But the real reason SSP is 
being bounced, says the school, is that many of its 
routines are inaccurate, obsolete and downright 
dangerous to use. For example, in RANDU, a 
uniform random number generator, consecutive triples 
of numbers are completely correlated. 0.*0 it 

Well, for M Gaussian switches, there will be M (M-1) / 2 
such pairings of. switches. For each, there will be one tabulated 
output, of which the following (extracted from a modified version of 
TJTPP Test Case #717) are typical: 

8W ITCH FAIR 	3 	 OCSVI 0  TO Oct 	• 	AND 	#ASWI • TO vAt 
lINt 	 .395000 .3.0000 -3.5000 .2.0000 41.5000 .1.0000 .0.5000 090000.  0.5000 1.0000 1.5000 2.0000 2.5000 30000 
SAMPLE 	 0.0000 0.0000 0.0000 0.0200 090700 0.1500 0.3000 0.4900 0.6700 0.1100 0.9*00 0.9500 1.0000 1.0000 
THCOR921C*L 	0.0000 0.0013 0.006 	0.0221 0.0660 0.17 0.3005 0.5000 0.6915 0.13' 0.9332 0.9772 0.9931 0.9997 

TINt 	 34000 4.0000 
S*MPLt 	 190000 1 00000 
THCORUZCAL 	0.9990 $60000 

11 
WITCH PAIR 	3 	 OC4W1 • TO 'Cl 	• 	AND 	OBSWI ' TO 

TINt 	 -3.5000 .3.0000 .3.5000 -2.0000 -1.5000 -1.0000 0,5000 0.0000 0.5000 1.0000 1,5000 2.0000 2.b4OO 3.0000 
0,0000 0.0000 0,0000 0.0300 0.0600 0,1600 0.3100 0,4000 0,6200 0.200 0.9200 0.9400 1.0000 1.0000 

THCORtTICAL 	0.0000 0.0013 090062 0.029 0.0660 0.1517 o.3o$S 0.5000 0,6915 0,8413 0.9312 0.9772 0.90 0.9907 

time 	30000 4.0000 
IAMPLt 	 1.0000 1 40000. 	 - 
TkLCC?ICAL 	0.9991 1.0000 

Concerning units, it will be noted that everything has been 
normalized. The printed "TIME" row gives the number of 
standard deviations from the mean. The corresponding actual 
time in seconds could be found from 

t, 	= T + 6 * TIME(K) 

Entries In the "TIME" row should normally vary from -SIGMAX 
to +SIIAX ; I note that one compartment is missing on the left, 
since tabulations correspond to the right edge of the compartment. 

Comment 2 : The just-described tabulation only applies to Gaussian (normal) 
switch-closing times. If one or more switches happen to be either 
deterministic (non-STATISTICS) or uniformly-distributed, they are 
ignored for purposes of this special tabulation. 

Comment 3 : Recall that miniature printer plots of individual switch closing 
times are outputted at the end of the printout for a conventional 
"STATISTICS" solution. 	See Section 1.8b for an example. 
Well, such plots of switch closing times will also end the run 
being considered here. All parameters and assumptions related 
to this output remain unchanged. 

Comment 4 : A complete EMTP data case must be used, at least through the blank 
card which terminates switch cards (see Section 1. for the structure 
of EKTP data cases). EMTP source cards and all later cards of a 
conventional case are optional; if so supplied by the users  they 
will be skipped by the EMTP as it searches for a 	"BEGIN NEW DATA 
CASE" record (just as if an EMTP error stop had occurred). 
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An example of such record skipping can be seen in the smple 
output of Section 2.4 • 	The user should remember to always 
supply such a separator record, even if no other data case follows, 
in order to avoid reading an end-of-file mark on the input 
unit "LUNIT5" 

For those knowing something about the EMTP overlay structure, it 
is worth summarizing where program control is .transferred during 
such a data case. 	First, data input is 4uite normal through the 
blank card which ends EMTP switch cards, as read in "OVER5" 
Then there is a jump to "OVERl 2" for all switch closing time 
calculation and the printout of Comment 1 ; then there is a 
Jump to 110VER29" for the output as discussed in Comment 3 
Finally, excess cards are discarded in "OVER54t' (loold.ng for 
the "BEGIN NEW DATA CASE" card), before the loop back to 
"OVERl" to start a new data case. 

ELECTROMAGNETIC TRAN5INT5 PROGRAM (CNTP), DXGXI'AC (DEC) VAX-11/700 TRAN5CATION A5 USED BY SPA IN PORTLAND, OREGON 97209 
bATt (MM/DD/TT) AND TIME OF DAY (HHMM.U.)S 04/21/0 13,37,13 ANY PLOTS BEAR SAME FIGURES. 	 VERSION • M27. 
IF zNDouaT AS D WHAT THE ?OC.L.OING PRINTOUT MEANS-0 CONSULT THE 564-PAGE £NTP U3ER5 MANUAL DATED NOVEMBER, 1977. 
ZJOtPtNDt? LI5T LIMITS ?OI.LOW, 	TOTAL LENGTH OF 	/L.ABLL/ 	EQUALS 300133 INTEGER WORD5, 	703 1050 200 	30 9500 

125 6100 $000 50 300 100 140 	5 9000 400 	9 	4 30 6000 500 72 260 3000 	6 3700 
............................................4............................................................................ 

093CRIPTZV INTERPRETATION OF 	W-CA5t XNZUT DATA I INPUT DATA CARD IMAGES PRINTED BELOW, ALL 10 COLUMNS, CHARACTER BY CHARACTER, 
• 0 	I 	2 	3 	4 	5 	6 	7 	S 

0 	0 	0 	0 	0 	0 	0 	0 	0 
........................................................................................................................... 

MARKER CARD PACCOING NEW DATA CASE. 	 1CGIN NEW DATA CASE 
AT , I5C. DA 	0.*OOC-03 	0.2O0-01 	096001$03 I 100.t.6 20.E-3 	60, 

MISC. D*A. 	10 	1 1 I 1 0 0 0100 0 	t 	tO 	t 	1 	1 	1 	 tOO 
STATISTICS DATA. 	4444 	 0 	0,5000 1 	4444 	1 	 005 	it 	 4,0 
SERIES R.L-C, 	0.000t+00 0,7009,01 0,0001+00 t OGLNA Al 	 7, 	 3 
LE1t3 R--C, 	O.O00,00 0.100•Ot 0,000+OO 1 OGENB II 	 7, 
5CRC R.t.-C, 	O.000E.00 0.100t+01 0,000C,00 t OGENC Ct 	 7, 
SERIES R-LC, 	0.00O,00 0,100E.01 0,0OO+0O I OENUA AtO 	 7, 
5CRIC5 R-.C. 	0.o00.00 0.700E,0I 0,O00+0O. t OENDB 810 	 7, 
5Pit5 P-t-C. 	0.000E,00 0.100L.0t O.000E,00 I OENDC CIO 	 7, 
0.300,00 0,2119+0* 0.ó4SE+00G.933t+02 0,301-021.1ASW* AS 	 .3 	2.1146 0.645 50, 	0 
0.26SE.01 0.540E+00 0,OE-0i 0.26*E.03 o,274-o3i-2R3wt 85 	 0261 .5397 0.021 $0, 	0 
3RD OR LATER uNxr.-TRANSP0SED DI3RIBUTCD CONO. 	i-3C3wi C 
SERIES P.0-C. 	0.10O+0t 0,000E,00 .0,000E+00 j  0A5 	AS? 	 it  

ItRICS R.t-C. 	0.100E+01 0,000E.00 0.000C,00 1 035 	$5F 	 It  
5CRLL5 R-t-C. 	0100E,0 	0.000E,00 0.0009+00 t OCS 	CSF 
CfRhC BRANCH. 	CCPY 	ASWI • TO A5 	• 	t-t*5r 	A5t0 A5W1 AS 
PCtR.CE BRANCH. 	COPY CON?, 	 1-255? 	BSWtO - 
REtUChCE BRANCH. 	COPY CONT. 	 1.3C5? 	C5W1O 
I.ANI( CARD TERMINATING BRANCH CARDS. 	 I 

5.IIC$, 	0.20-02 0,0-03 0,O0,00 0100E+00 I Al 	Aiwl 	2.9.3 	•1E3 	 STA?15?1C5 
SWITCH, 	0.401-02 0,OE-02 0,001+00 0,009+00 t at 	liwi 	4 6 t-3 	1,-3 	 STATISTICS 
SWITCH. 	0.60C-02 O,I0c-02 0.00E+00 09 009+00 t Cl 	C3WI 	6,t-3 	t.E.3 	 lTAT18TIC8 
SWITCH. 	0.S0-02 0,t0+0l O,OO+00 0.009+0O t A0 	ASWIO 	64-3 	1.0 	 - 	- 
1I?CH. 	0.l0-0l 0,iOE-02 0,00E+0O 0.0O+00 1761O 	BswlO 	0,9-3 	1.1C-3 	 STATISTICS 
SWITCH, 	0.12E-0 	0.i0.0i 0.00E+00 O,00C.00 V CIO 	CSWO 	12.93 	1.0 
C.AI,I( CARD TERMINATING awL?cH CAR05, 	 I 	

V 

IWZ?C$ PAIR 	1 	 @B3WI • TO 	11 	• 	AND 	A5W1 	TO 	A1 
TIME 	 -3.5000 .3.0000 -2.5000 .2.0000 .1.5000 -1.0000 .0,5000 0.0000 0 	.0000 1.5000 - 	2.5000 3.0000 
SAMPLE 	 0.0000 0,0000 0.0300 090300 0.0700 0,1700 0,300 0.4e00 	 .1300 0,9200 	 1.0000 i.O0 
THEORETICAL 	0.0000 0.003 0.0062 0,0221 0,0660 0,1S97 0,3015 0,6000 	 .9413 0,03 	4 0.9939 0.9917 - 	- V 	 - 	- 
TIME 	 3,5000 4.0000 
SAMPLE 	 1,0000 1,0000 
THEORETICAL 	009990 160000 

dc 

.3 
• o V 	 • 0 a 00 0 	 0 0 0 0 C. 0 0 	00 Q () •11 	 ' 	s 

I 	 I u 	I 	 01 	I • V 	_z wi. • -. e. • 	V 	0 	0 	 -. ' 1 I 	 . 	I o I 	 0 ., 	I 	 .3 	. e S . I.. 	 I. 	•,. I xz S 	0 	0 	 Z S LIZ I 	 1_Ir S 
dd -Z V_0_ P 	 O0 • I 	 _(J S I 	0 	 31  0 	 - 

e SO 	S 	 0 o S 	 o e 	 S • 4 - I 	 Id 	 • 	•S l.a 	• 	0 	0 	0 	 hi 	t 	 0 I 	I 	 0 	 X 	S 	 (3 	4• 
I.. N-*. 	 o 	•.- 	 ow 0 	0 	0 	P 	 o 	 1* • S 	 k 	a 	S O I 	0 	 0 	W.] O S  0 	- 	0 =4%:4000-c------- 5       -****Ce 1• 	d 	--------------------------,X.: ----------- - --------------el_I I.-',. 

o 0 
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1.1b Card for Varying the Printout Frequency (optional) 

If and only if parameter 'IPiJN' of the second miscellaneous data card 
is set by the user to value -1 , the following card is to Immediately follow 
the second miscellaneous data card: 

'Mg MNIA i1i1" 
1 çhare a Chne, etc. At  "C7 MOLT KCH 	MOLT •s•s 

I8 

This card specifies at what time-step numbers the printout frequency is to 
be changed, and what values the frequency is to be changed to. Up to five 
pairs of step numbers and new printout frequencies are permitted, as per the 
following definitions: 

	

KCHGi 	Time-step number at which the i-th variation in the 
printout frequency is to begin. Printout for this 
particular step number is always provided, as a 
beginning to the new frequency of output. 

	

MULTi 	Modified value of "lOUT" (see second misc. data card), 
to begin at time-step number KCHG1  

Pairs must be ordered corresponding to increasing time (increasing 	"KCHG" ). 
No bound1n entry is needed, as the last nonzero pair (if less than the full 
five pairs) simply remains in effect from the time it commences until the eid 
of the study. The first "KCHG" value, read from columns 1-8, must be positive. 

Special time-control of diagnostic printout 

Minus signs can be appended to the '11ULT 	values as defined above, if 
the user wants to control as a function of time the diagnostic printout of the 

	

time-step loop. 	Recall that diagnostic printout will produce output for 
every time step; if a large number of steps are taken, astronomical quantities 
of paper will be consumed --- unless such printout is selectively controlled 
as a function of time. 	The following scheme is used: 

a) It a minus sign is appended to MULT(J) , 	then at 
step number KCHG(J) the diagnostic printout status 
will be changed. That is, there will oe a swttcning 
of the two sets of diagnostic printout control. 
parameters: 

1. (IPRSOV(K), K:16,  19) of Section 1.0g7 ; 
2, (IPR(K), k=1, 4) of Section 1.00 . 

For further explanation, refer to the two sections 
just cited. 

b) If there is no minus sign, there will oe no change 
in status of the diagnostic printout at tre 
associated time step. 

If one or more minus signs are used as just described 1  it is only the 
absolute value of MULT1  which controls the production (non-diagnostic) 
printout frequency as originally described. That is, the use of minus signs 
does not interfer with the original usage. 



1.20 TACS DATA CARDS (IF ANY) 

TACS is an acronym derived from the name Transient Analysis of Control 
Systems. In very general terms, it directly provides the user with modeling 
capability which is normally associated only with an analog computer, as 
fully documented in Section 8. 	If such modeling is involved in a data case, 
this present mention is just a reminder that such data is to be physically 
positioned at this point in the data deck -- before the first EMTP branch 
card, but after the miscellaneous data cards (and any extensions). 

The beginning of TACS data is announced to the EMTP by means of one of 
the two following special request records: 

(A)  

This card introduces the TACS data cards describing a system modeled in 
TACS without any associated electric network components. The data case will 
look as follows: 

TACS STAND ALONE 
{ TACS cards (See Section 8.) 

plotting cards (See Section 1.10) 
BEGIN NEW DATA CARDS 

Variable IFLAG of colunnss 19-20 specifies the ordering the case is solved: 
1 -- case is solved accroding to the user supplied ordering 

IFLAG 	0 -- case is solved based on the ordering given on p.  283 
1 -1 -- case is solved opposite to the ordering user inputted 

(B)  

This card introduces the TACS data cards describing a system modeled 
in TACS and including components interfaced with associated components of 
the electric network. The data case will look as follows: 

TACS HYBRID 
{ TACS cards (See Section 8.) 

{electric network cards (See Section 1.) 

The variable IFLAG has the same meaning as described in (A). 

NOTE: The characters 'TACS OUTPUTS' are also recognized as introducing a 
TACS hybrid case, for convenience to users of older data cases. 



1.21 BRANCH CARD FOR UNCOUPLED, WMPED, SERI 	R-L-C BRANCH 

To be used for the following types of branches without coupling; 

LC 
p 

PC---*  

a) RULES 	
BUM 	R. 	L 	C 	13us2 

p 
b• NNVAt O 

1) Punch the branch-type "ITYPE" of columns 1-2 as zero or blank. 

2) Specify the two terminal nodes of the branch by 6-character 
alphanumeric node names, using fields "BUS1" and "JS2" of 
columns 3-14. One node of the branch may be grounded (field for 

	

node name left blank). 	 - 

3) At least one of the values R, L, C of the branch must 
be*O. 

4) When series branch has no R or L, then set 'R-0 or L=O. 
When no capacitance, set C=O (program regards this as 
I O).. 

5) If branch data R,L,C are identical with those on a 
preceding branch card, then the following storage saving 
option may be used: 

Repeat node names of that preceding reference branch in the 
provided columns 15-26  in the same sequence and leave R,L,C 
blank. 

CAUTION: If the reference branch has other branches in 
parallel, it is not clear which of them should be the 
reference branch. Therefore, the first branch among 
parallel branches with identical node-name pairs shall 
always be the reference branch. Note that two branches 
'NODE-A' to 'NODE-B' and 'NODE-B' to 'NODE-A' do not have 
identical node-name pairs (order is reversed) and can there-
fore be used as two distinct reference branches. 

6) The numerical values for parameters R , L , and C are in 
the following units. Recall that variables "XOPT" and "COPT" 
come from the floating-point (first) miscellaneous data card 
of Section 1.Oh 

a) Specify R in ohms. 



Maxlnnmi resistance to use for voltage sanip].ing 

Often the user will have occasion to add a very high resistance branch 
between two nodes the voltage difference between which he is interested in 
monitoring. But how high a value is permitted? The general rule is that 
R must nol exceed the square root of the largest number which the computer 

system being used can represent in floating-point form. Specifically, one 
can use a value of 1.E18 ohms on Univac and Honeywell/GE, 1-E35 ohms 
on IBM, and 1.E100 ohms on CDC. These are convenient round numbers which 
should always be legal. 

Minimum resistance to use for switch isolation or current sampling  

The user often has occasion to input one or more very email resistance 
or inductance branches, for the purpose of either: 

a) the isolation of switches (only one switch may be connected 
to a node of unknown voltage; see rules of Section 1.4 ), or 

b) the sampling of current in other branches of the network (not 
all EMTP components permit current output requests using the 
familiar column-80 punch). 

Ideally, a zero-impedance branch would be used, but this is not possible for 
the ENTP (an attempt to input a zero-impedance branch will yield an EMTP 
error message). Instead, the user must employ a "small" impedance value, 
where the minimum permissible or desirable value is a function of several 
considerations: 

Point 1 :' The fundamental limitation is due to floating-point word length 
of the particular EMTP translation version and computer system 
which the user is working with. For example, 

a) The user must be very careful when working with a 
32-bit REAL*4 translation of IBM (or other similar 
byte-oriented machine). 

b) 1e58 caution is required for 36-bit translations such 
as for single-precision Univac or Honeywell/GE. 

c) The user is permitted great latitude on CDC, with its 
60-bit word, or when working with a 64-bit REAL*8 
translation of IBM. 

d) Finally, of course, a double-precision translation 
involving 72-bit words as on Univac or Honeywell/GE 
allows even more recklessness and carelessness! 

Point 2 : Singularity tolerances "EPSILN" and "TOLMAT" (floating-point 
miscellaneous data parameters; see Section 1.Oh ) are actually 
used by the EMTP to protect the user against a too-small impedance 
value. Parameter "EPSILN" is used for the real, all-resistive 
transient equivalent-network solution, while "TOLMAT" applies 
to the complex (phasor) admittance-matrix solution for steady-
state initial conditions. The general idea is that all impedances 
which terminate on a given node should not differ drastically in 
value, as measured by the just-mentioned singularity tolerances. 
Specific relevant points related hereto include the following: 

a) Considering "EPSILN" , the Impedances in question are 
equivalent Norton resistances which result from trapezoidal-
rule integration (see Ref. i). For a resistor, this is just 
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the value of the resistance in ohms; for an inductor 
of L Henries, the impedance in ohms is 21/At ; 
for a capacitor of C Farads, the impedance is 
&t/2C . 	For distributed-parameter transmission lines 
or cables, treat them like resistors having resistance 
equal to the characteristic impedance. In the just-stated 
formulas 1  At is the time-step-size 'tDK[TAT" , in 
seconds (see Sect. 1.0h ). 

b) Considering "TOLMAT" , the impedances in question are 
phasor impedances, depending not only upon the element, but 
also upon the frequency of the sinusoidal excitation being 
used. The impedance of a resistor is just the value of the 
resistance in ohms; for an inductor, use OiL ; for a 
capacitor, use 1/WC . 	For distributed-parameter 
transmission lines or cables, a lumped nominal-Pi 
approximation is generally valid for usage here, if the 
line is not too long electrically (maybe 100 or 200 
miles at 60 Hz). 

Point 3 : For current-sampling purposes, the user is reminded that a 
permanently closed switch can sometimes be advantageously used 
in place of a low-impedance branch. See the writeup of 
Section 1.40 , Class 4 switch ('MEASURING" switch). If 
a "MEASURING" switch is used, all concern over the question 
of "how small is small" is avoided 	which may be useful when 
working on a computer that has limited (marginal) floating-point 
precision. The solution time for the simulation might possibly 
increase, however (it all depends on the problem; it also could 
in some cases actually decrease). 

Alternate high-precision format 

The SVINTAGE card (see Section 1,-D), which is honored by 
most computer systems, provides for an alternate high-precision 
format, 	Specifically, the R,L,C fields can be switched to 
3E16.0 (columns 27-74 in this case) if 	SVINTAGE, 1 	precedes 
such a group of new branch cards, and 	$VINTAGE, 0 	follows the 
grouping, 	As of August 1980, Pi-circuits (Section 1,23) and the 
original distributed line (Section 1.26) are other components which 
allow such new, wider formats; they can also be included in the 
grouping between the SVINTAGE cards, then: 

$VINTAGE, 1 

Any mixture of series RL-C, Picircuit, and 
distributed line cards, as long as all use the 
new wide formats*  

$VINTAGE, 0 



Sample problem to illustrate usage of the "CASCADED P1" feature. 
Rae (RAi; RB1; RC 1) is the sending end of the line, and bus 
(Gil; GB1; ad) is the receiving end. 

7 
1 • 22 BRANCH INPUT USING "CASCADED P1" FEATURE 

I. General Philosophical Explanation 

The "CASCADED P1" option can be used only for runs which stop after 
the steady-state phasor solution is complete (T '( 0 , meaning that no 
transient simulation is to follow). For such sies, numerous Pi-circuits 
(see Section 1.23) are often cascaded so as to represent a total transmission 
line, with possible conductor transposition occurring at the points of 
interconnection of the Pi-circuits; series or shunt elements may sometimes 
be present at these interconnection points, also. The "CASCADED P1" option 
can be efficiently used in such cases, provided the usr is only interested 
in the solution at the line terminals. Use of this feature makes it 
impossible to find out what is going on (i.e., the solution variables) at 
the internal interconnection nodes and adjacent branches. 

The mathematical modeling associated with "CASCADED P1" is worth 
summarizing, since a general understanding aids efficient usage of this 
feature. It will later be seen that components representing the line are 
defined sequentially-as a chain, from one end (the sending end) to the 
other (the receiving end). This data is processed as it is read, sequentially, 
so as to produce at any stage of the process a mathematical equivalent for all 
components between the sending end and the last component read. This is 
shown diagramatically in Pig. 2. 

Ril 	 11 	 5Blla 

on 

	

31 

	a 	- 3BI
Cr  



Receiving - 

YRSF '(RR S r• 

C, 
4) 

I . 	Equivalent for 	—6- 	 •- Equivalent for - 
I 	- 	. 

 

Component 
-4 

 
components 	 components 

1;'2, 	, K-i 	 1, 2, .... , K 

Pig. 2. Shematic illustration of cascading operation for K-th component. 

The form of mathematical equivalent used 
for this is simply the nodal admittance 
matrix 	Yj. Hence when input 
processing of the last component of the 
chain is complete, an admittance matrix 
among the terminal nodes of the line 
exists, as shown at the right. This 
is an exact mathematical equivalent for 
all of the interconnected components 
of the chain, as seen from the terminal 
nodes. Matrix 	Y) is symmetric 
and complex (i.e., admittance elements 
Ykm = G + jB ).km 

From the aforementioned description, 
several points concerning speed and storage requirements 
associated with this feature may be deduced: 

Point 1: The storage requirement (for (Y] ) varies as the square of the 
number of transmission line conductors; it is independent of 
the number of components which are cascaded together. 

Point 2: Computational effort to produce the equivalent is proportional 
to the number of components which are cascaded together. The 
computer time associated with this effort adds to the "data input" 
time figure of the summary case-termination statistics, not to 
the time figure for the steady-state solution. 

II. Some More-Specific Comments about "CASCADED P1" 

Before detailing the specific format of data input for the "CASCADED P1" 
feature, a few additionsl comments about restrictions and/or assumptions 
might be mentioned. Pig. 1 shows a sample problem, the Section-IV setup of 
which illustrates some of these points: 

1 • The first line segment of the chain of elements which are to be 
cascaded may not have any series or shunt connections. That is, 
the sending end must begin with a Pi-circuit. 

2. Second and later sections can each consist of up to four types 
of sub-components, as follows, in the order shown: 

a) Series uncoupled R-L-C branches, if any. 

b) Shunt uncoupled R-L-C branches, if any. 
c) New line-position (thought of conceptually as 

transposition) specification, if any. 
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d) Specification of new (i.e., changed) Pi-circuit 

parameter matrices [R], [L], and (C). 

In order to utilize the "CASCADED P1" modeling feature as part of an 
EMTP data case, the following classes of data are involved, in the order 
indicated: 

Class 1 : "CASCADED P1" header card (i.e., special request 
card which begins the definition process. 

Class 2 : Cards which specify the sending end and receiving end 
bus names, as well as the VR3, [L), and IC] 
matrices which apply ta the first Pi-circuit. 

Class 3 : Line position card for the first Pi-circuit, the 
one at the sending end of the line. 

rClass 4 : Line position card, if any. 

. 	J Class 5 	: Cards defining series R-L-C branches, if any. 
Class 6 	: Cards defining shunt R-L-C branches, if any. 

I 	Class 7 : Cards specifying new 	[R], 	[L3 9 	and 	[C 
L. 	 parameter matrices, if any. 

Class 8 : "STOP CASCADE" card, to close the definition process. 

Classes 1 9  29  39  and 8 are used only once, for the sending and the receiving 
end of the line in question. Classes 4, 59  6, and 7 apply to the interior 
of the line, to be repeated over and over again, once for each section. 

III. Format and Meaning of Different Classes of Data for "CASCADED P1" 

Class 1 : "CASCADED P1" header card 

One begins the definition process for a line by means of the special 
request card having "CASCADED P1" punched in columns 3-14, as per the 
following format: 

r 
I 	II11 	i$' ltl;!- i 

NPHCAS FREQCS 

CASCADED. .'PI  

Cols. 3-14 	Punched with the key request word "CASCADED P1" 

Cols. 27-32 	Variable "NPHCAS" , the number of phases or 
conductors in the circuit to be cascaded. The 
max.mum permissible number is dependent upon user 
E?LPP dimensioning (see Section 0.6) ; execution 
should terminate with an overflow error message, 
if the user attempts to represent a line having 
too many conductors. 

Cols. 33-38 	Variable "FRCS" , the frequency in Hz 
of the sinusoidal steady-state phasor solution 
which is to be performed. 



Class 2 : Specification of bus names, matrices LRI, [L], [c] 
These data cards are for inputing the sending-end and receiving-end 

bus names of the line, plus the IRj, [L), and [C) matrices which 
characterize the line geometry of the first section. The format is 
identical to that which is used for a conventional Pi-circuit: 

11*Ij2f:1i 149III 

tu t4oh Nme Rtkreiim br eviieiit,s 	i,m) .te..tnt s 	(ic, ' 	i) ekitrrt 	I (, 	+z 

8U51 t 6U52 G053 t3054  
p P4 EG.a E.a .a £r,.a EG. E,.a EO. Er.a 

Rule 1: Number the phases 1, 21  . . . NPHCAS. Make out one branch card 
plus possible continuation cards, (See Rule 6) for each phase 
and stack them in this sequence. Indicate this sequence by 
punching 1, 2, . . . NPHCAS in columns 1-2 of these cards (field 
ITYPE). These numbers will be referred to later as the line 
position number for this base matrix. 

Rule 2: Specify the circuit consisting of NPHCAS phases by the names of 
the nodes at both ends (use columns 3-14; field names BtJS1, 
BUS 2). Nodes may be grounded (indicated by blank field name) 
if desired. These names do not necessarily correspond to the 
R-L-C matrix values on the same card. The line position card 
takes care of the relation between bus name and R-L-C matrix 
values. 

Rule 3: At least one of the matrices [a), L1 must be nonzero. Matrix 
[C] may be zero. Specifically, [R +jJ.[L) must be non-singular. 

Rule 4: If this cascaded pi circuit is identical with another cascaded 
p1 circuit then the following storage-saving option may be 
used: 

Repeat node names of the first branch of that preceding set of 
branch cards in the provided columns 15-26 of the first branch 
in the same sequence and leave R, L, C blank. On the 2nd, 3rd, 

NPHCAS-th branch card only the information in columns 1-14 
is used. 

CAUTION: i) Same as in rule 5 of section 1.21. 
2) Rule 1 & 2 of this section do not necessarily hold. 

Rule 1 & 2 of section 1.23 are more pertinent. 
NOTE: The program will properly process the reference data 

with or without the CASCADED P1 header card and STOP 
CASCADE terminator card. Care must be taken that 
either both or none of these cards should appear. 

Rule : The numerical values for [R] [L1, and [ci are in the following 
units. Recall, that variables XOPT and COPT come from the floating-
point miscellaneous data card (see Section 1.0h). 

a) Specify Rjj  in ohms 

b) Specify inductances Lij  as 

i) inductance L in mH if XOPTO. - 
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ii) reatnce COL i ohms at f4rc;zecy 	XCPT 

if X0PT0. 27 

c) Specify capacitances C1  as 

i) capacitance C in JF if COPT =0 

ii) susceptance WC in pmhos at frequency W = COPT 
if COPT 0. 

Rule 6: Matrices 1R, tL], and LCI are symmetric, so only need be 
specified on and below the diagonal. The following format applies: 

Nod • names 
of lit branch 	11 	LIjj 	11 

a 	:OOh 	Li 	C. al 	R22 	 a Lea 	•C  

of 3rd branch 	 I 	 I C31 	R3a 	La? 	Q2 	R33 	Ijai 	C3 

'1 	obz.nch 	
: 	R1 	L41 	c, 	RI2 	. 	c 	R43 	t  

.R44 	Lq4 	Cii.  

. 	 R5 	Isa 	CS, 	 LS2 	Csz 	. 	 . 
of 5th branch

%4L-34 	C4 	Rss 	C  

Rule 7: No branch voltage output, or branch current output, is possible 
for this component, so don't put any of those special punches in col. 80. 
Of course the complete steady-state solution will show all branch flows. 

Class 3 : Line position card for sending-end section 

The line position card is used to specify control parameters pertaining to 
the associated line section and lumped elements. As used for Class 3  data, it 
applies only to the very first segment, the beginning of the cascading process. 
The general definition is contained in the Class 4 data explanation which follows. 

Class 4 : Line position card 

The line position card is used to specify control parameters pertaining to 
the associated line section and lumped elements. The following format applies: 

iIE' 	 1It;i; 

'-, 	CL 
	

Pb;se..-Ioc1ion 	indicator 	MPPCPS(I) 
'.' 	

(V) 

V13 (D eb 

v 	 Etc. 	or all phases 

(pc,s(I), 	x=i, ic.$) 

Ero-Z 1 141 14 	14 	14 14 	14 	14 	• • 

Rule 1: Length of segments is specified by DSECTJ. This is a per unit 
length where the base length is determined by the length of line 
represented by the equivalent pi matrix. That is the length of 
the line represented by this matrix is 1.0. 
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Example: If a 5 mile length-of line is needed for a section and 
the R-L-C equivalent pi matrix is per mile then DSECTJ = 5.0. 
However, if the R-L-C equivalent pi matrix is for a 5  mile length 
of line, then DSECTJ = 1.0. 

Rule 2: If N identical sections are to be cascaded together without any 
transpositions then MULTIP can be set to N rather than Include 
N line position cards. There may be series and shunt connections 
between these sections, but these connections must be the same 
for all sections handled by this multiplicity feature. Default 
value of 1 if MULTIP is left blank. 

Rule 3: Specification of series connection 

MSER=1 This indicates that there is a R-L-C series connection 
for this section(s) and data for this is to follow. 

MSR=O This indicates that there is no R-L-C series connection 
for this section(s). 

MSER=-1 This indicates that there is. a R-L-C series connection 
for this section(s). The data from the last R-L-C 
series connection is to be used. 

Comment: Should the user desire to put the same R-1-C connection 
between every other section this can be easily accomplished as 
follows: 

The first section preceeded by the R-L-C series connection 
would have MSER=1. The next section would have MSER0. The 
third section, which is to be preceeded by a R-L-C series 
connection would have MSER=-1. 

Rule 4: Specification of R-L-C shunt connections MBR1, 0, -1 has same 
meaning for shunt R-L-C connections as MSER has for series 
connections. 

Rule 5: Specification of line-section parameters R , L , and C 

MSECT= 0 or blank means old R-L-C values are used for following 
section(s). 

MSECT= 1 a new R-L-C matrix is to be read in 

Rule 6: Specification of line position. These numbers are a map of the 
position of the phases of the cascaded circuit. The fields 
across the card starting in column 25 correspond to the phases 
In the order their names appear in. the BUS1, BTJS2 fields on 
the NPHCAS equivalent pi cards. The number entered in these 
fields are the row number of the R-L-C equivalent pi matrix. 
Thus if the conductor connecting the nodes specified by the 
first equivalent p1 card BUS1-BUS2 field has electrical prop-
erties which are specified by the third row of the R-L-C matrix 
then a 3 would be put in column 28. 

For 14 or fewer conductors, cols. 25-80 of the data card suffice, 
as shown. But for 15 or more conductors, the MAPCAS(I) data spills 
over onto as many extra cards of the format 	24X 9  1414 	as are 
required to complete the data input. 
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Class 5 	Series R-L.-C branch specification 

Class 5 data consists of series R-L.-C branches, connected in series 
with any particular conductor (phase) of the line. The following format 
applies:  

Lii 
CL 

I 
. 

I 

• 
.• 5c24 

I 

Series 
.1...... 

eii. 

Rule 1: Field ITYPE of columns 1-2 is to be punched with the conductor 
number which the R-L-C branch being defined is to be placed in 
series with. 

Rule 2: If a short circuit is desired, simply do not enter a data card 
of this class for that conductor. 

Rule 3: If an open circuit is desired, punch field R of columns 27-32 
with 11999999" 	to be interpreted by the E!ffP as a special 
flag meaning "open circuit". 

Rule 4: At least one of the parameter values R , L , or C of the 
card must be nonzero. 

Rule 5: If the desired branch has no resistance, set R equal to zero 
(or leave blank); if the branch has no inductance, set L equal 
to zero (or leave blank); if the branch has no capacitance, set C 
equal to zero (or leave blank), which is interpreted by the ER1P as 
though series capacitance C were actually infinite, a capacitive 
short circuit. 

Rule 6: The numerics], values for R , L , and C are in the following 
units. Recall that variables XOPT and COPT cone from the 
floating-point miscellaneous data card (see Section 1.0h). 

a) Specify R 	in ohms 

b) Specify inductances Lij as 

i) inductance L in mM if XOPTO. 

W retc C*.L in chm t frqucncy 	XOTT 
if XOPTO. 	. 	 2? 

c) Specify capacitances Cii  as 

i) capacitance C in JJF if COPTO 

ii) susceptance WC in pmhos at frequency , 	COPT 
if COPT O. 

Rule 7: The end of such series R-L-C branch cards is signaled by a blank 
card. 

S.  



Class 6 : Shunt R-L-C branch specification 

Series R-L-C branches may be connected in shunt, thereby being 
catagorized as shunt R-L-C branches of data class number 6. This is 
illustrated by the Pig. 1 schematic diagram, at busses 7A1 , 7B1 , and 
7C1 	The shunt branches in question can be connected between any two nodes 
which are either conductor nodes or intermediate extra nodes, including 
local ground. The applicable format and rules for such shunt R-L-C branches 
are as follows: 

IifrI 	:I1 

Termir1nole 
I 

lII 

J 

ilI?I;i; 
I 	Branch- 

$ 
f'rneter-1 t/tus 

]4L 2.L ILi 'c± U4 
1-f 

:1::::: .:r::j::i:..:::::..r: . 	.. 	i~., :.i::: ..2. IEG. a 
Rule 1: Fields Ni and N2 are to be punched with node numbers. If one 

wants a conductor, the associated node number is the positive integer 
(row or column number) assigned to it in the line-parameter matrices 
R , L , and C • Zero or blank is reserved for local ground. 

Any other new, intermediate nodes are given consecutive negative 
integer values -i, -2, etc. for as many as are needed. Such 
numbering is local to the line section in question, with one 
beginning over again with -1 the next time. A limit of "NPHCAS" 
such intermediate nodes for each section ecists (i.e., not more than 
one for each conductor). 

Rule 2: At least one of the parameter values R , L , or C of each 
branch must be nonzero. 

Rule 3: If the desired branch has no resistance, set R equal to zero 
(or leave blank); if the branch has no inductance, set L equal 
to zero (or leave blank); if the branch has no capacitance, set C 
equal to zero (or leave blank), which is interpreted by the EMTP as 
though series capacitance C were actually infinite, a capacitive 
short circuit. 

Rule 4: The numerical values for R , L , and C are in the following 
units. Recall that variables XOPT and COPT come from the 
floating-point miscellaneous data card (see Section 1.0h). 

a) Specify Rij in ohms 

b) Specify inductances Lij as 

i) inductance L in mH if XOPTO. 

ii) reactance COL in ohms at frequency (a. = XOPT 
if XOPT 	O. 

c) Specify capacitances Cii as 

i) capacitance C in JJF if Corro 

ii) eusceptance WC in p mhos at frequency W = COPT 
if COPT .O. 

Rule 5: The end of such shunt R-L-C branch cards is signaled by a blank card. 



Class 7 : Change of line parameters IRI, [L), and id 
During the cascading process, the line geometry can be altered if 

desired, which necessitates the redefinition of matrices IR1, [L], and 

	

IC 	If this is the case, field "bISECT" of the associated line-position 
card (Class 4 data) must have been punched with value 111" • The general 
data format for Class 7 input then is like that of Class 2, with the following 
exceptions: 

a) Rules 2 and 4 of the Class 2 data description do not apply. There 
are no bus names "BUS 1" and "BUS2" to be inputted, so leave 
columns 3-14 blank. No storage-saving option is possible, so 
likewise enter nothing in cola. 15-26. 

Class 8 : Termination of Cascaded-PI data 

The last card in the definition sequence for a line which is being 
modeled using "CASCADED P1" is a record reading "STOP CASCADE" , as 
per the following format: 

	

..AH I AI 	Jill 

This card tells the EMTP that it has now processed all sections making up 
the line which connects the sending-end and receiving-end busses which were 
defined on the Class 2 data input. 

IV. Illustrative Sample Usage of "CASCADED P1" Feature 

Pig. 1 displays a sample network for which the steady-state sinusoidal 
phasor solution can be found in two different ways: first, using the 
conventionl, manual EMTP data setup, and second using the "CASCADED P1" 
modeling capability just described. Listings of these two alternative data 
case setups for this problem are shown below: 

aGIN NEW DATA CASE 
. .. ........................ 

	

C 	UTPF TEST CASE NO. 19
................- 

	

C 	CHECK CAS FOP THE SAMPLE SMALL STEADY-STATE PROBLEM WHICH 

	

C 	ILLUSTRATES MANY FEATURES OF THE 'CASCADED Pr' CAPA2LITY OF THE T.. 

	

C 	THIS CASE IS COPLTELV SET UP MANUALLY, WITHOUT ANY USE OF THE  

	

C 	CArAOC P1' CrTON. 	THE ANSWERS SHOULD BE IDENTICAL, OFCOIJRSE. 
0 	1 0 

1 	1 
IRAI 	IAI ..................... .877 8.1.0 •I62  
2RRI 	IPI 	 .Th7 4.14-.0252 .852 	.43 .1559 	 - 
3RC1 	ICI 	 .735 3.47-.01167 .723 4.17-.0277 .829 8.46 •157t____ 

2181 	281 
!t4' 	2! 	 . 

V2flt 
12C1 	1.C1 	RAI1A1 	 .. 
23A14A1 	

-.--- ............... 	-.-.. 	.............. 

38I 
04C1 	5Ct 	 .-- 	..... ---.-

0 .......................... 

(UeAt 	5A1 	
- .................. -.-..----- ...........................- ............- ....... 

tBI 51.Cf—Ct 	
- 	 --•- 	 _____ _______ 

C1 	SGI 	213QI 	
- ............- 	 -.-.-.---- 

0AI 	5G1 	2q1 	3P1 	 - 	--..---- .,.... 
	........................- .......................... 

0581 	5Gl -- 221 	301 
5';, 	 13.14 	.............................................. --- 	.-..- 	

0 _ ................ 

tSP! 	6R1 	RAI 	tAt 	
. 

25C1 	6C 1 
 

5At6A 	-- 	
..---.--- .........................---.------.---..-----..-.-...-...-..---.- ................---. 	, 	-........- 

6A1 	TAt 	1.01 	5P1 	 .... .--..--.--- 

LBI 	781 	4C1 	Ct  



- 6C1 7C1 	4A1 	SA I 
7A1 - 7G1 	231 	3P1  
781 7G1213PI 
7C1 7G1 	2P1 	31 - 	

-. 7G1 	-. 	5G1 
----..--...------..-------.---------.-----....-- ...... 

17A1 GA1 fTUr7e2 .3142 
-- 	2781 GBI 1.41,6 	8.34-.0551, - 1.70416.66 .1118 - 

37C1 CCI  1.470 	6.94-.0134_1.491, 
- 

8.28-.0504 	1.754 	16.80 .3256 
I. 

-- 
I6GAI 424035 	- 	60. 000 	. .-1 -- 
I4RAI 'p24.35 	60T. 1o.0  • 
14G1 42405 	......... 60. -120.0.. . 	 -,  
14R81 424035 	600 	.. -110.0•  
I4GCI 4 ?4.15 	60. 120.0  
14RC1 424935 	60. 130.0 -61 

- _- -_-r-..r-- .  
REGIN NEW DATA CASE 
C LYTPF TEST CASE NO. 	18 

,-. 	C SAPIFLF SMALL STEADY-STATE PROflLEM WHICH ILLUSTRATES MANY FEATURES OF THE 
C 'CASCADED PI 	CAPABILITY CF THE T.P. ----- TRANSPOSITION, CASCADING 
C OF P1-CIRCUITS, THE CONNECTION OF SERIES BRANCHES, THE CONNECTING OF •• 

-C SHUNT BRANCHES. 
-: 	•- 0 	0 	6D. ---. 	••__ 

- 	I --  I • ,0 3 
T 	CASCADED P1 	- 3 	60.0 	. .:, 	....... 

1RA1 GAl 0877 	8940 	.1628  
2R81 GB? .747 	4.14-.0252 .852 	8.43 .1559 
3RC1 GC  .735 	3.47-.0067 .723 	4.17-.0277 	•829 	8.46 .1571 

"1.0 1 .......I........ O0'2 3 	1 ---.--.--- -..- 
2 -.--•- -_gggggg 

.--...---..- ..................- .........-.-- ..........- ....... 

13014490 071 -.-.-• ......................--.- 
-- 

1.1 	. ...11 3 I 	2 ..---.-.-..--..------ 
• 1--- 

. 
13.14  

Th2 	- 13I4 - 	-- 	- 
1391449.07I  

H 	 - 1 	-1 	............................ . 	13914499071 
2 	-1 13.14499071  
3 	-I 13.14499071 

- 	l 5.0 	13.14 • - 	i• 	 - 	.._.•'_________________________________ 

'2.0 	1 	 rr 2 
1 .829 	8946 0571 .- 	. 	

. 	..................... - 	-- 
-- 2 

- 	................ 
- 0723 	4917-.0277 .652 	8.43 .1559 

3.41-.0067 .747 	4.l4-.0252 	.877 	8.40 .128 -. - 	STOP CASCADE 

• -. 	14GAI - 	42405 	60. 0.0 
- .........._-.1 
	

-. 

14RA1 • 424.35 	......60. 10.0 -01
- ......-. - 	-. 

I4GR1 424.35 
14 RP. l 42405 	600 -11000 	................................. -. - - 

_•_• ................ 

I4GC1 424935 	609 12090 
I4RC1 424.'S 	60. 130.0  

-.- -• 
- - ...... 

BEGIN NEW DATA 'ASE 



1.23 BRANCH CARDS FOR P1-EQUIVALENTS 

This class-of branches provides for the representation of lumped-element 
resistance, inductance, and capacitance matrices. For N conductors, the 
associated differential equations are: 

L 	

Km + 

tC). + 4'M IL I  i 
tt I 	__ 
'kItc3J Rc II m 

I __ 	U 

end end 	 e
m  k 

1 • 
	Coupling 	

'  2' 	given by 	 2  
• matrices 

I I [R] ., [U )  
I 

N ___ [cJ 	 'N ' 
EJ+utL3 

 

All matrices are assumed to be symmetric, and it will be noted that tCI is split 
in two, with half of the total on each end of the branch. 

Principal use of this model at BPA is to represent short, untransposed sections 
of transmission line, for which the perfect-transposition assumption of distributed-
parameter representation (Section 1.26) is not acceptable. By connecting many such 
short sections in series, keeping track of actual transpositions (if any), a model 
for a long line can be made. For such use, the matrices [R], [L] , and IC .3 
can be automatically calculated by the BPA line constants program.5 Yet because 
of increased running time and core-storage requirements, this modelling should 
generally be used only as a last resort, where distributed-parameter lines are 
believed to be inadequate. Refer to further discussion in Section 3.3 

While 	IC] = to] 	(no capacitance) 
is a legal input option, this special situation 
represents only mutually-coupled R-L branches, 
for which the separate input format of Section 
1.24 has been provided. 

coupling 



If the user wants just a multiphase 
(N > 2) capacitance matrix to ground, 
then he can input a near-infinite-
impedance series branch, and ground 
all conductors at the far end. In 
particular, set 

R1i 10) 
	

for all i 	
R22 10 

Ru = 0 
	

for ij 

ILI 	jo] 

= twice the desired final 
matrix, since it will be 
halved, remember. 

Here 	' is a "large" exponent, ideally 	- 
infinite; In practice it is limited by 
the computer installation being used. Refer to 
discussion of high-impedance branches, Section 1.21 

R3  l0 

Earth 

Elements of the matrices (R), ILl , and [C) have the following 
meaning in the sinusoidal steady state at frequency (0: 

diagonal Ru + jcLij - self impedance of branch i 

(impedance of loop "branch i--ground retrirn"); off-
diagonal Rik + iLik - mutual impedance between 

branches i and k. (Rik 4 0 with nonzero ground resistivity) 

diagonal C - sum of all capacitances connected to the nodes
ii  

at both ends of branch i; off-diagonal C - negative value
ik  

of capacitance from branch i to branch k. 

Data format for data cards 

To specify an N-conductor Pi-equivalent, the following rules and 
format are to be observed: 	

) 
;!r 

Iii Nüe Nn,e.s Rttrvim br ee'e'cts 	(k, m) t.Ie.ie.nt s 	',) eIeitrrt 	(Ic., mhz 

8U51 BUS2 G053 O54 
L • C: R L C; R. L; C 

[2 r AG AG PQ, Arc  EG.a E.a E.2. EG.a Er.?. EG-2. E.a E(ø.a 
• 

Rule 1: Number the phases 1, 2, ..... , N. Make out one branch card (plus 
possible continuation cards see Rule 6) for each phase, and stack 
them in this sequence. Indicate this sequence by punching 1, 22  ... , N 
in columns 1-2 of these cards (field ITYPE). Limits on N 
are 1 '< N 'qo 
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Rule 2: Specify each of the phases 1, 29  .... , N by the names of the nodes 
at both ends (use columns 3-1J4; field names BUS1, BUS2). Nodes may be 
grounded (indicated by blank field name) if desired. 

Rule 3: At least one of the matrices 	(R) , IL] must be nonzero. - 
Matrix (C I may be zeros  though then the Section 1.24 input can be used. 

Rule ti: If branch data are identical with those on a preceding set of N branch 
cards, then the following storage-saving option may be used: 

Repeat node names of the first branch.of that preceding set of 
branch cards in the provided columns 15-26  of the first branch 
in the same sequence and leave R,L,C blank. On the 2nd, 3rd, 
• .,N-th branch card only the information in columns 1-14 is 

used. 

CAUTION, Same as in rule 5 of section 1.21. 

Rule : The numerical values for (R] , LL1, and (C ] are in the following 
units. Recall that variables XOPT and COPT come from the floating-
point miscellaneous data card of Section 1.Oh 

a) Specify R 	in ohms 

b) Specify inductances L1  as 

i) inductance L in mH if XOPTO. 

ii) reactance C&)L in ohms at frequenäy (.a)XOPT 
if X5PTO. 	 27 

c) Specify capacitances Cii  as 

i) capacitance C in JJF if COPT =0 

ii) susceptance CA)C in pxnhos at frequency 	COPT 
if COPT 0 . 

Rule 6: Matrices IR), [L] )  and IC are symmetric, so only need be 
specified on and below the diagonal. The following format applies: 

a 
1 

lode names 
of lot branch  Pjj rIJj 

21 och  Ri las (ai R Laa Caa  
Nod 	names R31 L31 •C1' R32 I32 C3 R33 j33 •C3-- 

4 
names R41 L41 C Na ta4 C42 Ri3 L43 C43 

R4 L44 C41 I 

of 5th bZch Node nes'  Rss L5i Csi Ls2 C.sa R6 k C53 - 
- R54 1J34 C54 ss L C 

I 

etc. 1 	1 

I 

/ 
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When one card is not sufficient for all required R-L-C values 
(for the fourth and later phases), then "continuation cards" are 
used, with columns 1-26 left blank, it.will be noted. 

Rule 7: No branch current output is possible for this branch type. However, 
the branch voltage can be obtained on the first two phases (where 
column 80 of the card is not being used) by punching a 1121I  in column 80. 

Alternative performance equation for series segment of P1-circuit 

Instead of describing the series leg of a multi-conductor (N2) Pi-circuit 
by means of matrices I R  3 and (U] , the user may prefer to use arrays [A I 
and IBJ , defined by the alternative performance equation 

it 
tt] ) + 1B]tkrn  

If this be the case, he then can use the following procedure: 

Rule 8: Immediately preceding all mutually coupled branches (note plural; N'2) 
for which the AB-option is desired, 	 I ..-It.4C 	II 	to. OC1IC)' M10 	 — 
insert an extra data card with the 	 I 
code I?USE ABIt punched in what is 	 ViSE AF 
normally the HJS1-field  

Rule 9: For all multi-conductor coupled circuits in question, punch the 
elements of [Al where those of (R] would normally appear, and 
those of [BI instead of (L] 

R 	becomes A I 	 (L i becomes[ B j 

Rule 10: To return to the use of [R) and [U] 
after having used (A) and [B] , 
insert an extra data card with the 
code "USE IM" punched in what is 	 kJSE Rh 
normally the JS1-field. For all data 	[_I 
following this care, then, use of the 
R-L formulation is assumed ---- until 
another DTJSE AB" card should be enuntered. 

Exarntle 

Consider the modelling of two 3-phase circuits on the same right of way, 
so that they are mutually coupled. Together these two circuits constitute 
six coupled conductors (N6). With two identical Pi-equivalents cascaded, 
the data cards appear as follows: 



ha 
I-i 	 :..4I,v); :..: 

6L 	 -- 
-- —--------- - 0: 

____-  
LiII 	 —' 	TiI 

69 	3 	 :a- 
8

-J 	g.') C 	- 	- 	 'P • 
o- 

____ 	
— — 	 - — — 

''  
YV  

° 	

cj 	' 
'A. 

00 
Z9 d 

eN 

e 

L - -- _____ ______ --- -- 	 - 
WS do -J 

/ 	
':.t 	-- 

'-:  
-c.- 	: 	— 	.: 	•: 	•: •: 	•: 	- 	— 	04'1C4  cq -  

ifZi LS CW rJ 1 cr,  
0 	 L _ _-:_ -- 	: :  6 	 (J% 	

A 
<4 tN 	'('OJ,V LP ç__________  

-LL 	— .... 	0 -' 00 7-7-- 	 ' qo 

	

:2— 	'TT 2 
WIF AnTI3 	 j:  

	

i-: 	 : .'. i.'-. 	: 	- 	- - 
401  

-rip :... 

Or  

T 	17 	 ' 	•: • •: 	 7 	 000 	— 
Iva 	 a a i -71 r : : 	. -r3' 

	
: 	 I 	4, 	

()o-  fJ O iiôô c-   

	

r-J 	U)' 	 - 6000  _______ 	 —Q OJc1  
oc -1- 
:--- 

0'' 	' 

00  

_1-- 
ujl l Cii  IAid L1 ---L----- 
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Alternate high-precision format 

The $VINTAGE card (see Section 1.-D), which is honored by 
most computer systems, provides for an alternate high-precision 
format. 	Specifically, the R,L,C fields can be switched to 
3E16.0 (columns 27-74 in this case) if 	$VINTAGE, 1 	precedes 
such a group of new branch cards, and 	$VINTAGE, 0 	follows the 
grouping. 	Here only one triplet of (R, L, C) values is allowed 
on each data card, of course. For the second and later rows, 
ordering .is from left to right (e.g., the card for column 2 follows 
that for column 1, etc.). 	Series R-L-C branches (Section 1.21) and the 
original distributed line (Section 1.26) are other components which 
allow such new, wider formats; they can also be included in the 
grouping between the $VINTAGE cards, then: 

$VINTAGE, 1 

Any mixture of series R-L-C, Pi-circuit, and 
distributed line cards, as long as all use the 
new wide formats. 

$VINTAGE, 0 

To remove any ambiguity as to the format, the following diagram 
corresponds to the case of narrow format as illustrated under 
Rule 6 (see three or so pages before): 

Etc.. 
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1.24 Branch Cards for Mutually-Coupled R-.L Elements 

This class of branches provides for the representation of lumped-element, 
mutually-coupled R-L branches. Associated with these branches are matrices 
(L] and (R) having performance equations 

= [L1n1 + [R1Zic, 
At 

LK,V 
LI1L •i + 

V. rn 
- 	 e 

Earth's' \ '\ '\ •\ "I 

Matrices tRI and (LI  are assumed to be symmetric. 

End 	 End 

1 

2'T j '2 
'I 

N' 	• 
Mutual coupling 

Note that this branch type is identical in performance to the Pi-equivalent 
of Section 1.23,  if the user therein sets the capacitance matrix [C] to zero. 
But in the present section the inductance data fields (see below) have 12 columns 
rather than Just 6, allowing for greater precision. This option is intended to be 
used primarily for coupled impedances representing transformers, wherein it is 
necessary to have highly-accurate values for self and mutual impedances; otherwise 
the leakage impedances get lost in- the magnetizing impedance. See Section 6. for a 
discussion of transformer representation. 

Data format for data cards 

To specify N mutually-coupled R-L elements, the following rules and format 
are to be observed: 

j Node;  Names 

I eus 
12 i_I. Are 

II 	III?I;IL I 	IIi 	iII*II 

Reference. 6r elements (K,m) eIe',ent 	(Krn+1) Citment5 (Ic)m42) 

BUS3 WS4 R R L R L. 	I 
P4 AG [iiia - EG.a E12.a - 

Rule 1: Number the phases Sl, 52, .... , (SO+N) . Make out one branch card (plus 
possible continuation cards; see Rule ) for each phase, and stack them 
in this sequence. Indicate this sequence by punching Sl, 52, .... , (SO+N) 
in columns 1-2 of these cards (field ITYPE). Limits on N are 
1 *N 	O. 

Rule 2: Specify each of the phases Sl, 52, .... , (SO+N) by the names of the 
nodes at both ends (use columns 3-14; field names BUS1 and BUS2 ). Nodes 
may be grounded (indicated by blank field name) if desired. 
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Rule 3: If branch data are identical with those on a preceding set of N branch 
cards, then the following storage-saving option may be used: 

Repeat the node names of the first branch of that preceding set of 
branch cards in columns 15-26 (fields BUS3 and BUSI) of the first 
branch in the same sequence of this new group, and leave R and L 
fields blank. On the 2nd, 3rd, .... , N-th branch card, only the 
information in columns l-lh ( ITYPE, BUS1, BUS2) is used. 

a 

CAUTION: As the reference branch is only identified by an ordered pair of 
node names, ambiguity is possible. If more than one candidate 
fulfills this description (of 2 or more parallel branches), then 
the program simply chooses the first such branch inputted. Note 
that two branches 'NODE-A' to 'NODE-B' and'NODE-B 1  to 'NOEA' 
do not have the same node-name pairs (since the order is reversed), 
and can therefore be used as two distinct reference branches. 

Rule I: The numerical values for tR I and IL)  are in the following units. 
Recall that variables XOPT and COPT come from the floating-point 
miscellaneous data. card (see Section 1.Oh ) 

a) Specify Rijin  ohms 

b) Specify inductances Lj  as 

- 	i) inductance L in mH if XOPT = 0 

ii) reactance WL in ohms at frequency Ci) =XOPT 
if XOPTO. 

Rule S: Matrices IRI and [L) are symmetric, so only need be specified on and 
below the diagonal. The following format applies: 

Ef IIiII4' IIiT J' I;I I'd -'LIIr i - " 
5'1  ?oceTaJI%e 

of' )tbranch  

ItI 

l5 

k33 
of 3rd branch 

of-4th branch 
ij 

L4ij  
Node names 

of 5th branch  Rsi 53  Lsi - 	- 
I LSS  

HI L 

When one card is not sufficient for all required R-L values (for the 
fourth and later elements), then "continuation" cards are used, with. 
columns 1-26 left blank, it will be noted. 

Rule 6: No branch current output is possible for this branch tyoe. However, 
the branch voltage can be obtained on the first two phases (where 
column 80 of the card is not being used) by punching a 112" in column 80. 
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Optional use of Zc  and Z1  for 3-phase coupled R-L branches 

Suppose that the user has exactly three coupled R-L branches, with the 
associated (.R1 and [Lj matrices having common diagonal values Z5  and common 
off-diagonal values Z , as shown in the sketch. Then rather than inputting tR] 
and [L] , it may be more convenient to input the associated zero and positive-
sequence values, (R0, L0) and (R1, L1), respectively. 

s ZM ZM 

Z m Z s W
z 

ZM  Z M  
ZM: 
Z  s 

Phase values 

Z 0 0  

1: 

Z 1  0 

0 
0 0 Z 

Sequence values 

Karrenbauer' s 

transformation 

Section 4.1 details the tranformation formulas of Karrenbauer which are assumed to 
apply, and the preceding format specification is modified slightly, giving the 
following: 

I'IHIHJ°'2J II  rlwol vz  MV 

i Noh14mt . 	.......i Secuenc,  mew J'Mves 

? usi eusa 
1-2 AG Arc 

Rule A: Number the 3 phases 51, 52, and 53. Make out a branch card for each,. 
in this sequence. Indicate this sequence by punching 51, 52, and 53 
in columns 1-2 of these cards (field ITYPE). 

Rule B: Specify the phases by means of the names of the nodes at both ends (use 
columns 3-14; field names BUS1 and BUS2 ). Nodes may be grounded 
(indicated by blank field name) if desired. 

Rule C: Resistance and inductance values are punched in columns 27-44 (fields R 
and L ). Zero sequence values R0, L0  go on the first (phase 51) card, 
while positive-sequence values R1, L, go on the second card; columns 
15-80 of the third card are to be left blank. Units for R are ohms, 
while L is in rnH unless XOPT 0 (in which case L is in ohms at 
frequency XOPT; see Rule 4). 

Rule D: Once a 3-phase branch has been so inputted, it can be used as a reference 
branch for identical 3-phase branches to follow. See Rule 3 above. 

WARNING! If columns 15-80 of that third branch card are not left 
blank, the EMTP will not recognize the coupled branches as 
being specified with sequence values. In that case, the 
phase-domain format will be assumed, with the result being 
one very unbalanced, erroneous representation. Something as 
innocent as an illegal column-80 punch for branch current will 
cause big trouble (ask Al Legate; 7 April 1980). 
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Example: For the bus names as specified in 
the sketch, and sequence parameters 
as tabulated below, the associated 
input data cards should be as shown 
on the data form further below. 

N1A i1 N2A . 
I. 

NIB l 	I N2B 

It0  = 4.5 ohm 	It1  = 3.1 ohm 	
N1C 	N2C 

L0  = 87.6 niH 
	

L1  = 66.4 mH 

mutual coupling 

± LIH III?I;il 

N1 A 
Ii 	.I 

N2 I 

S4 i 	N1   lrH H 	} 1 
i. 

53 	41   J2C 
I, I 

L I 

Terminal node names of transformer 

When using the impedance matrix program of Section 7.1 to generate [ii] and 
[L], care must be exercised in naming the nodes of the windings. The printed 
output of LR3 and CLI in Section 7.1 has rows and columns identified by the 
names "HIGH", "Low", and "MEDIUM" (the last is only used when a 3-winding 
transformer is considered). Unless rows and colinns of this result are to be 
permuted, node names BUS1 and BDS2 on the branch cards for the transformer 
(columns 3-14) must correspond to this order. 

• ......AND IF YOU DON'T KN07N WHY, YOU AIN'T GOT 
NO BUSINESS RUNNIN' THE PROGRAM NO. HOY," 

Alternate performance equations 

The use of [Al and (B] Instead of 1RJ and CLI is exactly 
as described for multiconductor Pi-circuits (see end of Section 1.23). This 
option is particularly useful for representing transformers which draw no 
magnetizing current; in this case, [R) and [LI do not exist, though 
A I and ( B I do. For marginal cases of very-high magnetizing impedance, one 

avoids the near-singularity problem, with its associated need for high precision 
on input data. 

The saturable transformer component of Section 1.25 is based on this 
approach, with N-i 2x2 matrices (A) and (B) used to represent the N-i 
ideal transformers and associated non-primary leakage impedances. In this case, 
(A) and (B) are symmetric, so there is no problem. But the general case of 
3x3 matrices (R) and (L) can not be converted to (A) and (B) representation, 
since (A) and (B) will then not be symmetric. See Ref. 22, issue 2, page 14. 
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1.25 Saturable Transformer Components 

Single-phase transformer 

The single-phase N-winding transformer shall be considered first. It is 
a building block for the 3-phase 3-leg core-type unit to be considered later. 

Actually, the use of saturation is not mandatory. If the flux-current 
magneti.za.tion characteristic consists of a single finite-slope segment, 
then all-linear components are used in the model, and numerically the resulting 
solution will be identical (except for roundoff differences) to that of 
Section 1.24 where matrices CRJ and IL) are used. Thus even in the 
linear case, the present section may be used; it may be found to be more 
convenient and more general than Section 1.24 

The saturable N-winding single-phase transformer in question is modelled 
as per the figure below. Pertinent points include the following: 

1. N-i single-phase, 2-winding ideal transformers are involved, 
providing the correct transformation ratios of windings 2, 3, ... , N 
with respect to winding i 

2. Each winding k has an associated leakage-impedance branch, characterized 
by resistance Rk  and inductance Lk  • All leakage inductances with 

the exception of Li  must be nonzero. 

3. Saturation and magnetizing-current effects are confined to a single 
nonlinear reactor in the winding-1 circuit. This is internally 
modelled as a type-98 pseudo-nonlinear reactor, should the saturation 
characteristic have two or more segments; for a single segment, a simple, 
constant linear inductance element is used ---- in which case the 
transformer is completely linear. 

4. Core losses are confined to the constant, linear resistance R m  
which is in parallel with the saturation branch. 	

ag 

Ickt 

IX 

Equivalent circuit used to represent saturable, N-winding, 
single-phase transformer. 
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To input such a single-phase saturable transfonner component, the 
following rules apply: 

Rule 1: The first data card for the component is to be punched according 
to the following format: 

'i t4 I'a At ier 
name . . •...i..;. .... 

.. 
-....J 

:... 

i..... ... C BUS3 
TRANSF ORMER E.G .2.. E.2. 

"Special-request-word" field is punched with the 12 characters 
"TRANSFORMER 

BUS3 ------Reference-component name. Leave blank unless using 
the reference-component procedure of Rule 4. 

i steady } 	
Components of point in the flux- 	9) 
current plane used to define the 

steady  linear inductance which represents 
the magnetizing branch during the 
phasor steady-state solution. Meaning 
is as in Section 1.33 

L 
BUSTOP -----A  6-character alphanumeric riaxre for the internal bus at 

the top of the magnetizing branch. This name uniquely 
identifies the transformer. 	 - 

IOUTMG ---- Output specification for magnetizing-reactance branch. Punch 
"1" for branch current, 112" for branch voltage, or "3"  for both. 

The constant, linear resistance which parallels the 
g 	magnetizing reactance, accounting for core loss. 

The specification is in ohms, with a value 
of zero or blank taken to mean R 	= 00 . ma 

Rule 2: Assuming that the reference name 
BUS3 is left blank, the card 
of rule 1 is followed by cards 
which define the saturation 
characteristic of the 
magnetizing branch. Format 
is exactly like for the type-
98 pseudo-nonlinear reactor 
of Section 1.29 

a) The origin (i=O, '' =o) 
is an implied point, 
not to be inputted 
explicitely. 
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b) Current and flux pairs for the 
breakpoints are punched in 
fields (JJR and FlUX . These' 
use columns 1-329  one pair of 
values per card, inputted in 
monotone-increasing order 
(movement away from the origin). 
Both coordinates must be 
strictly monotone increasing. 

c). The final point on the characteristic  
merely defines the slope•  of the final 
segment, which is assumed to extend to 
infinity. The last point is followed 	L 
by a terminating card with 119999" 
punched. in columns 13-16. 

Normally the first point of the characteristic will equal (i steady' 
   'steady' I in order to provide continuity between steady-state and I 

transient solutions at time zero, though this is not mandatory. Note 	 I 
that if only one i-v' point is inputted, a linear transformer results; 	I 
with no i-v' data points preceding the 	9999-card, the magnetizing 	I 
reactance is assumed not to exist. 	 . 	 I 

Rule 3: For each transformer winding k (k=i, 29  .... , N), the user inputs a 
winding card in the following format: 

II C1 d l; - 	- 
WOck nrnts vo 

I (,N) 1, 0  
3 

- eusi usa RkJ 

. PG.. ... Ec . a E EG.a.. 12 AG 
ITYPE ---- Winding number (i, 2, .... ). 	Cards must be placed in 

natural order, with winding 1 first, then winding 21  etc. 
I 
M 

c+ W.  
1 

BUS1 I Six-character node names of the busses to which the 
H 04 

BtJS2 J winding in question is connected. 	As usual, a blank 
crts field is taken to mean ground. 

bDo 

R, 	1 Leakage values associated with the winding in question. 

Lk 
Bk 	is resistance in ohms, while 	Lk 	is inductance in 	mH 

J (unless 	XOPT 	parameter of 1st misc. data card Is nonzero, 
= 

1-t 
in which case is in ohms at frequency 	XOPT 	Hz). Lk 
Rk 	may be zero, but 	Lk 	must be nonzero (with the 

exception of winding 1, where 	L 	= 0 	is permitted if 

R1 O). 

Volts 	----- A number proportional to the number of turns of the winding 
in question. 	It is convenient simply to use the rated 
winding voltage in 	kV 

lOUT 	--__ Only for winding 1(the prma), a 1-punch in column t' 
I 80 will make branch current 	ii 	an output variable. 
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Rule 4: Should the user desire to specify a transformer having parameters 
identical to those of a-previously-inputted unit, he can use the 
following reference-component procedure: 	.---.. 	- 

a) On the card of rule 1, 
punch only the fields 	

- shown at the right 	 • - 	A 
Field 	 SDtC.JDI L1e 	now 	

ust  
carries the name which 	 BUS3 
was punched as variable 
BUSTOP (Cols. - 39-44) 
for the reference component of which a copy is desired. 

b) Omit the cards of Rule 
2 (the 1- ' curve). 

c) For the cards of Rule 
3 (the winding cards), 
punch only the fields 
shown at the right. 

M04Z fl?S 

12 AG AG 

The user is encouraged to use this option whenever possible, as it 
saves storage space In certain program tables, and avoids possible 
numerical error in the data associated with the components which are copied. 

Three-Phase Transformer 

In a 3-phase shell-type transformer, 
an iron-core path is provided for the 
return of zero-sequence flux. For this 
case, it is reasonable to model the 
device with 3 separate single-phase units, 
thereby assuming that the magnetic 
induction of the three phases is 
independent. In this way, a 3-phase 
shell-type transformer presents no 
complication. 

But for the 3-phase, 3-leg, core-
type transformer, zero sequence flux is 
forced to return through the air. As 
the resulting performance is radically 
different (in general; for situations 
where the zero-sequence is excited) 
than that of three single-phase units, 
a new 3-phase component is clearly 
-called for. Such a component now 
exists in the T.P., conforming to 
the following assumptions: 

Assumption a) 

A magnetization characteristic i- Yj 15 
known for each of the three legs of the 
transformer. For any one leg (any phase), 
this characteristic relates the flux in 
the leg to the MMF difference between the 
two ends of the leg (top and bottom in 
the sketch). Note that this is not the 
experimentally-measured curve obtained 
from one winding of one phase, with all 
others open-circuited 

3-phase shell-type transformer 

3-phase, 3-leg, core-type 
transformer 
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Assumption b) 	
phtsm 

The air-return path for zero-sequence flux is assumec 
to have known, constant magnetic reluctance 

By definition, zero-sequence flux travels between th 
top and bottom members of the unite  through the air. 

I 1:1 

[1 1  

, 	L 

f 	 I 	2C 
IJ 	 I 

ic 
Rule 5: Begin with a request card for the 

3-phase transforner component, 
using the foflowizIg format: 

EE b 

I  
f 

I  

IIII 
CW5 

FRMSFORiMER THREE. PHASE 

The *field marked "Special Request Word" (columns 3-26) is to be 
punched with the 24 characters "TRANSFORMER THREE PHASE " 

BUS3PH ----- A 6-character alphanumeric name associated with the 
transforner. This should be distinct from all other 
names used in the study. 

Reluctance of the zero-sequence air-return path 
for flux. in the circuit, L0  = 

Units used should be consistent with current and voltage 
used elsewhere; the units for "time" are always 
seconds. 

Rule 6: The preceding request card is to be followed by data cards for 
three saturable, single-phase transforner components. These single-
phase transforners have parameters which would exist if a perfect 
magnetic short circuit (i.e., a magnetic connection with a member 
having infinite pezineability) were placed between the top and the 
bottom ends of the cores. The reference-component procedure (Rule 4) 
can be used for any and/or all of the single-phase units in question. 
In order of input, this transformer data defines the 3  saturable 
single-phase units of the above equivalent circuit. As the 2 ideal 
transformers and their associated interconnection is handled automatically 
by the program, this completes the data input for the 3-phase, 3-leg, 
core-type unit. 

With this physical data available, a 3-phase 
core-type transformer can be modelled as in the 
figure at the right. Note that this is an 
interconnection of three saturable single-phase 
transfoxners, two ideal isolation transformers, 
and a zero-sequence inductance L0  . Data 
input for this model is according to the 
following rules: 
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Delta transformer connections 

Delta transformer connections can sometimes be a little tricky. They 
also are not uncommon, so that a little specific explanation of this configuration 
is perhaps in order. 

First, there is the equivalent circuit when modeled using three single-
phase saturable transformer components. If it is the primary which is delta 
connected, and if the secondary is grounded-Wye, then the following sketch 
shows the resulting interconnection of elementary components: 

SA 

a 

Here R1 and L1 are the primary leakage-impedance parameters (assumed to be 
the same for all three transformers), and R2 and L2are  those for the 
secondary. &s "Ti" is the internal node "BUSTOP" for the first single-
phase transformer whose primary terminals are "TA" and "TB" , and whose 
secondary terminals are "SA" and ground. Et cetera for the other two 
single-phase transformers, as per the following EMTP data-setup listing 
(for details, see Ref. 8, November 12, 1975): 

TRANSFORMER  
2. 	 1137. 
50. 	 1365. 
100130. 	 1478.6 

9999 
hA 	TB 
25A 
TRANSFORMER TI 
ITS 	IC 
2S 
TRANSFORMER TI 
ITC 	TA 
25C 

200 	1137. II 	3.00E5 

125 25. 3.03E5 
.25 25. 3.a3E5 

T2 

T3 

N 

A second principal point concerns the need for a path to ground on the 
delta side of the bank; a floating delta is not allowed, since mathematically 
the voltages there would then only be defined within an arbitrary constant. Of 
course if a transmission line is connected to the delta side, there is no 
problem, since line capacitance provides the connection to ground. Likewise 
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a connection to one or more voltage sources, either direct or through other 
tsiinplefl elements, will satisfy the requirement. But the common, isolated, 
delta-connected tertiary of 3-winding transformers requires special attention. 
There are two common, general approaches: 

Unbalanced solution : If the user is interested not 
at all in voltages on the 
delta side, it is convenient 
to simply ground one corner 
of the delta (see sketch). 
This provides the needed 
ground, connection without 
altering the problem 
solution elsewhere (since 
no current can flow in 
the connection to ground 
anyway, by Kirchhoff's 
current law). 

Balanced solution : If preserving the Inherent 	 r balance on the delta side 
is Important, then stray 
capacitance can be added. 
The simplest procedure is 
to connect three equal 
capacitors from the 
corners of the delta to 
ground, as In the sketch 
at the right. Caution 
must be exercised to use 
realistic values, however; 
as such capacitors go to 
zero, a matrix singularity 
will be approached, and the 
user will get into trouble 
with miscellaneous data parameter 
singularity tolerances "EPSILN" and "TOLMAT" 
(see Section 1.Oh explanation). The EDITP memorandum 
of November 12, 1975  (Ref. 8)9  Fig. 2 shows a value of 
0.003 /JP being used on each corner of the delta 
connection of a 25-kV delta to 500-kV Wye transformer 
bank. 

Warning About Possible 3-Winding Numerical Instability 

A warning about possible numerical instability must be given, with respect 
to the three-winding saturable "TRANSFORMER" component. As of August 1977, 
three different groups of EMTP users have observed the problem: 

1. Dick Webster of Pacific Gas & Electric in San Francisco, California; 
2. Alan Courts of BPA, Portland, Oregon; 
3. An associate of Dr. Brian Dixon of B.C. Hydra, Vancouver, B.C. 

The obvious symptom of trouble with such numerical instability will be a 
string of Message-18 printout ( "TROUBLE AT 73912 ON TYPE-99 OR 98 EL 
NUMBER .,..." ) as described in Section 2.2b • 	This assumes that the 
magnetization characteristic is truly nonlinear (two or more sections), so will 
be internally represented by a Type-98 pseudo-nonlinear inductance element. 
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The Message 18 printout is somewhat deceptive, in that there really is no 
trouble with the Type-98 element at all. If one looks at network node 
voltages, he will see in such cases that the solution is diverging; it is 
blowing up exponentially. Program Maintenance at BPA looked at Dick Webster's 
problem in some detail. The transient simulation was really just a continuation 
of the 60 Hz steady state phasor solution; and for two or three cycles, the 
graphs appeared to the eye to be perfectly sinusoidal. There was no abrupt 
discontinuity or shock at any point. Rather, it appeared simply that roundoff 
error (numerical noise) was being amplified as the simulation progressed; one 
could not detect exactly when the "hash" began, but it appeared to grow 
exponentially with time. Physically, the performance was what an engineer 
might expect had there been negative damping in the system. Dick's case, which 
still looked nice and sinusoidal at 50 msec , was blown off the machine with 
exponent overflow by about 100 msec, as I recall. 	- 

So what is the reason for such erroneous behavior? It is not believed to 
be an EMTP bug (programming error). Hermann (Prof. Dommel) has some ideas, but 
we are not prepared to formally state anything at this time. The user should be 
aware of the potential for trouble in the 3-winding cases  however. Yet he is 
not necessarily advised to avoid all 3-winding saturable "TRANSFORMER" usage, 
since most situations seem to pose no trouble. An example of trouble-free usage 
will be found In the GPU Stolle Road problem of UTPP Test Case #17. 

The "XFORMER" supporting routine of Section 7.1 does provide an 
alternative to the use of the saturable "TRANSFORMER" component. The resulting 
transformer representation will be linear, however. Also, not over three windings 
are allowed at present. 	Here the approach is to generate CR] and [L] 
matrices, to be used as per Section 1.24 
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1.26 Branch Cards for Distributed-Parameter Trannission Lines 

General Comments 

The modelling used to represent transmission 
lines in the Transients Program poses a number of 
possibilities for the user. 

To start the analysis, one can write the "exact" 
partial differential equations governing the voltage 
and current on the line. For N phases (conductors), 
these are 

_zv = 	tir 

Although the incremental section of 
line has been sketched only for N=1, in 
general these are vector-matrix equations, 
where [t3 , [RI, and CCJ can be 	Incremental section, length = Ax 
determined from a line-constants program. 
See "LINE CONSTANTS" of Sect. 7.4L 

Now if the transmission line is assumed 
to be transposed (or just- balanced, if 2-phase), 
then all matrices have only two distinct element 
values all diagonals have a cannon value "5", 
and all off-diagonals have a common value "M". 

SMi 

MMS 

"5" 	Self 

"M" 	}&tual 

But if such a transposition assumption is not realistic for the study 
contemplated, two options are now available. For a long time, the only option 
was to cascade lumped-parameter P1-sections, each of which approximately 
represents. the actual construction over the maybe 20 or so miles of the 
sections. Yet such a lumped-parameter solution is costly in computer time and 
storage requirements, so should be avoided if practical. 

In December, 1980, the option of modeling the line as untransposed was 
implemented in the EMTP with the help of Dr. K.C. Lee of the University of 
British Columbia in Vancover, B.C., who originally developed this modeling 
capability (see Reference 30). 

Untransposed lines 

For an untransposed transmission line, the self impedances (capacitances) 
of all phases as well as their mutual impedances (capacitances) are no longer 
equal among themselves. However, the line constants matrices are still 
symmetric. Modal decoupling is still possible, but the transformation matrices 
required for the diagonalization process are now characteristic of the line 
configuration, and must be supplied by the user. The diagonal matrices CZ,  
(mode)] and [C'(mode)] in the modal domain are obtained from 
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[Z'(mode)] = [Tv] 	[Z'(phase)] [Ti] 

[C(mode)] = [Ti] 
1 
 [C'(phase)] [] 

where 	[Ti] '  = [Tv] 

with the columns of. [Tv] being the eigenvectors of the matrix product 
[Z'(phase)] 	[jwC (phase)]. 	Voltages and currents in phase quantities are 
obtained from modal quantities with [Ti] and [Tv] as follows 

[ i(phase) ] = [Ti] C i(mode) ] 
and 

C v(phase) ]= [Tv] I v(mode) ] 

Input data for untransposed transmission lines must be given in modal 
quantities, i.e., N sets of values R'(mode), L'(mode) and Cl(mode) must be 
specified on the N cards of an N-phase line. These N cards are followed by 
cards for the modal transformation matrix [TI]. This modal transformation 
matrix [Ti] for the currents as well as the branch cards for the untransposed 
line are now automatically generated on unit LUNIT7 when one runs "LINE 
CONSTANTS" of the B1TP. 

Theoretically, the transformation matrix [Ti] is complex as well as 
frequency-dependent. 	For overhead lines, however, it was found that the 
matrix [Ti] can be approximated by a frequency-independent matrix over a 
frequency range from 10 Hz to 10 kHz with sufficient accuracy. 

An example of branch cards and transformation matrix generated on LUNIT7 
is shown below. 	This is the result of running "LINE CONSTANTS" of an 
untransposed John Day to Lower Monumental line of 138. miles long. 

I I  
T L  
Y IA 
P 	NODE NAMES R Zs v 	DIST N 	S 
E EE 

$VINTAGE, 1 
-1JDA 	lilA 0.481 10E+00 0.59859E+03 0.13567E+06-0.13800E+03 1 	3 
-2JDB 	LiIB 0.28216E-01 0.29090E+03 0.18277E+06-0.13800E+03 1 	3 
-3JDC 	Li'IC 0.3191E-01 0.27530E+03 0.18181E+06-0.13800E+03  1 	3 
$VINTAGE, 0 

	

0.58603393 0.70710678 _0.40391419 	------ real part of row 1 of [Ti] 
0.0221025 0.00000000 0.02113232 ( ------iznag. part of row 1 of [Ti] 
0.55636368 0.00000000 0.8199812 
0.091911 0.00000000 0.02031723 

	

0.58603393 -0.70710678 _0.403911 19 	 etc. 
0.0221025 0.00000000 0.0213232 



ItGII 	Ground 
mode 

Diagonalization "L" => Line 
mode 

Rs  RM  

IL 
Phase domain 

RG  

Modal domain 

where R is the modal resistance, Zs is the modal surge impedance, v is the 
modal speed of propagation, and DIST is the length of the line(with extra 
minus sign appended). A few key points should be noted here: 

1) The branch data on LJJNIT7 are generated with the higher-precision 
format as shown on P. 15a-1. 

2) The two 6-character bus names of each branch (columns 3 - 11) are 
automatically generated. by the program when .one runs "LINE CONSTANTS" with 
"BRANCH" option. 

3) The negative sign on the length of the line is a flag for EMTP to 
recognize it is an untransposed line when this format is used. 

It) Complex-valued transformation matrix [Ti] elements use 6E12.5 
format. 

5) The user also has the option of inputting these branch cards with the 
regular format described on p.14 and p.15. 

Transposed lines 

The 	original modeling of the continuously transposed distributed 
parameter line can now be viewed as a special case of the untransposed line 
modeling, where the former has only two distinct matrix elements. The N 
mutually-coupled variables in the phase domain can again be converted to N 
equivalent uncoupled modes be the aforementioned transformation matrices [Tv] 
and [Ti].  However, for a transposed line, there are only two distince modes - 
-- a zero-sequence(ground) mode and (N-i) identical positive-sequence(line) 
modes. 

Similar relations apply to [U] and [C]. 

Until now, the Karrenbauer's transformation was used in the EMTP to 
diagonalize the matrices for a transposed line. 	However, one key 
characteristic of the Karrenbauer transformation, 	[Tv] = [Ti], is not 
generally valid for an untransposed line. Rather than have two different sets 
of logic for the conversion of variables between phase and modal domains, it 
was decided to treat the transposed line as just a particular special case of 
the untransposed one. In both bases, the conversion formula given on the last 
page is used. To accomplish this, a more general transformation matrix has 
now been chosen to replace the originally used Karrenbauer transformation. 
This new transfotniation matrix [Ti] was first used in the EMTP by Ontario 
Hydro, in the "SEMLYEN SETUP" code of Section 7.5. It has the following form: 
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j 	T JJ•(J-I) 	sJ N(fl' -I) 

where N is the number of phases of the line. 

*en N=1, [Til=l. This corresponds to a single-phase transmission line 
which is mathematically identical with its zero sequence (i.e., transformation 
produces no change), this special case simply has no positive sequence values; 
only zero sequence data is inputted. 

Such a transformation matrix [Ti] is generated by the BITP right after 
each continuously-transposed line is inputted. From then on, there is no 
difference in the ENTP in treatment of untransposed and transposed lines, as 
far as the conversion logic between phase and modal domains is concerned. 
Removal of the Karrenbauer transformation and its associated logic resulted in 
a reduction of about 350 lines of BITP FORTRAN. This, however, does not 
change the original input format for the transposed line, nor does it change 
the results of physical variables (i.e., phase voltages and currents should be 
identical). 
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Distortionless line modelling 

A transmission-line mode is well known6  to be distortionless if parameters 
for that mode satisfy the relation R/L = G/C . Of course actual leakage 
conductance for an overhead line is very nearly zero, and no provision for 
inputting a nonzero value is provided by this program anyway. If the user 
wants distortionless-line modelling, it is presumed that the input value of R' 
is meant to be a measure of the total line losses. Therefore the program splits 
the losses into series and shunt losses by computing the series resistance 
Rerjes and the leakage conductance Gleak  from the relation 

R erjes  = Gik 
= 0.5 \L, 

With this formula, the ac steady-state results are practically identical whether 
the line is modelled as distortionless or in the other two ways to follow. 
Transient responses differ mainly in the initial rise of voltage pulses. The 
attenuation constant OC Is found from the relation 

with 	
10 

The corresponding decrement factor is e 	1.1where 	is the line length. 
Such distortionless modelling is generally used only for the positive sequence, 
if at all. 

Lumped-resistance line modelling 

The second (and only other) distributed model which is readily solvable is 
that in which the series resistance is pulled outside of the distributed line, 
and represented as a lumped element. This is the most common representation 
used in BPA studies, the standard representation which is assumed unless the 
user specifically requests otherwise (see variable IPU1CH, cols. 3-54). The 
program automatically cuts the line In two, inserting half of the resistance in 
the middle, and one fourth at each end: 

NA 	 - - - -__ _- - - - 	 NAME 
OF 1ST NODE '-i- OF 2ND NODE 

4 distributed 2 distributed 4 
L',C' 	 V'C' 

. 	GRO 

The half-length distributed sections then become lossless (hence distortionless, 
with attenuation o( = 0 ). Both modes of most lines in BPA studies are usually 
so represented at present. See further comments in Section 14.2 
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Frequency-dependent modelling 

The resistance and inductance of the zero-sequence mode are typically quite 
variable with frequency; the resistance in particular, which is furthermore 
substantially larger than for the positive-sequence mode. Several frequency 
dependent representations are now available, as described in Sections 
1.26b and 1.27 

Data format for distributed-parameter line cards 

To specify an N-conductor, 	 distributed-parameter transmission 
line, conform to the following rules and format: 

-' .4 
(GEN-A LINE PARAMETERS END-A I 

Is ) 	r4 

J GEN-B END-B W r. IN THE MODAL a) 

L P..4.)  I 
I 

- 
DOMAIN o.Z 

GEN-C END-J 
Z 0. 0 

0 r4 

Rule 1: Number the phases -1, -2, -3, .... , -N • Make out one branch card 
for each phase, and stack them in this sequence. Indicate this sequence 
by punching -1, ..... -N in columns 1-2 of these cards (field ITYPE). 
N cannot exceed 9 phases. 

Rule 2: Specify each of the phases -1,.... , -N by the names of the nodes at 
both ends (columns 3-14; field names BUS1, BUS2). Nodes may be grounded 
(indicated by blank name field) if desired. 

Rule 3: If the parameters for this line are identical to those of another 
N-phase line previously inputted, then the option of rule L& in section 
1.23 may be used, except that no storage is saved here. Columns 15-26 
with field names BUS3 and BUSL are used in this case. Otherwise, they 
are left blank. 

Rule 4: For an N-phase continuously-transposed line, there exists only 
two modes, specify the zero-sequence parameters on the first 
card (the card for the first phase), and the positive-sequence 
parameters on the second card (the card for the second phase), 
Leave the modal parameters blank on the third and later branch 
cards, For an H-phase untransposed line, there exists N dif-
ferent modes. Spec$fy the modal parameters for the first mode 
on the first card, and tnose for the second mode on the second 
card, etc, for the the third and later modes, The four basic 
pieces of modal Information needed are resistance, inductance, 
capacitance, and length; yet three forms for this input are 
possible: 

a) In all cases, punch resistance R' in ohms per unit length in 
columns 27-32,  and line length . 	in consistent units in columns 
45-50. 

b) Parameter ILINE (columns 51-52) determines how L' and C' 
may be disguised. Remember that variables XOPT and COPT come 
from the floating-point (first) miscellaneous data card of 
Section 1.Oh 
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ILflE "A" ---- columns 33-38 "B" ---- columns-39-44 

L' in 	nH/length 	if 	XOPTO C' in 	JF/length 	if 	COPT =0 

Reactance 	OL' 	in 'nfl-/length Susceptance 	CA.)C' 	in 	JUmho/length 
at frequency XOPT if 	XOPTO at frequency COPT if 	COPT*O. 

Surge impedance 	Z. 	in ohms Propagation velocity in length/sec 

Z3&\itTc1 v = ILICI* 

Surge impedance 	Z 	in ohms Travel time 	7 	of line, in 	sec 
2 

fLT/"C" 
=___  =  

Rule 5: Output options for printing and/or plotting use a column-80 punch 
(variable lOUT ). After the removal of Karrenbauer transformation, 
the output request for single-phase line is no longer honored. The 
branch voltage output request, by setting lOUT = 2, is now honored 
for multi-phase line only. These temporary restrictions will be 
removed in the future so that a full range of output requests: 
branch current, branch voltage, power and energy consumption will be 
honored for both single-phase and multi-phase lines. 
A blank or zero will give you no such output, of course. 

Rule 6: All modes of a line must have travel time ' in excess of the time 
step size At (Sect. 1.0h ). 	If not, the program will stop with 
an error message (see Section 2.4). 

Rule 7: Both L' and C' must be nonzero for each mode. 

Rule 8: Variable IPUNCH of columns 	specifies the type of modelling to 
be used on the mode of the card in question: 

10 =0 lumped-resistive modelling (the usual case) 
IPUNCH 	1 	distortionless-mode modelling 

	

-1 	.frequency-dependent mode modelling (for zero seq. only); 
refer to Sec. 1.26b for extra data cards required. 

It is not obligatory to model the two modes of a multi-phase line 
the same way. 

I'(' ;d C-41 II;l .. 

.. 
I'll 	Ill . - ••- - -- 

iV 

. 
e 

ZZI 
C.) . 

BIbI 'Bu4 6US2 BU 3 ____ 

. 
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Rule 9: IPOSE = 0 or blank: Line is assumed to be transposed. 
N 	 Number of phases of an untransposed 

line. 

Rule 10 Only when IPOSE is nonzero, the transformation matrix [Ti] 
is read immediately after the N-th branch card. 
The elements of the matrix [Ti] are read in by rows (row 1 
first, then row 2, etc.). For a given row, the real part of 
matrix element for all columns cane first; then the imaginary 
part follows on a new card. Within each row, elements are read 
in order of increasing column number. Each row begins with a 
new card, and there are 6 or fewer elements per card. The 
following format is applicable to row 'k' of a 6-phase line. 

IIHI!HI! IOHIi!OIHHII!!IIHIO!!!IHIII!!!IHIIIiI!!1I 
IH!!III 

If the transmission line had only 3  phases, the final three 
fields (columns 37-72) would not be used. For N < 6 phases, 
exactly 21 data cards are involved; for 7 < N < 12 phases, 
exactly 14N data cards are involved, etc.Note that there 
must be exactly 212  elements for [Ti]. 
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Example: Consider the 3-phase continuously-transposed line shown in the 
sketch above the precedinq format rules, Suppose that line 
length is 180 miles, with parameters as follows: 

R' lohm/milej L' L  H/mi1e) C' IWFd/rnile] 

Zero seq. 10.9 .0774 .0107 

Pos. seq. 1 	.0181 .0291 .0192 

Corresponding data.cards for input to the Transients Program then are: 

.-: 10 c T It tcO 
I : 

E I 
I I_ - • I  

Example: Consider four separate, uncoupled single-phase lines, as per the sketches 
below. Corresponding input cards might then be as follows: 

:.;:r::.i.:.: 	: 	i:::i:; 	11.1 	IA 
I 	ii 	 '  

I 	I 
• Lt 	.:Lhl I _.i[ I 	IL.I1 	 I! 	1 EL- 

(assuming xoPT60 and coPT=60 ; atr.,a floating-point 
miscellaneous data parameters, Section 1.0h ): 

LEFT 	 if Q) 
Ft_W_ 	 - -Wy-- ---------- 	 ie 

ç 

	

p 	 ---- 
vwz 

ç 

I 'J M(S 
2'X w. 
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Alternate high-precision format 

The $VINTAGE card (see Section 1.-D), which is honored by 
most computer systems, provides for an alternate high-precision 
format. 	Specifically, the R,A,B,L fields can be switched to 
4E12.0 (columns 27-74 in this case) if 	$VINTAGE, 1 	precedes 
such a group of new branch cards, and 	$VINTAGE, 0 	follows the 
grouping. 	As of August 1980, Pi-circuits (Section 1.23) and the 
simple series R-L-C branch (Section 1.21) are other components which 
allow such new, wider formats; they can also be included in the 
grouping between the $VINTAGE cards, then: 

$VINTAGE, 1 

Any mixture of series R-L-C, P1-circuit, and 
distributed line cards, as long as all use the 
new wide formats. 

$VINTAGE, 0 

The rule for inputting POSE is little different from that described 
on p.15a, because only one column (col. 79) is available for POSE 
on this alternate high-precision format: 

POSE = 0 or blank: Line is assumed to be transposed. 
For an N-phase untransposed lire, POSE is nonzero. If 
N is less than 10, POSE = N. If N is greater than 9, 
the assignment of POSE is: 

	

N 	 POSE 

	

10 	 A 

	

11 	 B 

	

12 	 C 

	

13 	 D 

	

1' 	 E 

	

15 	 F 

	

16 	 G 

	

17 	 H 

	

18 	 1 
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1.26a SPECIAL DOUBLE-CIRCUIT DISTRIBUTED LINE, WITH ZERO-SEQUENCE COUPLING 

General Applicability 

The double-circuit configuration, where both circuits share the same 
right-of way, is common enough so as to deserve special attention. Here the 
restriction to two 3-conductor circuits Is made, for a total of six phases 
or conductors for the components. The modeling option of this section assumes 
that the circuits are themselves individually continuously transposed, but 
that there is inter-circuit zero-sequence coupling. As such, it is a special 
6-conductor extension to the continuously-transposed distributed-parameter 
transmission line modeling of Section 1.26 

Zs Zm Ztn Zm Zm Zm 
Zm Zs Zm Zm Zm Zm 
Zm Zm Zs Zm Zm Zm 
Zm Zm Zm Zs Zm Zm 
Zm Zm Zm Zm Zs Zm 
Zm Zm Zm Zm Zm Zs 

Fig. 1 Matrix structure assuming 
continuous transposition. 

Zs Zm Zm Zp Zp Zp 
Zm Zs Zm Zp Zp Zp: 
Zm Zm Zs Zp Zp Zp 
Zp Zp Zp Zs Zm Zm 
Zp Zp Zp Zm Zsl Zm 

Zm ZmI Zs 

Fig. 2 Structure of matrices 
for new double-circuit 
line having zero-sequence 
coupling between circuits. 

 

V 
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Fig. 3 Double-circuit line 	Fig. 4 Double-circuit line where each 
supported by a single 	 circuit is supported by its own 
tower. 	 tower. 

This special double-circuit representation is an approximation of course, 
but the idea is not too different from approximating a transposed single-
circuit line as a balanced line, rather than representing it as three un-
transposed sections. 



Z(10) Z(1,2) 

Z(2,1) Z(2,2) 

Fig. 5. Partitioned form 
of matrix of Fig. 
2 (each block is 
3 x 3). 

In general terms, the special double-circuit representation of this section 
is to be preferred if the two circuits are physically separated, as in Fig. L ; 
if both circuits are supported by the same tower as in Fig. 3, it is questionable 
if any advantage over the conventional continuously-transposed representation 
of Section 1.26 

Mathematics of Double-Circuit Model 

Mathematically, the coupling (resistive, inductive, and capacitive; we use 
the general symbol "Z" simply for illustration) between phases is assumed 
to have the structure of Fig. 2, where three distinct parameters are seen to be 
allowed. This is to be contrasted with the continuously-transposed model of 
Fig. 1, where there are only two distinct parameter values. Several specific 
points concerning this difference follow: 

Point 1: The two circuits of the double-circuit component representation are 
assumed to be identical. That is, rows and columns 1, 2, and 3 of 
Fig. 2 can be interchanged (permuted) with those of 4, 5, and 6 
without altering the matrix. In 
Fig. 5, the two 3 x 3 diagonal 
submatrices [Z(1,1)] and [Z(2,2)] 
are identical. 

Point 2: Zs and Zm are the self and mutual 
coupling associated with either 
one circuit taken separately. 
With variable grouping after row 
and column 3 in Fig. 2, the par-
titioned matrix form or structure 
of Fig. 5 results. Note that 
[Z(1,1)] and [Z(2,2)] each are of 
the form of Section 1.26, which 
means mathematically that each circuit taken individually is con-
tinuously transposed. 

Point 3: All elements of [Z(1,2)] or [Z(2,1)] are equal to the same value 
Zp ---- the mutual coupling between any one of the three conductors 
of one circuit and any one of the three conductors of the other 
circuit. 

Point L: The three distinct phase coupling parameters Zs, Zm, and Zp can be 
indirectly specified by means of the three distinct modal coupling 
parameters ZG, ZL, and ZIL. The relationship is: 

ZG :Zs+2Zm+3Zp 
ZL = Zs - Zm 
ZIL = Zs + 2Zm - 3Zp 

Here ZG is the ground-mode parameter, identical to the value for 
the zero-sequence mode of the continuously-transposed line of 
Section 1.26 if parameters Zp and Zm happen to be equal (so 
that the six conductors actually are continuously transposed). 
Parameter ZL is identical with the familiar line-mode of the 
continuously-transposed line, always, and has modal multiplicity 
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of four. Finally, parameter ZIL is completely new, a line mode 
associated with intercircuit zero-sequence coupling. 

Point 5: The following transformation matrix, which converts the current 
and voltage between the phase and modal domains, was found by 
Hermann Doninel ( see EMTP Newsletter, Vol. 2, No. 3,  Feb., 1982, 
P. 57): 

1 1 T3 1 0 0 

1 i-$ •i o o 

1 1 0 -2 0 0 

1 -1 0 0 T3 1 

1 -1 0 O -JT 1 

1 -1 0 0 0 -2 

with 
-1 	t 

[Ti] = ETi] 
and 

t -1 
[Tv] 	[Ti ] 	= (Ti] 

EMTP Data Format for Double-Circuit Distributed Line 

Data preparation and input for the double-circuit distributed-parameter 
line component is the same as that for a continuously-transposed line (see 
Section 1.26) of six conductors, except for the following: 

Comment 1: The three conductors of one of the circuits must be numbered -1, 
-2 and -3;  conductors of the other circuit are then numbered 
_14, 5, and -6. 

Comment 2: Modal parameter values are to be punched on the first three data 
cards (corresponding to the conductors -1, -2, and -3) in the 
following order: 

a) The "G" mode goes on the card of conductor 1, and the 
"L" mode goes on the card of conductor number 2. Note 
that for the special case of Zp and Zs being equal, 
this data input is absolutely identical to what would 
have been done for the continuously-transposed line 
model. 

b) The "IL" mode goes on card number 3 (that for the 
third conductor). 

c) Cards 4 through 6 are to be left blank, for columns 
27-80. 

The fields and units used for such data of columns 27-80 are 
identical to those for the constant distributed parameter line. 
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Consider a 180-mile double-circuit 
line baying the one-line diagram 
as sketched at the right. Note 
that termination of both lines 
is on the same 3-phase bus "SEND" 
at one end, while on different 
busses ("RECi" and "REC2") 
at the other end. Assumed 
sequence parameters for this 
line are taken to be: 

ll
II0% ji)  

I, 

SEPJO REC 

R [ohnVrnile] L tivmile) C [j//mile3 

Mode 1 0.58 0.00340 0.0091 

Mode 2 0.034 0.00068 0.0166 

mode 3 0.035 0.00110 0.0116 

Data cards for input to the T.P. then might appear as follows: 

i. SE.NOA. REC1'P L.  ... ... . ... ..0S1 	• .......3:.A 1 
:.SENO. i'Eçi 13 .. 

11SEN0A REC2 
REcC............. 

!. 

i.i 
I 	I 	I 

....o.o,q,1. ... 

..:..o.ii1.e 
I I 

....i°• 

I5N06 REC€ - 
$I4DC RE 

•1• I 	i. .1 1 	I 	 .1. •l 	I I 

® fllustration of Approximation in Using Z 3 , In 
Z , Z 
- 

Of course the assumed structure of the line-constants matrices of Pig. 3  is 
an approximation which makes the problem tractable for easy computer solution; 
it is not really the result which one finds from running the Line Constants 
Program for any particular double-circuit line. Yet it does provide a reasonably 
good model for the case of identical circuits supported by different tower8, as 
the following example shows. 

Consider two 3-phase 500-kV circuits which are separated by 125 feet (distance 
between center lines). With each phase consisting of a 3-conductor bundle, and 
two ground wires per tower, an input data listing as photocopied from the Line 
Constants Program appears as follows: 

RECORD OSORTEO INPUT DATA ...... ... 	................. _..._ ............. _._. 
.....PHIS! Nu'aER R-TYPE RESISTANCE ..X-TYPE X OR GMR O!*WETER X-COORO. V-COORO. 

373fl_aU6a ..n.aaoaa... .3OZOt_.Z1. I7a_._31.fl11 	 11SE,_Z_D*&R_!MflRE.ft 
.3750... 0776. 4 ,0300 .30203 036 . 	74.t 	- ....... _......_R-TYPE .USEO, X. OR GPR. !GNOREO 

... .3750 __*117760 -... 	.. 0.0000 1030200 22030. . 	51.060 IJSEO. ._OR .GMR IGNORED  
-7761 13a20 	.J 	.3L_. 5I.Q_. ...R-!E...USrfl. 	R_GIL1GNOE!fl 

....5_._._._.5...._ 	. 0370 	. 	007760 .6 0.06000 1.30200 125.830 7q.160._ _RTYPE USED, X OR GR !P4ORfl 
.3750. 	...O776 	... I, .• 0.0030 .342d4 17.33. . 51.043 .__._.. ...&eTYPE USEa, I OR GMR IGNORED 

.J • -ZZ.OUO ._50Q11 R-tZPE_USEa"_OR_.G21R_ IGNORED. 
...... t....- 	..I. 	.3750.. ..Ø776 .S- .-..3003 1.33200 -22013 .. 51.060 	. -: 	__R-TYP.USEO, I OR GHR IGNORED 

.3750._.07763 .. 4 0.3U00 .30200 4.00 .. 76.100 -- . _--. 	R-TYPE USEa,.x OR GMR.IGP4oRfl 
___U_.._L. 	_.?SOJ7_s_..g.3Ø .. •!02C0 ...3&...._79.l4O___ 

1 	-.. 	._. - 	-. 	.3750 	007763 .. 6 . 3.3000 1.30200 22.00 5.003 . 	._.. R-TYPE. USO, X OR G?R IGNORED 
- ........... 	3__._.,....3750.. 	.773 . 0.20000 1.30200 21.170 5I.43 .R-TYPE.USEØ, X, OR G"R IGNORED  

_U,._______a.3Z5D_.aQ?Th_..___. .__ 11&04002 _1.30202_1Q3.0L.... R.TVP.EJSfla.L.OR GN 
• .. 	.......... 	... 	.3750 	.07Th3 .. 8.00000 1.30200 I2.110 S1.060 . 	- . R-TYPE.USEO. X OR GMR IGNORE  

03750 	- .0 7760 . . 	0.0000 I.30200 125.000 ?.IO 	...... - ... R-TYPE USE, X OR GMR IGNORED 
_..J O..00aac_ t300. 424e 170.- ?9.1Q_._..._ 
- 	.. 	17 	 . 	.3750 .. 	.077 0.00003 1.30200 17.00 50.002 R-TYPE_USD, X OR .GR If.NflREfl 

-14. 	.6 	6375.. ..7763 4 ... 0.00000 I01020 1.170 51.06Q - 	..R-TYPE USED. X OR GMR IGNQREfl 
...603 _.IZ.9C.I0I0Q.__.._______ TYPE 	SED.X.OP.Mft1GNQREa 

20 	 .5000 	2.61C39 0.030 .300 -I2.30 10I.043 . . 	R-TYPE USED, X OR GMR IGNORED 
Zt 	.0 	........ 65003 	2.I000 6. 4.04U00 .3SO 137.900 I0I.00 .. . . 	R-TYPE USEl1,. X OR GMR Ir.P4fJREØ 
zz..__a__.......a5oa_..z.6I.00u _14 _-.0.00020  .I600 .1lZ.IQt_lOt.fl'.O____ RTYfE.usEa..1.ERGfl&.1GNaRE.fl 



The resulting impedance matrix [Z] for 50 Hz is then found to be: 

àuowr, .44TRIrIES ARI FOR EARIM RESISTIVITY. IOG.J 044-1d *4t1 FCUPY 	 HZ. l'3RREfTI0N Firlo!. 	95c0I 
6S0000 0 6E&T4 WC-(E w.t. RE 

- 	 .- 	I"Eoaw:E MATRIX (OWWFMILfl ma T14f cYcYFU ir !t1IIIVLf$' PNSI COWnI$IORS 
............._.ROWS INO roL',Nwc PRMESD IN SA4E OROES Pt  SflNTE INmUT 

.2 

3 

S 

S.. 

An arithmetic averaging of these elements so as to fit the Fig. 4 model 
produces the following mean values: 

Z8 - 1.02782E-01 + j8.96182E-91 

7.62115E-02 + j4.46363E-01 

= 7.60354E-02 + j3.27722E-01 

Deviations of the actual values from these mean values then are summarized 
by the following statistics: 

Maximum fractional deviatio Sample standard deviation 
Quantity from the sample mean, as fraction of sample mean, 

max z 
- 

, 0.90% , 0.12% 0.63% , 0.08% 

R 	, L 0.60% , 3.27% 0.42% , 2.32% 

%, 
L 1.18% , 9.75% 0.60% , 6.43% 

It is the average values just stated which are next converted to modal values, 
using the formulas of Point 11. One finds .483311 + j2.772074 

.0270988 + j.805742 , and .0265705 + j.449819 for modes "G", "IL", 
and "L" , respectively. 

An analogous calculation would of course have to be performed for the 
capacitance matrix. Then, having modal values for R, L, and C, data 
cards for the line could be punched as per the preceding Comment 2. 

- 	........ - 	- ........-. ... 
7.5R'*€•O2 ,.Iec..E.A, 

7.662E-C2 7.5fl'.E-C2 i.3c,f-ot 
.3t7?-OI l'.5iS6-OI 	•. q.q545FE-OI . 	. 

7.GIs qq1E•C2 793S73C-C2 7.66131t-12 I.03246.0I 

7.S731E-O2 7.5137CE-fl2 7.5Al371c12 7.5qI44_2 1.01 0406E-01 
9q.II_3.27TV-OI _3.i,2qla-)I .160 ',*QE3I l07Z2E-I 	.. 	. 	. 	-. 

7.615*ZE-02 7.7X3E-G2 7.6943t-92 7.'.Fa2E.J2 70S3-f2 	l.aZaSE-Ii 
2.q5TTlE-0 3.4e823E-0I 3.2c215€-0I 4.XI747-0I ..93672v$ 
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1.26b FREQUENCY DEPENDENCE FOR DISTRIBUTED-PARAMETER LINE 

Over the past few years, there have been numerous research efforts 
devoted to the frequency-dependent modeling of the distributed-parameter 
lines. Five 	such models 	have been implemented in the EMTP. Startq 
from the Meyer-Dommel's Weighting Function Model In 1974, then came 
the Semlyen's Recursive Convolution Model ( see rnint 2 of Section 0.2) 
and Ametanl '5 Linear Convolution Model in 1976 (see point 8 of Section 
0.2), Hauer's Model in 1979 (see point 9 of Section 0.2), and most 
recently, the Marti '5 Model was implemented in the EMTP in 1981 (see pint 
10 of Section 0.2). 

1.26b1 Marti's Model 

During 1977 and August of 1981, Prof. Jose R. Marti of Central University 
of Venezuela (Caracas) was on a leave of absence while he viorked toward his 
doctorate in Vancouver, studying under Prof. jermann fl:xnmel. His Ph.D. 
dissertation was concerned with a new, simplid procedure for the frequency 
dependent representation of transmission lines in a transients program. 
Through a contract with BPA, Jose started implementing his new procedure ;,1  
theF4TP in August, 1981. Although some work remains ( the contract with 
Jose will be completed in December, 1982), useful results have already 
been obtained. 

Jose summarized the theory of his model in an EMTP Newsletter article 
entitled: Implementation At BPA Of A New Frequency-Dependence Model ( 
Volume 2, Number 3, February 1982, pp.  33 - 37 ). A copy of this article 
is printed in the followthg: 

IMPLEMENTATION AT BPA OF A NEW 

FREQUENCY-DEPENDENCE MODEL 

Jose R. Marti' 

School of Electrical Engineering, Central University of Venezuela 
(Universidad Central de Venezuela, Escuela de Ingenierra Elctrica, 

Caracas, Venezuela) 

Introduction 

In the September 1981 issue of the EMTP Newsletter, Tsu-huei commented on the 
progress made at BPA during the Summer of 1981 in the implementation on a production basis 
of the frequency-dependence line model introduced in references (1) and (2). Some of the 
theoretical aspects of the model and its interfacing with the EMTP will be elaborated further 
in this article. 

Line Equivalent Circuit 

The basic conceptual form of the model, for a given line mode, is shown in fig. 1(a) 
for end k of the line (an analogous model corresponds to end m). The final reduced form, 
compatible with the network representation in the EMTP, is shown in fig. 1 (b). 



Network 
jk(t) 	Zeq 

k 

V 

(a) 

Ikh(t) bk(t) 

Fig. 1: Frequency-dependence line model. (a) Basic form. (b) Reduced form. 

N etworic Zeq 

In fig. 1(a), the network Zeq consists of R-C blocks as shown in fig. 2. The frequency 
response of this network duplicates the frequency response of the characteristic impedance, 
that is, Zeq(o) = Zc(U). The number of R-C blocks and the parameters of the network result 
from the approximation of Zc(s) (s is the complex variable) by a rational function of the form 

Zeq(s) = H 
(5-I-z)(5+z 2 )...(s+zn) 

1  

(s+p1)(s+p2) 

where the zeroes (-z.) and the poles (-p.) are real, negative, and distinct. 

R1 R2 

Cl C2 

Fig. 2 : R-C network to synthesize Zc. 

History voltage source bk(t) 

The equivalent voltage source bk(t)  in fig. 1(a) represents the weighted effect upon 
end k of past values of current and voltage at end m. This weighting accounts for the different 
travelling times and attenuations of the different frequency components of the travelling waves. 
The source bk(t)  is defined (2) as 

bk(t) = jfm(t) a1  (u) du 	, 	 (2) 

where f 
m 	m 	m 

(t) = 2v (t) - b (t) and the weighting function a (t) is the time-domain form of the 

line response function A1  (w) = e 

In order to avoid the numerical difficulties involved in obtaining a (t) from an Inverse 
Fourier Transformation of A1  (cii) and the numerical burden of accurately evaluating the convo-
lution integral in eqn. 2 at each time step of the network solution, the function A1  (w) is ap-
proximated in the complex plane by a rational function of the form 

V 
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At(s) = P(s) e 5 

(s+z)(s+z) ... (s+zn) 1 	2 	-s 

	

=H 	 e , 	 (3) 
(s +p1)(s +p2) . . 	(s 

where m>n and, as in the case of Zeq(s), the zeroes and poles are real, negative, and 
distinct. For s = 1Ca, the phase displacement ' represents the phase difference between A1 (co) 

and its associated minimum-phase-shift function 	From eqn. 3, a(t) is obtained d ire cIy 
in closed-form as a sum of exponentials with a time delay : 

-p1 (t—) 	 p2(t 	 -p (t—v) 
a1(t) [ke 	~ k2e 	~ 	. 	~ kme m 
	

IU(t) 	 (4) 

Since convolution with exponentials can be evaluated recursively (e.g. (3)), the voltage 
source bk(t) can be expressed as 

	

b 0 = 	bk.(t) 	 - 	 (5) 

with 

bk.(t) = m.E(t_At) + pifm(t 	+ q;f(t_V_t) 

where m., p., and q. are constants that depend on the residuals and poles of 	in eqn. 3 and 
on the ti'me step t o'f the network solution . 

Asymptotic Tracing Technique to Obtain the Rational Functions 

The rational functions Zeq(s) and 	in eqns. 1 and 3 are obtained directly from an 
asymptotic tracing of the corresponding magnitude ft5nctions tZc(Q))Iand IA(w)I on log-log 
scales. The procedure is illustrated in fig. 3 for a typical shape of the zero sequence mode of 
Zc(W). 
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Fig. 3 :Asymptotic tracing of Zc(w) to obtain Zeq(W). 
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If the magnitude function is expressed in dB (20log IZc(cu)I), then straight line segments 
with a slope of either zero or a multiple of 20 dB/decade will constitute an envelope for the 
rational function. That is, the rational function Zeq (dotted line) is contained between Zc and 
the asymptotes. The corners of the asymptotic envelope define the location of the zeroes and 
poles of the rational function. The construction of the asymptotic envelope can be visualized as 
follows. Starting from a horizontal reference level, every time a zero corner is added the slope 
of the envelope will increase in 20 dWdec;  when a pole corner is added, the slope will decrease 
in 20 dB/dec. How close the resulting rational function is to the data curve Zc(Lii) will depend 
on how for the asymptote is allowed to separate from the data curve before the next corner is 
added. (Actually, there is a limit on how close the corners can be from each other; excesive 
crowding will inhibit the envelope properties of the asymptotes.) 

Time Delay ' 

The time delay ' in a1  (t) (eqn. 4)is obtained directly in the frequency domain by 
comparing the phase angle of the minimum-phase-shift function 

1'a 	with the phase angle 
of the data function A (0). From eqn. 3, it follows that 

= 1'a - 
from where 

	

= a 
- 	

(6) 

If the approximation were exact, eqn. 6 would give the some value of t for anyw. In practice, 
even though the deviations are very small, an average value of V is obtained. 

Reduced Form of the Line Equivalent Circuit 

Once the parameters of the basic equivalent circuit of fig. 1(a) have been identified, 
that is, Zeq has been defined from eqn. 1 and the parameters of the recursive relationship to 
evaluate bk(t)  in eqn. 5 have been found from eqn. 3, the circuit of fig. 1(a) is reduced by 
algebraic combinations to the simple circuit of fig. I). 

Implementation of the Model in the EMTP 

a) Generation of the parameters of the equivalent circuit: 

The generation of the parameters for the line equivalent circuit can be summarized as 
follows: 

i) Through the Line Constants routine in the EMTP generate the modal parameters required 

to evaluate the functions Zc(w) = j[R'((o) + j&L'(03)]/[G' + jti)C'] and A1((')) = 

(with) 	J{R'(c)) + jLe)3 [G' + j(')C'] ). 



fl) The functions Zc((i)) and A1  ((ii) are processed by the fitting routines to obtain the corre-
sponding rational approxmations. The residuals and poles of a partial fractions expansion of 
these functions and the time delay V define the parameters of the equivalent circuit. 

b) Processing of frequency-dependent lines in the transients simulation: 

The input "cards for each line mode contain the model parameters obtained from the 
fitting routines. The supporting routines for, the processing of frequency-dependent lines perform 
the following tasks: 

) Evaluation of the parameters of the reduced line model (fig. 1(b)). 

1) Initialization of the history vectors from steady-state ac or dc conditions. (In order to 
ensure a smooth transition between sinusoidal steady-state conditions and the transient simulation, 
the line power frequency parameters are regenerated from the parameters of the model). 

iii) Updating of the history vectors at each time step of the network solution. 

Contrbu tions 

The solution code to inteface the new line model with the EMTP was first extended to 
include all the line modes and user-defined dc initial conditions by Luis Marti' in the University 
of British Columbia version of the program. The implementation in the larger .BPA code was 
completed during the author's stay at BPA in the Summer of 1981 with the assistance of Tsu-huei 
Liu and W. Scott Meyer. The fitting routines developed at UBC were interfaced with the BPA 
code on a first stage by John Abramson early in the Summer of 1981, and later on further devel-
oped and tested by the author. Since Ihen, computational improvements have been added by 
Scott and Tsu-huei. 

Closing Remarks 

The line models described in this article are valid under the assumption that the line 
equations can be decoupled by constant transformation matrices. In practice this seems to be a 
reasonable assumption for most cases of overhead transmission lines. For the more general case of 
frequency-dependent transformation matrices (specially critical for cable systems), the corre-
sponding extensions are still to be done. It is expected that Luis Marti' will undertake this job 
as his Ph.D. thesis at UBC under the supervision of Prof. Hermann W. Dommel. 
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Data Requirements for Marti' s Freiency Dependent Representation 

Suppose that the user wants to 
specify an N-conductor distributed-
parameter tannission circuit which 
is modeled using Marti' s equivalent 	SENDA -- 
circuit. He should then first 	SENDB 
procure the punched-card output 	SENIX - 
(LUNIT 7) of a "JMARTI SETUP" 
run which corresponds to the 
geaetry (including line length 
and ground resistivity) of interest 
(see Section 7.0). Such cards should 
conform to the following rules: 

Parameters 
for Marti's 
Frequency-
Dependent 
Representa- 
tion 

REXA 
RB 
RECC 

Rule 1: There is to be a branch card for each branch (mode), punched 
according to the following format: 

rrr: 
mmmmml MUD :irEzIr—'--- 
ITYPE = -1, -2, -3,...., -N. 

BUSl, BUS2 - The names of the nodes at both ends of the branch. 

BUS3, BrJS4 - The names of.the nodes of the reference branch. 

SKIP 	0. - All the data input of poles and residues of the 
characteristic impedance Zc and Weighting Function 
Al for the present mode (described in the following 
Rule 2 through Rule 7) will be printed out as part 
of the output. 

1. - Only the data inputted under Rule 2 and Rule . 5 
will be included in the output listing. 

2. - All the data inputted under Rule 2 through Rule 7 
will be skipped in the output listing. 

IPUNH = -2 serves as the flag for a MartPs branch. 

IPOSE =J 0 or blank: Line is assumed to be transposed. 
[ N 	: Number of phases of an untransposed line. 

The just-described branch (mode) is to be immediately followed by 
the data cards explained in Rules 2 through 7. 

Rule 2: 

-- 

I 



NPZ — The number of poles of the characteristic impedance Zc. 
AKOZC - The value of Zc at infinite frequency. 

Rule 3: Then come a number of cards which carry the values of the residues 
of NPZ poles of Zc. Each card can carry up to 3 residues in 
the format of E26.0 

H 
Rule 4: The values of all the poles of Zc are inputted in the format 

of E26.0 . The corresponding residues are inputted under Rule 3. 

Rule 5: 

ME MM'  
JIMM - W 
NPA: The number of poles of the Weighting Function Al of the 

branch. 
TAU: The travel time of the branch. 

Rule 6: Same format as described in Rule 3. Only now the residues are 
for the poles of the Weighting Function Al. 

Rule 7: Same format as described in Rule 14•  Only now the poles are for. 
Al. 

Rule 8: Repeat the data cards from Rule 1 to Rule 7 for each of the Marti's 
branches. 

Rule 9: Only when IPOSE is nonzero on Marti's branch card, the transfor-
mation matrix [Ti) is read in after all the Marti's branch cards 
are inputted according to Rules 1 to 8. The elements of [Ti] are 
read in by rows (row 1 first, then row 2, etc. ). For a given row, 
the real part of the element for all columns come first; then the 
imaginary part follows by starting on a new card. Within each row, 
elements are read in the order of increasing column number. Each 
row begins with a new card, and there are 6 or fewer elements per 
card. 

TZ(T. 1rti) 

E/20 E)2 Ek.o E4o 



If the transmission line had only 3 phases, the final three fields 
(columns 37 - 72) would not be used. For N -less than or equal to 
6, exactly 2N data cards for [Ti] are involved; for N greater 
than or eqaul to 7, and less than or equal to 12, exactly 4N data 
cards are involved, etc. Note that there must be exactly 2*N*N 
elanents for [Ti]. 

The following is an example of a set of Marti's branch cards which 
are generated on the pinched output by running the "JMARTI SETUP" of the 
untransposed 500 1W John-Day to Lower Monumental line: 

C 	PUNCHED CARD OUTPUT OF "JMARTI SETUP" WHICH BEGAN AT 09. 11.53 12/23/82 
C 	1.3636 .05215 	4 1.602 -20.75 50. 50. 
C 	1.3636 .05215 	4 1.602 -19.25 50. 50. 
C 	2.3636 .05215 	4 1.602 - 0.75 77.5 77.5 
C 	2.3636 .05215 	4 1.602 0.75 77.5 77.5 
C 	3.3636 .05215 	4 1.602 19.25 50. 50. 
C 	3.3636 .05215 	4 1.602 20.75 50. 50. 
C 	0.5 2.61 	4 0.386 -12.9 98.5 98.5 
C 	0.5 2.61 	4 0.386 12.9 98.5 98.5 
C 
C 100. 5000. 1 138. 1 	3-2 
C 100. 60.00 1 138. 1 	3 
C 100. .01 1 138. 1 	9 10 	3 
C 
-1JDA ENA 	 2. 	 -2 3 

18 	0.47487144790587633736E+03 
-0.117967342612603676E+01 -0.316671345021416945E+01 0.255662317832426673E+02 
-0.601654631032706213E+02 -0.118825306534453652E+03 0.128169142098635430E+04 
0.589610442538186533E+04 0.292891488173549769E+05 0.115665757459954655E+06 
0.456394278488149546E+06 0.153681652821077613E+07 0.681848054466802243E+07 
0.155477562610202006E+08 0.231789897204889809E+08 0.143827766961221036E+08 
0.241524708800130989E+08 0.245049034784953832E+08 0.476808364145524129E+08 
0.321645453133055891E+00 0.897616891499021768E+00 0.165632367032913183E+01 
0.166669419493737986E+01 0.253073682990780913E+01 0.200014655383098283E+02 
0.124257951002701473E+03 0.657345842950598183E+03 0.278623017775457413E+04 
0.117145310573639467E+05 0.427410884649070877E+05 0.202553264108715757E+06 
0.968789502295299084E+06 0.296908522006270138E+07 0.737968316276072920E+07 
0.121009167337626640E+08 0.132891445947112725E+08 0.252097199908134253E+08 

14 	0.86849922355034161602E-03 
0.580543547692027378E-01 0.269744993210893937E+00 0.358646519088160871E+00 
0.775351125410303321E+00 0.512138885239558117E+01 0.838265420474254408E+01 
0.700229782114551433E+02 0.393084113996384431E+03 0.138208543918962764E+04 
0.706160326497019952E+03 0.527246586822120025E+04 0.528343251309080315E+05 
0.178307801042244462E+08 -0.178914532139214980E+08 
0.228360173022402559E+02 0.102750699821169642E+03 0.139222638455845416E+03 
0.269608322018776349E+03 0.389220463867018758E+03 0.427793721751318543E+03 
0.132148883486994569E+04 0.277178340638843952E+04 0.449341296469570784E+04 
0.596603161966094046E+04 0.114714152641659609E+05 0.268314807408425609E+05 
0.204027813729699374E+05 0.204231841543429041E+05 



-2JDB LMB 	 2. 
13 	0.28580875773089412917E+03 

0.381761604345213937E+04 -0.269529222495194256E+04 
0.214658130219351957E+03 0.897325461203548596E+02 
0.683037485206981145E+02 0. 746626715384042328E+02 
0. 249954495902360986E+04 0.187764116219513962E+05 
0.562668431190422236E+07 
0.358668999787749571E+01 0.376679186833120605E+01 
0.109721634064781408E+02 0.140506334140286906E+02 
0.407686998675835062E+02 0.797598814775078377E+02 
0.242138030939135882E+04 0.182362646041542152E+05 
0.548808385606378876E+07 

13 	0.74123751236187225360E-03 
0.192189595814866117E+02 0.210970481418780736E+01 
0.307999912886148377E+02 0.634013410317135580E+03 
0.210540381301789585E+05 0.755533947306501213E+05 
0.607777584135430078E+13 -0.156620677810577402E+13 

-0.604300997216426831E+13 
0.325736126030671659E+04 0.366694913707514225E+03 
0.516024976370228876E+04 0. 249456113770459356E+05 
0.105205466546493019E+06 0.240930799961836921E+06 
0.975820481990593078E+06 0.976796302472583702E+06 
0.975150898517610403E+06 

-3JDC EMC 	 2. 
13 	0.27248404992352929810E+03 

0.928429573805074611E+03 0.205756155237143687E+01-  

0.105199818376817797E+03 0. 821382476778668842E+0 
0.654774478488469374E+02 0. 612546121562179922E+ø 
0.973244316091135431E+03 0.267481871266201114E+04  
0.646075558955915112E+06 
0.297277477955690506E+01 0. 413177069940672703E+01 
0.103072536754268027E+02 0. 135874091964585511E+ø 
0.384075708508238112E+02 0. 692539345057236382E+0 
0.941460937860312015E+03 0. 259295974388396348E+04  
0.628668738677182439E+06 

20 	0.74871165651714267344E-03 
0.249456855794677125E-01 0.516637614002143797E+01 
0.696293545843378914E+01 0.113102519337405696E+02  
0.136526319661979056E+02 0.103057494642840895E+01: 

 

0.221213037293260840E+04 0. 164010494681972168E+0 
0.393233870054797451E+06 -0. 10189325355927411øE+0 
0.524218185885896666E+06 0. 711044562955652374E+1 
0.582892127161347656E+12 -0.734296849907926895E+12  
0.887741958857318814E+01 0.183177145564733635E+04  
0. 245910936284398730E+04 0.383273362703089043E+04  
0. 496339281485561617E+04 0. 253464455063045348E+OE 
0.475215596432249567E+05 0. 14979132099172704øE+0 
0.541583000670874200E+06 0. 670984155731562481E-f0 
0.132622344670840449E+07 0. 440534234233556ø24E+0 
0. 436787151891064155E+07 0. 437223939042955241E+0 
0.57154434 0.70710678 -0.41761362 	---- real 
0.00000000 0.00000000 0.00000000 ---- imag. 
0.58879039 0.00000000 0.80696823 
0.00000000 0.00000000 0.00000000 
0.57154434 -0.70710678 -0.41761362 
0.00000000 0.00000000 0.00000000 

-2 3 

0.445018224900628987E+03 
0.130480129629523557E+03 
0.133938729387751823E+04 
0.391031620802855847E+06 

0.706439034439901681E+01 
0.234292596911152278E+02 
0.129106739969348092E+04 
0.379814243183306942E+06 

0.383406546226878246E+02 
-0.253243195247025884E+03 
0. 229576557459445205E+07 
0.153143851607148541E+13 

0.675727697588602007E+04 
0.115067772934717425E+06 
0.633276538663731422E+06 
0.974176721795814519E+06 

-2 3 

0. 538106630554037494E+03 
0.133356875032521739E+03 
0.905544916173387175E+02 
0.138566411938941123E+05 

0. 739410817322770542E+01 
0.234792992956042879E+02 
0. 997101922255402737E+02 
0.134538093446956691E+05 

0.435227595525510835E+01 
0.107077756312168011E+02 
0.647491597081197526E+03 
0.517776934139508994E+05 

-0.173413454816460973E+06 
-0.559640645251948380E+12 

0.151655674045953921E+04 
0.399285585783856465E+04 
0.272156609769823021E+05 
0.333884409922466803E+06 
0.569769858667429973E+06 
0. 440974768467789621E+07 

part of row 1 of [Ti] 
part of row 1 of [Ti] 

Etc. 



1.21 	Recursive Convolution Frequency Dependence 

Modal wave propagation for overhead lines has a frequency response 
characteristic resembling that of a low-pass filter in series with a 
pure time delay 7 , figure A below is typical. Characteristic 

A. 	 jot' 	ix 	jo K 	wog 

rn' 

Figure A. Tyical gain response for wave proagat1on 

admittance, on the other hand, exhibits an inital 	IT behavior u 
to a "knee" so!lewhere around 1Hz. (Figure B). The upper modes often 
have y0  essentially constant above 10Hz. For model, hoøever, V. may 
roughly double between 10Hz and response data cutoff C at -40 db). 

	

- 	- 

Figure B. Typical gain response for characteristic 
admittance 

Models for wave propagation and characteristic admittandO are 
specified by 	and the transfer function 

T(s)  
(sap, ) 	 (51 )

Kt _ _ _ - 	a a - a 

+ 	
(1 



1c.—a 
A / 

K/ 	
(IC) = Kff

+ 	- - - • .,/_ - - - - - - 

where Z., • 	are the zeros and poles of T(s); K 	and 	K2, are the 
residues of T(s) for impulse and step inputs respectively. 

	

For the wave-propagation model the feedforward coefficient Kf 	Is 
zero, and ? is approximately -the- line travel time. The admittand'e 
model has 2 = O o  and Kg approximates the hiqh-frequency value of 
Following "SEMLYEN SETUP" conventions, each transfer function is re-
presented on cards by partial-fraction expansion C Eq. ic). 

1.27a 	Data Requirements for Recursive Convolution Representation 

The original Recurive Convlut1on 
modeling code was contributed by Ontario 
Hydro of Toronto, Ontario, Canada. 
Please see Section 0.2, item 2 fr 
additional information. 	 tr 	-. 

Suppose that the user wants 	SENL •-._ 	 - to specify an N-conductor 
distributed-parameter transmission 
circuit which is modeled using 	SEti(x W-1 YsctJ;) 	—0 flEC 
Recursive Convolution, He should  
first procure the punched-card 
dutut of a "SEMIYEN SETUP" 

run which corresponds to the ceornetry (including line 
length and ground resistivity) and steady-state frequency of interest. 
A full discussion will be found in Section 7.5 

- 	 Such cards will hopefully conform 
to the following rules: 

Rule 1: There is to be a branch card for each phase (mode), ounched 
according to the following format: 

E I 10H L ItLLu 

BUS! 	B u52 

u iq 6 El  
ITYPE = -1 ---- Type code for branch. 

BUS1 1 -- Six-character alphanumeric node names. The 
BU$2 3 

	

	sending and receiving ends of the branch under 
consideration are to be connected to these two 
network nodes, respectively, 

--- Infinite-frequency characteristic admittance (1<.. 
in Eq. le) 	 it 



'lC-3 
traVel time 

Ni 1....... For the Kth mode (phase), Ni = N2 a K. 
N2  

N3 	The number of expoNeNtial curves used IN te propa- 
gation step response fitting. 

N4 --a- The number of exponential curves used In the charac-
teristic admittance fitting. 

N5 ---- The number f coupled conductors (or modès)maklnq 
up this transmission circuit. 

tOUT 	Used to control the availability of branch 
variabe.s for printing and/or plotting. As usual, 

"i"punch produces branch current output7 
"2"-punch produces branch voltage output; 
"V-Punch produces both branch current & voltaqe; 
"4"-punch produces branch power and energy 

consumption ( see Section 1.8). 

Rule 2: The just-delineated branch (mode) card is to be immediately 
followed by a card with steady-state information: 

I'*I2! 

I' I 

	

R l 	Total series modal Impedance for mode number Ni. 

	

W L J 	This is in ohms, at the frequency FREQ of the 
steady-state phasor solution which may be per-
formed to find EMTP initial conditions. By 
definition, these total impedance values are 
equal to the incremental values (in ohms ocr unit 
length) multiplied by the line length. 

G 	Total shunt modal admittance for mode number Ni. 

	

cC J 	This is in mhos, at the frequency FREQ of the 
steady-state Dhasor solution which may be per-
formed to find EMTP initial conditions. By 
definition, these total admittance values are 
equal to the Incremental values (in mhos per unit 
length) multiplied by the line length. 

FEQ -- the steady-state frequency 

Pule 3: After the second cri, trer come a number of cards which 
characterize the wave propagation and characteristic admittance 
responses. Tnesé cards nave the tollowjq format: 

lrjaV • VOLTC3) I VOLr(-) VO4T() 

2X  



I(c - 

Each of these cards specifies two partial fractions c See Eq. 
lc). Let the mth pole ?m be defined as Pm 	- 	+ 
where both C'm and ()rn are positive 1  and 1t the correspond- 
ing residue Rm be defined as Km 	Kr,m + ki,rn. Then two 
real poles Pm and Prn+t can be specified on one such card 
where 

VOLT(1) = 0.0, VQLT(2) = 	 VOLT(3) = - 
VOLT(4) = 0 90, VOLT(5) = cJin1., 	, VOLT(6) = - Kr,m 

On the other hand, one whole card is needed for each of the 
complex pole. Pm : 

VOLT(1) = 1.0, VOLT(2) = PIM P 	VOLT(3) = - *rpm 
VOLT(4) =-1,O, VOLT(5) = -CA)m, 	VOLT(6) = 	Ki,m 

Rule 4: The cards under Rules 1, 2, and 3 are repeated for each branch 
(or phase or mode), in order. 

Rule 5: Following the cards of Rule 4 are to come records which define 
the voltage transformation matrix [T V  Is where 

v Lase a  CTV 

Complex Matrix elements are inputted by rows, in natural order 
Crow 01 first, then row 02, etc.) and are in terms of the real 
end imaginary pairs. However, the imaginary part of each 
elementis set to be zero. Within any row, elements are in-
putted in order of Increasing column number, Each row begins 
with a new card, and there are six or fewer numbers per card. 
The following format is applicable to row "K" for a 3-phase 
transmission circuits 

I irir 
I Vii ,1 _____•. . .-'iJ-t!I • 	 Z 

:1 V M., 

 2
X' j  

Rule 6 	Fólloing the cards of Rule 5, there is a second such grouping, 
only for the current transformation matrix CT. ), where 

	

a 	[Ti] 

!he number of elements and their ordering is identical to that 
for the voltage transformation matrix, which has just been 
described. 

I TI i 	I 	T 	1  .L.J ..I 	H. 
f Ti 	j: •TIH••.TI two  3J 

2.L Ei2.c L_.jL L LLiL_ 

Rule 7: The column-SO punch on the branch cards C see "tOUT" of Rule 1) 
must always be supplied by the user if branch output variables 
for .& Recursive Convolution line are desired, The punched-card 
output of "SEMLYEN SETUP" 	 will always leave 
colqmn SO of the branch cards blank(corresponding to no such 
output). 
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An example of punched output from running "HAUER SETUP": 

C 	als3636 .05215 4 	1.602 -2005 	50. 	50, 
C 	1.3636 .05215 4 	1,602 -19.25 	50. 	50, 
C 	2.3636 .05215 4 	 19602 	-0.75 	77.5 	77.5 
C 	2.3636 .05215 4 	 1.602 	0.75 	77.5 	77.5 
C 	3.3636 .05215 4 	1.602 	19.25 	50. 	50, 
C 	3.3636 .05215 4 	1.602 	20.75 	50, 	50, 
C 0.5 2.61 4 	0.386 -12.9 98.5 98.5 
C 	005 	2.61 	4 	 0.386 	12.9 	98,5 	9815 
C 
C 27. 	. 60, 	 1 	 138, 
C 27. 	 6,0 	 1 	 138, 	 9 20 
C 
-1BEGINAENDA 	 0.16087E'02 0,74835E-03 	 1 1 14 2 

0.6719497E+02 0,22868008Es03 0.00000000E+00 0,62996694E-03 0,60000000E+02 
0., 0,232728400Es03, 0.505695185E-01, 0., 0.618279420Es03, 0.748306243E-01 
0., 0.460330237E+04, 0.227732022Es00, 0., 0.873771583Es04,-0.587245219E-01 
0., 0.900430932s04, 0.249999225E-01, 0,, 0.159407707Es05, 0.975160389Es00 
0., 0.194752175Es05, 0.11.7242152E+00, 0., 0.366005345Es05, 0.548528443E+00 
0., 0,654818466Es05,-0,150033701E.pOl, 0,, 0.212800153Es06, 0.120734101Es02 
0., 0.271680247+06,-0.185580738Es05, 0,,. 0,273142633Ep06, 00342711488Es05 
09, 0.275102479Es06,-0.160808604Es05, 0., 0 9 287226841Es06, 0.356251978Es03 
0., 0.000000000Es00, 0.000000000Es00, 0., 0.000000000E+00, 0.000000000Es00 

-18EGINthEND8 	 •0.35258E-02 004318E-03 	. 	2 2 14 2 
0.40944359E+01 0,80845419Es02 0,00000000E+00 0,10069636E-02 0960000000Es02 

0., 0.827674470Es03, 0.398806056E-01, 0,, 0.130501996Es06, 0,508365787Es00 
0., 0.252780509Es06,-0.280985689Es00, 0,, 0,260749831E+06, 0,360866589Es00 
0., 0.544371051Es06,-0.152645223Es01, 0., 0.696229069Ep06, 0.773993647Es01 
0., 0.768161125Es06,-09566855648Es01, 0,, 0,415043368Es07,-0,224486177E+00 
0., 0.860106666E+07,-0.180297330E+02, 0,, 0.104572655Es08, 0.286577225s03 
0., 0.11800801eEs08,-0.243527045E+05, 0,,, 0,119761142E+08, 0,200319291Es06 
0., 0.12001677Es08,-0.177347835Es06, 0,, 0.125804003Es08, 0.111275201Es04 
0., 0.000000000E+00, 09000000000EsOO, 0,, 0.000000000Es00, 0.000000000Es00 

1BEGiCEfWDC 	 0.35258E-02 0.74318E-03 	 3 3 14 2 
0.40944359Es01 0,80845419Es02 0.00000000Es00 0,10069636E-02 0960000000Es02 

0., 0.827674470Es03, 0.398806056E-0j, 0., 0.130501996E+06, 0.508365787Es00 
09, 0.252780509E+06,-0.280985689E+00, 0., 0,260749831Es06, 0,360866589Es00 
0., 0.544371051E+06,-0.152645223E+01, 0., 0.696229069Es06, 0.773993647Es01 
0,, 0.768161125Es06,-0.566855648Es01, 0.,0.415043368Es07,-0.224486177Es00 
0., 0.860106666s07,-0.180297330Es02, U,, 0,104572655Es08, 09286577225E+03 
0., 0.118008018E+08,-0,243527045Es05, 0,, 0.119761142Es08, 0.200319291Es06 
0., 0.120018677E+08,-0.177347835Es06, 0,, 0.125804003Es08, 0,111275201Es04 
0., 0.000Q00000E+00, 0.000000000EsOO, 0., 0.000000000Es00, 0.000000000Es00 
0.57735026919E+00, 0., 0.70710678119E+00, 0., 0,40824829046Es00, 0, 
0.57735026919E+00, 0, ,-0,70710678119Es00, 0., 0.40824829046E+00, 0, 
0,57735026919E+00, 0., 0.00000000000Es00, 0.,-0,81649658093Es00, 0, 
0.57735026919Es00, 0,, 0.70710678119Es00, 0., 0.40824829046Es00, 0, 
0.57735026919E+00, 0, ,-0.70710678119Es00, 0., 0,40824829046Es00, 0, 
0.57735026919E+00, 0,, 0.00000000000Es00, 0,, -0,81649658093Es00, 0. 
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1.28 Branch Cards for Pseudo-Nonlinear. Resistance (Type-99 Element) 

The true nonlinear v-i 
characteristic of Section 1.32 
has limited usage due to the 
required travel time separating 
such elements. It is because 
such a true nonlinear repre-
sentation can not then be used 
for more than one phase of a 
3-phase nonlinearity that the 
element now to be described 
was developed. The element 
to be described seems to 
generally be a good approxi-
mation to the true nonlinear 
characteristic, provided the 
user exercises caution in 
employing it. 

V  
4 

Pig. 1. Nonlinear v-i characteristic, 
with flashover. 

Conceptually, the idea is 
very siEiple. Since any segment of the piecewise-. 
linear v-i curve is a straight line (see Pig. 1), such a segment 
can be represented in the program by a resistor in parallel with the 
appropriate current source (see Pig. 2). The only problem is with limits, 
which of course are not observed by the linear representation of Fig. 2. We 
do not have a true (simultaneous) nonlinearity, and must rely on past history 
tp tell us on what segment we should operate. In particular, the following 
points apply: 

1. Upon flashover, there is no relevant history; the user must specify 
which segment he thinks it is appropriate to jump in on (see Pig. 1). 

2. The user must use a small enough time step so that one moves up and 
down the nonlinearity slowly, smoothly. The program will only change 
segments after having illegally operated outside the range of the current 
segment for one time step, note (see Fig. 3) 

• _(illegal 
,- \operation 

c ,  

Segment 
being 
modelled 

Pig. 2. Linear approximation 
	 Pig. 3. Sample movement to a 

used in program. 	 higher segment. 
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So as to avoid connectivity difficulties (see Section 1.3-D ), 
the program automatically inserts a very-high-impedance resistive branch 
in parallel with a type-99 element, should no parallel branch exist as part 
of the user's data. This branch should have negligible effect on the answers, 
while sparing the user from the necessity of manually inserting such elements  
so as to provide the necessary connectivity. 

The user must exercise care so as to always 
set up a physically-realistic problem. For 
example, the series connection of two type-99 
elements is absurd, since mathematically there 
is no way to determine the voltage split between 
.the two perfect gaps; the problem 18 not even 
defined. The same holds true of the series 
connection of a type-99 element and a flashover 
switch. Be nice to the program, and the 
program will be nice to you. 

W-1/010 	• [ qj0 
flashover 
switch 

Rules for Data Input of type-99 element 

1) Branch type is H 	(field ITYPE; columns 1-2). 
2) Specify the terminal nodes by name (fields BUS1 and BIJS2; columns 3-14). 

One node may be grounded, if desired ( blank for node name). 

3.) If the v-i characteristic proper (exclusive of MASH, TDELAY, and 	uiip) 
is identical with a preceding type-99 element, use the following storage 
saving option: Punch the node names of that preceding reference branch 
in fields BUS3 and BUS4 (columns 15-26), and omit the cards defining the 
v-i characteristic as mentioned in Point 8 below. 

4) Field VFLASH specifies the breakdown voltage for the branch; until terminal 
voltage exceeds this figure in absolute value, a type-99 element is an open 
circuit. Such an open circuit  is assumed for the steady state solution also. 

5) The element will open up again after having been conducting when a current 
zero occurs (see illustration of Sect • 1.40), provided a time interval of 
TDELAY seconds has elapsed since the most recent firing (initiation of 
conduction as per Point 4).  It is assumed that such a polarity change will 
occur only while operation is on segment 1 (that passing through the origin); 
if the polarity change occurs while operating on higher segments, a warning 
message of tIm()iJJEtI  will be printed out (see Sect. 2.2b , Message 18 ). 

6) Field JUMP gives the segment number that is to be jumped in on upon 
flashover. Segment L is, by definition, the one 
having point L (see Pig. 1 numbering) at its 	

e
d 

upper end, as shown in the sketch. A zero (or blank) $1 	Point 
field is automatically converted to a default value of unity. 	 L 

7) Output options for printing and/or plotting use field lOUT in column 80: 

1-punch produces branch current 
2-punch produces branch voltage 
3-punch produces both branch current and branch voltage 
4-punch produces branch power and energy consumption (see Section 1.8) 
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8) The v-i characteristic is defined point by point on cards which 
immediately follow the aforementioned branch card; these points are 
terminated by a 	9999-card (punched in columns 13-16). 

a) The origin of the characteristic (i=O, v--O) is an implied point, 
which must  not be inputted explicite].y. 

b) Current and voltage pairs of the break points are punched in fields 
CUR and VOLT , columns 1-32, one pair of values per card. 

c) The order of input of points is as per Pig. 1, where both current 
and voltage values must be strictly monotone increasing. Thus 
segments with negative, zero, or infinite slope are not allowed. 

No problem with spilling off the end of the curve exists, as the program 
assumes that the final two points define a segment which extends to infinity. 

First Card Format 

± - 
Nok rwec Refetenc.t_f r 

1 

ILl a- Lii t usi riosa GO$ eo4 
ta Are P  P4 £.o EG.o Ir. EG.O Hi 
Format for Points of V-I Characteristic 

• CUR. VOJTH 
• E1(,.0 E1C.0 

Lam ple Data Listing 



lCc.:F-1 
9) if the user only wants to allow a type-99 element to flash over once, he 

can use the "SINGLE PLASH" option. This is governed by the following 
special rules and restrictions: 

a) Die key word "SINGLE FLASH" is to be punched in columns 33-44 
of the 9999-card  which terminates the i-v characteristic of 
the element in question: 

b) Within any given data case, the "SINGLE FLASH" request is only 
to be punched once, on the 9999-card of the first such type-99 
element which i8 inputted. Any other type-99 element whose 
characteristic has the same first breakpoint voltage v1 as this 
first one so flagged will also be allowed to flash a maximum of 
just one time. Thus, in particular, any number of identical 
type-99 elements can all be treated as single-flash units. 

Except for the prohibition against flashing a second time, such "SINGLE 
FLASH" type-99 elements are identical to conventional type-99 elements. 

10) Data field "VSEAL" of columns 45-50 is normally left blank, which 
then provides for opening (current interruption) on current zero. But 
sometimes the user wants to open the circuit before a zero crossing on 
the current. This is possible, if "VSEItL" is punched positive, 
indicating a voltage threshold (sealing-off voltage) below which conduction 
is not allowed. 
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1.29 Branch Card for.Pseudo-Nonlinear Reactor (Type-98 Element) 

The true nonlinear flux-current 
characteristic of Section 1.33  has. 
limited usage due to the required 
travel time which must separate such 
elements; it cannot, for example, be 
used in 3-phase configurations, which 
are the common cases of interest. 
Because of this restriction, the 
present pseudo-nonlinear reaétor has 
been developed ---- an element which 
may be placed anywhere. 

The pseudo-nonlinear reactor is 
the inductive analog of the pseudo-nonlinear 
resistance of Section 1.28, using a parallel 
connection of resistor and current source 
for internal representation (see sketch); 
resistance R changes only when operation 
moves from one segment of the characteristic 
to another, while the current source is updated 
at each time step. The qualification "pseudo" 
has been appended because operation moves from 
one segment to another only after having illegally 
operated outside the range of the present segment 
for one time step (Pig. 39 Sect. 1.28). 

I 

Rules for data input of type-98 element 

1) Branch. type is 	(field ITYPE; columns 1-2). 

2) Specify the terminal nodes by name (fields BtJS1 and BUS2; columns 3-14). 
One node may be grounded, if desired (blank field for node name). 

3) If the i-j) characteristic proper (exclusive of 
'steady  and tPsteady) 

is identical with a preceding type-98 element, use the following storage-
saving option: Punch the node names of the preceding reference branch 
in fields BUS3 and BUS4 (columns 15-26), and omit the cards defining 
the 1- '.1  characteristic as mentioned in Point 6  below. 

4) Fields 1steady  and 	"steady (columns 27-38) define the 

constant linear inductance to be used during the 
sinusoidal, phasor, steady-state solution. While only 
the. ratio is actually required (L = q'/ i) 	''stead is taken to be the limit on the flnear region 	y 

of operation; if initial flux exceeds this value, 
the T.P. prints out a warning message after the 
steady-state solution (see Sect. 2.2b, Message 15). 

5) Output options for printing and/or plotting use field lOUT of column 80: 

1-punch produces branch current output 
2-punch produces branch voltage output 
3-punch produces both branch current and branch voltage 
4-punch produces branch power and energy consumption (see Sect. 1.8) 
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6) The 1- 'f characteristic is defined point by point, on cards which 
immediately follow the aforementioned branch card; these points are 
terminated by a 	9999-card (punched in columns 13-16). 

a) The origin of the characteristic (1=0, tp=o) is an implied point, 
which must not be inputted explicitely. 

b) Current and flux pairs of the break-points are punched in fields 
CUR and FLUX (columns 1-32), one pair of values per card. 

c) The order of input of points is as per numbering on the sketch, 
where both current and flux values must be strictly monotone 
increasing. 

d) Usually the firstpoint of the characteristic will equal 

steady' 	steady' in order to provide continuity between 

steady-state and transient solutions at time zero, though such 
matching is not mandatory. 

i1F 

CUR FLUX 

E1G.0 E16.0 

Sample Data Listing 
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1 
Caution concerning possible discontinuity at time zero 

The user should always keep in mind that 
the sinusoidal steady-state phasor solution 
involves the linear magnetizing Inductance 
given by L = 	/ i 	• Yet 

steady steady 
at the first time step, the EMTP shifts 
to using the user-defined nonlinear 
characteristic, at present always starting 
out on the first segment. If the initial-
condition point does not lie on the 
characteristic, there will be a discontinuity 
which may produce a spurious transient 
immediately after time zero. Flux is always 
continuous, so the adjustment is accomplished 
by a horizontal jump having current discon-
tinuity Ai , as per the sketch. If only 
one segment change is required as shown, this 
occurs in one time step. Hence a connected 
inductor of value- L8  might well experience 
a corresponding voltage change of something 
on the order of L8  Al/At , which may 
be substantial for small time steps (many 
per unit, in extreme cases). Present EMTP 
logic only allows one segment change per 
time step, so if the ultimate operating 
point really is on the K-th segment, IC-i 
time steps would be required to effect the 
total adjustment process, during which time 
a spurious transient of unpredictable shape 
might be -observed. 

-7 

2 
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For balanced 3-phase initial conditions, the user can always shift hie time 
reference (rotate the phase angles of all sinusoidal sources by some fixed phase 
angle) 80 that none of the three initial fluxes (or alternatively, currents) 
exceeds '{31/ 2 	.866 times its peak value. In terms of figures which can 
be read from the phasor steady-state solution printout of branch flow8, this 
corresponds to shifting the time origin so that current in one of the three 
components (for the 3-phase representation) is exactly zero at time zero. 

The intelligent user will learn to always check the initial flux in type-98 
pseudo-nonlinear inductors, and be wary of the aforementioned possible 
discontinuity. The initial flux in all data-case nonlinear or pseudo-nonlinear 
coils is printed out after the complete steady-state solution, and before the 
time-step-loop column headings, with a sample being: 

INITIAL FLUX IN (X)IL 'JOENDA' TO 'INTA ' = fEl3.5J 

Assuming that the user has picked isteady  and 'f'steady  equal to coordinates of 

the first point of the characteristic, then the aforementioned discontinuity trouble 
will be signaled by the following additional message: 

WARNING. ASSUMPTION THAT AC STEADY STATE HAS FUNDAMENTAL FREQUENCY ONLY IS 
QUESTIONABLE WITH PRECEDING FLUX OUTSIDE LINEAR REGION. 

Whenever the user sees such a message, he should be careful, and should study 
what the effect on the network solution will be; if possible, it is of course 
desirable to make legitimate alterations which cause all such messages to disappear. 
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1.30 Branch Card for Staircase Time-Varying Resistance R(t) (type-97 element) 

The continuous time-varying 
resistor R(t) of Section 
1.31 has limited usage, due to 
the required travel time which 	 - - 	 - 	- -. 
must separate such elements; it 
cannot, for example, be used in 	 • 	 - 
3-phase configurations, which 	S 
are the common cases of interest. 	 R5 IvA vIu'. •0 	 I Because of this restriction, the 	 cctnue.s 

-am- 

present staircase time-varying 	 I 	 I to tf. 
resistance element has been 	 I 
developed -----an element which 	 I 	I 
may be placed anywhere, in any 
numbers. 	 £ 

Rules for type-97  data input 	 I 

1) Branch type is 	[J 	t=o t 	t3  14 	 t5  

This is punched in field 	 hz& 6ttn covuitcteJ ITYPE , columns 1-2 
to network , tr 

2) Specify the 'terminal nodes 
of the branch by name (fields BU1 
and BUS2 , columns 3-14). One node may be grounded 
if desired (indicated by blank field for node name in question). 

3) If the R(t r)  characteristic proper (exclusive of VFLASH and TDELAY ) 
is identical to that of a preceding type-97 element, use the following 
storage-saving option: Punch the node names of the preceding reference 
branch In fields BUS3 and BtJS4 (columns 15-26), and omit the cards 
defining the R(t r)  characteristic as mentioned in Point 6 below. 

4) Data fields VFLASH and TDELAY determine at what time during the 
simulation the element is to be connected. The possibility of either 
a fixed time delay, or of a delay dependent upon the appearance  of a 
minimum flashover voltage, is provided for by appropriately punching 
columns 27-38. 

VFLASH ----- f 0 	no flashover delay 
Vf  z with Vf  > 0 , the element is not connected 

I 	until the branch terminal voltage v 
satisfies fv% >V 

11 i'i" 	 - - -  801 

: 	

I 

LU 
. UiT.u$a Bus3 	 ... 	.r 

Pt 	EE,.O 



I ,k 
TDELAY 	- I-i 	The first-step resistance value R1  is 

assumed to be present for all time t <. 0 , 
as part of the sinusoidal phasor solution. 
Element time t  and simulation time t are 
identical; field VFLASH is disabled. 

o 	No such special fixed time delay (there may 
be delay due to positive VFLASH , though). 
Element is not connected for steady-state 
phasor solution. 

Td ==> With Td ) 0 , the element will never be 
connected until the simulation time t 
reaches this delay value. Positive VFLASH 
may provide added delay beyond this point, 
until such time as the branch voltage then 

- 	exceeds the flashover value. 

5) Output options for printing and/or plotting use field lOUT of column 809  
as -follows: 

1-punch produces branch-current output; 
2-punch produces branch-voltage output; 
3-punch produces both branch-current and branch-voltage output; 
4-punch produces branch-power and energy-Qonsution outputs 

(see Section 1.8). 

6) The R(t) characteristic is defined point by point, 
on cards which Immediately follow the aforementioned branch 
card; these points are terminated by a 	9999-card 
(punched in columns 13-16). 

a) The beginning of the characteristic, at time 
tr = 0 , is the first point to be inputted. 

b) Time and resistance pairs defining 
each step of the staircase 
characteristic are punched in 
fields TIME and RESIS  
(columns 1-32), one pair of 
values per card.  

c) The order of input for points of the characteristic 
must be as per the numbering on the sketch, with time 
in seconds being monotone increasing. All resistance 
values must be positive, in units of Lvoltage/currentj 
(ohms, if in MKS system). 

d) The last point is followed by the 
9999-card. 	 jIH. 

L 

TIME RESIS 

E1c.O 



1.31 	Branch Card for Pseudo-Nonlinear Hysteretic Reactor 

(Type-96 Element) 

The pseudo-nonlinear hysteretic 
inductor is very similar to the pseudo-
nonlinear inductor described in section 
1.29. 	The, major difference is that 
this element allows the hysteretic 
behavior of the core material that will 
be represented. The element is rep-
resented internally by a resistor in 
parallel with the current source (see 
sketch at right). The resistance R is 
changed only when operation moves from 
one segment to another, whereas the 
value of the current source is updated 
at each time step. The qualification 
"pseudo" has been appended because 
operation moves from one segment to 
another only after having illegally 
operated outside the range of the 
present segment for one time step (Fig. 
3, sect. 1.28). 

Rules for Data Input of Type-96 Element 

1) Branch type is "96" (field ITYPE; columns 1-2). 

2) Specify the terminal nodes by name (fields B1 and B2; columns 3_14). 
the node may be grounded, if desired (blank field for node name). 

0 

INNui 
----- 

lffimm~~U~l

----- 

1.7 
OEM 

3) If the i-PSI characteristic proper (exclusive of i-steady, PSI-steady, and 
PSI-res) is identical with one of the preceding type-96 elements, use the following 
storage saving option: Punch the node names of the preceding reference branch in 
fields B3 and BZ 	(columns 15-26) and c*nit the cards defining the i-PSI 
characteristic as mentioned in point 6 below. 
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Il) Fields i-steady and PSI-steady (columns 27-38)  define the constant linear 
inductance that is to be used during the sinusoidal, phasor, steady-state solution. 
While 	only the ratio is actually 
required (L = PSI-steady/i-steady), 
PSI-steady is taken to be the limit on 
the linear region of operation; if 	 9 
initial flux exceeds this value, the 
4TP prints out a warning message after 

the, steady-state solution (see Sect. 
2.2b, message 15). 	In addition, the 
point (i-steady, PSI-steady) must lie 
.dthin the major hysteresis loop. If 
it does not, the EMTP will halt this 
run, 	providing an error message  
indicating this mistake. 

The user also has the option of 
allowing the B'ITP to calculate i-steady 
and PSI-steady itself. This option is 
chosen by specifying i-steady = 8888 
and leaving PSI-steady blank. The E?ITP 
chooses the steady-state point by the 
following method: first the trajectory 
from the origin to the positive 
saturation point is created, then the 
point on that trajectory, where the 
flux is equal to 70% of the saturation 
flux, is chosen as the steady-state 
point (see sketch). 

5) Field PSI-res (columns 39_1414) 
specifies the value of residual or 
remnant flux in the core. This will be 
used as the initial value of flux 
(P51(0)) 	in the coil provided a non- 
zero flux value is not calculated for 
time zero by a sinusoidal, phasor, 
steady-state solution. 

Therefore, if this type-96 element 
is not connected during a steady-state 
solution, the value of flux in the coil 
at time zero will be taken as the value 
specified in the field PSI-res. 	If 
this 	type-96 element is connected 
during a steady-state solution and only 
if the value of flux at time zero 
determined by the phasor solution is 
zero, the value of flux specified in the field PSI-res is used as the initial flux 
at time zero. 	(Note that if PSI-res = 0, the initial flux at time zero will be 
identical to that calculated by the phasor solution). Otherwise the initial flux in 
this type-96 element will be taken as the value calculated from the steady-state 
solution. 



The value of PSI-res which is specified must lie within the major loop, 
otherwise the ENTP will print an error message indicating the mistake and halt the 
present job being run. 

6) Output options for printing and/or plotting use field IOtJT of column 80. 

1 - punch produces branch current output 
2 - punch produces branch voltage output 
3 - punch produces both branch current and branch voltage 
11 - punch produces branch power and energy consumption (see 

sect. 1.8) 

7) The 1-PSI characteristic is defined point by point, on cards which 
immediately follow the aforementioned branch card; these points are terminated by a 
9999 - card (punched in columns 13-16). 

a) The bottom half of the 
loop must be defined - the top half is 
then determined by symmetry. 

b) Current and flux pairs of 
the break points are punched in fields 
CUR and FLUX (columns 1-32),  one pair 
of values per card. 

c) The order of input of the 
break points must be as follows: the 
first point specified must be the first 
point following the negative saturation 
point, the points are then specified in 
order, up to and including the first 
point after the positive saturation 
point. The next to last point specified 
must always be the positive saturation 
point. 	The negative saturation point 
is defined from the positive saturation 
point by symmetry in ENTP. 

All points must be strictly mono-
tonically increasing in both flux and 
current. 

pes+ve 
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Sample data listing 

111IIIIII1I!IIIUlIflh!!I!IflhIuIflhII 
iUUIIIIIIU!1!IIIIIIIHh!!IM!!HIIIHhIIII 
flNIIIIIIIHhIHHI!!IrIIIHhuIUIuUII 
IUhIIIIIU!IIIHHhI!!I9IUHHhIII 
1 
iIuuInIIIuIIflhIIuIIIIlIIIIIIuIII 
InhuIuIrI!rIIIflIHhINIIvi!IInnhIuun 
• 

IflhIIIII1IIIHhIIllIIIl!II1UIIIIIIIl 
lIIIIUIIIIIIIIlR!!IflflhuIIlflI 
IH!INIUIIHHhIIIIIflhIlIIIIIIIRfl 

• 9!!!MI. 
Important Information concerning Type-96 Usage 

Whenever a type-96 element is being 
source connected in the steady-state. 
element may or may not be connected in 
sub-network which is connected in 
steady-state. 	Such a sub-network can 
easily be created (see first sketch), 
where the voltage source at node DUMMY 
is connected during steady-state. 
Failure to observe this restriction 
will result in the run being terminated 
with an appropriate error message. 

The user should exercise care when 
he is specifying values of i-steady and 
PSI-steady, which are used ot define 
the linear magnetizing inductance (L = 
PSI-steady/i-steady) that represents 
the type-96 element during a phasor 
solution. The only restriction on this 
point is that is lies within the major 
loop. As the sketch indicates, there 
are many points that lie within the 
major loop but yield poor linear 
representations of the loop. A handy 
rule of thumb might be to only pick 
points in the first quadrant and never 
pick a point which yields an inductance 
smaller than the inductance obtained by 
using the positive saturation point as 
the steady-state point.  

used in a run, there must be at least one 
The sub-network containing the type-96 

steady-state but there must be at least one 
DUMMY 

The user should also keep in mind 	. 
that at time zero, the type-96 will switch from being represented as a linear 
inductance to being represented by the non-linear, multi-valued hysteresis 
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characteristic (which is then internally 
Herein lies a potential problem. If the 
there is no problem; the operation 
simply begins at that point and pro-
ceeds from there as determined by the 
system. However if the initial point, 
as determined by a phasor solution, 
lies outside if the major loop, the 
problem arises because operation out-
side of the major hysteresis loop 
cannot occur in a real core. 	It 
happens here only because of the linear 
representation which is used in the 
steady-state solution. The EMTP will, 
therefore, move the initial point with-
in the major loop (rather than term-
inating the run at this point, which is 
the only other option available). The 
scheme for moving the initial point 
into the major loop is as follows: 
draw a line of constant current through 
the initial point, determine the two  
points where it intersects the top and 
bottom half of the major loop (these 
will be the sane points if i(0) is 
greater than or equal to i-positive 
saturation or i(0) is less than or 
equal to i-negative saturation) and 
take the average of these two points as 
the new initial point. Whenever this 
happens the following message is 
printed: 

represented linearly at each time step). 
initial point lies within the major loop, 

NOTE ---- NONLINEAR ELEMENT NUMBER Z 4 IS A TYPE-6 HYSTERETIC INDUCTOR WHICH IS CONNECTED 
BETWEEN BUSSES ' *6 ' AND - A6 - . 	THE INITIAL FLUX-CURRENT POINT AS FOUND BY THE 
PHASOR STEADY-STATE SOLUTION HAS BEEN OBSERVED TO LIE OUTSIDE THE USER-DEFINED MAJOR HYSTERESIS LOOP, HOWEVER. 
THE INITIAL FLUX IS 	v.44.4 	AND THE INITIAL CURRENT IS 	E44.4 	. 	THE EHTP SHALL NOW ALTER THIS 
JUST-PRINTED FLUX SO AS TO $AKE IT LEGAL, UHILE HOLDING THE CURRENT CONSTANT. 	THE LINE OF CONSTANT CURRENT 
INTERSECTS THE USER-SUPPLIED MAJOR HYSTERESIS LOOP AT TWO POINTS (POSSIBLY EQUAL, IF THE CURRENT IS LARGE 
ENOUGH). 	THE 'UPPER' IS CUT AT FLUX VALUE 	£14.5' 	, 	AND THE 'LOWER' AT FLUX VALUE 	E.,a4.g 
THE INITIAL FLUX SHALL BE TAKEN BY THE EMTP TO BE THE AVERAGE OF THESE, WHICH HAS FLUX VALUE 	j. 	. 

If is the user's responsibility to determine if the change made is acceptable 
or not. It should be realized that transients due to sudden changes in flux (like 
those being made here) may die out very slowly. It is strongly suggested that the 
user make legitimate alterations which cause all such messages to disappear. 



One potential cause for this type 
of problem could be a poor choice of 1-
steady and PSI-steady as discussed 
above. Consider the exanple in which a 
relatively low value of inductance (by 
method in point 1) was chosen to 
represent the loop during the phasor 
solution. 	Notice the required change 
influx as discussed above. If point 2 
is used as the steady-state point, 
rather than point 1, it is quite likely 
that no such problem with initial point 
outside of the major loop will occur. 
Any time the EMTP creates a new initial 
point whose flux coordinate is larger 
(in absolute value) than the initial 
point originally calculated from the 
phasor solution, one should check for 
the situation discussed in this 
exanple. 

FA 

It should also be noted that for balanced 3-phase initial conditions, the user 
can always shift his time reference (rotate the phase angles of all sinusoidal 
sources by some fixed phase anlge) so that none of the three initial fluxes exceeds 
(square-root of 3)/2 = .866 times its peak value. In terms of figures which can be 
read from the phasor steady-state solution printout of branch flows, this 
corresponds to shifting the time origin so that current in one of the three 
components (for 3-phase representation) is exactly zero at time zero. 

If steps such as these do not eliminate problems of initial points outside of 
the major hysteresis loop, the user must decide if the changes made by EMTP are of 
small enough magnitude to be accepted or not. 

The intelligent user will learn to always check the initial flux in each type-
96 element in addition to checking for the message discussed above. The initial flux 
in all nonlinear or psuedo-nonlinear coils, is printed out after the canplete 
steady-state solution, and before the time-step-loop colunn headings, with a sanple 
being: 	INITIAL FLUX IN COIL 'NODEVA' TO 'NODEVB' = E13.5 

By checking this, the user will be able to verify that he/she is correctly starting 
at a specified value of residual flux as desired. One will also be able to 
determine if the execution inadvertenly begins at the user specified value of 
residual flux when, in fact, the user wants the initial flux to be calculated from a 
steady-state phasor solution. 

It is anticipated that the user may have some difficulty obtaining the 
hysteresis characteristics required by the type-96 element. See Section 7.2a for 
EMTP's attempt at alleviating this difficulty. 
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1.32 	MULTIPHASE ZnO SURGE ARRESTER MODEL 

The model of this section provides for true (as opposed to pseudo) 
nonlinear representation of an arbitary number of ZnO surge arresters. 
Theory has been documented in Ref. 22, Vol. 1 No. 2 (Dr. W. Scott 
Meyer) and No. 3 (Dr. Vladimir Brandwajn). The model is compensation-
based, and Newton's method is used for iteration to the exact solution 
at each time step. While it is possible that no solution will so be 
found (in which case an EMTP error message will result), if the case 
runs to completion, the answer is correct. Uncertainty associated with 
pseudo-nonlinear elements like the Type-99 resistor thus has been 
removed. 	 NonIine;ritj for' q30 

The basic constraint equation Is 
resistive, and highly nonlinear: 

I = p * ( v / Vref )**q 	(1) 

Typically one picks the reference 
voltage Vref to be twice the rated 
voltage, or something close to it. 
In theory, the choice is arbitrary 
(It is an extra parameter). This 
then normalizes the equation, and 
prevents nun'erical overflow. Then 
constants "p" and "q" are unique 
characteristics of the device. 

As of November, 1983, the 
nonlinear V-I arrester 
characteristics can be approximated 
by an arbitrary number of 
exponential segments. Both gapped 
and gapless arresters can be 
represented. The gapped arrester 
requires the specification of two  
sets of exponential segments, while 
the gapless arrester requires only 
one. 
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lU/Vre5 0.2 Q. 1.O LI 
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Due to the extreme nonlinearity 
of ZnO characteristics, very little 
current Is drawn for voltages that 
are substantially below rated 
voltage Wef (e.g., 0.5**30 = 9.E-10). 
So as to avoid the possibility of 
exponentiation underfiow, and also 
to speed the solution, a linear 
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representation is actually used for low voltages (see sketch). But 
this is sort of hidden, and need not concern the user. 	In physical 
terms, the solution is unaffected by this usage (no ammeter could 
detect the difference). 

Data cards for this component can be generated automatically by 
the support routine "ARRDAT" (mnemonically, "arrester data"). This 
is described in Section 7.2b, and is reached by key word "SATURATION" 
followed by key value FREQ = 77 . Least mean square fitting is used. 
As of November 1983,  there exists an additional support routine "ARRONT". 

The use of multiphase compensation has some limitations which 
should be clearly understood. The most common application is for a 
3-phase cpnnection of arresters, using 3-phase compensation. The E1TP 
will norn.ly be dimensioned to handle this (see Lists 24 and 26, Section 
0.6). Such arresters are associated with a subnetwork which is then 
isolated (disconnected mathematically) from other such subnetworks by 
distributed-parameter transmission lines. As of November 1983,  only  the time-dep. and 
the piecewise nonlinear resistances can belong to a same subnetwork as 
the ZnO arresters. Thus, a subnetwork which uses the universal machine 
(U.M.; also compensation-based) can not involve the present ZnO arrester 
modeling, and vice-versa. In some cases a six-phase grouping of arresters 
can profitably be used, when both the high and the low sides of a 3-phase 
transformer bank are protected, and one does not want to worry about 
introducing stub lines to- isolate the two sides (as described in Section 
1.3). But the user should approach such larger groupings with caution, 
since the convergence of Newton's method may be adversely affected. It 
should be pointed out that the subnetwork identification is performed 
automatically by the program. 

Subnetwoik\c! ( $ubnewo 	nOk 
V.M.) 	I nO 

L_ mo'Ot 

1 1-4) L 
Finally, there is some application of the present model to silicon 

carbide (SiC) arresters, though serious (perhaps unacceptable)-
approximations must be made. No dynamics of the gap can be provided, 
unlike the sophisticated single-phase model of Section 1.34 • 	Hence 
the possibilities of such usage shall not be emphasized here. Consult 
Vladimir's discussion in Vol. 1, No. 3  of the Newsletter for further 
details. In essence, one is representing the block very accurately 
("two exponential segments appear to provide a very adequate fit"), and 
ignoring totally the dynamics of the gap (after flashover). But if one 
can not get data for the Type-9' representation of Section 1.34,  maybe 
this is the best we can do for the time being. 



A. Data Formats for ZnO Surge Arrester Representation 

Data cards for a ZnO surge arrester begin with a single branch card for a 
Type-92 nonlinear element (nonlinear resistance): 

ii ;1 	L1 lI .•f 
jc f1 6 1I 

I 	- BUSI 6U52 6U53 

1) Branch type is 92 (punch in columns 1 and 2). 

2) Specify the terminal nodes by name (fields B11 AND B12, columns 3-8 
and 914, respectively). 

3) Punch 115555." in columns 39-44 as an indication of ZnO modeling. 
No other data is actually required on this branch card. 

'I) Should the nonlinear characteristic be identical to that of a preceding 
branch use the familiar reference-branch feature to save memory and also 
simplify the data. 

5) Output options for printing and/or plotting are as usual (col. 80). 

Next come data cards for the actual ZnO characteristics (there are two 
characteristics, if the arrester has a flashover gap). These ZnO characteristics 
are described by a number of exponential segments (sections) of the form: 

i = p * ( V / VREF ) ** q 
	

(1) 

The second data card is to be punched with variables VREF, VFLASH and VZERO 
according to the following format 

E25.0 E25.0 E25.0 

VREF VFLASH VZERO 

VREF --- The reference voltage of the ZnO constraint equation 
(1-25) 	(1) in V (Volts). 

VFLASH --- Normalized (divided by VREF) flashover voltage of gap. 
(26-50) 	If the arrester is gapless, punch any negative number. 

VZERO --- Arrester voltage (voltage drop across it) in the same units 
(51-75) 	as VREF. 	In almost all cases, leave it blank. The Newton 

iteration will then start with zero current. 

Next come cards which specify the exponential segments. These begin with the 
characteristic before flashover (or, the only characteristic if there is no gap). 
Each characteristic is to be terminated by a special 119999"-card  (columns 22-25). 
The following format is used for each exponential segment of each characteristic, 
in natural order (of increasing current and voltage): 
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E25.0 E25.0 E25.0 

T COEF EXPON VMIN 

COEF --- Coefficient "p" of ZnO constraint Eqn. (1) 
(1-25) 

EXPON --- Exponent "q" of ZnO constraint Eqn. (1) 
(26-50) 

VMIN - - Minimum voltage for usage of the just-stated characteristic, 
(51-75) 	in per unit based on VREF. 

All such cards describing the exponential segments are to be in their natural 
order. 	Terminate each grouping with a 119999"  card. If the arrester is equipped 
with a gap, the post-flashover data must follow that of the pre-flashover 
characteristic. 

Control parameters of the ZnO iteration are specified via a special request 
word to be read in arbitrary order prior to the miscellaneous data cards. The 
request word "ZINC OXIDE" (or just "ZO", in abbreviated form) is used, with control 
parameters following to the right: 

[ 	
A16 18 E8.0 E8.0 E8.0 E8.0 

LZINC OXIDE MAXZNO EPSZNO EFWARN EPSTOP ZNOLIM(1) ZNOLIM(2) 

MAXZNO --- Maxiirn.zn number of Newton iterations which will be 
(17214) 	allowed for the solution of the surge arresters 

in each subnetwork. The Newton iteration will go 
this long unless tolerance EPSZNO is attained first. 

EPSZNO -- Convergence tolerance for the Newton iteration. All 
(25-32) 	voltage corrections of the coupled elements must be 

smaller than this in absolute value for the equations 
to be judged solved. A blank (zero) value is taken 
as a request for the value EPSILN * Vref , where 
EPSILN is the familiar floating-point miscellaneous 
data parameter of Sect. 1.0ti (1.E-8 for 60 and 
64_bit versions like CDC, IBM, PRIME, VAX, SEL, 
Apollo). 

EFWARN -- Voltage convergence tolerance for non-fatal warning 
(33 140) 	message about a "sloppy solution." 	A blank (zero) 

data field Is taken as a request for the value 
Vref I 1000 -- representing one tenth of one percent 
of rated voltage, then, which is about the limit of 
graphical resolution. 

EPSTOP --- Voltage convergence tolerance for a fatal error stop 
(41-48) 	complaining about a non-converged iteration. A blank 

(zero) data field is taken as a request for the value 
Vref / 10 -- or 10% of rated voltage. The current 
error in such a case could be astronomical, remember, 
due to the extreme nonlinearity (e.g., 1.1**26 = 11.9). 
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ZNOLIM(1) --- The maxiirn.xn per unit (based on VREF) voltage 
(49-56) 	correction at each iteration step. A blank or 

zero is given the default value of 1.0 

ZNCLIM(2) 	The maxizni.xn per unit (based on VREF) arrester 
(57-64) 	voltage permitted during the iteration. A blank 

or zero is given the default value of .1.5 

Or, rather than such a fixed-column specification, the user could employ 
format specification, with commas separating the data fields in question. 

It might be noted that control of the maxlrni.xn of voltage correction provced 
beneficial for the test case described in BENCHMARK DC-37.  By limiting the per 
unit correction DV/VREF to 0.9 using control parameter ZNGLIM(1), convergence 
during the initial massive shock was achieved in 6 iterations, rather than the 
original 9. 

B. Use of Gaps for Practical Arrester Applications 

The following material has been extracted from Vladimir's "User's 
Instructions for the ENTP Representation of ZnO Surge Arresters," 
dated 8 April 1980 . This material was printed by Ontario Hydro, 
and provides insight into use of gap modeling. 

At any point of time, the arrester is represented by a block with a 
variable conductivity (resistance). The value of this conductivity varies 
as the operating point of the arrester changes. The variation may be smooth 
or discotinuous. Consider, for example, an arrester equipped with a shunt, 
passive gap whown in Figure 2. Similar diagrams can be drawn for an 
arrester with a series passive gap, with the gap represented as a very high 
resistance. 

MODELLED 
10 

As 	 AS 

a) before sparkover 	 b) after sparkover 

Figure 2. Representation of an arrester 
with a shunt gap. 

Assume that two exponential segments are used to represent the 
arrester before and after gap sparkover. An idealized voltage-current 
characteristic of an arrester equipped with a shunt gap is shown in Fig. 3 
The numbers in circles correspond to the numbering sequence of the segments 
within the program. They also correspond to the data input order. 



Consider, once more, an arrester equipped with a shunt gap. 
Its idealized voltage-current characteristic is shown in Figure-; 

The numbers in circles correspond to the numbering sequence of 
the segments within the program. They also correspond to the 
data input order. 	

15 

Figure J. Protective 
characteristic of an 
arrester with a shunt 
gap. 

10. 	100. 	1.000 	10000 
CURRENT (CREST, A) 

The gap, when open, permits the flow of a very small leakage current. 
This behavior can be modelled by either a linear or nonlinear (exponential) 
resistor. Remember, a linear segment has an exponent a = 1.0 

Good results have been obtained with a linear resistor of 1.E8  - 1.E9  
ohm. Remember, the program uses admittance formulation and the gap 
characteristic is to be specified accordingly. 

B.2 Remedies for problems with convergence 

If one encounters convergence problem while using the ZNO model, 
three possible causes are: 

1) The wrong arrester characteristic data set was used in the case. 

2) The time step was too large. 

3) Some spurious voltage oscillation occured which can be taken care of by 
connecting the leakage capacitance or the bus capacitance in 
series with the chosen resistance, and then in parallel with 
the arrester. For further details of using this technique, 
please read the two articles written by Dr. Brandwajn and 
Dr. Alvarado in the February 1982 issue of the EMTP Newsletter 
(Volume 2, Number 3,  pp. 10 - 32). 

C. Sample ZnO Data Structures 

As a first example, consider the 
gapless, single-phase example of issue 
No. 2, Vol. 1 of Ref. 22. The schematic 
is as shown at the right, with just a 
single exponential used to represent 
the ZnO arrester characteristic: 

p=2500 amps 	q=26 Vref:778 kV 
A listing of the data case follows 

ON 

:8  1 0 	 n 

200 miles 

408 V-V 
LOX 



the gapless, single- 

1 
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BEGIN NEW DATA CASE 
C 	BENCHMARK DC-37 
z 0,,, ,. 9,, 
.000050 	.020 

1 	1 	1 	0 
2 	10 	33 

-1SEND REC 	 .306 
92REC 
778000. 	 -100. 
2500. 	 26. 

9999. 
BLANK CARD ENDING BRANCH DATA. 
BLANK CARD ENDING SWITCH DATA. 
11 SEND 	408000. 	60. 
BLANK CARD ENDING SOURCE CARDS. 
1 
PRINTER PLOT 
144 3. 0.0 20. 	REC 
1924 l. 0.0 20. 	REC 

BLANK CARD ENDING PLOT CARDS. 
BEGIN NEW DATA CASE 

	

1 	-1 

	

40 	10 
5.82 .012 200. 

5555. 

.5 

0 
100 	50 

1 

As for a 3-phase example, again consider 
exponential case of issue No. 2 of Ref. 22: 
-1SENDA RECA 	 .305515.8187.01210 
-2SENDB RECB 	 .031991-5559-01937 
-3ENDC RECC 
92RECA 	 5555. 
778000. 	 -100. 
2500. 	 26. 

92RECB RECA 5555. 
92RECC RECA 5555. 
BLANK CARD ENDING BRANCH DATA. 
BLANK CARD ENDING SWITCH DATA. 
11 SENDA 408000. 60. 0.0 
11 SENDB 408000. 60. -120. 
11 SENDC 408000. 60. 120. 
BLANK CARD ENDING SOURCE CARDS. 
1 
PRINTER PLOT 
14 3. 	0.0 20. RECA 

BLANK CARD ENDING PLOT CARDS. 
BEGIN NEW DATA CASE 

D. Singular Matrices 

An aspect of the ZnO implementation which deserves comment 
is possible singularity of the equations being solved. The solution of 
each coupled arrester group is performed within "ZINCOX" using the 
general purpose linear equation solver "DGELL" which came with the 
SCE (Type-SO) S.M. model ( the model itself has been removed from 
the F.1TP since the fall of 1982 ). Pivoting is involved, along 
with miscellaneous data parameter "EPSILN" to measure possible 
singularity. Well, there has yet to be found a situation where this 
tolerance falsely caused trouble, when solutions were proceeding 



normally. But it is not uncommon for there to be an EMTP error stop 
(KILL = 209, LSTAT(19) = 3501) if the iteration is diverging. Typically 
this is the result of excess voltage, which then is fed into the ZnO 
nonlinearity to produce astronomical currents; the elements of the 
Jacobian matrix thus are quite abnormal, and it is the singularity test 
of 11DGELL3" which terminates the simulation 	BPA production users 
have had this problem in cases where ZnO protection of series 
capacitors was used, with a fault placed on the system in the phasor 
sinusoidal steady state solution for initial conditions (Ref. 8, Vol. X, 
Page MIOG-12, "Rule", 8 March 1980). 	To save others from the same 
fate, I reproduce that rule here: 

RULE : THOU SHALL NOT BEGIN TRANSIENT SIMULATIONS INVOLVING NEW 
ZnO SURGE ARRESTER MODELING WITH FHASOR SOLUTIONS WHICH 
RESULT IN ABNORMAL ARRESTER VOLTAGES. 

So, if a run is terminated due to a singular Jacobian, the user is 
advised to examine the voltages across the arrester at the time of 
difficulty, since this is the initial guess for Newton's method. Unless 
such voltages are reasonable physically, the iteration has little hope 
for convergence. Fbssibly the iteration limit would simply be reached, 
but more likely simgularity of the Jacobian would be detected. The 
central of the Newton-Raphson iteration by means of ZNOLIM(1) might also 
be used to help the solion process. 



1.3 COMMENTS ABOUT BRANCH CARDS FOR 

- NONLINEAR AND TIME-VARYING BRANCHES 

A. Number and location of nonlinear and time-varying branches 

a) Network with only one such branch: No problem arises. 

b). Network with more such branches (see also reference I and c,d below) 

The present solution method assumes that the network has only one non-
linear or time-varying branch within a topologically-connected region. 
In this respect, it is important to note that branches with distributed 
parameters do not connect their end nodes topologically (reason: the 
conditions at one end are seen at the other end not immediately, but 
only after the elapse of the travel time). Therefore, distributed parameter 
branches often break the network up into disconnected sub-networks. The 
solution method will work for more nonlinear or time-varying branches if 
these are "isolated," that is if each disconnected sub-network has not more 
than one nonlinear or time-varying branch. This condition can be checke,d 
as follows: In the original network graph erase all branches with distrib-
uted parameters and also all branches leading to nodes with known voltages 
(including ground). This will usually result in disconnected sub-networks 
Each sub-network must have not more than one nonlinear or time-varying branch. 
This check is automatically made in the program; if the condition is not 
met, execution is stopped with the error-message NONLINEAR ELEMENTS AT 
'NODE-1 1  AND 'NODE-2' WITHOUT TRAVEL TIME IN BETWEEN. JOB TERMINATED. 
Hint fok introducing disconnections: A lumped inductance L can be 
approximated by a lossless line of travel time'taAt and surge impedance 

Since euch'a branch with distributed parameters is erased in the 
At 

connectivity check, it will help in further disconnecting the network. This 
approximation of a lumped inductance by a short, lossless line is known in 
the literature as "stub-line representation" (Barthold, L. 0., and G. K. 
Carter, "Digital traveling-wave solutions," AIEE Trans., part III, vol. 80, 
p. 8129  1961). The stub-line representation must be used with 	caution; 
it works only if Z is large compared with the surge impedance of distributed 
lines (Thorén, H. B., and K. L. Carlsson, "A digital Computer program for 
the calculation of switching and lightning surges on power systems,"I.Trw., 
vol. Pfr.S- 89, pp. 212- 2.18 ,eruxr 	10'). 
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B. Singularity check 

Every nonlinear or time-varying branch can have a 
characteristic with a region where R =00 (see Fig.1); 
therefore, the solution method must account for the 
eventuality that such a branch is blocked. This 
blocking might exclude a solution, which will show 
up mathematically in a matrix singularity. Fig. 2 
skows such a case, where no sQlution exists whenever the 
nonlinear branch is blocked. 
The program does not recognize whether a specific 
characteristic may or may not block. To make a case 
with a non-blocking characteristic solvable that 
would be unsolvable in the blocked state, it is 
necessary to split the nonlinear branch into two 
parallel branches--one linear and one nonlinear-.-, 
thus providing a branch of finite resistance. 
This is done by splitting the current in the 
nonlinear characteristic (see Fig. 3). 
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C. Treatment in steady-state solution to set initial conditions 

All nonlinear and time-varying resistances aa well an lightning arresters are 
e=luded frog. the network in  the ac steady state "solution. Nonlinear inthctancee 
are included with their linear region as specified on the branch card (see 
section 1.37). 

Complication 

Nonlinear and time-varying elements affect this requirement in that they must 
be ignored while making the aforementioned connectivity check. No such branch can 
be used as part of the paths satisfying the connectivity criterion. 

Example 

The network sketched at the right 
can 2.o.1 be solved by the Transients 
Program in the forni shown. With 
switch S open as shown, ignoration 
of the time-varying element R(t) 
leaves the right-band switch node 
without a finite-resistance path to 
ground, and hence disconnected from 
the rest of the network. This problem 
would be rejected by the program 
(the solution process would break down, 
and the case would be terminated). 

Remedy 

S 

One can provide required connectivity 
by Inserting high-resistance paths where 
needed. By making such a resistance several. 
orders of magnitude larger than other 
typical problem resistances, the transient 
solution is unaffected for engineering 
purposes. But be moderate in selecting 
such values. One can not in general use 
arbitrarily large values 

it has been found. Due to the 
solution by superposition, one must not 	- 
make these artificial resistances so large 
that they are lost in the roundoff of the 
equivalent diagonal conductances at the 
adjacent terminal nodes. In terms of floating- 
point miscellaneous data parameter "EPSILN" , a 
resistance of 	.1.E-2 /'EPSILN 	times other 
representative problem impedances might be reasonable. 
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1.35 MULTIPHASE TIME-VARYING LINEAR RESISTANCE 

The model of this section provides for true (as opposed to 
pseudo) nonlinear representation of time-varying resistances. The 
model is compensation-based (see Section 1.32 for more explanations), 
and Newton's method is used for iteration to the exact solution at each 
time step. While it is possible that no solution will so be found 
(in which case an EMTP error message will result), if the case runs to 
completion, the answer is correct. Uncertainty associated with pseudo-
nonlinear elements or isOlating stub lines, thus has been removed. 

The time-varying resistance R(tR ) is specified point-by-point 
as a piecewise linear characteristic. Linear interpolation is used 
between the data points. 

NAME OF 	 NAME OF 
1st NODE 	2nd NODE 

co 

0 

The time count tg does not have to be identical with the time of 
the transient study. The time count t is started as soon as the absolute 
value of the voltage v across-the blocked branch (R = infinity) reaches 
vSTART. 

CAUTION: It is assumed that R infinity unll ( v I is > or = vSTART. 
(can be changed by program maintenance if desired). 

Branch Cards 

Data cards for a time-varying resistance begin with a single branch 
card for a Type-91 nonlinear element (nonlinear resistance): 

1) Branch type is 91 (punch in columns 1 and 2). 

2) Specify the terminal nodes by name (fields BUS1 AND BUS2, columns 3-8 
and 9-14, respectively). 

3) Punch 113333 11  in columns 39-44 as an indication of time-varying 
resistance modeling. 

4) Should the nonlinear characteristic be identical to that of a preceding 
branch use the familiar reference-branch feature to save memory and also 
simplify the data. 
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5) Output options for printing and/or plotting are as usual (col. 80). 

The second data card is to be punched with variable VSTART according to 
the following format: 

VSTART -- Breakdown voltage in V (volts). The time count t starts as 
soon as 	v t is > or = VSTART. This value cannot be left 
unspecified (blank field) or set to zero. To start the time 
count at the start of the transient study, set VSTART to a small 
value, e.g., VSTART = .01 V. 

Next cane cards which specify the time-varying characteristic point-by-point 
from left to right with one card for each pair of values t , R(tg). The format is: 

Terminate the grouping of these data cards with a card having 9999 punched In 
columns 22-25. 

Control parameters of the Newton-Raphson iteration are specified via a special 
request word, to be read in arbitrary order prior to the miscellaneous data cards. 
For details, see Section 1.32A 

Sample Data Listing 
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1 .36 MULTIPHASE PIECEWISE LINEAR RESISTANCE WITH FLASHOVER 

The model of this section provides for true (as opposed to pseudo) 
nonlinear representation of an arbitrary number of piecewise linear 
resistances. The model is compensation-based (see Section 1.32 for more 
explanations), and Newton's method is used for iteration to the exact 
solution at each time step. While it is possible that no solution will 
so be found (in which case an BITP error message will result), if the 
case runs to completion, the answer is correct. 1kcertainty associated 
with pseudo-nonlinear elements like the type-99 resistor or isolating 
stub lines, thus has been removed. 

The nonlinear resistance R(i) in series with a linear resistance RLIN 
is specified point-by-point. Linear interpolation is used between the data 
points. 

NAME OF 	 NAME OF 
1st NODE R(i) 	2nd NODE 

1 

RutS! 

'I 
4.. 

A. ADDlications: 

(1) 	Old Style 	R will be assumed infinite unitl abs(V) is 
Lightning arrester: 	> or = VFLASH; thereafter, R = R(i) + RLIN 

according to specified nonlinear characteristic. 
The linear resistance RLIN can be used to 
represent the grounding resistance of the 
lightning arrester; a value of zero is 
permissible, if desired. 

• _________ _____ 	 p  
9(1) 	 RLZW 	Second First  

node 	
gap (lashes 	 node 
over when 	 name name 	
over 

VFLAf 

The user can choose between the following two options: 
a) No clearing after the sparkover (discharge), i.e., the gap 

remains shorted once it has fired. 
b) Clearing after the sparkover, i.e., following a discharge, the 

gap will open (clear) at the next current zero crossing. 

(2) Nonlinear resistance, 	The gap is omitted by setting VFLASH < or 
Modern gapless arrester: 	= 0.0 . 	RLIN = 0.0 if all resistance is 

in the piecewise-linear characteristic. 



B. Branch Cards 

• Data cards for a piecewise linear resistance begin with a single branch 
card for a Type-92 nonlinear element (nonlinear resistance): 

1) Branch type is 92 (punch in columns 1 and 2). 

2) Specify the terminal nodes by name (fields B11 AND B12, columns 3-8 
and 9-14, respectively). 

3) Punch "UUUU." in columns 3944 as an indication of piecewise linear 
resistance modeling. 

U) Should the nonlinear characteristic be identical to that of a preceding 
branch use the familiar reference-branch feature to save memory qnd also 
simplify the data. 

5) Output options for printing and/or plotting are as usual (col. 80). 

6) The variable NFLASH defines whether, after the gap discharge, the arrester 
will clear or not. 

(> 0 Single flash, i.e., the gap will disciarge and clear once. It 
will stay permanently open thereafter. 

!FLASH = 0 The gap will discharge and clear as many times as required by 
I 	the network conditions. 
< 0 The gap will discharge once and stay closed thereafter. 

The second data card is to be punched with variables RLIN, VFLASH and VZERO 
according to the following format: 

[ 	E25.0 E25.0 E25. 0 

RLIN VFLASH VZERO 

RLIN -- Linear resistance in series with the piecewise linear 

	

(1-25) 	one in units of [voltage/current] (normally ol-ins). 

VFLASH -- Gap flashover voltage in units of voltage (normally 

	

(26-50) 	volts). If the resistor is gapless, punch any negative nunber. 

VZERO -- Starting (or initial) branch voltage in units of 

	

(51-75) 	voltage. 	In almost all cases, leave it blank. The Newton 
iteration will then start with zero current. 
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Next cane cards which specify the nonlinear characteristic point by point from 
left to right with one card for each pair of values i, Vnonlinear. The format is: 

E25.0 	 E25.0 

CUR 	 VOLT 

Terminate the grouping of these data cards with a card having 9999 punched in 
columns 22-25. 

If the characteristic is symmetrical with respect to the origin, the 
following storage saving option can be used: Specify only the positive part of 
the characteristic (above the origin). Do not specify the origin (0.0, 0.0) 
which will be generated automatically by the module 11 NONLN2" of overlay 2. 

Control parameters of the Newton-Raphson iteration are specified via a special 
request word, to be read in arbitrary order prior to the miscellaneous data cards. 
For details, see Section 1.32A or 1.0917 ("ZINC OXIDE" request). 

C. Sample Data Usage 

C 35678901 23'567890123L5678901 235678901 23'567890123'567890123L567890123'5 
92HOMA 	 4444. 

0.0 600000. 
-10000. -600000. 
_1200. -500000. 
-1630. 100000. 
-630. -300000. 
-200. -200000. 
-50. -100000. 
50. 100000. 
200. 200000. 
630. 300000. 
1630. 400000. 
4200. 500000. 
10000. 600000. 
9999. 

VFLASH = 600000. IJZERO.= 0.0 
NFLASH = 0 RUN = 0.0 

0.0 
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1. 17 BRANCH CARD FOR NONLINEAR INDUCTANCE 

NAME 	L(i) 	 NAME 
OF 1st NODE 0 	 OF 2nd NODE 

Specify the nonlinear inductance L(i) point by point as a piecewise linear 
characteristic, '4' - f(i), with 	total flux linkage( 'inear interpolation 
will be used between points). 

All 

NOTE: 	'4) 	cosot for sinusoidal flux with 	
4.44f 

	

A small supporting program exists which will convert a V 	vs I 
.3 	 Ms vs 

saturation curve into the 1P vs i curve which is needed here, under 
a) RULES the assumption that there is no hysteresis. See Section 7.2 for details. 

1) Branch type is 193 
2) Specify 2 nodes by names. Nodes may be grounded. Positive direction of 

current is from 1st node to 2nd node. 

3) The nonlinear characteristic must be monotonically increasing, that is, the 
values i,41  must never decrease when read in from left to right. 

ex WetX o.s tk tw 	te 	çt&u*& 
4) If the nonlinear characteristi 	identical with that of a preceding 

branch, then the following storage-saving option may be used: 

Repeat node names of that preceding reference branch in the 
provided columns 15-26  in the same sequence and do not add 
any additional cards for the nonlinear characteristic. 

CAUTION: Same as in rule 5 of section 1.21 

5) Output options for printing and/or plotting: 
Punch 111" in column 80 to get branch current, 

112" to get branch voltage, 
113" to get both branch voltage and branch current; 

to get branch power and energy consumption (see 
Section 1,8 for details. 
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6) If the transients is started from a non-zero ac steady state condition, 
then the linear region of the nonlinear inductance will be used in the 

J steady state solution. This linear region must be specified as a pair 
of values i steady'  rjIsta . Special cases: 

a) i steady = 0 or blank 	To be used if no ac 
I 	 ( steady state solution 

Z 	steády = 0 or blank .) is asked for or if non- 
l.inear Inductances are to be totally ignored 
during the steady-state solution. 

) ietead 	0 or blank 	Nonlinear inductance 
will be non-conducting 

''steady >0 	- in steady state solution, 
but will, in general, have a non-zero initial 
flux (is computed automatically). 

	

i> 0 	 Is not permitted (would- 
be be a short-circuit in 

	

'steadyO 	.J 	 steady state). This case 
leads to the following error message: "NO 
INTERSECTION WITH NONLINEAR CHARACTERISTIC NO. 

The linear region to be used in the ac steady state solution is 
defined by the slope L =Np sJead4'jAea -  The initial flux4/(0)

leads to a fluxt"+'(O' will be listed in the outpu. 
then. the following warning is. printed: "" WARNIG.ASSUMPTI0N THAT 
AC STEADY STATE HAS FUNDAMENTAL FREQUENCY ONLY IS QUESTIONABLE WITH 
PRECEDING FLUX OUTSIDE LINEAR REGION." 



b) FORMAT and EXAMPLES 

The card with the TYPE number and the node names is immediately followed by 
the cards specifying the nonlinear characteristic (if option of rule 4 is 
not used). The nonlinear characteristic must be specified point by point 
from left to right (in figure above from point 1 to 12) with one card for 
each pair of values i,^* . Terminate this list by adding a card with 

9999 in columns I3- j(. 

First card: 

±E 	 IIl  

N 	 t 

BUSI B-'52 BUS3 j_PUS4  

. ............ • 	. . 	 .:. Ii 
- 	 • 	 I ,--s -'. 	14- 	.. I.t ! 	 -. 	 I. 

Cards with characteristic: 

Sample Data Usage 

LtTt 	 ccc. ° 	r 

 

MCI 
0- 	 J 	

tv( 

it II?I; 

.... 

-' 	C. 

-I 
A 

q31LEFT 

- 	 . 

IP - TI 

....................... 

.......................... 

............. 

.. 

1 

V~f 

O..O.. 
.. 

10, ... 

2.0 	....................................... 

.. ................... 

RH 

_' ._.o 

r, ........ Os.:7. 

10. -.i.o 
7 
0, 

25 
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1.38 TYPE-94 MODERN-STYLE SiC SURGE ARRESTER COMPONENT 

History of Development 

The ENTP branch component which has type-code 94 is a single-phase true 
nonlinear element whose dynamics are designed to represent a modern-style 
silicon-carbide surge arrester with current limiting gap. 

The mathematics of the Type-94 model are fully documented In Reference 17. 
It is strongly recommended that a copy of this paper be procurred from the 
library by anyone who is considering the use of this component. Details are too 
involved to be fully covered here. 

The computer implementation of .the Reference 17 mathematics was performed 
at the American Electric Power (AEP) Service Corporation in New York City. Dr. 
Arun Phadke, chuck Wolf, and perhaps others of that organization remain (as of 
July 1977) the only persona who have any practical experience with the arrester 
model. Procurement of the seventeen data parameters is a complication, with the 
only known measurements to date being applicable to the 765-kV arresters which 
are used by AEP. 

Details related to the acquisition and testing of this AEP surge arrester 
code are summarized in Reference 8 (Vol. VII, 15-page memorandum dated February 10, 
1977). This memo is recommended reading for the uninitiated, too. Highlights 
include a fully-documented sample simulation, plus five pages of comments by Arun. 

0V!TP Data Format for Type-94 Arrester Component 

Data input for a Type-94 surge arrester component 
begins with the usual branch card, which is to be punched 
according to the following format: 

11-1l IJ; LjL'  10 

f NOe w4es R.fejanc 	hi i..1. 

BU1 8053 BU4 2 
FA 

_ 

[2 	AG AG A E6a E6'2 

ITYPE - 	Branch type-code 	"94"is to be punched in columns 
1-2 of the card, as a request for the 	arrester component. 

BTJS1 I --- EMP node names for the two ends of the branch. 	These 
BUS2 are two pieces of 6-character alphanumeric information, 

to be punched in columns 3-14. 

BUS3) Columns 15-26 are used only for the reference branch feature, 
B4 for the second or later arrester of a set of arresters which 

have identical characteristics. 	If the present arrester is 
identical to a preceding arrester, the user can punch the 
node names of that preceding arrester (as an ordered pair) 
in the data fields 	BUS3 	and 	BUS4 • 	As illustrated by 
the sample 	data 	listing below, 	parameters 	Va 	F 	, 
and 	P 	are not considered to be part of this 
check 	for 	"identical" 	characteristics; 	these three 



floating-point parameters must always be punched, and can 
take on any values, irrespective of whether the reference-
branch procedure is used. 

'flaeh 
-r 	Arrester flashover (sparkover) voltage, in unite of voltage 

(whatever they may be, for the problem under consideration). 

Pv 	 Voltage and current scaling factors (respectively), which 
pi j 	allow the same arrester constants to be used without 

alteration in data Cases for which base voltage and 
current may be different. By definition (see note below): 

VP .V system a  v arrester 

IP.I 'stem i arrester 

lOUT - 	A nonzero punch in column 80 requests output of the following 
arrester variables: 

punch "1" for branch current.; 
punch 112" for branch voltages 
punch "3" for both branch current and branch voltage; 
punch 114" for both branch power and energy consumption. 

Provided (i.e., if and only if) fields "BtJS3" and "BTJ34" are blank, six 
additional cards bearing 18 parameters of the arrester must immediately follow 
the branch card above. The format and meaning are as follows 

1114 1i11 1111 1r 9 f 
E1G.o 

¶1 
1G,i 

1i 
MtEI6.O H 

141 àf 	(2) b 	(2) ... TIT  ±T: 
i' .q f Li- of 

	

1O) 	.. 

(12) 

	

(4) 	H..... ..... .L 

I- 

.. 

K,i 	of 	cia) - f 	(12 i1j o4 
Ica 	of 	(12) Wa o& (1) 

Wo(1$) * Wt. öf. 

• 
1•• 

T1. ::a a':: 

it 

rd i1 

I 	I 

The meaning of these parameters is documented in the aforementioned IEEE paper 
(Ref. 17), portions of which have been reproduced below. It is hoped that the 
symbol references above are clear. Par example, the expression "1 of (2)" 
which is in the first field of the first card means that this data field 
(columns 1-16) is to be punched with parameter "K" of Eqn. (2) of the 
IEEE paper. Etc. for the other references. 

Simulation of Dynamic Arrester Performance 

The block characteristics of Figure I suggest a simple equivalent 
circuit would include a nonlinear resistor in series with an Inductance 
and shunting diode, the latter to give the common return characteristic. 

Since the gap dynamic characteristics were so dominant, the diode 
was not represented in this study. For the equivalent circuit we may 
thus write 

Vb%ia+Lb a 	 (I) 



2.5 C, 
In this equation, Rb is not a constant. For our purpose we may write 

Rbia 1Uab 	 (2) 

Where K and b are constant over a given range of currents, but may 
vary from one range to another. 

During the period immediately following sparkover, to < t < 
the gap voltage increases rapidly as the arc is lengthened. The develop. 
ment of this arc voltage resembles thecharging of a capacitor, therefore 
the relationship chosen to represent this phenomena has form 

Vg -f 1ia)dt 	to < t ~ tl 	 (8) g to c 

It was found that the capacitance C for this type of representaTon Is 
itself a function of arrester current and time such that 

- K ( i'dt 	1a - a' a< 'C 
C cJ a 	

'C' 'c 	
(9) 

	

to 	 a 

where Kc and Ic are constant for a given gap design. Ilierefore the 
capacitance is infinite at sparkover and monotonically decreases ac-
cording to equation (9). If Rr and Rd of Figure 5 are assumed Infinite 
during this first interval of time, then the expression for C given by 
equation (9) is the same C shown in the equivalent circuit diagram. The 
final time t I for this first Interval occurs when the gap voltage reaches a 
level El, which is a constant for a given gap design and a specified 
arrester rating, thus t I is defined by 

Vg(ti) - B1 	 (10) 

During the second stage of gap response, t1<tt2, the arc voltage 
exhibits a form of negative resistance in that it remains relatively con-
stant at El for high current levels but increases soinewhatas the current 
decreases. This phenomenon is represented by the equation 

t 
V .KJ p 	dt+V(t1 ) g 	r t 

i, 	V g 

a 1 K1+K i 	g 	
(II) 

which may be written in the differential form 

1 dv K — v 
- 	 - 0 	g 	t1< 	 (12) Kr dt 	K1 +K2i 

where Kr, K0, K l.and K2 are constant for a specified arrester. If Rr In 

Figure 5 is assumed infinite during this second Interval of time, the 
equivalent circuit may be related to equation (12) by letting 

	

Er - KO - Kiia - K2i 2 	 (13) 

• K1 + K2ia 	 (14) 

c - .. - 	 0 	 (IS) 
Kr 

The final time t2 for the negative resistance period occurs when a 
critical level of thermal energy W2 is reached so that t2 is defined by 

/ 	Vgiadt - 	
0 	 (16) 

During the thermal decay period, t2 < t <t3, the gap voltage 
tends to decrease as the arc heats the arc chamber walls. This effect is 
represented by adding a negative energy-dependent term to the inte 
grand in equation (II), that is 

t 
VgKrJ KpVq +W(K 

[K1+K2 	1r dg)J dt+Vg(t2) 
- 	 t2 

t2<tt3 	 (17) 

where Kd Is a constant and the thermal energy factor is given by 

W . P10 + w1f Vgiadt 	
(18) 

ti 

where W0 and WI are constant. Equation (17) may also be written in 

the differential form 	 - 

I! 

+W(K —v) 
dt 	K1+ K21a 	Kr d 	g 

t2<t0~t3 	 (19) 

The equivalent circuit for the gap given in Figure 5 is therefore defined 
over this interval by equations (13) - (IS) and the relationships 

Ed - Kd 	
(2d) 

Rd = L. 	 (21) 

The final time t3 for the thermal decay period occurs when the arrester 
current deceases to a very low level, a region of arc Instability. There-
fore, t3 Is defined by 

ia(t3) 	13 	 (22) 

) <0 (23) dt 

The region occurs Immediately prior to the arrester Interruption 
time 4. During this interval, t3 < t < 4, the gap voltage rises rapidly. 
This phenomenon causes the current to decrease at a much greater rate 
which speeds up the desired interruption. The arc Instability may be 
simulated by modification of equation (II), that is instability 

t 

vg-KrJ K#_v 
p 	g dt+V (t 

t3 K1+K3i a 
W 	

g3) 

t3< t t4 	(24) 

	

- 	 - 

1r1 1 otcier to decspier Uvtsie. 
c e± 9 

.oi'ip(e4.f.- C.optj 04 t6l"S 
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As an illustration of Type-94 	TP surge arrester data, consider the 
following usage. This is taken from UTPP Test (se #57 , the solution 
of which is fully documented in the EMTP memo of February 10, 1977. 

94 NIl 8.5 	1.0 1.1 
5.8 .27 .0001 

.268 -. 5.0 
10000. 7.0 - 2.0 

- .02 .0106 4.5 
200. 4.QE6 10. 

liCOO. .05 
-I 81 83 .658 21.1 	S. 	0 
-I 93 92 RI 	93 

32 *92 I.E-I 
94 *32 Nil 	25.5 	3.9 2.8 -4 

NO NI -I. 	- IQ. 
30 BI -I. IOIPO. 

14 30 30. 50.  

Two identical surge arresters (except for flashover voltage and scaling factors) 
are being defined here. The first, which is connected between node 	it  Nil" 
and ground has flashover voltage equal to 8.5 (in whatever units are being 
used; kV ?) and scaling factors of unity; there is no reference-branch usage 
(an parameters of the arrester are supplied with it). The second arrester 
connects node 	it 	132" 	to ground, and is a copy of the first (the reference- 
branch procedure is used). Flashover voltage for this 2nd arrester is 25.5 , 
and voltage and current scaling factors are 5.0 and 2.0 , respectively, 
note. 

The following explanation of voltage and current scaling factors Fv  and 
Pi was taken from the EMTP memorandum dated February 10, 1977: 

Since the constants are usually derived from a prorated 
arrester module, they correspond to a physical description 
of the module. Typically, one would calculate the constants 
to describe the kiloamperes - kilovolts relationship for the 
arrester module. The usual EMTP representation of a power 
system is in some per unit system. Rarely would the power 
system be modeled on the physical voltage - current scales 
of a prorated arrester module. It is therefore necessary 
to effect a scale change before the arrester model can be 
directly used in the EMTP. 

The necessary scale changes are implemented through the 
voltage and current scale factors F and F. entered on each 
Type 94 card: 	 v 

V 	= F .V system v arrester 

I 	= F..I system 	 arrester 

Consider the two simulations in the test case as examples 
of the use of F   F1. In both simulations, the arrester 
module used is the same, so that the constants of the 
arrester model also are the same. The current base for the 
first system (buses N1  - N11) is 1 KA. Vf h for the arrester 
moduel is 8.5 Ky. Sil'Ice it is desired to

l 
 MUlate the 

discharging of a line energized to 10 Ky through this 
arrester module, F   and F are both set equal to 1.0 and 

a generator voltage of 10 is used. 
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Now consider the second system operating at 30 KV (Generator 
voltage = 30) with a base current of 2 KA. A line similar 
(though not identical) to the one of the previous simulation 
is connected between buses Bl and B2. Flashover voltage 
for the arrester is set at 25.5. The flashover voltage of 
a single module is 8.5 Ky, so that the voltage and current 

conversion factors must be set at Fv=3•0  and F1=2.0. Note 

that this selection closely parallels the actual test of 
this nature, which would require a series connection of 
three arrester modules each with a flashover voltage of 
8.5 Ky. The voltage and current waveforms from EMTP output 
are expressed in system variables, consequently although 
all the.voltages and currents for the two cases are approxi-
mately similar to each other, the voltage and current 
scales for the two cases differ by a factor of 3 and 2 

- respectively. 

The familiar E1ffP requirement of isolating true nonlinear elements by 
distributed-parameter lines also applies to the Type-94 AEP surge-arrester 
ccinponent. Refer to Section 1.3-A-a of the present EMTP User's Manual. 
Later extension to a 3-phase component seems Inevitable, if there i8 sufficient 
interest on the part of users (see Section 111-B of the EMTP memo dated May 159 
1976-.-- Vol. V of Ref. 8). 

Storage requirements for the Type-94 surge arrester component are easily 
calculated. First, each arrester contributes one entry to EMP List number 9 
(the nonlinear element table). The contribution from each arrester to List 
number 10 (points defining nonlinear characteristics) depends upon whether 
the reference branch procedure is used; 11 cells are required if it i8, 
while 18 cells are required if it is not. 

The reader is advised not to confuse silicon-carbide (sic) arresters --- for 
which the present Type-94 nonlinear element was designed -- with the newer 
zinc-oxide arresters. As of July 1977, the latter are still believed to be 
somewhat experimental, and are the subject of ongoing development. Zinc-oxide 
arresters are radically different in that they have no flashover gap; the 
nonlinear element is extremely nonlinear, and is simply permanently connected 
to the system (drawing a leakage current in the steady-state). At present, 
the only EMTP modeling which has been designed especially for zinc-oxide 
arresters is the Type-17 EMTP source component (see Section 1.6). 

The Type-94 surge arrester component is of course an open circuit during 
the steady-state phasor solution for initial conditions. Then, should a 
flashover occur at some particular time during the simulation, a message is 
printed.. The following is an example, taken from UTPF Test Case #57: 

ARRESTER • 	A824  TO 0 	. FLASHOVER AT TIME 	.32750E-02 SEC.. 

Finally, when the arrester seals again (becomes an open circuit once again), a 
second message is printed, such as: 

ARRESTER 	A82 TO • 	 CLEAREQ AT TIME 	927050E-02 SEC. 
PER UNIT ENERGY UISSIPATEO = 	.983621E-02 



... 4q 

Etc. 
141.7 	1-3.9. (0115 

PF PF 

.433 

Nb 

25.5 

.1 

P-5 

Note that the dissipated energy is also printed. This is in per unit, and 
is just the energy which has been absorbed since the last firing. This 
figure is totally independent of that which comes from a 114"-punch in 
column number 80 of the branch card for the arrester --- for which physical 
units are used, and with the energy accumulation beginning at time zero. 

The term "per unit" which is used for arrester energy printout is 
based on the user-supplied scaling factors P.., for voltage and Fi for 
current (columns 33-44 of first data card for arrester). One can convert 
between absolute energy and per unit energy using the following definition: 

P [absolute] = F; Fie P per unit 3 
If the user specifies source amplitudes to be in volts and amps, then the 
unit of absolute energy is the Joule ; but if kV were used for the 
units of source voltage (as in UTPP Teat Case #57 illustrated in this section), 
then the unit of absolute power is the megaJoule 
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1.4 SW ITCH CARDS 

Cards Inputted as part of this class of data Input include the following: 

1. "Ordinaxy" switches, for which the voltage 
drop is zero when closed, and for which 
the current is zero when open. Such 
switches bear the type code ITYPE = 0 
(columns 1-2 of data card) 	or possibly 
ITYPE = 76 for exceptional "STATISTICS" 

switches. 

4. TACS-controlled switch, 
wherein the switch status 
is controlled, by TACS. 
Recall that TACS is the 
EtP "digitally-simulated 
analog computer," as 
fully described in Section 
8. • 	The TACS-controlled 
switch bears type code 
ITYPE = 11 9  12 or 13 (cols 1-2 
of data card). Important 
special cases of this 
general component capability 
are diodes and valves (as 
used for ac/dc conversion). 
See Sections 1.439  1.44 and 1.45 
for details. 

Such data cards are collectively referred to as switch cards, since in all 
cases the computer model for the element in question involves a "perfect" or 
"ordinary" switch. 	Such cards follow the regular ENTP branch cards, and 
precede the EMTP source cards. 

If a network involves no such switch components, then the blank card 
ending switches immediately follows the blank card ending branches. "Not to 
worry" (the EMTP can handle this case without trouble). 

If a case starts from zero initial conditions, no switches are necessary 
for connecting voltage and current sources to the network at time zero, 
provided the sources remain connected throughout the study. 

Switches can be connected quite arbitrarily, although there are a few 
restrictions. 	Cne is that switch currents must be unique: there must be no 
loop involving closed switches. 	A more obvious restriction is that 
ICirchhoff's voltage law must not be violated for a loop involving a voltage 
source and a switch. For example, a closed switch must not be connected to 
two nodes of known voltage (including ground). The theoretical basis for such 
statements can be found in the technical papers which documented the "M32." 
installation of this new switch logic (Ref. 22, Vol. 2, !'b. 4, pp. 36-2, May 
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1982). 	Yet such restrictions seem almost never to be a problem for 
practically-formulated studies, so the average production user need not ,be 
concerned with them. 

Along with 	the 	"M32." 	switch logic cane a new, optional printout of 
steady-state phasor 	switch flows 	(both current and power can be monitored). 
The 	integer miscellaneous data parameter ISOU'r (cols. 25-32) 	continues to 
control 	such steady-state output, 	of which the following is a representative 
illustration (from BENCI+IARK DC-32): 

curpur FOR STEADY STATE SWITCH CURRENT 
NODE-K 	MODE-M I-REAL 	 I-DUG 	I-MAGN DEGREES PJER 	REACTIVE 
FAULT OPEN 	 OPEN 	 OPEN OPEN 	 OPEN 
SECB 	CAThI OFEW 	 OPEN 	 OPEN OPEN 	 OPEN 
SECA 	CATh2 0.16873295E,02 	0.15329059E02 	0.22796670E.02 42.35 0.13409098E,04 	-0.12595678E,04 
SECC 	CATh3 OPEN 	 OPEN 	 OPEN OPEN 	 OPEN 
ANII 	CATh4 0.24078446E401 	-0.983161E402 	0.21120861E402 -83.539 -0.991205115E403 	-0.67237260E403 
AN5 	CATh5 OPEN 	 OPEN 	 OPEN OPEN 	 OPEN 
AN6 	CATh6 0.2976803E.01 	0.311029172E,02 	0.31156601E902 85.01493 -0.98793323E903 	.12053019E.04 

Note that there are seven switches (actually, one switch and six diodes), with 
four of them open during the phasor steady-state solution. If such phasor 
switch output is requested (KSSOUT positive), it will follow the phasor branch 
flows, and precede the injections at nodes of known voltage. 

Also a result of the "M32." switch logic is the correct assignment of 
switch currents at time zero for purposes of printing and/or plotting. Prior 
program versions would assume zero values for purposes of suth outputs at time 
zero, it may be recalled. But today, for any switch which is closed in the 
steady state, printed and plotted values will be correctly assigned for step 
zero. 	Also, all such switch currents at time zero can be seen from new 
printout which lmtnediatelyfollows the variable heading of the time-step loop. 
As an illustration, again consider BENCI+IARK DC-32 at and immediately above 
the printout for step zero: 

AN5 	AN6 	SECB 	SECA 	SECC 	AN4 	AN5 	AN6 	TRAM 
CATh5 	CATh6 	CATh1 	CATh2 	CATh3 	CATh4 	CATh5 	CATh6 	GEP1B 

PHASOR 1(0) a 0.1687330E402 	 SWITCH "SECA ' M "CATh2 N CLOSED AFTER O.00000E400 SEC 
PHASOR 1(0) : 0.2407845E401 	 SWITCH "AN4 " M "CATH4 " CLOSED AFTER O.00000E400 SEC 
PHASOR 1(0) a 0.294768OE401 	 SWITCH "AN6 a M "CATh6 CLOSED AFTER O.00000E.00 SEC 

0 0.000000-0. 358383E401-0.358383E+01 0. 127072E902-0.753O39E902-0. 67931r1t,02_O.73951 3E.02_O. 753039E.02 0. 161380E.03-O. 7395143E40 
0.770132E402 0.161380E+03 0.770132E402 0.671413E+00-0.819947E402 0. 806896E902-O. 679347E.O2 0.770132E.02-0.799739E90 

The printed "PHASOR 1(0)" 
current of the steady-state 
any switch which was closed 
example). 	Unlike earlier 
these switches are now zero 
(typically -1.0 was used), 
phasor solution. Now, it i 
a state. 

1.40 ORDINARY SWITCH 

equals the real part of the complex phasor switch 
display, of course. Such output will be found for 
during the phasor solution (three of them for this 
program versions, note that the closing times for 

No longer can one look for such a negative value 
and conclude that the switch was closed during the 
a nonzero "PHASOR 1(0)" value which reflects such 

Switches which 	are not diodes, 	valves, 	or gaps are of five different 
basic types or classes, 	as follows: 

Class 1 	: Conventional (i.e., deterministic) time-controlled switch. 
Class 2 : Voltage-controlled (flashover) switch. 
Class 3a:  "STATISTICS" 	switch (a time-controlled switch for which 

the closing or opening time is a random variable. 
Class 3b:  "SYSTEMATIC" 	switch (a time-controlled switch for which 

the closing time is systematically [regularly] varied). 
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b) Specify inductance L 	as 

i) inductance L in mH if XOPTO. 

ii) reactance COL in ohms at frequency 	=XOPT 
if XOPTO.. 	 2'r 

c) Specify capacitance C 	as 

i) capacitance C in VF if. CQPTO 

ii) susceptance 'WC in pmhos at freouen:y W =COFT 
if COPT.O . 

7) (rutput options for printing and/or plotting: 
Punch "1" in column 80 to t,,et branch current; 

11 	
112" " 	" 	to get branch voltage, 
"3" " 	" 	to get both branch voltage and current; 

if 	"4" p 	 to get branch power and energy consumption (see 
details in Section 1.8). 

b) FORMAT & EXAMPLES 

Above examples (assuming XOPTaO. and COPT.60. ) : 

VOLT-A 	 • All 

	

All 	in 	C21il 

• (wt ajv BUSA 	 B\1 	 Jj 

	

C 	vit 
VOLT-B 	 ) rn - 	

) 
 tt 	-i.i1 

	

I - 	i A rAH 	e i kc, 	If cc 	' j 	& 

PORT 
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Class 4 : "MESTJRING" switch, which is permanently closed for all time, by 

definition. It- is used just for current or power and energy monitoring. 

Class 5 : TACS-controlled switch (including diodes, valves, etc.). 

Class 1 : 
Time-controlled switch (circuit breaker pole): Switch is open originally, 
closes at t > TCLOSE and tries to open again after t Tor.  In option A 

the opening is successful as soon as the current i SWITCH  has gone through 

zero (detted by a sign change in i5TCH).  In option B the opening is 

successful as soon as 1 15WITCH . CURRENT MARGIN or as soon as 1STCH 

has gone through zero. After a successful opening, the switch will stay 
open. 

Option A 	 Option B 

Opening when 3. SWITCH goes 

through zero (set CURRENT 
MARGIN - 0) 

1SWITCH,  

opening signaled 
(takes effect in 
+ next step 

- S - 

Opening when Ij SV 
•
ITCH -  i CURRENT MARGIN I  

or i SWITCH  goes through zero (set 

CURRENT MARGIN> 0) 

1SWITCH 

ccEt 

77 777- 
-T 

opening signaled (takes 
effect in next step) 

Class 2: 
Flashover-controlled switch (gap): Switch is open originally and tries to 
close after t - 	 The closing is successful as soon as the absolute 

value of the voltage across the switch is FLASHOVER VOLTAGE. -After switch 
has closed-, it waits until the time delay TEY  has elapsed and then tries to 
open again with the same current criteria as in option A and B above. The 
sequenice"(l) flashover-controlled closing w#(2) elapse of time Ttt '*I current-
controlled openlng+ back to (1) "remains effective throughout the study (see 
figure below). 

There are cases where the voltage across 
the gap oscillates around the ti'.ie value. An 
example of this is the case of an inductance 
"hanging in the airtt, as per the Sketch. To 
avoid such problems, the gap voltage for 
checking flashover is computed as the average 
of the last two time-step figures: 

cv(t) +v(t-t) ) 
v (t) = gap 	 2 

LT'HiJ-4 
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-Class 	I Class 2 Class 4 
(time-controlled (flaohover ( "MEA.SURING" 

switch) switch) switch) 

Columns 15-24 Actual switch Time before which 

(in seconds) clovink time, the switch is 
prevented from  

clove flashing Over. 

T 
close 

Columns 25-34 Time before Time elapse 

(in seconds) 
which opening after flashover, 
will not be before which 
allowed. opening will not 

1' be allowed. 
open 

Tdelay 

Columns 35-44 Current margin which is used to 

(in unite of 
determine when switch opening is 

current) 
possible. 

i t  

Columno 45-54 Voltage which 

(in urilto of 
must be exceeded 

Vol t.4ge 
for switch to 
close. 

flash 

olumnn 55-64 

"MEASURING " 

Class 3a Class 	36 
"STATISTICS" 	switch "SYSTEMATIC" 	switch 

independent dependent independent dependent 

Columns 15-24 Mean closing Mean 	TS Pf Mid-time 	rmid Constant 

(in seconds) 
 time. random time if 	I11 - 0 . delay 

delay - - - - - 
Beginning time time. 

randi T 	if beg TB 

ITEST - 1 offset 

Standard Standard Size of time 
Columns 25-34 deviation of 

switch closing 
deviation 

increment (or 

(in seconds) time. of randon time 

delay step). 	rp 
random 

Columns 35-44 I Number of time 
increments (or AMENOMMOD 

steps)- WSTEP  

Columns 45-54 

Columns 55-64 "STATISTICS" "STATISTICS" "SYSTEMATIC" "SYSTEMATIC" ( A10 	format) 

Columns 65-70 possibly BS5 	Node possibly Bfl55 	Node ( A6 	forest) "TARGET" names 
I 	of 

Dance 
of 

Columns 71-76 3U56 i 	reference BUS6 I 	reference 

A6 	format) 
switch switch 
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The closing time Telose  for each "STATISTICS" switch is randomly 

varied according to either a Gaussian (normal) distribution or a uniform 
distribution, as illustrated in Fig. 2. Choice as to distribution type is 
generally controlled by appropriate selection of variable "IDIST" (statistics 
mi8cellarleous data parameter; see Section 1.1a) by the user. Then with all 
switch type codes "ITPE" (cola. 1-2 of the switch card) zero or blank, all 
"STATISTICS" switches will use Gaussian distributions if "IDIST" is zero, 
or uniform distributions if "IDIST" is unity. In order to use both distribution 
types within the same data case, the user makes "IDIST" equal to zero, and 
leaves the Gaussian-distributed switches with type code "ITYPE" equal to zero 
or blank; the exceptional switches which are to have uniform distributions are 
then flagged by punching the type code "ITYPE" equal to 76 . 	Pig. 2 
illustrates the two available distribution types for "STATISTICS" switches. 
The mean closing time 	and associated standard ,deviation 6 are specified 
by the user 	on the one or more 	"5TATISI" switch cards. 

In addition to switch closing-time variation caused by each switch's own 
distribution, there is an added random delay which is the same for all switches, 
provided the user has given variable "ITEST" (statistics miscellaneous data 
parameter; see Section 1.1a) a value of zero or blank. This added random delay 
which is applied equally to all "STATISTICS" switches is referred to by the 
term "reference angle"; it follows a uniform distribution always, the 
probability distribution for which is specified using parameters "DEGMIN" , 
"DE(tAX" , and "SPATPR" of the statistics miscellaneous data card (see 
Section 1.1a). Line printer output for a statistical overvoltage study will 
show the reference angle for each energization, in approximately the columns 
which are normally used for the step number and time value (marked "STEP" and 
"TIME" ) of a conventional deterministic (non-"STATISTICS") data case. 
The numerical value printed out will be in degrees, and will lie somewhere 
between "DEGMIN" and "DEGMAX" , of course • If the user punches "ITEST" 
equal to unity, the reference angle will simply be constrained to always be 
zero 	which is mathematically equivalent to not having any added random 
delay. 

The preceding discussion about "STATISTICS" switches mentioned nothing 
about the possible dependence of the closing time of one switch on that of a 
second switch (with both switches being "STATISTICS" switches). Where no 
such dependence exists, switch cards are completely independent, and the 
parameters affecting any one switch are totally contained on the switch card 
for that switch. This is perhaps the most common, and certainly the simplest, 
usage. 

But there also is the capability for dependent "STATISTICS" switches. 
The closing time of a switch labeled "B" can be made equal 
to the sum of two components: 

TB 	= 	+ TB 	 V 

close 	close 	random 	 (muter) 

where: 

TA 	= previously-determined closing 	
N 

close 	time of another "STATISTICS" switch, 
labeled here as switch "A" . This is a 
random variable, note, not a constant. 
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Fig. 1. Sample illustrative operation of flashover-controlled switch. 

Class 3a: 
"STATISTICS" switch 

A statistical overvoltage study' consists of "NEIERG" (miscellaneous data 
parameter; see Section 1 .Oh) separate internally-generated simulations, the 
peak voltages of which are then processed statistically. The data case in 
question for such a study contains one or more switches the closing times of 
which are random variables. Such randomly-closed switches are called "STATISTICS 
switches, so named after the key request word "STATISTICS" which must be 
punched in columns 55-64  of the switch card in question. "STATISTICS" switches 
are always initially open (in particular, they are always treated as being open 
for the phasor steady-state solution); they then close once at the appropriate 
random times (asdetez,nined by their probabilistic specifications), never to 
open again. 

T 

T 
	

T 

a) Gaussian (normal) distribution. 	 b) Uniform distribution. 
IDIST = 0 (and ITYPE 76 ). 	 IDIST = 1 (or ITYPE = 76 ). 

Fig. 2. Available probability distributions for the closing time Tciose 
of a "STATISTICS" switch. Density functions f(T) are 
shown above, and cumulative distribution functions F(T) below. 
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TB 
random = random time delay having mean TB  and standaid deviation 

(parameters as punched on the data card for switch "B" ). 
If desired, the mean TB  of this component can be negative. 

The only constraint which must be kept in mind is that the 
resulting actual switch closing times must only very 
infrequently turn out to be less than the beginning time 
of the simulation (which is usually zero). 

	

Th.it switch "A" might itself in turn depend on a third switch "Z" . 	The 
ET.P allows an arbitrary number of such dependencies. In terms of the above 
example, switch "B" is called a dependent (or slave) switch, while switch. "A" 
is the reference (or master) switch. An arbitrary number of levels of servitude 
are permitted. 

The identification or specification of reference switch "A" in the 
above example is actually made using the two 6-character alphanumeric bus names 
of the switch. The names of this reference switch "A" are to be punched using 
2I6 format in columns 65-76 of the data card for dependent switch "B" 
This is the way in which the EP distinguishes between dependent and independent 
"STATISTICS" switches : whether or not columns 65-76 are non-blank. 

A specialized data-convenience option is provided by the "TARGET" feature. 
Any non-dependent "STATISTICS" switch can be designated as a "TARGET" switch 
by punching this key word in -columns 65-70 of the switch card. Only one such 
designation is permitted in any one data case. The effect is that all other 
non-dependent "STATISTICS" switches will be Internally given mean closing times 
which are equal to the mean closing time of the "TARGET" switch. Several 
details might be noted: 

a) Only convenience of data punching is involved, for the "TARGET" 
option does not extend the modeling capability at all. 

b) Nothing has been said about standard deviations 6 • It is 
only the mean closing time 	which is affected by the use 
of "TARGET" 

c) Columns 15-24 of non-"TARGET" , non-dependent "STATISTICS" 
switch cards can be left blank (since the mean closing time will 
come from the "TARGET" switch). 

Random switch opening 

All of the preceding text of this section applies to the random closing of 
"STATISTICS" switches. Then along came, the demand for random opening late in 
1979 (see Ref. 8, Vol. IX, 6 November 1979, pages E0VN-1 to 3 ). Two key 
paragraphs from the memo writeup are reproduced here: 

Special  Switch-Cars j1g for Random Opening 

Par random opening of a switch, columns 45-54 of the switch card are to be 
punched with the special numerical flag "3333." . Otherwise 7  data fields are 
unchanged (see pages 27a an 27e of the BM1P User's Manual) -- except that 
"closing" is to be read as "opening" wherever it is encountered. That is, the 
mean opening time T goes in columns 15-24, the standard deviation 6  goes in 
columns 25-34, and the key-word "STATISTICS" must be punched in columns 55-64. 
The use of "TAEGET" or dependency of switches Is also allowed, according to the 
same rules as before. In fact, the user can mix random opening and random closing 
within the dependency ch.in, if so desired. 
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First, a word of caution about opening tines. A switch which is to randomly 
open starts out as being closed in the steady-state, and it is subsequently inhibited 
from opening until the time which is determined by rolling the dice. But switch curren4  
is not generally zero at this instant of time. The actual opening is delayed until the 
switch current goes through zero. If this never happens, the switch will. never open. 

The user of random opening should read Section 1.002  , wherein TENERG 
can be defined using "TIME OF DICE ROLL" • It is crucial as of April 1980 
that TEERG be negative in the case of random opening, as explained on page 
EOVN-3 of the memo. Either this is done automatically by "SYSDEP" (most 
computer versions should be set up that way), or else it must be done manually 
using the request of Section 1.0e12 

A positive current margin I (co1inns 35.14)  can be used for random 
opening switches. When this is done, the random opening switch would open 
after T > or = Topen and as soon as J Iswltch I < I or as soon as 
Iswitch = 0. 

Class 3b 

"SYSTEMATIC" switch 

An EMTP study which involves a "SYSTEMATIC" switch consists of 	NENERGJ 
(miscellaneous data parameter; see Section 1.0h ) separate internally-
generated simulations, the peak voltages Of which are then processed and 
tabulated statistically. Each "SYSTEMATIC" switch has its closing time 
systematically (regularly) varied between a given beginning and ending time, 
in steps which are uri1foxn1y spaced. Such systematically-varied pwitches are 
named "SYSTEMATIC" switches after the key request word "SYSTEMATIC" which 
must be punched in columns 55-64 of the switch card in question. 	"SYSTEMATIC" 
switches are always initially.open (in particular, they are always treated as 
being open for the phasor steady-state solution); they then close once at the 
appropriate systematic time, never to open again. 	- 

Note specifically the minus sign which 
is a part of "NENERG" ; it is used to 
definitively distinguish a "SYSTEMATIC" 
data case from a "STATISTICS" data ease, 
as the data input begins. 

The user is warned of the potentially 
enormous number of energizations which can 
be involved in a "SYSTEPffATIC" data case. 	

Xc
As an example, consider a data case which
has three independent "SYSTEMATIC" 
switches. Then one can think of the
internally-generated energizations as  
being a methodical exploration of a 
rectangular region of the 3-dimensional vector 
space of switch closing times (see sketch above). 

I 	/ 

I 	 'cjoSe 
/ 	 I 

1 

If 	L' 

For example, if switch "A" were to take 6 steps, switch "B" 
5 steps, and switch "C" 4 steps, then a total of 	INENERGI = 120 = 
6 x 5 x 4 energizations would be internally generated by the E]V!PP. 
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Dependency among "SYSTEMATIC" switches is permitted, and deserves an 
explanation. The general concept is similar to that for "STATISTICS" switches, 
but with several crucial differences. Let switch "B" be the dependent switch, 
and switch "A" the reference switch, as before. Then the closing time of 
dependent switch "B" is not independently varied, but rather is offset by a 
fixed amount from the closing time of the reference switch "A" 

TB 	= TA 	.+ TB 
close 	close 	offset 

Here offset 
 is a constant (it has the same value for all energizations). 

Rather 	than a beginning (or mid) time, a step-size, and a number of 
steps, the input time-data for a dependent "SYSTEMATIC" bwltch consists of 
only the constant offset time, which is to be punched in columns 15-24. A 
dependent "SYSTEMATIC" switch does not increase the dimensionality of the 
vector space of switch closing times which is to be systematically explored, 
note. The mechanism for indicating the dependence of a "SYSTEMkTIC" switch 
is identical to that which is used for a "STATISTICS" switch; the node names 
of the reference switch are to be punched in columns 65-76 of the card for 
the dependent switch. 

For each non-dependent "SYSTEMATIC" switch card, the size of the 
time increments AT is to be punched in columns 25-34 . 	The number 
of steps NSTEP is to be punched in columns 35-44 . The third and 
final time-parameter is to be 
punched in columns 15-24 , and it 
depends on the value of "ITFZT" 
(miscellaneous data parameter of I 

Section 1.1a. ) : 	 I 	I 
(o 	.punch the mid- 	 j 	1'CIQSe 

ITST = I 	time Td 	 I 	I 	I - 
_1 	 13  14  'P5 

1 	punch the beginning 

L time Tbeg 	 AP 	NSTEP = 

A specialized data-convenience option is provided by the "TARGET" feature. 
Any non-dependent "SYSTEMATIC" switch can be designated as a "TARGET" switch 
by punching this key word in columns 65-70 of the switch card. Only one 
such designation is permitted in any one data case. The effect is that all 
other non-dependent "SYSTEMATIC" switches will be internally given mid-times 
or beginning times which are equal to that of the "TARGET" switch. Several 
details might be noted: 

a) Only convenience of data punching is involved, for the "TARGET" 
option does not extend the modeling capability at all. 

b) Nothing has been said about the time increment AT and the 
number of steps NSTEP . 	It is only the mid-time or the 
beginning time which is affected by the use of "TARGET" 

c) Columns 15-24 of non-"TARGET" , non-dependent "SYSTEMATIC" 
switch cards can be left blank (since the beginning or mid-time 
will come from the "TARGET" switch). 
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Class 4 

"MEASURING" switch 

By definition, a "MEASURING" switch is pennanently closed for all 
time (including any phasor steady-state solution for initial conditions). 
It is used for the monitoring of current, or power and energy, in places 
where these quantities are not otherwise available. This may be for EMTP 
output purposes (printing orplotting), or in conjunction with use of the 
Type-91 TACS signal source (see Section 8.5.4) . 

To request a measuring switch, the key word "MEASURING" is to be 
punched in columns 55-64 of the switch card. The terminal bus names "BUS1" 
and "BUS2" must be punched as 2A6 information in columns 3-14 , of 
course. Then it is only a possible column-80 punch for output purposes which 
is needed; the rest of the data card can be left blank. 

a) Rules for Ordinary Switches 

o) The.'8witch type code (data card field ITYPE ; columns 1-2) is zero. 
Either the zero may be punched, or the field may be left blank. 

A special exception i8 type code ITYPE = 76 . This i8 for a 
"STATISTICS" switch that the user wants to follow a uniform 
distribution, in a problem with one or more "STATISTICS" switches 
which follow Gaussian distributions (statistics misc. data parameter 
"IDIST" equal to zero). 

1) Specify the two terminal nodes by names (fields BUS1 and BUS2 ; 
co].ulnrx8 3-14). One of the nodes may be ground, indicated by a blank 
field for the associated name. 

2) The old restriction that a non-voltage source node may have only one 
switch connected to it has been removed since 	ttM3211 version of 
the EMTP. 
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3) No switch is permitted between two voltage sources, or between one 
voltage source and ground. Such a condition is absurd, of course, 
leading to a contradiction. The program will flag such a situation 
with an error message. 

4) If a switch connects a voltage source to a current source, then the 
current source is ignored whenever the switch is closed. 

5) 

 

Floating-point parameters and special request word which are to be 
punched on an "ordinary" switch card are dependent upon switch Class, 
as per the previously-displayed tables. 

6) if transients start from a non-zero ac steady-state condition, make 
for time-controlled switches which are closed in the ac 

CLOSE 
steady-state condition. Flashover-controlled switches will always 
be open in the ac steady-state; if the user punches TCWSE  0 on 

these switch types, the program will thange it to TSE = 0 with the 
message 'IT CLOSE  CHANGED '10 0.11  

For a "STATISTICS" switch, it is the mean closing time T, the 
expected value or mathenatical expectation of the random closing time 
Tclos 9 	

I = E{Tclos3 , 	which is inputted by the user. Not 
only had this mean better be positive, but the particular switch closing 
times generated from the specified distribution had better almost always 
be positive also. This is because negative time in an EMTP simulation 
corresponds to the sinusoidal steady-state solution, Into which we are 
powerless to inject switching events. To avoid such trouble, the simple 
requirement that T - 6 be positive is made upon data input, where 
"!A" is a constant which depends upon distribution type: 

( SIGvIkX 	if Gaussian (normal) distribution. 
A = 	 See Section 1.1 definition (user- 

supplied parameter which is defaulted 
to 4.0 if left blank). 

1 'qJ 	if uniform distribution 
A fatal 3TP error termination is the result, if this check is not 
satisfied for all "STATISTICS" switches. For a Gaussian distribution, 
this check ensures that any particular switch closing time turning out 
negative has probability which is less than 0.005% ; for a uniform 
distribution, this guarantees that all switch closing times will always 
be positive (see Pig. 2). For dependent switches in which Gaussian and 
uniform distribution offsets are mixed, the "SIGMPLX" value is 
applicable to the Gaussian components and the square root of three is 
used on all uniform components. 
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7) For either a "STATISTICS" or a "SYSTEMATIC" switch, the special 
request word "STATISTICS" or "SYSTEMATIC" must be punched in the 
field of columns 55-64. Be sure to spell such request words correctly, 
and begin in column number 55 ; if not, a Class-1 switch will result, 
rather than the desired Class-3a or Class-3b switch. 

8) If a switch is chosen to be the "TARGET" switch of either a "STATISTICS" 
or a "SYSTETATIC" data case, then this key wor "TARGET" must be 
punched in columns 65-70 of that switch card. Only one switch, card 
of a given data case might be so punched (there is at most one "TARGET" 
switch, by definition). 

9) A dependent "STATISTICS" or "SYSTEMkTIC" switch is to have the 
terminal node names of the reference switch punched in columns 65-76 
The format is 2k6 

10) Output options for printing and/or plotting are punched in column 80, 
as follows: 

"1" pwich is a request for switch current output; 
112" punch is a request for switch voltage output; 
"3" punch is a request fo both switch current and voltage output; 
"4" punch is a request for switch power and energy flow (see 

Section 1.8 for details). 
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The column positions and mode in which the various switch parameters 

for an "ordinary" switch are to be punched are Indicated by the following 
format: 

OERBiHE 
niirniiim 
ll!I1 IIII1 I!31 El 

IIIIUMIIfi1ll 
II!1I llI E31 

iiuiui 
KI!1 

Sample of "ordinary" switch specification 

As an example of the preceding "ordinary" switch rules and data format 
specification, consider the four sample usages of the following listing: 

:i 	ii_ 

1 •  4. 

• . 	. 

j. 	4.1. 
jL 

.................. 
L 

:1:11.5  

' w 
I.. '................... J..L.L.L 

As verbal explanation of these: 

1. breaker pole "BUS-1 11  to "BUS-2" closes at t = 0 and opens after t > 0.001S 
as soon as current goes through 0. 

Z. breaker pole "BUS-3" to "BUS-4" closes at t 1  0.0005s and opens after 
t2 0.0025 as soon as absolute value of switch current 
is <0.001 AMPS or goes through zero. 

3 gap "GAP-1 11  to "GAP-2" closes whenever voltage across switch becomes 
1 000 000 VOLTS and opens as soon as absolute value 

of switch current becomes<O.i AMPS or goes through zero. 

4. "STATISTICS" switch connecting node "JDAYGA" with node "JDAYA " has 
mean closing time of 2.0 msec and associated standard deviation of 
0.4 maec . Assuming that statistics miscellaneous data parameter "IDIST" 
is zero, the probabilistic distribution will be Gaussian (normal). This 
assumes that there is no "TARGET" "STATISTICS" switch in the data case. 



5. Non-dependent "SYSTEMATIC" switch that connects node "AS 	" with 
node "ASW " • 	The mid-closing-time is 3.0 msec , 	assuming 
"ITET" is zero and that the data case in question has no "TARGET" switch. 
The closing time of the switch is to be varied in steps of size 0.1 msec 
12 steps are to be taken. 

6. "STATISTICS" switch connecting node "BS 	" with node "BSW " is 
the "TARG" switch for the data case in question. All non-dependent 
"STATISTICS" switches of the data case will have the same mean closing time 
of 4.0 msec • 	That is, the infoz!nation which is punched in columns 
15-24 of all other non-dependent "STATISTICS" switches is over-ridden by 
the value for the present. "TARGET" switch. The standard deviation of 
the closing time for this "TARGET" switch is 0.5 msec 

7. "SYSTEMATIC" switch connecting node "CS 	it  with node "CSW of  is 
the "TARGET" switch for the data case. All non-dependent "SYSTEMATIC" 
switches of the data case have the same mid-closing time of 2.0 msec (if 
"ITEZT" is zero), or the same beginning closing time of 2.0 msec (if 
"ITEST" is unity). The information of columns 15-24 on all other 
non-dependent "SYSTEMATIC" switch cards is over-ridden by the value on the 
"TARGET" switch card (that now being discussed). The closing time of this 
switch is to be varied through 8 steps; the step-size is 0.1 msec 

8. The switch connecting node "DS 	" with node "DSW of  is a dependent 
"STATISTICS" switch. Its reference switch is the one connecting node "AS 	" 
with node "ASW " . 	Note that (or. remember that) the reference switch 
must have been previously inputted. 	The closing time of the present switch 
is delayed from that of its reference by a random delay time which has a mean 
of 6.0 msec and a standard deviation of 0.2 msec 

9. The switch connecting node "Z 	of  with node "EW if  is a dependent 
"SYSTEMATIC" switch. Its reference switch is the one which connects node 
ITS 	" with node "CSW it • 	The closing time of the present switch 
is offset (delayed) from that of its reference by a constant offset time of 
-5.0 msec • 	That is, the present switch will always close 5.0 msec 
before closure of the reference switch. 
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c) REMARKS ON OPENING ACTION 

The circuit on the left is used to indicate 
'the difficulties which can result during the 
opening of a switch in a physically improper 
model: Assume that both switches I and II 
are closed at t = 0. Then a transient 

Ta too IF 

T4 Switch II shall open as soon as i(t) is 
current i(t) will charge the capacitor. 

approximately zero. In the time step in 
which the opening is signaled switch 

changing sign in option A, ji8tcht < CURRENT MARGIN or i SWITCH  changing sign 

in option B), there will still be a residual current &i 	- through the 
inductance L. The next time step will find switch II open with no path left 
to dissipate the rest energy 1 L( Ai) 2• As a result, the computer cannot find 

the correct voltage V2(t) anymore (see left figure below). It should be noted 

that the incapability of the computer is a consequence of improper modeling. 
By putting a very small fraction of the capacitance over onto the left side 
of the switch, a path is provided for dissipating the rest energy, and a 
solution becomes possible again (see right figure below). 

L-. 	. 

 

IMPROPER MODEL 

VILTFM V 

With CURRENT MARGIN = 0, the switch will open as soon as tSWITCH  changes its 

sign. Since the value of the current might be larger in the step where the 
sign change is noticed as compared with the value in the preceding step, it 
is advisable to use a non-zero current margin. See figures below. 

ctse Mi 
cs 	L-& &Ckt%4 
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Added later Insight (circa November, 1975) 	 F .4. 
-F 

The above comments are true; nonzero switch current at the Instant of 
opening will cause trouble. But the problem is far more fundamental. There 
Will in fact be voltage oscillations even though the switch opening occurs 
exactly at a current zero. The problem is inherent to the trapezoidal rule 
of integration which is being used, as explained in Reference 8, Vol. IV, 
November 12, 1975. 	Using the present EMTP logic, there will always be a 
voltage oscillation when the current through a hanging inductor is interrupted. 
Decreasing ttDTAptt  so as to decrease the "rest energy" will not solve 
this problem. 
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Pig. 6. Assumed switch opening 
	

Fig. 7. Inductor voltage vL  for 
schedule. 	 Figs. 5 and 6. 

d) REMARK ON DELAY IN gLOSING ACTION OF SWITCHES  

Except for a complication to be 
explained shortly, switch closing 

occurs as one would expect. 
When the program prints a message that 
a switch is closed after P seconds 
(see Pig. 1), it means that the closing 
occurs precisely at time t = P • For 
most cases, then, this is simple. 

switch 
open_____ switch 

I closed 

time t 
P 

But a 1-step delay may actually 
occur in certain cases. A switch 
closing represents a change in the 	 Pig. 1. Closing of switch at time 
network; certain conditions (voltages, 	 instant t = T 
jor example) immediately following the 
closure may be quite different than those 
immediately preceding the closure. In pig. 1, we really 
should (ideally) get a network solution for t = 1 , then. Among other 
things, this would clearly equalize the node voltages across the switch in 
question, and hence perhaps thereby initiate other flashovers which should also 
really be performed at time instant t = 	. But the program does not presently 
perform such extra solutions in the same time step. Equalization of node voltages 
for the just-closed switch will only occur as part of the network solution at time 
T+At, thereby introducing a delay of dt 

(i) 

(2) 



Example 

Por the circuit of Fig. 2, with 
both the switch and type-99 (pseudo) 
nonlinear element open, no current 
flows. Hence source voltage v5(t) 
all appears across the switch, which 
will close when v exceeds flashover 

value V 	• At that instant the 	y (t flash 	 a 
type-99 element should flashover too, 

assuming ''f1ash < ''flash • But 
with present program logic, one time 
step would separate these two events. 

L 

Fig. 2. Example illustrating delay. 
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1.43 TACS-CONTROLLED SWITCH TYPE-11 

FOR DIODE AND VALVE APPLICATION 

Used to simulate a switch which, while following the simple 
opening/closing rules of a standard diode, may simultaneously be 
controlled by any given TACS variable used as: 

- a grid firing signal 

- or an overriding OPEN/CLOSE signal 

This type-11 switch may thus represent any of the following: 

Ist 
	

bbh j 
t4D. 

' 	 S 

TMS - 
/ eLocu 

or a combination of any of those three modes, in which case either 
or both grid signal and overriding signal can simultaneously be 
active. 

Besides the four alphanumeric node- and variable-names ( used to 
define 1st-NODE, 2nd-NODE, and possibly -- but not necessarily --
"GRID" signal and "OPEN/CLOSE" signal ) , three additional parameters 
may be defined: 

- the minimum ignition voltage (Vig)  defaulted to 0.0 

- the minimum holding current 'HOLD'  defaulted to 0.0 

- the de-ionization time ( tDEION  ), defaulted to 0.0 

a) RULES 

1) Punch Fill in  columns 1-2 

2) Specify the two terminal nodes by names (fields BUS1 and BUS2 
of columns 3-14 ) . One of the nodes may be ground, indicated by 
a blank field. The direction of the current is taken to be 

fràin "BtIS1" to "BUS2" • 	In other words, we have: 

	

anode --- always ttBusltt 	
for valves 

	

cathode --- always "BUS2 1t 	or diodes 
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4) TACS grid signal and OPEN/CLOSE signal 

if neither is specified, then the switch is a diode; 

the diode starts conducting when the forward voltage across 
its terminals becomes greater than the minimum ignition 

FPF*i p 	voltage Vig  (defaulted to zero) 

the diode ceases conducting as soon as the forward current 
becomes smaller than the minimum holding current 'HOLD 
( which is defaulted to zero ) 

if the grid signal is specified ( identified by the alphanumeric 
TACS-variable name in columns 65-70 ),.then the switch is a valve 

r.r 
which follows the opening and closing rules of the diode, 

: except that the closing operation (start of conduction) will 
6 	not take place until the value of the grid signal becomes 

greater than zero; 

unless the valve is actually reclosing within the de-ionization 
time following the previous opening, in which case the reclosing 
is immediate, with or without the presence of a valid grid 
signal. (Note that tDEION  is defaulted to zero.) 

if the OPEN/CLOSE signal is specified ( identified by the alpha-
numeric TACS-variable name in columns 71-76 ) , then the operating 
rules of the diode or the valve are overriden as soon as this signal 
becomes different than zero; 

if-positive, the switch williuunediately close and stay closed 
* 	- 	as long as the positive signal is active; 

if negative, the switch will immediately open and stay open 
as long as the negative signal is active; 

: if zero, the switch returns to its regular diode or valve 
operating mode. 

5) The switch may be specified as closed during the program-calculated 
steady-state initialization, if the user punches the keyword 
t(O5t in columns 55-60 

6) To facilitate the punching of cards, the user may use the option 
tSi}t (by punching the keyword "SAME" in columns 61-64), when 
data for the parametric fields (Vig 1HOLD' and tDEION)  have to 
be repeated on one or more cards 
that are placed immediately after the card bearing the definition 
of these parameters. 

7) The user may obtain a printed echo of the occurrence of all 
opening and closing operations of the switch, by punching a "1" 
in column 79 . (No such diagnostic if left blank or zero.) 

8) Output options for printing and/or plotting: 

Punch "1" in column 80 to get switch current, 
of 	

112" 	
it 	it 	if 	switch voltage, 

U 	11
3

11 of 
	

of 
	

if 	both current and voltage, 
U 	1I411 of it 	to 	switch power and energy flow. 

(See Section 1.8 ) 
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b) FORMAT 

± iHsti J-i1'$ iiI 2I'1; 1T 
Nob. 

V S O 	 /  / tu 

c) Samples of type-11 switch specification 

LtLcc}T1 	P.c4r  
I......... 

I 
I 

............................................................................................................ 
I I 

ttNbii 
t1L .  .. ,....;....................................................................................... . 1 	• DP..Y .•TPG 

1. Diode from 'L2' to 'R2', conducting in steady-state. 

2. Valve from 'LEFT' to 'RIGHT', with 'FIRE2' as grid signal from 
TACS . Every change of status will be echoed in the printout. 

3. TACS-controlled switch from 'NODEl' to 'NODE2', operating as a 
diode when 'ORDER' has the value " 0.0 " 

4. Valve from 'L6' to 'R6', with grid signal 'DELAY', with its 
operation overriden by the TACS-variable 'TRIG' during the periods 
in which the value of 'TRIG' is different than zero. 



I 

1.44 TACS-CONTROLLED SWITCH TYPE-12 

FOR SPARK GAP AND TRIAC APPLICATION 

Used to simulate a spark gap or a triac, with firing controlled 
by a TACS variable. 

OPERATION 

Opening/Closing Logic 

"CMP" 	

1undefined -_..depends on "SPARK" signal 

I = 0 —a. depends on "SPARK" signal 

signal o 
~if 
if closed - OPEN 

from 	defined 	open -+ maintain open 
TACS 	 I 	if closed 	maintain closed 

L if open -i CLOSE 

undefined - 	maintain open 

"SPARK" 0 	
fif open - maintain open 

signal \ if closed - 	depends on current 
from defined 	 -. if { if 	v :V 	maintain open i TACS open gn)if 

vV.CLOSE ign 
if closed -. maintain closed 

current jj>iIhld_ 	maintain closed 
opening 
rules or If a 

} OPEN 
current zero 
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RULES 

1) Punch 	in columns 1-2 

2) Specify the two terminal nodes by name (fields BUS1 and BUS2 of 
columns 3-14 ). One of the nodes may be ground, indicated by a 
blank field. The direction of the current is taken to be from "BUSi" 
to "BUS2" . Note that the opening current rules observe the absolute 
value of thecurrent, not the polarity. 

i+) Minimum ignition voltage: columns 15-24 , defaulted to 0.0 
Minimum holding current : columns 25-34 , defaulted to 0.0 

5) The switch may be specified as closed during the program-calculated 
steady-state initialization, if the user punches the keyword "CLOSED" 
in columns 55-60 

6) The user may obtain a printed echo of the occurrence of all opening and 
closing operations of the switch, by punching a '1' in cc1. 
(No uch diagnostic if left blank or zero.) 

7) Output options for printing and/or plotting: 

Punch 111" in column 80 to get switch current 
112" 	 switch voltage 
"3" 	 both current and voltage 
11411 	 switch power and energy flow 

(see Section 1.8 ) 

FORMAT 

-i1 -{'I1i2 

Q.•+f• i#+I... 1 	......... 1 1 ... 
YIX ' L'•° ' _ tA(0  P(.J PLVr 

• 'iiH l 	fiJ JJ f 1-it-1...lUll. r 	I : 	: 	:. 
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1.45 SIMPLE TACS-CONTROLLED SWITCH TYPE-13 

This type is used to represent a switch which is controlled 
by any given TACS variable. 

The opening and closing operations are controlled by a single 
OPEN/CLOSE signal defined in columns 71-76 

Comparison of switch type-11 type-12 and type-13 

OPEN/CLOSE signal type- 11 type-12 type-13 

<0 OPEN 	 OPEN OPEN 

depends on 	depends on OPEN GRID signal 	SPARK signal 

>0 CLOSE 	CLOSE CLOSE 

a) RULES 

1) Punch 531  in columns 1-2 
2) Specify the two terminal nodes by name (A6 fields BUS1 and 

BUS2 of columns 3-14). One of the nodes may be ground (blank). 

4) The OPEN/CLOSE signal is identified by the TACS variable the 
name of which is punched in columns 71-76. 

5) This switch is open during the program-calculated steady-state 
initialization at t = 0.0 , unless the keyword "CLOSED" 
is punched in columns 55-60 

6) The user may obtain a printed echo of the occurrence of all 
opening and closing operations of this switch, by punching 
a 111" in column 79 . (No such diagnostic if col. 79 is left 
blank or zero.) 

7) Output options for printing and/or plotting: 

Punch 11 1" In column 80 to get switch current 
112" switch voltage 
113" both current and voltage 
114" switch power and 

energy flow (see Section 1.8) 

L 
note: 	• 

BUS1 	 BUS2 
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a) Sample of type-13 switch specification 

1.  Switch from 	'LEFT' 	to 	'RIGHT' controlled by the 
TACS variable 	'?DI 

2.  Switch from 	'NODEl' 	to 	ground controlled by the 
TACS variable 	'SIG' 	and closed at 	t 	0.0 	. 

3LE -1 
I I  1cc 
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1.6 	EIVflP SOURCE COMPONENT DATA CARDS (SOURCE CARDS) 

MVP source components begin with conventional voltage and current sources 
which are analytic functions f(t) of time. One terminal of these must 
always be grounded (see Rule 9 for ways of circumventing this restriction). 
Normally the function f( t) can be chosen from a list of built-in function 
types, in which case the defining parameters are specified on the single source 
card. Up to ten functions of an arbitrary type can also be generated, as per 
Rule 4 immediately below. 	Finally, there are more complicated EP source 
components which have builtin differential equations (e.g.,, the 3-phase dynamic 
synchronous machine of Section 1.62 ). 

If sinusoidal sources are active before the transient phenomena start (indicated 
by TSTART<O), then the program will automatically pre-compute the correct ac 
steady-state conditions and use these as initial conditions (see rule 5). 

RULES: 

(Associated format with examples on page 

i) Specify the source by the name of the node to which it is connected 
(source is always from node to ground). See Rule 9 for non-grounded source. 

2) Indicate a voltage source by punching a non-negative integer 
(> 0 or blank) in columns 9-10. 
Inicate a current source by punching a negative integer (<0) 
in columns 9-10 (current is measured into node). 

4) The parameter TYPE specifies the type of the source function f(t) 
C e(t) - f(t) for a voltage source, i(t) f(t) for a current source]. 
All functions f(t) are evaluated or read in at the discrete points 
t - 09  Lt, 2t,t,.... only; linear interpolation is assumed in between. 

TYPE - 1,...,10: Up to 10 user-defined source functions f(t) are possible, 
associated with source-type numbers 1 through 10 • Here 
f(t) are to be defined either empirically (one data card for 
every time step), or using the modeling of TACS, or in FORTRAN 
by means of a user-supplied subroutine 'tANALYT" . Details 
are covered in Section 1.9 . Should only control by TACS 
be desired, use of Type 60-99 provides an alternative. 

TYPE 11: 	f(t) - AMPLITUDE, which is an approximate step 
function in the case of zero initial condition f(0) 0 
or a dc source in the case of initial condition 
f(0) AMPLITUDE. 

The step function is approximate in the sense that linear 
interpolation between discrete points produces a finite 
rise time At (see figure). 

f(Uf ? $ Pik I t • 	S 
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If initial condition f(0) = AMPLITUDE, then this type is a dc 
source (see figure). 

TYPE 12: Ramp function with linear rise from t = 0 to t = To and 	 -- 
constant amplitude thereafter (see figure, drawn for 
f(0) = 0). 	 - 

TO 

/ 

TYPE = 13: Ramp function with linear decay (see figure, drawn for k  
f(0) o)Dr 	 t 	P>MUrU. Thc ' 

	

T --r • 	 - 

All- 

- --- 

TYPE  = 14: Sinusoidal function (see figure, drawn for f(o) = 0). 
tL 

•1 

Two options are available. If 

	

0: f(t) 	AMPLITUDE * cos (2irf.t + 4o) 
with f = FREQUENCY 

4o in degrees 

	

A1  ) 0: f(t) 	AMPLITUDE * cost 211'f(t + To)] 
with f FREQUENCY 

To in seconds. 

Note: For consistency, the user should specify all sinusoidal amplitudes as peak 
rather than as RIMS values. Unless this is done, the power flow and loss 
figures of the complete steady-state phasor solution printout (see Section 
1.0h ; 	"KSSOUT" punched as "1" in column 32 of the integer misc. 
data card) will be only half of the correct values. 
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TYPE = 15 : Surge function f(t) = AMPLITUDE * (e CKt - et ) 
Note that 0< and 90 are usually negative. 

TYPE = 16 : Special simplified representation of do converter, as seen 
from the do aide. See Section 1.61 for details. 

TYPE 	17 : 	Used to connect a TACS—generated modulating signal 
(a multiplying factor) to the source immediately 
following. Only columns 1-8 are punched, with 
the 6—character TACS variable name in cols. 3-8. 
This is only for the time—step loop (Type-17 
sources are ignored for the phasorsteady state 
solution) . See Ref. 8, Vol. XI, 6 February 1982, 
page ECEO-14, where the source began (as Type 18). 

TYPE = 18 : 	Used to represent a combined ideal transformer and 
voltage source (possibly ungrounded), as shown in 
the sketch. For an ungrounded voltage source only, 
set the turns ratio "n" equal to zero. For an ideal 
transformer only, set the source amplitude almost to 
zero. The theory behind this modeling was first 
exposed in Ref. 22, Vol. 2, No. 4, Section II—C, 
page 41 (then called the Type-19 source of Fig. 4). 
The voltage source itself is defined on a preceding, 
conventional source áard, which must be immediately 
followed by the Type-18 card that contains only the 
type code("18"), four node names, and a turns ratio: 

node "j" ---- A6 name in cols. 3-8 of preceding source card; 
node "L" ---- A6 name in cols. 3-8 	of Type-18 card; 
node "k" ---- A6 name in cols. 21-26 of Type-18 card; 
node "m" ---- A6 name in cols. 27-32 of Type-18 card; 
ratio "n" --- E10.0 number in cols. 11-20 of Type -18 card; 
node "X" ---- A6 name in cols. 33-38 of Type-18 card. 	This 

is an extra, fictitious node which has voltage 
equal to the current of the source and/or 
transformer. 	Node voltage output can be used 
to display this current (printing or plotting) 
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TYPE = 19 : Request card which announces that all universal machine (U.M.) 
data cards for this data case follow. The rest of the data 
card (cola. 3-80) can be blank. See Section 1.63 for 
documentation of the U.M. data. 

	

TYPE = 50 	Three-phase dynamic synchronous machine component, the data 

	

51 	format and details of which are fully documented in Section 1.62 
etc. : 

.51 

	

TYPE = 60 	These are s?ecial3l(e. .SOU('C'S reserved for connection to 
(control by) 	TACS variables. TACS dynamics are fully 
described in Section 8. . Source values are automatically 
set equal to the TACS variables having the same 6-character 
names. Columns 11-60 of the source card are not used, and 
can be left blank. 	Tpe,-,O_SooFc.S zra If,VteL1 t1) 

F'ovit6 j  Lis-t4 

Unlike the TACS control of Type 1-10 EPiTP sources (see 
Section 1.9a ), 	here the interface is established 
automatically; there is no need for any specification like 
the 	"TACS EflP SOURCES" 	card of Section 1.0g2 
On the other hand, the Type 1-10 sources are somewhat more 
flexible 	 (note in particular that the controlling 
TACS variables could have arbitrary names, for Type 1-10 
sources). 
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5) Sinusoidal ac steady-state conditions are automatically computed as initial 
conditions for the transient phenomena. Simply punch TSTART<O on all source 
cards of TYPE 14 which are active in the steady-state. Note that only si-
nusoidal functions (TYPE 14) are considered as potential steady-state sources. 
The first source card encountered with TYPE = 14 and TSTART(.O will determine 
the steady-state frequency f ; all other sources with TYPE = 14 and 
TSTART<O, whose frequency ds not deviate from f by more than one percent, 
will also be Included in the steady-statesolutionwith their frequency set 
to f). ac 

If steady-state conditions are desired for dc, treat dc as a sinusoidal 
function with very low frequency (f(t) = cos 2rft with f very low) or read 
in initial conditions (section 1.7). See footnote on p. 35. 

To place trapped charge on a disconnected transmission circuit 
(and associated, isolated components), use a current source ("-1" in 
columns 9 and 10), a low sinusoidal frequency, and Tstart = 5432.0 in 
cols. 61-70. With the normal EMTP logic, this ensures that the source 
will not be present for the time-step loop, since a zero current source 
(one never started) in effect does not exist. As for the steady-state 
phasor solution, we now internally trick the EMTP into treating this 
source as a voltage source (as though Tstart = -1.0 and columns 9-10 
had been blank). More documentation on this usage can be found in 
Ref. 8, Vol. XI, 5 August 1981, Pages MSPR-8 and 9. The only extra 
temporary complication is for degenerate problems: make sure at least 
one regular phasor source is present (if not, add a dummy one with 
Tstart negative). 

6) For a delayed start of a source function use TSTART>O. Then f(t) = 0 
for t (TSTART (not disconnected) and f(t as specified as soon as 
t 114 TSTART. Note that the time count for the source function starts with 
TSTART (see figure) if TSTART >0. Negative TSTART is set to 0 by the 
program, except for TYPE 14 where it is used to indicate steady-state 
sources with the time count starting at t - 0. 

	

f(t) 	 TSTART0 
TYPE = 14 

.' 	'. 	 A1  = 0 and 1 0  = 900 
(makes it a sine-function) 

	

- 	 ' 

7) For nullification of a source function after t> TSTOP use the appropriate 
TSTOP 0. Then f(t) = 0 as soon as t >TSTOP (net disconnected). TSTOP = 0 
or blank will be interpreted to mean TSTOP = infinity 
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8) Composite functions, which are composed of pieces of available function 
types, can be produced by using TSTART and TSTOP. 

Example: 

f(t) 	 initial condition f(t) = 1.0 
1.0 +- -'-- 	 Three source cards: 

let oard: TYPE = 11, AMPLITUDE = 1.0 TSTART--O 
TSTOP = 1/120 

2nd card: TYPE = 11, AMPL1TUDE=0. 5, TSTART:j 
TSTOP--blank 

3rd card: TYPE = 149, AMPLITUDE = 0.5, 
FREQUENCY = 609  A1  0, 0  = 09  

TSTART = 1/120, TSTOP = blank 

Source type 13 with the appropriate parameters TSTART and TSTOP can 
be used to simulate piece,,wise linear functions: 

Example: 

Use 7 source cards (first 2 slopes are simulated with one card): 

TYPE 	AMPLITUDE 	T0 	A1 	T1 	TSTART 

1st card: 13 15 5 20 15 0 
2nd card: 13 20 0 25 15 15 
3rd card: 13 25 0 30 5 30 
4th card: 13 30 0 40 2.5 35 
5th card: 13 40 0 45 7.5 37.5 
6th card: 13 45 0 50 20 45 
7th card: 13 50 0 40 30 65 

TSTOP 

15 
30 
35 

37.5 
45 
65 

'blank" 
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9) For sources which are not grounded at one end, two tricks are available, 
as follows: 

a) Current sources require only a duplication, with the desired source 
from k to m replaced by one from k to ground 
and a second one from m to ground: 

	

M K 	 M 
One, 

i(t) 	 i(t)  

T 	
14 

b) Voltage sources can be handled by first converting to equivalent 
current sources, provided that the voltage sources have some series 
impedance (which will always be true, physically). This amounts to 
finding the Norton equivalent of the original voltage source and 
impedance. Having done this, the current source in question is 
handled as per Point a) above. 

Example: 	Consider the modelling of 	
/4.) CL 

L 
a 3-phase generator 
which is Wye-connected, 	/ 	 • 
but ungrounded, as per 
the sketch. Decoupled 
series source inductances 	______ 	

• . La 0 are assumed. The 	 Pt,. 

Norton equivalent of 
each phase is then found 	 Wye-connected generator 

symbolically as follows, 
using Laplace transforms: 

V(s) 

_ 	

till. Morton 	
[S 

I V. 
+ 	 _ 

Assuming v(t) = V0sin(CUt) for concreteness, we have 
the following calculations: 	V(S) 	 / 

 

 

- L—(  '__   L 

LL. 
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1 .61 CONTROLLED D-C VOLTAGE-SOURCE 

= 	: Ar 

69 

• _____ 
.0011 V1 

: 

09 09 

Bc 
1 ;  

og 
61P 6V 

LPT 

4 - 
'C 
U. 
C 

ai 
..9 Ar 

gy p j Ii 

TF 
or 
6E 6E 

L L .c • -:- 

7 LE 
0E 0E 

9Z 9Z 
CIA- 

z2 

JAI 

0Z 09 
6 

IT Iff 

* 
Wi 
C CL 

7 Mt 

LM 

t 
13 

do A 

-.  

*: 

OE! 13djj_ . ..34)J... 

To be used for a d-c voltage source which 
is controlled by its current output (simu-
lation of HVDC terminals with ripples in the 
d-c voltage ignored). 

NODE NAME 
CATHODE SIDE 	Note that the d-c voltage source 

*=e 	Is not defined by its positive and negative terinina but 
by cathode and anode side. 

 The positive direction of cur-
rent flow is from anode to 
cathode. Current is not per-
mitted to flow in the negative 
direction (this is simulated 

- 	 with a switch on the anode 
NODE NAME 	side). 
ANODE SIDE 

The voltage e is a function of i as follows: 

e 	e) 	ekc 	(1) 

/ 	
and 

/ 	
e= 

The steady-state limits 
on e, 

"I 	Y'WY - ' Q 

are translated to 
limits on es with eq. (i). During transient 
conditions, the limits will be observed on 
only. After e,,, max  or emin  has been reached, 

or was there to start out with, backing off the 
limits takes place as soon as the value of the 
derivative 

changes sign (turning from positive to negative 
in case of e6c =  ea max). The value for ./cL3t 
is set to zero in the right-hand side of Eq. (3) 
when e is at the limit. 

II 
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RULES: 

1) Specify the source by type 16 on 2 cards (first card with node name for 
cathode side and parameters INITIAL, K etc., second card with node name 
for anode side and parameters k1, k2, etc.). 

3) The steady-state initial conditions are automatically computed, with the 
d-c voltage source simulated as e 	tScti.t with 
c,=2nç 	and f = 0.001 Hz. If the initial conditions are to be zero, 
simply set e(0) 0. Depending on the value of INITIAL, 

If INITIAL 1 

if 	of 	=2 

if 	of 	=3 

e(0) 	max  
e(0) =.e min 

If the value of INITIAL is less than 1 or greater than 3, then an error 
message is printqd "ERROR IN IDENTIFICATION OF SOURCE". 

The initial current iWITIAL must be given by the user because the voltage 

source has an internal resistance in series in the transients program (its 
value is printed in the record of source date as EQUIV. RESISTANC. This 
equivalent resistance results from the transformation of the differential 
equations to difference equations with the trapezoidal rule of integration. 
The program then sets 	 the initial current is 
wrong, then the initial voltage at the terminals will not be exactly e(0); 
this error may or may not be negligible depending on whether 
or not. Note that i 	is only used for the compensation just mentioned 

and for nothing else. If i 
IWITINL 

 40, then it is set to zero internally 

in the program. 

4) The value I% 	in Eq. (2) is automatically computed after return from 

the steady-state subroutine. With e source  as defined in rule 3, the steady- 

state current i(o) is automatically obtained. Note that this i(0) may differ 
from iIwIL  if the latter was not given correctly, except if the user 

specifies iIN•IP%L = 0. In this case, 1(0) will also be zero because the 

switch which simulates the diode effect would be kept open for the steady- 
state solution. 	is then computed from 

<—(c)) 	 (4) 

01C 	PLco) = K.(LM. 4: 	LtW\L2 Q'( 	(5) 
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Eq. (5) is used if the steady-state voltage was at its minimum or 
maximum limit; in this case, the current setting istMGis  assumed to 
be the value where the control would begin to back off the limit again. 

5) Output options for printing and/or plotting: 

Punch 111" in col. 80 on card for ANODE side to get branch current, 
112" 	 It 	 to get branch voltage, 

to get both. 

6) Spurious voltage oscillations inay occur at the terminal after current 
extinction UX11e8S damping circuits are also mode]e. Dr. W. Long of Hughes 
Research Laboratories obtained good results by adding a BC branch 
between anode and cathode (B=900fl 9  C=O.15p..F). 	Bill is now (1977) with 
the University of Wisconsin in Madison, Dept. of Electrical & Computer Engineering. 

7) Data field Re of columns 51-60 of the anode source card is used to specify 
the resistance in ohms of a small series isolation resistor which is defined 
internally by the program. In the following diagram showing internal EMTP 
representation of the type-16 source component, the resistor in question 
is that between the user-supplied anode node name "BUSl" and the internally- 
defined node "TYP-16" : 	 - 

tt 

 

to 	II 	of 
Busi 	VtP-1(* 

R 
AnoIe. 

"1RASH 	R, '\ BUSa 

I ,  

Vt 
4.  

Vaae 
0.) Oft'S 	for- 	curreAt  

SLow 	rI%ht 	to lelb  

) c%.scc £or pote.àI  

Voltalet - + 

Actual I'cirnl 

is unynown to me •, s.etc.h 

See the EMTP memorandum dated November 199  1975 (Reference 8)9  as to the 
reason for this isolation branch. if field RE is left blank (or punched 
with the value 0.0)9  the EMTP will automatically supply a default value equal 
to the square root of "EPSILN" , where "EPSILN" is a floating-point 
miscellaneous data parameter (see Section 1.0h). A column-80 (data field 
11i0U" ) request for current output will be internally converted into a 
current-output request for resistor B€ , and it will show up this way 
in the printed column headings which precede the transient printout; a 
column-80 request for branch-voltage output will produce the voltage difference 

from anode to cathode. Both node names TRASH = ......" and ttTYP_16t1 
are reserved for internal definition by the program. These names should 
never be used for anything else by the user. 
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1.62 THREE--PHASE DYNAMIC SYNCHRONOUS MACHINE SOURCE CCMNENT 

Before describing what is involved In this section, let me first 
briefly mention what is not involved. If the dynamics of Parks's 
equations are not wanted, power system generators are typically 
represented by sinusoidal voltage sources (Type--ill source of Section 
1.6). If the rotating machine is not a conventional, balanced. three-
phase synchronous generator, the user Is referred to the universal 
machine (IJ.M ) modeling of Section 1.63. 

TYPE-59 DYNAMIC SYNCHRONOUS MACHINE SOURCE CO1NENT 
HP IP LPA LPB LPC GEN EXC 

T  1 _ 2 fl 4M}}  ) 	 2J  
71$. 3 )tod.i of turbine-gsn.rstor unit 

General Description of Component 

J. 	 ftJ 
It \ 6, t 

\ 	I tii 	
L::12 

\ IF.RICTlON\j 

I  X i  C 
\ I  

\ lo 

11g. 4 Turbine-generator part around &s. 1. 

Mathematics of the Type-59 dynamic synchronous machine source 
component (an EMTP source by general classification) were developed at 
the University of British Columbia in Vancouver as part of the doctoral 
research of Er. Vladimir Brandwajn, conducted under the supervision of 
Prof. Hermann W. tmmel. The theory Is fully documented in Vladimir's 
Ph.D thesis (Ref. 15), and Ref. 20 provides a shorter summary. Actual 
implementation and enhancement in the EMTP was performed under contract 
with BPA, as documented in Ref. 8, Vol. VII, 23 December 1977, 
pagination CBVB. 

Over the years, the code was subject to extensive modifications 
which were aimed at improving its reliability and flexibility [EMTP 
Newsletter]. For example, the original fixed dimensioned structure was 
removed in January, 1984. Some parts of the original algorithm were 
also modified. In particular, the prediction of variables was signi-
ficantly changed so as to produce respectable improvements in the 
numerical stability of the algorithm. 

The dynamic S.M. component is internally balanced (with respect 
to the armature phases), and is inherently three-phase. The windings 
are assumed to be Wye-connected, with a possible R-L branch between 
the neutral and local ground. 

For output purposes, most machine parameters of interest are 
available 	velocities and angles of the rotor masses, inter-mass shaft 
torques, winding currents, and certain d-q-o variables. 	Such output 
quantities are automatically appended to the end of the regular B'ITP 
output vector upon the request of the user, and hence are available for 
printing and plotting just like any other B'ITP variable. 
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Each rotor mass is allowed to have a constant mechanical power 

applied to it (in addition to the torque of mechanical viscous damping 
and the spring connection to adjacent masses). The user specifies 
proportionality factors for each mass, with the actual constant power 
then determined internally by the E1TP at the time of the sinusoidal 
steady-state initialization (so as to produce equilibrium). 	This is 
the basic scheme regarding mechanical input torque, in the absence of 
special connections. But the user is allowed to represent prime mover 
(e.g., governor, boiler, etc.) dynamics if he so chooses, by using TACS 
(see Section .8.) to control the just-described total mechanical power. 
In this case, the required TACS output variable is a normalized 
multiplicative constant (equal to unity if it is to produce no effect) 
for scaling the otherwise-constant mechanical power. Should the user 
desire a constant-torque representation of the prime mover, this can be 
readily provided by the TACS connection (TACS would divide the steady-
state speed by the instantaneous speed to produce the required control 
signal). 

Even without any detailed explanation of where they come from, it 
might be desirable to document the set of equations which is used to 
model the S.M. We have: 

La 	n --- Common neutral connection point 
o.\ 	 for the three Wye-connected 

armature windings. This point 
may be grounded through a series 

: 	 series R-L branch. 

am --- mechanical angle of the rotor (the 
angle between the direct axis of the 
rotor and the axis of armature phase I  

I. 	 "a"). Sketch is for a 2-pole 
k% 	 machine, for simplicity. 

V4 	
00P 	 a 	

armature currents. Note that these 
are positive when flowing out of the 
machine (generator convention). 

If --- field current (current in winding 
number 1 of the direct axis of the 
rotor). This is positive into the Lb  
coil, in accord with the direction 
of steady-state flow. 

Counter-clockwise 	 --- rotor windings number 1 and 2 of the 
steady-state rotation: 	 direct axis (d-axis), respectively. 

= - 	•. 2tPRB 	
rotor windings number 1 and 2 of the 
quadrature axis (q-axis), 
respectively. 

Notes about mechanical equation (see lower right-hand corner of next page) 
1) Coefficient names are as defined in the section about Class Lt S.M. 

data cards 
2) This equation is Newton's law in rotational form for mass number 

fl1. assuming the most general case. 
3) If case number "Ic" is not the generator rotor, omit the electromechan-

ical torque Tern 
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14) If mass ntxnber "k" is at one end of the shaft system, either mass 
ntxnber k-i or mass ntxnber k+i (or both, in the ease of a single 
mass system) will not exist. In this ease, the associated terms of 
mutual coupling ("DSM" AND "HSP") are defined to be zero. 

5) The synchronous mechanical frequency "f" enters only through the 
speed-deviation self-damping term. 

6) As used here, (9, is the absolute angle of mass ntxnber "k" of the 
shaft system. 

7) T 	is the externally-applied  mechanical torque on mass ntxnber "k", 
in the direction of + (9 

Data Format for Dynamic Synchronous Machine 

The specification of a dynamic synchronous machine source component within 
an E1TP data case requires a ntxnber of data cards. These shall now be described 
in order of data input, in groups, according to the following classification: 

Class i S.M. data cards 

First come three cards which specify the component type code, the voltage 
magnitude and angle in the steady-state,  and names for the network nodes to 
which the armature windings are to be connected. The first of these 3  cards 
is for phase "a", as per the following format: 

I 

VOLT., 
. 

'"'ORER ANOLE.  

:4 E106 E1O.G. 
ITYPE ---- Type code for the dynamic synchronous machine component. 

Punch ITYPE = 59 

B US 	--- Six-character EMTP network node name, punched in coltxnns 
3-8 as A6 information. The armature winding of phase 
"a" is to be connected to this node of the electric network.  

VOLT 	--- The steady-state voltage magnitude at the terminals of the 
machine. This is peak voltage (1.4114 times FMS), line to 
neutral ( .577 times line-to-line). Use units of [volts] 

FREQ 	--- The electrical frequency of the generator in Hz, for 
steady-state operation. For North American systems, this 
will be 60. 

ANGLE - .-- The steady-state voltage phasor angle at the terminals of 
the machine, for phase "a". lkiits are degrees. This 
machine component, all other ones, and all sinusoidal 
voltage or current sources of Type 114 are assumed to all 
have the same reference for phase angles, of course. 

Conventional positive sequence is 
assumed, as this term is used in 
North fmerica. That is, phase "b" 
voltage lags phase "a" voltage by 
120 degrees (and "c" leads "a" by 
120 degrees). See sketch. 
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The ad and 3rd cards in class 1 use the same format described above: 

ITYPE 	- Blank. 
BUS •------- Six character B1TP network node name. The appropriate 

armature winding (phase b or c) is to be connected to 
this node. 

VOLT ------ The steady-state voltage magnitude at the above named 
SM terminal (network node). Use units of volts. 

FREQ •.-- - Blank. 

ANGLE.——  The steady-state voltage phase angle at the above named 
SM terminal. Units are degrees. 

If the values of VOLT and ANGLE on cards No 2 and 3 are not specified 
(left blank), the program assumes the presence of' a 3-phase balanced source 
at the SM terminals. Otherwise, the presence of an unbalanced 3-phase source 
is assumed. This allows the user the specification of unbalanced S.S. 
conditions. 

Class 2 S.M. data cards 

Next in order of data input come optional special-request cards (if any) 
which are associated with the machine. There are 3 such possible cards, 
with format and meaning as described immediately below. Ordering of such 
cards (if two or more) within the Class 2 grouping is arbitrary. 

a) "TOLERANCES" special-request card ** 

i;FI4qIt.A. 
MHUMMEU  Ifl'1!tL11 
EPStJBA - Number specifying the ratio between the built-in damping 

resistors and the resistive models of the inductive elements 
paralleled by these resistors, i.e., the following relationship 
holds true for each inductive element: 

EPSUBA 	RP 
(?L/) 

Should the columns 11-20 are left blank, a default value of EPStJBA = 100.0 
would be assigned. The choice of the above shown default value is based upon 
the analysis presented in EMTP Newsletter, Vol. 3,  No. 2, Nov., 1982, pp. 22-27. 

For the, hopefully, rare cases of numerical instability, the recommended 
value is 20.0-50.0. 

ERDMEG --- Tolerance assciated with the iterative calculation 
of S.M. rotor speed at each time-step of the 
simulation. 

The calculation is assumed to have failed when the 
relative speed correction is greater than this 
tolerance after NI1AX iterations. The program 
execution is then terminated with an appropriate 
error message. 

** Only non-blank (non-zero) fields of the 'TOLERANCES card 
serve to redefine the built-in default values. 
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EPDGEL -- Tolerance associated with the iterative calculation 
of S.M. rotor speed at each time-step. The 
calculation is assumed to have converged when the 
relative speed correction is less than this 
tolerance. If the relative speed correction is 
larger than this tolerance but smaller than EPOMEG, 
the solution is assumed to have converged marginally 
and an appropriate warning is printed. 

NIGIAX 	Maximun number of iterations which are allowed for 
the calculation of the S.M. rotor speed, at any 
time-step (default NIMAX = 10). 

It should be stressed that these are scalar variables only; 
they apply to the entire data case (all machines) rather than 
to the specific machine along with which they were defined. 

The built-in default values are acceptable for double-precision 
(60 bits and more) calculations* • For lower-precision computers 
(UNIVAC, HONEYWELL etc.), the following values were recommended: 

EPDGEL 	1.E-5 
EFOMEG 	1.E-' 
NI(}IAX 	= 10 

* A full iterative solution of the type 59 SM is not possible and, 
consequently, the iterations are used for only minor adjustments 
of the calculations. There are, therefore, only minor benefits to 
be derived from applying very tight convergence criteria. 

b) "PARAMETER FITTING" special-request card 

The PARAMEThR FITTING card is used to distinquish between different 
types of data. The presence of this card signals manufacturer's data, 
while its absence indicates the use of per unit inductances and resistances. 
Depending upon the value of R1, the B4TF logic will select either the 
simplified procedure or attempt to optimize the machine parameters. 

PARA41ER F.rrT:1t4 TfFr1f E81 Ot. 

Commonly available S.M. test data turns out to actually be inefficient 
by itself to uniquely specify all parameters of the mathematical model 
(Park's equations) which is used by the EMTF. In the past, a simplified 
set of additional linear constraints has Implicitely been added, thereby 
completing the parameter assigrinent. 

flcunentation of the mathematics used for parameter optimization 
is contained in Ref. 1; the procedure is explained in greater detail 
in Sections 2.3 and 2.4 of Reference 15, pages 12-18. For most BIT? 
users, however, such detailed machine considerations are too involved 
to be studied and understood in detail. Hence the only explanation 
presented here shall be a reproduction of the abstract of Reference 1: 



The conversion of measurable machine parameters into 
resistances and self and mutual inductances needed for the 
computer model is presented. The commonly used, simplified 
set of equations is replaced by a set of more accurate, 
non-linear equation. While the differences between parameters 
found from the accurate and approximate relationships are not 
great for typical machine parameters, the method does avoid the 
uncertainty associated with approximations, which do not really 
have to be made any more. The method does not require any 
additional test data, but they may be easily incorporated, when 
available. The effects of saturation on the inductances are 
briefly discussed. 

Preliminary experiments seem to indicate that armature currents and 
voltages, plus mechanical quantities on the shaft system, are only affected 
in a very minor way, typically but rotor electrical quantities, and 
specifically the field current, may be significantly affected (ten to 
twenty per cent or more). 

The parameter optimization involves the iterative solution of a 
set of nonlinear equations by Newton's method. The initial (starting) 
guess is taken to be the values as produced by simplified historical 
approximation. If so requested by the user (in terms of the numerical 
parameter values which he actually inputs), the fitting process may be 
performed twice for each generator ---- once for the direct axis, and 
once for the quadrature axis. If the original machine parameters are 
unrealistic, the iteration may not converge, and a warning message to 
this effect will be printed (see message number 47 of Section 2.2b). 
Nothing is lost in this case, however, since the B'1TP will recover, 
and will simply use the input data without any optimized adjustment. 
Preliminary experimentation would seem to indicate that convergence 
will most probably occur for cases in which the following parameter 
relationships apply*  

> 10 T 0  T,0  > 	10T',0 	X'j ) 1.3X2 	X 	' 1.3XL 

It is here assumed that unsaturated parameter values are used, and the 
factors of 1 0 and 1.3 are sort of empirical estimates. 

If standard manufacturer data is being used, then there are several 
different cases of interest: 

Case 0: To disable the parameter optimization, punch value 2.0 for "FM". 

Case 1: If the user has a valid full set of S.M. data parameters 
(i.e., full transient and subtransient data which is not 
somehow degenerate), then usage of parameter optimization is 
optional; if used, "FM" should always be given a value of 
unity ( F14 = 1.0 ). 

Case 2: If the user has data in which X1  = X1and 	T, 
such parameters can be shown to'be Thconsitent. "There are 
two options available to the BITP user who punches data 
that satisfies such conditions. 

a) If use is made of parameter "FM" somewhere in the 
range .95 < FM < 1.0 , then the BITP will use all 
q-axis coils. Internally, however, the constraint 
X?.' = FM * Xc(  is observed (despite the user-punched 
equality of these two parameters). 
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b) If use is made of parameter "FM" equal to unity 
(FM=1.0), then the q-axis damper winding is dropped 
from the model; this leaves just one q-axis coil. 

Case 3: It is not uncanmon for the user to have no data values for X 
and T, In this case, he can still run the simulation if he dóës 
three9  things to the data: 

1) Use FM = 1.0; 
2) Punch X' equal to the known Xy value; 
3) Set (punch) T 0 	0.0 

-In this case, the E1TP will drop the q-axis damper winding from 
the model, leaving just one q-axis coil. 

Case 4: Just like Case 2, only with "q" (referring to the quadrature 
axis) replaced by "d" (referring to the direct axis). 

Case 5: Just like Case 3, only with "q" replaced by "d". 

Case 6: If the user wants to model a machine without any dampers at all 
on the q-axis, he should punch a cctnmon value for X,, Xi., and X" 

c) "DELTA CONNECTION" special request card 	 - 

If the armature windings of the dynamic S.M. are delta-connected (rather 
than Wye-connected), then this status must be ccmmunicated to the EMTP by a 
special-request card which bears the text "DELTA CONNECTION" in columns 1-16: 

ETA ..CONIlEcrioH., 

In the absence of such a card, the machine is assumed to be Wye-connected (which 
is by far the most common situation, for large power system generators). Except 
for the possible presence of this one special-request card, no other portion of 
the S.M. data specification explicitely makes reference to how the armature 
windings are connected. 

For a machine the armature windings of which 
are delta-connected, a word about the interpretation 
of E1TP S.M. armature-current printout is in order. 
The labeling of variables is not altered (ft-cm that 
used for a Wye connection), so the user must be very 
careful. There are four situations, depending upon 
whether one considers initial conditions or time-
step-loop printout, and whether coil variables or 
Park's variables. Of these four, two will be 
incorrectly labeled. 

1) For the time-step-loop output, "ID", "IQ", 
and "10" are indeed armature-winding 
variables (albeit in Park's coordinates). 
But "IA", "18", and "IC" are erronously 
labeled (see sketch), for they are 

Fig. A. Erroneous 
initial-condition 
labeling, delta 
connection. 



armature coil variables. 	E.g., what is labeled tt]fit' in the S.M. initial 
condition printout is actually 	1ab 	, the current from "a" to tbfl  in the 
winding. 

2) For the steady-state initial-condition output,.-the situation is identical 
to that in point 1). 	 a b 

( "DELTA Restriction: 	The option of 	CONNECTION", when used 
for a multiple machine, applies to all 

lB machines connected to that bus. 	Consequently, 
it is not possible, to have a cctnbination of 
Wye-connected and Delta-connected machines at 
the sane bus. 	If such a rare configuration id 
'should ever arise, the user Is required to Isolate  

the machines by  a small reactance or resistance. 
C 

Class 3  S.M data cards 	 Fig.B. Conventional 
Wye labeling. 

Next cane either L  or 5 cards, which specify the electrical parameters 
of the synchronous machine. The 1st of this group has the following format: 

41 

z a.. 
I 

SMOUTP SMouTq RMVA I AI.tNE s 
' 

sa _____________ ..i 

CU CU 2I14 Eo.G E1o. E1O.: 	... Eio.i.oTT .. EtOT 

NUMAS 	The nunber of connected masses on the shaft system of this generator. 
IGtAC ----- The mass nunber which corresponds to the generator (or 

,motor) rotor, within the interconnected mass-spring shaft 
system. Masses are to be nuthered by the user for 
.dentification, beginning with nunber one on either end, 
and continuing sequentially (2,3, ...) to the other end 
of the shaft. See Figs. 3  and L  at the very beginning of. 
Section 1.62. 

KEXC --.- The mass nunber which corresponds to the exciter on the 
shaft system. If no exciter exists, leave this field blank. 

NP 	---- The nunber of poles (not pole pairs) which characterize 
.,the machine rotor. The electrical frequency of the machine 
is equal to the mechanical frequency times NP / 2, recall. 

SMCLJTP --- Proportionality factor which is used only to split the real 
power among the generators constituting a multiple machine 
'during the machine initialization. If a single machine, this 
.field may be ignored. If a dual machine, suppose that the user 
punches value PA for this half of the dual, and value PB 
for the other half; then the fraction PA / (PA + PB) of 
the total steady-state real power output will be assigned 
to this half of the dual during machine initialization. 
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SIWTQ --- The sane as 11 1O(JTP11, only for reactive rather than real power. 

RMVA -- - The total 3-phase volt-anpere rating of the machine, in 
units of MVA (million volt-anpheres). 

RKV 	--- The rated l.ne-to-line voltage of the machine, in units of I1S kV. 
Taken as a pair, "RKV" and "RMVA" define the base values upon which 
per unit machine parameters are assumed to apply, it may be noted. 
ou].d the machine in question have a delta-connectd armature, 

specify RKV as ST(3)  times the rated winding voltage in kV RMS. 

AGLINE --- Value of the field current in amperes which will produce 
rated armature voltage (1.0 per unit) on the air gap line. 
This is an indirect specification of the mutual inductance 
between the field and the armature of the machine. See /  ,sketch below. If the S.M. 	 gap line (aracteristic 
is saturable, append an 
extra minus sign (making 	IVtI 

	machine iron were not fair 

subject to saturation). 
"AGLINE" negative) 	, p.uj 
as a flag. 	

l..------- 
Si -- Value of the field current in 

anperes which will produce AD1 1.0 
*rated armature voltage (AD1 	ADt 
per unit) on the no-load 
saturation curve. See right. 
This field, as well as "S2", 
can be left blank if the 	4. 

S.M. is not saturable. 

S2 --- Like "Si", only for AD2 
of rated voltage (AD2 per unit). 

I curve of terminal voltage 

I 	I J phasor magnitude as a - ) 

function of field current, 
at rated speed and no load. - 	----- - 

II 
,S2 

AGLINE 	 Field currents  if  

The parameters "AGLINE" , "Si" , and 11S2" just inputed actually apply to the 
d-axis of the machine. A second card follows --- call it Card la (as an 
extension of Card 1) --- to provide for the following parameters: 

If there is to be no saturation modeling at all, this card can be 
left blank. 

AD1 -- Per unit voltage at which current Si was measured. Should 
,this field be left blank, the default value of 1.0 will be 
,automatically assigned. 

AD2 	Like AD1, except for S2. Should this field be left blank, 
the default value of 1.2 will be autanatically assigned. 

AQ1,AQ2 -- Like AD1 and AD2, but applied to the q-axis. 

AGLQ, 31Q, S2Q -- Like AGLINE, Si and S2, but applied to the q-axis. 
Nonzero values of AGLQ indicate saturation as 
follows: 



AGLQ > 0 	Here the q-axis air-gap line is known, and AGLQ is the 
value of the field current in amperes which will produce 
rated armature voltage on that line. Data fields 11S1Q" 
and 11S2Q" must not be left blank (supply correct values). 

AGLQ < 0 	The negative value for AGLQ is a flag indicating that 
the user does not know the air-gap line for the q-axis. 
The EMTP will proceed to internally generate an approximate 
value, and use it for q-axis saturation modeling. In 
this case, "SlQ" and 11S2Q" can be left blank, and -1.0 
can be used for "AGLQ". 

The remaining cards of Class 3 S.M. data depend upon whether standard 
manufacturer-supplied data are being used. If so ("PARAMEIER FITTING" 
card was used), two additional cards having the following format complete 
the Class 2 data: 

IIEII1E 
- 

Tj 	9" 9" 1:.Xf :i 1: 

E1O-G 	E1O.G .E10.6 E1O.G E1O.C, E1O6 E1..q.G. 

Ra ----- Armature resistance, in per unit. This must be non-negative. 

	

Xj 	Armature leakage reactance, in per unit. If unknown, use- 
0. 95 times the smallest of X , X , and X. 

Xj ---- Direct-axis (d-axis) synchronous reactance, 
in per unit. 

X ---- Quadrature-axis (q-axis) synchronous reactance, 

	

1) 	in per unit. 

X, -----Direct-axis (d-axis) transient reactance, 
in per unit. 

X' ------ Quadrature-axis (q-axis) transient reactance, 
in per unit. 

X -----Direct-axis (d-axis) subtransient reactance, 
in per unit. 

X"- 
  
----- Quadrature-axis (q-axis) subtransient reactance, 

in per unit. 

-- .--- Direct-axis (d-axis) open-circuit transient time constant, 
in seconds. 

Quadrature-axis (q-axis) open-circuit transient time constant, 
in seconds. 



On the other hand, should the user have chosen to describe the machine 
by means of per unit inductance and resistance matrices (no "PARAMETER FITTING" 
card used), then the Class 2 S.M. data is completed with three cards of the 
following format:   tIIl!g If 	Ifj 

....La.f.... IJ 

EiO io .E106 Elo.G.... EILO11G .E1o.: 
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T"- Direct-axis (d-axis) open-circuit subtransient time 

i0 	constant, in seconds. 

Quadrature-axis (q-axis) open-circuit subtransient time 
I 	constant, in seconds. 

X, ---.- Zero-sequence reactance, in per unit. If this is unknown, 
it is suggested that the value of X / .95 be used. 
See note below. 	 AV 

40 
R4  -----The real part of the neutral grounding impedance, 

in per unit. See note below. 

X,. ---- The imaginary part of the neutral grounding 	ji tib 
impedance, In per unit. 	 I 	 () 

Note: The machine is assumed to have a Wye-connected 'Rn  
armature, with the neutral connected to ground 
through the impedance Rfl  + jX4  If the machine 	 X, 
is in fact ungrounded (but still Wye-connected), 
simply use a large grounding impedance. Vladimir  
recotmnnds 100 per unit or more, either R or X. 
(he has used both). This is done in Toronto, 
where lküvac word length is only 36 bits. 

:LtL Kckii 

'fElO.G .IE1Ô..6 E10 
06.

IE 
	

E1O..6 . EiO.G 

IE!UEiII 
L,ç ------ The self-inductance of the field winding (circuit nunber 1 

on the direct axis (d-axis) of the rotor), in per unit. 

Laf -----The mutual-inductance coefficient between the armature 
and the field winding (circuit nunber 1 on the direct 
axis (d-axis) of the rotor), in per unit. 

The mutual-inductance coefficient between the field 
winding (circuit nunber 1 on the direct axis (d-axis) of 
the rotor). and the direct axis damper winding (circuit 
nunber 2 on the direct axis (d-axis) of the rotor), 
in per unit. 
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L  -----The self-inductance coefficient for tho direct axis 

(d-axis) of the armature, in per unit. 

L 	The mutual-inductance coefficient between the armature 
and the direct axis damper winding (circuit number 2 on 
the direct axis (d-axis) of the rotor), in per unit. 

La -----The self-inductance of the direct axis damper winding 
(circuit number 2 on the direct axis (d-axis) of the 
rotor), in per unit. 

Note: Direct-axis parameters Lf , Lj.d , and Ldk4e 
are generally assumed to all be equal. But this 
is not a constraint of the F1TP code. Unequal 
values can be used, if available. Recent experience 
from the fifth European F4TP Users Group Meeting 
( held In Mannheim, Germany, Gtober 21125, 1983 ) 
indicates that this could improve the simulation 
results of currents. 

Numbering of windings on the 
direct axis (d-axis) 

Numbering of- windings on the 
quadrature axis (q-axis) 

j
#1 	---- field winding of machine 

#2 	----- d-axis damper winding 

#1 -----q-axis damper winding 

#2 -----eddy current winding 

L ------ The self-inductance of the q-axis damper winding 
(circuit number 1 on the quadrature axis (q-axis) 
of the rotor), in per unit. 

L ------The mutual inductance coefficient between the 
3 	armature and the q-axis damper winding (circuit 

number 1 on the quadrature axis (q-axis) of the 
rotor), in per unit. 

L - ------- -The mutual inductance coefficient between the two  
circuits on the quadrature axis (q-axis) of the rotor, 
in per unit. 

L -------The self-inductance coefficient for the quadrature axis 
0 	 (q-axis) of the armature, in per unit. 

L ------The mutual-inductance coefficient between the armature 
and the eddy-current winding (circuit number 2 on the 
quadrature axis (q-.axis) of the rotor), in per unit. 

L q ----_ The self-inductance of the eddy-current winding (circuit 
number 2 on the quadrature axis (q-axis) of the rotor), 
in per unit. 

Note: Qiadrature-axis parameters L, Lyk 	and Lak' 
are generally assumed to all e equar. But this 
is not a constraint of the F1TP code. Unequal 
values can be used, if available. See comment 
about the d-axis data. 
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X0  -----Zero-sequence reactance, in per unit. If this is unknown, 
it is suggested that the value of X / 0.95 be used. 
See note about Wye-connection 2 pages back. 

R 	Armature resistance, in per unit. 

R.f ----- Resistance of the field winding (winding number 1 on the 
/ 	direct axix), in per unit. 

Rkd ----- Resistance of the damper winding on the direct-axis (d-axis) 
of the rotor, in per unit. This is the resistance of 
winding number 2 on the d-axis of the rotor. 

Rq -.---- Resistance of the q-axis damper winding (winding number 1 
I 	on the quadrature axis (q-axis) of the rotor), in per unit. 

R ------Resistance of the eddy-current winding (winding number 2 
on the quadrature axis (q-axis) of the rotor, in -per unit. 

R,? ------The real part of the neutral grounding 	) 
impedance, in per unit. 	 ( 	See note about 

Wye-connected 
X" 	The imaginary part of the neutral 	 armature two  

grounding impedance, in per unit. 	) pages back. 

Class ' S.M. Data Cards 

Next in order of data input come the mass cards which contain mechanical 
parameters for the shaft system. There is to be one such card for each mass, 
punched according to the format immediately below. In number, there are "NUMAS" 
such cards (see 1st card of Class 3 data, columns 1-2); ordering is actually 
immaterial (the mass cards can be shuffled), though it is generally clearer to 
stack such cards in naturally-increasing order of the mann number 11ML11  

EXTRS. HICO  

1O.6 E1O., E1d., E104 E1O.6. 
me- mass ntznoer, to oe puncrieu in tne rieia or coitinns 
1-2 using 12 format. Recall that masses are to be 
numbered by the user beginning with number one on either 
end of the shaft system, and continuing sequentially 
(2,3.....) to the other end. See Figs. 3 and ' at 
the very beginning of Section 1.62. 

EXTRS -- Punched in colt.xns 11-20 (read using E10.6 format) is 
to be the fraction of the total external mechanical 
torque (power) which is associated with this mass: 

Generator: For a generator, enter the fraction of the 
total external mechanical torque of this 

'shaft system which is applied to this 
particular mass. If a pump, enter a negative 
value. 

Motor For a motor, enter the fraction of the total 
external mechanical torque of the shaft system 
which is developed by this particular mass. If 
a pump, enter a positive value. 



HICO ----- The mcrnent of inertia (WR ) of mass number "ML" is 
read from the field of columns 21-30  using E10.6 format. 
This is to be in units of 

[million pound-feet 3 

DSR ---- The speed-deviation self-damping coefficient for mass 
number "ML" is read from the field of columns 31-40 
using E10.6 format. By definition, 

Ti 	DSR (WiJ) 

where Ti is this particular damping torque under 
consideration for mass number I = ML , W is the 
angular velocity of mass i, and W is the 
synchronous mechanical velocity for this shaft 
system. Data is to be punched in units of 

1 (pound-feet) / (radians/ second) 3 

DSM ---- The mutual-damping coefficient is to be read from 
columns Ui-SO using E10.6 format. This pertains 
to the present mass ( assumed to be number i = ML ) 
and the mass with the next higher number ( 1+1 ). 
The damping in question is function of the 
velocity difference betweeen he two masses: 

T = DSM ( Wj- W, ) 

The mutual-damping coefficient is to be punched in 
units of 

t (pound-feet) / (radians/second) 

HSP •---- The spring constant is to be read from columns 51-60 
using E10.6 format. This pertains to the elastic 
connection between the present mass (assumed to be 
number i = ML ) and the mass with the next higher 
number ( 1+1 ). Units for this data are 

I (million pound-feet) / (radians) ] 

DSD ---- The absolute-speed self-damping coefficient for this 
mass is to be read from columns 61--70 using E10.6 
format. By definition, 

Ti= DSD*W1. 

where T is the associated damping torque on mass 
number i, and W is the angular velocity (absolute) 
of this mass. Units for this data are 

1 (pound-feet) / (radians/second) 1 

It will be noted that fields "DSM" and "HSP" contain data which 
really does not belong exclusively to mass number i. = ML ' it also pertains 
equally to the mass which is numbered 1+1 . For mass card of the highest-
numbered mass (number "NUMAS" ), then, these two fields have no meaning, and 
are to be left blank. 

Terminate the mass cards (Class 4 data cards) with a blank card. 
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CLASS 5 S.M. DATA CARES (OUTPt.Tr REQUESTS) 

• 1 General Remarks 

The Class 5 (output request) cards follow the blank card terminating the 
Class 14  (mass) cards. 

The requests for the output of S.M. variables are divided into five separate 
groups as follows: 

1. Electrical variables. 
2. Mechanical angles of shaft masses. 
3. Mechanical speed deviations of shaft masses. 
14 Mechanical torques on shaft sections. 

- 	5. Machine parameters and initial conditions. 

To request an output of any S.M. variable, the user has to specify the 
output group to which the variable belongs and a unique nunber identifying 
that variable within that output group. The rules for assigning those 
nunbers are explained in the following sections. 

There is one common data card format for all different output groups. The user 
must specify the desired S.M. output(s) in the following format: 

112 41510 1 'I' 'j'°!' t1I2631I41 
h 5I117 

 11I1922 
Ij22II 	2s27j2e 311 

14211iT 

'i T 'ft ifi f  ±ñ± fñ +:fi 
T.  

where: 

Group - Flag identifying output group to which the variables specified on 
this card belong. 

ALL 	- Flag identifying a request for the output of all possible variables 
in this output group: 

( 0 or blank, selective specification of variables in 
colunns 9 80; 

( 1 -----all possible variables in this class are 
L 	 to be outputted, colunns 9-80 will not 

be scanned; 

Ni- -- N12 - Identification of variables to be outputted (in 16 format) 

The output request cards can be stacked in any order, i.e., a request for 
output group i does not have to precede the request for output group i+i. 
Similarly, the variable nunbers (colunns 9-80) can be specified in any order. 
It is also possible to stack any nunber of cards specifying the requests 
for different variables within any output group. 

A blank card terminates the Class 5 S.M. data cards (output requests). 
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.2 Specification of Variables in Output Group 1 

Presently there are 15 possible variables in this group. The actual number 
will vary depending on the complexity of the model used. 

The following Table summarizes the possible outputs in Group 1: 

Variable 	Output request 	Units 	A6 format B1TP 
number 	 Output identification 

name 

ID 1 A "ID it 

IQ 2 A "IQ 
10 3 A "10 
IF 4 A IF 
1D2 5 A "IKD 
IQ1 6 A "IG 
1Q2 7 A "IKQ 
IA 8 A "IA 
lB 9 A "lB 
IC 10 A "IC 
VF 11 V "EFD 11 

MFORCE 12 A "MFORCE 11 

MANGLE 13 Rad "MANGLE 

TEG 14 Nm* 106 "TQ GEN 11 

TEXC 	 15 	 Nm* 106 	"TQ EXC 	it 

Table I. aimmary of Variables in Output Group 1. 

where: 

ID - current in the d-axis armature winding; 
IQ - current in the q-axis armature winding; 
10 - current In the zero-axis armature winding; 
IF - field winding current (winding # on the direct axis); 
1D2 - current in the d-axis damper winding (winding #2 on the 

DIRECT AXES); 
IQ1 - current in the q-axis damper winding (winding #1 on the 

quadrature axis); 
1Q2 - current in the q-axis eddy-current winding (winding #2 

on the quadrature axis); 
IA - current in the phase 'a' armature winding; 
lB - current in the phase 'b' armature winding; 
IC - current in the phase 'c' armature winding; 
VF - voltage applied to the field winding; this will be a 

constant (dc) voltage, unless the user explicitly 
specifies a connection to TACS exciter dynamics as part 
of the Class 6 S.M. data cards. 

MFORCE - the total ninf in the air-gap of the machine; 
MANGLE - angle between the q-and the d-axis components of the 

total ninf ("FORCE); 
TEG 	- electrodynamic torque of the machine; 
TEXC -. electromechanical torque of the exciter. 



345 

.3 Specification of Variables in Output Group 2 

This output group contains the mechanical angles of the different 
masses in the lunped mass model of the turbine-generator set. The 
nunber of possible variables in this group depends on the nunber of 
masses used in the representation of the S.M. (see parameter NUMAS in 
Class 3 S.M. Data Cards). 

Every mass of the turbine-generator set has been assigned a nunber 
during the specification of its parameters (Class 4 S.M. Data Cards). 
The sane nunber is to be used when requesting the output of the 
mechanical angle of that mass. The output is in units of degrees. 

.4 Specification of Variables in Output Group 3 

This output group contains the deviations of the mechanical speeds 
of the different masses of the machine shaft from the synchronous speed. 
Similarly to Output Group 2, specify the appropriate mass nunber to 
obtain the desired output in units of rad/sec. 

.5 Specification of Variables in Output Group 4 

This output group contains the mechanical torques on the different 
shaft sections of the turbine-generator set. The shaft torque 
nunber i is the torque on the shaft section.connecting masses nunber 
i and i+1 (there is, therefore, no output possible for a single-mast 
model). The units of the output are million Newton-meters (Nrn* 10 ). 

.6 Specification of Variables in Output Group 5 

This output group can be printed only immediately following the steady-
state solution. At present, there are two possible requests in this group 
obtained by punching 1 and/or 2 in any of the variable nunber fields 
(columns 9-80) of Group 5 card: 

punch 1 to request the printout of all machine par neters (reactances, 
resistances, shaft data etc,) following the steady-state 
solution; 

punch 2 to request the complete printout of the initial conditions 
of a machine. 

Note: tb not forget to terminate the output requests with a blank 
card. 

For E1ITP output and plotting purposes, the just-delineated output 
variables are actually identified by a pair of 6-character names. The 
second name (lower name of printed pair) identifies the variable type 
mrieunonically, as documented above. The first name (upper name of 
printed pair) identifies the generator in question, in order of data 
input. For exanple, "MACH 3" would be for the third machine. 
A specific exanple of such colunn headings of printed EMTP time-step-loop 
output follows (next page): 
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COLUMN HEADINGS FOR THE 32 EMTP OUTPUT VARIABLES FOLLOW. THESE ARE ORDERED ACCORDING TO THE FIVE 
POSSIBLE EMTP OUTPUT-VARIABLE CUSSES, AS FULCIS 

FIRST 12 OUTPUT VARIABLES ARE ELECTRIC-NE1WORK NODE VOLTAGES (WITH RESPECT 10 LOCAL GROUND) 
NEXT 0 otrrur VARIABLES ARE BRANCH VOLTAGES (VOLTAGE OF UPPER NODE MINUS VOLTAGE OF LOJER NODE) 
NEXT 4 OUTPUT VARIABLES ARE BRANCH CURRENTS (FLOJING FROM THE UPPER EMTP NODE 10 THE LC4ER) 
NEXT 16 OUTPUT VARIABLES PERTAIN 10 DYNAMIC SYNCHRONOUS MACHINES, WITH NAMES GENERATED INTERNALLY! 

FINAL 0 OUTPUT VARIABLES BELOW. TO 'TACS' (NOTE INTERNALLY-ADDED UPPER NAME OF PAIR). 
BRANCH POWER CCffSU4FrION (POWER FLOW, IF A SWITCH) IS TREATED LIKE A BRANCH VOLTAGE FOR THIS GROUPING,' 
BRANCH ENERGY CORSIMFrION (ENERGY FLOW, IF A SWITCH) IS TREATED LIKE A BRANCH CURRENT FOR THIS GROUPING. 

STEP 	TIME 	C2 92 A2 A3 C3 93 Al 91 Cl 

A4 BU C4 A3 Al Bl Cl MACH 1 MACH 
TERRA A2 92 C2 ID IQ 

MACH 1 MACH 1 MACH 1 MACH 1 MACH 1 MACH 1 MACH 1 MACH 1 MACH 
IF IKD IG IKQ IA lB IC EFO 

MACH I 	MACH I 	MACH 1 	MACH 1 	MACH 1 
t'FORCE 	HANG 	TO (EN 	ANG 1 	VEL 1 

0 0.000000 0.791459E-01-0.929561E.01 0.921697E+01 0. 102597E+03-0-378518E+02-0.646953E+02 0.98641.01-0.98641.01 0. 436783!-
0. 1O5331E.03-O.858422E.02-O. 1911588E.02 O.000000E.00 0.697649E+01-0.568503E+01-0.793459E+00-0.6821 18E+01 0.532563E+ 
0.233159E-14 0.101434E+01 0.222045E-15-0-693889E-17 O.000000E.00 0.697649E+01-0.568503E+01-0.791459E+00-0. 184961E+ 
0.60357.00 0.881956E+00 0.382277E-06 0.118450E.03 O.000000E+OO 

1 0.000200-0.992860E+00-0.894556E+01 0.95384Z+01 0.103317E+03-0.438434E+02-0.994739E+02 0.102025E+02-0.948660E+01-0.715928E+ 
0. 107500E+03-0.811500E+02-0-263498E+02 O.000000E.00 0.664107E+01-0. 541040E+01-0. 123068E+01-0.682126E+01 0.53255-T+ 

-0-471680E-15 0.101435E+01 0.644931E-05 0.936663E-05 O.000000E+00 0.664107E+01-0.541040E+01-0.123068E+01-0.184961E+ 
0.60357.00 0.881956E.00 0.382276E-06 0.118450E+03 0.710543E-14 

Old Style output request card 

This single output-variable card represents the old-style Class 5 S.M. Data 
Card. It is less flexible than the output-variable request described earlier 
and it will, most probably, be removed in the near future. 

To get access this old-style request: 

Do not terminate the mass (Class 14  S.M.)' data cards with a blank. Following 
the last mass card insert a card which is to be punched according to the format 
described immediately below. 

Only those synchronous machine variables which are explicitely requested for 
output using this card will be a part of the EMTP output vector, which is used 
for both printing and plotting. The request scheme, unless otherwise noted 
below, is: 

110" ---- leave blank, or punch a zero, if no 
such output is desired; 

"i"---- punch unity or two for output in physical 
112" 	(MIS) units. No per unit output is possible. 

-:1-  3 4 51 G 1 7 9 1110 111 ia 13... - 	.... 3.  
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JPAR -------Controls Drintout of the machine inductances and resistances. 
1 	plus the mechanical data of the shaft system, during the 

steady-state initial-condition printout. 

JMIC ------- Controls printout of the initial conditions for this 
2 	synchronous machine, which are based on the EMTP 

steady-state phasor network solution. Punch 1 or 2 to get 
such output; leave blank ( or punch a 110" ) to suppress it. 
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JIDQO 	- Controls printout of the armature, currents in d-q-o 

3 	coordinates (rotating reference frame), within the time- 
step loop. The EMTP names which are used for output 
identification are (all A6 format) "ID 	", "IQ 	", 
and 	"IQ 	it . See also Col. 11. 

JFI --------Controls printout of the current in the field winding of 
LI 	 the machine (circuit number 1 on the direct axis). The 

EMTP name which is used for output identification is 
"IF 	" 

JD2 - ------ Controls printout of the current in the daper winding 
5 	 of the direct axis (d-axis) of the machine. The winding 

in question is winding number 2 on the d-axis. The EMTP 
name which Is used for output identification is "IKD it  

JQ1 - ------ Controls printout of the current in the q-axis daper 
6 	danper winding (circuit number 1 on the quadrature 

axis (q-axis) of the rotor). The EMTP'name which is 
used for output identification is "IG 	it 

JQ2 - ------- Conrols printout of the current in the eddy-current 
7 	 winding (circuit number 2 on the quadrature axis. 

(q-axis) of the rotor). The EMTP name which is used 
for output identification is "IKQ " 

JFV - ----- Controls printout of the voltage which is applied to 
8 	 the field winding by the exciter. The EMTP name which is 

used for output identification is "VF 	" 

JETM ------ Controls printout of the elect dynamic torque on the 
9 	machine rotor. The EMTP name which is used for output 

identification is "TQ GEN" 

JETE ------ Controls  printout of the electromechanical torque at the 
10 	exciter. The EMTP name Which is used for output 

identification is "TQ EXC" 

JIABC ----- Controls printout of the machine armature currents in 
11 	phase coordinates (actual coil variables), within the 

time-step loop. The EMTP names which are used for 
output identification are (all A6 format) "IA " 
"lB ", and "IC " 

JSAT ------ Controls the printout of the machine flux; or more 
12 	precisely, of the magnetomotive force (t+IF) which drives 

it. If this output is selected, two EMTP variables are 

h  /;V.1i 
produced: one for the magnitude of the flux, and the 
other for the angle (see sketch at left). The EMTP 
names which are used for output identification of these 

• variables are "WORCE" and "MANGLE" , respectively. 
%- axis 	 Units of the output are ampere-turns and radians 

respectively. 

The Ii field of column 12 + i controls printout of the 
mechanical angle Q of mass number i , for i less than or 
equal to 10. Units of output are degrees. The angles in 
question are all measured with respect to a synchronously-
rotating reference frame; 
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The EMTP name which is used for output identification 
of the angle e of mass I is "ANG I 

For example, tne name associated with the angle of mass 
number nine is "ANG 9 ", while that for mass number ten 
is "ANG 10" 

W 	-------The Ii field of column 22 + i controls printout of 
the angular velocity W of mass number I , for i being 
a positive integer that does not exceed 10. 
Units for this output are radians/second. The EMTP 
name which is used for output identification of the 
mechanical angular velocity W of mass I is "VEL I " 

TThe Ii field of column 32 + i controls printout of the _______ 
1,1+1 	torque on the shaft which connects mass number i with 

mass number 1+1 , for i a positive integer that does 
not exceed 9. The EMTP name which is used for output 
identification of the shaft torque in question (between 
mass i and mass i+1) is "lDR I " . Units of the output 
are million Newton-meters. 

NOTE: Do not terminate this card with a blank card. 
Class 6 S.M. Data Cards 

Next in order of data input come cards which describe any interface 
connections between the machine under consideration, and TACS. The general 
format for the one or more such cards of Class 6 i as follows. 

I 
r"T  Z TXT 

Rule 1 : If the field voltage of the machine is to be controlled by 
exciter dynamics which have been modeled using TACS, then 
the following is required: 

KK -•--- Punch "71" in columns 1-2, as a special 
request for the exciter connection. 

BUS ---- The 6-character name of a TACS variable is to be 
punched in columns 3-8. The numerical value of 
this TACS variable will then be used by the 
EMTP logic for the field voltage v of this 
machine. 

If no such card is used, the FMTP logic will simply hold the 
field voltage for this machine constant, at whatever value 
was dictated by the initial conditions. 

Pule 2 : 	If the mechanical power applied to any mass on the shaft 
system is to be controlled by dynamics which are modeled 
using TACS, then the following card is required: 

KK ---- Punch "72" in columns 1-2, as a special 
request for the TACS control of mechanical 
power. 
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BI ---- The 6-character name of a TACS variable is to 

be punched in columns 3-8. the numerical value 
of this TACS variable will then be used by the 
EMTP logic as a multiplicative factor for scaling 
the otherwise-constant (steady-state) power 
values. 

KI ---- Punch in columns 15-17 the mass number whose 
externally applied mechanical power is to be 
controlled by TACS variable B. 

Should the user want to code the logic of this TACS connection, 
but temporarily bypass any associated dynamics, he can use the 
"UNITY " . Recall that this is the name of the built-in TACS 
source which has output identically equal to 1.0. 

If no such card is used for mass #N, , the B'ITP logic will 
simply hold the external mechanical power applied to that mass 
constant (at whatever value was dictated by the initial condition 
calculation). Consequently, the user can selectively control the 
mechanical power on different shaft sections. 

Rule 3 : 	If the internal electrical machine variables are to be 
passed into TACS from the machine, then the following is 
required. There can be either zero, or one, or more such 
cards: 	 - 

KK --- Punch 11 73" in columns 1-2 as a special request 
for the internal electrical machine variables. 

The 6-character name of the TACS source whose 
value is to be equal to the desired electrical 
machine variable at each time-step. 

KI ---- Punch variable number in columns 15-17. 

The following variables can be passed to TACS: 

Variable 	TACS request 	 Units 
- number 

ID 1 A 
IQ 2 A 
10 3 A 
IF 14 A 
1D2 5 A 
IQ1 6 A 
1Q2 7 V 
'ID 8 V 
VQ 9 V 
VO 10 V 
VF 11 V 
MFORCE 12 A 
MANGLE 
TEG 

13 
lit 

Rad 

TEXC 15 
Nm*lO 
Nm*106  

PSID 16 Weber-turn 
PSIQ 17 Weber-turn 

Table IL. S=ary of Variables Accessible by TACS 
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where: 

ID - current in the d-axis armature winding 
IQ - current in the q-axis armature winding 
10 - current in the zero-axis armature winding 
IF - field winding current (winding 11 on the direct axis) 
1D2 - current in the d-axis damper winding (winding #2 on 

the direct axis) 
IQ1 - current in the q-axis damper winding (winding #1 on the 

quadrature axis) 
1Q2 - current in the q-axis eddy-current winding (winding #2 

on the quadrature axis) 	 - 
VD - voltage applied to the d-axis 
VQ - voltage applied to q-axis 
VO - voltage applied to zero-axis 
VF - voltage applied to the field winding; this will be a 

constant (de) voltage, unless the user explicitly 
specifies a connection to TACS exciter dynamics as 
part of the Class 6 S.M. data cards. 

MFORCE - the total rnmf in the air-gap of the machine 
MANGLE - tangle between the q-and the d-axis components of the 

total rnmf (WORCE) 
TEG - electrodynamic torque of the machine 
TEXC - electromechanical torque of the exciter 
PSID - d-axis flux linkage 
PSIQ - q-axis flux linkage 

A separate data card is needed for each variable. 

Rule L : If one or more mechanical angles Qj , angular 
velocities W , or shaft torques Tiof the 
shaft system of the machine are to be passed into 
TACS, then one data card must be punched for each such 
variable. Angles are in units of absolute radians 
(eg, increasing by 217f every second for 60 Hz 
steady-state operation), angular velocities are in 
radians/second, and shaft torques are in million 
newton-meters. The data card format is: 

KK ---- Punch 71411  in columns 1-2 as a special request for 
the access to mechanical variables of the S.M. 

B1 ---- The B1TP reads from columns 3-8 a 6-character 
alphanumeric name. This field is to be punched 
with the name of the TACS source whose value 
is to be controlled by the mechanical machine 
variable in question. 

KI ---- The B1TP reads from columns 15-17 a code 
number which identified the mechanical 
variable in question: 

for Oi , punch i 
for W , punch NIJMAS + I 
for T , punch 2 * NUMP1S +, 
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where: 

I 	- mass number as specified in Class L  S.M. 
data cards (mass cards); 

NUMAS - number of connected masses on the shaft 
system of this S.M. (specified in Class 3 
S.M. data cards); 

Rule 5 	Ordering of the different possible cards which have 
just been described is immaterial; they can be shuffled, 
without altering the result. 

Rule 6 	The end of all such cards as have just been described is 
to be indicated by a special terminator card. Field "KK" 
is to be left blank, and field "BL" is to be punched with 
the special word "FINISH" . 	iou1d this machine have no 
connections at all to TACS, then this "FINISH" record 
alone makes up theClass 6 S.M. data. - 

N1S 
Class 7  S.M. Data cards 

If the machine in question is not paralleled by one or more additional 
dynamic S.M. source components, then there is no Class 7  S.M. data. In 
this case, the 'FINISH" card of the Class 6 data represents the final data 
card for this dynamic synchronous machine'. 

But suppose that a second dynamic S.M. is to be connected in parallel 
(armature windings connected to the same busses) with the one just inputted. 
Then the just-inputted "FINISH" card of Rule 5 must be modified to read 
'FINISH PART" , indicating to the E1TP that S.M. data for this 3-phase 
generator bus (to which armatures are connected) has only been partially 
completed. Class 7 data then consists of S.M. data cards for the second 
machine, beginning with Class 2 and ending with Class 6. 

This procedure can be generalized to apply to as many machines as the 
user wants to parallel on the same generator bus. For M machines, the first 
M-1 has data cards which end with a le-5 data card reading "FINISH PART" 
the final one ends with just "FINISH" , indicating to the E1TP that no 
other machines follow on that generator bus. Only the first of the M 
machines has any Class 1 data cards (since this applies to the common 
generator bus); all M-1 following machines skip this data. 



Type-50 Dynamic Synchronous Machine (S.M.) Exists No Longer 

Earlier program versions (11M32."  and before) contained both the 
present Type-59 S.M. modeling just described and also the original 
Type-50 S.M. model. 1pe-50 modeling was developed by Southern 
California Edison (SCE) in the aftermath of the disasterous Mohave 
SSR accident, and it worked well for many years (between 1975 and 
1982, most UITP users who modeled generator dynamics used this code). 
But it was slow compared with the Type-59 alternative, and inflexible 
compared with the U.M. alternative (Section 1.63). For some three 
years, there had been a warning of impending 'pe-50 removal unless 
users could show us good reason not to do so. Daring the late fall 
of 1982, as Vladimir prepared to leave Toronto for Palo Alto (to work 
for Systems Control, Inc.), he volunteered to do the work if we in 
Portland approved. Viewing this as a now-or-never opportunity, we 
approved, and the "M33."  update at the end of the year was missing 
the Type-SO alternative. 	Users to have data cases with such data 
had just to convert of 'I'pe-59 or U.M. models, temporarily 
(for 11M33." and 11M314." versions). But beginning with 11M35." versions, 
the old 1pe-50 data was once again accepted --- not by the 
Type-SO code (which has indeed vanished forever), but by the Type-59 
code. Recall that input data were very close anyway, so we had our 
Chinese visitor Ma Ren-ming simply modify Vladimir's input module 
??vttT?1  of overlay 5 for this. Very little was involved, other than 
honoring the old output-variable request card (Class 5 S.M. data 
cards). The situation became more complicated as of January, 19914 
( 11M38." version). A complete overhaul of the TACS interface and 
changes to saturation modeling made it difficult to maintain a 
full data compatability. • If the type-50 data case does not have any 
SM-TACS connections, then the SCEAch  still be run provided that. the 
previously optional q-axis saturation card is added. The TACS-SM 
connection cards, if present, have to be completely redone. 

How to Modify the Limits on Masses, Generators, Output Variables 

As of January of 19814 ( 11M38." vintage), the Type-59 S M. code 
is variably dimen-sioned. List 17 (see Section 0.6) defines the 
maximum number of machines while List 16 defines the maximum number 
of masses to be modeled on all machines. The size of the integer 
output vector (ISMOUT) is controlled by List 11. Only the auxilliary 
(internal) vectors Z and Xl remain fixed dimensioned, and they can 
be found in the UTFF deck (FORTRAN "INCLUDE" file) named "SYNMAC", 
which is used in a number of different overlays of the program. For 
those computers with FORTRAN which does not have "INCLUDE" (e.g., 
IBM H-Extended) it is to be emphasized that all appearances of the 
labeled C1MN block /MACH/ are identical in every respect, since 
they are made by copying the same master file (UTFF deck). Hence if 
one is searching for such records using the system editor, he can 
count on fixed column positioning of all key characters. At least this 
will be the situation with FMTP FORTRAN as generated by machine 
translation (execution of Editor/Translator programs); if local 
Program Maintenance should upset this detail for some reason (e.g., 
by manual editing of program FORTRAN), then all bets are off! 
A listing follows (next page): 
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M16. 111 	DECLARATION SYNMAC 
M33. 5C 	REAL VARIABLES PRECEDE INTEGER ONES 
M33. 32C 	AUXILLIARY ARRAYS ( SIZE BASED ON NO. OF WINDINGS .7 ) ******* 
M37. 97 	CCHMC! /MACH/ Z(100),X1(36) 
M38. 37C 	OUTPUT VECTOR *************************************************** 
M33. 311C 	COMPUTATIONAL CONSTANTS 	*************************************** 
M33. 35 	COMMON /4ACH/ ST3,AT3,ST32,Th11q,ATh'Iw,RAcEG,cwr 
M38. 39 	COMMON /1ACH/ FACIOM,DAMRAT,DELTA6,042,BIN,BDAM 
M33. 37C 	INTER VARIABLES 
M38. LU) 	C4MC*I /1ACFV t€IRST, NST, HOLD, IB.ROLD, NSMOUT 

It should also be pointed out that all TACS-SM interface vector are 
contained in the ITFFF deck (FORTRAN "INCLUDE" file) named "SYNCCW' which 
appears in a nunber of different overlays of the program. A listing 
follows: 

M31. ill 	DECLARATION SYNCCM 
M38. II1C 	ThIS DECK CONTAINS S.M. STORAGE USED BY TACS MODULES. 
M38. 112 	COMMON /4TACS/ EAC(20) 
M38. 113 	COMMON /4TACS/ ISMTAC(20), N1OTAC, LBSFAC 

Instructions for the Deletion of Type-59 S.M. Modeling 

Since the U.M. can represent any machinery configuration which 
the S.M. can (plus many others which the S.M. can not), those who must 
minimize the size of their programs due to computer limitations (most 
often non-virtual architecture with limited central memory) might 
consider deletion of the Type-59 S.M. modeling. It is really very 
simple, following the structural reform documented in Ref. 8, Vol. XI, 
18 October 1981, Section II-C, pages SSIA-lø through 12. 

Deletion of Type-59 S.M. modeling begins with the omission of 
all S.M. SUBROUTINEs. The following is a complete list: 

Overlay 5 : "SMDAT", "SMPFIT", uSMOJT 
Overlay 11: 	SMINTU, "JNCOR" 
Overlay 12: "PREMEC, "ELEC" 
Overlay 14: "PAST" 
Overlay 16: "UPDATE", "INCREM" 

The previously-listed COMMON /SMACH/ storage will all disappear in 
the process, except for one usage in SUBROUTINE TABLES of UTPF 
overlay number 0 ("MAINlO" overlay) , which must be manually deleted. 

The user should also set the list sizes no. 11, 16, and 17 to minimum value 
of 1 while variably dimensioning the EMTP (See Section 0.6) 
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1.63 Complete Rules for U.M. Data Assembly and Usage 

INTRODUCTION 

The U.M. module of the EMTP currently can be used to represent 12 major types 
of electric machines, as will bedescribed in the next section. Despite the. 
universality of the program set-up, a serious attempt is made not to burden 
the user with this universality if only the use of one or a few of the availa-
ble types is desired. Therefore, a user's guide is given for each U.M. 
type. Then taking up these instructions for the desired U.M. type, reference 
will be found to the rules for setting up the three classes of U.M. data cards 
as described in the section regarding the format of the U.M. data cards. In 
the EMTP M32 and higher versions, it is possible to-run the U.M. with the S.M. 
Type 50 to 59 Data Input. In this case, no understanding about the rules 
pertaining to the U.M. is required at all. Instead, only the rules as des-
cribed in the section "U.M. with S.M. Type-59 Data Input" apply. The follow-
ing points can be remarked: 

A Number of machines and coils compensation: 

The number of U.M. machines which can be used is arbitrary. For each 
machine the following rules apply. The maximum number of coils on the 
power side.is  restricted to three. This is obviously justified by our 
today's usage of electric machines. These three coils are 3-phase com-
pensated, i.e., they can be externally connected to each other in one 
electrical network. As far as compensation of the excitation coils is 
concerned, the general rule here is that only the first three excitation 
coils are 3-phase compensated, i.e., only the first three excitation 
coils are permitted to be externally connected to each other in one 
single electric network. If in addition more excitation coils are used, 
then each of these coils must be totally disconnected from other coils 
used. It is to be remarked that the above outlined restrictions can be 
overcome by the approach of using stub lines or inserting a TACS element 
between U.M. machines or between coils which are not supposed to be 
connected to each other. 

l.,3 9 Note on coil parameters: 

The purpose of this note is to supply conversion formulas for users who 
have data of coil-parameters specified in terms of self and mutual induc-
tances, which due to the current U.M. data input have to be expressed in 
terms of leakage and main inductances. It is possible that future devel-
opment will include an automatic preprocessor for this purpose. 

In the next discussion the following notation will be adopted: 

Lzi = leakage inductance of coil i [H] 

Lmi = main inductance of coil i [H] 

= resistance of coil i [Ohm] 



2-Coil System: 

The idea of how to obtain the leakage and main inductances from the self 

and mutual inductances will be illustrated for a transformer. Although a 

transformer is not an electrical machine, the basic mechanism to derive the 

desired conversion formulas  is essentially not different. This is because 

an inductance is a parameter describing the relation between a coil current 

and the magnetic flux enclosed by the coil contour. By considering a 2 coil 

transformer, the central idea can be most easily understood. 

+0 •( 	 ,. . , 4 

For the the transformer as shown schematically in the figure above, the voltage 

equations can be written as: 

dX1  
v1 =-R1i1 -— 

 
dA 

v2  = - 212 Tt7 

The current-f lüx relation in terms of self-inductances, L11  and L22, and of 

mutual inductance L121  can be expressed as: 



r1] 	L121 [ji 
	

(2) 
L12  L22 [12 

NN 

	

with: L12  = L21  = 	
2 

m 

N12  

	

= LQ  + 	 (3) 

where N = number of turns and Rm = magentic reluctance. 

To express the equations 1n terms of leakage and mutual inductances, one of 

the "sides" of the transformer has to be reduced (refered) to the other. 

Let us reduce the secondary side (index 2) to the primary side (index 1). Then 

introduce the following reduction factor, which for transformers specifically 

is called turn ratio: 

a2=N— 	 (4) 

Now rewrite the voltage equations Eqn (1) as: 

- 	
dA 

- - R1i1  - 

(5) 

a2  v2= - (a22R2)(i2/a2) - 	(a 2X2) 

and also rewrite the current-flux relations Eqn (2) as: 

1 

I
A1 	Ill 	a2L12 	11 

I= 	 2 	 (6) 

La2 A2 j [a2Li2  a2  L22j[i21a2j 

Now by introducing the so-called reduced secondary variables: 

= a2v2  

= i2 /a2 	 (7) 

	

R' - a 2" L' 	
2, 

2 	2!2 22 -a2 L22 
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and realizing from Eqn (3) that 

Lml = a2L12 
	 (8) 

the transformer can be described by the equations: 

/ I 
	

let 
	

(g) 

Vt 

A, 

• Now at this point L11 and L2 can be partitioned as: 

:= L 
I, 

=42. Z, a24 -t'
4~eL 10 

so that from Eqn (91 we have the current-flux relation: 

L1, i, .0 L 	(,e; 

= L' ' . C 	• 

The leakage inductance is then identified as Ltl and L 2 and both coils have now 

the same main inductance Lmi• 

On the basis of the formulation of Eqn (8) and Eqn (10) the transformer can be 

interpreted as having the following connected network: 

it 

/ 
A 

Vt, 
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Several conclusions can now be made: 

(a) Physically this formulation corresponds with the concept of 2 coils 

linked by a main flux in addition to their individual leakage fluxes. 

The usefulness of this formulation to numerical implementation is 

the fact that practically only the main inductance 
1ml 

 is susceptive 

to changes if the magnetic material becomes saturated. 

(b) If the reduction factor a2  is given, then the conversion formulas needed 

to obtain the main and leakage inductances from given self and mutual 

inductances, are: 

= 	- 

L;2 	 - 

(C) If the reduction factor is not given, then the following approximated 

conversion formulas is suggested: 

0. 9 	 ,, = 	4, 
(12) 

I 
.2 '.a - 

Someti:mes the. rated currents 1lB  and 12B are given. In this case the 

reduction factor can be approximated by: 

a 	2B 	VlB 	 (13., - I - -r-- 	or 	i 

	

IN 	V2B 

Then the Conversion formulas of Eqn (11) can be used to obtain the 

desired main and leakage inductances. 



(d) All parameters and variables of the secondary side, including the 

network to which it is connected, has to be reduced (see Eqn. 7), i.e. 

* their voltages are to be multiplied by a2. 

* their currents are to be divided by a2. 

* their resistances and inductances are to be multiplied by a22. 

4-Coil System: 

The concept of the 2-coil system linked by a main flux in addition to their 

individual leakage flux, can be easily extended to the general n-coil system. 

We will show this by considering a 4-coil system, and again we are interested 

to find the conversion formulas to obtain main and leakage inductances 

from self and mutual inductances. 

In terms of self and mutual inductance, the 4-coil system is described by: 

* 	the voltage equations: 

- 

V3 '3 
-  (14) 

of 

'(If 
* 	the current-flux relation: 

r 	,  11, 4.1, 11 1 

A2  = ç ç t3Z Z4,  (15) 

j 

'23 431 z 	, 
'. 

I 
I 	Y 4141 /..:3p  Lçsyj I 

* 	the inductances in terms of the number of turns N and magnetic 

reluctance R m : 

	

L. 	 /04  
a' 

N. 4 
C. 

	

44 	ee 

 

/o.t i = / z 3., V 

(16) 
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Now in analogy with the 2-coil system, we reduce coil 2, 3 and 4 to 

the "primary" coil 1. This requires the introduction of 3 reduction 

factors (compare with Eqn. 4): 

N1 	N1 	N
i 

 
a2=—, a3_N 	a4=—. (17) 

These reduction factors are implemented in the system equations in the 

same way as for the 2-coil system shown in Eqn. (5) and (6): 

* the voltage equations: 

V.1 , 	= -,c 	- I, 	I 

= 4' (a,) 	
(18) 

43  v3 - (43te) 	/43) (43 

4 .  v - 	
(t;, /00 - 	gq 

(4 	A) 
* the current-flux relation: 

I 4 A.X 
I 	- " 	4 I 	/a  

II k'13 	43 Z23 t 3 	.?3 
(19) 

i S 4J I s a a 12y 43 , e4 [It,/sj 
Now at this point it is important to observe that due to Eqn. 	(16), all 

off-diagonal terms of the inductance matrix above are equal to the main 

inductance Lml•  In fact this is the reason of introducing the reduction 

factors. Thus: 

L 	 = ad t 	aaL 	a 1 (20) . I 33 	r2 

Moreover, again due to Eqn. (16) we have for the diagonal terms: 

A1, 	4, . 1. 

44 	 114 ZIA 
. 	L 	 (21) 

- 
aL 	: 	L 
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Finally considering the results of Eqn. (18) to (21) we introduce the 

reduced variables for coil 2, 3 and 4 according to the same rule as for 

the 2-coil system. For i = 2, 3, 4, define: 

VC 

/ t2. 

• aJ. 

1e 	a. .4 	, 	¶ 4: 	4. 
Then our 4-coil system equations become: 

* the voltage equations: 

	

= - 	- oft 

	

- 	- 

	

T 	- 

(22)  

(23)  

* the current flux relations: 

At  = 4'' 
It, z' 

A3' : % i' 

L 	( • 1 . .1 

' 	, 

(e , 	, 2 

(24) 

Conclusions we can make are: 

(a) Basically the results for a 4-coil system are just extensions of the 

2-coil system, in that we are able to obtain a main flux concept as 

represented by one main inductance Lml  in addition to the individual 

leakage fluxes of each coil as represented by L ,1 , L 2, L 3, and L 4. 

(b) The system formulation in terms of main and leakage inductances requires 

the reduction of all coils to one coil, which in above examples is coil 1. 

This means that all coils (plus networks connected to these coils) other 



than coil 1 should have: 

* their voltages multiplied by the corresponding reduction factor. 

* their currents divided by the corresponding reduction factor. 

* their resistances and inductances multiplied by the corresponding 

square of the reduction factor. 

(c) If all reduction factors are given, then the conversion formulas to obtain 

the main and leakage inductances from given self and mutual inductances 

are: 

L 	-'1 
(25) 

C 
.1c 

(d) If the reduction factors are not given, then the following approximated 

conversion is suggested: 

0.91 
/1 

(26)  
/ 

£ 	. 
 

aL -' 
C 

(.e) 	Sometimes the rated currents IiB are given. In this case the reduction 

factors can be approximated by 

a. I : (27)  

Having determined these reduction factors, the formulas in Eqn. 	(25) 

can be used to obtain the main and leakage inductances. 

441  4. 
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Extension to Electric Machines 

The concept of coils on the same magnetic shaft as linked by a main 

flux in addition to the individual leakage fluxes can be carried over to 

the coil-arrangement of electric machines. In the Park domain these magnetic 

shafts are the direct and quadrature axis. Then for each of these axis, 

the conversion formulas as given in Eqn. (25), (26), and (27) can be applied. 

A rigorous account of the reduction process to the power side d- and q-coi'l 

can be found for instance in: White and Woodson, "Electromechanical Energy 

Conversion", John Wiley. 

Basically the main and leakage inductances are introduced in the 

same way' as explained here in this note, except that proper account have 

to be taken of the winding distributton factors rather than by consi'deri'ng 

the number of turns only. 

Let us now consider the case that all excitation coils are coils which 

have magnetic shafts either in the direct (d)-axis or in the quadrature (q)-

axis or in both axis. See later special notes on Direct Current machines 

and UM type 4. It is convenient to formulate the main and leakage inductances 

on the basis of reduction of all excitation coils to the power coils which 

are positioned on the same magentic shaft. 

If the power side is a three-phase system, then their equivalent 

coil-parameters in the Park domain have to be determined first. This 

is a well-known procedure, and let us call these equivalent power coils 

the o-coil, d-coil, and q-coil. The o-coil is decoupled from all other 

coils, the magnetic shaft of the d-coil is in the direct (d) axis and 

the magnetic shaft of the q-coil is in the quadrature (q) axis. 
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Now let us consider the following example. Suppose that we have 

4 excitation coils, 2 coils D and F on the d-axis and 2 coils Q and G on 

the q-axis. The system is schematically shown,, in the figure below: 

et - 	- 	p o'e 
	 :,cct4Zo. CoA 

Now suppose that the user has available all self and mutual inductance-s. 

Then in order to find the main and leakage inductances as required by the UM, 

the same approach can be taken as outlined for the 4-coil system. 

(a) if the reduction factors are given: 

L 

= 	- - L 

4'p  - 	F 
L;g• = 	- 

4' 
: 	a'L 	L 

(4 q 

Note: 	The prime on some of the variables indicates that they 
are reduced variables. 

(bi if the reduction factors are not given, then the following approximated 

conversion is suggested. 



If the rated currents IiBof  the coils are given, then the reduction 

factors can be approximated by: 

1F3 (o ±&) 	 = S 	 ( 
8 	VAS 

Consequently the main and leakage inductances can again be found from 

the formulas of case (a). 

(c) It is elucidating to see that the current-flux relation is for the 

d-axis coils: 

• 
# 'I  

A; 
= 

£ It € 
6 	La' (' • 	# 

tlb 	 d 	
• 	# 

and for the q-axis coils: 

.1 
A 	 .L 

= 	 'g. 
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(d) It is re-emphasized that all parameters and variables of the excitation 

coi:ls including the network to which they are connected, have to be 

reduced according to rules as explained earlier: 

* their voltages are to multiplied by the reduction factor. 

* their currents are to divided by the reduction factor. 

* their resistances and inductances multiplied by the square of the 

reduction factor. 

The power coil variables and parameters remain unchanged in the 

reduction process. 
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pecial Note on UM Type 4 

Since this type has a three-phase excitation system, it does not 

directly fit the general discussion as held earlier, where all excitation 

coils are supposed to have magnetic shafts in line with the direct and 

quadrature axis. This is solved internally in the UM program by an extended 

Park transformation which in effect creates 3 equivalent power coils and 

3 equivalent excitation coils: 2 zero coils which are decoupled from all 

other coils, the other 4 coils in the direct and quadrature axis each with 1 

power coil and 1 excitation coil. The user of the program needs not to bother 

about this transformation, it is mentioned here to indicate that as a result 

the general comments made earlier hold and can be applied. Since however 

the induction machine is balanced in its design with respect to its three 

a, b, c phases, we will present the very simple conversion formulas here. 

Let us use the following notation for the given self and mutual 

inductances of the machine. 

LSS = stator self-inductance 

M55  = mutual inductance between 2 stator coils 

LRR = rotor self-inductance 

MRR = mutual inductance between 2 rotor coils 

MSR = maximum value of mutual inductance between stator and a rotor 

coil of the same phase. 

The power coils are the stator coils and the excitation coils are the rotor 

coil s. 

The main and leakage indunctances as required by the UM can be obtained 

as follows. 

(a) Realize first that the real a,b,c coils have to be transformed to equivalent 

o,d,q coils for both the stator and rotor side. The self and mutual inductances 

of these equivalent coils are: 

* self inductance of stator o-coil: LS = LSS - 2MSS 



self inductance of rotor 0-coil: LR = LRR - 2M RR 

* self inductance of stator d-coil and stator.q-coil: 

ss 	ss 
Ld =Lq =LSS+MSS 

* LR = LR = LRR + MRR 

* mutual inductance between stator and rotor coils on the same 

magnetic shaft (either d-or q-axis): L = L =,TrMSRqq  

(b) If the reduction factor a is given, then the conversion formulas to 

obtain the main and leakage inductances can be obtained by applying 

the general theory discussed earlier, to give: 

Lmd = L, = affMSR 

Ld = Lq = (LSS + MSS) - Lmd 

L d 
R' 	R' 	a2 (L + MRR) - L = L q 	 md  = 

The variables supplied by a prime are reduced variables. 

(c) If the reduction factor is not given, the conversion formulas can 

by approximated by: 

Lmd = L = 0.9 (L SS + MSS) 

S S 	SS SS 
Ld = Lq = 0•(L +M 

a= (LSS + MSS) / 
WT MSR) 

 

R' 	R' = 
	 md a2  (L + MRR) - L Ld = Lq   

(d) All excitation variables have to be reduced in the same sense as 

described in previous discussion. It is to be noted that the zero 

excitation coil has to be reduced also. Thus: L = a 
2 
 L 
 RR 

Special Note on DC Machines 

For some of the types of DC machines the situation arises that we 

might not have both a power coil and an excitation coil on the same 

magnetic axis. In this case the partitioning into main and leakage 

flux can be made arbitrarily without any numerical consequences. 



1.1.3 C Use of network representation bf mechanical system: 

Users of the U.M. module have the option to employ the network repre-
sentation of the mechanical system. This network representation can then 
be handled by the Electrical Network section of the EMTP. This approach 
provides the means to use the efficient sparsity oriented solution method 
of the EMTP, in addition to its variable dimensioning feature. Moreover, 
no time-step delay is required in interfacing the U.M. module with the 
mechanical system. In determining the network representation of the 
mechanical system, the following correspondence of the parameters have to 
be considered: 

* Moment of inertia of mass = capacitance 
* Spring coefficient 	= 1/inductance 
* Damping coefficient 	= 1/resistance 
* Torque 	 = current 
* Speed 	 = voltage 

1.43 D Steady-state initialization: 

Automatic initialization is available in the M31 and higher versions of 
the EMTP. 

() APPROACH FOR ITA INITIALIZATION 

The 12 U.M. types as described in the EMTP Rule Book can be classified into 
three major classes of electric machinery: the synchronous, induction and 
direct current machines. The doubly-fed machines can be represented w.th 
either a snchronous or an induction machine type where both the stator and 
rotor are connected to external electric networks containing sources of the 
desired frequencies. All classes are currently subject to the common restric-
tion that a completely correct solution of the steady-state initialization 
feature will result only if the electric network to which the power coils are 
connected, forms a linear and balanced network. This is since the current 
coding of steady-state initialization is limited to processing the positive 
sequence component only. If the network is nonlinear or unbalanced, then no 
program stop will occur. In this case the program simply runs from an incor-
rect initial condition and needs to run a number of integration steps before 
eventually settling down at the correct steady-state equilibrium. Future 
efforts might possibly include extension to the code in this respect, although 
it is felt that this work can be given a low priority due to the availability 
of the START AGAIN routine. Testing with an extreme case of unbalancy as 
described in Dr. Dommel's contribution to the IEEE Tutorial Course in Atlanta 
and Portland 1981, (RA = R8 	12, RC = O.05c2), shows that the steady-state 
equilibrium is established after about 20000 integration steps with a stepsize 
of 200 micro seconds. This corresponds with about one hour of wall clock time 
during heavy usage at day time with the VAX of BPA. Using the START AGAIN 
routine, then this one hour can be omitted for successive runs starting from 
the established correct steady-state equilibrium. 
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(a) Approach for synchronous and direct current machines. 

In initializing the different U.M. types of synchronous and direct current 
machines, basically the approach is similar to the approach as followed by the 
Type-50 and Type-59 sources of the EMTP. The crucial data inputs that the use 
is requested to specify are the desired amplitude and angle of the terminal 
machine voltage. 

In the principle the following steps are executed by the automatic initializa-
tion feature: 

(1) The electric network to which the power coils are connected, is provided 
with voltage sources reflecting the above-mentioned user's supplied data 
input. Solving the steady-state equations of this network establishes 
the currents of all power coils. 

(2) The current of the excitation (field) coil is adjusted such that the 
power coil currents and voltages match those as given from step (1). 

(3) The electromagnetic torque is found from the coil currents that are all 
known at this stage. 

(4) Sources in the network connected to the excitation coil and the sources 
in the mechanical network are adjusted to accommodate the excitation 
current and electromagnetic torque as found in steps (2) and (3). 

flie to the variably dimensioning of the U.M. coils and the generality of the 
electric network connected to the excitation coil as well as the generality of 
the mechanical network, corresponding extensions to the approach of the Type-
50 and Type-59 sources have to be implemented. Moreover, extensions to the 
described approach are also needed in order to insert transient reactances and 
processing of the negative sequence component if the influence of network 
unbalancy is desired to be taken into account. 

(b) Approach for induction machines. 

The approach as described in the previous section is not applicable to the 
steady-state initialization of induction machines. A brief explanation will 
now be given before outlining the approach that is to be followed. The basic 
reason is the fact that by the user's specification of the machine terminal 
voltage and by the execution of step (1), each machine power coil is impressed 
with a predetermined voltage, current as well as power factor. However, as 
opposed to synchronous and direct current machines, the required adjustment of 
the currents in the excitation (rotor) coils of step (2) is not possible due 
to the lack of external sources in the excitation (rotor) circuits. Neither 
is it possible to accommodate these required currents by a particular value of 
rotor speed. This can be understood from inspection of the circle diagrams of 
induction machines, reflecting the relation of stator and rotor phasor cur-
rents for all rotor speeds for a given stator terminal voltage. 



The approach followed for the induction machine types of the U.M. is based 
upon requesting the user to specify any desired rotor speed he wants the 
machine to run with. This is instead of the request for terminal voltages as 
with synchronous and direct current machines. It is remarked that the program 
requires this speed to be specified in terms of the slip (in %), defined as: 

W 
o 
 -n W 

W 
pm 

Slip = 	 * 100 (%] 
0 

with 	wo  = angular frequency of the electric network to which the power 
(stator) coils are connected (=21r*  STATFR) 

n = number of pole-pairs 

Wm = angular speed of the rotor mass (=21r*  RPM/60) 

The slip is positive for motor operation and negative for generator operation. 

Basically the following steps are executed by the automatic initialization 
feature for induction machines: 

(1) The program acquires the Thevenin voltages and impedances of the electric 
network td which the U.M. power coils are connected. These Thevenin 
parameters are transformed into the frequency domain of the internal U.M. 
equations (this frequency is different from the frequency of the electric 
network). 

(°2) With the given slip, the frequency of the excitation coils and the con-
necting networks is known. The program acquires the Thevenin voltages 
and impedances of the networks. 

(3) Solution of all U.M. equations in the frequency domain establishes the 
currents of all coils, and thus all currents that have to flow into the 
various networks connected to the U.M. 

(4) With the found currents of step (3), the electromagnetic torque as well 
as the terminal voltages of all coils are easily obtained. 

(5) Sources in the mechanical network are adjusted to accommodate the elec-
tromagnetic torque as determined in step (4). 

It is to be remarked that the procedure does not require any iteration to find 
the machine variables. By taking a positive or negative value for the. slip 
that the user is requested to specify, the user is able to attain either a 
motor or a generator mode of operation for the machine. As obvious from the 
procedure, the loading or applied torque is adjusted to correspond with the 
chosen mode of operation. This capability to control the operation mode of 
the machine is highly desirable from the user's point of view. 
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(c) Approach for doubly-fed machines. 

It was mentioned earlier that any synchronous or induction type of the U.M. 
can be used to represent a doubly-fed machine by connecting external sources 
of any desired frequency to both the stator and rotor side of the machine. 
For automatic initialization, however, the user is obliged to employ the 
induction types of the U.M. This will not result in a loss of generality at 
all. 

As a consequence, for the automatic initialization of doubly-fed machines, the 
same approach as outlined in the previous section is taken. The user is 
requested to specify the rotor speed in terms of the slip as defined 
earlier. This determines the frequency of the rotor speed in terms of the 
slip as defined earlier. This determines the frequency of the rotor circuit 
and all machine variables based on the described approach. It is to be real-
ized that the amplitude of any source in the electric network connected to the 
U.M. excitation coils (stator) and in the electric network connected to the 
U.M. excitation coils (rotor.) can be freely set by the user with the EMTP 
Type-14 sources that are used for this purpose. As far as the frequencies are 
concerned, however only the frequency of the sources in the network connected 
to the stator coils will be accepted corresponding to the value as set by the 
user in the frequency argument of the used Type-14 sources. The frequency 
argument of all Type-14 sources in the electric network that is connected to 
the rotor coils can be set to any arbitrary positive value. The program 
simply ignores this specification and instead will set this frequency equal to 
the correct frequency of the rotor circuit as calculated from the steady-state 
condition with given stator frequency and the slip that the user was requested 
to specify. This steady-state condition for the frequency is the well-known 
relation: 

n o +0) =0) 
pm r 0 

with 	Wo  = angular stator frequency 

= angular frequency of rotor electric circuit 

= angular speed of rotor mass 

n = number of pole-pairs. 

() Rules for U.M. Automatic Initialization 

It will be outlined in the next sections how to make use of the U.M. automatic 
steady-state initialization option. The following rules or restrictions need 
to be taken into consideration in using this option: 

(a) If a U.M. coil is connected to some network of the EMTP that contains a 
number of EMTP sources, then only the EMTP Type-14 sources are allowed to 
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be activated with TSTART < 0, and only these sources will be regarded in 
the initialization process. All other types of EMTP or TACS sources can 
only be included if they are activated at TSTART ) 0. The frequencies of 
all EMTP Type-14 sources in one connected subnetwork needs to be of the 
same value. It is remarked that initialization of d.c. networks contain-
ing d.c. sources only happens if these d.c. sources are simulated by EMTP 
Type-14 sources with TSTART < 0 and all frequencies set to an adequately 
low value. 

Note: Any U.M. mode is not allowed to be connected directly to an ex-
ternal EMTP source, insert a negligible small resistance as an approxima-
tion. 

(b) The automatic steady-state initialization option is only honored if the 
mechanical network representation feature is used (see EMTP Rule Book). 
In this electric network analog of the mechanical system, as many EMTP 
Type-14 sources to represent applied torques (currents) or speeds (vol-
tages) are allowed to be activated at TSTART < 0. It is to be noted that 
in the steady-state this network is a d.c. network and the needed d.c. 
sources are to be simulated by the Type-14 source with the frequencies 
set to a proper and equal low value. As such they will all be-regarded 
by the initialization process. However, the user is requested to specify 
at least one of these EMTP Type-14 sources to be adjustable in its ampli-
tude. The value of this amplitude will be calculated by the program to 
accommodate the electromagnetic torque that the machine is supposed to 
produce. The user will be requested to specify the name of the mode to 
which this adjustable source is connected. If more than one source are 
declared to be adjustable, theratios of the source amplitudes with 
respect to the amplitude of the first specified adjustable source can 
also be freely set. Thus, the demanded electromagnetic torque can be 
freely distributed over an arbitrary number of sources. It is remarked 
that due to the rule described in (a), TACS or other types of EMTP 
sources may be included to the network, provided that they are activated 
at TSTART ) 0, and thus do not take part in the initialization process. 

Note: The mode representing the mass of the electric machine is not to 
be connected directly to an external EMTP source, a negligible small 
resistance can be inserted if so desired. 

(c) Rule exclusively for synchronous and direct current machine types of the 
U.M.: Of all EMTP subnetworks connected to the different coils on the 
excitation side of the machine, only the subnetwork that is connected to 
the field coil, is allowed to have a non-zero EMTP Type-14 source with 
TSTART < 0. This field coil is to be identified with the first coil of 
the d-axis coils that are to be used. Since obviously this Type-14 
source is to simulate a d.c. source, the frequency argument is to be set 
to an adequately low value. The amplitude can be set to any positive 
value, since the correct value will be calculated by the program to 
accommodate the field current that is needed to generate the desired 
terminal voltage of the machine. The user will be requested to specify 



3  

the name of the node to which this source is connected. It is remarked 
that other EMTP or TACS sources are allowed to be included, provided that 
they are all activated at TSTART > 0. 

(L) BENCHMARK DATA CASES 

The M31 version of the EMTP includes two benchmark data cases for verification 
of the steady-state initialization. DCNEW1 is the benchmark data case of a 
U.M. Type-4 which is a 3-phase induction machine. The rotor in this data case 
is short-circuited to represent a squirrel cage rotor. The parameters of the 
machine corresponds to a practical machine with ratings: 2.541 MVA, 4.2 kV, 4 
pole, breakdown torque about 80000 Nm at 24.3% slip. 

- The machine is connected on the power side to a simple network consisting of 3 
lines and an infinite bus. Some external torque with sign and value to be 
determined by the automatic initialization feature, is applied to the rotor 
mass which is provided with some damping. Fig. 3 shows the output of some 
important machine variables from running the data case DCNEW1 for 1.80 
seconds. The slip in the initialization specification card is set to + 2%, 
thus corresponding with motor operation. The steady-state is clearly estab-
lished correctly. The results of a step increase to the external torque at 
0.5 sec. is also shown. 

DCNEW2 is the benchmark data case of a U.M. Type-1 which is a 3-phase synchro-
nous machine. The rotor is provided with dampers in the direct and quadrature 
axes. The parameters of the machine correspond to a machine with rating: 160 
MVA, 15 kV, 3600 RPM, 375 V excitation. The configurations of the electric 
network and the mechanical network are similar to those of DCNEW1 • The ini-
tialization specification card contains the information about the desired 
machine terminal voltage which is set to 3030 V amplitude and 150  angle. This 
gives rise to generator operation of the machine due to the 3000 V amplitude 
of the infinite bus voltage. 

Figure 4 shows the output from running DCNEW2 for 1.8 seconds. The results 
demonstrate that the steady-state initialization is performed correctly. A 3-
phase fault is applied to the machine terminals at 0.3 sec. and cleared after 
10 cycles. The corresponding transient behavior is well-known and can be 
verified to be correctly reproduced. 
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/..43 E Saturation 

To simulate the saturation effects, the U.M. approximates the saturation curve 
as two piecewise linear segments. The user can either include the saturation 
for the d-axis, or q-axis or for both axes. The saturation parameters for a 
d-axis saturation curve are FLXSD, LMUD and LMSD as indicated in Fig. 1 • The 
q-axis saturation parameters are similarly defined: 

'Lsc 
f'4gM/_.tj 

I 

Fig. 1. Approximated d-axis saturation curve 

These d-axis saturation parameters are to be specified on card (2) of the 
Class 2 U.M. data cards, the q-axis saturation parameters are similarly speci-
fied on card (3). 

The decoupled approach of direct and quadrature axis saturation to the simula-
tion of the saturation phenomenon works reasonably well for example with 
synchronous or direct current machines with a definite field coil iii one 
axis. However, for the case that the electromagnetic circuit structures of 
both the stator and the rotor are symmetric as with most induction machines, 
this decoupled approach would lead to unacceptable results. Therefore, the 
U.M. in the M31 and higher versions of the EMTP is extended with a total 
saturation option. 

/. 93 F Residual Flux 

In the M31 and higher versions of the EMTP, the U.M. module includes the 
residual flux option to the code. The 2-segment saturation curves for the d-
axis, q-axis and total saturation are simply extended with one additional 
segment. Fig. 2 shows the saturation curve for the d-axis. 

In addition to the usual saturation parameters FLXSD, LMUD and LMSD, the 
parameter FLXRD which is the d-axis residual flux, is required to be speci-
fied. For the q-axis the corresponding saturation and residual flux para-
meters are FLXSQ, LMUQ, LMSQ and FLXRQ. 
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Fig. 2. Approximated d-axis saturation curve with residual flux FLXRD. 

USER'S GUIDE 

This section contains the steps of action to be undertaken by the user to set 
up the data case for any of the 12 available U.M. types: 

Type 1'= synchronous machine, 3-phase power side 
Type 2 = synchronous machine, 2-phase power side 
Type 3 = induction machine, 3-phase power side 
Type 4 = induction machine, 3-phase power side and 3-phase excitation 

side 
Type 5 = induction machine, 2-phase power side 
Type 6 = single-phase a.c. machine, induction or synchronous, 1-phase 

excitation 
Type 7 = same as type 6 but 2-phase excitation 
Type 8 = d.c. machine, separately excited 
Type 9 = d.c. machine, series compound (long shunt) 
Type 10 = d.c. machine, series 
Type 11 = d.c. machine, parallel compound (short shunt) 
Type 12 = d.c. machine, parallel 

Note: Except for Type 4, 6 and 7, all machine types can have an arbitrary 
number of d- and q-axis excitation coils. The 3-phase excitation axis of Type 
4 are 120 degrees shifted. 

() GENERAL FORMAT OF U.M. 1TA CARDS 

There are 3 classes of U.M. data cards, each class consisting of a number of 
cards. 
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Class 1 of the U.M. data cards reflects general common specifications regard-
ing all U.M. machines. 

Class 2 and Class 3 of the U.M. data cards contain the information for each 
U.M. machine to be used. 

Class 2 can be regarded as to constitute the machine-table, specifying for 
instance the speed or the rotor moment of inertia of the machine. Class 3 
constitutes the coil-table for which each card reflects the required parameter 
of a coil, for example the coil resistance value. 

The U.M. data cards are to be placed behind all other used types of EMTP 
sources. 

The general format of these U.M. data cards is as follows: 

(1) Other EMTP cards, including the request card for changing the default 
U.M. dimensions as explained elsewhere in this Rule Book. 

(2) Class 1 U.M. Data Cards (general specifications for all U.M. 
machines) consisting of 2 cards. 

(3) BLANK CARD ENDING CLASS 1 U.M. DATA 

(4) Cards of U.M.-1, an arbitrarily U.M. machine assigned to be machine 
number 1: 

Class 2 U.M. Data Cards + 	3 or more cards constituting the 
machine-table 

Class 3 U.M. Data Cards + 	as many cards as the number of 
coils used 

(5) Cards of other U.M. machines to be included, with each machine speci-
fied in terms of Class 2 and Class 3 U.M. Data Cards (see (4)). 

(6) BLANK CARD ENDING ALL U.M. DATA 

(7) Other EMTP cards 

() U.M. Type 1 User's Guide 

U.M. Type 1 = synchronous machine, 3-phase power side, arbitrary number of 
excitation coils in d- and q-axis. 

Step (1): Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Cards. 

Step (2): Set up the machine-table data cards according to the instruc-
tions of ClassU.M. Data Cards. 



Step (3): Set up the coil-table data cards according to the instructions 
of Class 3 U.M. DEtta Cards. 

Exception to these instructions is with regard to the specifi-
cation of the resistances and leakage inductances in the coil 
cards representing the power coils: 

(a) Resistances of the power coils A, B and C are required to 
be equal to each other. If the case of non-equal resis-
tances is desired to be studied, then the following valid 
strategy has to be followed. Insert to the U.M. equal 
resistances with values equal to the smallest resis-
tance. Then account for the remaining resistances of the 
coils by connecting in the Electrical Network resistance 
branches in series to the U.M. coil. This is also a 
valid approach for studies of frequency dependency of the 
resistances. 

(b) Specify for the leakage inductances LLEAK on the coil 
cards according to the rule: 

on coil card A: LLEAK = total inductances of zero com- 
ponent 	 - 
on coil card B: LLEAK = d-axis leakage inductance 
on coil card C: LLEAK = q-axis leakage inductance 

Note: If no zero cdmponent current flow is desired, then leave blank 
the resistance and inductance of coil A. 

REMARK: These inductances can be found from the self- and mutual-
inductances by applying a similarity transformation with the Park trans-
formation matrix. See for example Fouad and Anderson, "Power System 
Control and Stability," Iowa State University Press, 1977, pp.  85-98. 

(c) U.M. Type 2 User's Guide 

U.M. Type 2 = synchronous machine, 2-phase power side, arbitrary number of 
excitation coils in d- and q-axis. 

Step (1): Set up the general specification data cards according to the 

instructions of Class 1 U.M. Data Cards. 

Step (2): Set up the machine-table data cards according to the instruc-

tions of Class 2 U.M. Data Cards. 
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Step (3): Set up the coil-table data cards according to the instructions 

of Class 3 U.M. Data Cards. 

Exception to these instructions is with regard to the coil 
cards representing the power coils: 

(a) The 2-phase power coils.haveto be chosen as power coil B 
and C. Since power coil A is not used, the coil card 
representing power coil A is to be completely left blank. 

(b) Resistances and leakage inductances which have to be 
specified in the coil cards representing the power coils 
B and C, must follow the same instructions as outlined in 
Step (3) of U.M. Type 1 (except of course that reference 
to coil card of power coil A has to be disregarded). 

U.M. Type 3 User's Guide 

U.M. Type 3 = induction machine, 3-phase power side, arbitrary number of 
excitation coils in d- and q-axis. 

Step (1): Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Cards. 

Step (2): Set up the machine-table data cards according to the instruc-
tions of Class 2 U.M. Data Cards. 

Step (3): Set up the coil-table data cards according to the instructions 
of Class 3 U.M. Data Cards. 

Exception to these instructions is with regard to the specifi-
cation of the resistances RESIS and the leakage inductances in 
the coil cards representing the power coils. The instruction 
to be followed is outlined in Step (3) of U.M. Type 1. 

(e) U.M. Type 4 User's Guide 

U.M. Type 4 = induction machine, 3-phase power side and 3-phase excitation 
side. 

Step (1): Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Cards. 

Step (2): Set up the machine-table data cards according to the instruc-
tions of Class 2 U.M. Data Cards. 

Exception to these instructions is with regard to the specifi-
cation of NCLD and NCLQ for card (1), which both have to be 
left blank. 

Step (3): Set up the coil-table data cards according to the instructions 
of Class 3 U.M. Data Cards, where rule numbers (3.2) and (3.3) 
have to be disregarded. Then additionally the following rules 
apply: 
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(a) Instead of the mentioned rules (3.2) and (3.3) pertaining 
to the arrangement of the excitation coil cards, the rule here 
is that the power coil cards have to be followed with excita-
tion coil cards in the sequence of coil B, coil C and coil 
A. Note that the power coil cards are supposed to be arranged 
in the sequence of coil A, coil B and coil C according to rule 
number (3.1) of Class 3 U.M. data cards. 

(b) Specify the resistances RESIS and the leakage inductances 
LLEAK on the coil cards representing the power coils A, B, C 
according to the same rules as outlined for Step (3) of U.M. 
Type 1. 

(c) Same as (b) for the coil cards representing the excita-
tion coils A, B, and C. 

(f) U.M. Type 5 User's Guide 

U.M. Type 5 = induction machine, 2-phase power side, arbitrary number of 

excitation coils. 

Set up the data case for this type according to the same 

instructions as outlined for U.M. Type 2. 

Note: Positive sequence for 2-phase systems is obtained by: 

vb = v sin wt 

v = v sin (wt + 90) 
c 

This corresponds to positive sequence in 3-phase system: 

v =v sin wt 

vbv sin (wt 	l2O) 

vc = v sin (wt + 120) 

U.M. Type 6 User's Guide 

U.M. Type 6 = single-phase a.c. machine, induction or synchronous, 1-phase 
excitation. 

Step (1): Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Cards. 

Step (2): Set up the machine-table data cards according to the instruc-
tions of Class 2 U.M. Data Cards. 
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Exception to these instructions is with regard to card (1) 
variables NCLD and NCLQ. Due to the internal U.M. coil ar-
rangement, these variables have to be specified as: 

NCLD = 1, NCLQ = leave blank or 1 if an auxiliary starting 
coil is desired. 

Step (3): Set up the coil-table data cards according to the instructions 

of Class 3 U.M. data cards, but completely disregard rule 

number (3) about the sequence of coil cards belonging to one 

machine. Instead the following rules have to be followed: 

(a) First insert 2 blank cards. 

(b) Then comes the coil card representing the excitation 
coil. The current through this coil will be indicated in 
the output as IPC. 

(c). Now comes the coil card representing the power coil. If 
NCLD has been set equal to one, then this power coil card 
has to be followed with another coil card representing 
the auxiliary starting coil. The currents through the 
power coil and auxiliary coil will be indicated in the 
output as respectively 1E1  and 1E2. 

() U.M. Type 7 User's Guide 

U.M. Type 7 = single-phase a.e. machine, induction or synchronous, 2-phase 
excitation. 

The instructions to set up the data case are the same as for U.M. Type 
6, except for rule (a) and (b) of Step (3), which now become: 

(a) First insert 1 blank card 

(b) Then comes 2 coil cards representing the 2 excitation 
coils, which are spatially 90 degrees shifted from each 
other. The currents through these excitation coils will 
be indicated in the output as respectively IPB and IPC. 

() U.M. Type 8 User's Guide 

U.M. Type 8 = d.c. machine, separately excited, arbitrary number of excita-
tion coils in d- and q-axis. 

Step (1): Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Cards. 
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Step (2): Set up the machine-table data cards according to the instruc-
tions of Class 2 U.M. Data Cards. In specifying NCLD and NCLQ 
on card (1) it is important to be aware of the fact that the 
power coil (armature coil) is on the q-axis. Thus usual wage 
of the machine is to arrange the excitation coils (field 
coils) on the d-axis. 

Step (3): Set up the coil-table data cards according to the instructions 
of Class 3 U.M. Data .Cards. 
Exception to these instructions is with regard to rule (3a), 
which instead must be replaced by the following rule: 

* 	First insert 2 blank cards, and then follow with the coil 
card representing the power coil (armature coil), which 
is located on the q-axis. 

() U.M. Type 9, 10, 11, 12 User's Guide 

U.M. Type 9 = d.c. machine, series compound (long shunt) 
Type 10 = d.c. machine, series 
Type 11 = d.c. machine, parallel compound (short shunt) 
Type 12 = d.c. machine, parallel 

Step (1); Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Cards. 

Step (2): Set up the machine-table data cards according to the instruc-
tions of Class 2 U.M. Data Cards. 
Exception tothese instructions is with regard to card (1) 
variables NCLD and NCLQ, which are to be specified as: 

NCLD = 2, NCLQ leave blank. 

REMARK: This means that the number of excitation (field) 
coils are fixed, namely 2 in the d-axis. 

Step (3): Set up the coil-table data cards according to the instructions 
of Class 3 U.M. Data Cards, but completely disregard rule 
number (3) about the sequence of coil cards belonging to one 
machine. Instead the following rules have to be followed: 

(a) First insert 2 blank cards. 

(b) Then comes the coil card representing the power (arma-
ture) coil. The U.M. considers this coil to be located 
on the q-axis. 

(c) Finally comes 2 coil cards representing the 2 excitation 
(field) coils which by the U.M. is considered to be 
located on the d-axis. The first of these 2 coil cards 
specifies a shunt coil and the second a series coil. If 
no shunt coil or no series coil is used, then the corres-
ponding coil card is to be left blank completely. 



Class 1 U.M. Data Cards 

This class contains two cards, containing information pertaining all U.M. 
machines to be used. This class has to be ended by a blank termination 
card. 

Card (1): 	indicates the request for the use of a U.M. model. 

Card (2): 	general specification 

INPU ---- Specifies the dimension of the physical quantities. If left 
blank, the S I units are to be used (V, A, W, sec, N.m, m, 
etc.). If 1 is punched, then the per unit system is to be 
used as described in: Fouad and Anderson; "Power System 
Control and Stability," Iowa State University Press, 1977, pp. 
92-98, pp.  414-418. If 2 is punched, then SI units are used 
and option for residual magnetism is present. 

INITUM -- Request for automatic initialization if 1 is punched. Other-
wise leave blank. 

ICQ"IP -----f 0 or blank: compensation is used for interfacing LM 
 with the external electric network. 
1 	A new option since the "M33."  version - 

prediction instead of compensation is used for the 
interface between UM and network ( see Sect. 1.63K 
for details). By using the prediction option, an 
arbitrary number of machines can be connectd on the 
power side to a sane network. 

(J') Class 2 U.M. Date Cards (Machine-Table): 

Class 2 of U.M. data cards specifies general information about each U.M. 
model to be used (that is why the cards of this class are called machine 
cards as opposed to coil cards which will form the Class 3 U.M. data 
cards). This class of data cards consist of three cards; if automatic 
steady-state initializationrequested for, then 4 cards are needed. 



Card (1) of Class 2 data cards: 

Number of d-axis excitation coils. 
Note: For JTYPE = 4, NCLD is to be left blank. 
Number. of q-axis excitation coils. 
Note: For JTYPE = 4, NCLQ is to be left blank. 
0: no output request 
1 torque is requested 
2: torque and d-axis main flux are requested 
3: torque, d-axis main flux and d-axis magnetizing current 

are requested. 
Request for output of rotor speed trad/seci 
0: no output request 
1: speed is requested 
2: speed and q-axis main flux are requested 
3: speed, q-axis main flux and q-axis magnetizing current 

are requested. 

Request for output of angle indicating rotor position with 
respect to stator [rad]. For JTYPE = 1 and 2, this angle 
becomes the torque angle. 
0 = no output, 1 = output requested. 
Name of the tiode to which the U.M. mass (= capacitor) is 
connected if mechanical network option is used, i.e., 
mechanical shaft system is represented by its electrical 
network analog. If this network option is not used, then 
leave the assigned space blank. 
Note that the U.M. sign convention corresponds with the gener-
ator convention. Thus for generator operation, a positive 
mechanical input is required. 
Name of the TACS variable, which forms the mechanical input 
torque to the U.M., if the mechanical system is not simulated 
by an electrical network representation. Note that the U.M.
sign convention is based on the generator convention. Thus 
for generator operation, a positive mechanical input torque is 
required. 
Note: Leave this assigned space blank if the mechanical 
network option is used. 
Number of pole pairs. 

Rotor moment of inertia in [N.msec2/rad] or in per unit. 
Leave blank, if mechanical network option is used. 
Dampings coefficient in (N.m.sec/rad] or in (per unit]. Leave 
blank if mechanical network option is used. 
Convergence margin for the rotor speed iteration process. 
If left blank, then by default EPSOM = 0.01% of synchronous 
speed or rated speed for DC machines. 
Specify the steady state frequency of the network to which the 
power coils of the machines are connected. If left blank, a 

"SYSDEP default value STATFR (defined in the module 	") will be 
taken. 

JTYPE --- The U.M. type number desired to be used. 
(1-2) 
NcLD 
(3-4) 
NCLQ 
(5-6) 
TQOUT 

THOUT 
(9) 

Mech. 
Node 
Name 
(10-15) 

TACS 
(16-21) 

NPPAIR 
(22-23) 
RJ 
(24-37) 
DCOEF 
(38-51) 
EPSOM 
(52-65) 

FREQ 
(66-79) 



Card (2) of Class 2 data cards: 

OMEGM --- Initial condition of the mechanical speed in (rad/sec) or in 
(1-14) 	(per unit]. 
LMUD --- Unsaturated d-axis main inductances in (H] or in (per unit]. 
(15-28) 
JSATD --- Request for implementation of d-axis saturation if JSATD is 
(29) 	set to 1. Leave blank if no d-axis saturation is desired. 

Set to 5 if total saturation is desired as an option. 

REMARK: The quantities following JSATD in the data card can 
be all left blank if no d-axis saturation is desired. Other-
wise these quantities pertain to specifications of the d-axis 
saturation curve as discussed in the section about U.M. satur-
ation. 

It is to be noted that obviously - 

LMUD = slope of curve in unsaturated part 
LMSD = slope of curve in saturated part 

LMSD 	--- Leave blank if no d-axis saturation is desired. Otherwise, 
(30-43) see REMARK pertaining to JSATD and Fig. 1. 
FLXSD 	--- Leave blank if no d-axis saturation is desired. Otherwise, 
(44-57) see REMARK pertaining to JSATD and Fig. 1. 
FLXRD 	--- Leave blank if option for residual flux was not requested. 
(58-71) Otherwise, punch the desired value of the d-axis residual 

flux, or the residual flux for total saturation. 

Card (3) of Class 2 data cards: 

THETAM --- Initial condition of rotor position with respect to stator 
(1-14) 	in mechanical [rad]. For synchronous machines, i.e. JTYPE = 1 

and 2, this angle is the torque angle in electrical [rad]. 
LMUQ --- Unsaturated q-axis main inductance in [H] or in [per unit]. 
(15-28) 
JSATQ, --- All these quantities can be left blank, if total saturation or 
LMSQ,FLXSQ, no q-axis saturation effects is desired. Otherwise, since 
(29-71) 	these q-axis saturation quantities are completely analog in 

their meaning with those of the d-axis, i.e., JSATD, LMSD, 
FLXSD, please consult card (2) where these quantities are 
documented. 
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FLXRQ --- Punch the desired value of the q-axis residual flux if 
(58-71) 	residual flux option was requested, leave blank otherwise. 

Leave also blank if total saturation option was requested. 

Card (4) of Class 2 data cards: 

This card is to be omitted if no automatic steady-state initialization was 
requested for (INITtJM in Class 1 data cards). 

pPkI 
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AMPLUM --- (a) If synchronous or direct current machine, specify the 
(1-14) 	 amplitude of the terminal voltage of the machine at the 

power side. 
(b) If induction or doubly-fed machine, specify the slip (in 

ANGLUM --- (a) If synchronous machine, specify the phase angle (in 
(15-28) 	 degrees) of the terminal voltage of the machine as the 

- 	power side. For 3-phase machines, this angle is the 
voltage angle for power coil A, angles of power coils B 
and C is taken respectively as lagging and leading with 
120 degrees. For 2-phase machines, this angle is the 
voltage angle for power coil B, angle of power coil C is 
taken as leading with 90 degrees. 

(b) If no synchronous machine, leave this space blank. 
BUSF --- (a) If synchronous or direct current machine, specify the 
(29-34) 	 node name of the EMTP Type-14 source that is desired to 

be adjusted by the program in order to accommodate the 
steady-state field current. This field coil is required 
to be identified with the first d-axis excitation coil. 

(b) If induction or doubly-fed machine, leave this space 
blank. 

BUSM --- Specify the node name of the EMTP Type-14 source in the 
(35-40) 	mechanical network that is desired to be adjusted by the 

program to accommodate the steady-state electromagnetic 
torque. If more adjustable sources are desired, then see card 
(5). 

Card (5) and higher of Class 2 data cards: 

These cards are to be omitted if no card (4) is used. Otherwise for each 
additional EMTP Type-14 source of the mechanical network that is desired 
to be adjusted by the program to accommodate the total electromagnetic 
torque, a card of the following format is required. 



MORE --- This is to be typed on column 1-4. 
(1-4) 
BUSM --- Same meaning as BUSM on card (4). 
(35-40) 
DISTRF --- Enter the ratio of the value of this adjustable EMTP Type-14 
(41-54) 	source and the value of the adjustable source BUSM as speci- 

fied on card (4); also supply a negative sign if of opposite 
polarity. 

(7n) Class 3 U.M. data cards (Coil-table): 
The Class 2 U.M. data cards have to be followed immediately with the U.M. 
Class 3 data cards. Each card of this class we will refer to as a coil-
card in which all information about one single coil has to be specified. 
(That is why U.M. Class 3 data cards really from a coil-table.) The data 
format of a coil card is as follows: 

RESIS --- Resistance in [c21 or in [per unit]. 
(1-14) 

REMARK: RESIS cannot be taken equal to 0. 
LLEAK --- Leakage inductance in [H] or in [per unit]. 
(15-28) 
BUS1 	--- Node name of the Electrical Network to which one terminal 
(29-34) 	of the coil is connected. Leave blank if local ground connec- 

tion or no connection with the Electrical Network is desired. 
BUS2 --- Node name of the Electrical Network to which the other 
(35-40) 	terminal of the coil is connected. Leave blank if local 

ground connection or no connection with the Electrical Network 
is desired. 

XTACS --- Name of TACS variable, which is used as a voltage source 
(41-46) 	in series with the coil. 
CUROUT --- Request for output of the coil current if set to 1; leave 
(47) 	blank if no output is desired. If set to 2, then the power 

coils are requested to provide their current ouput in the Park 
domain, i.e., io, 1d'  1q.  

CUR 	--- Initial condition of the coil current in [A] or in [per unit]. 
(48-61) 	Leave blank if automatic steady-state initialization is re- 

quested for (see INITUM of Class 1 data cards). 

General Rules with respect to the coil cards: 

(1) The following sign-convention has to be realized in 
assigning BUS1, BUS2, XTACS and CUR 

- iceli 
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Thus: 	*Positive coil current means that it goes from 
BUS2 to BUS1 

*The terminal coil voltage is: 

v 
coil BUS1-BUS2 XTACS 

(2) The coil cards specifying the coils of one machine follow 
inunediatedly the Class 2 U.M. data cards of the machine. 

(3) With respect to the sequence of coil cards belonging to 
one machine, the following rules apply: 

3.1 First comes 3 mandatory coil cards representing the 
power.coils in the sequence of coil A, coil B and 
coil C. If less than 3 power coils is needed, then 
insert blank cards for the nonused coils. 

3.2 Then comes -NCLD coil cards representing the d-axis 
excitation coils, with the value of NCLD as speci-
fied in the machine-table (see Class 2 U.M. data 
cards). 

REMARKS: No coil nor blank cards are to be inserted 
ifNCLD=O. 

3.3 Finally comes NCLQ coil cards representing the q-
axis excitation coils, with the value of NCLQ as 
specified in the machine-table. 

REMARKS: No coil cards nor blank cards are to be 
inserted if NCLQ = 0. 

(Li) If the option for full cc*npensation is requested, than all U.M. 
machines to be used have to be electrically separated from each 
other. The "stub line" strategy can be applied. This restriction 
is not present if the prediction option is requested (See Class 1 
U.M. data cards). 

* 	The power coils can be all connected to each other 
in one electrical network, but cannot be connected 
to the excitation coils. Again use stub line or 
TACS element to avoid this restriction. 

* 	Only the first three excitation coils can be con- 
nected to one and another in one electric network; 
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if more than three excitation coils are used, then 
excitation coil number 4and higher must be com-
pletely disconnected from each other. This restric-
tion can be avoided also by using a stub line or a 
TACS element. 

(5) Provide a blank termination card behind the last coil 
card of the last machine, indicating the termination of 
all U.M. data cards. 

(ii) Output Labels 

All U.M. output are labeled by two names: 

* Upper label indicates the machine number 

* Lower label indicates the corresponding variable. 

Example: UM-4 
	

UM-4 
TQGEN 
	

IPA 

The U.M. variables which can be requested for output are: 

TQGEN --- Electromechanical torque based on generator convention in (per 
unit] or (N.m]. If motor, TQGEN is negative; if generator, 
TQGEN is positive. 

Ot4EGM --- Mechanical rotor speed in (rad/sec]. 
THETAM --- Mechanical-rotor angle (rad]; for Type 1 and 2 (synchronous 

machine) this angle is the torque angle (rad]. 
IPA, 	--- Currents of the power coils A, B and C in (per unit] 
IPB, IPC 	or (A]. 

Note: 	*For all types of direct current machines, the power 
(armature) coil current is indicated by IPC. 

*For U.M. Types 6 and 7 (= single phase a.c. 
machines, see their User's Guide), these labels 
indicate excitation currents. 

1E1, 	--- Currents of the excitation coils in (per unit] or (A]. 
1E2, 
etc. 	Note: 	*For U.M. Type 4 (induction machine, 3-phase stator 

and rotor), the 3-phase rotor currents in coils B, 
C, and A are respectively indicated by 1E1 , 1E2, 
1E3. 

*For U.M. Types 6 and 7 (single-phase a.c. machines, 
see their User's Guide), these labels indicate the 
power coil currents. 

IPO, 	--- Currents of the power coils in the Park Domain (reference 
IPD, IPQ 	frame which is stationary relative to rotor). 

FLIJXt4D, FUJXt4Q --- Magnetic fluxes in the d- and q- axis respectively. 

IMD, IMQ --- Magnetizing currents in the d- and q-. axis respectively. 
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1 96314 Three-Phase Induction Machine Application of the U.M. 

TPI M_ a 
USER INSTRUCTIONS FOR U.M. MODELING OF INDUCTION MACHINE 

A. Data Applicable to the Problem as a. Whole 

The U,M, tables ari stored within the total allocation Of List 
25 of EMTP variable d1mensioring. 	Make sure thattfle EMTP has oeen 
link-edited (loaaed) with non-unity stótage for this working aea. 
Recall that he first line on page SRFH5 snowed 317 celi us- ed for 
that synchronous rnchiné of the irsttés. Having àfully virtual 
maêhine (the VAX) at 5PA, we are overlay generàus, and will rèvernave 
a problem (3700 cells are presently allocated), 

The first data card belorqing to the U.M. is a request for the 
allocation of List 25 stóraqe among Hian's four dierent tables, 
ihis 'card must precede the miscellaneous data card3, and hou1d oi.low 
the BGINNCW DATA CAE card tnat begins- the data case, witrjn ttoze 
limits, órdetjng is immaterial Call such special;requcst cards at trio  
front can come in any oraer), 	Using tree-torrnat, we have: 

on O C — T 'ci P4 - oI o — r-. — id rI 

where "I" , 	, "K" , and "L" are symbols for explicitely 
punched integers naviñçzthe iollowl6g meaning: 

I --- maximum total number of coils (tór all macnines) 
•-- maximum number of machines 

K --- mximum number or u.. outputs (total for all machines) 
L -- maximum number of U.M. 6-character names (total for all machines) 

All machine data is grouped together, and should follow the last 
convention. Cron-dynainic) EMTP source card, just as is the case with 
the exLstiñg prouuctiân S.M. •modelthg. The begthnihg of U,M, data 
is signaled by two data cards; 

Card I : Punch "19" in columns 1-2 , 	as a special request for 
U.M. mádélinq. 	The rest ot tnecaid is left bLank. 

Card 2 : Punch column 1 with a flag which indicates whether or not 
data is to be in per unit: 

(i. 	input data is in per unit, 

1 	input data is in physical units (onms, volts, 
L amperes;  herries), 	A lan produces tre same 

eftect as an expi.icjtery uni cned zero. 

There is nothing else on this second card (leave columns 
two through 80 b1a), 

9*.4 e4h4 re 
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B, Data Cards for Machine Table of U,M, 	 TPIN-3 

Next (after Card 2 of Section A) come 
all data cards for Hian's Machine Table, three cards for each U.M, 
coponent (for each induction machine, in this case), 	- 

Call these three cads Care A, 
Card B, and Card C, respectively. Format. requirementsare: - 

Card A : JTYPE ---- Columns 1-21  format 12 • Type code, Punch with 
114" for 3-phase- induction machine with 3-phase 

• N 	 rotor. 	 - 
IVCL..JJ 	 344 

NCLE --- 
TQOUT ---- Column 71  format Ii • 	Flag for the requet of 

output of the electromechanical torque TUGEN 
Punch with "1" for such output; leave blank 
or punch with zero to suppress it. 	- 

JOMOUT ---- Column 8, format Ii • 	Like JTQDUT , 	only for 
the mechanical speed wm  In radians/second 

JTHOUT ---- Column 9, format Xl , 	Like JTOOUT , 	only for 
the mechanical angle 9,. 	in radians . 

SHAFT ---- Columns 10-150  format A6 • 	Name of the 
electric network node which represents the rotor 
mass (r-emember the use Of electrical analog). 

NPPAIR ---- Columns 22-23, format 12 • 	Number of pole 
pairs of the machine (e,g., "2" for 1800 rpm at 
60 Hz with zero* slip). 

Card B : Wm(o) -u-  Columns 1-14, format E14.5 • 	The initial 
mechanical speed Cat time zero), in radians/sec. 

Columns 15-28, format E14,5 • 	The unsaturated 
value for the main (j,e,,non-leakage) d-axis 
inductance, in ànits of Henries, 

Card C : Om (0) --• Columns 1-14, format E14,5 • 	The initial 
mechanical angle (at time zero), in radians , 

Columns 15-28, format E14,5 • 	The unsaturated 
value for the main i,e,,non"leakage) q-axis 
inductance, in U- niti of Henries. 

C. Data Cards for Coil Table of U.M. 

After the Machine Table data of Section B, the user must supply 
data cards for tne Coil. Table of the U,M. 	For the 3-phase 
induction machine being considere, there are six such cards for each 
machine, If more than one machine, orderinc of these groups of six 
cards must correspond to tnemachjrie ordering of Section B. There Is 
a blank terminator card after the last such set-of six data cards for 
the final machine. 	Of the zix data cards, the first three are for the 
power circuit (armature of the conventional induction machine), and the 
final three are for the excitation circuit (rotor of conventional 
inductIon machine), 	The symbolic parameter content is (see next page): 



• Card 1: Ro L0 	 T P I M4 
Card 2: Ra 	LjR 	i 

) 	Power side, 
Card 3:  

06 
Lc 	i 	J 	in (a, b, C) order, note. 

Card 4: R 	 ib 

Card 5; R q 	Lq 	i 	( 	,.—Excitation side, ,  0 	 D 	 in Cb, c, a) order, note. 
Card 6; R 	L0 	i 	J 	 - 

This shows the order of the cards, and the symbolic association of the 
threefloating-point parameters on each data card; it does not show 
the data tormat of a typical card, however, which is as follows: 

R, Ii ----a--  Columns 1-28, format 2E14,5 • 

BUS1) ----- Columns 29-40, format 2A6 • 	These are the EMT? 
BUS2J 	node names for the terminal connections of the 

coil, Two blank names imply a shorted coil (Doth 
ends connected to ground). 	For an open circuit, 
leave one name blank and punch the other with the 
name of a dummy EMT? node that has a high impedance 
connected to ground, 

TACS ----- Columns 41-46, format A6 • 	This is the name of 
a TACS variable whose value is to give the value of  
a voltage source connected to the coil (see sketch), 

CLOUT ---- Column 47, format Xl • 	This is a request flag 
for output of the coil current (see sketch fas to 
the sign convention) 	Leave blank for no such 

• output; punch "i" in column 47 to produce it, 

CUR 	---a---  Columns 4861, format E14.5 • 	This is the 
initial current (value at time zero) in amperes 

The blank card which terminates this Coil  
Table data is also the last U.M. data 	 I 
card. 	Then comes the blank card ending 	 BUSI  EMTP sources, and the rest of the data case 
is quite conventional. 	 3 
D, Modeling of the Shaft System 	

z 

The masses and springs that are built 
into the production S,M, model are 	 TACS 
explicitely represented in J.M, modeling 	 .1. 
by an electrical, analog, For each rotor 
mass, there is a capacitor to ground; for 
each spring interconnecting rotor masses, 	Fig, 1 0  Signs of coil 
there is an inductor between the capacitor - 	 current and 
nodes, 	Applied (load) torque becomes 	 voltagese 
injected current Into such a capacitor node, 
Etc. as per the following correspondence: 

Mechanical quantity 	 Electrical quantity 

T.  (torque on mass) 	 i (current into node) 
L.(anular speed) 	 v (node voltage) 



r1jJ 
C1  

"I 

Onn (angle) 
J 	moment 
K (spring. 
D (viscous 

3*3 
q (capacitor charge) 

of inertia) 	C (càpacitance to ground) 
constant).' onstant) 	ilL (reciprocal of inductance) 
damping) 	hR (conductance) 

T 
J _+JTK)dh7 

i 
K  

Summarizing this in words, then, the user does the following, For each 
mass of the shaft system, he defines an electric networK node with a 
capacitor of value J (the moment of inertia) to ground. It there is 
absolute-speed campinq on this mass, he parallels the capacItor with a 
resistor having conductance D (the viscous damping constant). 	I 
there is an externally applied mechanical torque such as amecnanlcal 
load on this mass, he parallels thecapacitor with a current source of  
value Trech(t) (the time-dependent mechanical torque). 	The sign is 
such that a thechriical load becomes a negative injection. If there are 
two or more masses, one adds an inductor connecting the associated 
adjacent capacitors; value of the inductance is 1/K (reciprocal of 
the spring cànstant connecting the two masses). If there is speed-
deviation damping associated with this coupling, the inductance is 
paralleled by a conductance of value DMUT (the viscous damping 
constant of this eftect). 	There is no element representing tre h I M, 
driving torque, since the EMTP provides this connection automatically, 
In terms of £MTP mathematics, the U,!', driving torque looks 'like a 
hidden nonlinear element which is connected trorn ground to tne node of  
the capcitor that represents the rotor mass of the U.M. 	Hence do not 
expect the currents in branches that are connected to this node to sum 
to zero, for one branch is hidden, 	As for output of such mechanical 
vriabies, they are handled by column-80 requests on the branch cards 
representing the series R-Li-C elements that are used. 	Remember that 
shaft torques are inductor currents, node voltages are mechanical s 
speeds, etc, 	If mechanical angles are wanted, one can pass the node 
voltages into TACS and integrate. 	Etc., etc. 
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SAMPLE SIMULATION OF INDUCTION MOTOR STARTUP TPI N-6 

Hian has set up a very nice little illustration of the 
induction machine mode of U,M, modeling. As an be confirmed by the 
EMTP data listing below, there is a 3-phase infinite bus (BUS-AO, 
BUS-SO, BUS-CO) which has "a"-phasè at 180 volts, zero degiees, and 
60 Hz, 	Series R-L bianchès with R i 9005 and L = 1,E-3 henry 
connect this bus to the armature terminals (BUS-Al, BUS-Bi, BUS-Cl). 
For purposes of connectivity, the infinite bus is connected to ground 
by three resistors of value 1.0 ohm (the tirst three branch cards). 
Rotor windings are grounded-wye, with the ungrounded ends connected 
to the 3-phase electrical bus (BUSRA1, BUSRB1,BUSRC1) , 	which in 
turn is grounded by three resistors of value 1,E-10 ohm • 	Thus the 
rotor windings are 'effectively short-ciruited, As for the mechanical 
side, node BUS-OM has capacitor C =,06 farad • to ground representing 
the mass, and a parallel resistor R 	33.333 'ohm to represent absolute 
viscous dampin. 	the Machine starts itom zero speed, With all coil 
currents equal to zero. The Typi-11 current source on node BUS-OM 
(value ± ' -6,0 amps) represents tñe mechanical load. Because tnere 
àrè two pole-pairs (NPPAIH 	2)0 synchrOnous speed is 60 times P1, 
âr 18b.4955 radiant/sec. 

0M 	 RAi 
- 	 Al oofl- All 

ISO L02 GO 

6 33 

0 	 Cl OOSt CU 
Rd o 	RBf 

Rotor- cir-c.oH 
DATE (M/bD/YY) AND TIME or OAT CHH;MM;ss.). 04/26/0 12.23.bl ANY PLOTS BEAR SAME FIGURES. 	 VERSION a  '27. 
IF INDOU3rAS TO WHAT INC. FOLLOING PRINTOUT MEANS, CONSULT THE 564-PAGE ENTP USERS MANUAL DATED NOVEMBER, 1977. 
INDEPENDENT LIST LIMITS FOLLOW. 	TOTAL LENGTH or 	/LABEL/ 	EQUALS 200123 INTEGER WORDS. 	703 100 2b00 	30 9500 

	

125 6100 5000 50 300 100 140 	S 9000 400 	9 	4 30 6000 500 72 200 3000 	6 3700 ......................................................................................................................... 
DESCRIPTIVE INTERPRETATION or NEW-CASE INPUT DATA I INPUT DATA CARD IMAGES PRINTED BELOW, ALL $0 COLUMNS, CHARACTER BY CHARACTER, 

0 	* 	2 	3 	4 	5 	6 	7 	5 
o 	o 	0 	0 	0 	0 	0 	0 	0 

MARKER CARD PRECEDING NEW DATA CASE, 	 i;LGIN;E;;A;;cAsE 	 . 
U.N. TABLE SIZES. 	20 	2 	50 	100 	IABSOLUTE U,M, DIMENSIONS, 20, 2, $0, *00 	

,%1z/l4/ (fl lPbCdI'fl 
MISC. DATA, 	0.200E-03 	0,500E.00 	0.000E+00 1 .000200 	.500 
MISC, DATA, 	* 	1 0 0 * 1 0 2 0 0 	1 	* 	* 0 	00 	1 	

00 
2vAa..'r' 

PRINTOUT I 	1 	* 	20 	20 	*00 	*00 	1 	* 	1 	20 	20 	*00 	* 
CDMNENT CARD. 	 IC 	rDLLDWING 3 BRANCHES ARE FOR CONNECTIVITY TO GROUND. 	t4kJ.l-,y 
SERIES P-L-C, 	0.100E+0* 0.000E.00 0.000E+00 1 0 	BUS-A0 	 190 	

€lt 
SERIES P.L.C. 	0.IOGE.0* 0.000E.00 0.000E.00 1 0 	BUC0 	 1.0 
SERIES ?-L-C. 	0,100E+0t 0,000E+O0 0.000E.00 1 0 	BUSBO 	 *•0 	

2 
CON'EP.T CARD. 	 IC 	NEXT COMES THE SOURCE IMPEDANCE (UNCOUPLED R-L BRANCHES). 
SERIES R-L-C. 	0,500E-02 0.100E+01 0.000E.00 I OPUS-AXBUS-RO 	 0.005 1.0 	 - 
REFERENCE BRANCH, 	COPY 	NUS-A*' TO BUS-A0' 	I OOUS-B1YUSBOBUS-AIBUS-A0 
REFERENCE BRANCH. 	COPY 	5US-A1' TO 8U5-A0' 	I OBUS-C1BUS-COBUS-A1BUS-A0 	 2 
CCM'LWT CARD. 	 IC 	NEXT SHORT CIRCUIT THE ROTOR WINDINGS WITH NEAR-ZERO RESISTANCE. 
SERIES P-L-C, 	0,100E-09 0,000E+00 0,000E.00 I OBUSPAI 	 I,E.I0 
SERIES P-LC. 	0.100E-09 0.000E+00 0.000E.00 1 OBUSRBI 	 I.E-la 
SERIES P.L.C. 	0.100E-09 0,000E.00 0,000E+00 I OBUSRCI 	 I.E-b 
CONEA CARD, 	 IC 	I FINAL BRANCHES ARE FOR ROTOR MASS (CAPACITANCE) AND DAMPING (RESISTOR) 
SERIES P.L.C. 	0.000t.00 0,000E.00 0,600E.05 I OBUS-OM 	 • 	6 9 00E4 
SMIES R-L-C. 	0,333E.02 0.000g+00 0.000E.00 1 0 	BUS-0M 	 33.333 	 * 
BA•;K CAMO TEPINA7XN3 BRANCH CAROS. 	 IBLANK CARD ENDING BRANCHES - 
PLANK CARD TEFMZII*TZNG SMIrCH CARDS. 	 IWLANK CARD ENDING SWITCHES 
SOURCE, 	0.bSE+C) 0.60E.02 O.00t+00 0,00E.00 II4BUS-A0 160.0 	60.0 	0.0 
SOURCE. 	0.l..O3 0.cOE.C2 0.12E+03 0.00E.00 114US90 160,0 	60.0 	-120,0 
SOURCE. 	0.1BE.03 0.69r.02 0.12E.03 0,00E.00 1146U5-00 1*0.0 	60,0 	+120,0 
SOURCE. 	-0.611+CI 0.00.00 0.001+00 0.00E.00 IIX0US-OM.L -6.00 
U.N. dATA BLCIN3. LISr-25 CELLS USED a  317 	119 UN 

	

BEGIN U.N.1U a 0 	 I _ 	
J/'E! 

FIRST OF CARD SPLIT. 	4 	1 	1 	 11944' 1 IXI13U3-ON 	2 0.06 	 0.1$150 
2ND or SPLIT. 	0.0000CF..O0 	Q.20291E-0I 	0 	10.0 	 0.020291 	0 
3RD OF SPI.IT. 	0.OI000E.00 	0.20291E-01 	0 	10.0 	 0,020291 	0 
BLA-RL LNIItIG IC.F-O TABUB. 	 LILANK SAnD ENBIRS VII lAeII TAL1. 

COIL 2. o.630e01-01 0.3920E-03 1 	10.063 	0.0003925 US-51 	
1

- A 
COIL 3. 0.B300cE-01 0.39250E03 * 	10.06) 	0.0003925 

COIL 1. 0.6300)F.-Ol 0.191101-0) * 	
LQ 

COIL 4, 0.S3LOCL.01 0.3925O-03 1 	10.093 	0:0003925 OUSRII 
COIL 	S. 	0.*3000101 	0,3W2PE-03 	1 	10,063 	0,0003925 	B 	 I : 	I',k 

.0 Curi,fZ /0J5 t o  0.2 	000J124 	BUSRAI 	 I COIL 6 0.93000E-iJ1 0.392OE-03 * 
BLANK CARD ErPING COIL TIL. /L1_ u/.1 047,q 	INLANK CARD ENDING UN CUlL TAI 
BLANK CARD TERMINATING S'UCE CARPS. 	 IBLANK CARD ENDING SOURCES 



3& *-5 
Note that no EMTP phasor solution has been 	 P T 
requested, Although not obvious to the reader, 	 j 
no user-specified initial conditions (after the 
blank card ending sources) were  present, either. Hence the entire 
Problem began with zero initial conditions. Well, on to the solution. 
EMTP printout of the time-step loop begins as follows: 

STEP 	TIME 	BUS-Al 	BUS-Si 	BUS-Cl 	BUS-AO 	BUS-ON 	BUS-At 	BUS-Si 	BUS-Cl 	TERRA 
• BUS-A0 	BUS-SO 	iUS-00 	Bus-OH 

UMI 	 UN-i 	UN-I 	 UN-I 	 UN-i 	UN-i 	UN-i 	Un-i 	UN-i 
?OGSN 	OMSGH 	?H?AH 	IA 	 IPB 	 IPC 	 Itt. 	IF.2 	 2E3 

0 00000000 0,00000C.0 0.000000+00 0.00000.00 0,000000t.30 0,000000t+OO 0.000000E+00 0,000000t.UU 0.000000L+00 0.0000Z.00 
0.000000t+G0 0,0000E.00 0,000000E.00 O.000000E,00 0,000000E,00 0.000000t.u0 0,000000to 0.00000.00 o.oco':c..00 

* 0,000200 0,1963E,92.0.3.140I1,02.0.44835NE,02 0, i'79489tiO3-O,999950E-02-0.100192E.0'3 0,434E.02 0.bbU6E.92 0. 29.-QJ 
-0.21bE-10-0.959950E-02 C.000000E,000.100142t.02 0.435197E+01 0.566225E+01 0,42676@E+01 0.5257E+0t.0.992C5i901 

2 0.000400 0.00112+02-0.2634E.02-0.50533SE.02 0.177951E.03-0,299969C-01-0.97dtIs02 0.35922'E+0 0.iNb3iL.02 O.8996E-.3 

	

-0.3914E-33-0,9.01-0.29994.-0-0.297921E.32 0.122900E+02 ,175321+02 0,12084t.02 0. 171 	L+02-0.792u71i 
3 00000600 0.405bI5!+u2-0.25331E.02.0,56025E.02 0.175415.,03-0.499857E-01-0.948529L4c: 0,2V2137E.02 0,66e39,E.02 0.14"959E-02 

-0,372E-02-0.457L-01-0. i0a790E-04-O.4901o5E.02 0,186liE.02 0.33iR4+Q2 0.143120E+02 C.2912J5E+0-0.4030 
4 0.000400 0,8463bLsU-0. 1I7SEE.02-o.612a,.E,ol 0. i'71$7D1.:,03-0,699456L-oi-0.914120L.02 0.20457@E#04 0.7095r.,02 0.39437E-' 

-0.i64443E-Gi-0,6946i-0I-0.225.)t-O4-0.b75S47E.02 0.235341Eq02 0,440505$02 0.23C41bis02 0.433576L+02-0.6621,47E-02   
5 0.001000 0.194793k,02-0.iJ5973E.02-0.662811.02 0,161360L.03-0.0583371..UI-0.874814E,O2 0,125977E.02 0.41 38L,02 0.#504t-C 

-o.45954oc-oj-a.49e337t-o1-o.38o8oi-o4-0.as397E+o2 0,264245E.02 0.585730E+02 0,26223E.02 0,57J6E02-0.419CE.02 
6 0,001200 0,78:.02-0.7o327ILs01-0.70977.it,02 0.161193tiO3-U, 109575E,00-0.830829L.02 0.497409t.01 0.711'38u+02 0.43672E-02 

-0,10302..00-0.109515E+00-0,69356E.04-0,102360E,03 0,295640E.02 0,737961E.02 0,219316E.02 0.12221E,Q-0. tOUid4.3 

To complete the display, I also shoW the final few steps, plus printout 
of the extrema., Note that since the preceding memo, we have added 
minima, and that maxima no longer involve the absolute value: 

2300 0.460000-0,140618t.03-0.148803t,02 0, 5494.03-0. 145o23E.03 0,187614E+03 0.500515E.01 0,393479t,QI-0,49J9t•0t-Q,56947ip1 

	

-0,117786E.02 0.147614t.03 0,577832t402 0.i92299L.02-0.2122t,02 0,12952+01-0.60,,33E+)1 0. 	2•u1-&.2J' iê-t 
2400 0,480000 0.501062t.02-0.167232C,03 0.117125Ei03 0,55b21k02 0,187711E.03-0,551686t.Oi 3.939 ,O2-O,3314u .t11-o.oj1 3; ,oi 
• -0.114148C.02 0.197711E+03 0.6153.4E.02 0.194539F+02 0.367CS21.01-0,2212441.02-0,625947E.01 0. .41+01-.22424E.O1 
2500 0.500000 0,171599E+03-0.893842E,02-17,32147E+02 0.160000E,03 0,191V3E,03-3.84U112.*01 0.10bE.01 0.bThJ,JZ-O.J.).S.,0t 
• 0.114503E+02 0,107693t.03 0,652901E+02-0.820474E.01 0,232955E.02U.i5O0..0.0.624.t...01 0.211L'01-0,1430L.01 

MAXIMA AND MINIMA IHICH OCCURRED DURING THE SIMULATION FOLLOW, 	THE ORDER AND COLUMN POSITIONING ARE THE  
SAME AS FOR THE REGULAR PRINTED OUTPUT VS, TIME. 
VARIABLE MAXIMA i -  

0,171728E+03 0,171768t.03 0,171840E+03 0.180000Es03 0.196948C+03 0,996771E.02 0.106135E.03 0.100357E+03 0.743949E-0' 
0.144744E.03 0.194944E.03 0,652907E.02 0.301960E.03 0,263774E+01 0.374559E+03 0.320674L-so3 0.i0294E,03 0.3à227I0 

TINES OF MAXIMA 
0,366400E.00 0.3556'OOE+00 0,3612005.00 0.5000005-01 0.247400E+00 0,9100005-01 0.132000E-01 0,454000E-01 0.320000E.02 
0.3840005-01 0,2474005,00 0,5000005,00 0.1244005.00 0.150600E.00 0,620000E-02 0.55d000E-01 3.6000U0E-02 0.10820,00 

VARIABLE MINIMA • 
•0,171828E.03-0.1718055.03-0, 17i674E.03-O.1S0000t,03-0,247981T,O0-0.102957E,03..0,9PS215E,)2-0.1CI9t2E-i.03-0,59064,CI 

TIMES or MINIMA 
0,3584005+00 0,3640005400 0,3694005.00 0,2500005-01 0,320000t.02 0.1600005-01 0,716000E-01 0.106000g-01 0.247400E.00 

• 0,116000t-01 0,32u0005-02 0,500000502 0,370000t-01 0,690000E-02 0,141900E.00 0,8d0000E-02 O.IbUuOE-02 0.40000O-01 

Now on to the plotting, to really see what is happening. , Plots 
are shown on the following page. We have: 

Fig, 1 3 Plot of "all-phase- rotor current over the full halt second of 
simulation time. This starts off as 60 Hz ac , 	but after 
bout 0,4 seconds it looks like dc (the machine is up to 

speed, with slip so small that the sinusoidal curvature is not 
obvious over the oDservation time of the plot). 

Fig. 2 8 Like Fig. 1, only just for the first. 50 msec of the 
simulation. 	The 60 Hz sinusoidal character is obvious, 

Fig, 3 3 Plot of rotor speed (UM-1, OMEGM) over -the full half second 
of simulation. Note the 60 Hz oscillation over the first 
120 msec or so. 	Why does it die out *hen it does, Hian? 
What governs the amplitude of this? At about 240 msec, the 
rotor slightly overshoots its final speed, and thereafter 

• there is a rapidly damped decay to the final operating point. 

Fig. 4 i Plot of electromecnanical torque (UM-1, TOGEN) over the full 
half second of simulation, This begins with a 60 Hz 
oscillatory component (see Fig. 5), and ends as a constant, 
The time range (.25, .40) is readily understood to produce 
a balancing torque about the steady-state operating point. 







rig, 5 8 LiKe Fig. 4, only just for the Urst 
50 "msec of the simulation. 	The 	

TI' P 1 III 	1 0 60 Hz sinusoidal character with small 
negative offsetisobvjou. 

Fig. 6 : Armature current (I3M1, IPA) over the full half second of  
simulation time, this is"basically a 60 Hz sinusoidal 
signal, though strongly amplitude modulated. The initial 
modulation, over the first 150 msec or-  so, seems to have a 

• period of about 100 msec (why, Hian?), After about 300 
msec , 	the final steady state is reached, with armature 
current peaks of about 24 amps • 

Fig, .7 : Like Fig. 6, only just for the first 50 msec of the 
simulation, The 60 Hz sinusoidal shape is obvious. 

Fig. 8 : Like Fig. 6, only for the final 50 msec of the imu1tion, 
The symmetric, 60 Hz sinusoidal character is obvious, 

Fig* 9 : Phase "a" armature voltage "BUS-Al" over the full half 
second of simulation. This is basical.ly  a 60 Hz simusoidal 
signal, though itrongly amplitude moaulatèd, The rapid canqe 
in the envelope occurs over the time range (180, 280) msec , 
for reasons which maybe Hian can explain. 	- 

Fig. 10; Like Fig. 9, only just for trie first 5Q msec of the 
sjthulation. 	Note the sinusoidal 60 Hz character, 

rig, 11: Phase "a" voltage drop across the RL, source impedance; 
- 	£MtP branch voltage (BUS-Al. BUS-AD) • 	This is amplitude- 

modu.atèd 60Hz signal, The envelope chag corre1s with 
that of Fig. 9, of course, by Kircflhoff's voltage 16w 

Fig. 121 Like Fig, 11, only for the first SO msec of the simulation. 
The sinusoidal nature, witri slight initial offset, Is obvious, 

Fig, 13: Like Fig. 11, only for the final 50 msec of the simulation, 
The balanced 60 Hz sinusoidai nature is obvious, 

So much for conventional, plots 
as functions of time. 	Hian says 
that one more plot would be most 0 
valuable: 	torque 	(UM-1 0 	TQGEN) 	as 0 
afunctlôn of.speéd 	(UM-1, 	OME.GM). ru 

Hian says that such a curve is very 
LO meaningful to designers, 	Could be, 

though I myself would not Know what 
to do with it 	The locus started 
on the left 	(zero speed), 	and moved 
to end up in 	fine spiral on the 
right, 	as the oscillation about the 
loaded operating point diec 	out, 
But what about that region from 
zero to 	80 rad/sec 	, 	where it 
looks like someone trying to start 
a jammed ball point pen? 	Note that 
this looks 'nothing liKe the classic 

MOMMEMEMM 
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Boom 
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single-'valued steadystate curve. 
We will get Hian to add some words 
of wisdom at the end. After all, he 
was the one who ordered itl 

0 	 100 
Speed OPEGM 

2.OoI 



about this 

'-'P1111 msec was 
sufficiently 

50 

40 

I do not have many more comments 
example. The time-step size of 0.2 
selected arbitrarily. It seems to be 
Small, since a -rerun using 1000 
steps of size 0.1 msec produced 
VersateK plots which superimpose 
perfectly with those just shown 
(plotted to the same scale, one 
ñolds them up to the light). As 
for larger steps, I can assure 
the reader that 3,0 msec is too. 
big, 'Shown at the right is the 
speed (UM-1p'OMEGM) 	not much 
of a likeness to Fig. 39 	As for 
Intermediate steps, 0,4 msec 
seems to give good results. Plots 
of "OMEGM" , "IPA", and "TQGEN" 
superimpose perfectly with Figures. 
3, 6, and 4,respectively, over the 
400 msec -of the simulation, duo. 
rotor current 111E1 11  showed a 
minor d±fferencé, just around that 
relative minimum at time 220 msec 
(conpare the result at the right 
1tb Fig, 1). 	One might be able 

to run with time step equal to 
halt a millisecond, then, if one 
is not too particular about minor 
details. But this is about the 
limit. 

So much for WSM's worK on 
this problem.. As with the 
preceding memo,1 encourage Hian 
to comment on whatever aspects 
occur to him, in the rest of this 
section, Hian 

Note on Scott's Memorandum, d.d. April 15, 1980 

First of all, I'd like to express my appreciation to Scott for the clear 
documentation of his experience with this first use of the induction machine 
mode of the U.M. The machine with a rating of 30 hp, 220V, four pole, 60 Hz, 
y-connected, was subjected to an energization test, which gives rise to one 
of the most severe transient conditions for an induction motor. 

It is very reassuring to know that the U.M. transient torque-speed 
characteristics matches exactly with the results as published by NASAR and 
UNNEUWER in their book: "Electromechanics and Electric Machines," John Wiley 
and Sons, 1979, pp. 422-425. tthas to be noted that the .U.M. torque-speed 
characteristics are upside down as compared with conventional usage. This is 
because the sign convention of the U.H. variables are generator based, thus, 
if the U.M. is in motor mode, than the electromechanical torque is negative. 
It is also to be pointed out that the shown U.M. torque-time characteristic 
at Fig. 4 has much more pronounced oscillations than the one shown by NASAR 
and UNNEJIWER, due to their zero line reactance. Scott also did run this case, 
which then shows an exact match. The corresponding U.M. output is given in 
the figure below (see next page): 



Now my comments as invited by Scott on the following items. 

(a) The reason for the rotor speed oscillation to die out after about 
120 msec, as shown in Fig. 3. This is due to the fact that these 
oscillations are "governed" by the oscillations of the electro-
mechanical torque TQGEN. As evidenced by the output of Fig. 4, 
the severe oscillations in this torque indeed subside after 
about 120 msec. The behavior of the electromechanical torque 
during energization is difficult to predict, it really forms the 
motivation for having an appropriate transient model to reveal 
the interesting transient world of induction machines. Simpli-
fied linearized analysis produces nonvalid results, particularly 
due to the strong nonlinear coupling of mechanical speed and 
electric currents during the energization process (induction motors 
have relatively small rotor moments of inertia). For example, 
it is known that the oscillatory behavior of the electromechanical 
torque as shown in Fig. 4 is dependent on the time interval be-
tween closing of the switches on the three lines: Another important 
effect to this oscillatory behavior is the machine leakage induc-
tance, as well as the line reactances. 

(b) Modulation of armature current, as shown in Fig. 6. Scott observed 
a low frequency modulation with a period of about 100 msec. The 
observed periodicity is deceiving, Scott, due to the fact that 
the modulation is generated by the behavior of the product of rotor 
speed and main flux. A simplified linearized analysis predicts a 
decay of the envelopes of the armature currents, if it is assumed 
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that the rotor speed is increasing as a ramp function. However, as 
can be seen from Fig.. 3, this assumption is not very valid during 
the first 100 msec. The average rate of increase of the rotor speed 
at a certain interval in this period is lower than in the other 
periods. My own experience is that the referred-to modulation 
can be more or less suppressed by decreasing the leakage, inductance 
or by decreasing the line reactance. 

(c) Significance of the transient torque-speed curve. The transient 
torque-speed characteristics, are significant in the sense of pro-
viding an understanding to the transient behavior relative to 
the rather well predictable steady-state torque-speed curve. The 
importance of this Understanding is shown in numerous studies, 
for example: the study of oscillatory torque behavior near zero 
slip due to stator resistance effect, torque production during 
fault recovery and of course, during energization. Although 
not apparent from the figure on page TPIM-10, the transient torque-
speed is regular. It has to be realized that if in motor oper-
ation the electromechanical. torque is greater than the load 
torque, then the rotor speed is increasing. And vice versa, if 
this torque is smaller than the load torque, then the rotor speed 
is retarded. Hence for one oscillation, the following behavior 
of the transient torque-speed curve will be seen (note: for motor 
operation the electromechanical torque = - TQGEN because of the 
U.M. generator convention): TqE111, 

-J -&-4--- - 
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1.3.1 ILLUSTRATIVE U.M. APPLICATION AS 3-PHASE SYNCHRONOUS MACHINE 

To show the user the structure of a data case that involves U,M. 
modeling, I present Hian's synchronous machineproblem, EMTP data is 
documented by the output of the following "pager which corresponds to the 
electric circuit srowñ here: 

M13 	1ni4Ml FD 	, 
- 

_!I 	L. 

.0 n. / 	C' 
- t 0 2F 

I 	T 
1'b 

corApep 
 U. 

B1 
AV 

-. COb1ntc&o Io 
c 
C'.  Losa  Cl 

"i 
%.o.fl. 

In the semi-random order that observations about this data occur to me, 
I offer the followings 

Point 1 ; The first tour branches go trom the four voltage sources to 
ground, They have no functional usage other than ensuring 
connectivity toground, I guess, They do not affect the 
mathematical solution, note. 

Point 2 : The field winding is connected to the electric network 
through bus "BUS-FO" , 	This is a compensation connection, 
even though allHianwanted Was a dc vóltàgó, 	Why? 
Later, when the TAS cãnnectiân is debugged; a dc source 
from TACS can be ãónnected for this purpose, and the 
compensation (arid electric network cãnnecton) can be spared. 

Point 3 z We are here using the new (since "M21,") feature that 
allows theuser to punch "BLANK 	incolüns 1-6, and have 
the resultant data card appearasa blank card to the EMTP, 
Thus one can nathethe blank ãards,which1ssometi,ne6 less 
contusing, 	NCIMAGEH blanki out such special records. 

Point 4 : The second data card serves to divide the total, working space 
of* Lsilt 25"C3700 cells) among the four different h I M. 
tables, The )cèy word is nABSOLUTE U,M, DIMENSIONS", named 
by aalogy to the corresponding card-for TACS ("ABSOLUTE TACS 
DIMENIONS"; see Vol. VIII, 27January199,paqe PROV-19, 
This card requests a limit"óf 20c6i1s(foá1l components of 
the UM. tables),a limit of 2 machLnes,etc, 	This is 
absolute allâcatión:a specific ñumbèr, The card is now 
mandatory. Later, iesháll make it optional (as with TACS), 
and we shallälSo provide a "RELATIVE U,M Di4ENSION5" 
option, just as with TACS. 	The interpretation shows that we 
are using only 317 oUthe 3700 cells wñióh are available, 
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This is most encouraging (317 cells 
for a 3 -phase synchronousmachine 	 FH  
is nothing) ,,.. though not quite the 
full story. Remember that the massspring system shows (ip as 
a laddar network on the electrical side (so is not counted 
heré)iand there also is constant added overhead for working 
arrays of fixed dimensions (e.g,, 3x3 arrays). 	This latter 
item will show up in increased virtual address space on our 
map (it is effectively counted with the increased code size) 
which shall be considered later, 

Point 5 : The third data card is a comment card (before being disabled, 
we had a "DIAGNOSTIC" card), 	This is a change from "M21," 
versions: 'a 'space-  is required in column 2, after the "C" 

Point 6 : The infinite bus is "SUS-AO" , etc. Note that it is of 
frequency 60 Hz 	and-amplitude SQRT(290) • 	Clearly, 
Hian is operating in per unit, then. This had better not be 
a jequirement, however, I will check this point with Hian 
(I confess never to have raised the subject before, which is 
somewhat of an oversight). 	 - 

Point 7: The values for the masses and the springs (capacitors and 
inductors) are quitearbitrary; they bearlittle relation to 
any known reality. 	This aspect (realistic shaft system 
modeling) isto be considered when correlation- with the 
existing £MTP S.M. modeling for the Allis Chalmers or 
IEEE SSR Benchmark test cases is attempted. Later, Hian 
chose masses (capacitors) ot 2,0Farad , 	and I simply 
adjusted the spring (indüctor)to 1,E.u3 Henry so as to 
produce a rea5onableresónant frequency of several hertz. 

Point 8 : The U,M, data is an £MTP source by classification, of type 
code 19 • 	A1 prelently set up, all (JIM, components must 
be in order (contiguous data cards), following the single 
Type-19 request card. Nothin4 else is required on the 
request card, whicñ simply transfers control to Hian's input 
routine "UMDATA" of overlay 5, where all U.M. data input 
actually oãcürs. 	Note that the U.M, d.ätais by làsses: 
first three data cards associated with thi U,M. machine 
table (the machinCas awhole,. 
M' feeble interpretàtiâns like "FIRST OF CARDSPLjIT" 	11 2ND 
OF SPLIT",: etc., merely refleetignOranceas to what the 
data actually is, The "split" comes irom the fact that Hian 
oiiinally read all of this data with a single READ , which 
I convirted to three 	CALL CIMAGE 	and 	DECODE 	usages, 
Next come the coil-cards, one for each coil of the machine. 
This is conceptually a little more'obvious, Here H•ian must 
input parametersof the coil(é,g,, resistance), andits 
connection to the electric network and/or TACS, It looks to 
me like Hian has only three rotor coils (3 armature coils are 
required b' the 3-phase machine, and 6-33) though an 
arbitrary number are permitted, The six coil cards are 
terminated by a blank card, ending the U,M, data (for this 
one-'maãhine case). 	But why is there not a blank cérd ending 
U.M, components, after the blank card ending câils7 I will 
have to check this (maybe we can not now use over one). 

Point 9 : Next come initial conditions for all electric network nodes 
and branches. This is a major inconvenience occasioned by 
tack oi a steady-state ãonñection, Yet I do not believe that 
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this is a requirement, For Hian, 	 - 6 this worked well; he set itup 
once, and then used it over and 
over, Very clean, for this usage, But a real burden for 
the production user. 	We should be able to use the phasor 
solution capability of the program automatically. Just as 
Herb and Al used to dump trappedcharge an a transmission 
line by using 60-Hz sinusoidal soàrces that would be 
disconnected on the first time step, so three extra Type-
14 sinusojdal sources and connected switches should •do the 
job for the U.M, 	Note that this does not automatically 
initialize 5 the U,M, itself (the original pioblem), but at 
leastit does handle the electric network. 	On the page 4 
listing, note that not all initial condition cards are shown 
(the listing is aut after the seond branch coñditión). This 
Is not considered to- be an important detail. 

Point 10: The nature of the transient is seen by inspection of the 
Type-!I current source connected to node "BUS-MO" • 	Hian 
is using the electrical analog for the méchànical system 
wherein current is torquè,and this particular source is the 
mechanical load, connected to mass number zeio. 	There are 
two sources in parallel, with the first (value 1.02) 
representing the steady-state mechanicalload, Thesecond 
one (value •,4) only begins at time TSTART = 20 msec ; this 
is tñetransient, a 40% load- reduction after just over one 
cycle of steady-stàteopirati.oñ. 

So much for documentation and explanation of the input data. On to 
the solution to this transient probiemi Consider the time-step loop 

• variable headings and initial printouti 
STEP 	TINE 	5U3-AI 	9U5-61 	IUSCI 	BUS-NI 	BU340 	BUS-Al 	BUS-1 	BU3-Cl 	U8 -0 - 	 -. 	

9U5-A0 	US-O 	GUS-CO 	TERRA 

5U5-M0 	BUS-NO 	UN-I 	UP-1 	UM- 	UN. 	UN-I 	UN-1 	UP-1 
TCRA 	5U3I 	TQGtN 	QRZGX 	TNL?AC 	IRA' 	IRA' 	zac 

UN. 	UN 
132 	133 

	

0 0.000000 	 0.00000E,0* 0.00000C,01 0.131494.0.0.957930.00-0.42700E.00 O,000000E.00 
o.O00000.00 0,101000C.01 0.10024(.Ot 0,100000.0 0,937170.00 0.13e600c.o1-0.958770c.00-0.43720 ,00-0.392600E,01 
0.000000(+00 0.00000.00 	........ 	 . 

I 0.00000 0.125371E.01 0.37385.00-0,*57094E+0 0• 00000E.0 0,00000E.01 0.I40050.01-0,5088e6.00-0.19163o.00 0.120946-0 
0.I00003-01 0.101000.01 0.997905C.00 0.100000E.0 0,937e70E.00 
0.962512-04-0.4940E-02 	 - 

2 0,002000 0.763604E.00 0.e91566E.00-0.155I3E.01 0.0000C,0 0.00001C.0 0.13209eE,0 0.O6S7i-01-0.i331biE.O 0.53366E-01 
0.10007E-0 o.ioi000.o 0,994662E+00 0,10000001 0.937172E.00 0.22091C.01 
0,301536E-03-0.925470C-02 	 S - 

Point 11: U.N. output quantities are identified by a pair of A6 
names that areinternally generated, muchasis the case 
with the production S,M, code, 	The first name is always 
"UM-1 " (for the first machine; if there were a 2nd, It 
WoUla be 	UM-2"), while the second identifies the variable 
in question. 	Some of these are a little less than obvious, 
due to requiremEnts of the universal approach. 	I list all 
of them in any case: 	 - 

TQGEN •• elictromechanical torque (obvious). 
OMEGM •.• angular speed ("omega") of the generator, 

learly inperunit Zn6te value of unity). 
THETAC •- Torque angle ("delta") of the machine, in 

radians. 
IRA •--- CàrrCnt in the armature winding of phase "a" , 

apparently in per unit here (since the whole 
electric network is). 	The "R" is for rotor, 
documentation of the inverted nature of Hian's 
U.M, equations, 	I myself first learned this 
two days àgo 	Well, no problem. 	This is 
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just like in the classic 	 - 7  generalized-machine text by S R F H 
White and Woodson (the MIT 
formulation was inside out as well, if I still 
remember my studies during 1965). So, although 
we continue to talk about the field of a 
synchronous machine being on the rotor, tne 
user must remember that the U,M, model puts 
it on the stator (coil "131"). 

131 ----.Current in the first stator winding. This is 
the field circuit, connected to electric 
network node 11 BUS-F0" , for this synchronous 
machine problem, Currents "152" and "153" 
are in the two remaining stator coils, which 
are damper windings (°Kd" and ")cq" in terms 
àf our established S.M. nôtatióñ,I guess). 

Point 12: The machineis clearly coming out of the steady-state very 
smoothly. - The' speed and torque look fine, 'Step 2 shows 
the beginning of a little wobble: OMEGM = 1.00001 • 	This 
grows to 1.00015 by the time we are ready to switch at 
20 msec. 	This has no physical significance, and is in no 
way to be taken as a possible Sign of instability (Hian has 
run the J.M, in the steady-state for twoseconds'without 
any hint of trouble). My own feeling is that the large time-
step size of 1.0 msec is explanation enough (since the 
discretizationimplies some error). 

Well, the simulation was run 1000 time steps, out to the end time 
of one second, The final two output lines, plus the extrema, follow: 

900 0,,00000 0,1043E401-0,600536t.00-0.904038C.00 0,99642UE+00 0,991790t.00 0.558224t400-0.751653t+00 0,193449t+00 0.11695ec.00 
0.101907C.00 0.514093C+00 0.401135t400 0.996421Ci00 0.455961C+OO 0.558224t400-0,751653Ei00 0.193449E.00-0,22907C.0 
0.595775t-Ot-0.06075Ic.0  

1000 G.IOOE+01 0,167027I.Ot-0,5663t+00-0,101915C.01 0.100353t+01 0,100209E.Ot 0,60746E400-0,790526c+00 0.12e00+00 0,257324C-01 
0.13804C.00 0.0696t+00 0.410463C.00 0,100353C.Qt 0.473066C'00 0.66e746+00.0.790326+00 0,121dOOt00-0.229490.0t 
0.763211t-02 0,42ISot-01 

 

PC* OUTPUT YARIABC VALUES WHICH OCCURRED DURING THE SIMULATION FOLLOW, 	A MINUS SIGN MEANS THAT THE PA 
AISOUTC YAUC OCCURRED WITH NEGATIVE POLARITY, -. THE ORDER AND COL,UMN POSITIONING ARE THE SAC AS FOR THE REGULAR 
PINTcDOUXPUt V5. TIME (5CC PRINTED HEADINGS ABOVE). 	 -. 	 - 

0,17003OC+0t-0.16961C+01 0.169354C+01 0.100779C.01 0.00e6C+01 Q.I41U7eC+01.0.14154oC+o-o.14133oC+01-o.292633C.00 
•0,319231C+00 0.101000C+01 0.100341C401 0,100779C+01 0,940109C.00 0.i4I7SC.oI-0.141S4OC.01-Q,14133OC+o1-0.2$2OQC.0I 
0.t33338.00-0,tI5827C.00 	..........- 	 . 	..... .- 

INSTANTS OF TIME AT WHICH THE JU$T-PRNTCD CXTRCMA DCCURCD. 
0,716000E+00 0,6300O+00 0.744000(400 0,443000C.00 0,512000Ci00 0,340030C-01 0.30000C.0 0.200000C.01 0,100000C+00 
o.2000ooc-01 0.000000000 0,410000C-0 0,443000t.00 094000OC-0 0,340000C-Ot 0,310000t-01 o,a0000ec-oa 0,00000+00 
0,178000C.06 0,189000(i00 	-

.. 	...... . 	 - 

On to plotting, Each time instant was saved (IPLOT:1), and the 
batch-mode solution involved three printer plots of one variable each 
(spring torque, field current, torque angle), with 6-inch time axis. 
these shall not be shown. Instead, the next page is tilled With high 
resolutiàn plots which were made after the tact, using the "COPY" 
feature (for connection to oui Versatek printer/plotter) of interactive 
plotting (see Vol. IX, 11 May 1979, page PIEP-22). Several comments 
might be offered about these results:  

Point 13: Fig. 1 shows the inductor current, or spring torque, which 
provides an indication of the relative position of the two 
rotor masses. Two masses means two eigenvalues (natural 
frequencies), which are clearly apparent. - A quick eyeoall 
inspection shows periods of about 0,6 sec and 914 sec. 
This can be easily verified theoretically, since pales of  
the L•C electric networK satisfy the Laplace-domain 
equation 8**2 + 1000 = 0, - The roots arC the radian 
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frequency w a  SORT(1000) , 	which 	

c RFH-9implies f a  5.033 Hz , and finally  
a period T.2 .1987 sec. 	Is this 
close enough tobi believable? Why the discrepancy? What 
happened to the second mode, the transient stability mbdè? 
Iwill give Hian an opportunity to interpret this, and 
provide ensweri to other questions which I have raised, at 
the end of the memo, 	 - 

Point 14: Fig. 2 shows the armature current in phase "a" (UM-1, IRA), 
over the full. simülatióninterval (0.0, 1.0) 	Tñevêrtical 
spikes are sixty innumber, and nfact iinusoidal. Tne 
envelope is being modulated by that âlow mode of- Point 13 
(the transient stability mode, thi mode of both U.M,. masses 
iwinging tbgetheragainst the infinite bus). That this is 
indeed sinusOidal. (e*cept for the modulatiOn) is seen in 
Fig. 3, where ti imespan is (9500, ,550),aS the envelope 
Is increasing. The discretizatioñ due to the 110 mSec time 
step is veyobvious In 'such a plot. 	 - 

Point 15: The field current 1,s shown in Fig. 4; as Hian predicted, the 
slow mode (transient stabilitymode) of T=0.6  seconds is 
conspicuoul hire-@-  Aftir the transient dies out, the field 
current should settle at a reducid value, which is reasonable 
for a case of load reduction, 	Thisis sort of a 2nd order 
(orthogonal,) effect, however, much less pronouncIdthan the 
adjustment of relative mass positions in Fig. 1, 

	

Point 16: Terminal voltage is shown in Fig. 5, 	Because of the 
• iñiiñite bus md low-impedance connecting line, it can not 
• cnange much; and it doesnât. As with the current in Fig. 3, 

an expanded display of the first 50 msec Shows the expected 
discre.tized sine iave (see Fig. 6), 	 - 

Point 17: Fig. 7 shows current in the direct-axis damper coil (UM-1, 
132 9 ' While the transient stability modedominates,the 
iñtCr-mass ringing Is also clearly present. 

Point 18: Finally, in Fig. 8, we have the torque angle (UN-i, THETAE), 
As expected, the oscillatiOn corresponds to the traniiCnt 
stability mode (indeed,it is .almost the definition 0± it). 
But is there some weak inter-mass ringing In there too? an 
wneri is that spectral ànalyzei which everyone  talks abouti 

DIRECTION OF FUTURE U,M, WORK; HIAN'S COMMENTS 

Well, that is about all the explanation that I intend to offer. 
Possibly there might be anOther eXampleat sometime in the future, but 
ho , promises arebiing made. By now readers should have a reasonable 
idea of whatis involved, which is all I intended to convey. 

So, Hian continues with the testing, with the 3-phase induction 
machine nOwof top priority, we are now negotiatingwith Ned and his 
industrial client in Minneap0lis,t6 see if they could be interested in 
volunteering as guinea pigs. They havea production problem involving 
a 3-phase induction mOtOr, about which they alrCady Know quite a bit. 
The EMTP would be used to iñ%prove the modeling (e.g., Ned's sugestion 
to Put frequency dependence Into the roto* circuit). But Ned is very 
busy, and the logistics of communicating EMTP competence tothe client 
are a problem, we at BPA can not so get involved; though I do want 
Cucha prodution user to rapidly stress Hian'scodeL We11 see, 
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Hian will be writing user instructions, 

and these shall, form 5ection 1,63 of the new 	
Is 

r— R I-  H 
EMTP Reference Manual (the old User's Manual) 
that is now- being' 	worked on, 	With luck, the advance copies for Madison 
shàuld have this rnatejal as an integral part; - 

Oh, I forgot something: running tlmeL The case summary statistics 
for the- solution of Section II show 29.500 fo 	C? SEC spent in the 
time-step loop, Not bad at all, for '±000 steps 	'TO get a feel for 
now much of this we can blame on Hian,1 took asmilar prolem' 
involving Vladimir's iype-S9machiriè, The machine itielf caméfrom 
minico.mputèrbenchmar 	DC-26 withdut alteration, 	This only has 
a single mass, so ii Slightly more simple than Hian's. As for the 
network, Iused series uncouplednductórs of IT5Oohms to tie the 
machiná to an infinite bus of Va • 11.2 THE TA: -35- degrees 	There 
was no 'transient, just a smooth contiñuàtion of 1000 Steps out to 
200 msec, The printoutand plotting intervals were the same as Hian's 
problem, too. 	The operating point should Fave been reasonable, 'tor it 
was close to Vladimirs (M21," printout of initial condition' torque was 
,823E-6, wflileIgot,3542E-6for tne doctored pi!oblem), So, Vladimir 
has a slightly simpler ñetwórk, no transient, and smaller time iteip 
(.2 msec vs. 1,0 msec).. What was his sdlution time? 11,600 sec in 
the time-step loop. - Although this is all extremely incothplete and 
premature, Hian névertfleless comes off iithflying colors'on the 
first companion, 	Based 'on Vladimir's previous rule' of thumb that his 
code is t*ô or three times as"fást asthe Type-SO (SCE) model, it 
looks like Hian's computational efficiency for this Problem is 
comparable tóthat fof the Type-SO' (SCE) code, AmazingL 

So much for WSM's commentary, I want to give Hian a chance to 
Pass along whatever occurs to him, The rest of' the siction is his; 

The purpose of this note is to clarify the'questions as posed in Scott's 
memorandum. No attempt will be made to present a complete documentation 
of the U.M Rather I would like to lean on Scott's excellent account of 
the current U.M. facilities and supply the following points which I hope 
will complement this first information flow of the U.M. 

(a) The machine types which can be represented are: 

Type 1: Synchr. Mach., 3-phase power side 
Type 2: Synchr. Mach., 2-phase power side 
Type 3: Ind. Mach., 3-phase power side 
Type 4: Ind. Mach., 3-phase power side, 3-phase excitation side 
Type 5: Ind. Mach., 2-phase power side 
Type 6: Single-phase A.C. machines, induction or 

synchronous, 1-phase excitation 
Type 7: Same as type 6, except for 2-phase excitation 
Type 8: D.C. Machine, separately excited 
Type 9: D.C. Machine, series compound (long shunt) field 
Type 10: D.C. Machine, series field 
Type 11: D.C. Machine, parallel compound (short shunt) field 
Type 12:. D.C. Machine, parallel field 

(b) Ad point 13 of Scott's memo: 

Scott observed two modes in his test-run of subjecting a 2-mass 
synchronous generator to a step-change of the external mechanical torque. 
The first mode observed is correctly attributed to the pure mechanical 
energy swings. The questioned second mode is to be explained as stem-
ming from the electromechanical energy interaction, which is proportional 
to the ratio of the synchronizing torque and the generator rotor moment 
of inertia. This is usually in the order of 1 sec. Scott's approxi-
mated verification of the first mode is quite close, considering the 
fact that the system has 14 eigenvalues. 
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1.63J Rules to Change Existing S.M. Data for Solution Using the U.M. 

If the user has existing Type-509  Type-52, or Type.-59 S.M. data 
cards (Section 1.60, 1.61, 1.62), these can be converted easily so as 
to be solved by the more-flexible, more-general, variably-dimensioned 
U.M. code. Rules and suggestions for such a conversion are presented 
in the remainder of this present section. 

In refering to S.M. data rules, "M32." or earlier program versions 
are assumed. This would correspond to EMTP Rule Books printed on or 
before April of 1982 (associated with the "M31." vintage). Only recent 
changes to the machine output-variable specification card are at issue. 
While "M33."  and later program versions have S.M. rules which are 
incompatible with earlier program data (see Ref. 22, Vol. 3,  No. 2, 
pages 22-27), the "M33."  and later versions of U.M. modeling continue 
to accept the old S.M. data. To avoid ambiguity, the old format for 
S.M. output requests is repeated below (note that it differs from 
what is written in Section 1.61, Class 5, page 314g). 

So, to convert Type-50, Type-52, or Type-59 S.M. data of vintage 
"M32." or older to a form acceptable by the U.M., change the following: 

Change 1 	Add the Class-1 U.M. data cards ahead of the original 
Class-1 S.M. data cards. Three new data cards are 
involved. They are to have the following content: 

1st card: Punch 1119"  (integer nineteen) in columns 1 and 2. 

2nd card: col. 1 --- Leave blank if all machines of the problem 
- 	 are represented with converted S.M. data. 

,&t if one or more machines is specified 
using regular, raw U.M. data, then punch 
,column one with the regular U.M. meaning 
,of INPU (see Section 1.633k). 

cols. 3-8 ---- Alphanumeric 11 1DATA" (special request rd) 

cols. 9_114 -- Punch desired value of LIMASS, the assumed 
limit on S.M. rotor masses (16 format). 
This affects. only Class-5 and Class-6 

.output-variable specification, since the 
U.M. itself has no such limit. If left blank, 
a default value of 10 is used. 

col. 15 	0 or blank -- compensation is used for 
interfacing Uvi  with external 
electrical network. 

1 -- A new option since "M33."  version: 
prediction instead of compensation is 
used for the interface between UI and 
,network ( see Sect. 1.63K for details). 

3rd card: Leave blank (or "BLANK ..." for most computers). 

Change 2 : Blank out the S.M. data fields SMOUTP and SMOIJTQ 
(columns 11-30 of the first of Class-3 S.M. data cards). 



Change 3 : Rotor masses must now be identified with 5-character names., 
Class-4 S.M. data cards, one per rotor mass, are to be 
modified by the addition of an A6-format name to cols. 71-76. 
Such names can then be used for node-voltage output, to 
give angular speed (mechanical speed is represented by 
electric network node voltage 	the analog used). If 
passed to TACS and integrated, mass angles are obtained. 

Change 4 : The S.M. output-variable specification card or cards must 
be modified substantially. 	Either the single-card or the 
double-card (extended) format will be honored, but with 
the following modified meaning (change from original 	S.M. 
usage): 

I I .31 ± S 	G. 1 2.. 1 9110 	11 ia113 ... 	13+UMPS .... 13+U 
CC 0 Z Spee.Js 	W Torves 	PI  
0- j:LLIMAss jL(I,1ri&s-1 

- ' - ' 
'' ! ' iHH ' ' -' t • i 

i rJ .- ni fr 
VIHI  

..,... lL_i....  

0' U. ILl LU ' U) 

IM0 ...I5: J .-IS, I5 13 j .i.c 15: 15 15;. 1L5 

t1MASS .... 2* LtNASS T... 3* L,UvIASS -1 
1'ie 	9tH Stee 	(01, ;Sht toues 	P1, 

t LL1MPSS i 	r 	L 	< 	LiLMASS I 	1'it L,tMss-1 

FTbL 	11 : 1I 	11 	fornit II 	5or'n;t 
JPAR - Ignore columns 1-2. There Is no separate, special U.M. 
IJMIC 	printout of machine parameters and initial conditions 
(1-2) 	f011owing the steady-state phasor solution. If initial 

conditions are desired, look at step-zero output of the 
time-step loop after being sure that all variables of 
interest have been chosen for output. Any column-1 or 
column-2 punches are ignored for U.M. solution. 

JIDQØ 	Use of this column-3 punch to output armature (stator) 
(3) 	currents in Park's coordinates will prevent simultaneous 

request for such output in phase coordinates (by means of 
a column-11 punch for JIABC). 

JFV 	Ignore column 8. Output of the field voltage is possible 
(8) 	only via TACS. If the field is connected to an exciter 

that is represented using TACS, then the user knows which 
TACS variable is the field voltage, and request it for 
output purposes as part of TACS output-variable requests. 



If the machine has no exciter, then the user must pass 
the field voltage into TACS using a 1173NAMEFV" card as 
part of the Class-6 S.M. data. Here "NPLMEFV" is any 
6-character TACS variable name (to be used in the TACS 
output request, too, then). 

JEN 	This column 9 request is to print the electromagnetic 
(9) torque "TQGEN". 

JETE ---- Input a value of 111" to request the exciter-torque 
(10) printout. 

The Column-10 punch Is converted from exciter-torque 
specification to a request for output of generator torque 
angle in electrical degrees if a "3" is inputted. This angle 
is equal to the relative generator mass angle times the number 
of pole pairs. The output name used is "ThETAM". This torque 
angle is a relative angle with respect to the synchronously 
rotating reference frame; for no-load, it has a value of 
+90 degrees (as with the S.M. code). 

JIABC ---- This column-11 request to print armature (stator) currents 
(11) in phase coordinates (Ia, Ib, Ic) is ignored if armature 

currents in Park's coordinates (Id, Iq, lo) have already 
been requested by nonzero column-3 punch of JIDQO. But 
if such output appears, it will be identified using an 
extra "P" to signify the power side of the machine. For 
example, assuming machine number 7: 

UM-7 	UM-7 	UM-7 
IPA 	IPB 	IPC 

JSAT ---- This column-12 punch still controls saturation printout, 
(12) but using direct.- and quadrature-axis components rather 

than the original S.M. use of magnitude and angle. 
Further it is honored only if the column-9 specification 
for JEN has been left blank (or zero). Again using 
machine number 7 as an example, variable identification 
will be as follows: 	111-7 	UM-7 

FLU)4D FLJJ)4Q 

THETAI ---- The former requests just for machine angles have been 
(13,..) 	converted into requests for angular speed, or intennass 
or 	torque, or both. The corresponding original punches to 

(1,...) 	the right of these, for the separate output of such 
variables, will be ignored by the U.M. 	Now it is the 
numerical value punched which provides all selection. The 
punch in column "I" or 1112+1" for mass "I" indicates: 

110" ---- no such output. Leaving blank is the same. 
111" ----- mass-I angular speed, in absolute radians/sec 
112" ---- shaft torque (I, 1+1), in Newton-meters 
U3? 	cctnbination of 111" and 112" (i.e., both). 
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It is not possible to directly output the angle of the 
mass, note. If angle is desired, the user must first 
pass angular velocity into TACS, integrate this, and 
then output the result. Since the user named the masses 
(Change 3 above), this is trivial: use a Type-90 TACS 
source with this same A6 name (since node voltage is the 
electrical analog of mechanical speed). Alternatively, 
the Class-6 U.M. interface capability below (Change 5) 

Note that U.M. speeds are in absolute radians/second, 
rather than relative radians/second as with the S.M. 

Should the number of masses exceed 68 (single-card format) 
or 80 (double-card format), then a continuation card can 
be used. Such a card always begins in column one, whether 
single-card or double-card format is being used. 

Change 5 : The interface with TACS, the -  Class-6 variables of S.M. 
usage, can be honored without modification. However, two  
extensions or generalizations are possible. Either exciter 
dynamics, or more than 23 masses, require such changes. 

For an exciter, variable JETE of Change 4 (column 10) 
no longer provides such dynamics automatically, and the 
user must do it himself using TACS. The user must himself 
define TACS modeling which will determine the value of the 
exciter torque at each time step. The sign convention is 
such that this should be positive for steady-state 
generator operation of the exciter. The interface of 
this torque with the appropriate mass is done automatically 
by the U.M. provided the user construct an extra, new 
Class-6 S.M. data card (call this Rule 4a): 

KK 	- Punch "80" in columns 1-2, as a special 
(1-2) 	request for this new exciter connection. 

BUS -- The 6-character name of the TACS variable 
(3-8) 	which gives the exciter torque just described. 

For more than 23 masses, the original S.M. interface of 
angles, velocities, and torques (Rule 3 of S.M. Class 6) 
breaks down. In such cases, leave columns 1-2 (variable KR) 
blank, and punch the integer in columns 9-14 using 16 
format instead. For all other interfaces (KK=71, 72, 73, 
74, or 80), add three times LIMASS (see Change 1, card 2, 
cols. 9-14) to the original integer value. 

Change 6 	Several output variable identification names have been 
altered, so any batch-mode plot cards, or any "POSTPROCESS 
PLOT FILE" usage, must be modified accordingly. 

a) All machine identification has changed. Rather than 
the original "MACH 7" to identify the 7th S.M., 
now "UM-7 11  will be used. 
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b) Angular velocities of masses, if requested as per 

Change 4 above, will appear in the output vector 
as branch voltages identified by a pair of names. 
The first of these will be the user-supplied mass 
name (Change 3), and the second will be blank 
("TERRA" in the printed heading). On the other 
hand, angular velocities can just be node voltages 
involving the user-supplied mass name, if the user 
chooses to request such node-voltage output separate 
from the machine data. 

C) Armature (stator) currents are identified with an 
extra Np" to indicate the power side of the 
machine. The former "IA", "IB", and "IC" have 
become "IPA", "IPB", and "IPC", respectively. 

d) Excitation (rotor) currents are identified by names 
built around the root letter "E" for "excitation". 
Both the real field winding, and also fictitious 
damper windings, are so affected. The former S.M. 
currents of direct-axis coils, "IF" and "IKD", 
now are identified using "IEl" and "1E2". Along 
quadrature axis, the former "IG" and "IKQ" are 
now identified using "1E3" and "1E4". 

e). The electromechanical torque is now identified by 
"TIQGEN , rather than the original "TQ GEN ". 
That is, the original imbedded blank has been 
moved to the right. See Change 4'- 

f) Etc., etc. Most other changes should be obvious, 
and require no further explanation here. 

ILLUSTRATION EXAMPLE 

The included listing shows. the complete EMTP data case that needs to be 
set up to run an S4 Type-59 with the 14 code. This data case is a copy of 
the benchmark DC-26 in which for clarity the transmission lines are 
simplified to linear branches. The listing also shows the headings of the 
various Ill  variables and the numerical results of the initial integration 
steps after completion of the automatic steady-state initialization. 
The plot output of some relevant machine variables for a single 
line-to-ground fault with subsequent clearing after 3 cycles, demonstrates 
that the results of running the same data case with the UM code or the SM 
code yield an exact match. A match till the last digit can be observed In 
the numerical output, which is remarkable considering the different 
approaches of the two codes. This expected discrepancy can be revealed if 
the rotor moment of inertia is strongly lowered (by a factor of 
1,000), leading to a more pronounced electromechanical interaction after the 
system has been subjected to the single line-to-ground fault. The difference 
that can be observed is however nevertheless very small and from the 
practical point of view indeed negligible. 
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ELECTROMAGNETIC TRANSIENTS PROGRAM (EIITP). DIGITAL (DEC) VAX-11/780 TRANSLATION AS USED BY SPA IN PORTLAND. OREGON 97208: USA. 
TE (MH/DD/YY) AND TIME OF DAY (HH.MM.SS.). 07/27/82 10.49.54 	VAX/VMS PLOT FILE ' 727104954.PL4 

FOR INFORMATION, CONSULT THE 834-PAGE ENTP RULE BOOK DATED 	APRIL. 	1982. 	PROGRAM VERSION a "M32. 
INDEPENDENT LIST LIMITS FOLLOW. 	TOTAL LENGTH OF 	/LABEL/ 	EQUALS 174414 INTEGER WORDS. 	752 	900 1500 	300 7500 

120 4500 5250 	225 	480 	150 	150 	15 1200 	130 	13 	0 	15 9000 1950 	300 	450 12000 	9 1200 	150 
-------------------------------------------+-------------------------------------------------------------------------------

DESCRIPTIVE INTERPRETATION OF HEW-CASE INPUT DATA I INPUT DATA CARD IMAGES PRINTED BELOW, ALL 80 COLUMNS, CHARACTER BY CHARACTER. 
0 	I 	2 	3 	4 	5 	6 	7 	8 
0 	0 	0 	0 	0 	0 	0 	0 	0 

MARKER CARD PRECEDING NEW DATA CASE. 	 IBEGIN NEW DATA CASE 
COMMENT CARD. 	 IC 	TEST CASE FOR RUNNING SM TYPE-59 WITH THE UN CODE 

	

C.RD. 	 IC 	THE DATA CASE IS COPIED FROM BENCHMARK DC-26 WITH MODIFICATIONS 
COMMENT CARD. 	 IC 	* TRANSFORMER AND PI-SECTION REPLACED BY LINEAR BRANCHES 
COMMENT CARD. 	 IC 	$ MACHINE VOLTAGE INCREASED BY FACTOR 500 AND ANGLE +60 DEGR 
COMMENT CARD. 	 IC 	* INFINTE BUS VOLTAGE INCREASED BY FACTOR tOO 
REDEFINED POWER FREQUENCY • 	0.500E+02 HZ. 	IPOWER FREQUENCY, 50 
MISC. DATA. 	0.200E-03 	0.500E+00 	.500E+02 I .000200 	.500 	50. 	50. 

DATA. 	I 	1 I 0 I -1 0 
	

00 	I 	I 	I 	1 	0 	I 	-1 	 1 
PRINTOUT 	5 5 20 20 10 100 1 	5 	5 20 20 100 100 
COMMENT CARD. 	 IC TRANSMISSION LINES 
SERIES R-L-C. 	0.IOOE+00 0.000E.00 	.000E+00 I Al 	*2 	 .1 
REFERENCE BRANCH. 	COPY 'Al 	' TO 
	

2 	' 	1 DI 	82 	At 	*2 
REFERENCE BRANCH. 	COPY '*1 	' TO 
	

2 	' 	ICI 	C2 	Al 	*2 
SE7IES R-L-C. 	0.520E-02 0.572E.02 	.000E+00 1 *2 	*3 	 .0052 57.15 
REFERENCE BRANCH. 	COPY '*2 	' TO 
	

3 	I 82 	83 	*2 	A3 
REFERENCE BRANCH. 	COPY 'A2 	' TO 
	

3 	' 	1C2 	C3 	A2 	A3 

	

IES R-L-C. 	0.000E+00 0.000E+00 	.314E+02 I *2 	 31.416 

	

EIES R-L-C. 	0.000E+00 0.000E+00 	.314E+02 1 82 	 31.416 

	

ERIE5 R-L-C. 	0.000E+00 0.000E+00 	.314E+02 I C2 	 31.416 
E?IES R-L-C. 	0.433E+02 0.000E+00 	.000E+00 I *3 	*4 	 43.34 
REFERENCE BRANCH. 	COPY 'Al 	TO 
	

4 	183 	84 	*3 	A4 
REFERENCE BRANCH. 	COPY 'Al 	' TO 
	

4 	' 	ICI 	C4 	Al 	*4 
BLANK CARD TERMINATING BRANCH CARDS. 	 IBLANK CARD ENDING BRANCH CARDS 
COMMENT CARD. 	 IC 	NEXT CARD HAS TOPEN * 80 MS MINUS EPSILN TO AVOID DELAYED OPENING 
COMMENT CARD. 	 1C 	(HALF A CYCLE!) FOR PRIME AND BURROUGHS! USH. 27 FER 1982. 
ITCH. 	0.20E-01 0.BOE-01 0.00Ee00 0.00E+00 1 *3 	 .01990 	.0799 

BLANK CARD TERMINATING SWITCH CARDS. 	 IBLANK CARD ENDING SWITCH CARDS 
SOURCE. 	0.IIE+04 0.50E+02 -0.20E+02 -0.I0E+0I 114*4 	1120.59 	50. 	-20.  
SOURCE. 	0.IIE+04 0.50E+02 -0.14E+03 -0.I0E+0I 11484 	1120.59 	50. 	-140.  
SOURCE. 	0.IIE+04 0.50E+02 0.I0E+03 -0.IOE+OI 114C4 	1120.59 	50. 	100. 	 -1. 
COMMENT CARD. 	 IC UN WITH SM TYPE-59 DATA INPUT 

L.N. 1*1* BEGINS. 	LIST-25 CELLS USED • 	317 119 UN 
BEGIN U.N. 	, 	SM TYPE-59 DATA FOR SOME UN I 	SNDATA 

BLANK CARD ENDING CLASS-1 UN DATA CARD 181*11K CARD ENDING GENERAL UN SPEC 
JM - I 	SM-59 	CLASS 	1, CARD 1 159*1 	5695.05 	50.0 	+30.0 
UN - I 	SM-59 CLASS I, CARD 2 15981 
UN - I 	SM-59 CLASS 	1, CARD 3 159C1 
uo - I 	511-59 	CLASS 	2. PAR FIT REQUEST IPARAMETER FITTING 	 1.0 

NOTE 	THE UN IS NOT PROVIDED WITH AN ITERATIONAL PARAMETER FITTING CODE. 

UN - I 	511-59 CLASS 3, GENERAL PARAMETERS 
UN - I 	SM-59 CLASS 3, MANUFACTURE CARD I 
UN - I 	511-59 CLASS 3, MANUFACTURE CARD 2 
UK - I 	Sfl-59 	CLASS 4, MASS 	HR. 	I 
UN - I 	SM-59 CLASS 5, OUTPUT CARD 
UK - I 	SM-59 CLASS 5, OUTPUT CARD 
UK - I 	READING COMPLETED 
BLANK CARD ENDING UN DATA. 
BLANK CARD TERMINATING SOURCE CARDS. 

III 	2 
I 	0.0014 	0.175 	1.85 
I 	5.74757 	 0.051142 
I 1 	 1.0 	50.0 
IEXTEND 	0 	0 	0 	I 
3 
I FINISH 
IBLANK CARD ENDING ALL UN DATA 
IBLANK CARD ENDING SOURCE CARDS 

	

150.0 	13.3 	600.0 	600.0 	720.0 

	

1.76 	0.2575 	1.76 	0.18 	0.18 
0.382609 0.197985 

1.0 BUSNI 
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I. 3K 	Multi-Machine System Simulation with the Universal Machine 

Hian K. Lauw 
Electrical and Computer Engineering 

Oregon State University 
Corvallis, Oregon 97330 
Tel: (503) 754-3617 

(I) INTRODUCTION 

With the M32 and older versions of the EMTP, the code of the Universal Machine 
(UM) interface with an electric network is based on multi-phase compensa- 
tion. 	This composition method is mathematically pure and elegant, and, is 
known to result in perfectly stable numerical solutions. 	It does, however, 
lead to the restriction that the UM is not allowed to be connected directly to 
any non-linear element or any other UM. In dealing with multi-machine sys-
tems, the electric network needs to be partitioned into subnetworks, such that 
each subnetwork contains one UM only. The use of stub lines to connect these 
subnetworks is considered to be a reasonable approach. It is, however, to be 
realized that a one time-step delay is introduced to the interaction between 
the machines in the various subnetworks. 

With the M33 version of the EMTP, the UM code is extended in order to enhance 
the flexibility of the UM usage in this respect. An option is now available 
to the user to have the power coil of the UM interfaced with an external 
electric network based on prediction, rather than on phase-compensation. 
Activating this option allows the user to connect directly the power sides of 
an arbitrary number of UM5 to a same electric network. The UM's used may be 
of different types. 

The following report covers the rules and restrictions pertaining to this new 
option. A new approach to the interfacing based on prediction which does not 
lead into interface-error amplifications, will be presented. The benefit of 
this approach is not only restricted to UM modeling, it can be expected to 
enhance the numerical stability of digital machinery modeling in general. 
Moreover, experimentations with different prediction methods lead to the 
conclusion that this approach is crucial in securing the numerical stability 
of induction and variable speed doubly-fed machine transient modeling. 
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(II) USER'S RULE AND RESTRICTIONS 

RULE: 	For all UM types including UM usage with SM Type - 59 data input, if 
column 15 on card 2 of Class 1 UM Data Cards (see EMTP Rule Book 
April 1982) is: 

(a) left blank, then interfacing of the UM with external electrical 
networks is fully on the basis of multi-phase compensation (as 
with the M32 and older EMTP versions), 

(b) set to 1, then interfacing of the power side of the UM with an 
externaT electric network Is on the basis of prediction. 

The following comments regarding the use of this rule can be made: 

(1) The terminology of power side of the machine denotes the machine coils 
which transfer the bulk power of the machine. 	This is as opposed to the 
excitation side of the machine, which obviously denotes for synchronous 
machines the field and damper coils, for induction machines the coils repre-
senting a squirrel cage or slip ring rotor, for doubly-fed machines the coils 
carrying sup frequency currents in steady-state, etc. 

(2) Application of Rule (b) allows the user to connect directly the power 
sides of an arbitrary number of machines to a same electric network. Usage of 
the UM with SM Type - 59 data input does not require further additional in-
formation as will follow next. 

(3) Interfacing of the excitation side with any external elctric circuit is 
still based on phase compensation and hence no direct connection to an exter-
nal circuit containing non-linear elements is allowed for the excitation 
side. This restriction is kept in place to take full benefit from the perfect 
numerical stability property of interfacing on the basis of phase compensa-
tion. In practice the need rarely occures to have to connect the excitation 
sides of different machines to a same electric circuit. For the cases that 
such a situation has to be dealt with, the stub line approach needs to be 
pursued. 	It is remarked that the restriction does not preclude direct con- 
nection of the excitation coils to switchings elements, pseuds non-linear 
elements or even to the electric network to which the power side of the 
machine is connected, as long as this network does not contain a non-linear 
element. 

(4) Interfacing the UM with the mechanical system for which the mechanical 
system is simulated by an analog electric circuit, is also based on phase 
compensation, and is therefore subject to the same restriction as given for 
the excitation side in comment (3). If more than one UM has to be connected 
to the same mechanical system (shaft), than either the TACS option or the stub 
line approach can be pursued. 



3/ii-z 

(5) Interfacing of both the power side and the excitation side with TACS 
elements follows the usual rules, i.e. this interfacing is not effected by 
usage of this new option. 

APPROACH FOR AUTOMATIC STEADY-STATE INITITALIZATION 

Since November 1981, the UM code includes an option for automatic steady-state 
initialization. 	The rules for activating this option are described in the 
EMTP Rule Book. 	These rules are not changed by activating the option for 
interfacing based on prediction. 	Additional codings effort is, however, 
necessary to cope with multi-machine simulations for which a number of 
machines, possibly of differenct types, is connected to a same electric net-
work. The UM steady-state initialization code for induction and doubly-fed 
machine types was based on the application of multi-phase compensation. 
Instead of a separate machine by machine initialization approach, the existing 
code needs to be adjusted to become an integrated initialization procedure for 
an arbitrary number of machines which are possibly of different types. It is 
pointed out that as explained in the EMTP Rule Book, a different strategy for 
initialization of synchronous and induction machine types needs to be pur-
sued. This Is to be implemented in the integrated set-up, which basically can 
be step-wise described as follows: 

(1) Find the Norton parameters (current source and admittance) of all induc-
tion and doubly-fed machines. Note that in the old procedure the equivalent 
sources and parameters of the EMTP electric network were to be acquired. This 
approach is the reason for the prohibition of connecting more than one UM 
directly to a same network. The Norton parameters of these machine types are 
easily found from the open and short-circuit machine equations with the 
machine rotor frequencies given from the user's supplied data. Subsequently 
the Norton parameters are to be transformed to the frequency domain of the 
electric network to which the power side of the machine is connected. 

(2) Create voltage sources representing user's supplied data for terminal 
voltage of synchronous or direct current machines. 

(3) Solve the steady-state equations of the power electric network with the 
found machine sources and parameters from Steps (1) and (2). 

(4) With the found power circuits and voltages in Step (3), adjust the field 
currents of synchronous or direct current machines to match the given power 
quantities. Solve simultaneously all currents of the exciter side of induc-
tion and doubly-fed machines. 

(5) Solve the steady-state equations of the electric networks connected to 
the excitation sides of all machines with the results of Step (4). 

(6) With the found currents of all machines in Step (4), the electromagnetic 
torques of all machines are obtained. Sources in the mechanical systems to 
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accommodate these torques as well as the steady-state calculations of the 
mechanical system are the final steps to the executed. 

It Is remarked that the steady-state initialization does not require any 
prediction nor iterations to arrive at the final solution of all variables. 

IV APPROACH FOR INTERFACING BASED ON PREDICTION 

Interfacing the machine model with the EMTP electric network model in essence 
involves the information flow between the two models through sets of dual 
variables = the machine terminal voltages and current. 

Fig. 1 	Interfacing of UM with EMTP 

There are .seemingly two possible interfacing schemes as indicated in Fig. la 
and b. 

(a) Predict the currents IUM(t)  and offer these currents to the EMTP 
electric network equations for solution of the voltages vUM(t). 
These voltages are subsequently processed by the machine equations 
for solution of all machine variables. The process is to be repeat-
ed at each time-step. This alternative is not attractive consider-
ing the possible switching actions in the electric network. 

(b) Predict the voltages vUM(t)  and offer these voltages to the EMTP 
electric network equations for solution of the currents iuM(t). 
These currents are subsequently processed by the machine equations 
for solution of all machine variables. This process is to be re-
peated at each time-step. 

Experimentation with these two interfacing schemes justified the concern of 
interface-error amplification due to the error introduced by the prediction of 
either voltage or current. Both alternatives result in an "explosion" after a 
limited number of integretation steps, even in the absence of any switching 
action in the electric network. 	In both schemes the currents need to be 
processed by equations which contain terms requiring the differentiation of 
the currents. In the "discrete world" this differentiation boils down to the 



need of prediction of currents. Careful observations lead to the conclusion 
that this current prediction is the main cause for the interface-error ampli-
fication. It can be remarked that the conclusion merely confirms the expec-
tion that differentiation is extremely prone to noise error amplification. 

A slight.  improvement with nevertheless disastrous results can be achieved by 
conducting the prediction in the Park domain, i.e. the prediction is to be 
done on transformed voltages or currents for a reference frame stationary with 
the rotor. 

The Brandwajn interface method (IEEE Paper No. A76359-0., Summer Power 
Meeting, July 1976, Portland) and a similar interfacing method proposed by 
Ramanujam (EMTP News, Vol. 3, Aug. 1982, p. 46) are successfully applied to 
synchronous machines and are in essence based on realizing interfacing scheme 
(b). However, prediction is carried out in the Park domain and the symmetric 
part of the machine stator inductances as well as the stator resistances are 
removed from the machine equations to become part of the EMTP network model. 
The Brandwajn interface is implemented in the SM Type - 59 code of the EMTP. 
Crucial to this interfacing method is to just retain the salient part of the 
Inductances within the machine equations. As a result differentiation of the 
current is now reduced to a small fraction of the so-called transformer volt- 
age term of the machine voltage equations. 	This method of reducing the 
Influence of terms containing the derivative of the stator currents, 
apparently does not result in an excessive interface-error amplification. It 
is, however, necessary to take in some cases certain precautions to avoid this 
interface-error amplification to become unbounded (EMTP News, Vol. 2, Nr. 3, 
Feb. 1982). 

The appraoch for the UM interface as based on prediction, reflects a strategy 
to avoid any current prediction. The prediction realizes interfacing scheme 
(b), for which prediction is exclusively conducted on the flux linkages of the 
machines. Moreover, prediction will be performed for the transformed fluxes 
for a reference frame stationary to the angular speed Wo, i.e. corresponding 
to the frequency of the electric power grid to which the machines are connect-
ed. From this point on, this reference frame will be referred to as the wo  
reference frame. Justification for this approach can be summarized as 
follows: 

(a) Avoiding current prediction secures the suppression of interface-
error amplification as has been explained before. 

(b) It can be experimentally verified hat flux linkages exhibit an 
extremely smooth behavior even under sever.-  transient distrubances such as 
a 3-phase short-circuit at the terminals of the machine. It is pointed 
out here that under such circumstances Park domain currents will be 
subject to rather severe fluctuations. 	In fact, observations of the 
smooth behavior of flux linkages led to the well-known theorem of con-
stant flux as introduced by Concordia, forming the basis for the formula-
tions of transient and subtransient reactances of synchronous machines. 

(c) Performing the prediction for transformed fluxes with the wo refer-
ence frame is beneficial to the numerical stability of the solutions 
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since, as will be shown, no additional prediction will be required for 
the rotor speed nor the rotor position angle. This is not so if predic- 
tion is done on Park domain variables. 	In transforming the predicted 
Park domain variables back to the real time domain for interfacing with 
the electric network variables, the corresponding transformation matrix 
is dependent on the rotor position angle which consequently needs to be 
predicted also; the rotor speed is to be predicted to determine the so-
called speed emf. 

(d) Prediction with transformed variables for the w reference frame, 
rather than the Park domain reference frame, is cruciaS to the modelings 
of Induction and variable-speed doubly-fed machines. 	Even in steady- 
state the Use of the park domain reference frame results in oscillating 
(slip frequency) variables. 	These variables transformed into the W

o  
reference domain are constant. 

In order to avoid the need of any current prediction, it is necessary to 
remove the machine power resistances from the machine equations to become part 
of the EMTP electric network to which the power side of the machine is con-
nected. As opposed to the Brandwajn interface, all machine inductances are 
kept within the UM module in order to take full benefit from predicting the 
voltages on the basis of flux linkage prediction. 

The following prcedure outlines stepwise all calcutionsto be made at time-
step t: 

(1) Execute all EMTP electric network calculations from given history func-
tions and sources including the predicted machine voltages "behind" the power 
resistances. Let's denote this voltage with vp*(t), with index P 
denoting power and the asterisk denoting the real time domain. Completion of 
this step yields as output all machine power currents ip*(t), and Thevenin 
parameters and sources representing the electric networks connected to the 
excitation side of the machines, as well as the Thevenin parameters and 
sources represeting the mechanical network (unless use is made of the UM 
option to represent the mechanical system by TACS elements). 

(2) Enter the UM module for execution of all machine calculations from given 
history functions and the output of Step (1). The real time power current 
l(t) given from Step (1) need to be transformed into the Park domain before 
processing by the UM internal equations which are formulated on the basis of 
the Park domain reference frame. 	Let's denote the needed transformation 
matrix as P(e(t)), in which 0 is the rotor position angle. Thus: 

1, (t) = P(o(t)) 	(t) 

Completion of this step yields all machine power fluxes X(t) and all 
excitation currents in the Park domain at time-step t (see IEEE Transactions 
on PAS, Vol. 101, June 1982, p.  1342). 



(3) Transform the machine power fluxes A(t) into the w reference frame 
domain to yield Ap**(t). 	It can be easily proved that the needed transfor- 
mation matrix is the same transformation matrix of Step (2) in which the 
argument 0 (t) is to be replaced with w0t -8(t). Thus: 

(t) = P 1w0 
 t - e(01 A(t) 

(4) Predict for the calculation of the next time-step (t + t) the fluxes 
Ap**(t + t) by linear extraplotion. This yields the machine voltages behind 
the power resistances vp**(t + t) from the power voltage equations in the W

o  
reference fraie domain: 

with [G] a (3,3)-matrix having zero entries, except for entries (2,3) and 
(3,2) having values -1 and +1 resepctively. 	Hence in terms of difference 
equations: 

(t + t) = 	(t + t) - A(t)]/t + 
	[] 	

(t + t) 

(5) Transform the voltages behind the power resistances as found in Step (4) 
from the w reference frame domain back to the real time domain by again using 
the same ransformation matrix of Step (2) in which the argument 0(t) is 
simply to be replaced with -w0t - w0 t. Thus: 

(t + t) = P (-w0t - w0 t) 	(t + t) 

(6) Now repeat Steps (1) to (5) to enter all calculations at time-step 
(t +t) and subsequent time-steps. 

The just outlined procedure is merely an effort to present the central idea of 
the interfacing as based on prediction such that it reflects the approach as 
discussed earlier. 	For clarity all additional details regarding saturation, 
residual flux, rotor speed interation, etc. were left out in the outline. 
Steps (3), (4) and (5) indicate that the prediction is solely based on predic-
tion of flux linkages, discarding the need for any additional predictions of 
currents, rotor speeds and rotor angles in order to initiate the calculations 
of the subsequent time-steps. 
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(V) ILLUSTRATION EXAMPLE 

In the EMTP News edition of Vol. 3, Nr. 1, Aug. 1982, a report was given 
concerning the exact match in results of running a synchronous machine Type - 
59 data input with either the UM code or the SM Type - 59 code. The UM inter-
facing code then was fully based on multi-phase compensation. The data case 
In which a single line-to-ground fault Is Initiated at 0.02 seconds with 
subsequent clearing after 3 cycles was rerun, but this time with the UM code 
using the new option of non-compensated power coils. Fig. 2 shows the results 
of this run, demonstrating an exact match with the results of running the data 
case with the fully compensated UM code. The data case is included to the 
EMTP benchmark cases under the name of DCNEW9. Computation time of the run 
with the new option is about 80% and computation time of the SM Type - 59 code 
about 50% of the computation time as needed to run the data case with the 
fully compensated UM. 

A complete match between the outputs of running a data case of an induction 
machine UM Type 4 with the new option and with full compensation is shown in 
Fig. 3. This data case is included to the EMTP benchmark cases under the name 
of DCNEW10. The induction machine is connected to an infinite bus through a 
linear branch representation of the transmission lines. With an initial slip 
of 2%, a step-wise torque decrease to near zero-load is initiated at 0.02 
seconds. It has been verified that if the prediction were carried out in the 
Park domain, rather than in the wo reference frame domain (Steps (3), (4w) and 
(5) of section (IV) ), then an "explosion" of the solutions would occur in a 
few Integration steps after completion of the steady-state initialization. 

Configuration and results of an illustrative 3 - machine system using the new 
option are given in Fig. 4. Two UM's are synchronous machines of UM Type 1, 
of which one is an "infinite" mass machine representing a dynamic equivalent 
of a large outer system. The third UM is an induction machine UM Type 4. No 
stub lines were used to segregate the machines, the network of connecting 
transmission lines including transformers was taken to comprise of EMTP linear 
branches. With an initial slip near zero, the induction machine is subjected 
to a sudden torque load increase at 0.02 seconds. The results show the suc-
cessfull steady-state initialization, the expected dip in the induction 
machine voltage as well as the increase of rotor slip frequency after the 
torque load increase, and ultimately settling down to a new steady-state 
operation. 
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Fig.2 : Benchmark DCNEW9 --- Synchr.Mach (UM Type-1 
with SM Type-59 data input) 
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113 L RECENT C€VEWFMENTS CF THE EMTP UNIVERSAL MACHINE : WAD-FLOW, 
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Tel : (503)754-3617 

(I) INTRODUCTION 

In the M39 version of the EMTP, the Universal Machine (UM) capabilities are 
extended with certain features which considerably enhance the usage flexibility. 
These extensions will be covered with particular focus on the option for automatic 
load-flow initialization and the option for multi-machines to share a caiirnon 
mechanical network (shaft). The rules and restrictions to the use of these options 
will be presented, including as well a brief explanation with regard to the 
theoretical background of the chosen approach. The evaluation of the two-segment 
saturation representation of the 1t4 as canpared to a ooth-curve saturation 
representation will be discussed. 

LII) UM INTERFACE WITH WAD-FIlM 

The load-flow feature of the B1TP which has been installed to the M37 version, 
did not include interfacing with the IM. Bencinark data cases which are to be run  
with the M39 version, and which danonstrate the correctness and the use of different 
IM types as initialized by a load-flow are stored in 1UM190.DAT, tUM]UM4901.DAT, 

JM4902.IYT through [UM)UM 1 905. DAT of the BPA Vax canputer. 

There are no special IM rules for setting up such a data case. 	The data 	cards 
which 	need 	to be inserted to the data case to have automatic interfacing ofthe IM 
with the B1TP load-flow feature are canpletely described in the 1984 EMTP Rule Book 
regarding 	this 	load-flow 	feature. 	The 	restriction of 	the application of this 
feature to only three-chase systems has the consequence that 	only 	IM 	types with 
three-phase 	armatures 	(pr 	sides) 	are 	possible 	to be initialized by the ETP 
load-flow. 	These IM types are 
(1) UM TYPE-1 = synchronous machine, 3-chase power coils and arbitrary 

nunber of excitation coils. 
(2) UM TYPE-3 = induction machine, 3-phase rx.r 	coils and arbitrary 

nunber of direct- and quadrature-axis excitation coils. 
(3) UM TYPE-'I = induction machine or doubly-fed machine, 3-phase power 

coils and 3-chase excitation coils. 
(Li) UN with IN Type-59 data input. 

The following restrictions apply only to the induction and doubly-fed machinery 

(a) For both LM type 3 and 4 the user has the freedan to specify the initial 
speed of the machine through the usual specification of the initial slip at the 
assigned data card as described in the general IM data input rules. This specified 
speed will not be modified by the load-flow calculations. 
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(b) It is to be realized that the induction machine operating with a given 

speed behaves exactly like an impedance. Therefore, as is the case with impedances, 
no direct adjustment of the induction machine power output nor Input can be male by 
the load-flow process. 	The power flow as well as voltage conditions are in the 
load-flow process only controllable by available sources in the network such as 
type-11  sources and obviously synchronous machines. 

(c) UM type-3 as well as type-4 can be used to simulate doubly-fed machinery, 
where both the power and excitation coils are connected in some way to external 
networks containing certain sources. In this case these W types could be utilized 
as controllable sources in the load-flow process. 	}-bver, only W type-4 is 
permitted to be used as such. 	The W interfacing logic creates prior to the 
load-flow calculations the equivalent circuit of W type-1L The logic also provides 
the proper connection of this circuit with the electric network on the power side of 
the machine, and with the electric network on the excitation side of the machine. 
Consequently, if the user would have included a balanced three-phase set of type-11  
voltage sources to the electric network on the excitation side, then these sources 
may be used in the load-flow calculation process for the purpose of accommodating a 
desired power flow or voltage condition of the entire electric network (see rules of 
E1TP load-flow feature). The frequency of these type-11  sources will be 
automatically adjusted by the IM initialization logic to match the initial slip 
value as specified by the user with the W data input in the. usual way. 	It is 
remarked that obviously the power flow through the excitation coils of the machine 
is equal to.the well-known slip power, i.e. the armature power (pr side) times 
the value of the absolute slip. 
The use of IM type-3 in the doubly-fed machine mode is in the load-flow process 
considered to be only equivalent to a fixed impedance and a fixed source. 

The theoretical background of the chosen approach for the W load-flow 
interfacing can be briefly explained as follows. 
The interfacing for the synchronous machine mode of the t}1 is trivial because the 
insertion of a single step prior to the existing t}1 steady-state initialization 
procedure is all that needs to be iinpinented. 	In this step the load-flow 
calculations are introduced with start values taken from the machine terminal 
voltages t.Iiich are specified by the user with the machine data input in the usual 

y. The machine is represented with a balanced set of three-çiase type-1 4 sources 
and canpletion of the mentioned step provides directly the adjusted source arguments 
corresponding with the desired power flow or voltage condition. The subsequent 
series of calculations follow the existing logic. From the available information 
regarding the status of armature (power side) voltages and currents the logic 
executes the calculations to find the needed excitation voltages and applied torques 
in order to acccznmod ate these given armature voltages and currents. 

The above outlined procedure for synchronous machines is not applicable to 
induction machines. 	This was explained in the E1TP Rule Book with regard to the 
steady-state initialization procedure of induction machines. 	The reason is the 
basic fact that induction machines can not be imposed with an arbitrary state of the 
armature voltages and currents, even if the machine speed (or slip) is assumed to be 
adjustable from minus infinite to plus infinite. 	In the theory of induction 
machines the correlation of the armature voltage and machine currents is captured 
with thewell-known Heylnd diagrams. In any event, this phenomenon leads to the 
need of determining the equivalent impedance or network of the induction machine 
prior to the initiation of the load-flow calculation process. 	Extension to 
induction machines which on the excitation side are connected to an external network 
containing certain sources (thus doubly-fed machinery), requires the determination 
of the equivalent sources as well, before the load-flow calculations can be 
initiated. 	The determination of these equivalent sources may be omitted if the 



equivalent circuit of the machine is created such that a toçoligical connection 
between the electric networks on the armature (per side) and on the excitation 
side can be realized. This approach was taken for 1I1 type-4, but is not possible 
for IM type-3 due to the fact that armature and excitation windings for this machine 
do not have an equal nunber of phases. 
Rather than adding code to the module "UHRENU" (the 111 initialization module) for 
the purpose of determining these equivalent quantities, a new logic is set up such 
that the same equations are subjected to a multi-pass procedure, handling the pre-
as well as cost-load flow calculation process. This effort led to an increase in 
the efficiency of the existing multi-pass logic and provided a systematic procedure 
for dealing with multi-machine systems ccinprising of synchronous as well as 
induction IM types. 

(III) MULTI-MACHINE SYSTEM SHARING CCMMON MECHANICAL NETWORK 

The Ill's in the M38 and older EMTP versions can not be allowed to share a 
ccrnmon mechanical shaft due to thephase-ccznpensation method applied to the 
Interfacing of the machine and mechanical system equations. For a different reason, 
this restriction also holds with all the 	1 types (50 to 59). The option 
implemented to the M39  EMTP version allows users to have up to three UM machines of 
possibly different machine types connected to a single mechanical shaft. The option 
is hover not restricted to such a single shaft connection. It can be applied to a 
general network of mechanical ccTnpnents, arbitrary in configuration as well as in 
size due to the UM capability to incorporate the mechanical system as a 
variably-dimensioned network. 	Such an example is a wind turbine for tkich the 
blades and the hub are critical mechanical caiçonents besides the different parts of 
the turbine shaft. 
The current restriction of only allowing three machines to share a cairnon mechanical 
network' may easily be removed in a future version through the use of a 
variably-dimensioned multi-phase ccTnpensation approach. 

The option is only honored if the automatic IM steady-state initialization 
feature is requested with the IM data input (see EMTP Rule book for the rules with 
this III usage). This feature is internally called for in the logic if the III is 
supplied with IN Type-59 data input, for which this mechanical network sharing 
option may also be requested (see EMTP Rule Book regarding the rules to nil the III 
with '14 Type-59 data input). 
A benchmark data case showing the use and the correctness of this extension to the 
III options is stored in [UM]UM191.DATon the Vax ccTnputer of BPA. 

The theory behind the chosen approach is a rather straight forward extension of 
the method for handling the mechanical system of a single III. It was well 
documented In a paper by Lauw and Meyer (IEEE Transactions on PAS, Vol 101, 
June 1982). 	The method is extended to a three-phase compensation approach, rather 
than a single-phase one, in interfacing the IM electromagnetic coupling field 
equations with the mechaniôal network representation. In addition, linear 
prediction of the electromagnetic torque production by each IM is included for the 
purpose of determining the "Thevenin speed" as affected by the other L}1' s which 
share the mechanical. network. This linear prediction can be expected to be reliable 
considering its intended use for calculating the speed. Relatively smooth behavior 
of machines speeds is a reasonable presu'nptlon due the relatively higher 
time-constants of the mechanical network canpDnents as ccTnpired to those of the 
electrical. network. Extensive experimentations with this new option have confirmed 
the desired stability of the solutions. In fact, a one time-step delay rather than 
linear prediction was observed to be sufficient in most practical cases. 	The 



validity of this approach has 3ignificent bearing on the efficiency of the 
computations in that the speed-torque iteration needed within each machine 
calculation process can be kept uncoupled from each other. 

USER'S RULES 

(1) One card, refered to as "share"-card with a format to be described later in 
rule (5), is needed to be inserted with the data input of each Ill which belongs to a 
set of up to three UI's sharing a common mechanical network. An arbitrary number of 
these sets can be included to one single data case. The Lii's which are not provided 
with a share-card will be considered to have as usual only one UI connected to the 
specified mechanical system. Any IN specified in the data case, whether or not it 
belongs to a set of IN's sharing a common mechanical network, may be connected 
electrically to each other as with the older E>ITP versions. 

(2) Insert the share-card as follows  
for IN's with pure UI data input the share-card is to çreceed card (LL)  of Class 2 UM 
data cards, 
for IM's with SI Type-59 data input the share-card is to peceed the Class 14  SM 
Type-59 data cards (mass cards). 

(3) As with the older ENTP versions, the Iti logic assigns a number to each IN, 
obviously in order to distinguish the one 1)4  from the other. This number is in 
accordance with the sequence as chosen by the user in specifying the data input of 
the UI's included to the data case. Awareness of this system of numbering of the 
different UI's is necessary since identification of the IN's belonging to a set of 
IN's sharing a common mechanical network will be needed on the share-card. 

(LL) The IN numbering system as explained in the previous rule. is important with 
respect to the following rules regarding the mandatory structure of each set of IN's 
sharing a common mechanical network. 
(a) It is not required to specify the data input of the UI's belonging to a set 
sharing a cannon mechanical network in subsequent order. For instance, if 10 UM's 
are included to a certain data case and three out of these 10 UM's form a set which 
shares a common mechanical newtrk, then the order of specifying those three UI' 5 
can be chosen to have them become W number 2, 11  and 8. However, if one of the UI's 
in this set is a W provided with SI Type-59 data input, then the data input of this 
IN has to be supplied in the data case such that it becomes the lost numbered UI 
of the UM's which belong to the set. Thus in terms of the example, this UI with the 

Type-59 data input has to become IN number 2. 
(b) The relevant information about the mechanical network shared by a set of UI's is 
required to be supplied to the lowest numbered IN in this set. This is for the case 
of pure UI data input the bus names of the nodes to which external torques are 
applied, i.e card (LL)  and card (5) of Class 2 UM data cards. For the UI with 31 
Type-59 data input this information is with respect to the output request and the 
structure of the entire mechanical network, i.e. 	Class 14  SM data cards (mass 
cards). 
(c) The information refered to in the previous rule (4b) is to be omitted In the 
data input of the other UI's in the set .kiIch are not chosen to be the lost 
numbered LM. This rule Is realized by taking the following steps with respect to 
the data input of these Eli's (UM number LL  and 8 of the example in rule 14a) 

< ) For UM's with pure UI data input 	rove all specifications regarding the 
external torques applied to the mechanical system by leaving blank the busnane 
"BUM" on card (LL)  and anitting completely all cards (5) of the Class 2 UM data 
cards. 
< ) For UI's with 31 Type-59 data input : remove all Class 14  SM Type-59 Data 
cards (mass cards). 



Note : An important consequence of these rules is that if one of the J1's in the 
set of t}Ps sharing a common mechanical network is a UI provided with 1 Type-59 
data input, then the structure of this mechanical network will be restricted to 
correspond with the structure of the SM Type-59 mechanical system. 

(5) Format of the share-card 

columns 	123456789112345678921234567893 

type 	SHARE NLM2 NLM3 
format A5 16 16 

col 1 - 5 ......Type SHARE, requesting to have the U1 with this card included 
to its data input share its mechanical network with the UI's 
which are indicated in the next columns. 

col 7 - 12 ......Type the number NUI2 in 16 format, which is the number of 
another IN sharing the mechanical network. 

col 13- 18 ......1ype the number Nt.N3 in 16 format, which is the number of 
yet another IN sharing the mechanical network. Leave blank if 
only two UN's share the mechanical network. 

(IV) EVALUATION OF MACHINE SATURATION REPRESENTATION 

The machine saturation phenomenon is taken into account by the LH by utilizing 
a two-segment representation of the saturation characteristic. The representation 
is extended to three segments if the option of residual magnetism is requested for. 
The concern here is whether the two-segment r epr esen ta t4on can be considered 
adequate and whether a smooth-curve saturation representation should not be pursued 
instead. A good opportunity for conducting a proper evaluation is provided by the 
fact that such asmooth-curve saturation representation is implemented to the SM 
Type-59 code and the fact that the IN is also capable of accepting 1 Type-59 data 
input. 	The data case [tJM]5AT59. DAT version 1 and 2 have been included to the BPA 
Vax canputer to give evidence of the following observations which were made on the 
basis of output obtained from running the data case with the IN code and thus 
providing the results of utilizing a two-segment saturation representation, as 
compared to the output obtained with the 91Type-59 code which provides the results 
of asmooth-curve saturation representation. 	- 

The direct axis saturation parameters ACLD, Si and S2 are defined with the SM 
Type-59 data input description in the E1TP Rule Book. Similar parameters are 
defined for the quadrature axis, which for clarity will be taken out of 
consideration in the following discussion. These parameters are the constituting 
parameters for the saturation characteristic and can be briefly reviewed as follows. 
ACID is the field current needed to provide 1.0 Pu armature voltage in the no-load 
and unsaturated condition (airgap line). Si and S2 are defined as to be the field 
currents causing respectively 1.0 and 1.2 PU armature voltage in the no-load but 
saturated condition. 
The 31 Type-59 nooth-curve saturation representation connects points P1 and P2 
through a parabolic curve till it hits the airgap line to enter the unsaturated 
region of the characteristic. The point P1 is the point with ordinates 51 and 
1.0 PU armature voltage; 	likewise pDint P2 has the ordinates S2 and the 1.2 Pu 
armature voltage. 
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The t-segment saturation representation of the LM takes the saturated region to be 
the straight line connecting the points P1 and P2 till it also hits the airgap line 
to enter the unsaturated region. 

The saturation characteristic considered here is a practical curve obtained 
from an undisclosed machine manufacturer. 	From this given curve the defined 
saturation parameters can be found as 

ACID = 210 A ; Si = 735 A ; S2 = 1282 A 
The saturation level for this characteristic is entered at about 11 Ky of armature 
voltage. 
As can be observed from running [UM)SAT59.DAT;2 with thesmooth-curvè saturation 
representation of the S1 Type-59 code, the machine does not enter the saturation 
region even if the armature voltage is reduced to 50 percent to the value of 5 Ky, 
which obviously is a highly unrealistic situation. Running the same data case with 
the two-segment representation of the UI as can be verified from tUMISAT59.DAT;i 
shows the correct achievement of the unsaturated region. 
This obervation should however not lead to the conclusion that the two-segment 
saturation representation is to be referred over the smooth-curve one. Further 
experimentations show that it is possible to remedy the problem with the 
smooth-curve representation by adjusting the values of Si to bring it closer to the 
value of A(ID resulting in an extremely good match between the output of the Ltl and 
the .'1 Type-59 over the entire saturation region. Moreover, further 
experimentations have also shown that other saturation characteristics are better 
realized by the smooth-curve representation than by the two-segment one. This is if 
the saturation characteristic beyond the value of 32 becomes rather flat. But here 
also a r emedy is found by adjusting the 32 value, this time for the sake of bringing 
the results with a two-segment representation closer to reality. The conclusion 
which can validly be taken though is that indeed no preference can be given to the 
snooth-curve saturation representation. Both representations need adjustments of 
the Si and 32 values from those which follow immediately from their definitions. An 
effort should be male to acquire the whole saturation characteristic rather than 
just two points in order to intelligently adjust the refered saturation parameters. 

Another observation in favor of not extending the current two-segment 
saturation representation of the UI is obviously the fact that coding is much less 
canplicated. A concern may be raised regarding the operating conditions around the 
"knee" of such a saturation representation.  This has led to extensive 
experimentation of the behavior of the solution with the UI operating in this 
region. However, no numerical "noise" problems  have been observed and comparing the 
results on torques and currents with the smooth-curve and two-segment saturation 
representations show negligable discrepancies. It is only in regions ay from this 
"knee" region that significant discrepancies may be detected. It is hover 
emphasized that as explained before, neither representations can be given preference  
in this respect and that adjustments to Si or 32 may be needed with either of the 
representations in order to achieve realistic results. 

(V) MISCELLANEOUS 

(1) With the M34 and newer versions of the ENTP, the UI is provided with the 
capability of accepting Si Type-59 data input. However, the electromagnetic torque 
as produced by the exciter was supposed to be coded by the user through the use of 
TACS and only by requesting the Type-80 TACS interfacing with the 34 1`ype-59 data 
input, the influence of the exciter torque will be taken into account by the UI 
code. The latest BITP version does not require the user to use this Type-80 TACS 
interfacing rnore, neither is it necessary to include any coding within TACS. The 



request for taking into account of the exciter torque is honored in exactly the same 
way as with the 1 Type-59 code. 

(2) Creation of flexibility to connect different UI's on the power side to 
electric grids with different frequencies, which before was restricted to the 
frequency-as specified by or defaulted to the E11TP variable "STAIFR". 	Users can 
make use of this flexibility by specifying any desired grid frequency on the 
existing card (1) of UI Class 2 data cards, i.e. columns 66 - 79 with E14.5 format. 
Leaving blank -  of this field provides the same result as before, i.e. the default 
value.equal to "STAIFR" will be assigned by the t.N logic. 

(3) New UI output names with respect to the magnetic flux linkages and 
magnetizing currents have been implemented for pure Iti data input as well as for the 
UI supplied with SI TYpe-59 data input. 
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"M39.-" IBM EMTP LOAD FLOW DATA FORMAT DIFFERENCES 

At the last minute prior t 
there was a modification of the 
which terminates load flow data 
(the old ABSCHK) was destroyed, 
one location to another on 
format, 	which must be used wit 
being distributed by AEP earlier 
NNOUT, NITERA, NFLOUT, RAL 
unchanged in meaning, so ne 
section). 	As for ABSCHK, it h 
tolerance for P and/or Q. This 
is allowed. 	The default value 
required in columns 1 and 2, al 
the newer format). 

o fixing the true "M39."  UTPF Idents, 
format for the miscellaneous data card 

of the following section. One variable 
whereas others were simply moved from 

the card. 	Below will be found the old 
h the "M39.-" IBM EMTP code which was 
this month (June, 1984). 	Variables 
CHK,' CFITEV, CFITEA, and NPRINT were 
ed not be further explained (see next 
ad the following explanation: "absolute 
is the difference in watts or vars that 
is 0.01". 	Note that a 1199" punch is 
so (there is no corresponding entry in 
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1.66 Data Cards for EMTP Load Flow ("FIX SOURCE" usage) 

The steady-state phasor solution for initial conditions of the electric 
network can be accomplished so as to observe power constraints at one or more 
busses. By analogy with the dominant steady-state program of system planning 
departments, this has been named the "load flow" feature of the E)ITP. In 
effect, it is multi-phase load flow capability (albeit in somewhat restricted 
form) which is now available to the E1TP user. 

A. Background Information about E)ITP Load Flow 

All developmental research and prototype installation and testing of the 
E4TP load flow logic were performed entirely in Europe, without any 
association or contact with North America. Availability of the new feature 
was a complete surprise to us in Portland, when it was first described 
publicly at the 1983 spring Meeting of the European EMTP Users Group in 
Arnhem, Holland. Frank Rasmussen of Elkraft Power Company, Ltd., Copenhagen, 
Denmark, is the author and contributor of this valuable program extension. 
For background of subsequent adaptation in Portland, see Ref. 8, Vol. XIII, 
23 July 1983, Section II, pages VDEL-2 through 9. 

Each single-phase node  of a network involves four real variables of 
interest. 	There is real power injection P1<, reactive power injection QK, 
phasor voltage magnitude VK and phasor voltage angle ThETAK. Since there is 
one real-power and one reactive-power constraint equation for the node, this 
implies that two of these variables can be specified quite arbitrarily, and 
the other two can then be solved for. Before the load flow was available, 
E1TP users could apply only the special zero-power constraint (PKO and C=O, 
meaning no connection). Control of non-zero power was only indirect, and by 
trial and error. But now, thanks to the new EMTP load flow, the user can 
choose among the following constraints at an E)ITP source node: 

a) Specify P1< and C; the EMTP solves for VK and ThETAK. 
This is ordinary load modeling of conventional, single- 
phase load flow usage by system planning departments. 

b) Specify P1< and VK; the E)ITP solves for CE and ThETAK. 
This is ordinary generator modeling of convention ... 

c) Specify ThETAK and (; the E)ITP solves for 1C and VK. 
There is no limit on the number of busses which are so constrained, although 
at least one source should be unconstrained. The unconstrained source is 
commonly is taken as the reference for other phasors (THETAK is fixed at 
zero). 	In the terminology of single-phase load flows, this is the "slack 
bus". 

For those who intend to terminate execution once the load flow is 
complete (i.e., for IMAX non-positive), life is particularly simple. No E1TP 
source cards are required, and power constraints can be applied to any node of 
the network. The only program limitation is that the source table (List 14) 
must be sized to equal or exceed the total number of power-constrained nodes 
of the network. Why? Because one source is automatically, internally defined 
for each power-constraint card as it is read in overlay 9. 

When a transient simulation is to follow the E)ITP load flow (i.e., if 
IMAX is positive), the user should understand that his power constraints will 
be forgotten once the time-step loop is entered. With power constraints 
applied only to nodes with Type-114 voltage sources, the angle and/or magnitude 
of this source will be automatically adjusted prior to entry into the time-
step loop --- adjusted to correspond to the load flow solution. This may or 



3GS- I 

may not result in approximate continued observance of the steady-state power 
constraints during the transient simulation. The result is a function of 
nonlinearities, and of unpredictable transients, which are quite beyond any 
general analyses. 	The user should simply keep in mind that load flow 
constraints only provide for the setting of constants (e.g., generator angles) 
at time zero, and have no other direct effect on any subsequent simulation. 

As presently implemented, power constraints are only allowed at nodes of 
known voltage, or at the armature nodes of rotating ac machinery. Such 
constraints can not be applied to current sources. For cases without any 
associated transient simulation, this is not a restriction, since the required 
voltage sources are defined internally, to whatever nodes the user wants to 
apply power constraints. 	But for cases involving transient simulation, 
current sources are simply not allowed (i.e., the user can not apply a power 
constraint to a current source). Perhaps the E1TP could be generalized to 
handle such cases in the future (Vol. XIII, 23 July 1983,  Section II-A, page 
VDEL-3, middle paragraph), although no plans have been made as of April, 1984, 
as this page is being written. 

A power constraint of the E)ITP load flow may only be applied at a network 
bus. The user can not constrain a line flow, nor can he constrain a group of 
line flows (the familiar area interchange control), directly. Neither is 
there any automatic adjustment of transformer or phase shifter taps at the 
present time. But certain limits on voltage magnitude and angle at a power-
constrained node can be observed. First, at a load bus which normally would 
have R< and QC fixed, the reactive-power constraint will only be maintained 
within user-specified limits on voltage VK, and the real-power constraint will 
only be held within user-specified limits on the angle THETAK. Second, at a 
generator bus which normally would have F'i( and VK fixed, the real-power 
constraint will only.be  held within user-specified limits on the angle THETAK. 
Third and finally, at a bus which normally would have fixed CIC and THETAK (who 
knows a good, short name for such a bus?), the reactive-power constraint will 
only be held within user-specified limits on voltage VK. Conspicuous by its 
absence in this list is the popular choice of system planners for generators: 
the maintenance of voltage VK with limits on reactive power QK. 

Thus far, there has been a mixture of talk about network busses and 
individual nodes. These may or may not be synonymous, for purposes of B1TP 
load flow usage. The possible difference is due to multi-phase constraints. 
The user can gang three nodes together, and control then as a unit, if he 
likes. In this case, all three voltages are assumed to be balanced, positive- 
sequence phasors. 	Any specified real or reactive power is a total 3-phase 
injection, which will be split equally among the three phases only if the rest 
of the problem is balanced. But if either the network or some excitation is 
unbalanced, note that the 3-phase injections will not be balanced, either. In 
addition to this conventional 3-phase usage, it is possible to drop the third 
phase (phase "c", which lags phase "a" by 240 degrees), so that only phases 
"a" and "b" are ganged together. This could be of use to those studying 
outages (the loss of one phase). 

For each network bus which is to have a power constraint, there is one 
E1TP data card which specifies the associated local control parameters. 
Following the last such data card, there is an extra card of overall control 
parameters, which shall be called the miscellaneous data card of the load 
flow. This data structure is summarized as follows: 

Card for first power constraint of load flow 
<< Etc. >> 

Card for last power constraint of load flow 
Miscellaneous data card for load flow 
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One 3-phase bus requires only one source card, if the user accepts the 3-phase 
logic which this implies. 	Alternatively, each phase could be controlled 
separately, thereby requiring three fliT? data cards. 	In any case, taken 
together, all such cards constitute data peculiar to the fliT? load flow 
data which affects no other aspect of the simulation. This data follows the 
blank card ending sources (Section 1.6), and it precedes the initial condition 
cards for the electric network (if any; see Section 1.7) and the node voltage 
output requesth (Section 1.8). 

If the user wants such fliT? load flow capability, he must declare his 
intention early, before the miscellaneous data cards. This is done using a 
special-request card reading "FIX SOURCE" (see Section 1.0e12a), 

All data for the D'ITP load flow except the final miscellaneous data card 
are read within overlay 9 (by module "OVER911). The miscellaneous data card is 
read within SUBROUTINE F)OUR of overlay 10 to cctnplete the data input. 
Module "FXSOUR" also contains all logic for the network solution which 
observes power constraints. An Impedance matrix algorithm is used, but with a 
complete simultaneous solution (rather than the adjustment of one equation at 
a time), which allows the exploitation of the already-calculated and 
triangularized nodal admittance matrix [Y]. The solution is iterative, then, 
with convergence less than certain, and not always speedy. But, for 
practical, realistic cases of common interest, performance has been found to 
be good, so any user who really wants to begin his transient simulations with 
given power flows is urged to give the fliT? load flow a try. As long as X/R 
ratios are reasonable (do not try the fliT? load flow for purely resistive 
netrks!), and a solution exists, and the guess is not unreasonable, then 
there would seem to be a good chance of success. 

Iterative convergence of the SIT? load flow is monitored on UJNIT6, where 
the largest correction of each iteration is displayed, 20 numbers per line. 
There also is an option (see mrscellaneous data parameter NNNOUT) for the 
parallel printing of the numbers of the power constraints which produced these 
greatest corrections. Numbering of this identification corresponds one-for-
one with the user-inputted data cards. As an example of such output, consider 
the first eight columns of the first two rows of twenty, which might appear as 
follows (taken from BENCHMARK DC-26): 

VCHANG(K)= 0.016 0.015 0.014 0.013 0.013 0.012 0.012 0.012 
FIX SOURCE 	1 	1 	1 	1 	1 	.1 	1 	1 

Note that convergence is slow (a characteristic of the "crummy" Z-matrix 
iteration which is used), and that the generator having the worst correction 
is always the sane (DC-26 involves just a single load flow source). If 
program output goes to the disk, then the user will not see such output until 
later, so timing is irrelevant. But if output goes to a CRT, then the timing 
of the display is important. At most 20 iterations will occur between such 
outputs, thereby assuring the user that the canputation is progressing. The 
user has control over the frequency of this output (variable NFLO(JT of the 
miscellaneous data card which will be described shortly),  and if he wants, can 
see the result after each iteration, when one more number is added to the 
partial line. 

It is important that the load flow user check for convergence, since as 
presently implemented, the fliT? simulation will continue whether the iteration 
has converged or not! &iould the user-supplied control tolerances not all be 
met, a warning message will be printed. But execution will not be stopped. 

The load flow user may have special interest in knowing the solution at 
HIS power-constrained busses. Such special output is possible, via variable 
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NPRINT of the miscellaneous data card (the final data card of the load flow). 
Such output precedes the phasor branch flows, with the following being a 
representative sample: 

	

RCM NODE NAME 	VOLTAGE 	DEGREES 	REAL POWER REACTIVE POWER 
11 	8 	Al 	0.113908E+02 	-30.000 	0.3998146E+02 	0.451654E+01 
5 9 Bl 0.113908E+02 -150.000 0.399846E+02 0.45165)4E+01 
6 	10 	Cl 	0.113908E+02 	90.000 	0.399846E+02 	-0.451654E+01 

Yet there is really nothing special to see, since such phasor values have 
always been available via the regular steady-state printout (e.g., by the 
display of injections which follow phasor branch flows). 

Examples of EMTP load flow usage can be found in standard test cases 
BENCHMARK DC-25 and 1X-26, which involve synchronous machines. Since the 
Type-59 S.M. is represented by nothing other than three Type-14 sinusoidal 
sources in the steady-state, it is trivial to apply power constraints to these 
using EMTP load flow capability. The U.M. is not quite so simple, due to its 
generality; but it, too, is now compatible with the EMTP load flow for 
induction and synchronous modes, as documented in Prof. Lauw' s paper (Ref. 22, 
May 1984). 	See the reproduction of this in Section 1.63L for details. 

B. Format of Data Cards for EMTP Load Flow 

First, there must be one data card for each power constraint. Ordering 
of these cards is arbitary. Each such data card is to be punched according to 
the following rules: 

NEK --- Type code of power constraint. Choose among: 
(1-2) 	0 to constrain H( and QIC (unknown VK, ThETAK); 

1 to constrain H( and VK (unknown QK, ThETAK); 
2 to constrain OK and ThETAK (unknown H(, VK). 

Enter the one, t, or three names of network nodes 
(3-8) 	which are involved in this power constraint. For 
Bt.2 	single-phase usage, leave Bt.2 and Bt.3 blank. For 
(9-14) 	3-phase usage (the other common case), name the 
Bt.3 	three nodes in natural, positive-sequence order 
(15-20) 	(first "a", then "b", and finally "c"). 

I( or --- a) In case injected real power H( is to be 
ThETAK 	constrained (for NEK=O or 1), punch the desired 
(21-36) 	value in units of power (units of voltage times 

units of current, whatever that might be for the 
user's problem). For a multi-phase constraint, 
this is the total of the two or three individual 
injections at the bus of interest. 

b) For the remaining, less-cctnmon case having 
NEK=2, punch the desired fixed angle ThETAK in 
degrees. 
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CC or --- a) In case injected reactive power C< is to be 
VK 	constrained (for NEKO or 2), punch the desired 
(37-52) 	value in units of power (units of voltage times 

units of current, whatever that might be for the 
user's problem). For a multi-phase constraint, 
this is the total of the two or three individual 
injections at the bus of interest. 

b) In case voltage VK is to be constrained 
(for NEK1), punch the desired value in units of 
peak voltage, whatever they may be. 

WIN --- Enter the minimum voltage VK, for those cases 
(53-60) 	'there it is not fixed. This is used for NEK=O 

or 2, and the value is in units of peak voltage. 
A blank or zero value means that no minimum will 
be Imposed. 

VMAX 	Enter the maximum voltage VK, etc. (see VMIN). 
(61-68) 	A blank or zero means that no maximum will be 

imposed (internally, VMAX is set to infinity). 

AN4IN -- Enter the minimum angle, ThETAK, for those cases 
(69-74) 	.there it is not fixed. This is used for NEKO 

or 1, and the value is in degrees. A blank or 
zero value means that no minimum will be Imposed 
(internally, ANC2IIN is set to minus infinity). 

AN4AX -- Enter the maximum angle, ThETAK, ... (see ANa1IN). 
(75-80) 	A blank or zero means that no maximum will be 

imposed (internally, ANQIAX is set to infinity). 

After the last such power constraint card, add the following 
miscellaneous data card which is recognized by the leading blank field 
(columns 1-8): 

NNNOUT -- This parameter is a binary flag for control of 
(9-16) 	additional interactive output during the iteration. 

A value of unity will add variable identification 
in parallel with the always-present interactive 
printout of the largest variable correction at 
each iteration. The preceding explanation of 
convergence monitoring illustrated such usage. But 
if no such identification of the worst corrections 
is desired, punch zero. 

NITERA -- The limiting number of iterations for the load flow 
(17-24 	solution. A non-positive entry will be given a 

default value of 500. 
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NFLOUT -- The buffer size for accixnulating the output which 
(25-32) 	is associated with the interactive convergence 

monitoring (the worst correction at each iteration) 
Any non-positive value, or any value in excess of 
20, will be set equal to the default value of 20. 
Since exactly 20 nunbers fit on a line, a value of 
20 corresponds to waiting for a line to be filled 
before the user is shown any of the contents. 
Positive values less than 20 should generally be 
used only for computers having CRT displays which 
honor the 111H+" carriage control (for overprinting), 
since such a device is used to avoid line feeds 
after such partial outputs. A value of 20 is 
always best for batch-mode solution. 

NPRINT --- A binary flag which allows for the selection or 
(33_40) 	suppression of special tabular printout for the 

nodes with power constraints. Punch unity to 
obtain such values (VK, ThETAK, R<, C); zero 
or blank will suppress such solution output. 

RALCHK -- A relative convergence tolerance which controls the 
(140_18) 	accuracy of the solution. For termination of the 

iteration, all power mismatches must be less than 
RALCHK times the largest scheduled power (either 
P or Q) of the network. A non-positive value will 
be taken as a request for the default value 1.E-2. 

CFITEV -- "Acceleration factor" associated with the conversion 
(9-56) 	of a change in reactive power to a change in voltage 

magnitude. See Ref. 143  for a more precise definition. 
In the absence of knowledge about this parameter, 
leave the field blank (which represents a request for 
the default value of 0.2). 

CFITEA --- "Acceleration factor" associated with the conversion 
(57-64) 	of a change in real power to a change in voltage 

angle. See Ref. 43  for a more precise definition. 
In the absence of knowledge about this parameter, 
leave the field blank (which represents a request for 
the default value of 2.5). 
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1.7 CARDS FOR OVERRIDING INITIAL CONDITIONS 

These cards are used only if the user wants to supply initial conditions himself. 
The transients program starts from correct initial conditions as long as everything 
was zero at t<O or if an ao steady-state existed at t<O (the latter is simply 
indicated by TSTART<O on sinusoidal source cards) 

Initial conditions that are neither zero nor ac steady-state must be supplied as 
input. Any initial conditions that are provided through input will override the 
respective zero-or ac-steady-state initial, conditions computed by the program. 
There are two cases where the user might want to supply the initial conditions: 

a) Continuation of a previously run case, where a continuation beyond 
tm was already contemplated. The continuation can either use the 

• same At or a changed At. Continuation is handled by having the 
preceding run punch the voltages and currents at the very last step 
(see section 1.1). Then simply use this data deck in the new run 
(no blank card at end!). Note that continuation works only if 

(1) the passive network has not been changed between the 
previous and the new run, including the order in which 
the branch cards are read in, and 

(2) there are no branches with distributed parameters (in 
this case the punching in the previous run would have 
been interrupted; see section 1.1). 

b) New Case: If the user knows the initial conditions for a new case, he 
can supply them as part of the input. This could be used to start a 
case from steady-state conditions with more frequencies than the 
fundamental (example: steady-state performance with a number of 
super-imposed harmonic sources); however, the user has to find the 
initial, conditions himself (an extension of the automatic ac steady-
state solution to the case of super-imposed sinusoidal sources with 
differing frequencies is planned). Note that zero initial conditions 
or ac steady-state conditions at only one frequency are automatically 
handled by the program.*) 
Trap charge: Supply all voltage values at nodes with trap charge 
(steady state frequency = 0 or blank on very first voltage card). 
Supply cards for currents in linear branches having trap charges 
(only node names must be listed and fields A, B, C, D are left blank 
if initial currents are zero). 

a) RULES: 

(i) In networks containing branches with distributed parameters, only 
dc or ac-steady-state solutions can be used as initial conditions. 
In this case, all initial voltages and currents must be specified as 
phasor values x(0)+jy(0), where x(o) is the instantaneous value at 
t 0 (note that the magnitude of the phasor quantity is the crest 
value and not the rms value). Punch the steady-state frequency into 
the very first card with an initial node voltage on it. 

It ;& Olviso.61&to let M ro'um de`tttmine i^&mt eanditioni whenever posibl , the& is for at sec*4j  &.&e 
us well 03 For dc. 	 ivx i.* loner case, use cosine functions wA ve low 	-kz  
.sunuo&e d 	 c. oal H 	oke& verS wdl ix A%jAm om, -¼\ t-Wc WcJctQ IYf. 



(2) In networks without distributed parameters, any initial conditions 
are acceptable. In this case, all initial voltages and currents are 
specified as instantaneous values x(0) (ignore format fields provided 
for the imaginary part y(0) of phasor values and the steady-state 
frequency as described in rule 1). 

(3)  Stack cards for initial conditions in the following order; Cards for 
node voltages ("2" in column 2), then cards for currents in linear 
branches ("3" in column 2), and finally cards for currents in nonlinear 
and time-varying branches ("4" in column 2). This order is mandatory, 
since the program computes initial conditions in a branch from the 
currents on the card plus the node voltages already read in. If cards 
for node voltages were read in behind cards for branch currents, then 
the program would assume voltages zero at both ends of the branch. ic 1*c 
art aro.ttet o.nMs wLih Mitol ic) pokes theft oi& 	cd2cvs an ie NW  
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b) FORMAT: 

(1) Card for node voltages ( 112" in column 2): 

NbE R% EMI. ç 	S 1r * NAME ' 
2 AL 

f - steady-state frequency (punch only on very first 
card, and only in cases where branches with 
distributed parameters are present) 

Re{E(0)}+.jlmjE(0)} a  phasor voltage at t - 0 (rule). 
e(0) - instantaneous voltage at t 0 (rule 2) 

(2) Card for linear branch currents ( 113" in column 2): 
1-2 -% 	 IS.2.dt ISO-44 	4s-sl 
F.  tst NObE bi4. NObEL 

 

I I - - • I I I - 
Sequence of node names on this card and on associated branch card 
(section 1.2) must be identical (example: if branch card says "L" to 
"R", then punch "L" to "R" and not "R" to "L"). 

a) Lumped series R-L-C: No card necessary if branch is purely 
resistive (L -o , WC  0) or if current through branch plus 
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capacitor voltage are both zero; otherwise punch 

ik,m(0) in A 
	k 

e CAP  (0) in B 
	 em 

b) Single or multiphaseir-equivalent: 

	

k 	 m 

	

ik,4 	ik,m  

TI.  
Punch ik,m(0)  in A 

ik,O(0) in B  

- -.- - 
Note: Data-input listing interpretation 

of the 1st distributed-parameter 
line card reads "LINEAR I."  

\ 	interpretation on the 2nd and 
) later such cards of a multi-phase 
\.. line reads "DISTRIB. I."  

-- —---------- - 

im,o(0) in C 

This card must be punched in case of non-zero terminal voltages, 
even if all currents are zero; otherwise all initial conditions 
in the circuit, including charges on the capacitors, will be set 
to zero. 

For multiphaaelt-equivalents, punch a card for each phase in same 
phase sequence as branch cards were read in. Here, ik o is the 
total shunt current going to ground and the other phases. 

c) Single or multiphase line with distributed L',  C': 

1k 	 1 

Punch: Re(Ik)  in A 

 ImYk) in B 

Re(Im) in C 

Im(Y m ) in D 

See rule 1 why phasor values must be given. This card must be 
punched in case of non-zero terminal voltages, even if all currents 
are zero. FOr multiphase lines, punch a card for each phase in same 
sequence as branch cards were read in. 

(3) Card for nonlinear and time varying branch currents (114" in column 2): 

: 	?* 
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Incomplete initial-condition specification capability (WARNING) 

Unfortunately, the manual specification of initial conditions (as per 
Section 1.7 ) 	is not possible at the present time for many EMTP components. 
Specifically excluded are the following components: 

a) Saturable "TRANSFORMER" component of Section 1.25 ; 

b) Recürsive convolution frequency-dependent line modeling of 
Well, actually, sinusoidal initial 

conditions (past history) is possible, for those who know 
how. But the format shall not be explained here. 

c) Type-99 pseudo-nonlinear resistance of Section 1.28 

d) Type-98 pseudo-nonlinear -reactor of Section 1.29 ; 

e) Type-97 staircase resistance of Section 1.30 

f) Type-94 SiC surge arrester of Section 1.34 ; 

g) Type-16 controlled dc voltage source of Section 1.61 

h) Dynamic synchronous machine (S.M.) components of Section 1.62 
i) TACS modeling (see Section 8.4 for TACS own steady-state 

initialization rules) 
Hence, for typical, modern production studies, the manual specification over-
ride) of initial conditions is not possible. This is as of May, 1980 
( 11M27." idents). 

As for the future, plans are to expand the initial condition input 
capability so as to handle all possible EMTP components under all possible 
conditions. Yet, it is not expected that the user will actually punch such 
initial condition cards himself, manually. For one thing, the operation is 
tricky and error prone at best, based on BPA experience; for large cases, it 
is extremely tedious; and for non-sinusoidal past history of distributed 
components or delay lines, the data is voluminous and impossible to calculate 
by hand anyway. So, such initial condition cards will be punched by the E?fPP 
itself, as terminal conditions of a simulation which has been stopped by the 
user. 	This capability is seen to be a crucial ingredient of a real-time 
EP simulator package, which will be fully interactive. Stay tuned 

Retraction of plans for initial-condition completion 
= = = = = = = = = = = = = = = = = = = = = == = = == = === = = = = = == = == = = = = = = = = = = = 

The preceding hopeful paragraph remained true until the spring of 
1981, when a new concept of interactive control was discovered. 	This 
is what we now refer to as "EMTP simulators" ---- implemented for our 
VAX-11 using shared COMMON. 	See the 38-page memo which begins Vol. XI 
EMTP Memoranda for a complete description (Ref. 8, 17 July 1981, 
pagination IEEO). 	Separate program "EMTPSPY" provides the 
interactive control and observation. 

Current thinking is that "EMTPSPY 	allows enough interactive 
control and modification so as to doom the completion of initial- 
condition usage as at the top of this page. 	It has the advantage of 
avoiding a 2nd or later pass though overlays 1-15, thereby making the 
continuation almost instantaneous. 	The interactive control and 
observation is far more powerful, for those variables which are not 
buried within derived symbols. 	On the other hand, buried variables 
can not practically be changed yet, so structural modifications to 
unearth critical parameters of interest (e.g., "DELTAT") are now 
being considered. 	Anyway, pre-1981 plans have been abandoned. 



1 • 8 	OUTPUT-VARIABLE SPECIFICATION CARDS 

The time response of the electric network being solved is available for 
the user's inspection via any of the four procedures which follow: 

Output type 1 : Tabulated decimal numbers, from the line printer. 

Output type 2 : Graphs produced on the line printer (so-called 
"printer plotting" of the solution). 

Output type 3 : Pen and ink graphs, produced by the Calcomp x-y 
plotter. 

Output type 4 : Graphs drawn on a CRT screen (and preserved permanently 
by means of an attached hard-copy unit), according to 
commands which are.issued interactively by the user. 

Output types 1 and 2 are of course available to every user of interest, since 
they require only a 132-column line printer. •Output type 3 can be utilized only 
by those having a pen-and-ink plotter which can. be  controlled through Calcomp 
subroutine calls. Finally, output type 4 is available only on systems having a 
CRT terminal with vector-graphics capability, and for which the appropriate 
special interactive CRT plotting program has been written. As of December 19759 
output type 4 has been activated only for a CDC computer and Tektronix CRT 
terminal, as in operation at BPA in Portland, Oregon (see Ref. 89 January 25, 1975). 

In any case, the user can only look at variables for which output requests 
have been made as part of the data case. The procedure for doing this depends 
upon whether a conventional single deterministic simulation is involved, or on 
the contrary, a statistical overvoltage study: 

1.8a Output-Variable Specification for Conventional Data Cases 

Variable values for voltages, currents, powers, and/or energies are computed 
by the EMTP at discrete time Instants t = 0 , tt , 2 A , etc. Such values 
are then either printed (with frequency controlled by miscellaneous data parameter 
"lOUT" ; see Section 1.0h), or they are written to disk via logical unit number 4 
with frequency "PLOT" (miscellaneous data parameter; see Section 1.0h), for 
purposes of later plotting after the simulation is finished. In any case, any 
variables to so be outputed must be specified by the user, as follows: 

Node voltage output 

As per Point a-7 of Section 1. , the user must input one or more cards 
specifying all node names for which he will print or plot the node voltages (voltage 
to ground). 

a) All node voltages desired: Punch a single output specification card, with 
just a 11111 in column 2 ; do not terminate with a blank card. 

b) Selective node-voltage output: List the node names on one or more cards 
which have columns 1-2 blank, with at least the first field (variable BtJS1 , 
read from columns 3-8) non-blank. Terminate such cards by at blank -ard. 

10 

- Nmt 	o 	odes 	h~yi,vi 	VoItoLttottt 

US1 8OZ GU53 O54 BUSS BO5r • . I _ 7. A G ____ 
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Note that of the 13 potential fields per card, only the first must always 
be non-blank (except for the terminating blank card, of course); otherwise 
fields can randomly be left blank, and will be passed over. For example, 
the following three cards request node-voltage output for the six nodes 
named ALPHA, BETA, GANMA, DELTA, PSI, AND ZETA ; 

AMMA 
I

! 	 I  

917 A. PSI 	... ETA..L_li C.cL( 

C) No node voltages desired: Supply just a single blank card (which is taken 
as the blank card ending the non-existant 

- 	 selective node-voltage specification cards). 

Branch outputs 

Branches and/or switches which are to have output were flagged by coluiin-80 
punches as the branch cards were inputted; hence no further specification is 
required at this point. 

The printed heading for branch-variable output consists of pairs of node 
names, one above the other. This ordering (upper to lower) indicates the polarity 
of the output. Suppose that node k represents the upper node of the pair, and 
node m the lower one; then  

BUS K 
BUS N 

a) Branch voltage output is vJt) = vk(t) - vm(t) 	(1
Sample heading 

b) Branch current output is i(t) , the flow from 
node k to node m 

For non-switch elements, power and energy which are outputted 
represent the consumption (loss or storage) of the branch, the 
net flow into the branch from time zero (t) up to the time in question. 
For switches, the power and energy are flows through the switch: 

c) Switch power output is P(t) = Pk(t) - Pm(t) = vk(t).i(t) 

d) Switch energy output is E(t) = J*tp( ) d ç 

NOTE: In addition to just-mentioned column-80 punches, users can 
request branch and switch outputs along with node-voltage 
outputs. The format for this added alternate branch and 
switch output capability is as follows: 
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a) 

-1 ---> Only current outputs for branches or switches 
ITYPE 	-2 ----> Only voltage outputs for branches or switches 

-3 ----> Current and voltage outputs for branches or switches 
-4 -----> Power and energy outputs for branches or switches 

b) List the 6-character names of branches or switches (Section l.-E) 
on one or more cards beginning in column 3. Of the 13 potential 
names per card, any blank ones will be ignored by the program. 

c) The user can mix any branch or switch output request cards with any 
node voltage output request cards. 

d) If selective node voltage output requests exist, then one 
blank card is needed to terminate the specification of EMTP output 
variables. 	 S  

e) On the other hand, if the user has requested the output of all EMTP 
node voltages by means of a "l"-punch in column 2, then: 

1) If this "l"-punched card is the last output request card, 
then do not follow by a blank card. 	But on the other hand, 

2) If this "l"-punched card is not the last output request card, 
columns 3 through 8 of this card must be non-blank. Also, a 
terminating blank card must follow the last EMTP output 
request card. 

Following are two examples of the output request cards:' 

I 	XXX 	............ I.: 
L 

I ... 
... ..... 

I.. 

—iss '.saktlZ 6&j1  II!! 

-4 
l.iL..I I 

- 

4...... 

- 4. 
 

. 
—.35RH2& 
-IBRe,i1: 8R.2.............. J I iT ... Ti 2BRC11 £"#J 

Plotting creates no special problem, unless output for parallel 
branches should be requested. Then as per Rule 3 of Section 1.10, only 
the first current (energy) output of the two in parallel is accessible 
to the user at the present time. Later, when plotting is extended 
to permit variable identification by branch or switch name, this 
limitation will be removed. 
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As a practical restriction, the above limitation is not serious. One can 

always insert a near-zero-resistance branch, thereby eliminating any parallel 
connection. For example, should power P(t) and energy E(t) be desired for 
a nonlinear resistance -- in addition to the branch current and voltage 
the configuration shown below could be used. Resistance P.2  is chosen to be 
ttjfl,tt in accord with the rule concerning system-dependent minimum values 
(see Section 1.21). Current output (a 1-punch in column 80) is requested on the 
branch card for resistance R2  . Resistance R1 can be chosen to be very 
large, and branch voltage output is, to be requested for it (a 2-punch 'in column 
80). The nonlinear element has a 4-punch in column 80, to give its power and 
energy consumption. 

(Small 
resistance 

4 used to 
I sample branch 
(urrent. 

Synchronous machine and TACS outputs 

= 1O' 	\. 	Arbitrarily large resistance 
used to sample voltage 
across branch. The legal 
maximum depends upon 
computer system, as per 

, ection 1.21 

In all, there are five general groupings of output variables for E'T1'P 
printed output of the time-step loop. The just-described node voltages come first, 
then branch voltages come second, and branch currents come third. Then come two 
additional classes of EMTP output variables : synchronous machine output variables 
follow as a fourth grouping, and TACS output quantities represent a fifth and 
final grouping. 

Output requests for synchronous machine variables are part of the synchronous 
machine input data (see Section 1.62 , Class 5 data). Variables are identified 
by a pair of 6-character alphanumeric identifying names for each quantity; these 
are generated internally, as explained in the just-cited reference. For plotting 
purposes, the user treats synchronous machine variables as though they were branch 
currents, though (using a "9" in column 3 of batch-mode plot cards). 

- 	A comparable statement to thatjust made for synchronous machines could also be 
made for the universal machine (U.M.) of Section 1.63 

Output requests for TACS variables are part of the TACS input data which 
immediately follows the EMTP miscellaneous data cards and their extensions. See 
Section 8.5.6 for details. One 6-character alphanumeric name identifies the 
desired TACS variable, of course. But a name-pair is used for the variable 
identification, with the TACS name being the second name of this pair. The 
first name "TACS " is automatically supplied internally by the EMTP. 	For 
example, "TIM " is the name of the built-in variable which carries the current 
simulation time; for output purposes, the pair of names "TACS 11  and "TIC " 
would be used, then. For plotting purposes, the user treats TACS variables as 
though they were branch currents (using a "9" in column 3  of batch-mode plot cards). 
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The following sample of ELITP line printer output for the beginning of the 
time—step loop illustrates the five classes of output variables just described. 
Since there was no TACS representation, the fifth class or grouping s empty, 
note: 

CARp QffiUS NAMES FOR NOOE-VOLTAGE 0P.Ut... 	WAY". MOWN es*v.c  
BLANK CARO ENDING. 	FOR VOLTAGE OUTPUT. I  

COLUMN HEAOINGS FOR TH 	16 EMTP OUTPUT VARIABLES FOLLOW. THESE ARE OROERED ACCOROING TO THE FIVE 
POSSIBLE EMTPOUTPUT-VARZABt.E CLASSES, AS FOLLOWS .... 	 ..-.•--.-• --------------- 

FIRST. 3 OUTPUT VARIABLES ARE ELECTRIC-NETWORK NODE VOLTAGES (WITH RESPECT TO LOCAL GROUND);  
NEXT—.-3.. .OUTPULJIARIABLES ARE. BRANCH VOLtAGES (VOLTAGE OF. (PER NODE MINUS .VOLTAGE _OFl.oWER ND0E34-- 
NEXT - 3 OUTPUT VARIABLES ARE BRANCH CURRENTS (FLOWING FROM THE UPPER EMTP NO OE TO THE tOWER)I -- ...... 
NEXT 7 OUTPUT VARIABLES PERTAIN TO DYNAMIC SYNCHRONOUS PI*CNXNES, WITH NAMES GENERATED INTERN*LL1VI 

FINAL .0 OUTPUT. VARIABLES BELONG. TO T*CS. . (NOTE.INTERHALLY -ADaEO UPPEL NAME OF PAIR)-.___ 
BRANCH POWER CONSUMPTION (POWER FLOW, IF A SWITCH) XS TREATED LIKE A BRANCH VOLTAGE FOR THIS GROUPINGI 
BRANCH ENERGY CONSUMPTION (ENERGY FLOW, IF A SWITCH) IS TREATED LIKE A BRANCH CURRENT FOR THIS GROUPING. 

STEP 	TIME 	NAVH A 	NAVH B 	NAIifi C 	CCI A 	MCCI B 	MCCI C 	GEN A 	GEN B 	GEM C. 

	

WCC2 A 	nCCa a 	KCC2 C 	NAVL .A - 	NAVI. • 	NAVL C 

MACH I 	MACH I.. 	MACH I 	MACH I 
TQ GEN 	VEL 5 	TQ5 12 	- TQS 23 

.._O-.000OU .1I2I3E+05 .3549e6E.06. e33Q647EO..I60363E406 
.9Qc0IQE.0e .0 	 .270ee5E.O0 .505632E'00 

1.8b Output—Variable Specification for "STATISTICS" or "SYSTEMATIC" Data Case 

General Introduction 

A "STATISTICS" or "SYSTEMATIC" overvoltage study is distinct from all other 
EP data cases in that multiple simulations are automatically generated internall 
by the EffJP. Integer miscellaneous data parameter "NENERG" (see Section 1.0h 
defines the number of energizations which are to be simulated. Each energization 
gives a different solution, due to differences in the closing times for "STATISTICS" 
or "SYSTEMATIC" switches (see Section 1.40 , Class 3k or 3B switch cards). 
For each energization, only the vector of variable maxima is available for 
printing, and a statistical tabulation of all 	NENERGI such vectors is 
automatically provided at the conclusion of all such internally—generated simulations. 
This is the statistical overvoltage output - line printer output which occurs 
for either "STATISTICS" or "SYSTEMATIC" data cases. There is no associated 
plotting (unlike conventional cases, where printing and plotting go together). 
It is the purpose of the present section to explain how the user requests such 
overvoltage output, and what the printout looks like. 

But before describing the output specification cards for the statistical 
overvoltage tabulation, it should be mentioned that there also is a base—case 
solution which precedes the INENERGI energizations. For a "STATISTICS" data 
case,. this is a zero—th energization which is made with all variances temporarily 
set to zero. . For a "SYSTEMATIC" data case, either all beginning or all 
mid—closing times of the switches are used --- whichever the user has chosen to 
input,(see Section 1.40 , Class 3B switch cards). Before appending the requests 
for statistical overvoltage tabulations, the user must complete the data deck for 
the base case, pretending that it is a separate conventional simulation. The 
overall (total) data structure thus has the following components and ordering: 

MACH I 	MACH I 	MACH I 
TQS 34 	T05 b5 	TOS!6 
SWXTC.JI GEN A TO. .NAVL A CLOSED AFTEft -.t2000EI1_ SEC. 
SWITCH GEN 3 TO NAVL B CLOSED AFTER -.I0000E0I SEC. 
SWITCH GEN C TO NAVL C CLOSED AFTER -.I0000E+OI SEC. 
SWITCH SWT A TO .. CLOSEOAFTER -.O 	- SEC.. 
SWITCH ST B TO 	• CLOSED AFTER -.0 	 SEC. 
SWITCH '5WT C TO • 	'CLOSED AFTER -.0 	 SEC. 

• I65I9EG06 •5338Ee05 .Q .. 	.0 _... .0 
.704301E1O0 •902950E1CO •29055E-02 
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* EMTP source cards, terminated by a blank card. 
* Node-voltage output specification card or cards, applicable to 

the base case and statistical tabulation. See the beginning 
of the present section for an explanation of the format. If 
node voltages are selectively requested, this data will be 
terminated by a blank card. These cards are required even the 
"MIT BASE CASE" -option of running statistics case is used. 

* Batch-mode plot-specification cards, applicable to the base 
case solution only. These are terminated by a blank card. 
The plot cards must be omitted for "CMIT BASE CASE" option 
and a blank card is all it needs. 

* Optional misc, statistics data card. 
* Output scaling specification cards for purposes of 

statistical tabulation, terminated by a blank card. 

It now only remains for us to desscribe the final two of these items: 
(1) Optional misc, statistics data card with "MISC. STATISTICS DATA" 

punched in columns 41 to 61. 

£l C41 C41 C4f C1 ' d'dp.. 
I 	) 	cI oo1oo 

C 	C 
.-ciIc, 

I 
.l v .o 	coIo ' 	v - c'.t, 

fl 
'.,lv, 

ifl 9 Ifl 
.o 
Ifl 

r-. 
Ifl 	Ifl Ifl 

F...Q. C. 	ST4TLST1cC,S .D4i 

AI!JcR xxM)c 

The purpose of this optional card is twofold. First, for overriding 
values of AINCR and/or )4AX'1X on the original statistics misc. data 
card (see explanation on pp. 5 - 5c-2). Second, AINCR can be inputted 
as a negative integer -N : this means that the statistical variables 
inputted on the following output scaling cards are to be tabulated within 
N compartments. Any number, if any, of these cards can be inputted and 
values of AINCR and XMAXMX are effective until overridden by another 
such card. 

(2) Output scaling specification cards: 

I1-11  

1sVdus 

ARRIA; 	41  

Netwop 	ndei flrrtS fo' 	otrbpvt 	s eCiicson 	I 

BASE BUSI SUS2 BUS3 BUj8V$5I BUSG 130S71 euSa  BUS  BOSIO BUSH 

AG A6:AG .AGlAG.L  Ara .M .PG. AG I .A4 

IBROPT -- Type code for this output-specification card, telling 
the type of variables in question: 

0 = This card is for node-voltage specifications. 

-1 = This card is for branch voltage specifications. 

-2 = This card is for branch current specifications. 

-3 = This card is for power specifications. 

-4 = This card is for energy specifications. 
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BASE ------Base value which is to be used for the per unit statistical 

tabulation of all variables which are specified on this 
data card. The units of base value for a given type of 
variable should be the sane as that of the variables on the 
card. If AINCR is positive, a blank or zero punch for 
BASE is given the following default values: 

a ) If IBROPT is 0 or -1, the default value is equal 
to the voltage which the BITP read from the 
user's first source card, assuming it was a type- 
114 sinusoidal voltage source. See Section 1.6, 
field "AMPLITUDE" of columns 11-20 of the source 
bard. 

,b ) The default value is 1 if IBROPT is -2, -3  or 14•  
However, if AINCR is a negative value, the field of BASE is 
ignored. The minimum value of the solutions for a given 
yariable is then chosen to be the base value for the 
tabulation of that variable. 

BUS 1 

• ------Node names of the user's network, each A6 alphanumeric 
• information, which specify the desired output variable for 
• the statistical study. There are two distinct cases, 

BUS 10 	depending on the value of 'IBROPT': 
B111 

a ) If IBROPT = 0, the variable in question are node names 
which are to have node-voltage (to ground) output. 
Plank fields are ignored. 

b ) If IBROPT is not equal 0, taked in pairs the variables 
in question are the node names which specify the branch 
voltages, branch current, power or energy consumed in 
the branch. The final field "B111" is totally ignored, 
since the specification of node pairs takes an even 
number of fields. A pair of two blank fields is ignored. 

If there are more than 11 node voltage output variables or more than 5 branch 
output variables for a given base value, continuation to 5 more cards is allowed. 
To do this, the user should punch "CONT." in columns 76-80 on the output scaling 
specification card which to be continued. The continuation cards use the sane 
format except the fields "IBROPT" and "BASE" can be left blank. 

There are no ordering restrictions on such "STATISTICS" output scaling 
specification cards, among themselves. Their end is signaled to the EMTP by 
a blank card. Statistical tabulations for output variables will occur in the 
order that the specifications are encountered on these input cards. 

Illustrative example of data input 

-1 100. 	GENA Al 
-1 	 GENC Cl ENDA AlO 

ASW10 BSW10 CSW10 
-20. 	MISC. STATISTICS DATA 

-3 	 B1 	BSW1 
-2 0. 	GENB B1 	ENDA MO 
14 	0. 	Bl 	B11 

(1) Branch voltage between nodes "GENA " and "Al 	" at base value of 
100 volts is requested. 
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(2) Two branch voltages are requested: between nodes "GENC 	and "Cl 
"END1 " and "Al0 ". The base value for the output tabulation for 
these two branch voltages is blank, which means the "AMPLITUDE" inputted 
on the first type-14 sinusoidal voltage source is to be used as the base 
value. 

(3) Node voltages output have been requested for nodes "SW10 ", "BS110 " and 
"CSW10 " with default base value same as the one described in (2). 

(4) Here is an optional misc, statistics data card on which AINCR = -20. and 
XM4X = blank. This means X4A)1X takes the same value as inputted on 
the first "STATISTICS" misc, data card at the top of the data case. 
negative 20 for AINCR means that 20 compartments will be used for 
tabulating following output variables. These two new values for AINCR and 
XMAXMX are effective until another such card appears. 

(5) Power flow through the branch connecting nodes "Bl 	" and "B341 11  is 
requested. Since AINCR = -20., the field of base value is ignored. 
And, 20 compartments will be used for tabulating the results for this 
power flow, and minimum value among the power flow solutions 
for this branch is chosen to be the base value. 

(6) Two branch currents are requested: between nodes "GENB " and "Bl 
EMDA " and "A10 ", Since AINCR is -20., the rule 

of deciding the base value and compartments for statistical tabulation 
of these two branch currents is the same as described in (5). 

(7) Energy consumed in the branch connecting nodes "Bl 	and "BS11 " is 
requsted. Again, since AINCR is a negative integer number, the rule 
for tabulation is the same as in (5). 

Explanation of "STATISTICS" printed output 

The 3TP printed outputs which are available to the architect of a 
statistical overvoltage study include the following: 

Output a : Switch closing times for each energization. 

Printout of the switch closing times T 	is close 
automatically provided if the user punches the statistics 
miscellaneous data variable "ISW" equal to unity. See 
Section 1.1a 

Output b : Maximum voltages of each energization. 

Printout of the vector of maximum variable values for each 
energization is automatically provided. This is comparable 
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to what the user gets by setting miscellaneous data parameter 
"MAXOUT" (see Section 1.0h) equal to unity for a conventional 
deterministic simulation. The "reference angle" (see Section 
1.40, Class 3) is also automatically provided, as part of 
this printout. 

Output c : Statistical distribution 0± voltages, currents, powers, and energies 

Statistical distributions of maximum output-variable values 
are automatically provided. These are both one at a time, 
and also as part of the distribution for the union of all 
such individual outputs which have the same base value. 

Output d : Mini lineprinter plots of switch closing times 

For "STATISTICS" data cases only, the end of the statistical 
tabulation of overvoltage output is signaled by line printer 
plots of the switch closing times. Each "STATISTICS" switch 
has such a mini plot, the size of which is always the same : 30 
columns wide by 25 lines (of the printer) long. Up to three 
such plots can be spaced horizontally across the page. Experimental 
(sample) values are marked by the symbol "A" for the left-hand 
plot, "B" for the center plot (if any), and "C" for the 
right-hand plot (if any). The symbol "D" is used for all 
theoretical distributions (which will be either bell-shaped or 
vertical straight lines). The order of output of these plots 
is the same as the order of switch card input. More than one plot 
is produced horizontally on the page if the following one or two 
switches have identically, the same variance as the first one 
(which goes on the left). This will normally be the situation for 
the poles of a 3-phase breaker, and the user will generally want 
all three graphs to be spaced horizontally across the page. If 
the user wants otherwise, he can slightly perturb one or more 
variances (a switch with a variance which differs from the 
preceding one will be placed below on the left, automatically). 

Two illustrations of the printer plots of "Output d" are shown immediately 
below. Although spaced horizontally, the reader may note that they were not actually 
printed this way by the computer (since both use the symbol "A" ). 

SWITCH NAINA • TO 	8GINA 
-.4287+00 SWITCH CLOSINGS/COt. 

—COLUMNS 
- 5 . (C .15 	U 	25 	30 

sit 	lO•A •: 	._L.J............. 
A 	D 
I 	A 0 

o o. 
 

	

.0 	A 
z A 	D 
V1 FA! 	_•L_(i-oi) 	 A 0 

hi ii 	\ : 
DA 

9L 0 X4 

A 0  
10 	A 

L •-:-- - NEERG5o 

TIME 
•2222E-03 

....1HLTGH 4 9S.W l 	I 	.TO Is 1. ¶ 
•277$E00 SWITCH CLOSINGS/COt. 	. 
• COLUMNS  

15 	.. 	Q. 25 - .... 
•I 	A 0. 

_...A.... 	........ 
I A 

JiLU1f0. 
A 

sstr,hutsàn A 

A 

I 	.aOZ-O2 	- A 0 
0 
*0 

I 	 A 0 
• - fl_ 	A._. 

•. 	 Zoo S  •:. 	
• • • 

U 

13 

IIILE -.  

SEC/LINE  
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An illustrative sample of "Output all and "Output b" for a small 
statistical overvoltage study appears as follows: 

THE DATA CASE NOW READY TO BE SOLVED IS A STATISTICAL OVEVULTAGE STUDY WHICH INVOLVES 	S EMERGIZATIONS 
(PARAMETER 	NE:ERG 	OF COLUMNS 65-72 OF THE END MISO. OtT CARD). 	CLOSING TIMES FOR THE SECIALLY-FLAGGED 
SMITCHi (WITH 	STATISTICS 	PUNCH--O IN COLUMNS 55-64) A1 VARIED PANOONLY, ACCORDING TO A MORMAL DISTI6UTIO4. 
THE USE. CAN SELECT EITHER UNIFCRM OR NORMAL DXStRIUTIONi, BASED ON THE VALUE OF PARAMETER 	IOIST 	OF COLUMNS 
17-24 CF TNE SPCIAL STATISTICS MISC. DATA CARD. 	THE FOLL.WING IS A LISTING OF SWITOHES W05 CLOSING TIMES ARE 
TO OE STATISTICALLY VARIED, ALONG WITH THE ASSOCIATED MEAN NO STANDARD DEVIATION FOR THE DISTRIBUTION, AS RECUESTED 
BY THE USER. 

ENTRY 	SWITCH 	FROM 	TO 	SWITCH CLOSING TIME 	TCLOSE' IN RC 	
•4CJl2A, 

	

NUMjIRHUMMER 	PUS 	BUS 	 MEAN (SIC) 	STO. DEVIATION 	 f)z)43 I 	 I ASWI 	Al 	 .102000 	 .000100 1 
2 	2 BSWI Dl 	 -. 00 	 900 	 4TLT.C54.' 0 4 
3 	3 	CSWI 	Cl 	 .IOL000 

NOW IN AUDITIDN TO SWITCH-TIM9 VARIATION CAUSED MY EACH SW'rTr !YTR 	, 	IRE IS rHE ADDED RANDOM 
DELAY WHICH IS THE SANE FOR ALL SWITCHES, REFERED TO BY THE TM*REFERENCE AHGL 	DISTRIRUTION FOR THIS 
ANGLE IS UNIFORM OVE THE TIME INTERVAL FROM 	-.0 	10 	.360001403 DEGHGES D 	OH 	•SBOE.02 HZ 
FREUENCY. 	THIS WAS ALL SPECIFIED BY THE USER USING FIED 	0EGMIN 	DECMAX 	AN 	F 	(COLS. 41-641 
OF THE SPECIAL STATISTICS MSC. DATA CARD. 

POEVE,, IF THE PARAMETER 1T151 IFOUND IN COL. 0-IA-OF TN, STATISTICS MISC. DATA CAO) IS SREATc, TI 	RO, 
HE REFLMINCI ANGLE IS SET TO ZERO ANO, CONSEQUENTLY, THERE IS NO ADDED RANDOM DELAY. 

IN THE FOLLOWING PRINTOUT, SWITCH TIMES WHICH ARE USED FOR LACH ENERGIZATION ARE TARULATED, FOLLOWE RY PEAK 
OUTPUT-VA°186E VALLES WHICH OCCUR FOR THE ASSOCIATED SIMi.4TION. 	FORMAT FOR PAX VALUES IS E3ErlTI AL TO THE 
PI4TGUT F0. AYIUM VARIASLE VALUES JF A CONVENTIONAL (I.E., NON-STATISTICALI STUDY, To WHICH PPtN UT OF THE 

N CEP us  izal 

REF. ANGLE 	 Al 	 91 

SWITCH CLOSING TIMES FOR ENERSIZATION NUMBE 
I .200114E-02 2 .4571(11-0E 3 .6706171-02 4 1000 0 BE-: I 
61200001-A 

	

.131475E+93 	
.  

 

- 	 SWITCH CLOSING PINES FOP 00.5  ION NUMB 

	

- 	 I 	•190020E-02 	2 	.3327771-02 cj"tl2?8E-O2J 4 	.8000001-0E 	5 	.100300E-0I 
6 	.1200001-01 	 - 	 - 

	

Etc.. 	( 

An illustrative sample of "Output c" for a small statistical overvoltage 
study of NENERG = 6 energizations appears as follows. Of the several 
tabulations, only that for node voltage "A5 	of is shown: 

STATISTICAL DISTRIBUTION OF PEAK VOLTAGE AT NODE 	A5 • BASE VOLTAGE FOR PER-UNIT PRINTOUT = 	.303001403 
39 

INTERVAL VOLTAGE VOLTAGE IN 	FREQUENCY CUMULATIVE 	 PER CENT 
NUMBER IN PER UNIT PHYSICAL UNITS 	(OENSI71) FREQUENCY 	.GE. VOLTAGE 

24 1.15000 .3484501,03 0 3 	 100.000 
25 1.211000 • 3636005.03 I I 	 83.333 
26 1.25000 .3787501.03 0 I 	 63.33 
27 1.30000 • 303900I03 0 1 	 8.33 
26 1.35000 .1.09350-'+03 I 2 
29 1.40000 •4242001403 I 3 	 50.000 
30 1.4500 .4393505.03 C 3 	 50.000 
31 1.50000 .4545001403 0 3 	 50.000 
32 1.55000 .4696!0E.03 0 3 	 50.030 
33 1.60000 .4840001.03 0 3 	 $0.000 
34 1.65000 .4999501.03 0 3 	 50.000 
35 1.70090 .51E100E.03 2 5 	 16.667 
36 1.75000 • 530250E.03 I 6 	 .000 

N- 
DISTRIBUTION PARAMETERS FOR THE ABOVE DATA. 	GROUPED DATA 

MEAN 	1.5166667 
JP,GROUPE.) DATA 	

- 	I 	i. 	- 

1.537012? 	 \. 	y 
VARIANCE a 	.0926667 

2 
oi?5309 	 4=1 

7Vji- ( V 	-51 
-- :{ 

Lt ~KN 

TJ 	 'I WWI cQz 

%o.1t 	 'fl.t44VO4), 	 tA1 	Jj 
47 44 	CL4DJ2L( ) 

ca.Lr rjj 	(J1 
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1.9 	USER SPECIFICATION OF SOURCE FUNCTIONS f(t) FOR TYPE 1-1 	SOURCES 

1.9a. Introduction 

Section 1.6 	indicated that source types 	1 	through 	10 	are reserved 
for functions which the user wants to define hi.nself, functions 	which are not 
provided for by the sources of type-code 	11 	onward. 	The user can resort to 
any of the following three 	procedures for defining his unorthodox sources: 

Procedure 1 	: Define the source functions f(t) 	empirically at every time step 
that it is to be nonzero, and punch such points on data cards 
which then become part of the EMTP data case. 	Details are given 
in Section 	1.9b 	below. 

Procedure 2 : Define one or more source functions 	f(t) 	to equal a 	TACS 
variable value. 	See 	Section 	1.0g2 

Procedure 3 : Define one or more source functions 	f(t) 	analytically, and 
develop the FORTRAN logic which will return the desired value 
for any given input time. 	This becomes the user's own special 
subroutine 	"ANALYT" , 	for which he is responsable. 	The user 
must replace the original dummy EMTP module of this same name by 
his own module, before executing the data case in question. 	A 
special request card reading 	"ANALYTIC SOURCES" 	is also 
required (see Section 1.01 ). 

Details of these procedures shall be elaborated upon below. Yet, if the user 
is employing the "ANALYTIC SOURCES" feature for the first time, he should 
definitely talk with Program Maintenance before proceeding too far. Reference 
to Section 0.5. might also be helpful, since details of how the user will 
perform his module replacement are definitely a function of the computer system 
being used. 

1.9b Definition of f(t) empirically, at every time step (Procedure i) 

If the user is willing to numerically punch his desired source values 
f(t) on cards for every time step, then, the following is the procedure that 
he is to follow. See Section 1. 	for correct position of these data cards 
within the data case in question. 

RULES: 

1) The values of the curves f(t) at t - At, 2 At, 3 At, .. .muat be suplied in 
the correct time order with one card for each time step. Note that the first 
card is for t = At (not t - 0, which belongs to the initial conditions). 

2) If a'I)ThO source functions become. zero prior to t = t 	, then punch  
in col. 5-8 on..that óard.where they are all zero for 	first time. Then the 

- 	functions in t.at and 11 subsequent time steps will be regarded as Zero. io 
cro cards must follow Ihe 	9999 - card. 



3) If at least one of the source functions in the 10 fields is non-zero all the 
way to t 	, then a stack of exactly n cards with no blank card for termina- 
t.ori m 	supplied, where: 

, rounded to nearest integer. 
At 

	

irRmples: tmax - 0-010596t - 00005 	n -,2 

	

tmax - 0.01309  At - 0.005 	n 3 

	

t max -0.0098,At-0.005 	n-2 

1.9c Definition of One or More Source Functions r(t) Analytically (Procedure 3) 

Either as an alternative to, or as a supplement to, the representation of 
Section 1.9b , the user ispermitted to define one or more of the ten 
possible source functions f(t) in FORTRAN, within subroutine "ANALYT" 
Relevant rules and restrictions related thereto include the following: 

Rule 4: Begin the data case with an "ANALYTIC SOURCES USAGE" data card 
(see Section 1.0gl). 	To appear before the miscellaneous data 
cards, this record tells the EMTP to employ subroutine "ANALYT" 
of Rule 5. 

Rule 5 : In FORTRAN, the user must write the computer code of subroutine 
"ANAIIYT" which defines the one or more needed functions for any time 
value t . Comment cards within the dummy UTPF module which is to 
be replaced by the user document the interface requirements: 

M12. 530 	SUBROUTINE ANAL.YT 
M15913170 	THIS MODULE IS CALLED BY SUBROUTINE 0 8UBT83 	OF OVERLAY 16 
M15913200 	(OVERLAY 18 IF CCS OVERLAYING IS USED ON CDC) IF AND ONLY IF THE 
15913210 	DATA CA5C"BEXNG SOLVED USES ONE OR MORE 30URCE8 Of TYPE 1 THROUGH 
115.13220 	10, AND At.SOHAS A SPECIAL 	ANAtITXC50URC5 —REQUEST CARD. '  
M15,023C) 	WHICH PRECEDES THE MISCELLANEOUS DATACARDS. 	IF THIS BE THE 
M1$,13240 	CASE, THE USER MUST REPLACE THIS OUMM MOOUL.0 WITH ONE WHICH PUTS 
M15,1325C) 	ONE OR MORE SOURCE VALUES - IN VECTOR 'VOLT' AT EACH TIME 5TEP, 
Mi2,538C 	RELEVANT YARXABLPE6 TO USE IN THIS DCFINXTION PROCESS ARE.;;.. 
M12, 539C 	 T 	•----TIMC IN SECONDS FOR WHICH 5OUCtVAt.UC8 MUST BE 
M129 540C 	 ASSIGNED' 

	

, 	
- 

M12. 541C 	 ISTEP ----- THC?IME.5TCP NUMBER, 
112. 542C 	 bCtITAT ---- THt TIME-STEP SIZE. 	A CONSTRAINT AMONG THESE 
Mi2. 543C 	 THREE VARIABLES 15 	T I ISTEP;OCL.TAT .• - 
912, 544C 	 VOLT ----- VECTOR DF 80URC VAL.UC$. 	OR THE SOURCE HAVING 
M12, 545C 	 flPE-COOE 	t.', 	VOLT(L) MUSTBL ASSIGNED *  
M12. 546C 	 TD - EQUAL THE DESIRED SOURCE VALUE AT TIME 'T 
N12. 547C 	SINCE THE PRESENT DUMMY MODULE MAO BCTTLRNtVCR St CALLED, THE 
Mi29 540C 	FOLLOWING STATMCNT$ WILL KZL.L THE RUN WITH AN APPROPRIATE ERROR 
M14.2604C 	MESSAGE. 	THE ONE tXCEPTION IS FORUTPr TEST CA8NUMBCR 140 
M14.2605C 	WHICH HAS 	NTOT a S , 	IBR • 5 , - AND 	DELTAT. 0,1" 
M120 551 	INSERT DECK OLKCOM 	

-. 

Mi2, 552 	IF C NTOT •N. 5 ) 	CO TO 8613 
M140606 	IF ( IBR •N. 5 V GO T08613 	 M129  560 2416 RETURN 
i4.2607 	Dl i  (OLTAT - 1.0/10. ) * too;,112,  561 $613 KILL • 101 
NiB. $37 	It C A83Z(D1) ;GT. TCNM) J 	GO TO 1613 	*12. $62 	L3TAT(19). 1613 
M12. 556 	IF 	VOLT(2) .NC. 0 0- 0') -  G0 TO 241" 	 M12. 563 	RETURIF - 
N12. 557 	Dl I  T 6  0.25 	 .....- 	M12. 564 	ENO 
N12, 558 	VOLT(2) S  1000 - 1 

.....
*D1 

N120 559 	IF C T •GT, 0975 	. VT(2) u 0.0 	- 

For nearly all computer systems of interest, the user can save 
quantities from one time step to the next in storage which is 
local to "ANALYT" , even though the integrity of such storage 
is not guaranteed by new ANSI 77 FORTRAN rules, I am told. 
If there is any question on this point, consult with a FORTRAN 
expert for the computer system of interest. 
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Rule 6 : Any function definitions f(t) within subroutine "ANALYT" are 
applied by the EMTP after the empirical definitions of Section 1.9b , 
thereby overriding such empirical definitions. It is this 
sequencing which shows how and why it is possible to use a 
combination of the two definition procedures: 

a) Always, when using the "ANALYTIC SOURCES USAGE" option, 
data cards of Section 1.9b must be supplied. 	If 
no functions f(t) are to be so defined empirically, 
then it is just the single 9999-card  which is 
required. 

b) Upon the call to subroutine "ANALYT" , vector VOLT(1O) 
will contain values as they were read from the ten source 
fields of the Section 1.9b empirical source-definition 
data cards. Or, if the terminating 9999-card has already 
been read, VOLT(10) will be identical zero. These 
input values for vector VOLT(iO) can of course be used 
in the logic of subroutine "ANALYT" , if desired. 

1.9d Sample illustrative Usage of Analytic Type 1-10 Source Definition 

Suppose that the following two sources are desired, as part of some 
particular EMTP data case: 

Source 1 : A voltage source v(t) which is defined empirically 
(point by point), except that when such values are 
found to be non-positive, the following alternative 
assignment applies: 

VW = max 
—5.4 c.os2(1a017± +(o) 

Source 2 : A sinusoidal voltage source, where the phase angle 
varies periodically, cyclically. Such might not be 
an unreasonable first approximation for a generator 
which is "swinging" in the transient stability sense, 
due to a system disturbance. Suppose we want: 

v(t) = 303000 'cos ( 1207N t + S(t) ) 
(t) = 300  + 100 .cos(5t900 ) 

The user can supply any number (from zero on up) of data cards defining 
source number 1 empirically, terminated by a 9999-card  if such definitions 
do not extend through the final time step. The following subroutine "ANALYT" 
will then complete the job of defining the two desired sources: 

SUBROUTINE ANALYT 

Insert the current EMTP /BLANW here. On CDC, this 
just takes the single record *CALL,BLKCOM ; on Univac, 
the single record 	INCLUDE BLKCOM 	suffices. Other 
systems may require the full set of 50 or so records. 
Don't forget appropriate variable type specifications, 
if any (such as IMPLICIT REAL*8 for IBM, generally). 
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IF ( VOLT(1) .GT. 0.0 	GO TO 1492 

Dl = TwopI * (6 	T + 1.16. ) 

Dl = -5.4 	S(D1) **2 

IF 	.GT. Dl ) 	Dl = -3.6 

VOLT(i) = Dl 

1492 Dl = cos( 5.0*T + TWOPI/4.0 ) 

Dl = 30. + 10.*Dl 

D1=TWOPI*(60,*T+D1/360. ) 

VOLT(2) = 303000. * COS ( Dl  ) 
RETURN 

END 

1.9e Definition of Type 1-10 EMTP Sources using TACS (Procedure 2) 

Procedure 2 (the use of TACS) for the definition of Type 1-10 EMTP 
sources is straight forward. The user must of course define whatever TACS 
dynamics he desires, as explained in the TACS data instructions of Section 8. 
He also must indicate which source is to be controlled by which TACS variable, 
using a 	"TACSEP SOURCE" 	card of Section 1.0g2 . 

That's all there is to It. 

Note about hierarchy of procedures 

The three procedures which have been described above are applied to 
Type 1-10 sources in the order that they are numbered. That is, Procedure 1 
first, etc. 

1) First a data card is read, if it exists (if the bounding flag 
"9999" has not yet been encountered); all ten source values 
are defined therefrom. 

2) Next, any 	"TACS EMTP SOURCES" 	definitions will over-ride 
the Procedure 1 assignments for those sources. 

3) Finally, module "MIALYT" (if user-supplied and active) will 
modify the result of the preceding step in a way which is known 

	

only to the user. 	Note that further analytical processing of 
TACS dynamics is in this way possible, before the values actually 
are applied to the Type 1-10 EMTP sources. 



1.10 CARDS FOR BATCH-MODE PLOTTING 

Cards of this type are required for 
the input of additional data associated 

T
4 41 the plotting of EMTP solution •  

variables as functions of time. This 
is batch-mode plotting, with results available either 
on the computer-driven X-Y plotter (lcomp plotter), or on the 
line printer (printer plotting). Interactive CRT plotting is done separately 
from the EMTP data-case setup, so is not described here (see Section 5.0 ). 

A. General Rules and Procedures Concerning Batch-Mode Plotting 

Rule 1 : Variables are available for plotting only if they have been previously 
.requested for output as per Section 1.8 

Rule 2 : Any number of plots can be made from any one solved data case. Up 
to four curves per plot are permitted. Only purves of the same type 
(among the five different classes : node voltage, branch voltage, 
branch current, branch power, branch energy) can generally be plotted 
on the same graph. 

Rule 3 : Three graphing modes are available for batch-mode plotting, as the 
user is assembling his card deck of plot requests: 

a) A graph just on the (lcomp pen-and-ink plotter. This will 
be referred to hereafter as the "CAIcOMP PLOT" mode of 
operation, after the special request card bearing this 
text. See Section 1.10-B-9 

b) A graph just on the line printer. This will 
be referred to hereafter as the "PRINTER PLOT" mode of 
operation, after the special request card bearing this 
text. 

c) The same graph on both the (lcomp plotter and the line printer. 
This will be referred to hereafter as the "CAICOMP PRINTER" mode 
of operation, after the special request card bearing this text. 

The user is free to switch back and forth among these three modes, during 
the course of his plot requests (see Section 1.10-B-9). 	"CAIcOMP PLOT" 
is of course the most accurate and the nicest, while "PRINTER PLOT" is 
generally the least demanding of computer job time (not to mention the 
much faster actual plot time). 

Rule 4 : Branch or switch current, power, or energy plots for two or more elements 
which are connected in parallel are not possible at the present time. As 
plot branches are identified only by terminal node-pair names, the 
program will always pick the first of the two or more qualifying 
candidates which it finds in the output vector. Refer to Section 1.8-A 
for a remedy, should this restriction bother the user. 



Rule 5 : There is no limit on the number of data points which go into the 
production of each plot. If the array into which the data is read 
should become filled, and more data is needed, logical unit number 
9 (the disk) is used for overflow storage. 

Rule 6 : There are 13 different types of cards which may be used in requesting 
batch-mode graphs from the EMTP; the plot cards as a group or class 
of data will generally consist of a controlled mixture of these types: 

1. Card bearing 78-character case title text. 

2. Cards bearing graph subheading text. 

3. Plot specification card. 

4. Card for specification of 3 or 4 branch node-pair names 
(special request word "BRANCH" ). 

5. card for extended precision of floating-point fields 
(special request by zero time-scale). 

6. (rd for Calcomp graph-size adjustment 
(special request word "HEIGHT" ). 

7. (rd for Calcomp graph-separation adjustment 
(special request word "MARGIN" ). 

8. Card for redefintion of smoothing tolerance 
(special request word "SMOOTH" ). 

9. Card for changing the graphing-mode selection 
(special request words "PRINTER PLOT" , "CAICOMP PLOT" 
and "CALCOMP PRINTER" ). 

• 10. Card for changing the plotter print-head status 
(special request words "PRINT HEAD OFF" and 
"PRINT HEAD ON" ). 

11. Card for changing the pens which are used to draw each curve, 
plus control of the drawing of a grid 
(special request word "PEN CHOICE" ). 

12. Card for redefinition of line limit for sparse printer plots 
(special request word "PLOT LINE LINIT" ). 

13. Card for requesting that two or more plot cards be plotted on 
the same graph, with possible suppression of vertical-axis labeling 
(special request word "SUPERIMPOSE" ). 

1. Card for the photographic magnification or reduction of 
a plot image, with special application to metric plotting 
(special request word "SCALE" ) 

15. Card to plotting one EMTP variable against another 
(special request word "X-Y PLOT" ). 

16 0  Card for switching from plotting to Fourier series 
(special request word "FOURIER ON" ), 

17. Card for switching from Fourier series to plotting 
(special request wword "FOURIER OFF" ). 

18. Card to mark the termination of all preceding plot cards, 
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Of the above card types, only the plot specification card of number 3 
is actually required to produce a plot; there will be one graph for 
each such card. A detailed description of the format and precise 
function of all of these cards will be found in Section 1.10-B , under 
the numbers which are used above. 

Rule 7 : The one to four curves which can appear on the same graph are identified 
by the following symbols and node names: 

C utv C, 

noiber' 
Prrnte.r 
Plot 

C 	cop 
Plot 

Name for node 
voltage is read 
from coltne: 

Node-pair names for branch or 
switch output (2M information) 
in read from columns: 

I C!) 23 -30 : 2S-3 	—1 	nole pair  

a B 313 37-IS 

3 C. + 37 - Three or more branch 4,-&ô 	
), quantities require 

us e of special 
61 -7a J 4 0 13 - 48 

Int.retctiOn of 2 	* or more curve. 	I 

In the upper right hand corner of every plot, there will be a legend 
which shows the symbol, the curve number, and a sample line drawn by 
the pen -- for each curve. An illustration for a case with three 
curves follows: 

The output frequency of the curve-indication symbols on the Calcomp 
plots corresponds to every one inch for the unsnioothed (raw) data; 
larger separations which will genrally be observed allow for estimation 
by the user of what fraction of the data points has been discarded 
during "smoothing" (see Rule 8 below). 

Rule 8 : If a (lcomp plot is to be made, the program first discards those 
data points which will not visually affect the plot, according to the 
following algorithm. This is the so-called "smoothing" algorithm: 

1ntttI Lest Ifnz 	 a' test 	 t. a. 
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The first point of raw plot data is always retained, and an 

imaginary line is drawn from it through the second point of plot data. 
Starting with the third point, then, the distance d of each succeeding 
point from the line is calculated, and compared to a smoothing tolerance 
(see Rule 6, Point s) E. : 

a) As long as d '< € , 	the distance calculation is 
simply repeated for the following point. 

b) Eventually, for some n it is found that the n-th point 
is further removed than E from the line ( d > € ). In 
this case, the (n-i )-st point is saved, and all points 
between the (n-i )-st point and the last previously-saved 
point are discarded. This is based on the principle that 
throwing away such points will not significantly affect the 
resulting graph visually, since they lie on, or almost on, 
the line about which the distances were calculated. 

Such distance-testing is then continued recursively, following the 
sample just outlined. It is begun by drawing a new line from the 
(n-i )-st point through the n-th point, and then checking distances 
from this new line for points numbered n+1 onward. 

The one exception to the distance comparison based on E. as just 
described is that pertaining to relative minima or relative maxima; such 
a point of relative extrenium is always saved, regardless of its distance 
from the line. In effect, E = 0 is used for the calculation at extrema. 

- The value of smoothing tolerance K. is under user control, by 
means of a special "SMOOTH" request card. Details are covered in 
Section 1.10-B-8 

Line printer plotting is executed before smoothing occurs. Thus 
if only this mode of batch-mode plott1n is being used (the last request 
of Rule 6, Point 9 was "PRINTER PLOT" ), the entire smoothing process 
is bypassed, and not executed. But if both modes of plotting are currently 
activated (the last request of Rule 6, Point 9 was "CALCOMP PRINTER" ), 
the raw data points are first plotted on the line printer, then they are 
smoothed and plotted on the lcomp plotter. 

Rule 9 : The user has control over whether all plots are to be. positioned end-to-
end horizontally (down the length of the graph paper), or are also 
to be lined up vertically as well (as permitted by the paper width). 
For example, consider the following contrasting situations: 

• S * S S • • • • 0 0 S • • 0 0 • • 0 • I .5 • • • • 0 • • • 0 S 

Fig. 1. All plots 
positioned 
horizontally. 

0• •0 1b 0 0OS 0 •0•. 0I •0S 0 a 0 *sO. •O 600 
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b • S •0 •0 0000 0*0 000000000 

Fig. 2. 
Plot  

IPlot  I
Plot 

0 0 0 0 0 0 0 0 S • 0 0 S 0 0 • 0 0 0 S 0 0 S • S 

Plots 
positioned 
vertically 
as well as 
horizontally. 

The general xi.ile as to EP batch-mode plotting is as follows: plots are 
positioned vertically (one on top of the other) until the paper width 
would be exceeded; then the process begins at the bottom again, to the 
right of the just-completed plots. The first plot of a new data case 
automatically begins at the bottom of the paper, too. 

User control of this graph-positioning process (vertical stacking) is 
by means of the following variables: 

"SZPLT" ----- Paper width (height as used here), as described 
in Section 1.Oc 

"BEGIN" 
Height of each individual plot, as defined by 

"SPAN" 	 a "HEIGHT" card. See the description of 
Section 1.10-B-6 

Recall that default values exist for these, assuming that they are not 
re-defined by the user. In June of 1977, CDC translations were using 
10. , 1.0 , and 8.0 inches for these, respectively. Using these 
just-stated values would give the horizontal positioning of Fig. 1 above, 
regardless of the actual width (height) of the plot paper. On the other 
hand, changing "SZPLT" to 24.0 inches would result in the positioning 
of two plots vertically as shown in Fig. 2 above --- again regardless of 
the actual width of the plot paper. Of course if the actual paper width 
is less than "SZPLT" , the pen will attempt to move off of the paper 
(not a very satisfactory situation). It is the user's responsibility to 
see that the paper is at least as wide as the "SZPLT" value which is 
being used, then. 
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B. Input tta card FOxTht for Batch-Mode Plotting 

Point 1 : Card bearing 78-character case-title text 

This card has a 112" punched In column number 2 , followed by up to 78 
arbitrary characters of case-title text. This text will then appear at the top 
of all plots which are requested after this definition ---- until redefined at 
some later stage of the plot-data input. Blank text is automatically provided 
on all plots which precede the user's first definition. Height of lettering 
on the (lconip for this text is 0.12 inches. The format for data input is: 

4+*4i * k 
Point 2 : Cards bearing graph subheading text 

Zero to four such data cards for defining graph subheading are permitted, the 
text of which will appear as a subheading on only the immediately following graph. 
Each line is 78 characters in length, with the lettering being 0.1 inches 
high on (lcomp plots. Each subheading data card is to have columns 1-2 blank, 
with the aribitrary text then punched in columns 3-80 , as per the following 
format: 

... .. L.A 4M  
Point 3 : Plot specification card 

This is the only plot card type actually required in order to produce a 
graph; there will be one graph produced on the Calcomp and/or line printer 
for each such plot card. The card format is as follows (see following page for 
diagram): 

Cols. 1-2 ------------- Punch a 111" in column 2. 

Col. 3 	------------- Punch an integer which depends upon the type of 
variables being plotted: 

i) For node-voltage plots, punch a "4" 
if all curves regardless of number are 
desired on the same plot. 

If the requested curves are to be divided 
among two Or more plots, punch the number 
of curves which are to appear on the 
same graph, maximum. 
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ii) For voltage differences or powers of 
branches or switches, punch an 11811  
in column 3. 

iii) For currents or energies of branches or 
switches, punch a 'p9" 	column 3' 

Remember that dynamic synchronous machine 
variables are all plotted as though they 
were branch currents3  so they use a 119" 
punch too. 

Col. 4 	------------- A code number indicating which units are desired 
for the time axis. Floating-point time specifications 
to follow are then assumed to he in these units: 

"1" 	for degrees 

for cycles 

"3" ---- for seconds 

Based on the synchronous 
rower frequency ItSTAT?Rtt 
(see Section hOc 
for redefinition). 

for milliseconds 

for microseconds 

-- for frequency in Hertz 

"7" -- for the base-ten logarithm of "6" 

Note: 116" and 117" are applicable 
to Bode plots only ---- the 
plotting of phasor solutions in 
the frequency domain only. 
See Section 1.0g3 

Cols. 5-7 ------------- The desired 1iorizontal scale "HPI" In time units 
(whatever they may be, from the col. 4 request) 
per inch. 

For example, if the user punches "3.0"in columns 
5-7, and tt4I  in column 4, then he will get a 
time axis with scaling 3.0 msec/inch 

A blank or zero field has special significance, 
as a request for extended floating-point precision 
for plot-card input fields (see Section 1.10-B-1). 

Cols. 8-11 ------------- The beginning time tI}ThJ[II where the time axis 
will start, in units of Whatever the user has 
selected by his column-4 punch. 

Cols. 12-15 -- -------- The final time "HMAX" where the time axis 
will end, in units of whatever the user has 
selected by his column-4 punch. 

The curves will be plotted from the left graph 
limit "HMIN tt to the right graph limit "HMAXt' 
only; these limits themselves will generally 
lie somewhere in the study time-range of zero 
to "1!i1AX" (floating-point miscellaneous data 
parameter; see Section 1.0h) seconds. 
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Cols. 16-20 	-------- Value at bottom of vertical axis, ttVMIN 

This is the minimum ordinate on the scale. 
Leave blank if automatic scaling is desired. 

Cols. 21-24 ----------- Value at top of vertical axis, ttVMAJ(It 

This is the maximum ordinate on the scale. 
Leave blank if automatic scaling is desired. 

Further comments about ttVMINtt  and ItflA)t 

Parameters tttJMfljU and t1JAJ(11  only have meaning for plotting 
on the Calcomp plotter, since line printer plots are always 
automatically scaled so as to utilize the full 132 characters 
of carriage width. 

In cases where the minimum and maximum values of the one or 
more curves for a given (lcomp graph are not known in advance, 
it is usually convenient to let the EMTP decide upon the 
appropriate vertical scaling. This is requested by leaving 
fields "VMIN" and 'tVMAX" blank. 

In order for the "tic" marks on the vertical axis of a (lcomp 
plot to correspond to nice round numbers, the variable span 
of that axis (vMAx - VMIN) should be divisible evenly by the 
axis length in inches • The axis length is under user control 
(see Section 1.10-B-6), although it is normally left at its 
installation-dependent default value (typically 8.0 inches; 
see Section 0.5 	). 

Cols. 25-30's - ------ --- 	Network node names are read from the four 	A6 ( fields which are contained in the columns 25-48. 
These identify the curves to be plotted, as 

37-42 
f 

follows: 

43_48J 
i) For node-voltage plots, the name or names 

of the nodes in question are to be punched. 
Any of the four name-fields can be left 
blank, if not needed. 

ii) For branch or switch variables (element 
voltage difference, current, power, or 
energy), punch either one or two node- 
pair names which identify the branches 
in question. 	Columns 25-36 are for 
one branch, and columns 37-48 for another. 

If more than two branch or switch variables 
are desired on the same graph, the user 
should punch the special request word 
"BRANCH" in cols. 25-30; then the EMTP 
will read the node-pair names for up to 
four elements from a following card, as 
detailed in Section 1.10-B-4. 
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Cols. 49-64 --..--_-_-- 16 arbitrary alphanumeric characters, to be 

used as the main graph heading label. On the 
(lcomp, this will be drawn with letters 0.20 
inches in height. 

Cols. 65-80 ---------- 16 arbitrary alphanumeric characters, to be 
used to label the vertical axis of the graph. 

Point 4 : 'Card  for input of '" 3 or 4 branch-variable names 

If the special request word "BRANCH" is punched in columns 25-30 of the 
plot specification card (Point 3), then the variable identification is not 
made using columns 25-48 as usual; instead, the EMTP will read such information 
from an additional card which immediately follows, where up to four node-pair 
variable identifications are to be provided: 

dvi 	 a 	 Mul 	I-I 	 o —h.s. 

	

th

- - - - 	ri e 	 ' 	vi" 	lflhi',Ilfl u 	u u 	uig 	0 .o'o .0.0 ope.00 0 

	

•• •• 	'I 	____ 	rncW 	E 	rrtcI 	3i 	riJ 	4 

US1' 	6U52 	8US3 3U4 BUSS 	US 	BL7 	Gu$8 

.A 	A........A6  

NCRV ------ Leave blank if all curves are to be plotted on the same 
graph. 

A nonzero integer between 1 and 4 will be taken to 
mean the number of curves on the same graph. Such usage 
is rare. 

BtJS1 9  HJS2 ----- node-pair names for the first branch or switch which 
is to have its variable plotted on the graph. 

BrJS39  HJS4') 
JS5, BUS6 '. --- Similar meanings for the 2nd, 3rd, and 4th branches 

BUS7, BTJS8) 	or switches. 

If any one of the four 	node-pair identifications contains two blank words 
(12 blank characters), the request is simply ignored. 

Point 5 : Card for extended precision of floating-point fields 

The five floating-point fields of the plot specification card, "HPI" , 
"l-IMIN" , "HMAX" , "VMIN" , and "";MAX" , all vary in width from three to 
five columns. Now, this is generally sufficient for typical production usage, 
in which nice round numbers such as 20.0 msec/inch for the horizontal axis 
scaling are typical. But the precise scaling of odd-ball tolerances such as 
16-2/3 msec/inch is clearly Impossible using such limited-precision fields 
for data input. The option described below removes this limitation. 
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For full 16-column-width precision in the specification of all five 
floating point plot-specification card parameters, the user need only leave 
columns 5-7 (field "HPI" ) of the plot-specification card blank. The program 
will then read an additional following card, from which it will extract the 
five variables in question, in the same order, using the following format: 

inaiiii iiiir• iii j pi'yi pp! j'rrrçpi 

Exception : For a situation where the user desires to use both the "BRAIWH" 
option of Point 4 and also the option just described, it is the 
present extended-precision card which is to be deferred: 

1. Plot specification card with blank cols. 5-7, and 
"BRANCH" punched in columns 25-30. 

2. Then the branch-variable name card of Point 4. 

3. Then (finally) the extended-precision card Immediately above. 

Point 6 : Card for Calcomp graph-size adjustment 

The bottom margin and vertical-axis height of a Calcomp plot are installation 
dependent, though typically set to default values of 1.0 inch and 8.0 inches, 
respectively. Either or both of these parameters can be changed by the user, 
as per a special request card having the following format: 

H • 2. H, Special 
i.D UJ  revesb 

iI) WoS 

L.I!j  E16K1 

Cols. 1-2 ------"ITYPE" , the card type-code is to be punched 
as unity. 

Cols. 8-11 ------"BEGIN" , the new lower margin in inches, read 
using E4.0 format. 

Cols. 12-15 -----"SPAN" , the new graph height (vertical axis span) in 
inches, read using E4.0 format. 

Cols. 25-30  -----The special 6-character request word "HEIGHT" 

All plots requested after input of this card will have this specified bottom 
margin and vertical-axis height, unless subsequently changed by another such 
card at a later stage of the plot-data input cards. 

It might be mentioned that implicit to this discussion is the assumption 
that the operator will start the Calcomp plotter with the pen origin at the 
bottom of the graph paper; if not, the lower margin is simply relative to 
whatever point the operator initializes the origin at. 



If the total distance represented by bottom margin "BEGIN" plus vertical 
axis height "SPAN" is greater than the installation-dependent plot-paper size 
"SZPLT" , a message is printed on the line printer and the graph size-adjustment 
request in question is ignored by the EMTP. In this case, the program would 
continue to use the last legal values for "BEGIN" and "SPAN" ---- either those 
originally set by default, or defined on a previous graph-size adjustment card. 
In this discussion, variable "SZPLT" is the total width of the plotting paper, 
the value for which is under user control as per Section 1.0c . 

Line printer plotting is completely unaffected by the presence or absence of 
such a graph-size adjustment card (since it only applies to the Qlcomp). 

Point 7 : (rd for (lcomp graph-separation adjustment 

The spacing between successive Clcomp plots is Initially set by the program 
at the start of each new data case to an installation-dependent value of "KSEP" 
inches (an integer; usually equal to 2 inches). But such graph separation 
can be altered by the user at any stage of the plotting, by means of a card 
having the following format: 

I.'. •I 

Ui SpeuI 
w H request 

....................... 

word 

IAR6IN 1 ,.. 

Cols. 1-2 ------"ITYPE" , the card type-code is to be punched as 
unity. 

Col. 4 ---------- "KSEP" , the inter-graph separation distance which 
is desired, as an integer number of inches between 2 
and 9 , inclusive. 

Cols. 25-30 ------The special 6-character request word "MARGIN" 

The inter-graph separation which is requested in this way will continue in 
effect for all Calcomp plots of a given data case until another such "MARGIN" 
request is encountered. But remember that each data case will automatically 
be initialized to the default value for "KSEP" at the very beginning; hence 
such "MARGIN" requests are only local to the data case of which they are a part. 

Requested separations "KSEP" of less than 2 inches are rejected by the 
EMTP, with the preceding legal value (whatever it may have been) simply continuing 
in effect, in this case. A warning message of such a rejection is outputted to 
the line printer In such a case, for the user's benefit. 

Line printer plotting is completely unaffected by the presence or absence of 
such a graph-separation adjustment card (since it only applies to the cilcomp). 

0 
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Point 8 : Card for redefinition of smoothing tolerance € 

The numerical value for smoothing tolerance E which was described in 
Section 1.10-A-8 is given a default value of 0.01 inches by the EMTP at 
the beginning of each new data case. However, its value is under user control, 
and can be changed from one plot to another by use of a special request card 
of the following format: 

E 
w H H Spe.i.I 
0. 

EPS  wo 

E.O S1tooTH 

Cols. 1-2 -------"IPYPE" , the card type-code is to be punched as 
Unity. 

Cols. 16-20 ------ "EPS" , the desired new smoothing tolerance E. in 
inches, read using E5.0 format. 

Cols. 25-30 ------ The special 6-character request word "SMOOTH" 

A tolerance so defined will remain in effect for all Calcomp plots of 
the the data case in question which follow, until another such redefinition of 
E is encountered. 

If the user defines "EPS" to be 0.1 inch or more, a warning message 
is printed ouC on the line printer. While relative extrema will be exact in 
such a case, the general plot shape begins to look significantly distorted, in 
general. The message just reminds the user why his plots look so jagged. 

Should the tolerance field "EPS" be left blank or punched with a value 
of 0.0001 	(inches) or less, the EMTP sets the tolerance E.  identically 
to zero, and no smoothing at all occurs; the associated smoothing operations 
are completely bypassed, and all raw data points are plotted on the Calcomp. 

Line printer plotting is completely unaffected by the presence or absence of 
such a smoothing-tolerance redefinition card (since it only applies to the Calcomp). 

Point 9 : Card for changing the graphing mode selection 

At any stage of the plotting data-card input, the user can request that 
graphing be done either just on the Calcomp, or just on the line printer, or 
on both of these devices. This is as per Section 1.10-A-3 . A request for 
one of the three alternative graphing modes requires a card having one of the 
following fonnats: 

PRI.LP1ER. .PjaOi ...........  ...... ....  .... .................... 

..L 

i:::: 
............. 

1I.1•.......... . i:: ... 

. ...................................... 

..................... 

cc.?p. 
I..j ................. 

x rrr 
j ...... 

E.R 
........................................................... 

-• 
........................... 



Cols. 1-2 ------- Blank. 

Cols. 3-17 ------- Special request-word text for the desired mode: 

"PRINTER PLOT" makes the following plots come out 
just on the line printer. 

tIC IOOMP PLOT" makes the following plots come out 
just on the Calcomp plotter. 

"CALCOMP PRINTER" makes the following plots come out 
on both the line printer and also 
on the Calcomp plotter. 

The EMTP is initialized at the beginning of each new data case to just 
produce Calcomp plots. This or a later requested mode will remain in effect 
for the data case in question until changed by another such request care as above. 

Point 10 : Card for changing the plotter print-head status 

Some pen-and-ink plotters have the option of "typing" all character output 
using a print-head, rather than drawing such characters using the pen. Of course 
such lettering and numbering is not generally as pretty, and is of a uniform, 
small size (typically something like the capitol letters of a typewriter). But 
use of such a print-head reduces substantially the plotting burden on the computer, 
so is to be encouraged wherever available, and when aesthetics are not of prime 
Importance. 

The EMTP is set by default to begin the graphs of each new data case using 
the print-head, if it exists. A request for either mode of lettering is then 
acceptable at any point in the plot data cares for the data case, using the 
following format: 

i± 
P.PI.NT: OF 

..:............................................................ 
..................................... 

Cols. 1-2 --------Blank. 

Cols. 3-16 --------Special request-word text for the desired status 
of the print-head: 

"PRINT HEAD OFF" makes the following Calcomp plots 
having lettering which is drawn by 
the pen. 

"PRINT HEAD ON " makes the following Calcomp plots 
having lettering which is typed by 
the print-head, should the hardware 
capability exist. 

The requested print-head status will remain in effect throughout the data case 
in question until altered by another such request. Line printer plotting is 
completely unaffected by such print-head status requests, of course. 
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Point 11 : Card for changing the pens and the grid status 

Different curves of any plot may be drawn with different pens, if desired. 
Common usage is to either vary the boldness of black lines, or else to plot in 
color (with each curve being a different color). Such a choice of pens can be 
changed at will by the user -- from plot to plot, if desired. 

The option of a pen—drawn grid for plots is also available. Common usage is 
for plotting on unruled (blank, pure—white) paper. Grid lines are drawn every 
inch, both horizontally and vertically, as extensions to the "tic" marks of the 
axes. 

User control of the two preceding options is provided by a single card, 
which is to have the following format: 

ILmt4 'lEIE1NIEIIL 

Cols. 3-12 
	

Special request—word text "PEN CHOICE" is 
punched in this field. 

Cols. 17-24 ------ "KPGRID" , the integer pen number ( 18 format) 
which is to be used for drawing the grid. A zero 
or blank field will suppress the grid (i.e., none 
will be drawn). 

Cols. 25-32 KPEN(I) , the integer pen number 	( 18 format) 33-40 
41-48 which is to be used to draw curve number "1" 	of 

49 -56 the plot. 	A zero or blank field is taken to mean 
no change in the pen number (from the preceding 
assignment) for the curve associated with that data 
field. 

The requested pen choices and grid specification will remain in effect 
throughout the data case in question, until altered by another such request card. 

Before the first appearance of such a card within any data case, the program 
automatically provides the following initialization: 

KPGRID = 0 	( KPEN(I) = 1 for all I ) 

That is, there will be no grid, and all curves will be drawn with pen number 1 , 
unless an explicit request to the contrary follows. 

Point 12 t Card for changing line limit on sparse printer plots 

For curves where the number of raw plot data points exceeds the number of 
printed lines of a line printer plot, there is no problem with line limits on 
printer plots; printer plots can be of any length in this case. 
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But if the user requests more printed lines of time axis than there are 

raw plot-data points for that interval, then a special limit "LINLIM" comes 
into play. Such a "sparse" printer plot will be terminated when this line limit 
is exceeded.--  where "sparse" is defined to mean that there are fewer raw data 
points than-printed lines. Such sparse plots are characterized visually by 
lines of plot output which have no curve symbols. 

Sparse plot line-limit "LINLIM" has been given a default value of 100 
This limit can be redefined by the user, however, using a special-request card 
of. the following format: 

Such a user-requested '!LINLIW' will remain in effect throughout the data case 
in question, until altered by another such request card. A following data case 
will begin with the default value,however. 	 - 

Point 13 : Card to superimpose plots and/or suppress vertical-axis labeling 

It is not uncommon for the user to desire extensions to the basic plot 
capability of the Point 3 format. For example, he may want: 

the plotting of more than 4 curves on the same graph, or 

the plotting of different variable types (e.g., node voltages 
and branch currents) on the same graph, or 

the addition of a vertical offset for one or more curves of 
a graph, or 

suppression of the vertical-axis labeling (leaving just the 
vertical line with tic marks). 

All of these operations are possible, by careful use of the powerful (but tricky) 
"SUPERIMPOSE" card. 

User control of special features such as those just mentioned is by means 
of a special-request card having the following general format: 

SuPaR1Mo5E, ''H1 18i I8 I8 

Mt P LA' 'MV L4 tIPL5L 

Columns - - Special-request word "SUPERIMPOSE" is punched in 
3-13 	 columns 3-13 

MPL1 	----- The integer number of plot specification cards (Point 3) 
(25-32) 	which are to be superimposed. Any non-positive integer 

(e.g., zero or blank) will be defaulted to unity. 

MPL4 	- 	I oist bet wet fl 
(33-40) 	 37. ovc I.ker 

CUrVeS (see, 
Jtlj) 1193 
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!L5 	- - A flag for possible suppression of the vertical-axis 
(41-) 	labeling. If no such labeling is desired, puhch a 

"1" in column 48 ; otherwise, leave the field 
blank, or punch zero. 

This "SUPERIMPOSE" feature is very powerful, but also a little tricky. 
For this reason, it is desirable that the user understand a few basic operational 
principles, rather than just the plotted effect. 

Principle 1 : The superposition feature is based on suppression of the 
origin-changing operation which normally occurs upon the 
completion of a plot. If the change of origin is omitted, 
the following plot will be drawn on top (i.e., superimposed) 
of the preceding one. Thus the superimposed plots are 
really separate, independent E1ffP plot; they are produced 
separately, just as would be the case if there were no 
"SUPERIMPOSE" card. 

Principle 2 : All non-curve Inking for the second and later of a group of 
superimposed plots is automatically suppressed. Thus the 
grid (if requested), the axes, the date and time (etc.), 
and any title will only be drawn once -- for the first 
of the superimposed plots. The scaling of the second and 
later superimposed plots is not documented on the plot, 
then, it will be noted. 

With this underlying information now in hand, let us consider several cases of 
novel (but not uncommon) usage: 

Usage 1 : Suppose that the user wants to plot more than four EIITP 
variables on the same graph. He simplyplaces these on as 
mazy different plot specification cards (Point 3) as he 
may require or desire, and then these are preceded by the 
appropriate "SUPERIMPOSE" card. 

As an example of this usage, consider the required data cards 
for seven node voltages on the same graph: 

- SUPERIMPOSE 	 3 
lk' 8. 0.0 80. -20. 20.NODEI NOOE5 NOOE9 
144 8. 0.0 80. —20. 20.P400E3 NODE'. 
I'.% Be 0.0 80. —20. 20.8LACI( 	BLUE 

Usage 2 : Suppose that the user would like to mix different plot-variable 
classes (e.g., node voltages and branch currents) on the same 
graph. Separate plot specification cards (Point 3)  would be 
constructed for variables within any one class. These would 
then be preceded by the appropriate "SUPERIMPOSE" card. 

As an example of this usage, consider the data cards which 
will plot two node voltages and one branch current on the same 
graph: 

SUPERIMPOSE 	 2 
144 8. 0.0 80. —20. 20.NODE3 NOOE 
1948. 0.0 80. —4.0 1.03USK BUSH 



Usage 3 : Suppose that the user wants to compare two or more curves 
which are similar. If such curves were plotted to the same 
scale on the same plot, it would be difficult to distinguish 
one from the other. One possible remedy is to offset one 
or more of the curves vertically. In the case of three curves, 
there would bé 3 separate plot specification cards (Point 3); 
the vertical offset for each is produced by adding the 
appropriate constant to both 11V1IN" and "VMAX" of columns 
16-24 • As usual, such plot specification cards would be 
preceded by the appropriate "SUPERIMPOSE" card, in this case 
having a "3" punched in column 32 

As an example of this usage, consider the case of three node 
voltages. The second is to be offset one inch above the first, 
and the third is to be offset one inch above the second. Also, 
vertical-axis labeling is to be suppressed, note: 

SUPERIMPOSE 	 3 	I 
144 8.. 0.0 80. -20. 20.NOOEI 
144 8. 0.0 80. -25. 15.NOOE2 
144 So 0.0 00. -30. 10.NOOE3 

Usage 4 : Suppose that the user wants to suppress all axis 
labeling on a conventional plot (not uncommon in the case 
of publication). To do this, the usual plot card would be 
preceded by a "SUPERIMPOSE" card having a 111" punched 
in columns 40 and 48 . There will not actually be any 
superposition as such, of course. Rather, the user is merely 
exploiting the axis-labeling suppression which is available 
only via the "SUPERIMPOSE" feature. 

As an example of this usage, consider the case of two node 
voltages, for which no vertical-axis labeling is desired: 

SUPERIMPOSE 	 I 
144 8. 0.0 80. -20. 20.NOOEI 	NOOE9 

In the case of "STJPERIMPOSE'.' usage, variable identification has been modified 
(compared with Rule 7) so as to account for alarge number of variables. The 
curve number (e.g., "7"),  the curve symbol-(e . g. 9  "Y"), and the one or two 
6-character identifying names are all drawn side by side. This begins in the 
upper right hand corner, and proceeds downward in order, spaced four per inch. 
A sample is shown at the right, below. Standard 
CalComp symbols have been used, the first few 
of which have the following correspondance: 

auauuuuun mmnuouunw 
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Vertical-axis scaling is unambiguous if the user does the scaling himself, 
manually (i.e., by punching fields "VIVIIN" and "VMAX" of columns 16-24 of 
the 'Point 3 plot-specification card). But if these vertical-axis fields are 
left blank, then the EIWP will perform its own scaling, and the user will be 
forced to figure this out after the fact for variables of the second and later 
plot-specification cards. 	Remember, only the vertical axis for the first 
such card is drawn, and even this can be suppressed if so desired by the user! 
As a general rule, it is recommend that the user do all of his own vertical-axis 
áca].lzig, on those plots which involve the "SUPERIMPOSE" usage. 

• As for time-axis scaling, it is assumed that the user has enough sense to 
keep this the same for all superimposed plots, if this is what he really wants 
(and it normally is). There are exceptions, however, such as comparing different 
segments of the same curve. If the time-axis scaling is varied within a group 
of superimposed plots, the user is simply advised to be careful, and to remember 
what he did, since only the time axis of the first plot-specification card will 
be drawn on the graph. 

PRINT HEAD OFF 
SUPERIMPOSE 

194 2. 0.13 15. -12. 
144 2. 0.0 15.-200 

 

• • •0• G • • • GOGO 00 • OOOOG 	O• 
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Point 14 : Card for photographic magnification or reduction 

CalComp plotting software has a SUBROUTINE FACTOR(F) which 
allows for the photographic magnification or reeduction of a plot. It 
is by means of the key request word "SCALE" that this is made 
available to the EMTP plotter:  

- 
(3. - 7).  - -- -. special request 	

1i:i word "SCALE" 

(25-32) ---- reciprocal of argument "F" 
of CalComp FACTOR  

With SS = 1.0 , 	there is no alteration of the plot size; for SS 
greater than unit-y, the plot contracts; and for SS less than unity, 
it expands. 

The most common application is for metric plotting, in countries 
other than the USA and Canada. The idea is very simple: do the 
plotting with English units as described in the instructions, and then 
slightly contract the plot so that one inch will equal two centimeters. 
For this, one uses SS 	1.270025 . 	All labeling will then be e little 
smaller (by this factor), and axis "tic" marks and the optional ruled 
background grid will have separations of 2.0 centimeters. As an EMTP 
user, one simply mentally replaces all mention of "inches" in the 
instructions by "two centimeters" . 	For example, consider variable 
"HPI" of columns 5-7 of the plot-specification card. Instructions 
say that this is the number of time units (e.g, msec) per inch for 
the horizontal axis. But if one uses SS = 1.270025, 	this is then 
to be read as the number of time units per two centimeters. That is, 
divide the number by two to get the number of time units per centimeter. 
It really is quite straightforward, then. 

Point 15 : Card for plotting one EMTP variable vs. another 

Historically, all EMTP plotting was done with one EMTP variable 
on the vertical axis (ordinate), and with time on the horizontal axis 
abscissa). But, subject to some restrictions, and with use of the 
special request "X-Y PLOT" , 	the user is able to plot one EMTP 
variable as a function of the other, as first described in Ref. 8, 
Vol. VIII, 27 January 1979, pages PROV-9 onward. 	The following 
description is reproduced from that presentation. 

Rules for the new "X-Y PLOT" feature are really quite simple, sn'rr'nirized 
by the following: 

Rule 1 : Some of the old EP batch-mode plottig cards are honored, and some 
are not. We have: 

a) The cads which are honored include the case title and graph 
subheading cards see Rule 6 , Points 1 ad 2 on page 40a 
of the User'sManual). The same goes for the "PEN CHOICE" 
card of Point 11 , and the print head cards of Point 10 
Pially, the "B.ANCH" request of Point 4 is accepted if more 
space 13 required for specification of the variables. 

b) Other special requests or feates in the list are not honored, 
so should not be u.'ed by the user. 
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Rule 2 : Three special, new cards signal the request for "X-.Y PLOT" usage: 

Card 1 : 

[ xi:r. 01 : 
.L 

:____: ._4 i. 6:  

{riontJ  

(3-1) 	Special request word "X-Y PLOT" is punched 
in columns 3 through 10 

(15-38) 	Arbitrary 24-character title for the 
horizontal axis. 

Card 2 : 

:.:.ZEa.o. 

Variable "LENX" , the length of the 
horizontal (ff111)  axis, in inches. Zero or 
blank is defaulted to eight (s.o) inches. 

(9-16) 	Variable "I?AIN" , the mini== "X" value 
(value at left end of horizontal axis). 

(17-24) -- Variable ILtX , the maxi== "V' value 
(value at the right end of the horizontal axis). 

Note : If the user leaves both "XP' and 
"M" blank, the EI!251  will auto-
matically choose these values to 
cover the curve being plotted (by 
means of call to CalComp "SCALE" ). 

Card 3 : 

f YMIN: 
rix.iDIv. IL 

(1-24) --- Variables 	"LENT' , 	"YNIN" , 	and 	"YMAX" 
which are analogous to the 	x-axis 	variables 
of 	Card 2 	only here parameters are for 
the vertical ("r') axis. 

(25-32) 	- Number of dtvisiQnz per inch of the graph paper 
DIV which is being drawn on. 	This is used as a 

parameter for 	CalCop 	mcdule 	"SCALE" 
A zero or blank field is defaulted to ten (io.o). 

(33-.40) 	--- One less than the number of synbols which is used 
SYM to identify the curves. 	Zero or blank is 

interpreted to mean that no symbols shall be 
placed on the curves for purposes of identification, 
Standard 	CalComp 	identification symbols are 
used, based on the curve number. 



Rule 3 : The above cards are to be followed by a conventional 	plot- 
specification card (see page 40d of the User's Manual). Some fields 
sre iored, however, and others have an altered meaning. Supply the 
following information: 

(1-2) Punch 	"1" 	in column 2, always. 

(3)  Graph type code. 	Use 	114" 	for node voltages, 
118" 	for branch voltages, and 	119" 	for 
branch currents. 

(4)  A code-integer for the units of the column  
8-15 	time specification. 	Use 	"4" 	for 
milliseconds, etc., 	as with conventional plots. 

(a-li) iin1rnui or beg -iig time of the points to be 
plotted, in units of the colun-4 specification. 

(12-15) Ik3d-zaln or ending time of the points to be 
plotted, in units of the colux-4 specifIcation. 

25-30 Six-character names ( A6 	fcrnat) of EP 
31-36 variables which are to be plotted. 	The first 
37-42 two variables. are for one curve, as an ordered 
43-48) (x,r) pair of variables. 	For node voltages, 

then, columns 	25-36 	identify the first curve 
(with the 	X-carne 	appearing first), and coluis 
37-48 	identify the second (if a second exists). 
For branch voltages or branch currents, a nair 
of names is required for variable identification, 
recall (e.g., 	columns 	25-36 
just for the 	i-variable); 	for 'ore than 
one curve of branch variables, the 	"BRANCH" 
option can be used (see 	Point 4 , 	page 	40g 
of the tiser's Manual). 

As an example of "X-Y PLOT" usage, see the plot at the top of page 8 , on 
the left. The data cards which were read by overlay-31 plotting to produce this 
plot are listed as follows: 

- PRINT 14E*0 OFF  
- ZTEST OF TYPE-96 PSEUOO-NONLINEAR HYSTERETIC REACTANCE ELEMENT. 

FLUX VS. CURRENT HYSTERESIS PLOT OF MED AND J1H5 TYPE-S& PSZU3OuWONLX14CM 
.._-ELENENT.... SINUSOIflAI. ORIV!NS VOLTAGE IS. USED. 	 - 

X-Y PLOT 	TYPE-96 CURRENT IN AMPS 	-- - .---- - •------,---- - 	... . - 
5.0 	-4, 	400 	 ... 	- 	 -. 

.3 •. -___..-a.o________________________________ 
I94 	0,0 250 	TACS CURR TACS FLUX HYSTERESIS GAPHFUJX.XN VObT-& 



Should the user want to switch back to conventional plotting after 
he is done with his X-Y PLOT usage, a simple trick is required. 
Repeat the three cards of the request which switched to X-Y PLOT usage 
in the first place, only with LENX = 9999. 	This is taken as a special 
flag meaning that a return to conventional (vs. time) plotting is 
desired. 

In order for the Y-axis labeling (numbers) of a printer plot to 
be correct, LENY = 13.0 is required. 	For any other Y-axis length, 
the user should disregard the Y-axis numbers of a printer plot of the 
X-Y PLOT type. 	The curve itself should be validly constructed 
according to the user's requested axis scaling, however. 

Extra working space is required for X-Y printer plots, beyond that 
needed for conventional (time) plots. This is invisible, and neither 
affects the user nor the computer (no additional arrays were added to 
the EMTP), as long as sufficient working space remains. Variable 
dimensioning (see Section 0.6) is the key determiner, in that it fixes 
the size of working space 	COMMON /C31B01/ KARRAY(?????) 	according 
to the total size of /LABEL/ , 	plus (usually minus) any additional 
user-requested offset. 	This same working space is used for building 
the X-Y PLOT image from the raw data points of the curves in question. 
For 130 cells of resolution in both directions, 16900 INTEGER cells 
of extra storage are required (in addition to space to store the raw 
data points for the curve or curves). 	If sufficient working space 
for such an image is not available, there will be a non-fatal error 
message, and the plot card will simply be skipped. 

The "X-Y PLOT" option is available for both printer plots and 
CalComp plots, in any combination. But when using both via the "CALCOMP 
PRINTER" request, many users will have a conflict between the 13-inch 
wide printer output (131 columns at 10 columns/inch) and their narrower 
plotter (our BPA Versatek is 11 inches). 	There is trouble with the 
Y-axis length, which runs across the paper of both devices. If a 
CalComp plot was really desired, the upper quarter of it should not be 
lost off the upper edge of the paper, so LENY, YMIN, and YMAX should 
be selected to fit this smaller width. 	The printer plot will still be 
produced, and according to this requested scale. But the user should 
be warned that the Y-axis and its marking will be erroneous. Logic 
for printing and putting numbers on the Y-axis was fixed for 131 
column output back in the year one (1975?), and is not now (September, 
1980) being altered to accomodate this special case. Hence, if 
X-Y plotting in the "CALCOMP PRINTER" mode is used, and if the 
Y-axis length does not correspond to the full line printer width, the 
printed Y-axis will be erroneous, and should be ignored. 

As for the resolution in each direction (number of cells/inch) 
for a printer plot, this is under user control. Recall that variable 
LNPIN gives the number of printer lines per inch; while it should be 
automatically defined according to local usage (in module "SYSDEP" of 
overlay 1), it can be altered by the user as per Section 1.0c . 	As 
for the number of characters/inch across a printed line, this is 
nominally set at 10, corresponding to conventional older printers. 
If the X-Y PLOT user really wants to redefine it, however, he can 
do so via a sixth field (cols. 141_148) on the Y-axis card. This extra 
field is also E8.0 information. 	But such an over-ride will not 
affect the Y-axis and its labeling, which has 10 built into it. 
If the user over-rides the 10 characters/inch, then, he should ignore 
the numbers on the printed Y-axis. 
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Point 16 : Card for Fourier series computation 

Although it has nothing to 
do with plotting, the Fourier 
series computation of the EMTP 
can only be accessed via this 
EMTP data classification, 
using the special request card 
(see right) which switches 
from plotting to Fourier series: 

( 3-12) 
	

special request word "FOURIER ON" 

(25-32) ---- Number of harmonics which are tp be printed, NFOUR 
If left blank, 30 will be printed (default value). 
For KPL equidistant points in the fundamental period, 
only KPL/2 harmonics are computed. If the user 
punches a larger NFOUR , 	it will automatically be 
reduced to this maximum. 

Next come come "plot cards", each of  
which identifies one EMTP variable 

 and a time window over which the 	 z 	cl."........................lii 	J 
Fourier analysis is to be performed. 	 ........................... 
Columns 1621! and 37 -80 can be 	 III 	I 
left blank. Punch only: 

( 1- 2) ---- Punch a 11 1" in column 2, as with all plot cards. 

( 3 ) ---- Punch "Lj", 11811 , or 1191', depending upon whether one 
is to Fourier analyze a node voltage, a branch 
voltage, or a branch current, respectively. 

( LI  ) ---- A code number indicating which units are desired for 
time parameters HPI, HMIN, and HMAX below. For 
cycles at the power frequency, punch 112"; etc. 

( 5- 7) ---- Punch any believable horizontal scale HPI . 	This 
data is not used for the Fourier calculation, but a 
credable value is required to successfully pass 
through plot card data checking logic. 

( 8-11) ---- The beginning time "HMIN" of the one-cycle window 
that is to be used for the Fourier analysis, in units 
of whatever the user has selected by his punch of 
column number LI. 

(12-15) ---- The ending time "HMAX" of the one-cycle window, etc. 

(25-30) ---- t'BUSl" , 	first A6 EMTP variable name. 
(31-36) 	11BUS2" , 	2nd 	A6 EMTP variable name, if any. 

For the Fourier analysis of a node voltage, only BUS1 
- 	is used; but for branch voltage or current, BUS2 

is also required to identify the variable. 

There are as many such "plot cards" as the user wants Fourier 
analyses. For each, there will be a tabulated output showing the 
harmonic number (first column), cosine coefficient (2nd column), sine 
coefficient (3rd column), complex amplitude (4th column), and relative 
size (fifth column), of which the following is an example: 
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ELECTROMAGNETIC TRANSIENTS PROGRAM (EMTP), DIGITAL (DEC) VAX-I1/780 TRANSLATION AS USED BY BPA IN P0? 
DATE (MM/DD/YY) AND TIME OF DAY (HH,MM,SS,)s 09/30/80 22.54,40 	VAX/VMS PLOT FILZ = 930225440,PL4 
FOR INFORMATION, CONSULT THE 700-PAGE EMTP RULE BOOK DATED SEPTEMBER, 1980, 	PROGRAM VERSION = "1429. 
INDEPENDENT LIST LIMITS FOLLOW, 	TOTAL LENGTH OF 	/LABEL/ 	EQUALS 249871 INTEGER WORDS, 	603 

125 6100 10000 	50 	300 	100 	140 	20 9000 	400 	9 	4 	30 6000 27600 	220 	81 

	

eS_eS ..........  ---e 	See.Se *................................................... 
DESCRIPTIVE INTERPRETATION OF NEW-CASE INPUT DATA I INPUT DATA CARD IMAGES PRINTED BELOW, ALL 90 COLU 

0 	 1 	 2 	 3 	4 
0 	0 	0 	,0 	0 	C 

f 	•.eeese..eeea...eeeeeeeseeeeeae.a.esae.ee.ees eeSeeSSeeSeeSeeeSea.flSanaeee 
MARKER CARD PRECEDING NEW DATA CASE, 	 1BEGIN NEW DATA CASE 
MISC, DATA, 	0,I00E+0I 	09900E+0I 	0,000E+00 .1 	110 	9,0 
MISC,DATA. 	1 1 0 0 0 00 0 0 0 1 	1 	1 
SERIES R-L-C, 	09I00E+01 0,000E+00 0,000E+00 1 VALUE 	 1 9 0 
BLANK CARD TERMINATING BRANCH CARDS, 	 1BLANK CARD ENDING BRANCH CARDS, 
BLANK CARD TERMINATING SWITCH CARDS, 	 1BLANK CARD ENDING SWITCH CARDS. 
SOURCE. 	0.00E+00 0900E+00 0900E+00 0,00E+00 1 IVALUE 
BLANK CARD TERMINATING SOURCE CARDS, 	 IBLANK CARD ENDING SOURCE CARDS. 

	

ç 	REQUEST FOR OUTPUT OF ALL NODE VOLTAGES, 	 I I 

COLUMN HEADINGS FOR THE 	I EMTP OUTPUT VARIABLES FOLLOW, 	THESE ARE ORDERED ACCORDING TO THE FIVE 
POSSIBLE EMTP OUTPUT-VARIABLE CLASSES, AS FOLLOWS .,., 

FIRST 	1 OUTPUT VARIABLES ARE ELECTRIC-NETWORK NODE VOLTAGES (WITH RESPECT TO LOCAL GPOUND)I 
NEXT 	0 OUTPUT VARIABLES ARE BRANCH VOLTAGES (VOLTAGE OF UPPER NODE MINUS VOLTAGE OF LOWER NODE 
NEXT 	0 OUTPUT VARIABLES ARE BRANCH CURRENTS (FLOWING FROM THE UPPER EMTP NODE TO THE LOWER)I 
NEXT 	0 OUTPUT VARIABLES PERTAIN TO DYNAMIC SYNCHRONOUS MACHINES, WITH NAMES GENERATED INTERNALE 

FINAL 	0 OUTPUT VARIABLES BELONG TO 'TACS' (NOTE INTERNALLY-ADDED UPPER NAME OF PAIR). 
BRANCH POWER CONSUMPTION (POWER FLOW, IF A SWITCH) IS TREATED LIKE A BRANCH VOLTAGE FOR THIS GROUP] 
BRANCH ENERGY CONSUMPTION (ENERGY FLOW, -IF A SWITCH) IS TREATED LIKE A BRANCH CURRENT FOR THIS GROUPJ 

	

c 	STEP 	TIME 	VALUE 	 - 

0 0,000000 09000000E+00 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, 	 1 	3.4 

1 0,100E+01 0,340000E+01 
ANODSR INPUT CARD FOR TYPE 1.10 SOURCES, 	 1,8485282 

2 0.200E+01 0,848528E+00 
ANOTHER IHPUT CARD FOR TYPE 1-10 SOURCES, 	 1 	0.0 

3 0.300E+01 0.000000E+00 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, 	 1-,434314 

4 0,400E+01-0.434314E+00 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, . 	I 	-9 2 

	

c 	5 0,500E+01-0,200000E+00 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, 	 1-,848528 

6 0,600E+01-0.848528E+00 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, 	 1 	-9 4 

7 0 9 700E+01-0,400000E+00 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, 	 1-1,56569 

8 0,BOOE+01-0.156569E+01 
ANOTHER INPUT CARD FOR TYPE 1-10 SOURCES, 	 1 	110 

COMMENT CARD, 	 IC 345678901234567890123456789012 
FOURIER SERIES STARTED, NFOUR 	10 	 1 FOURIER ON 	 10 
** PLOT CARD, 	0,100E+01 09I00E+0I 0,900E+01 I 143 1, 1,0 890 	 VALUE 

BEGIN FOURIER SERIES CALCULATION USING 	8 	EQUIDISTANT POINTS, 	BEGINNING TWO POINTS 
0.3400000000E+01 	0,8485282000E+00 	 ENDING TWO POINTS 	-0,4000000000E+00 	-0.1565690 

	

C 	COEFFICIENTS OF RESULTANT FOURIER SERIES, WITH 'COMPLEX AMPLITUDE' BEING THE SOUARE ROOT 
OF THE SUM OF THE SOUARES OF THE TWO PRECEDING ENTRIES, 	THE FINAL COLUMN APPLIES TO THIS AMPLITUDE 

	

( 	HARMONIC 	 COSINE 	 SINE 	 COMPLEX 	- FRACTION OF 

	

NUMBER 	 COEFFICIENT 	 COEFFICIENT 	 AMPLITUDE 	FUNDAMENTAL 

	

0 	0,9999952500E-01 	0,0000000000E+00 	0,9999952500E-01 	 0,08574891 

	

1 	099999990764E+00 	0,6000008972E+00 	0.1166190049E+01 	 1.00000000 

	

2 	099000000000E+00 	0,5000010500t•00 	0,1029563524E+01 	 0,88284369 

	

3 	0,8000009236E+00 	00 4000008972E+00 	0,8944284184E+00 	 0,76696626 

	

ç 	 4 	0,6000004750E+00 	090000000000E+00 	0,6000004750E+00 	 0,51449631 

3LANK CARD TERMINATING PLOT SPEC, CARDS, 	. 	1BLANK CARD ENDING PLOT CARDS, 

C 

- 	 . 
/ 
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The sample usage just displayed is based on Hermnn's 8-point 

illustration in the documentation which follows. A user-defined 
Type-1. EMTP source was employed to establish the eight desired data 
points as node voltages for node VALUE . 	Due to the EMTP field width 
of eight, precision is slightly reduced, note. 

The-user is reminded of the importance of defining exactly one 
cycle of the periodic wave, with no overlap. Because of the floating-
point counting of the EMTP (T = T + DELTAT), this can be tricky, and 
even installation-dependent. The first two points and the last two 
points are printed out as confirmation, so that the user knows that 
his window is exactly right. In this regard, all plot points for 
T .LT. HMIN or T .GT. HMAX are rejected. 	If the user is having 
trouble with one or both end points, he may want to add or subtract 
half a time step when he defines HMIN and HMAX; and if this 
requires more field width than the regular format allows, remember 
the extended (16-column) precision option of Point 5 plot data. 

The user is also warned that no interpolation on the EMTP plot 
file points is performed. Hence it is important that time-step size 
DELTAT (as defined on the floating-point miscellaneous data card) 
be an exact multiple of the period. 	For 50 Hz problems, this will 
usually be the case, but not so for we North American users of 60-Hz 
systems. 	Remember, if DELTAT = 1.E-4 sec, then there are exactly 
166.666666.... steps in a cycle, which implies some error in the 
Fourier transformation. Better to choose DELTAT so that the number 
of steps per cycle is an integer. 	For 60 Hz systems, carry quite 
a bit of precision, preferably using free-format capability for the 
floating-point miscellaneous data card. 	Put several extra commas at 
the end of the nonzero data, so ensure proper bounding. 

One final point regarding the FORTRAN, which is module "SERIES" 
of overlay 31. An interactive debugger can stop at S.N. 3209 and 
examine and or adjust various variables. 	(EVDOUB(J), J1, KPL) is 
the data being transformed, and IPRSUP .GE. 3  will print it all. 

Point 17 : Card to turn off Fourier Analysis, and return to plotting. 

If the user wants to return to conventional 
EMTP plotting after the use of Point 16 
Fourier transformation, this is possible. The 
switch back to the normal plotting mode is made 
via the "FOURIER OFF" request as shown at the 
right. 

BACKGROUND AND DOCUMENTATION OF EMTP FOURIER SERIES COMPUTATION 

The Point 16 and Point 17 features were implemented very 
hurriedly by WSM on September 29th and 30th, 1980, just as this manual 
was going to press. 	It was a rush job, in response to Bob Hasiber's 
immediate need. 	Hermann had written a little self-contained Fourier 
analysis program many years ago, and it is his coding which formed the 
basis of the new EMTP feature. 	The first three pages of Hermann's 
five-page writeup dated 30 October 1972 are reproduced below as added 
documentation of the formulas used: 



FOURIER ANALYSIS PROGRAM 	 13 K 

• Ref: Mathematical Methods for Digital Computers, edited by A. Ralston & 
H. S. Wilf. John Wiley & Sons, New York 1960. Paper by G. Goertzel: 
Fourier Analysis, page 258-262 

Given a periodic function f(x): 

• This periodic function can be expressed as a series of trigonometric functions 

f(x)  

with a0  = de offset, 

22 
+ b = amplitude of fundamental frequency, and 

f72 2 a + b1  = amplitude of i-th harmonic. 

How to Use the Program 

Define the curve within One period by n points at equal distances along x(r2) 

Z I 	 • 	 I l 
A
A bVQML 	u$. k LL 

*  

-I 

The program will compute the values a0, ... am (cosine-coefficieits) and b0, 

b (sine-coefficients) of Eq. (i), as well as the magnitudes Co•••Cm  with 

C1={a+b 	 (2) 

If n is even, then 	 m = 	 - 	(3a) 

n-i if n is odd, then 	 m = 	2 	 3b 

The resulting finite series 	 - - 

P(x) 	'>.. o -Cos (ix) + 	64-sin(ix) (4) 
i=o 	 io 	- 

passes through the n given points ("exactly," except for round-off errors) and 

• provides a smooth interpolation between points with the least possible number 

of harmonics. 
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Form of Data Deck 	
- 13J 

Any number of curves can be analyzed consecutively. Each curve is specified with 	L • .. 
one card defining 	 n 	 Format 13 

as many cards as necessary defining f1 , f2, f., f4, f, f6 
- 	 -, 	 1 	 Format 6F12.7 f7, ... 	 f12 

• 40004-. 

Terminate the data deck With -a blank card. 

Test Examples 

Example A: The function 

I + ex * 	 (gCLfx +3 tX 	~x 4 

was used to generate 89 , 9 and 20 values at equidistant points to define one 

period of the periodic function. These points were used as input to generate 

the coefficients, which agreed with those of the original function as shown on 

P. 3. 

Example B: The curve was taken from a study described in E. J. Dolan, D. A. Gillies, 

and E. W. Kinibark, "Ferroresoriance in a Transformer Switched with an EV Line," 

IEEE Trans. on Power Apparatus and Systems, Vol. PAS-91 9 May/June 1972, pp. 1273-1280. 

The curve as well as the results are shown on p. 4-5. 

FOURIER ANALYSIS 	 "LW-s.. 

	

RECORD 07 ORDINATES IN 	8 EQUIDISTANT P0ITS 
3.399999 	.8455282 -0.030000 	..431 3141. 	-02000000 	.8'.852t ITT 
.3999939 -1.5655856 

T FOURIER OEFFICIEN1S 
HARMONIC 	COS-00FF. 

0 	 .Iot)o 

2 	 .O0t100 
3 	 .800000 
4 	 0000 
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RECORD Or ORDINATES IN 	•9 EQUI)!ST ANT POINTS . 
3.39999 	105566150 -.611141 .4294230 	-1.0036814 6811551.1 

-1.129.229 	-.4137028 -194335908 - 

FOURIER COEFFICIENTS 
HARMONIC 	COSCOEFF. SINOEFF. MANITU3E .:: 

0 	 .800000 0.000000 6100000 
. 	.. 

i 	i.oaouoo .s00000 i.i&&igo 
H 

2 	 0900000 0500000 8.029563 
3 	 0800000 0 .00000 9394427 
4 	 .600000 0800000 84000000 

I t 	r 

-: 	
FOURIER ANALYSIS 

RECORD Or ORDINATES IN 	20 EQUI)ISTANT POINTS 
3.3999999 	3.9985650 2.1335587 -.2222683 	-.9123345 -00000001 	8 
.6979639 	.1832515 -9881T609 -.9534801 	-02000001 .8379686 
-.4564355 	-1.091.1824 -09069809 -.3999999 	-96494687 -191.509024 

-1.2243422 	.8710544 

FOURIER 	EFFICIENTS 
HARMONIC 	CO-COEFF. S1-3FF. MAMTTUDE 

0 	 .100000 04000000 .100000 
1 	 10000000. .600000 10166190 
2 	 0900000 0500000 1.029563 
3 	. 	0800000 6400000 .894427 
1 	 .600000 0800000 10000000 . 
5 	 0000000 .00000.0 0000000 
6 	 4000010 0000000 .000900 
7 	 9000000 -.000000 0000000 
8 	 6000000 -.000000 0000000 -. 	. 
9 	- 	 .000000 -0000000 0000000 . 
80 	 0000000 00000000 0000000 

Point 18 : Card to begin each PRINTER PLOT on a new page 

A plot card with "PAGE" punched in columns 3-6 will produce a 
page skip on the line printer just prior to the output of each new 
PRINTER PLOT. 

For those not having high-resolution (vector-graphic) plot 
capability, PRINTER PLOTs are very important. Some printers do not 
print continuously over the fold of line printer paper, thereby 
breaking PRINTER PLOTs and inserting about an inch of blank space. Or,. 
even if the printer does print continuously over folds, some users may 
choose to separate pages along fold lines for purposes of record 
keeping. In either case, the beginning of a PRINTER PLOT at the top 
of a line printer page may be important. 

Point 19 : Card to mark the termination of all plot cards 

A blank card is used to signal the end of all data cards that 
are associated with plotting. This then also completes the data for 
the data case being set up (see Section 1.). 
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2. DESCRIPTION OF TRANSIENTS PROGRAM OUTPUT 

This chapter is designed to aid the user in interpreting the printed (and 
plotted) output produced by the Transients Program. 

2.1 Input Data Listing 

So as to completely document all data, a listing of all input cards is 
provided as part of the printed output: 

1. All 80 columns are printed, charcter by character, in columns 
52 through 131 of the paper. 

2. The character 111" isprinted in column 51 of the line, to mark 
the beginning of the card image. 

3. Columns 1 through 50 of the line are reserved for interpretation 
of the input card in question. See below for a tabulation of 
what is printed out for different types of data cards. 

4. There is only one line of printing for each data card read; 
no spill-over to extra lines is allowed, for aesthetic reasons. 

See the sample program output of Section 2.3 for an illustration of these rules. 

As not all data cards are inputted at once, "breaks" in the above 
card-listing will, occur, with other program printout appearing in between. 
Yet all data from the case control card through the source cards (see Point a 
of .Section 1., data classes 1 through 5) will appear listed contiguously 
which is the most important range of interest, covering the entire network 
description. 

The interpretation accompanying each different type of input card can 
be decoded using the following explanations. 

()Comment Card (Section 1.) 	
: 

I FT fFii I[ ;IIII1 
1Of4MEPUTCPRD. 	:;IL 

4I 	V 

() cards to Begin a New Data Case (Section 1.0 ) 

First, there are the two different cards which are associated with 
separating different data cases, or stopping execution of the EMTP (see 
Sections 1.0a , 1.0b ). 	Of the two interpretations shown below, the 
first is for a"BEGIN NEW DATA CASE" card, the second 

is for the blank card which turns the MM off. 
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Section 1.0c shows how the user can re-define built-In program 
parameters 	IPIN" , "SZPLT" I. 

ttj5fft 	ttflJjtt 	 , and "STATPR" 
Interpretation for these special request records is as follows: 

EE{f 

Nt  

IIIl;l 
iiIII 	II 	II 	 111 1 1:1 	111:1 1 1 

l..4 	 '.1....L....4....J.... I.......I 	..i..I 	............................... 
LenP,Efr$EH 	vrL 	E13.3 	I

I  

---- 

!EE!E!! 
RUM 

!!!!!!! I!! 
- 

!!!!!HII!!! I1!I!III 
II!iiiI 

FM 

- 

Section 1.0d explains usage of the "REPLOT" feature, the leading request 
card for which is Interpreted as follows: 

I 11Nl II  0. aI!II 

IRE QUE STL TO RE LP'I IOT 
IjI1tJ11IIIL1 L1Ij h iI 

0 J 0 P 	01' rOTA 
I 

I 
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Section 1.0e explains how installation-dependent module "MIDOV1" of 
overlay number one can be called on demand by the user. Interpretation 
Of the special request record reading "FILE REQUEST" is as follows: 

1'11" ih1 ¶21 1i11N1 
CN(.II. 

...... 

6oNh1N ' 
;91  

1111 1 
Section 1.0el, explains how six-character alphanumeric identification 
of the user can be specified, principally for purposes of EMTP plot 
identification, 	Interpretation of the special request record reading 
"USER IDENTIFICATION" is as follows: 

Section 1 60e2 explains how to disable the execution of an EMTP data 
case (one of several to be solved). 	Interpretation of the special 
request record reading "ABORT DATA CASE" is as follows: 

Section 1.0e3 explains how to print a range of EMTP error messages 
(KILL codes, beginning with KILL1 and continuing through KILd2). 
Interpretation of the special request record reading "KILL CODES" is: 

!IEEII1IEE1II 
IOU 

Section 1.0e4 explains how the EMTP output vectors can be averaged 
over successive time steps. Interpretation of the special request 
record reading "AVERAGE OUTPUT" is as follows: 

Section 1,0e5 explains how the total TACS working space of List 19 
can be allocated among the 15 different TACS tables. 	First, there 
is interpretation for the three "ABSOLUTE TACS DIMENSIONS" cards: 



IHI 112h7oll M01 112 d  !l lULl 
luIl1llIt;Lc1 uUI lip IIuIuhI.uuiiiiu.uuiiuum 

H 
liii I REMEMBER 

iiiIi I I11Ii 
Second, there is interpretation for the three data cards associated 
with the special request record "RELATIVE TACS DIMENSIONS" : 

oil 11i'l ! 
i I! 

II .ThH !L!!!! !HI! ! 
IIIUL!IIUUIUiLIUIU1iJUIIII1 

I III ii ii1I 
Section 1,0e6 explains how the results of two or more "STATISTICS" 
solutions can be combined for purposes of overvoltage tabulation. 
First, there is interpretation for the special request record which 
reads "TABULATE ENERGIZATION RESULTS" : 

Next comes interpretation for the one or more data cards which give 
the integers that characterize the data files in question: 

Section 1.0e7 explains how a "STATISTICS" simulation can be saved 
for later statistical, tabulation, possibly in combination with Other 
such partial solutions, 	Interpretation of the specia', request 
record reading "STATISTICS OUTPUT SALVAGE" is as follows: 
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Section 1,0e8 explains how the user can omit running the base case 
solution of a "STATISTICS" or "SYSTEMATIC" data case. The 
special request record.  "OMIT BASE CASE" is interpreted as follows: 

PIN 

Section 1 00e9 explains how the user can have the familiar floating-
point and integer miscellaneous data cards (see Section 1.0h) read. 
Interpretation of the miscellaneous data cards themselves, as well 
As any extensions, are as expected, so shall not be repeated here. 
It only remains for us to illustrate interpetation of the special 
request record reading "MISCELLANEOUS DATA CARDS" : 

I Il H IIIHI 
Section i 3 OeiO explains how the user can request a special reading of 
the familiar data card which provides for variation of the time-step 
loop printout frequency (see Section i.ib). 	Because the data card 
Itself and its interpretation are unchanged, they shall not be repeated 
here, It only remains for us to illustrate interpretation of the 
special request record reading "CHANCE PRINTOUT FREQUENCY" : 

Section i3Oeji explains how the user can manually define the time at 
Which the search for'extrema is to begin, Interpretation of the special 
request record reading 	"BEGIN PEAK VALUE SEARCH" 	is as follows: 

I  
iiII 
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Section 1,0e12 explains now the user can define the table-saving 
time in the case of "STATISTICS" data cases, 	Interpretation of 
the special request record "TIME OF- DICE- ROLL" is as follows: 

Section 1.0e13 explains how the user can request output of the peak 
node voltage for the entire network (peak over all nodes). The 
speciaL request recura 	"ric. vwJAt 	MUNLTUK" 	is interpreted as: 

Section 1.0e14 explains now the total U.N. working space of List 
25 can be allocated among the four different U.N. tables. 	First, 
there is interpretation of the "ABSOLUTE U.N. DIMENSIONS" card: 

An alternative is provided by the special request "RELATIVE U.M. 
DIMENSIONS" , 	which is interpreted as follows, 	Note that the 
derived absolute sizes, not the proportions, are printed: 

-- 	 --- 

- 

Section 1 90e15 explains now the user can restart a previously-halted 
Simulation (which had MENSAV a 1 flag set), 	There are several data 
cards associated with this operation, The first of these is the 
special request record 	"START AGAIN" 0 	which is interpreted as: 
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Next comes an indeterminate number of switch cards (switch numoer; new 
switch closing time), each of which is interpreted as follows: 

Finally, there is the terminator for such cards (999911  punched in 
columns 5-8), which is given the interpetation that follows: 

Section 1,0e16 explains how the user can transfer control directly 
to the time-step loop, Interpretation of the special request record 
"TIME STEP LOOP" is as follows: 

Section 1.0e17 explains now the user can postprocess an old plot file 
using TACS, This begins with an installation-dependent S-card 
(SOLDFILE), which shall not be documented here. But the key special 
request record is 	"POSTPROCESS PLOT FILE" , 	which is interpreted 
as follows: 

Section 1.0±' explains how Karrenbauer node voltage output can be requested 
to a single distributed line. hiterpretation of this special request record 
is as follows: 

hi c.1mI i0hHoi 2I I i 	V) R R A Aj; jI ;I 
...1.J.. ..............L........L. 	j...J.......... J.4.JLJ..!.:. 

ROEi. IF.QR.. 
........... 

..Oul.PVT, H .MOOtS. 
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Section 1.Og shows how the user can request transfer to any of the 
auxiliary supporting programs which have been attached to the Transients 
Program proper. The different possible request records are interpreted as 
follows (for key words "XPORMERt' , "SATURATION" , "WEIGHTING" , "LINECONSTANTS" , 
"SLYEN SETUP" , 11tJj1 SETUP" , and "CABLE CONSTANTS" ) : 

Section 1.Ogl explains that the intended control of Type 1-10 EKTP sources 
from FORTRAN subroutine 11ANALYT11  must be declared early, by means of a card 
bearing the key word 	 SOURCES" • 	Interpretation of this special- 
request record is as follows: 	 - 

I Ii+I1°I2I 

REQUEST. FOR 
I 

LI:...........................................

II 
USE.. Q...A$AflC 

[.1.................. 
.T?P..i-1O.SOUR.cES... 

I I 	I 	I 	'I 

Section 1.0g2 explains that Type 1-10 EMTP sources can be controlled by TACS 
variables which are declared on a 	t'TACS EKTP SOURCES" 	card. Interpretation of 
this special-request record is as follows: 

................................... ...i.... ............................ 
TACS-No4ES COWTftO.lLt.NG TTPE.. i-t.(.. EMTP. SOURCES.. . .. .1. 

___ -. 	i 	 ..... I..........•••.I................ I...................I 
Section 1.0g3 explains that the FTP will automatically loop over steady-state 
solutions of different frequencies, in response to a 	"FREQUENCY SCAN" 	card. 
Interpretation of this special-request record is as follows: 

F-SC AN 
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Section 1.094 explains that transient network node renumbering can be bypassed 
by means of a special request card which bears the key-word text 	"RENuMBER 
BYPASS" • 	Interpretation is as follows: 

o . 	JIoo 
c
—

cr.c . r'. 
leo — 	1d, 0 .c1r 

r.r1e, 
ojo — n oIr.IcIoIo I- 

•. 

I. I .......... 
8PAS OF 1. 	KLSIE.N1' .N.WoRK. gviuM. ER1 Gr$.. 

............................ . 	'1. 
... 	.. 	..... 

...........
. . .......................................................... ................... 

I .......... 

Section 1 .0g5 explains that the time-step size "DELTAT" can be altered by 
the user at any point during an EMTP simulation. Three or more cards are required 
for such a specification. The first is a single special-request record which bears 
the key-word text 	"CHANGE DELTAT" • 	Then come an indeterminate number of 
cards which define the time-instants Ti at which new step-sizes DPi  are to 
be applicable. Finally, the end of these is'marked by a single card with 119999" 
punched in columns 13-16 . 	Interpretation for these three classes of cards 
is as follows: 

REQUEST FOR 
H j F 

41. 
F 

SREtNT.  
I  f'rt 

H 1 W ] HIl'Fih 
I 	F 	U A, iJ 

,SPECIAt.. 1ERI INk.L1.Ot4OF-.PO1N1S .... C,ARD ..................... L...'. L 	1LL±l'JIIL 1 	'ii±LIl 11i±H L __ 

Section 1.0g6 provides for user-redefinition of the two characters which are used 
in conjunction with free-format data input. "CSEPAR" is the separator character 
between data fields, while "CH'X.NT" is the character which requests a continuation 
card. Interpretation of this special-request record which bears the key word 
"FREE FORMAT" is as follows: 

Section 1 .0g6 explains that EKTP diagnostic printout can be controlled 
selectively, overlay by overlay, using a card which bears the key-word text 
"DIAGNOSTIC" . 	Interpretation of this special-request record is as follows: 

-1-01 —I  Ill I I I 	—I-1CN 	?4Ic4J .1 ....:.H............. DIAGNOSTIC PRINTOUT...cooas. i4..14...14.14...14 	..11 .. •••4• ... 
ovet!J 4L4onteQi Led 



44b —a 

The floating-point and integer miscellaneous data cards of Section 1.0h 
are interpreted as follows: 

.ta 	- 

, H I 	HtLI 	 I 	i 	II 

sc'.t 

 

DATA E1 	3  
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. ii iti ENII 
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- 	- - - 	- 
Specially-Requested Extensions to Misc. Data Cards (Section 1.1 ) 

This class of data consists of cards which are only present in a data 
case if certain miscellaneous data parameters of Section 1.0h take on 
special, characteristic values. 

For a "STATISTICS" or "SYSTATIC" data case, "NENERG" is 
punched nonzero (with absolute value equal to the number of energizations), and 
an extra statistical-overvoltage miscellaneous data card is appended, as per 
Section 1.1a . 	Interpretation of this record is as follows: 

11.II '0 
CIA  ! C4  

(..J . 
.8L..L.J .. .. 

1.....! ....... i... 1...._i ... .1• . t W' 
- -. 

tl ET 
........ - 101ST 

F.4..... ... 

INCRI I 

If the user wants to vary the printout frequency during the solution, "DUN" 
is punched as -1 , and the special printout-frequency-change card of 
Section 1.1b is appended. Interpretation of this record is as follows: 



44c 

(S TACS Data 

If a data case is to involve TAC5 modeling (see Section 8 ), such data 
cards precede the first branch card (and follow the last extension (if any) to 
the miscellaneous data cards). 

First comes a spec'ial-request card with the keyword 'TACS HYBRID' 
or 'TACS STAND AIDE' . (See Section 1,1d ) 
Interpretation is as follows: 

I_I 	t I 0N00i - I II ftI$II I 
I 
FT MS SET 

II 

.ti' 

[JDATA 
I1 

CARbS 
t11I.1.1 
FoiL I 

ii, 

I 	I 
 I Al 

Next come TCS function blocks of Section 8.5.1 , plus the zero-th 
order blocks of Section 8.5.2 • 	The first card of each function block 
is interpreted as follows: 

TACS FUNC7IO4 AG'" 1OE 	t¼i _____ 

............. L output 
flfl .... 

Here "N" is the order of the block, as read from columns 1-2 ; "output name" 
is the block name, as read from columns 3-8 ; and the block gain "GAIN" was 
read from columns 51-56. 

For a dynamic block ( N >l ), the polynomial coefficients of "s" of the 
transfer function follow, on two or more cards. The numerator coefficients 
precede the denominator coefficients. These two interpretations follow: 

NUMER. 1O.  

III 

DENOtIe 

11:j  

Eio.a E10.2. E 
I 

E10.2.. 
1 

Do  
..................... 	.- 
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Next come TACS signal source cards of Section 8.5.4 . 	Interpretation 

is as follows, where "A", "B" , and "C" are read from columns 11-40 
using 3E10.0 format: 

TACS SOURCE. 
I 	E12.3 I  E1.3' 

  - ........i..... ........ 

L --.... ' .. '_ 

Next come TACS supplemental variables. I Three types can now be defined: 

"VARIABLE" : old fixed-format expression 
"FORTRAN EXPRESSION" : new free-format logical/algebraic FORTRAN expression 
"DEVICE , TYPE I'IN" : a TAGS device type- 50, 51, 52, etc... 

Each of the above may also belong to one of the three groups of supplemental 
variables: "inside", "input" and "output" . 

The interpretation is then as follows: 

JII?I;1!.I 
tjIi1I1' 	'Ij1lI!i 

•.J 	 .......... j............... -.....I..................... 

Ae 
I 	 I 	I 	IN'T_ 

S• 	'flMTM.:  

1 

....................... 

I 

	

. 
...;................ 	 .:.j.............. 

	

L 	

r 

I' 	 SI 	r 	H 	 f 

Certain TACS supplemental device cards may be immediately followed by an 
indeterminate number of associated data cards, each of which bears one or two 
floating-point numbers. Examples are the Type-55 digitizer, theType-56 
point-by-point nonlinearity, and the Type-57 time-sequenced switch. The end 
of such cards is marked by a 119999" card (punched in columns 13-16 ) 
Interpretations are as follows: 

El .4' O1A. IJIv.Esk 1 .................... 

. i:• . . ....... 

. 
,T..................................... 

E -HH"I I; 	III IfI1Ii?I;I 

END OF OTA OR RE ...'MY, I  
1C16 
ICI jill 

1 
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Next come the cards (or single card) which request TACS output variables, 

to be used for printing and/or plotting. For selectively-specified outputs, 
interpretation is: 

It) 31r. cc 0.01- C.II () 'e P.4 
1 

0 — 
(N ei el ei o 

i ei of.- ei 	ml 'Q r, 
m rn 

o rn 
— c%iI m 	11)1.0 r- oolo o — 

I 

rs 

- 
VAILE5 

I 

Foj 
I  

a1crP 
( 
OuTPUT 

j I 	 I 

yEç7Dp,, I  I 
'1 11. 1 	j1I'JiIiI]i1l] 

The output of all TACS variables can be requested by a single card with a 
"1 "-punch in column 2. Interpretation is then as follows: 

II  J I I til 
T ..FQ.R...Q.UT.P.V QF•L ...TAC 

Cn  

..YARLM ES. 
[lEt E' iIr 

Finally come initial condition specification cards, if any. Interpretation 
is as follows: 

INIT, 	, L( 
J' 

6. 6 
... .... ....................... I Lni1i'I .................................... 

Lumped Series R4L.C.(Section 1.21) 

9 "CASCADED P1" Steady-State Component (Section 1.22) 

Data input for a "branch" which is to be defined using the "CASCADED P1" 
feature of Section 1.22 begins with the header card (Class 1 input), which 
is interpreted as follows: 	- 

I I?IIIIIII5 0-101-1 
CIAbEO.Pt HEAOE  

Class 2 data defines the terminal node names at the sending and the receiving 
ends, as well as matrices 1R1 , tLi , and LC I for the sending-end 
line section. Interpretation for these data cards is identical to that used 
for the conventional Pi-circuit component of Section 1.23.  For convenience, 
this interpretation explanation is reproduced immediately below: 
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Here a distinction is made between the card for the first conductor of a 

P1-equivalent and possible succeeding cards. The first card has the following 
interpretation: 

The first card of succeeding conductors of a multi-p-hase P1-equivalent bear 
no descriptive text, with only the first 5 numbers of the card being printed out. 
Assuming conductor k, 

The fourth and later conductors of course require continuation cards, since all 
parameters for row k can not be punched on a single card. For such cards, either 
3 or 5  of the punched nuñibers are printed: 

If the card has one triplet of numbers (Rk ' 	Ck,m): 

If the card has two triplets, for columns rn and in+l or 
If the card has 3 triplets, for columns rn , in+l , rn+2 

Class 3 or. Class 4 data is for the line-position (transposition) card, 
which is interpreted as follows: 

III; E1 

cj;..i•X 1 

••.. . 	J. •.l..*._, •1 

.i. . ..< 
. 
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Actually, if the line in question consists of more than 14 conductors, 
one or more "continuation" cards is needed for the input of MAPcAS(I) which 
was begun on the just-interpreted card. Each such extra card ( "K" equal to 
14 for the first; "K" equal to 28 for the second; etc.) would be 

interpreted as follows, if it existed: 

1'] JEI -i 	• Ii;I ;I4; 

4 1t4 14 14 4 1414 14 14 14 I 14 

1.. .... 

..... .Q 

..... 

L.< 
a-..... 

kc 

. 

Class 5 data is for the input of series R-L-C branches, each card of which 
bears the following interpretation: 

I 

LL JiH ii.a a 1 3 

+1 .. 
L.1...! .i......1...  . 	....................... 

seris 

Class 6 data is for the input of shunt R-L-C branches, each card of which 
bears the following interpretation: 

.i l4  '°I••i 
p_  W 01I?I 	I;IIII:I 

I . E11.3 
4 

Class 7 data is interpreted identically to Class 2 data. 

Class 8 data consists of the single "STOP CASCADE" record, which is 
interpreted as follows: 
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Pi-eQuivalent (Section 1.23) 

Here a distinction is made between the card for the first conductor of a 
Pi-equivalent and possible succeeding cards. The first card has the following 
interpretation:, 	-. -... 

--------.--.. 	--i_._____--- -.--'-. 

I;1l1I JQI 
IIST..OF.PI'.CKT. •.E11.3 •1 I. ... Eri.i•3............ 

The first card of succeeding conductors of a multi-phase Pi-equivaleht bear 
no descriptive text., with only the first 5 numbers of the card being printed out. 
Assuming conductor k, 	 ... 	 .:-... 	 - 

The fourth and later conductors of course require continuation cards, since all 
parameters for row k can not be punched on a single card. For such cards, either 
3 or 5 of the punched numbers are printed: 

If the card has one triplet of numbers (Ilk m  , Lk Ifl , Ckm): 

1 efrNI Ir+0L0. :1-1 

E1O.131 E1O3[ IE1O.'3 E1o3 	E.10.3 
Rt1  UUiij ttk1 1 	Ricni 	JLakml 

If the card has two triplets, for olwnns in and in+l ; or 
If the card has....3 triplets, for columns in , m+l , xn+2 

Ht0  riIf 

E1Q3 1.31± t. E1!043. E14O3 EtO.3 
rno 

The user might rarely have occasion to employ the alternate formulation 
using matrices tA'j and EB3 in stead of the usual [RI and LL 
In this case, he will use the special formulation-change request records reading 
"USE AB" and "USE BI" , which are interpreted as follows: 

9ef11v I 	I 	IIF?I;II I 	IlIII;I 

'EN OUPO ILVPE E'E1NT51 CJSLNG  

BEIN QUPLJE, t)PPEO 
...LI 

LP1ENT5 V$NC  
.,L. 	J.t.L..:.... 



The preceding description assumes that the older, narrow 
formats are being used ($VINTAGE, 0). If instead the new, wider 
format is being used (SVINTAGE, 1), then any one data card only 
bears one triplet of numbers R()c,m), LCk,m), and C(k,m) . 
The first data card is interpreted no differently than with 
the narrow formats (see-top of section, "1ST OF PI-CKT,"): 

But the second and later cards (if any; if two or more phases) 
use a unique format. Interpretation of the data card which 
begins a new row K of the matrix (for K2, 3 0  ...) is as 
follows: 

All other cards of the row Ccolumn M, for M2, 3 0  ...) are 
interpreted as follows: 	- 

®'Coupled R-L Branches in Phase Values (Section 1.24) 

A distinction is made between the card for the first conductor of a 	coupled 
R-L group.—and all succeeding cards. For the first-conductor card: .......................... 

-I 
I 	I 

jr4l4 	— c. c inl.o aioI—  c.,l, nI'oIr.. - -WI z1 .0. - 
1ST OF COUPLED Rb. Efl.3 _ 1- _j •E1i.3 	•1• 
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All succeeding cards simply have printout of the 1, 2, or 3 pairs of R-L punched 
on the card, in order of increasing column number. For the extreme case having 
three pairs in row k , columns m through m+2 , the interpretation j: 

E13t 	.[ 
	 I O_E1O   EiO8 E1O 	E1O.3 ' 

Rk,m 	t1jrpH 	Rsrn si 	I 	rnii 1 	Rim+. 

Sho1d the user input zero and positive sequence values rather than the 
normal phase values, then interpretation of the 3 cards is as follows: 

1. First card.(with zero sequence values): 

III;1 
tST Of COUPLED R—Li. 	I 	I E1131 	I I Ei1.3 

I1R'1 1ILi1 

2. Second card (with positive-sequence values): 

;I 	 ; 

A 	I EiO'.3 	EiO.I3 	EiO.'3 	E1O.3 	E1O.3 
: 	 "1 O;OrLi 

3. 	The third card gives the third row of the matrices as if the input 
had been nude in phase quantities; it gives the phase equivalent 

- 	of the preceding sequence values: . 

JII ;IIII ;I  I;IIII*l  I 
1 E1O.L3 I tEuvr1O*3 I 	j E,ilO.'3 jE,1O3 E1O.3 

.... 
I I 

i 	. .......... 
t 	

I On 1 
j.,.. 	U. 

Just as with P1-circuits of Section 1.239  it is possible to employ the 
alternate formulation using matrices [A) and [B) instead of the usual 
LR] and t13. 	In this case, the user inputs special request records 
reading "USE tt  and "USE RL" , 	which are interpreted as follows: 

•8:6I 
.....L.iL.L...:...L.J 

Lth 
.....t.j......' 	........L.!..1..i 

iENiS 
... ....... ................................. 

..J51NG. (A.)., 	( B) ..: . 	•1 

E-&IN 
i 

OUPLEUO 
L 

LLP1PED ELEp1Errrs 
LL 

' USING (R)  
- 	- -- 



() Saturable Transformer Component (Section 1.25) 

The first card of a single-phase saturable transformer component bears 
the special request Word "TRANSFORMER" , which is interpreted as follows: 

I - I?IlIlI IlI 

tXF0RME. E1  
.4 1 

Actually, this interpretation assumes that the reference component feature has 
not been used to define this unit (i.e., field "BUS3" of cols. 15-20 are 
blank). If the reference component feature is being used, interpretation 
then consists of only the following: 

Assuming no use of the reference component feature, the "TRANSFORMER" request 
card is followed by current-flux breakpoints (if any) which define the 
magnetization characteristic. Interpretation of all such records, if any, 
is as follows: 

I _ 
H 

I FIu%. 

With no reference component usage, the preceding data class (whether present 
or absent) is terminated by a 9999-card, which is interpreted as follows: 

I 	I II t;i _ _ 
L 

SPECIAL TERMINATIOPIOF-POINTS CARD. I 
..I..L.J...... LJ..[J..L .J..i... J..i...L, 	..J.......... 

next come the transformer winding cards, which are interpreted as follows 
assuming no usage of the reference-component capability: 

IIiitilo.  - _C1 i _iiii _ i_11_i;i -vi -el 	i jj 

11 

WIUD1NCL, Ela.4- El E,+ I 

Volts I 



If reference component usage were being employed for this unit, columns 
14-49 of the above interpretation for a winding card would have been left 
blank. This is because the winding card in question bears no floating-
point parameters in such a case. 

Finally, if a 3-phase, 3-leg core-type transfonner component is desired 
by the user, the three single-phase units for each phase are all preceded by 
the special 3-phase request card reading 	"TRANSFORMER THREE PHASE" (cols. 
3-25 key-word text). Interpretation of such a card is as follows: 

I !I;I1: I?I; ;III 

AEt dE 	WQ'dEs 	I El a. 4 i 

L 

() 
Distributed-Parameter Transmission Line, Continuously-Transposed (Sect. 1.26 ) 

The first two cards of a distributed-parameter line carry the zero and 
positive-sequence parameters respectively. Interpretation consists of 3 principal 
floating-point values read from the card, plus the characteristic impedance 
Z0  (computed neglecting line loss) and thetravel time 70: 

If the line is continuously transposed (Section 1.26), 	then 
the third and any later cards only define the terminal node names, and are 
therefore only interpreted by the message: 

But if instead the component is a double-circuit distributed-parameter line 
with zero-sequence inter-circuit coupling (Section 1.26a), 	then 
interpretation of the third card is identical to the first two; in this 
case, the 3rd card has parameters for the "IL" mode. The fourth through 
sixth conductor cards then bear the following interpretation: 

111Imn a K CO II ; 	III?;Il;I 
......... [ 

LIATIE, ....... e. 
L 	.................i......................................I....... 

oNO.UcTO.. 
iL LI 	J. 	I 
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Should the first card (zero-sequence parameters) of a distributed-parameter 
transmission line carry a request for frequency-dependent representation ( a _11! 
punched in columns 53-54, field IPUNCH ), the added data outlined in Section 
1.26b must follow. 

First, the miscellaneous data card bears the following interpretation: 

Then each card defining one or more points of the far-end (forward) weighting 
function a1(t) bears the identification 

Finally, each card defining one or more paints of the near-end (backward) 
weighting function a2(t) is interpreted as: 

I.WEiGHTIt16.FUNCTIoNA2HPOIN1S..'.L 

Ar'e 
Here the field AREA (cols. 38-49)  only applies to the last card defining a2(t) 

where the total area under the weighting functions, AREA = Ja1(t)dt + J 2(t)dt 
is printed out. For valid weighting functions, this should be near unity (like 1.005). 

An exception to this complete display occurs it variable LIST 
(columns 57-64 of the frequency-dependence miscellaneous data card) 
is punched equal to unity rather than zero. Then none of the A1(t) 
data cards is displayed or interpreted, and only the final two 
A2(t) cards are shown. The interpretation of these final, two data 
cards is exactly as they would appear if LIST were zero. 

9 	Recursive Convolution Frequency Dependence (Section 1.27) 

A frequency-dependent untransposed transmission line uses data 
cards as documented in Section 1.27 • 	Typically these will be 
generated by the £MTP itself, using either the "SEMLYEN SETUP" 
feature of Section 7.5 , 	or the "HAUER SETUP" feature of Section 
7.8 • 	Interpretation begins with the branch card of Rule 1 ; 
for phase (mode) K, one has: 
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Immediately after such a branch (mode) card comes the steady-state 
card of modal impedances, to be used during the phasor solution for 
initial conditions, Interpretation is as follows: 

Next comes an indeterminate number of data cards which characterize. 
the modal wave propagation, The exponentials are numbered it  2, 3 0  
etc,, with any one data card typically  bearing two consecutive ones 
of these. That is, card one bears the first two exponentials, card 
two bears exponentials 3 and 4 0  etc. Interpretation for the data 
card bearing exponentials K through M is as follows: 

1111111ing,1111 i1 !himii.i 'H  
After the last data card.of propagation exponentials for the mode, 
we have one or more such cards for the admittance exponentials, 
Just as with the propagation exponentials, there are typically two 
per card, Interpretation is comparable, too: 

So much for the two components of Rule 3 data, Such data (Rules 
1, 2, and 3) are cyclically repeated for each branch (mode) of the 
multi-phase transmission circuit (see Rule 4), 	After the last such 
mode, we have data cards which specify the voltage transformation 
matrix (Tv) of Rule 5 9 	This is inputted byrows, from left to 
right within a row, with 3 matrix elements onary one data card. 
For one of the data cards of row K of the matrix, interpretation 
is as follows: 

!!!I!!!E! II IIIII !IEIJII II(IIII 
- !!I !IIH III!!III IhiiIU 



Finally, we have the current transformation matrix (Ti] , 	as 
described in Rule 6 , 	Format is the same as for (Tv] , 	For 
one of the cards of row K , 	data card interpretation is: 

!!I!!!E I! mpg III!II 
mwe"11111W~ M~- 11111WI111IIWL 

It should be mentioned that a corresponding input for the 
branch cards of "AMETANI SETUP" (see Section 7.6) also exists, 
though as of the summer of 1980 it has not been debugged. Bob 
Lifrig coded the exponential (Semlyen) and piecewise-linear (Ametani) 
recursive convolution codes together during the summer of 1978. 
This was the new code, with an indeterminate number of exponentials, 
and an indeterminate number of linear segments, 	But we were pressed 
for time, and simply could not pursue both. In cooperation with 
Ontario Hydro, we chose to pursue the exponential (Semlyen) modeling, 
The Ametani modeling remains untested, so is not recommended for the 
general public. Indeed, because Bob Eifrig had to alter data formats 
as part of the generalization, the data cards punched by "AMETANI 
SETUP" no longer are accepted by the new code, More work is needed, 
then. Any volunteers? 
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Type-94 Surge Arrester 

Section 1.39 describes the various data cards which are associated with the 
Type-94 modern-style silicon-carbide surge arrester component (with current 
limiting gap). 	These begin with a branch card, which Is interpreted as follows 
(assuming no reference-branch usage): 

1 -  I 	VMVVVVVi111 V in in 

Ii •1 
ARRESTER. E1O.3 

1j jill 
Eli.4 

I 	I 
I TrPE4 ' 

I 	

I 
F,, I  

Then come six cares bearing floating-point parameters of the arrester - three 
numbers on each of the first five cards, and two on the final one. These cards 
are interpreted In the following way: 

coiss. 
(tZ(tl Ef 1  I 11.3 E11.3 

••.'• 
-2 E 

.................. 
C1HPMt4i) .c.c}1AR(r4) .CHAR(b)...... 

_ 
Here "L" and "M" are 
storage of the constants 
read as follows: 

beginning and ending indices for the FORTRAN EMTP 
on the card. For the six cards, these Indices should 

# 1 2 3 6 

 

4 5 PL 1 5 8 1 17 
 

11 1  14 

3 7 10 13 16 ieJ 

If the reference-branch procedure were used (fields "BUS3" and "BUS4" of 
columns 15-26 not both blank), then only one card would be Involved, and this 
would be interpreted as per Point 11 

M.ulti.phase ZnO surge arresters 

Section 1.32 describes the various data cards which are associated 
with multi-phase, compensation-based, ZnO surge arrester modeling. 
These begin with the definition of a subtype of type 92 nonlinear 
resistance. This first data card bears the following interpretation: 



Then follows a single card specifying general arrester data 
which bears the following interpretation: 

The actual arrester characteristic will follow the above card. 
There can be any number of cards with each one of them bearing the 
following interpretation: 

Recall that there is an indeterminate number Of these cards 
terminated by a 9999 card. This termination card bears the 
interpretation: 

The characteristic before flashover appears first, followed by 
the characteristic after flashover (if the arrester is equipped 
with a gap). The second part of the arrester characteristic, 
if any, is also terminated with a 9999-card. 
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1CC 	Branch Element Types 91-93 and 96-99. 

For purpoes of documenting the interpretation, it is 
convenient to lump together all remaining nonlinear and pseudo. 
nonlinear elements. These have type  codes 91, 92, 93, 96, 97, 
98, arid 99, as described in Sections 1.28 onward. 

Definition of each of these elements begins with a first data 
card which specifies the terminal node names, among other things. 
Assuming no usage of .the reference branch procedure, interpretations 
are as follows: 

1. Pseudo-nonlinear R , type 99 (Section 1.28) 

2. Pseudo-nonlinear L , type 98 (Section 1.29) 

1et11i0 III- 
....i.i..L.L.1 

I III(* 
....i..J...L.L..L..!..i...t..l...' .... L..!. 

1?l;I 
... 	1.... . I 

1IEJ1 p.s:wo.oNNLN.JL 
.................. 

E1 1.. 3 1 . ........... 

3. Staircase time-varying R , type 97 (Section 1.30) 

0 

1 111 ;I.i I 

II;l 
I 

..I...[.1.. ir .. i..  

........ 

4. Pseudo-nonlinear hysteretic reactor, Type 96 (Section 1.31) 



5. Time-varying R, type 91 (Section 1.35) 

:iuu iu___ 
The above card is followed by a single card specifying the starting (breakdown) 
voltage VSTART. This card bears the following interpretation: 

The actual characteristic R = f(tR ) is specified on an indeterminate 
number of cards. Each of these cards bears the following interpretation: 

The specification of the resistance values is terminated by a 9999-card 
which bears the following interpretation: 

6. Piecewise-linear, continuous R, type 92 (Section 1.36) 

Then follows a single card specifying general resistor data which bears 
the followig interpretation: 



The actual resistor characteristic will follow the above card. There can be 
any number of cards with each of them bearing the followig interpretation: 

The indeterminate number of characteristic cards is terminated with a 
9999-card Which bears the following interpretation: 



J 	Branches using the Reference-Branch Idea 

When the reference-branch concept is used, fields BtJS3 and BUS4 (columns 
15-26 of data card) carry the node names of the preceding branch which is being 
referred to. The first card of a coupled group using this capability bears 
the following interpretation: 

RE.FE.RENcE .BRCH. 	COP'r••I' •••AG•••• 10 .1 	7 

i 1 I:BU53 	tJSu1 
All later branches of the coupled group (if any) bear the following abbreviated 
interpretation 

Switches and Switched Elements (Section 1.4) 

The "ordinary" switches of Section 1.40 are EIVITP switch components which 
have no linear resistance or inductance element associated with them, and which 
are not valves, diodes, or TACS-controlled. 	Generally these switches are of 
type-code zero (as punched in columns 1-2), although type-code 176' is also 
possible for a Class 3a switch. 	Ordinary switches come in five classes, 
with the first four interpreted as per the following format: 

iHNfi 0lr.Ho I-N I; 
I 

IE10.a E1O. 
I 

C.as 	42, 

1C1er en 
 

! CIIOS.. 
1' or P5 Class 3a 

:;eent TmS4L or 

Class 3b ,fl B - 
dependent 'OSt  
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The final one, for Class 4 switches ( "MEASURING" switches), bears the 
following interpretation: 

Next, switched inductance elements of Section 1.41 carry the interpretation: 

ItII C4 C4 M 

1TC14EO•.ia&... •1  ....'•t1ar4.J... .... 

. 	:1 

For switched -resistance elements of Section 1.42, the following interpretation 
is provided: 

JI 	Ii'OI 	ItI1 III;II;I 	Il 
I'I1C1HEO.. R4••l 	•. J...E..a.4 ...J . __d 	.1.. E.a.4 ....E $ 2..4. ........... 

For diode or TACS-controlled valve operation, the type-11 switch of 
Section 1.43 is used. 

Parameter "GRID" is read from the A6 field in columns 65 - 70 
Parameter 'cAMe 	is read from the A6 field in columns 71 - 76 

For diode or TACS-controlled valve operation, the type-12 switch of 
Section 1.44 is used. 

Parameter "SPARK" is read from the A6 field in columns 65 - 70 
Parameter "c-iP' 	is read from the A6 field in columns 71 - 76 

For simple TACS-controlled switch operation, the type-13 switch of 
Section 1.45 is used. 

Parameter 	 is read from the A6 field in columns 71 - 76 

Interpretation is as follows: 

hI? 
III, ......................i...... 	... 	........ 

40 •cPQ.S 	 I 

1.. 	..... 	. 	....+........ 	... 	... ..................,.4..... 
.1 	 I.. 

I .................. .•.•................ 

.J..........L.!.L] 	4 	It 
TA5 G%b 	...... .' ....... I 	 jJ..,. ......... ..JJ....................................... 

O ThS 	
. 

4. 
5WI1, TAe.S 	rcL S'PtL .4...JIJ . 	.................... r........... 

I HTLWIHH*iWftL HLLHLH 
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Sources (Section 1.6) 	- 

Source cards are interpretated as follows, for sources Type 1-15 : 

SOURC.ELL... 	...:.E110..Z......j..E11.O.2,........' ..... 
MPt.b,1  

For type-16 DC-simulator sources, the first card is interpreted as: 

L1Ii'°I -ILa C7 
	H 

(SRCE4 	E 1O2 I 	Er1O•2! ______ _________ 1 	' 
Iet 	I 	I ¶1 	IL 	ii:: 

The second and final card then bears only the label: 

—I f'NI 	J °hII °il41 I 	IIIkfI1 1I II I!I;I 1 I I • 1 
SECOND  DC SIMUtJTO( CARO, 1 i r r I' 

I 
I 	. 11111 J 	I..L..J .............. J.L.................  ...... ........................... I............. 

TheType-17 ThTP Source component provides for representation of a zinc- 

Qxide surge arrester that has constraint equation 	i = A * ( 	ref )G 
Interpretation is as follows: 

1IliI+0I 0  ! 	i1Jjr ?J; 	II 

SOURCE. Eio.a E1O.a E1o,a io.a 
..'.. . .. ... ......... ..... 	...................... 

• 1___ 1, ____ __ 

Type 1-10 sources have the functions f(t) read in off cards in point-by-
point fashion, as the transient solution progresses. Assuming that the user is 
printing out solution results, the input card images may be periodically separated 
by such printed output. In any case, the interpretation of the source cards of 
type 1-10 is as follows: 

(—I cJJ 	I 	 - 	lIIII I 	III I 	I;II ;I I 
NO"THER 	4PI)T ..CpRD ..:FOR...pE.11..O...OURc.ES.H 

I 	 II Ji. I 
............................ 

II 

If all such source definitions are to terminate 
before the last time step of the EMTP simulation, 
then a bounding record with 119999" punched in 
columns 5-8 is to be used. This last card 
then bears the added column 45-48 interpretation 
as shown at the right. 

(j) Dynamic Synchronous Machines (Section 1.62 ) 
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Data input for dynamic synchronous machine (S.M*') D!TP source components 
is described in Section 1.62 • 	The type-code which is punched in columns 
1-2 will be equal to 50 or3 , in this case. Each dynamic S.M. requires 
a number of data cards, the interpretation of which shall now be described in 
order of data input. 

The S.M. cards begin With Class 1 data, for which there are three cards 
one for each armature connection. The first of these is interpreted as 

follows: 

:SouRc. 
_:_1o.Z 

II 1$ . • ................. 

H E1 

The second Class 1 card bears the interpretation: 

Here the printed angle is in degrees.  

Class 1 data is then finished by a comparable interpretation for the third card 
(which is for phase "c" ): 

Class 2 S.M. data (if it exists) consists of up to three optional 
special-request cards, of which the order is 1nimteria1. One of these represents 
a request for a delta connection of the S.M. armature windings. Interpretation 
of this record which bears the key-word text "DELTA CONNECTION" is as 
follows: 

The second optional special-request card is used to redefine one or more tolerances 
or iteration limits which are used in the S.M. solution process. Interpretation 
of this record which bears the key-word text "TOLERANCES" is as follows: 



1-Sc-3 

The  third and flimi optioral special-request card is used to obtain the mathematical 
fitting of the S.M. parameters of Park's equations to the available data. 
Interpretation of this record which bears the key word "PARAMETER FITTING" 
is as follows: 

OIE 	DATA. 
..L 

F E 3 L  

..L . 

Class 3  S.M. data consists of either 3 or 4 cards, the first of which 
bears the following interpretation: 

I - 	 I 	 Ni(LE   
II: 	 ii! 	LII 

4TH3.M. CARD. 1i4 	14 	14 	14 	F7.3 	
703 	

I 

1r9:I 

.I.. 	.••• .x __ 

The saturation data on this card applies to the direct axis. But there also 
is the question of possible quadrature-axis saturation, addressed by the 
following optional card whose presence is recognized by blank columns 1-48 
of the card immediately following 114TH S.M. CARD." • If present, it Will 
be interpreted as follows: 

!I!i!!! 	1I'!II 1III ICiECII _I! 	II IIEC IIIIIEI'!IF 
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The remaining cards of Class 3  S.M. data depend upon whether standard 
manufacturer-supplied data are being used. If 80 (if the machine has type code 
50 or 51 ), then two additional cards which are interpreted as follows 
complete the Class 2 data: 

Hill 

I ___ - 
Ut 

• - . - - U  — — 
IL I.......Ii'H 

1 
Jr lei 

 

? - 	iIf ?I!( E 	I1I 1!r1I 

On the other hand, should the user have chosen to describe the machine 
by means of per unit inductance and resistance matrices (type codes 52 or 
53 ), then the Class 2 S.M data is completed with three cards which 
are interpreted as follows: 

IIiHI iEftU9 J?I1L11! IIi 

S.THr SM 	1 AgD F 10. Fl 

 

OT,-  - • 

R A A A ;I1l 
6Th'S.M. CARD. 'F1ó.4  ri  

1 	4II 
7TH S.M. CkRO.  4. 

Xo  r L1J - I - 	U U - •• Ufl .1t_....__j_._11..urL ..j..1! 
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Class 4 S.M. data consists of mass cards, one for each mass of the shaft 
system of the rotor. Interpretation of each such card is as follows: 

Here the "MASS #" is the number of the mass (variable IMLt ) as read from 
columns 1-2 of the card. The "CARD #" is simply a counter which is equal 
to unity for the first such mass card, equal to two for the second, etc. 

Mass cards are terminated by a special terminator card which bears the 
following interpretation: 

Class 5 S.M. data consists of an indeterminate number of output- 
variable specification cards. Each request card bears the followiing 
interpretation: 

;EErE 

IIIIIIUiiiiHiii1iiiIHi1iHI! IIIIIIIIIIIHHN 
The output-variable specification cards are terminated with a special 

terminator card which bears the following interpretation: 



Universal Machine (U.N.) Model (Section 1.63) 

The •U.M. data cards are announced as an EMTP source of type 
19 (punched in columns 1-2). Nothing else is required on this lead 
card, whose interpretation shows the number of cells of List 25 
storage which are actually being used by the U.N. tables. --.Recall 
that "ABSOLUTE U.N. DIMENSIONS" of Section 1,0e13 determines this: 

Ile EI!I 
Next comes the data card bearing nothing by data flag INPU , 	which 
chooses between per unit and physical units for the input data: 

INJ1!HUH1HIHHIHIHHI 
Next comes the "machine table", which will have a triplet of data 
cards for each U,M, component that is being used. The apparently 
Inane reference to "card split" in the interpretations below has an 
historical explanation only (originally Hian used a single READ 
statement which covered the three data cardsi when calls to CIMAGE 
were used, this had to be split into three separate READ statements). 
Symbols JSD and JSQ are abbreviations for JSATD and USATO, 
respectively. 	The three interpretations are as follows: 

!!!!I!!!!!!!!!! - !EII IEII IEflI 
ii 
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Such triplets of machine-specifications continue until they are 
terminated by a blank card, which is interpreted asfollows: 

Then come  the coil cards, one for each coil of all U.M. components, 
in order, 	Using the abbreviation ID = CUROUT for the output 
request flag, interpretation of the card for coil KK is as follows: 

The last such U,M, coil card is followed by a terminating blank 
card, which is interpreted as follows, This completes the U.M. data 
input, and control returns to "DyERS" source input. 

Over-riding Initial Conditions (Section 1.7) 

Because the initial-condition capability of the EMTP is far 
from complete, the explanation provided here shall likewise amount 
to little more than a documentation of those initial condition cards 
which are honored. 

First, there are the original three classes of initial condition 
input, as per the subdivisions under Point b) of Section 1.7. These 
are node voltages, linear branches, and nonlinear branches (type code 
ID = 2, 3, and 14,  respectively): 

Cards for inputting node voltages come first (with 112" punched in columns 1-2, 
field ID ), and are interpreted as follows. Only the first such card actually 
has the third field (frequency f ) actually printed. 

Next come the cards specifying currents in linear branches, with ID of 3. 
For lumped series R-L-C , or for Pi-equivalents, the interpretation is as follows: 

1LINEAR...I................  

- 	 CI. 
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For distributed-parameter branches, the program prints the following for the 2nd 
and later conductors, if any; the first is interpretedaS a "LINEAR I." card 
adcweired -imned-iateiyabove,.-' --••.• .................. 

................... .... Finally, there is the interpretation of the cards for nonlinear and 
tine-varying branches ( ID of 4, punched. in columns 1-2 of the card): 

- 	1IIII 	 I 1 f 	IIII 
.. .L.j3..!........Eli • 3.. 

. 	. 	.... km 

The Type-9 	hysteretic inductor is an exception to this general 
rule for nonlinear elements in that there are two additional cards 
which follow the initial one just described. Call these cards 2 and 
3. Card 2 is punched with-two integers and four floating point numbers, 
reading from left to right. The integers and first two floating point 
numbers appear in the interpretation of card 2: 

!i!i!! EII llI!Ui huh I1IEE!IIAI 
Card 3 is punched with one integer and four floating point numbers; the 
integer and first two floating-point numbers are part of the 
interpretation, which appears as follows: 

No further explanation of this Type-96 hysteretic inductor shall be 
provided, since such initial conditions should always be EMTP-punched 
rather than user-punched, and understanding is not actually required. 

In the case of EMTP-punched terminal conditions which are re-used 
as EMTP initial conditions, there also is an extra class of cards (in 
addition to those listed above) , for switches. 	There Is one such 
card for each switch, with type code ID = 5 . 	Each such card carries 
two bus names (2A6 format, to identify switch), three integers (3I1 ), 
and four floating-point variables ( 1 E13.6). Interpretation only uses 
the first three integers and the first floating-point variable: 
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IIiI 1IE!I IEI!I I! 
K!II ICEiI I[!I IIIIEEIIHII 

0 Output Specification Cards (Section i.$) 
Solution node voltages which are to be printed or plotted as functions of tire 

are defined on one or more cards as per Section l.a. If the user requests all 
node voltage 	outputs 	by means of a 1-punch in column 2, the 
interpretation is: 

oure.ul OF 

But for the usual case of selective voltage output, each card is interpreted by: 

AR OF 305 NMlE.S ,o.R.xoDEvo:L rALOu1Pur.L..L 

The preceding records were for deterninistic (i.e., non-statistical) data 
cases, in accord with Section 1.8a . 	But for a "STATISTICS" data case, 
the separate, special specification of Section 1.8b applies. Here only selective 
output requests are allowed. Depending upon whether node voltage or voltage 
difference ("branch voltage" for siort) outputs are being requested, interpretation 
is as per one of the following: 
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Node voltage requests, "STATISTICS" 

1'I' II I  4 I 

1TrTCA'Ia  .0 AiF r... I NO NOE iOtA6E11S. 
il l 

E11 I .3 

Voltage-difference requests, "SPkTISTICS" 

Cards forBatch-Mode Plotting (Section 1.10) 

The card of 78-character case-title text, Point 1 of Section 1.10-B, 
is interpreted as follows: 

IIIItIV.Ij 

4tH H H1 H ti H W H H 
Cards defining the graph subtitle text of Point 2 are interpreted as follows, 
assuming that the user has not attempted to input more than the limit of four 
for any one plot: 

;IZIMICI 
Excess graph subtitle-text cards (in excess of four) are simply ignored by the 
EMTP; they are given the following interpretation: 

: M V E 
EF4 

a. M I________________ 

Z1, 
....... I 	Li 

A plot specification card of Point 3 is interpreted as follows: 

I I 

LL~
rt i-VIN RMAX 
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The extra "continuation card" of Point 4, for the input of 3 or 4 
branch-variable node-pair identifications (six or eight node names), is 
Interpreted as follows: 

r1e11 
ONi 

( 
.... UPT.1.G 

IIoi_ci__l_1 I........ ..... I..... LI-J ... 	......... 
JJII''L]IILIJ.ILI'JIJIIJIi'LILI''i 

. 
Oiry 

L..I 
-P I 

............................................... 
AM Z St 	.. •.. .1.. 

............ 
The extra "continuation card"of Point 5, for re-reading of the five floating-
point parameters of the plot-specification card using 5E16.0 format, is 
Interpreted as follows: Ef ~VJC4 C4 	C4 C4 C4 M V 4n 

RE— Li REt ..... 
..... 
0 F Lj...L1...Lj 

rIOATt 
.............. j.j..... G PC I Li .... L 0 	F 0 MC U RAC 'r. 	: 	I 

L..I..i..1 ..... I i...i..J...J ......... .i.i ...........i...L.........Li............. i...... ..J...L.......... I..i.. ............I..................... ..... ..... 
The card for (lcomp graph-size adjustment, bearing key word "HEIGHT" in 
columns 25-30 as per Point 6, is interpreted as follows: 

	

I' 	' 	

L 	
''ii 	•jI 	I: 

GF 	F 	&I1E 	JSTP 	r C 	O 

	

.11 	liii 	1[I 	.11ii 	jj'1'1. 

il• 
ij 

i1 I 	3i 1 .III 'j• 3 
I 

EG1N L 5PPN I 

The card for Calcomp graph-separation adjustment, with key word "MARGIN" in 
columns 25-30 as per Point 7, is Interpreted as follows: 

The card for redefinition of the smoothing tolerance "ES" , bearing key word 
"SMOOTH" In columns 25-30 as per Point 8, is interpreted as follows: 

.I........................J.L.J........J.J.......................
...................... 

OF 1& 	lION . OF 	 ........Eli.O.. a .. ............. 

1:: 	11 1 

	

I 	j 	 I 	 I 	 I EPS................ 
I . 



45 

Batch-mode plotting can be done on either the line printer, or the Calcomp 
pen-and-ink plotter, or both, for any given plot. The three request cards of 
Point 9 allow for changing this graph mode selection by use of the three 
key words "PRINTER PLOT" , 	"CALCO!P PLOT" , and "C.ALCOIViP PRINTER" 
Interpretation for these three cards is as follows: 

'OEST 
1...1..i 

'FOR LI'N 
...i..1 ......... ti..j ..... t.j ....

PLOi' 

El1 
1 i.., ................ 

1 

L....JJ ... 
PRINTER 

L...i.i 
FçWEST 

............... 

.... oR  AL1C.OMP 'PIO1'j. 
....... 

1L111 
QUE..FOR .... :AL'p 
- 

.AMo...INE..c.RLrIER ... L........... 
!i..J_....L..J 

'I  h]LJLjj.(J(jiuJjj1JlI.l]tJ1J] J1 

There are two possible cards for changing the status of the plotter print-head, 
employing the key words "PRINT HEAD OFF" and "PRINT HEAD ON" • These are 
as per Point 10, and are given the following interpretations: 

_jr11wIu 

EQEST 
1. 

°IH2I 
J 

1.1 .. .j 

IIII 

LU..! 

L.1.......i .. 

i 

......... 
P.O.  

L..J .  ... . 
EI.R

.LS .i..1  ... 
ACT.

.. ..... ...... 

...... ... 
REQO€S 

HJ_L..L 

..........
FO 

H 
IP2N 'OF 

....... 
'PJO1 
.... 

._.LftHILL.L.L_L__I_I.1_LH!L1J_J__L_.iI.iJ 
I 

.... 

With CalCotnp plotting, there is a choice of several different plotter 
pens, and the EMTP allows the user to specify these both for the 
background grid and also for the First four, curves of a graph. This 
is via the "PENCHOICE" request of Point 11, which reads five pen 
numbers. All five of these integers are confirmed in the data card 
interpretation: 

!!II!!!!!! NI 110mikiUI !II !!!!I 

For printer (character) plots, there is redefintion of the line limit 
for sparse plots via the "PLOT LINE LIMIT" request of Point 12. 
Interpretation confirms the new line limit "LINLIM" 



For CalComp plots, there is the option of superimposing more than 
one plot on top of each other, thanks to the "SUPERIMPOSE" request 
of Point 13. 	The request card bears three integers, which are all 
echoed in the interpretation: 

!!!i!I!!!!!!!I 1II'!I! IIIE]II !IILXIII 
-- 	IIiII 

For CalComp plots, there is the option of photographic magnification 
or reduction of a plot image, thanks to the "SCALE" 'request of 
Point iLL 	The request card bears a single floating-point parameter 
"SS" which is echoed in the interpretation: 

1E;I 
IllEhilli 

For Calcomp plots, it is possible to plo't one EMTP variable against 
another, thanks to the "X-Y PLOT" request of Point 15. 	Three data 
cards are involved. The first of these bears the just-stated request 
word, along with a 21-character horizontal axis label, which is echoed 
in the data' card interpretation: 

Next comes a data card for the horizontal ("X") axis, bearing three 
floating point numbers, which are echoed in the interpretation: 

Finally there is a corresponding card for the vertical ("Y") axis, 
though it also bears fourth and fifth parameters which do not appear 
in the interpretation: 
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The plot specification card of Point b-2 is interpreted as follows: 

I I II4 
OT CH 

(,) Blank termination cards 	 - 

Various classes of data are terminated by blank cards. Any blank card so 
read is interpreted as such, with an appropriate message telling what the 
blank card has signalled the end of. AU of these are shown below, in the 
order that they would be encountered in a data case. Note that: 

a) The first 5 are associated with TACS data (if any). 

b) Number 9 will not be present if the user requests the output of all 
node voltages (by means of a "1 "—punch in column 2). For a "STATISTICS" 
or "SYST!ATIC" data case, this card would pertain to the base—case 
solution only, in any event. 

c) Number 11 exists only for a "STATISTICS" or "SYSTEMATIC" data 
case. 

d) Number 12 , which stops execution of the EMTP9  is actually the first 
card of the following (nonexistant data case. 
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0 Supporting Routine Printout (Section 7.) 
As described in Section 7. , certain supporting routines have been 

incorporated into the Transients Program structure. These have their own 
printout, which shall not be described here. In general, comment cards 
Gin be used with these routines, and input card images are 	printed pout 
for the user, as with the Transients Program proper. 
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2.2 FORMAT OF PRINTED, COMPUTED RESULTS 

In addition to just listing and interpreting the input data as per the 
preceding section, printed output of numerous different sorts can be 
generated by the Transients Program. Only the most important of these 
classes will be listed in this section. 

2.2a Printed Transients Solution Variables. 

As controlled by integer miscellaneous data parameter "!OUT" (see 
Section 1.0h ), 	selected variables of the transient solution are outputted 
to the line printer every IOUT-th time-8tep point. 	This frequency can be 
altered as the solution progresses, if desired (see Section 1.1b ). 
Characteristics of this time-step-loop output include the following points: 

Point 1: Variables are printed out in a fixed order, time-step by time-step, 
as the solution is advanced. Column headings at the start identify 
all output variables which will be printed. 

Point 2: The time-step number and also, the time corresponding to each batch 
of values begins on the extreme left of the page, beneath the headings 
"STEP" and "TIME" 

Point 3: Immediately thereafter, on the sane line, all node voltages requested 
for output (see Section 1.8) are printed. These are identified by a 
heading bearing the node names in question. In number, such coluan.9 
are noted by the message 	"FIRST XX OUTPUT VARIABLES ARE ECTRIC- 
NETWORK NODE VOLTAGES (WITH RESPECT TO LOCAL GROUND);" 	which 
precedes the heading. Here "XX" is an integer. If over 9 node voltage 
outputs exist, printing continues on the line or lines immediately 
following. 

Point 4: Immediately to the right of the last node voltage will come all branch 
• voltages or branch powers (as requested by column-80 punches on the 

branch cards in question), identified by the pair of terminal node 
names. The two node names are printed one above the other; if K is 
the top node, and M is the lower node, then three types of output 
are possible within this class: 

• a) Voltage difference, vkm  = vk - v  

b) For switches, "power output" always represents power flow 
through the switch, from K to M z P = P km 

c) Fot all nonswitch branches, "power output" always represents 
the loss, input, or dissipation. This is P = P + Pkm 

In number, such columns are noted by the message 

"NEXT XX OUTPUT VARIABLES ARE BRANCH VOLTAGES (VOLTAGE 
OF UPPER NODE MINUS VOLTAGE OF LOWER NODE);" 

which appears immediately below the similar message for node voltages. 
As with node voltages, continuation on as xnaxiy lines as necessary is 
automatically provided. 
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Point 5: Immediately to the right of the last branch voltage or power will come 
all branch currents or energies. The sign on flows is as just 
mentioned under Point 4, with again three types of output within 
this class: 

a) Branch current i 	(from K to M 

b) For switches, "energy output" always 
energy through the switch, from K 

E(t) = 

measured at end K). 

represents the flow of 
to M , since time zero: 

c) For all nonswitch branches, "energy output" always represents 
the loss, input, or dissipation.. This is 

E(t) = f [P(u) + P(u)} du 

In number, such coluinns are noted by the message 

"NEXT XX OUTPUT VARIABLES ARE BRANCH CURRENTS 
(FLOWING FROM THE UPPER ThTP NODE TO THE LOWER);" 

which appears immediately below the similar message for branch 
voltages and powers. As with preceding variables, continuation 
on as many lines as necessary is automatically provided. 

Point 6: Immediately to the right of the last branch current or energy will come 
all dynamic synchronous machine (S.M.) output variables. Various 
types of variables are possible (angles, torques, currents, etc.), as 
fully explained in Section 1.62 under Class 5  data. A pair of 
6-character names is used for identification, with the first (upper) 
one always identifying the machine of interest (e.g., "MACH 3"  stands 
for the third S.M. component, in order of Input). The second 
(lower) name identifies the variable type (e.g., 	"ANG 7 " stands 
for the angle of the 7th mass of the shaft system). In number, 
such columns (of S.M. variables) are noted by the message 

"NEXT XX OUTPUT VARIABLES PERTAIN TO DYNAMIC SYNCHRONOUS 
MACHINES, WITH NAMES GENERATED INTERNALLY;" 

which appears immediately below the similar message for branch 
currents. As with preceding variables, continuation on as many 
lines as necessary is automatically provided for. 

Point 7: Immediately to the right of the last S.M. variable will come 
all TACS output variables. These were requested using data cards 
as are described in Section 8.5.6 . 	A pair of 6-character 
alphanumeric names is used for identification of each variable, with 
the first (upper) name always being "TACS 11  . 	The second (lower) 
name is simply the name of the TACS variable in question. 
In number, such TACS variable columns are noted by the message 

"FINAL XX OUTPUT VARIABLES BELONG W 'TACS' (NOTE 
INTERNALLY-ADDED UPPER NAME OFPAIR)." 

which appears immediately below the similar message for dynamic 
S.M. variables. As with preceding variables, continuation on 
as many lines as necessary is automatically provided for. 



Sample Illustrative Output 

CQLIIN HEADINGS FOR THE 32 EMTP otrrur VARIABLES Fa.LOR. THESE ARE ORDERED ACCORDING ID THE FIVE 
POSSIBLE EMTP oxrPur-VARIABLE CLASSES, AS FOLLOWS 

FIRST 12 otrrur VARIABLES ARE ELECTRIC-NETWORK NODE VOLTAGES (WITH RESPECT ID LOCAL GROUND) 
NM 0 orrtrr VARIABLES ARE BRANCH VOLTAGES (VOLTAGE OF UPPER NODE MINUS VOLTAGE OF LOWER NODE) 
XEIT 4 orrtrr VARIABLES ARE BRANCH CURRENTS (FLOWING FROM THE UPPER EMTP NODE ID THE LQ4ER) 
NEG 16 orrtrr VARIABLES PERTAIN 10 DYNAMIC SYNCHRONOUS MACHINES, WITH NAMES GENERATED IN1!RNALLY 

FINAL 0 OU'rPUr VARIABLES BELONG ID ITACS ,  (NO'!! INTERNALLY-ADDED UPPER NAME OF PAIR). 
BRANCH POWER CONSUMPTION (POWER FLOW, IF A SWITCH) IS TREATED LIKE A BRANCH VOLTAGE FOR THIS GROUPING;  
BRANCH ENERGY CONSUMPTION (ENERGY FLOW, IF A SWITCH) IS TREATED LIKE A BRANCH CURRENT. FOR THIS GROUPING. 

STEP 	TIME 	C2 	 B2 	 A2 	 A3 	 C3 	 B3 	 Al 	 Bl 	 Cl 

AU 	 BU 	 CU 	 A3 	 Al 	 Bl 	 Cl 	 MACH 1 	MACH 
TERRA 	A2 	 B2 	 C2 . 	ID 	 IQ 

MACH 1 	MACH 1 	MACH 1 	MACH 1 	MACH 1 	MACH 1 	MACH 1 	MACH 1 	MACH 
10 	 IF 	 IKD 	 IG 	 IKQ 	 IA 	 IB 	 IC 	 EFD 

MACH 1 	MACH 1 	MACH 1 	MACH. 1 	MACH 1 
FORCE 	MAW, 	TQ (EN 	ANG 1 	VEL 1 

0 0.000000 0.791459E-01-0.929561E+01 0.9216117E+01 0.102547E+03-0-378518E+02-0.646953E+02 0.986412E+01-0.986412E+01 0.436783E-
0. l05 1E+03-O. 868U22E+02-O. 1914588E+02 0. 000000E+OO 0. 5117649E+Ol_O. 5685O+Ol-O.79lU59E+OO-O. 68211 8E+Ol 0.532563E+ 
0.233159E-14 0.101434E+01 0.222045E-15-0.693889E-17 O.000000E+00 0.6ZI7649E+010.56850+010.791459E+00-0. 18U951E+ 
0.6O357+OO 0.881956E+00 0.382277E-06 0.118450E+03 O.000000E+00 

2.2b Non-fatal error, warning, or otherwise-informative messages 

The printed EMTP output may include various messages which remind the user 
of special situations which have occurred during the solution, situations which 
the user should generally note and think about. In general, the situations 
in question are peculiar to the data case at hand, and will be news to the user. 

Special mention should perhaps be made of conventional switching or 
flashover operations, which have been excluded from the tabulation of the present 
section. Such operations are important enough so as to be listed separately, in 
Section 2.26 

A photo-reduced listing of all such EMTP informative messages will be found 
on the pages which immediately follow. Each message has been coded with a 
number, it will be noted. Added explanation of these line-printer messages 
then follows, as regular typewritten text. It is the sort of general verbal 
explarition which Program Maintenance might provide for a user, in case of an 
academic (i.e., non-specific) inquiry. 
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47 
Message 1 : 	XREF ( P6.2  ) , XOPT ( E13.4 ) 

Because any given country will generally have only one synchronous power 
frequency (60 Hz for the USA and Canada), nonzero miscellaneous data parameter 
"XOPT" will typically always equal this power frequency. Message number 1 
simply reminds the user of any other nonzero usage of floating-point miscellaneous 
data parameter "XOPT" • The reference value "XREF" is assigned within system-
dependent module "SYSDEP" of overlay 1 , and hence this value may vary from 
translation (of the UTPP; recall that the EMTP i8 produced by machine translation) 
to translation. In particular, our European friends will generally want to set 
this reference value to 50. (tor 50 Hz ). 

Me88age2: 	CREF(P6.2) , COPT (E13.4) 

This explanation is identical to that for Message 1, only here the EMTP is 
concerned with miscellaneous data parameter "COPT" rather than "XOPT" 

Messag 	: 	BUS1 ( A6  ) , HJS2 ( A6  ) , R ( E6.1  ) 

There are actually two distinct messages in this class, one for type-99 
pseudo-nonlinear resistance elements, and the other for dynamic synchronous machine 
components. They are grouped together here only because both involve the internal 
addition of a very high impedance resistor, for purposes of connectivity. 

If the user has not paralleled each type-99. 
p8eudo-nonlinear resistance element by a lumped 
linear element, then the EMTP will internally 
connect very high impedance resistors across 
such elements. Such a branch should not 
significantly affect the solution, of course. 
The user is informed 'of such an automatic addition 
by means of Message 3 printout, where the 80- 	 cq  pe 

 
column card Image listing and Interpretation are 
provided almost as though the user had iriputed the 
branch himself. The card-image listing will show 
the terminal node names "BUS1" and "BUS2" of 
the te-99 nonlinear element (printed in cols. 
3-14)

yp
; the resistance value "R" will appear in 

columns 27-32. 

The second, related usage is for dynamic 
synchronous machines. 	See the sketch at the IBUSA right, where the three armature terminal 
busses for phases 	"a" , 	"b" , 	and 	"c" 0 
have been given names 	"BUSA" , 	"BUSB" , 3 
and 	"BUSC" , 	respectively. 	Now if 	the 
three armature phases are not appropriately 13)5 B coupled to each other electrically , z 
through the network by means of branches 

C: 
which physically terminate on 	"BUSA" 

, Q.  "BUSB" 	"BUSC" , 	and 	, 	then the EMTP 
will automatically add high-impedance Usc resistive branches to provide such coupling. 
Such branches should not significantly affect 
the solution, of course. 	Two internally- LLI 



defined resistors are involved, connecting "BUSAII  with "BUSB' 
and "BUSB" with "BUSC" ; each has an ohmic value of 	 J 
.01/PLZERO , where "PLZERO" is the EMTP variable of /BLANK/ 	 R cc  which gives a measure of the floating-point precision limit of the 
computer being used. "FLZERO" is assigned within system-dependent 
module "SYSDEP" of overlay 1 , so is a function of the 	 6056 
translation being used. For 60-bit CDC or 64-bit (8-byte) IBM 
translations, a value of 1.E-12 is typical. Message 3 then 
provides two lines of printout for a given synchronous machine to 	 R CO 

which this inter-phase resistive coupling is being added. These 
simulate the 80-column card-image listing and interpretation 	 (3)5c 
which would have existed had the user inputed such resistive branches 
himself. The reader should .note carefully the original phraseology 
about phases being "appropriately coupled". In particular, a 
3-or-more-phase distributed line or Pi-circuit will satisfy the 
coupling requirement if connected to the machine terminals, provided the 
phases are ordered with conductors 1 , 2 , and 3 connected to machine 
terminal busses "BUSA" , "BUSB" , and "BUSC" , respectively. 

It should be mentioned that the reference branch procedure is used for 
these internally-defined high-resistance elements. Only the first one will 
show "R" as being punched in columns 27-32 • 	All later branches will 
have columns 27-32 left blank, but with 11HJS3' and '13US4" of columns 
15-26 referencing the first such branch. A small amount of List 3 storage 
space is in this way saved by the EMTP. 

Message 4 : 	Ni ( 13 ) , MODOtJT ( 13  ) 

This message is simply a reminder that the EKTP output vector may not be 
quite what labeling would Imply, if the user has requested the special 	"MODE 
VOLTAGEOUTPUT" 	option which is described in Section i.Of • 	Recall 
that Karrenbauer mode voltages at both ends of one transmission line are 
available for output purposes, by means of this devious option. The user 
inputs variable 11MODOUT11  ( IS information read from columns 33-40 ), and 
"Ni" is always twice this value. 	Message 4 will always be printed for a 
data case which uses the 	"MODE VOLTAGE OUTPUT" 	option, immediately 
before the output-variable headings for the time-step loop. 
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Messag 	: 	(N0aDER(I), 1=1, NTOT) (2016) 

Immediately preceding the three lines of diagnostic text of Message 5 will 
be found printout of (NoRDEI(I), 1=1 9  NTOT) , 	which is the renumbering 
map from original numbers (assigned according to order of input) to transient 
node numbers (internal node numbering, as used for the network solution within 
the time-step loop). Ground is always given number one, and must be preserved 
this way by renumbering. Yet if the renumbering routine itself (module 11OVER7" ) 
does not do this, the following EMTP code must manually make the adjustment as 
per the printed message. The user should not be bothered by this message, 
which really is just a public notice of some internal adjustments which are 
being made. This diagnostic seems to generally occur in practice only for very 
small test problems, it has been observed. 

Message 6 

If nonlinear, time-varying, or pseudo-nonlinear elements are present in the 
user's data case, he is simply reminded that the phasor (sinusoidal steady-state) 
solution for initial conditions requires a linear representation. Specifically, 
resistance elements are all assumed to be open circuits (i.e., they are "ignored"), 
while inductance elements are represented by linear inductances. 

Messaj 

The typical data case will generally involve one or more type-14 source 
elements which are present as part of the phasor (sinusoidal steady-state) solution 
for initial conditions. But if no such sources are present, there is no need to 
perform a phasor solution, since it is known to be identically zero. It is of 
this latter situation that the user is reminded by Message 7. 

Message 8 

As per Section 1.-b , multiple voltage sources on a single node are all 
interpreted as being connected in series. Message 8 is simply a reminder to the 
user of all such situations, for type-14 sources which are present during the 
phasor solution for Initial conditions. 

Message 9 

If a current source and a voltage source are paralleled, then the current 
source has no effect on the network solution. This is the meaning of having two 
such sources connected to the same node (the A6 name of which is read from 
columns 3-8 of the source card). At least for the phasor (sinusoidal steady-state) 
solution for initial conditions, to which Message 9 applies, such extraneousness 
is pointed out to the user. 

Message 10 

The phasor (sinusoidal steady-state) solution for initial conditions is 
performed for only a single frequency, namely that of the first type-14 source 
(in order of data input) which is present In the sinusoidal steady state. 
That is, the first source having field "TSTART" of columns 61-70 punched with 
a negative value. Any other type-14 source having "TSTART" punched negative 
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will also be accepted at this same frequency, provided the requested frequency 
(columns 21-30) does not differ by over one percent from the original (first) 
frequency. Deviations of over one percent will exclude such a source from the 
phasor solution, and produce the Message 10 text. Such an exclusion is equivalent 
to having "TSTART" punched non-negative for that source. The user should always 
pay attention to such a message, for if he did not plan on such exclusions, he 
will be getting a solution which is probably not at all what he expected. 

Message 11 : BUS1 (A6) , Dl (E12.3) , D2 (E12.3) , D3 (E12.3) 

This warning message is printed out 
when the elimination process on the phasor 
(sinusoidal.jtead.state) network equation 
set 	[Y] V = I 	has been temporarily 
suspended due to the occurrence of a near-
zero diagonal element just before that 
element is to be reciprocated. Of course 
all computers have limited precision for 
their floating-point representation, so 
it is impossible to say whether in theory 
an exact zero (as opposed to just a very 
small) diagonal element has been encountered. 

If the phasor network consists of two 
disconnected subnetworks as sketched at the 
right, the associated complex nodal 
admittance matrix L:YJ is block diagonal, 
as sketched above. Of course ground is the 
reference node for the equations, which 
for purposes of this explanation may be 
assumed to be in subsystem B without any 
loss of generality. Then subsystem A 
has no path to ground, nor to any non-
ground node of subsystem B . Submatrix 
EYJ is then singular (uninvertible), 
which will show up during triangularization 
as the elimination on the last row of [Y) 
is being completed; after elimination 
to the left of the diagonal, a zero diagonal 
element will be observed ----- identically 
zero in theory, a "near-zero" floating-
point number in practice. 

rou n J 

The tolerance which is used for near-zero checking of diagonal elements 
just before reciprocation is floating-point miscellaneous data parameter "TOLMAT" 
While the user can define (input) whatever positive value he wants for this 
variable, it is common to use the EMTP default value. For blank or zero field 
"TOLM&T" on the user's floating-point miscellaneous data card, the installation 
dependent default value is assigned (the numerical value of which is set up 
in system dependent module "SYSDEP" of overlay 1. The fourth printout variable 
of Message 11 is 	D3 = TOIjMkT**2 

The "original diagonal value" which is mentioned by the message text is the 
value of the diagonal element of the matrix for the row which is causing trouble, 
before any elimination has begun. The "questionable value" which is mentioned by 
the message text is the value of this same diagonal element just before the 
reciprocation which is not being allowed. Note that "magnitudes squared" are 



used for all quantities. This is because the matrix [] is complex (has 
both real and imaginary parts), and yet all the user wants is a single real 
number which gives an indication of how small the diagonal element in question 
i8. The magnitude or modulus of the numbers would be the natural choice, though 
the squares of these have been used for convenience. 

If the subnetwork in question really 
is disconnected from the rest of the 
8ystem and ground, then the stated EMTP 
identification and associated corrective 
action (setting subnetwork voltages to 
zero) was of course correct. In this 
case, the user should be happy. 

On the other hand, if ties do exist 
from subsystem A to subsystem B (see 
sketch), then these ties are just too 
weak, and the EMTP has been fooled. In 
this case, either the network parameter 
values or "TOLMAT" , or both, should 
be modified, since the solution with 
zero voltages for subsystem A nodes 
will generally be grossly incorrect. The 
resulting transient simulation may well 
have a substantial extraneous discontinuity 
or shock at time zero, because of the erroneous 
initial-condition voltages, note. For this reason, 
the user should always pay attention to Message 11, 
that it only appears for cases where the subsequent 
is acceptable and correct. 

and verify 
zero-voltage solution 

One special problem concerning Message 11 has to do with phasor solutions at 
frequencies which differ drastically from the synchronous power frequency. For 
example, dc initial conditions representing trapped charge on an unenergized line 
may commonly be generated by a phasor solution using frequency 0.001 Hz • But 
in such a case, the impedance of small "isolation" reactances become extremely 
small; and the impedance of capacitors becomes very large. What might well have 
been good strong coupling at 60 Hz can become very weak coupling at such a 
drastically altered frequency, then. For such usage, small isolation resistors 
may then be preferable to isolation reactors, since the impedance of a resistor 
is of course frequency invariant. 

!.!.ML 12 

In case program execution is to be stopped after the steady-state phasor 
solution is complete (which is the case if floating-point miscellaneous data 
parameter "TMA.X" is punched non-positive), the steady-state phasor solution 
for transients variables is always provided. This is in addition to, and 
subsequent to, the possible printout of the complete steady-state solution which 
is controlled by integer miscellaneous data parameter OIKSSOUTtl • Selective 
node voltage output requests are read as per the description of Section 1.8a 
Should one or more of these A6 node names be illegal (i.e., non-existent in 
the user's previously-defined network), then the text of Message 12 will result. 
This is usually the result of a spelling error, which includes the proper 
positioning of blank characters in the field of width six. 



17 
Message 13 

This message is clearly equivalent to Message 7, only is located in "a 
different overlay. It's a little embarrassing, running across such duplication. 

Message 14 : 	aisi (A6) , 	HJS2(A6) 

TACS function blocks (see Section 8.5.1 
all have summing junctions on the input end. vo'r As many as five 	A6. 	names of TACS variables 
can be specified, as inputs to the function 
block under consideration. 	Sometimes such 
an Input name may legitimately be repeated. 
For example, If 	2 * VOLT 	is wanted as an 
Input, The user could avoid a multiplication 
by two if he would input 	"VOLT" 	twice 
( VOLT + VOLT ) . 	Here The signs of the 
repeated input variable are the same -- both VOLT 
positive. 	But what If The user has opposite 
signs, producing exact cancellation 	(e.g., 
VOLT - VOLT ) ? 	It is not clear how such a 
situation could have any useful engineering significance, 
but it is allowed by the E4TP. 	In fact, this cancellation is produced 
at data-Input time, rather than numerically as the simulation progresses. 
The result is just as though the user had never punched the inputs in question. 

Message 15 

The initial-flux message (one of 1st two lines of printout) will be 
outputed by the EMTP for every inductance element of the data case which is 
other than perfectly linear. Included, then, are: 

1. Type-98 pseudo-nonlinear reactors of Section 1.29 . Recall that 
the saturable transformer component of Section 1.25 has a built-in 
type-98 element for the magnetizing branch, provided the characteristic 
is truly nonlinear (two or more points used to define it). 

2. Type-93 true nonlinear inductance element of Section 1.33 

3. Type.-93 switch (switched-inductance) element of Section 1.52 
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The last of the 3 printed lines is only outputed if the flux in question is 
"out of bounds". It is important to realize what such a message meaZl8, and 
also what it does not mean. 

First, what Message 15 does not mean. 	Absence W(t) =øt 	9 eJit} 
of the message does not mean that sinusoidal 
steady-state peak phasor flux is within the bound 	C .• 
which is being checked. 	It is only the flux 
value at time zero - 	which is to be used as 	E 
an initial condition for the subsequent transient 
simulation -- that is checked. 	This is the 
projection of the complex phasor 	41 	on the 
real axis. 	It is possible for 	IV' I 	to be way 
out of bounds, and yet 	'f'(o) 	might be small 
or even zero. 	Absence of such a warning message 
thus does not 	imply that the true steady-state,  

P(o) 
periodic solution is sinusoidal; 	it may in 
fact be highly noninusoidal. 

Second, there is the limit value which 	W(o) is checked against. For 
the true nonlinear and the pseudo-nonlinear elements, the assumed limit is 

Wstead , as read from columns 33-38 of the first card defining the component y 
in question. For switched-inductance elements, it is the breakpoint flux 
which is used, as read from columns 45-54 of the switch card. 	 - 

Finally, there is the potential numerical complication which may result 
from initial flux being "outside the linear region". 

1. For the type-93 true nonlinear 
inductance element, on the 
first time step operation 
will transfer to the 
nonlinear characteristic (see 
sketch). This will generally 
be a nearly horizontal jump 
(constant flux trajectory), 
which implies a sudden change 
41 in the current. The 
result may well be an 
extraneous shock to the 
system, and a spurious 
transient. For example, if 
the current jump Ai is 
supplied through a linear 
inductor L in the time step 
of size At , a spurious 
voltage change on the order of 

= L4i/t will 
appear across that element. 
For small time step At , this 
may be astronomical. 

As a remedy to the just-stated 
difficulty, the user is free to 
pick isteady  and 4-'steaziy 
so that the steady-state line 
passes through (or almost through) 

The common 
choice of having slope 

'+atewiy / iate 4y 
I ( equal to the slope of 

'segment number 1 has I 
been assumed here. 

- 
-. 
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the transient operating point. of line aetey-8tate 

This is shown in the second 
ctance, chosen  

approximately equal 
appro 

sketch, below the original. 	If 
done careful, the shock at time o 
zero can be effectively eliminated, 
generally. 

2. 	For the type-98 pseudo-nonlinear point 

inductance element, the preceding 
general idea of a current jump 
4i 	at time zero is applicable. 
However, present type-98 element 
logic allows only one segment 

I change per time step, with operation SPIrAl 

always beginning on the first  
segment, at time zero. 	Hence on 
the first time step operation might — 
switch to segment number 29  on the 
second step to segment number 3, . 	4• 	 4• 

o
4• 	 04• 	•4 

 -s 
etc., as shown at the right. 	It 

I 	 £ 
fl 0 0.0 . I 

thus may require more than one time 
U 0 	4 

-' I •-' 
step for operation to move to the 
nonlinear characteristic. 

3. 	The switched-inductance element 
will simply switch from the ri linear slope 	L1 	to the 
saturated slope 	L2 	on the 
first time step 	an operation 
which is well behaved numerically. 
Yet the user should note that , 
operation will not be on the 
characteristic which he thought 
he was inputing! 	Rather, it — 
will be on a line parallel to 

L0te1ttc the inputed saturation segment 0 
higher in the (/) -i 	plane — (see sketch), 	which Intersects csrctlt5ti 

the extension of the unsaturated t 	des 
4, 	 Lp 

segment at flux value  
This is because the EMTP 
representation consists of 
paralleled linear Inductors, Lj 
with a switch In series with one 
of them (see Section 1.52 ). 

As a general remedy for the preceding complication, 
the user can often advantageously rotate source angles, 
for a balanced 3-phase system. This does not affect the 
problem physically, of course, since one is thereby 
simply redefining the time instant which one chooses to 
call zero. The optimal situation is to have fluxes 
(currents) situated at 300, 1500 9  and 2700  In the 
complex plane (phasor diagram), so that all three 
initial values are limited to .866 = f'/2 times 
the peak value. This gains 13.3% compared with 
the worst choice, which is frequently enough to 
eliminate Message 15 texts. 

2 
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Message 16 

This message text is purely informative, and is in no way a complication 
which should worry the user, provided data parameters for the line in question 
are correct. If the user is keeping track of the number of memory locations 
required to store the past history (List 8 of Section 0.6 ), he is simply 
reminded that no cells are required for the particular' distributed line which 
is listed 	because it has zero initial conditions (there was no phasor 
solution) and all modal travel times for the line are less than the terminal 
study time "TM" (floating-point miscellaneous data parameter). The idea 
here is that the EMTP is not going to store past history if the simulation 
will not be continued long enough for any of it ever to be used. 

Message 17 : 	Ni (16) , NENERG (16) , S IGMAX 08- 4) 
This message can appear only during execution of the special test procedure 

for the EMTP random-number generator. Recall that if Integer miscellaneous 
data parameter "NENERG" (see Section 1.0h ) is positive, and if "15W" 
of the following "STATISTICS" miscellaneous data card has value 4444 , 
then such a special test will occur. Switch closing times for the EMTP data 
case are generated, but no subsequent simulations are actually run. Instead, 
such switch closing times are simply tabulated for user scrutiny. The user 
specifies "SI(AX" as the number of standard deviations on each side of 
the mean over which this tabulation is to be produced. If this is 3.0 or 
4.0 , most likely none of the sample switch closing times will fall outside the 
range of the tabulation, and no such Message 17 text will be seen. But 
should 	Ni> 0 	sample switch closing times (out of the "NENERG" which 
were requested by the user) fall outside the tabulated xnge, this Message 17 
text will be outputted immediately after the closing-time tabulation. 

Message 18 

If the user ever gets this message, simulation results must be viewed with 
extreme skepticism; he should review the transient characteristics of the 
problem being solved, to understand why the modeling being used is deficient. 
Modeling should then be altered, and the simulation re-run, since in most cases 
the present results (producing Message 18) are erroneous in some way - perhaps 
totally. 

Message 18 is associated with 
pseudo-nonlinear element trouble. 
Specifically, operation was on some 
segment other than that passing 
through the origin, when a sign 
change of the ordinate ( v or j) ) 
has been found. See the sketch 
at the right, where operation on 
segment number 2 has been assumed 
for purposes of illustration. 
While operating on the infinite 
extension to segment number 21  a 
solution with negative ordinate 
value has been calculated. Clearly 
we are not moving slowly up and down 
the characteristic, then, which was 
one of the underlying assumptions 
behind successful pseudo-nonlinear 
element usage. Once operation 

Infinite extension' 
of segment number 
2 in the actual. 
assumed EI'P 
modeling constraint 
at the time instant 
of interest. 	I 

/ 

Calculated 
operating 
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ceases to track the characteristic, the 
simulation becomes invalid, of course, from 
that point on. 

It is important for the user to realize that the Message 18 text is 
sufficient to show erroneous pseudo-nonlinear element usage, but that its 
appearance is not necessary for such erroneous operation. Quite erratic, jerky, 
unacceptable tracking of the characteristic will go without any warning message 
should such occur without a sign change of the ordinate variable ( v or 

Type-98 elements should always be well behaved, with the possible exception 
of the discontinuity at time zero. This is because the ordinate variable W is 
the integral of another network solution variable, 41 = J v dt . 	Changes 
in 	from one time step to another can be made arbitrarily small, then, by 
decreasin? the time-step size "DELTAT" (floating-point miscellaneous data 
parameter). 	Appearance of Message 18 for aType-98 element is usually an 
indication that the simulation is diverging numerically (i.e., blowing up). In 
this case, voltage magnitudes become arbitrarily large, and flux changes over one 
time step are no longer small. 

• It is type-99 elements which can "get into trouble", if not connected 
across a network element which maintains continuity of voltage either directly 
or indirectly. Connection across a capacitor should make them perfectly well 
behaved, since capacitor voltage is inherently continuous. At the other 
extreme, connection across an inductor can frequently cause trouble, since 
such voltage is capable of drastically changing from one time step to another. 
The EMTP memorandum dated August 26, 1974 (Reference 8) documents such 
diffióulty. 

Message 19 

Identical in meaning to Message 12, only this particular output is for 
cases which do involve transients simulation; here the end-time of the study, 
floating-point miscellaneous data parameter "TMkX" , is positive. 

Message-20 

The TACS dc steady-state initialization for t = 0.0 is entered if 
at least one TACS source of type 01, 92, or 93 is defined as active 
with TSTART<0.0 . Initial conditions are calculated for most 
a-blocks (see details in Section 8.4 ) and for all order-zero blocks. 
Should the user provide a user-defined initial condition for a variable 
that is already considered in the above calculation, this user-defined 
initial condition will be ignored, and the calculated dc initial condi-
tion will prevail. Note that the TACS ac steady-state initialization 
is a separate procedure, the results of which are superimposed to the 
dc initial conditions, whether the latter are TACS-calculated or user-
defined. 



Message 21 - 

Integer miscellaneous data parameter "IPUN" provides for the option of 
Punching terminal conditions of the study, if so desired. But this only works 
for data cases which have no distributed lines. If the user tries to exercise 
this punch option for a data case having distributed parameter lines, the 
punching will be aborted with the text of Message 21. 

Message 22 

When using a Gaussian distribution for 
random switch closing times of a statistical 
overvoltage study, there is always a finite 
probability of generating negative closing 
times -- - irregard less of the prescribed 
mean closing time T and standard deviation 
• This is shown in the sketch of the 

density function at the right, where the 
shaded area under the left tail gives the 
probability of a negative, illegal switch 
closing time. This is for each switch, 
for each energization (each time we roll 
the dice). Since the simulation begins at 
time zero, the E1'P has no way of 
representing such negative closing times; 
and this is why they are called "illegal". 
The best the EMTP can do is close as soon 
as possible, namely at time zero. 

Future versions of the EMTP will 
have the option of cutting off the tails 
of a Gaussian density function f(t) at 
some user-specified number "SIGM&Xt' of 
standard deviations from the mean. Yet if 
T - SIGMX * 6 	is negative, there will 

still remain the possibility (probability) 
of negative switch closing times. 

I 7 

0 



The text of Message 22 is simply Informative, to remind the user that the 
internally-generated random numbers have been distorted so as to fit into the 
underlying EMTP framework. If a significant fraction of the closing times 
show up as having been converted to zero, the user is advised to appropriately 
increase the associated mean closing times T , thereby eliminating the 
problem. Recall that time is relative anyway, with the instant of time which 
is called zero an arbitrary choice of the user. 

Message 23 

Section 1.10-B-7 shows how the user can redefine the spacing between 
Calcomp plots by means of a special request card which bears the key word 
"MARGIN" in columns 25-30. The new inter-plot separation is the single-digit 
integer variable read from column 4 (field "KSE" ), which is in inches. TO 
be legal, this must be greater than or equal to two inches. If zero or unity 
is punched in column 41 such a request is ignored, and the text of Message 23 
is generated; the EMTP continues to use whatever separation was in effect at 
the time at the illegal request. 

Message 24 

Section 1.10-B-8 shows how the user can redefine the smoothing tolerance 
which is used for Calcomp plotting, by means of a special request card which 

bears the key word "SMOOTH" in columns 25-30. While any positive value for 
the new tolerance "EPS" (read from columns 16-20) is permitted, large values 
will lead to rather jagged looking plots. The text of Message 24 is outputed 
to warn the user, should he use a tolerance of 0.1 Inches or more. 

Message 25 

Section 1.10-B-6 shows how the user can initiate a graph-size adjustment 
for Calcomp plots, by means of a card bearing the key word "HEIGHT" In columns 
25-30. An explanation of Message 25 is given in that section. 

Message 26 

This message should be self-explanatory, except for clarification as to 
where the limit in question comes from, and why the message talks about a 
"flatbed" plotter when it is Calcomp plotting which is under consideration! 

Conventional Calcomp drum plotters can in theory produce arbitrarily long 
time axes, it would seem, by simply rolling out more paper. But not everyone 
is actually using such hardware for the plotting. There are flatbed plotters, 
wherein plot dimensions are limited by table (bed) size. BPA is an example of 
such users, having EAI flatbed plotting hardware for which a Calcomp software 
interface has been provided.. The limit on time-axis length, then, is to keep 
the pen from moving off of the table. 

Anyway, for all translations the maximum plot length to be permitted is 
carried in variable "SZBED" of /BLANK/ . 	While a default value is 
assigned in system-dependent module "SYSDEP" of overlay 1, the user can 
redefine this to any value that he wants, as per Section 1.0c • 	The 
default value is of course translator-dependent, with 72.0 inches typical. 
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Message 27 : 	VPLOPF (E13.4) 

This message will only appear 
immediately after Message 25 , 
as a qualification. Message 25 
was written when the ENTP required 
that all plots be layed out 
horizontally on the plotting 
paper. But since then, vertical 
epcing (one or more plots above 
another) is also possible. See 
Rule 9 of Section 1.10-A . 
Th the illustration at the right, 
"VPLOFF" is the offset height 
as printed in this message; it 
accounts for vertical space which 
has already been used by one or 
more preceding plots. 

Messages 28-30 

Self-explanatory. 

Message 31 : 	HPI (E15.5), HMIN (E15.5), 	mlAx(E15.5) 

The three variables which are printed out as part of the message are 
as read from columns 5-7, 8-11, and 12-15 of the plot card in question. 
See Point 3 of Section 1.10-B for further explanation. One of the three 
illegal conditions listed below has been noted: 

a) HPI '(0.0 -- The scale of the time axis of the plot can 
not be negative or zero. 

b) HMAX < 0.0 -- The ending time "HMAX" can not be negative or 
zero. 

C) HMAX '<HMIN ---- It is impossible for the plot to end (at end-time 
"HMAX") before it begins (at beginning-time "HMIN" ). 

Message 32 

Self-explanatory. 

Message 33 

Plotting overlay 31 is variably dimensioned automatically, whenever the 
user redimensions the EMTP as per Section 0.6 • 	But because the computer 
code (machine instructions) for plotting is longer than that of the longest 
solution overlay, not all of /LABEI/ is available for dimensioned working 
space within plotting. It is module "VDOV31" , generated by the variable- 
dimensioning program, which reserves the working space for plotting - 	a 
block of memory equal to the length of /LABEL/ minus a constant offset 
(which approximately compensates for the extra length of the code of this 



overlay). If this resulting space (never allowed to be less than unity by the 
variable-dimensioning program) is insufficient for plotting purposes, the plot 
request is simply cancelled, as per the text of Message 33. 

The solution to the dilemma, of course, is to simply redimension the 
EMTP as per Section 0.6 • 	Since it is only the total length of /LABL/ 
which matters, it is (nimterial which of the independent lists are used to 
provide for the increased storage. 

It should be emphasizedd, that the number of points to be plotted on any one 
graph is not directly related to the appearance of Message 33. The EMP is 
capable of plotting an infinite number of points on any one graph, since the 
working space is used only as a buffer, to be dumped onto logical unit number 9 
if it should ever become full. No. Message 33 indicates a more fundamental 
problem: the EMTP does not even have enough working space to set up the 
just-mentioned buffer. This particular program version which generated Message 
33 must really be dimensioned way down, designed to run in a very small memory 
partition. 

Message 34 

Self-explanatory. The EMTP simulation of course begins at time zero, and 
continues through time "TMAX" (floating-point miscellaneous data parameter). 
But the user's last-read plot-request card wanted a plot to begin and end at 
the times which are incorporated into the message text; these times (as read 
from columns 8-11 and 12-15, respectively) define an interval which does not 
include any times for which the solution has been found. 

Message 35 

This message signals the commencement of the averaging of successive plot 
points (for purposes of plotting only), for one of the curves of the last-read 
plot request card. The limiting number of oscillations (before such averaging 
is Instituted) can be chosen at will by the user, as per Section 1.Oc • 	For 
an example of an Ebfl'P solution which would institute smoothing were the oscillation 
limit not disabled, see Section 1.40-C , "Remarks on opening action". This 
phenomena of "spurious mathematical oscillations" is further discussed in the 
EIIffP memorandum dated November 129  1975 (Reference 8). 

Measages 36-3 

The user is not allowed to stretch the time axis of a printer plot out so as 
to cover more lines on the paper than there are data points in the curve being 
plotted. If such an illegally-long printer-plot request is made, the printer 
plot will be truncated at the aforementioned limit, as per the text of Message 
36 or Message 37. 

As for the rationale behind this line limit on printer plots, it just seemed 
like a good way of at least bounding the amount of wasted paper, in case the 
user makes a gross scaling error on his time axis. "Save a tree in Oregon," 
as the paper-recycling sign at SCI in Palo Alto used to read. Some computers 
or compilers may not allow a line limit on the printed output, so hundreds or 
even thousands of pages of extraneous output could conceivably be generated if 
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one were not careful. Yet, by bounding the number of printed lines by the 
number of time steps of the simulation, at least a meaningful amount of computation 
goes along with each line of output; an astronomical number of output lines 
(e.g., 100000) then is not possible, because the user could never afford to run 
such a simulation that long to generate the raw data points! Further, such a 
limit should in no way interfere with production plotting usage, for it makes no 
sense for the user to plot fewer than one point of a curve per printer line. 
Maximum time-axis resolution is reached with one output plot point per printer 
line; it would only look worse, and confusing, if fewer than one point of the 
curve were outputed for each printer line. 

HIGH 
Message 38 : 	3351 (A6) 

This message will be printed for 
TACS function block "BUSi" if there 
is trouble with the limits which have 
been specified by the user. See 
Section 8.5.3 for rules about limits. 
In the case of two variable limits as 
in the sketch ( "LOW" and "HIGH" 
are themselves TACS variables), the 
whole concept becomes inconsistent 
if the numerical value of "LOW" 
should ever exceed that of "HIGH" 
Such a contradictory situation is 
referred to as "criss-crossing of 
the limits." Father than terminate 
the simulation with a fatal error stop 
in this case, Message 38 will appear 
as a warning. The user is advised 
to rethink his problem formulation, 
should he see this message. A fatal 
!TP error stop really might have 
been more appropriate, because at the 
instant this message is printed, the 
problem as posed by the user has no 
solution. 

Message 39 : 
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Message 40 : 	HJS1 (A6)9 	Ni (14) 

This message indicates an error in preparation of the TACS output- 
variable specification card of Section 8.5.6 . 	The 6-character 
alphanumeric name "BUSi" is somehow in error. There is no such TACS 
variable, so the output request is being ignored (no such variable will be 
printed or plotted). 	 - 

Message 42 : 	LSYN (14), 	N5 (14) 

Rather than being just an in!oxnative message, this is also a temporary fatal 
error stop ( FORTRAN "STOP" statement located in module "OVER5" ). The message 
exists only because the dynamic synchronous machine (S.M.) code of Section 1.62 
is not yet variably-dlniénsioned. 	See the end of Section 1.62 for a full 
discussion of this dimensioning problem. If the user really more than "N5 11  S.M. 
busses, and if he has selected List #17 size "LSYN" larger than this on purpose, 
then there is a problem; changes to the EMTP FORTRAN code will be required, in 
order to run the data case of Interest. On the other hand, if "LSYN" was 
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simply chosen to be different than the printed value of "N5" by accident, 
then a very simple solution exists : redlmension the EMTP as per Section 0.6 , 
using "LSYN" equal to the printed value of "N5" . 	As of October, 1977 
(uTPF having "M20." idents), "N5" was equal to two. 

Message 43 : 	Ni (15)9  HJS1 (AG), 	N2(15), N3 (15) 

This message implies an erroneous punch in column number "Ni" of a 
Class 5 synchronous machine (S.M.) data card, as described in Section 1.62 
Variable "JS1" will indicate which of .the three types of shaft outputs is 
involved --- either "ANGLE " , "SPEED it  , or "TORQUE" . The third of 
these actually does not apply to the single mass which is listed, but to the 
connection between this mass and the following one. But the requested output 
variable simply does not exist, so can not be provided by the Th!TP; the shaft 
system does not have this many masses (only "N3" masses exist). Presumably 
the user has punched the wrong column of the data card, due to carelessness. 

Message 43 was written before the alternate, expanded format for Class 5 
S.M. data is made available. 	If the expanded format is being used, eleven (ii) 
must be subtracted from the printed value of "Ni" in order to get the correct 
column number. 

Message 44 : BUS1 (A6) 
First, read Section 8.5.3 on limiters. The TACS-calculated 

dc steady-state calculation Is a one-pass operation. Depending on 
the ordering of the blocks, a limit may be superimposed on a block 
either after or (preferably) before its value is used as input to 
another block. During the calculation at t > 0.0 , the effect of 
the limit is at worst delayed by one time step, as discussed in 8.5.3 
But for the steady-state- initialization at t = 0.0 , there is no second 
chance, and should a limiter be found to operate at t = 0.0 , the 
user has to make sure that all other blocks depending on the output 
of this limiter have indeed been calculated using the limited value. 

Message 45 : 	Ni (Is), 	N4 (ii) 

The same data card as has already been discussed in Message 43 is at 
issue here. But here the complaint is that the nonzero output-request punch "N4" 
is neither a one nor a two 	the only two digits which have meaning. The 
second paragraph of Message 43 applies here, also. 

Message 46 : 	J?OflT (Is), 	IVAR (is), 	ISM (Is) 

The text should be self-explanatory. The end of Section 1.62 contains 
complete documentation showing how the limiting program dimension might be 
increased, should this really be necessary. In the nomenclature of that 
section, "P" has value "JPOINT" as printed out in Message 46 



Message 47 : 	EPSIIN (E13.2), 	NIAMAX (15), 	Ni (15), 	EPSDIV (E13.2) 

Paragraphs number one and number three of Message 47 are always printed; 
paragraph number two will only be printed in the case of numerical blow up (not 
in the case of insufficient number of iterations). 

Further comments about the "PARAMETER PITTING" option which has experienced 
trouble will be found In Section 1.62 , 	where the synchronous machine (S.M.) 
component is fully described; see Class 2 data cards, Point c 
Message 47 might possibly be printed twice for each physical generating unit 
(four times for a dual machine), since d-axis parameters are fitted separately 
from q-axis parameters. 

It should be noted that "EPSILN" is the floating-point miscellaneous 
data parameter of Section 1.0h , 	so it is under user control. The iteration 
limit "NIAMAX" can be redefined by means of the "TOLERANCES" card of 
Section 1.62 ( Class 2 data cards, Point b ). 	The blow-up tolerance 
"EPSDIV" is not under user control; it is hard wired into module "SM:PPIT" , 
with the value 	0.5 being used as of October, 1977 (empirically set 
by Vladimir). 

As per the final paragraph, execution will continue without parameter 
fitting for this axis of this machine. The subsequent simulation should be 
generally valid ---- at least as valid as the input data. Yet the user is 
advised to scrutinize his machine parameters, since the most frequent cause 
of divergence seems to be erroneous (either physically-unrealizable or otherwise 
highly improbable) data. Vladimir could tell you an interesting story about 
the data parameters used In Reference 18! 

Message 48 

The explanation of Message 48 shall be limited, due to plans which will 
eliminate the entire complication in the near future. Rather than use pairs 
of node names for reference purposes, we intend to use a branch name, when we 
can find the time to make the change. 

Message 48 requires no explanation when it is working properly. Were it 
not for reference-component usage of the saturable "TRANSFORMER" component 
of Section 1.25 , 	there would never be any ambiguity or confusion. 

B.tt the saturable "TRANSFORMER" component of Section 1.25 will often 
produce "false" warnings, which the user should learn to recognize and ignore. 
The problem Is that, internal to the EMTP, a saturable "TRANSFORMER" is not 
a transformer at all; only the user thinks of it this way. At data-input 
time (in 11OVER2" ), this higher-level, conceptual interpretation is broken 
down Into low-level EMTP building blocks: 

1. One series R-L-C branch for the primary leakage (R1 , L1). 

2. A series R-L-C branch for the magnetizing resistance R 
should the input data field be nonzero. 	

mag 

3. AType-98 pseudo-nonlinear inductance element for the 
nonlinear magnetizing branch, if any. 
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4. N-i separate pairs of branches, each represented by LA) 
and [ B ] matrices. Here "N" is the number of windings, 
and there is one such 2 x 2 matrix representation for each 
2-winding ideal transformer (plus non-primary leakage) of the 
equivalent circuit. 

It is this fourth item which frequently triggers the false warnings, for 
saturable "TRANSFORMER" components which use the reference-component 
option (field "BTJS3" of the lead data card being nonblank). The pair 
of node names within Message 48 will correspond to RJ5i2  and H3S22  
(see equivalent circuit) in the case of a 2-winding transformer. For a 
3-winding unit, there may also be the second pair of node names, for the 
tertiary ( 13US13  and BUS23  ) 

Point to be made : The reference usage really does exist, 
internal to the EMTP. But the user 
had nothing to do with it, and should 
not be concerned. The user should 
in the case of saturable "TRANSFORMER" 
components disregard the warning about 
which elements were rejected, and which 
ones were used; the EMTP never makes 
a mistake in this case (famous last words?)! 

Message 49 

This message will be printed only for a "STATISTICS" or "SYSTEMATIC" 
data case (see Class 3A and Class 3B , Section 1.4 ) in which there is 
just one energization. This situation is user-controlled, with integer 
miscellaneous data parameter "NENERG" (see Section i.Oh ) 	equal to unity. 
Of course no sort of meaningful tabulation is possible, for the case of just a 
single energization. Yet the EMTP will perform all of the conventional 
postprocessing of overlay #29 (module "SUBR29" ) ----- all except for the 
variance (and standard deviation) calculation. Division by 	NENERG - i = C 
would be required, and this is being bypassed; Message 49 is being printed 
instead. 

Message 50 

It is highly unlikely that the EMTP user will ever see this message as 
part of his EMTP line printer output. Only if his Program Maintenance people 
have redimensioned his EMTP version so as to allow just a single mass --- only 
in this case might there be trouble. In terms of the 	COMMON /SMACH/ 
storage which is described at the end of Section 1.62 , 	it is arrays 
Eii(M,M92G) through E22(M,M,2G) 	which are used for the armature current 
storage. 	Using the "M20." UTPP dimensions of 	M = 10 	and 	G = 2 , 
this provides a working region of 1600 cells, while only a maximum of 24 
are needed. But if "M" were set to unity, note that only 16 working spaces 
would be available, and there would be trouble (for cases with dual machines). 
It should be emphasized that the time-step-loop output, is unaffected by any 
such lack of temporary working space; the subsequent simulation will be valid; 
Message 50 only refers to storage which is needed for steady-state printout 
purposes. 



Message 51 : 	Ni (14), 	NTOT (14)9 	NJRR (16) 

This message is largely self-explanatory; not much more will be added here. 
Message 51 will generally only be seen in conjunction with a case which has 
a large number of switches and/or pseudo-nonlinear elements; the terminal 
nodes of such elements are constrained to be renumbered last, thereby increasing 
the fill-in during simulated triangularization. It should be emphasized that 
it is the renumbering attempt for the transient network (as used in the time- 
step loop) which has broken down 	not the renumbering attempt for the 
steady-state network. Should the same storage inadequacy occur during 
renumbering for the steady-state phasor solution, a fatal EMTP error stop 
(with a "KILL" code, as In Section 2.4 ) will result. 

Note that the EMTP is recovering from the storage inadequacy, as per the 
second paragraph of Message 51 • 	Yet this may be only a temporary reprieve. 
There is a fundamental storage inadequacy, and a subsequent EMTP error stop 
during either the steady-state renumbering or the Y-matrix factorization or 
formation (for the time-step loop) is not unlikely. It is dependent List #99 
(of the summary statistics which terminate each case; see Section 2.3 or 2.4 
which is of inadequate size for the user's data case. EMTP redimensioni.ng of 
Section 0.6 is recommended, with larger numbers for List #5 and/or List #8 
Both of these lists contribute fully (i00%) to List #99 

For illustrative purposes only, the renumbering map NORDER(I) has been 
shown as 	NORDER(I) = I , 	for 1=1, NTOT • 	Of course this is completely 
problem-dependent. 

Message 52 : 	BUS! (6) 

This situation may occur after superimposing the dc and ac 
TACS-calculated steady-state initialization solutions. In this case, 
neither dc or ac contributions to the output of this block involved 
the operation of the associated limiter. But when adding the two, 
it is found that the output value exceeds either lower or higher limits 
of the block. However, the value of other blocks depending on this 
output has already been calculated. Read the interpretation of 
message 4. for more detaIls. 

Message 53 

Something is grossly wrong, if the user sees Message 53 . 	Either one 
or more solutions is garbage, or the user has made an error in specifying his 
base voltage, .or both! Recall that "XMAXMX" of the "STATISTICS" or 
"SYSTEMATIC" miscellaneous data card (see Section 1.1a ) is supposed to 
be a voltage level (in per unit) which should never be exceeded during any 
of the energizations. Then, just to be doubly sure, the EMTP multiplies 
this user-supplied figure by five. Message 53 then results when the user- 
supplied bound is exceeded by a factor of five or more! 	So what is wrong? 
Is "XMAXMJC" reasonable? Are the base voltages as defined on the "STATISTICS" 
or "SYSTEMATIC" output cards (see Section 1.8b ) reasonable? Are 
peak voltages for each energization reasonable? An inconsistency exists in one 
or more of these three areas. 



4I) 

Message 54 : 	Ni (16) 

"SOLVSM" is the principal module within the time-step loop (overlay 
number 16) of the SCE synchronous machine (S.M.) code which is described 
in Section 1.62 • 	For the simultaneous solution to linear equations 
which is required, a call to the canned equation-solution module "DGELG" 
is made. 	This is an off-the-shelf item which came from the SCE IBM/370 
shop, with about 35  comment cards preserved at the beginning of the module. 
Read these, for a more complete explanation of the Gaussian elimination 
with complete pivoting which is used. 

The basic complaint of Message 54 seems to be that the coefficient 
matrix of the linear equations is near singular, and that there is trouble 
in choosing the next pivot element while working on row or column number "Ni" 
The tolerance which is used to measure singularity in this case is actually 
under user control, by means of the "TOLERANCES" card (see Point b of 
Class 2 S.M. data, Section 1.62 ); variable "EPDGEL" is the tolerance for 
this usage. 	Has the user tampered with this value, compared with previous 
successful executions? 

In the two years of IBM/CDC (64/60 bit) experience with this SCE S.M. 
code, Message 54 is not known to have ever been seen ---- despite production 
usage by a half dozen utilities. Should the user encounter Message 54 for 
the first time, he is definitely advised to take the line printer output to 
Program Maintenance for further study. 

Message 55 : 	EUS1 (A6)9 	BtJS2 (A6) 

The EMTP data case which is now being solved i, a "STATISTICS" or 
"SYSTEMATIC" one (see integer miscellaneous data parameter "NENERG" of 
Section 1.0h ). 	The base case (with all variances temporarily set to zero) 
has already been solved and plotted. The EMTP is now reading and processing 
the output requests for statistical overvoltage tabulation (see Section 1.8b ). 
Any pair of legal node names is allowed, in making a voltage-difference 
request. 	Bat one or more of the user's names ( "JSi" and 11 1JS2" of the 
message) does not correspond to any node of the 	network. 	Is there 
spelling trouble? Or is there trouble with the positioning of blank characters 
within the alphanumeric field of width six? 

Message 56 : 	BtJS1 (A6) 

The last-read data card is not a legal specification for node-voltage 
outputs as required by Section 1.8a • 	The name 11 1JS1" which was 
read from the data card does not belong to any node of the user's data case. 
Is there spelling trouble? Or is there trouble with the positioning of blank 
characters within the alphanumeric fields of width six. 

Message 57 	TO 	TO do ' 	qo 	T 0 	T 0 	10*DELTAT (5E15.6) 

The EMTP is currently inputting dynamic S.M. data in module 11S1DATA" 
or "SMDAT" of overlay number 5 as described in Section 1.62 • 	For a 
Type 50, Si, or 59 machine, the third card of Class 3 S.M. data contains 
transient and subtransient time constants for both axes in columns 1-40 . Now, 
for usual power system usage, these four time constants will all be much larger 
than the EMTP time-step size "DELTAT" (read from the floating-point miscellaneous 
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data card of Section 1.0h ). 	For example, UTPF Test (se #90 is further 
documented in Section 1.62 , 	where it is seen that the smallest of the 
four time constants in question is the third; and this has a value of .11782 
seconds, which is typically between 100 and 1000 times the normal time-step 
size. 	But this factor of ten separation between all time constants and 
"DELTAT" does not hold for the user's data, as per the Message 57 printout. 
Was the user aware of his unusual time constants (by large-wilt power system 
standards)? This is just a warning; the simulation will continue as requested 
(garbage in, garbage out). 

Message 58 : 	BUS1 (A6) 

The data case, being solved involves TACS modeling, as described in 
Section 8. • 	Included is a frequency sensor having name "BUSi" --- a 
Type-50 supplemental device (see Section 8.5.5 ). 	Recall that this 
device merely detects the time interval between successive zero-crossings 
of the input signal, and reciprocates twice this to give an estimate of the 
instantaneous frequency (whatever that is). But the new frequency which has 
just been calculated differs from the old one (calculated at the preceding 
zero-crossing; or possibly left over from the initial condition) by at 
least fifty percent. Such drastic changes in frequency are not allowed, 
for they are an indication that the solution is not varying smoothly.. 
Possibly there was a spurious zero-crossing due to "hash" or "noise", 
and rejection of this latest estimate is based on this assumption. As stated 
in Section 8.5.5 , "the device will automatically reject higher-frequency 
non-characteristic oscillations appearing on the main signal." 	Frequency of 
the "main signal" is of course defined by the user as the initial frequency 
which is punched in columns 51-56 of the device data card. 

Message 59 : 	3351 (A6)9 	Dl (E13.6) 

The data case being solved involves TACS modeling, as described in 
Section 8. • 	Included is a transport delay block bearing output name 
"BUSi" 	a Type-53 supplemental device of Section 8.5.5 
Recall that the delay can be a 
variable (dynamically-changing) 
quantity, since it is the sum of 
a fixed delay and a named delay. 
Well, this total delay was never 
supposed to exceed the user- 	 4 
supplied bound of "Dl" • But 	 I 
it did. 	The transport delay 	 I i;;t 01 
block needs more storage, but 	 - 
can not get it (dynamic expansion 
of the tables is not possible at 
this time). The simulation 
will continue, but is erroneous 
in that delays are strictly 
limited to time "Dl" • 	Note 
that only this first instance of 
such saturation or clipping will 
be noted on the line printer. A 
plot would reveal the full story. 
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Message 60 : 	HJS1 (A6)1, 	Dl (E13.6), 	D2 (E13.6) 

The data case being solved involves TACS modeling, as is described in 
Sectiàn 8. • 	Included is a pulse transport delay block bearing the 
output name "JS1" ----- a Type.-54 supplemental device of Section 8.5.5 
Recall that the delay must never exceed the time between successive 
changes in the input signal. Phrased 
another way, never more than one 
variable change can be stored within 
the history of the delay; it only has  

Ct ecalar storage (unlike the Tye-53 	 Etc.; 
block which has vector storage). The 	.•. 	 ••. 
last change has to propagate through  
the delay block and out the other end 
before a new change is allowed in the 
front end. 	But this limitation has 	 For iltutted train o4 put.cs t}t 
not been observed in the user's case. 

VYiinmrn tie. etween 	Is 

t6is W4%Lh 	'e 	rwst r iot txcaej 
If the user sees Message 60 , 

possibly it is an indication of 
trouble elsewhere in the system. That is, 
problems elsewhere make for an erroneous input 
signal to the block, which In turn triggers this 
warning message. After all, garbage in, garbage out. Bob Hasibar 
(of BPA, Route FX)GB) found this to be the case with his big ac/dc converter 
simulations. On the other hand, if the input signal and all other parameters 
of the block seem to be valid, then perhaps the user must consider switching 
from the Type-54 device to the .'Type-53  device. 

Message 61 : 	BUS1 (A6), T (E14.6) 

Similar to Message 59 • In this case, the dynamically-changing value 
of the delay has become negative. So as not to transform this type-53 
device into a crystal ball, the lower bound on the variable delay value is 0.0 

Message 62 BUS2(A6), BUS2(A6), 
NOTE 	FOR THE TTPE-96 HYSTERETIC INDUCTOR WHICH CONNECTS BUS ' AG ' TO / 	 A TRAJECTORY WAS 

INITIALLY CREATED WHICH WOULD HAVE CAUSED OPERATION OUTSIDE THE MAJOR HYSTERESIS LOOP. THE 
TRAJECTORY HAS BEEN MODIFIED TO PREVENT THIS. ACCURACY OF THE RESULTS SHOULD BE UNAFFECTED. 

This message is associated with the way minor loop trajec-

tories are created for a type-96 hysteretic inductor. A minor 

loop trajectory is specified in terms of the major hysteresis 

loop trajectory by constraining how the distance between the tra-

jectories (along a line of constant current) varies as operation 

proceeds along the minor loop. This is shown below. 
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In this figure the solid line form pt. 1 to the saturation point 

indicates a minor loop trajectory, which begins at pt. 1 and 

extends out into the saturation region. Notice that as iP increases 

from 	to sat' D() decreases from D to 0. This decrease 

occurs linearily and can be represented in the D() - p plane as 

shown. 

There are other instances in which it is known (from a 

knowledge of past behavior of the core) that the minor loop tra-

jectory should pass through pt. 2. This requires the D(p) func-

tion shown below. 
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Notice that in the first instance the minor loop joined the 

major loop (D(i) became zero) right at the saturation point, 

while in the second instance the minor loop joined the major loop 

at the point Ci', 11)').  This is all fine. However, consider the 

following case.. 

DC 

DL 

Il 	 Y12 	 Pills 	" 
	

-If 

Suppose pt. 2 was located as shown in the above figure. Following 

the same algorithm as previously used would lead to a function 

D(p) as shown by the dashed line. Notice that now " 	sat' 

which indicates that the minor and major loop trajectories would 

not intersect until somewhere beyond the saturation point. This 

is impossible, however, since beyond the saturation point there 

is no difference between major and minor loop trajectories 

(because of the single valued nature of hysteresis in the satura-

tion region). In this case a different algorithm is chosen, 

which leads to the trajectory shown as a solid line. For this 

trajectory the major and minor loop will intersect right at the 

saturation point. 

The occurrence of mesage 62 indicates that this last case 

described has occurred. It is anticipated that this case should 

occur very seldom. Should it occur the results obtained may be 

considered as accurate as any other results obtained using type-96 
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hysteresis modeling. Unless you receive this message quite often 

it may simply be ignored. If however, you do receive this 

message quite often please inform program maintenance. It may be 

necessary to rethink some aspects of the hysteresis algorithm. 

Message 63 	I;  BUS(K), BUS(m), dl, CtIRR(I), D14, D13, D12 

NOTE 	$ONLIEAR ELEMENT NUMBER 2.4 IS A TYPE-96 HYSTERETIC INDUCTOR WHICH IS CONNECTED 
BETWEEN BUSSES 	A6 	AND o A6 o • 	THE INITIAL FLUX—CURRENT POINT AS FOUND BY THE 
PHASOR STEADY—STATE SOLUTION HAS BEEN OBSERVED TO LIE OUTSIDE THE USER—DEFINED MAJOR HYSTERESIS LOOP, HOWEVER. 
THE INITIAL FLUX IS 	Ei.# 	AND THE INITIAL CURRENT IS 	E#.4 	. 	THE EHTP SHALL NOW ALTER THIS 
JUST—PRINTED FLUX SO AS TO MAKE IT LEGAL, WHILE HOLDING THE CURRENT CONSTAT. 	THE LINE OF CONSTANT CURRENT 
INTERSECTS THE USER—SUPPLIED MAJOR HYSTERESIS LOOP AT TWO POINTS 4POSSI1LV EQUAL, IF rHE CURRENT IS LARGE 
ENOUGH). 	THE 	UPPER 	IS CUT-AT FLUX VALUE 	 , 	AND THE 'LOWER' AT FLUX VALUE £ 4 •r 
THE INITIAL FLUX SHALL U TAKEN BY THE EHIP TO BE THE AVERAGE OF THESE, WHICH HAS FLUX VALUE 	'(1 

This message indicates a discontinuity in the solution of a 

problem involving a type-

96 hysteretic reactor 

at time zero. It is a 

result of two different 

methods used to model 

the type-96 flux-current 

behavior. During a 

steady-state solution 

the type-96 is represented 

as a linear element, 

defined by the point 

.4y 

'steady' 'steady' (see 

section 1.31 ) as shown at right. It is possible for the initial 

flux-current point to lie anywhere on the line, even outside of 

the major hysteresis loop, as shown by point a. The difficulty 

arises at time zero when the transient solution begins. During 

the transient solution the actual hysteresis behavior is modeled, 

and operation outside of the major loop is never allowed. 

Therefore an initial point, calculated by a steady-state solu-

tion, which lies outside of the major loop violates this basic 
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rule. In such a case it is necessary to either move the initial 

point inside of the loop or terminate the run at this point. It 

was decided to move the point within the major loop, print message 

63, and leave the user 

with the responsibility 

of deciding for himself 

whether the changes made 

are acceptable or not. 

The method used to 

move the initial point 

within the major loop is 

the following. The line 

of constant current is 

drawn through the initial point and its' intersections with the 

upper and lower half of the major hysteresis loop are calculated 

(points b and c). The average of these points (point d) is then 

taken as the initial point. Notice that if the value of initial 

current is large enough () isat)  then points b, c, and d are all 

the same point, namely the new initial point. This same 

discussion holds, of course, for an initial point in the third 

quadrant. 

As mentioned earlier it is the users responsibility to decide 

if the changes made are acceptable in this case. It is very 

strongly suggested that the user make legitimate changes which 

will cause all such messages to disappear. It is important to 

realize that transients due to sudden changes in flux (like are 

being made here) may die out very slowly. A further discussion 

of this problem and some suggestions for correcting it are con-

tained in Section 1.31 
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2.2c Connection Discontinuities During Solution 

The closing and/or opening of switches, of switched elements, and of 
flashover elements is noted by means of printed messages, as the solution 
proceeds. Such messages thus interrupt the regular time-step printout of 
solution variables as described in Section 2.2a • The message texts are as 
follows, for the different element types which have such printout. Where 
sample node names are needed, the names "NODE 1" and "NODE 211  are used. 
Where a floating-point number is printed, the FORTRAN format specification 
(see Section 0.7) is used. 

Ordinary Switch (Section 1.40) 

The message for closure: 

	

SWITCH 'NODE 1' TO 'NODE 2' CLOSED AFTER 	SEC. 

A time of -1.0 seconds is used to symbolically indicate a switch which 
has been closed in the steady-state. 

The message for opening: 

SWITCH 'NODE 1' TO 'NODE 2' OPEN AFTER 1E12.51  SEC. 

Switched-Inductance Element (Section 1.41) 

Messages for opening and closing of the saturation branch are 
identical to those for the ordinary switch above. 

Switched-Resistance Element (Section 1.42) 

Messages for opening and closing of switched-resistance branch are 
identical to those for the ordiimry switch above. In addition, 
immediately above the opening message, will be found the added 
information concerning energy dissipation: 

ENERGY ABSORBED IN SWITCHED RESISTANCE 'NODE 1' TO 'NODE 2' LE15.61 

The printed energy is that dissipated during the most recent 
interval of time that the resistance was connected (the interval 
between closing and opening messages). 

Diode Valve or TACS-controlled Switch (Sections 1.43, 1.441  1.45) 

Messages for the opening and closing of a type-11, type-12, or type-13 
TACS-controlled switch are similar to those for the "Ordinary Switch" 
just described. But one difference Is that here such messages must be 
explicitly requested by the user by the column-79 parameter "ECHO". 
The general form of the message. is: 

ID IODE 
VALVE 
GAP 	'NODE 1' TO 'NODE 2' [OPENflT 	AF 	12.5 

SWITCH,) 



7ype-94 SiC Surge Arrester (Section 1.34 ) 

Messages associated with the firing and clearing of a Type-94 modern-style 
SiC surge arrester component are similar to those for the switched-
resistance element described above: 

ARRESTER 'NODE 1' TO 'NODE 2' FLASHOVER AT TIME 	E13.5 	SEC. 

ARRESTER 'NODE 1' W 'NODE 2' CLEARED AT TIME 	E13.5 	SEC. 

PER UNIT ENERGY DISSIPATED = 	E14.6 

The third line (energy dissipation) always immediately follows the second line; 
the first line may be separated from these by conventional time-step loop 
printout, of course. The per unit system as used in this message for energy 
dissipation is explained at the end of Section 1.34 

Pseudo-Nonlinear Resistance (Section 1.28) 

The same message text applies both to flashover and to opening, with 
only the segment number "XX" differing: 

Flashover: Segment number XX = JtThT ) 0 

ac 	
(see columns 39-44 of input data card). 

lOpening: 	Segment number XX = 0 

The message itself reads as follows: 

TYPE-99 N. L. ELEM 'NODE 1' TO 'NODE 2 AT T= 1 2.41 BEGINS OPERATION ON 
SEGMENT XX. 



Nonlinear Resistance (Section 1.32) 

As per Section 1.32, the piecewise-nonlinear resistance element 
can only flash over; it is thereafter permanently connected. 
The flashover message reads as follows: 

TYPE-92 NONLINEAR V-I FROM 'NODE 1' TO 'NODE 2' FIRES AT TIME 1 214.6 SEC. 

2.2d Printout of Storage and Running-Time Statistics 

At the conclusion of the solution of each data case, a half page of printout 
provides a summary of storage and running-time requirements. Refer to the sample 
Output of Section 2.3 . In summary, the following will be found: 

1. Current program dimensioned limits for all tables. These are 
identified by "list number," row by row. as per Section 0.6 

2. Actual number of cells of these tables which the current problem 
has used. 

3e Computer running time for this case. Central processor (CP), 
input-output (I/o), and total (CF + I/O) are all three printed, for 
each of 5 major subdivisions of the program. Sums of these are 
also provided, giving the total computer time attributable to 
execution of the case just finished. Yet caution should be used 
in interpreting these figures, due to variations between different 
computer installations. Some computers may not have a CP figure 
available, in which case zero contribution for this component will 
generally be observed. See Program Maintenance if there are questions. 

2.3 Annotated Printer and Plotter Output of Sample ENTP Test Problem 

The four pages which follow show photo-reduced line printer output and 
Calcomp plots which resulted from the EMIP solution of a sample test problem. 
Rather than being a meaningful production problem, this case was artificially 
set up for purposes of this illustrative, tutorial usage only. 

It should be mentioned that the output shown came from solution on BPA's 
CDC-6500, with plotting done on au EI flatbed plotter having a print head. 
Minor variations in the appearance of the results might be expected, were a 
different computer and different plotter used to solve the data case. 
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DATE (NNIDOIYY) AND TIME OF DAY (HH.MN.SS) (9t11 	6 j..49.5 	ANY PLOTS BEAR SANE FIGUES. 	-Imok 
A.I.ECIROHAGNLIIC TRANSIENTS PROGRAM OF THE BONNEVILLE POWER ADMINISTRATION, YOflLANO, OREGON. 

KS MANUAL. 
INOcPENONT LIST LIMITS FOLLOW. 	TOTAL LENGTH OF 	/LABEL/ 	EQUAL S (730? 
250 300 Soo 100 150$ .0 508 1750 75 55 Dl 50 	5 400 50 	3 	2 

IF IN DOUBT AS 

IHEFOLLOWINGIN1OUTN;*NSIQMSULT 

 THE 150-P 	
ITEGER WORJ5. 

COMMENT CARD. 	 TEST CASE NO. 53 . 
MARKER CARD R,CEOING NEW DATA CASE. 	 ISEGIN NEW DATA CASE 

p-i COMMENT LARD. 	dati 	((NI.. US 	PROOL 14 	 SOLVED IN ENTP USER'S MANUAL. 
TH PO4.LOWXNG TEST PROBLEM IS A 3OCC.RED VERSION OF THE EXAMPLE IN COMMENT CARD. 	5or 	p*pos.s 	
ILLUSTRATIVE SAMPLE 

COMMENT CARD 

	

so 	at 
PIL-Iral 

.EFERENCE 3 OF THE T.P. USsRS MANUAL 	CONSTANT óO-HDRTZ DISIRIBUTEO- 
COMMENT CARD. 	 10 	PARAMETER REPRESENTATION IS USED FOR IRE. 136-HILt. LINE. 	THE 
OMNENT CARD. 	 ID 	IOOIFLCATIONS HAVE BEEN MADE TO LL.tISTRAPtADO..D PROGRAM FEATURES, 

CO ENT CARD. 	 (C 	ORIGINAL PROBLEM. 
WENT CARD. 	 (C 	RHO 00 NOT SIGNIFICA,,TLY ALTER THE BASIC 

MIS 	DATA. 	• l00-03 	.200E-0l 	-.0 	I .000100 	.020 left h 
MISC. ATA. 	I 	I 	I 	I •( -0 -0 -0 -0 	I 	I 	I 	I 	I oil II IekoI IN SOLUTION PRINTOUT FRaUENCY. I 	5 	5 	III 	(0 

 

SERIES K -C. 	.2001.01 -.0 	-.0 	I OX c.OIOR UOCk4 O 
sil,tiii ov4aS SERIES k-t. • 	-.0 	.396t.V02 -.0 	( OJOGA JDA 

RAFERENCt. B NC$. 	COPY 	JDGA • TO JOA 	• 	I OJOGA JOB 	JUGA JOA 	

2. 	
39.6 

SERL..S R -I..-G. 	-.0 	.390EV02 -.0 	( OJDGC JOG 	 39.6 0 COMMENT lARD. 	 ID 
	

THREE-PHASE OISTRI3UTEOPARANETEK .INE FROM JOHN DAY TO LOWER MONUMENTAL. 
.306i+00 .562 01 • I2IE-0I 	.693E'03 .lIbt.02I-IJDA 	LMA 	 .305516.AIBT.0(EIA 136. 	0 	 v 

	

.320E-0I 
"57E 

 I .(9...-0I .263t.V03 .756-03I-2J&R 	LMU 	 .030991.5559.01"? 134. 0 
3RD OR LATER UNIT - 	N 	 T 	I 	NO. 	I-TJCC 	LM 	 (6 
COMMENT CARD. 	 , 	0 	 II 	NOW PARALLEL THE PRECDING RACTANC!S WITH VALUES 10 TINtS AS LARGE.

,lorm
9  
it COMMENT CARD. 	 • 	 IC 	USING 3-PHASE COUPLED RL BRANCH IMPUT WITH ZO 	21 WILL 00 THE JON 

COMMENT CARD. 	 IC 	TNt. HARD WAY (HUN ru MAKE A SIHP.E OPERATION COMPLEX). 
(ST OF COUPLED ,s- . 	- -.0 	.348E+03 	I,IJOGA JDA 	 M. 
-.0 	.398.#53 -.0 	-.0 	-.0 	152J0G0 JOB 	 396. 
.0 	.0 	.0 	.0 	.0 	I53JDG 	001 	 CV' 

COMMENT CARD. 	 IC 	TIE FOLLOWING REIOT3R ODES NOTHIMU EL..CTRICALLY, BUT KEEPS THE CASE 
COMMENT CARD. 	 ID 	FROM BEING SHUT OFF FOs HAWING 2r.RO DIAGONAL AOKITTANCt AT NODE BLUE 
COMMENT LARD. 	 ID 	-_ _ THE RESULT IF IT IS DMITTE3. 	DO YOU KNOW WHY. 	 -. SERIES KLC. 	• I00E0I -.0 	-.0 	( _MA 	BLUE 	 1.0 
TIME-VARYING '., TYPE MI. 	V ETART' -.0 	IMIRLUE 

BREAKPOINT. 	.0 	 .15000t.*05 	( 	 6.0 	 15010. 	 0 - BREAKPOINT. 	.I0000E-02 	.I..800t.05 	I 	 .001 	 1.000. 
BREAK.'OINT. 	.10000,-al 	.IR500E#05 	I 	 .010 	 1.500. 
BREAKPOINT. 	.10000t*l0 	.)..400,05 	I 	 .( 	 I400. 
BREAKPOINT. 	.100006+01 	.I440IE+05 	I 	 1.0 	 I4400. 	 on 

SP,GIALTERRONATION-OF-POINTS CARD. 	 ( 	 9999 	 0 
BLANK CARl TER M,NAT ING LINEAR BRANCHES. 	 I 
COMMENT CARD. 	 II 	ILIISJ+E OF oWITCH TO GROUND SIMU_ATES THE FAULT ON PHASE C AT LOWER MON. 
SWITCH. 	.10,-Ol .IOE+D( .0 	-.0 	( LI(C X 	 (0.t3 	1.0 
SWITCHED R. 	.20501'45, 	.I500E+06 	.I000E*06 192.M8 	 20500. 	 150000. 	150500.  
COMMENT CARL. 	 ( 	SWITCH TO FOLLOW WILL IN EFF,CT XE PERMANENTLY CLOSED, NOTE 	 LV' 
SWITCH. 	-.151*01 	• I0+03 -.0 	.0 	I 	..MA 	BLUE 	1.0 	100. 
BLANK CARD TERMINATING SWITCH CARDS. 	 I 
SOURDE. 	.30+06 	.600+02 	.0 	•.10'GI IIRJLGA 	343100. 	+3. 	3.0 	 -1 
SDURCE. 	.30*G6 	.bO,+02 -.126+03 -.ISt+0I IINJOGA 	303000. 	60. 	-120. 	 1 
SOURDE. 	.30*00 	..0t.*02 	.12+03 •.I0.#0I II'.JOGC 	303300. 	63. 	120. 
LANK CARD TERNENATINO SOURCE CARDS. 	 I 

LIST ,F INPUT ELEMENTS CONNECTED TO EACH BUS. 	 - 
I) ONLY TN, PHYSICAL CONNECTIONS OF MULTIPHASE LINES ARE SHOWN (CAPACITIVE AND IMOUTIVE COUPLING IGNORED) 
2)REPRTEL ENTRIES IMPLY PARILL,L C,RNETIONS 
3  SOU..UES AR OMITTED 

FROM
_ ........................... 

JOGA 
IDA IJOGA JDGA 'ERA 
JOGS IJOM 'jOB ' 	 Vk I--  JOB IJLJGB 300A 'EMS 
JDGC IJOI JDC • 
JOG IJOGC JOGC LNC 
LNA SJOA NLU,'BLUE • .I 
LMB 	SiERRA -JOB 

BLUE ITER..A ..MA 'ERA 
LMC IX 'JOC • 	 eo k.' llowi., 

rr.ssd 	TERRA FIRKAIX 	N0 	RLUE 
--------+------------------------------------------------------------------------------------ 

pHrONLINt.AR AND TiR,-VA+YINO ..AGIOTANCED IGNOREO IN STEAD STATt. SOLUTION. NONLINEAR IMOUCTANDES IMCLUUED WITH LINEAR PART 

SINUSOIDAL OTEAUY UTATE SOLUTION, BRAIEDH (IT BRRNCM. ALL FL S ARE AWAY FROM BIOS, AND KEA_ PART, MAGNITUDE, OR F 
IS PRINTED A8OV IMAGINARY PART, ANGLE, OR Q. 	 0 
BUS K 	 NOUi VOLTAGE 	 BRANCH CURRENT 	POWER FLOW 	POWER LOSS 

HUE N 	RECTANGULAR 	POLAR 	 ECTANGULAR 	POLAR 	 P AND 0 	P 

X 	 .3 	 .0 	 .0 	 .0 	 .0 	 .3 
.0 	 • 0000 	• I 	 - 	. 3000 	• 3 	 . 

	

T RRA
:0 	

. 	
.035) 	

JQlJoI.,

-+0AStews 

	

f'iG70776E.00 	269 73 000A 	 3G00,+06 .303007\ (.269..730E.)3 
	

10622i5 r. 
__ 	 S.SSSJ 	355I5E+0J L6260393E .000   

	

i073..33E,O, .3373.331.01) r50707761.00 	413 +03 	I.7b8222bL.0i' JCA 	
L6as3I7E.oI - 	•.)3I'. 	R2A9..730E+I3 	90 L'_i 

kJoA-.lJo,p 	dQJcA-"4Oo.A 
JOUR 	 -. 16I5003t'O, 	.3030300t.+G6 	.25043746003 	.269'.734E*03 	.760222aL+05 	.0  

-.262405?E006 	-120.0000 	-.1,517560,53 	-30.1004 	-..355415E*06 	.0286393E00.. 

JDV 	 . 15367b30'OG 	.3073+335+36 	-.253H3?4E+33 	.289473.E453 	-.76622266*15 
-.2561+336,30 	-125.001'. 	•1R517566+)3 	149.5996 	.R4R63?9E+OB 

JDGC 	
goo  .0b 
	

•
.2509,i*

0
33 .2694?34,'03 	70 26E+05 . 	 GI 

	

6 	 2030 	14429 E+ 	150.105, 	 5.ISE'S .62063936+56.262.05.36 	
0 	 .

6 
 

JOC 	-.15366516+06 .3)73433..')6 	.25094.SE'03 .285473.t.03 	-.76I2226E+05 
.26617G1,'06 	113.9986 	.1442973E433 	25.659, 	..006379.*)6 

JDA 	 .3073453:*t06 .3073433i+G6 	.557?I54E000 .31842076.03 	.IN5)'.4AE'QS .4R534'.AE'OS 
-.?600317E.OI 	.301. 	•316N2)31.)3 	69.A99, 	.Rl932I7*0I -..69321?E+QA 

.IA 	 .3203173t.*0. 	.3203184E406 	.10.60186-50 	.10469245-05 	.1675(24E-03 
-.7,0,5496+03 	-.132' 	.4.3655156-10 	2.3899 	-.7379116-)5 



Joe -.1536743E+06 •3073433E+O6 •2754411110.3 .318..207c+03 
-.26615331+06 120.0114 -.15969321+03 30.1004 

.141 .1628000E'06 .3203181.1+06 .3271.1111-10 .41760071-10 
-.27703291+26 -120.1324 -.25920531-18 -35.3675 

JOC -.15366511+0. •3073433E'06 -.27603891003 •3181.207E+03 
.26617001126 110.5966 -.15872711+03 -152.1064 

LMC -.15951791+06 .325318.6+0+ .9394967E-12 .2184611.-11 
.27777331+66 119.0676 -.21127071-19 -92.3059 

JOGA •3636666E+0e .30300611+66 .5070776E -01 .2394731.1+02 
.0 .0010 .2891.7301612 59.0996 

.200 .36734331+3, .30734331+06 -.53707761-01 .2891.731.1+02 
.76083l7E+3I -.0814 -.2891.7351+62 -00.1364 

Flo 
JOGS -.15150001.06 .38300001606 .250,3741+02 .28947341+62 

-.26246571+06 -121.0000 -.1451756E,02 -30.1001. 

JIA -.15367631.06 .3013,331,06 -.2504374E,02 .25347361+53 
C U -.26616331+53 -120.6011. .151756.'02 149.3996 

J000 	V  .8 -.151501111i+116 .30300001+06 -.194456.02 •209473.I'12 
I .26240571+53 120.0100 -.14429731+02 -1.0.1011. 
J•1e 

4-. 
JUG -.15306516.06 .30704331.06 •2569465E'62 .28947341,02 $ •26617091166 lI,.993* .1.429731.82 29.1993 

L14A 	.0W' .32031753.0+ .32031046.06 .0 .0 .5 .740.569c.03 ..1321. .6 .0080 

04.01 .326317,6.06 .32031041+06 -.0 .0 
-.74045453.03 -.1321. -.0 .0000 

1.148 -. 16300006+06 .3203151.1.06 -.901537.1-13 .20317181-12 
-.27703291.06 -120.1321. -.13172153-12 -116.5651 
. 16080053•0, .320315,0+06 .9016071.1-13 .22317081-12 

-.27703291+06 -120.1321. .18172151-12 63.1.3.9 

.6450..49c.+65 	.94504481+05 
-.48932176.61 .,1932171+38 

.95398751-86 
-.66192956-05 

.8453448E+05 	.84531.481+05 

.46932171+Q8 	.48932171635 

-.29590601-09 
-.13672811-65 

.76822262.06 .3 
-.43555151+67 	•6256393E+05 

-.76822261+01. 
.44433796+07 

.76822241+04 .74505811-00 
-.,3855151'07 .62863931+05 

-.76822261+16 
...148379E.07 

.76822266.04 	.7005111-01 
-.,3355151007 .62563931+03 

-.76822241.04 	- 
.441.83791+07 

.0 	 .0 

.6 	 .0 

.0 

.6 

.32476676.97 ..235165E-21 
-.202.7026-08 .5293356E-22 

-.3247662.-I? 
.20247021-01 

OULUTION AT NOO.S WITH KNOWN V06r*01. 	.00.s SHOTKD T36-TI.k 60 SWITCHES ARE SHOWN AS A 34.OJP OF NAMES,  WIT.) TIll. PRINTED k1$IJLI APPLYING 10 THE COHPUSIT3 GROUP. 	THE ENTRY 1453• IS SGRT(P•2 + Q2) IN UNITS OF P04114, 	 o CA 
61414.1 •pP• IS THE ASSOCIATED P06.14 FACTOR. 	 j V 

14006 	 5.2014CC HOOK 634.1*01 	 INJECTED OIIJ4CE CURRENT 	 INJECTED SOURCE POWER 	t, 7 NAME 	.)EGTANGIJI.04 	POLAR 	RECTANGULAR 	POLAR 	 P AND 0 	P468 AND P.F. 	rs. 
JOGA 	.36308306+06 .3030600.416 	.55?7854E'0l .3181.2871,83 	.81.581.481+05 .,121.874E+08 I 

	

tisi. in 1 	 .0 	 .0600 	.311.2031+03 	49.599, 	-....12406?E+A8 .1751771.1-02 I 

	

second's I 	 I '•I 

	

/ 	.2008 	-.15158001+06 	.30300001+06 	.2751.8111+03 	.31542071+83 	.84504481.05 	..1240761+60 	I (? è.
CA  

	

-.26240571.06 	-120.0000 	-.1$969321.23 	-30.106, 	-.48240671+05 	.17517241-02 J 	$- J 

	

I 	- JOGC 	-.15150801.06 .3030000.106 	-.27603891+03 .315.2071+03 	.8,504481.05. •.A24074E.OA I 

	

.26240571.06 	120.0002 	-.15872711+03 	-150.1004 	-.,021.567E'30 .17517241-02 I CARD OF\IUS 1481415 FOk NUOE41OLTAGO. OUTPUT. 	I .14* 	.145 	LAG 	 6 C.80 OF 'UU NAIPI.S FOR NOl11W0LT8GE OUTPUT. 	I 30* 	JOG ' 	'I 	ie 	r BLANK CA14 EN.iIG NUll NAME. FOR 601.1*06 ouruT. u 	 j 	re. rt 	[is teJ he,e.. FI.ST 5 kESULTS ARE NUDE VOLTAGES ITO LOCAL 01401.140) 
$13) 	I AISULIl *14. 6.s*NCH 601.1*015 	09 P03.4 GUNSUPIPIIONS (00669 FLOW IF SWITCH) 

FINA.. 3 ..ULTS *1.1. 04*14CM CUR1.ENTS --- DR 6141.140! GONSU.qPTON5 (61411.00 FLOW IF SWITCH) 
'7144L*,voltao..s - 	 powe.r- c.orrt 	es.ri 

STEP 	TIME 	1.4* 	L 	LNC 	JDA 	JOG 	1.148 	1.91 	4.43 	30CC 

	

TERRA 	3 	 TERRA 	.1CC 

	

SWITCH •LM8 	• 13 	• CLOSED AFTER .0 	SEC. 

	

SWITCH 8.0 	. .......CLOSED AFTER -.133001411 SIC. 

	

0 .000000 .3203153.06 -.160003110. -. 1595181+06 .3073431+06 -.1936r  51+Oo .0 	 .0 	 .6 	-.2569441+23 

	

I .200122 .31126.1136 -.l53063+36 -.1727201+06 .3070*76*06 -.1635771106 .2266021105 .0 	 .22*5021.01 -.2453421.03 
ENERGY *551.4310 IN SWITCHED xESISTANGE 	H8 	• 13 	• 	-.292267E.01 

	

SWLICH LMI 	• TO 	• 1.964 AFIE.) .200001-33 SIC. 

	

2 .000260 .310561*36 .1425091.06 -.1829161136 .3064541+06 -. 1732721106 -.5207653.35 .0 	 .02 36846,00 .239398E,33 

	

O .006300 .3053081.106 -.1313521+06 -.1927111+38 .3053731*06 -.152719.106 .8 	 .0 	-.1716161.01 -.2331051+03 

	

+ .000.00 .3079791.36 -.1262241+06 -.2022A5i.06 .33305,s*36 -.191921.1.16 .0 	 .3 	-.1700161+01 -.226,781+03 

	

5 .300560 .361.0131+06 -.188894E*. -.2115771.06 .301900141, -.260A16,+06 .3 	 .3 	-. 1710166+31 -.219527.413 

	

10 .601000 .2897351+06 -.$026051+35 -.2532571.106 .20392,6+06 -.2396976+6 .0 	 .0 	-.1780153+01 -.1899366.03 

	

15 .00)500 .262523E136 .1034101,25 -.26.3021+06 .2505001+6, -.2723201+66 .5 	 .3 	 -.1710161101 -.1347621+03 

	

23 .002000 .2343401+06 .6..;27.'05 -.3123891+06 .2242656+06 -.291.2561106 .0 	 .0 	-. I7A3I6+6l -.8416031,02 

	

25 .302500 .19,1291+06 .1296553*06 -.3164091+06 .1531706.06 -.3367711+06 .3 	 .3 	 -.1780161+01 -.29465,1102 

	

SWITCH LMS 	• 13 	• GLO3c.O AFTER .270601-02 SEC. 

	

30 .303060 .1402316+0, .105383E.39 -.31;,931*06 .1310621+56 -.3065311.06 .31 99,61.3. .0 	 .4AIl32.S2 .3570171,02 

	

35 .303500 .605,616+05 .2326336*36 -.3332761.06 .77337,3*05 -.2956,61.0, .9377101+06 .0 	 .35211.IE+03 .594.416.62 

	

.0 .00.300 .2496371*05 .27223)1.3, -.2797061+36 .20I037.0, -.275.611+06 .1623101.07 .0 	 .9963161103 .1287201+03 

	

46 .304500 -.35,0581+05 .3005361+36 -.21.519.6.06 -.3972731+05 -.2440011*06 .2266596+57 .0 	 .1958701+61. .1659151+33 

	

50 .035050 -.1331531.06 .312307UI06 -.211.9711+06 -.9,785,1.05 -.235633.106 .247267s+37 .0 	 .315576E+34 .2310276+03 

	

55 .306530 -.152,161106 .315066.+36 -.1713243+06 -.1,726,1+06 -.1532916.06 .2350033*07 .0 	 .1.416601+04 .2351501+03 

	

60 .306003 -.201+116.06 .3122576+0, -.1176141.3, .194019..6. -.1091691.06 .2471501+37 .0 	 .56531.31.0. .2650011+03 

	

65 .006000 -.2431.366+36 .2972671+0. -.5087,31+05 -.2360521.0, -..157626.35 .2135271+07 .0 	 .68.5851+34 .2971736+63 

	

73 .107000 -.26032,1+36 .2130311.06 .3935411+04 .2602216*06 .6505171.04 .1630591+37 .0 	 .7759331+0. .30261.51+63 

	

75 .307500 -.3009121+06 .2.63166+2. .7365536,03 -.2921676+36 .61.13671.05 .1157231+07 .0 	 .5458406+54 .2962001+33 

	

80 .008030 -.31+4131+0, .2020621.06 .1314561+06 -.3060656*06 .1199376.06 .5131556+06 .0 	 .890,331+04 .270097E603 

	

05 .008,30 -.3119711+06 .1,15091+36 .184-323+0, -.3057751*06 •171366E*06 .1116211+65 .0 	 .3020396+04 .233557E*03 
ENERGY AUSO.360 LW SWITI.HI1. 1415151814CC L148 	• 10 	• 	.9023961.04 

	

SWITCH L140 	- 53 	• SPIN AFTER .860006-02 SIC. 

	

90 .200000 -.3046131+36 .912*b...05 .22+1991.06 -.298227..06 .2151611+0. .8 	 .0 	 .9622181.0, .1939056+03 

	

95 .069603 -.2850951+06 .2939891+36 .2633650+06 -.2767491+36 .251.041+06 .3 	 .0 	 .9022181+64 .1556381+53 

	

100 .010033 -.2613*91+06 -.3967621*05 .26,0741+0.. -.2.03061*06 .2002,21+06 .0 	 .0 	 .9022101+01. .1168256+33 

	

SWITCH LMC 	• TO 0 	• CLOSED AFTER .101001-01 SEC. 

IN  

	

L443 	• T3 • 	• C..OSEO AFTER .102001-01 SIC. 
III .011000 -.202'l,t+84 -.2537373*0+ .1,02351+04 -.931.111*05 .1623.91.06 .128.001+07 .7+) 1753+03 .0525713+0. .1.02)946+33 
120 .012000 ..3,610,E*06 -.51,5511*0, .2.39426+0+ -.592499.+3, .289863+0O .9240)33+31 .1219111.04 .12+9653+06 .1233401.01. 
130 .013300 -.380005E.05 -.395552141,, .303.501+04 •503689.+34 .1051011.36 .4832231+07 .10.2256*0 	.2096553*05 .1053891+3. 
140 .044300 .13bI1,I*06 -.3546161.06 .3O.,67'0, .1646701+06 .1521111+06 .3539561*07 .15274.6*0, .2537011.05 .19.0261.0. 
150 .016020 .25)2*71+06 -.29a6,3*53 •.70192E+04 .271221.416 .1314621+05 .2121981.07 •239*.66•3, .2857101+05 .1482821+64 
160 .616000 .3007351+06 -.2291253*06 .3619153+34 .298310s*06 -.6096006.35 .6044251+06 .4039571*3, .2952511*05 .1916651+04 

ENERGY AWSO1.860 IN SIITCHED ikESISTA4CE L115 	• TO 	• 	•215042E+05 

	

SWITCH •LHO 	• TO 	• OPEN AFTER .168033-81 SEC. 

	

170 .0 1 7000 ..02b'.E*O, -.41799)1+05 .37896,1+04 .29393)1*36 -.I457O3Z0, .0 	 .l591.53E+04 .30526.1*05 .1007691+34 

	

SWITCH L40 	• II 	• C0G1O AFTER .110001-01 SEC. 

	

lAO .040000 .1.493*4.6*06 •I600I.+06 .1406150*0, .2,70311+06 -.2396,41.06 .0 	 .7434266+03 .30526.1*0, •113766E'0.. 
190 .419000 .3434,0.131 .2513436.06 .121.7000+04 .201,79*06 -.2563121.06 .124251.0+01 .623502t*03 .31(522z 05 .1272711+03 
203 .020000 .2725116+06 .3763621*0. -.0411,51*03 .9559723*05 -.2833191*06 .415,816+01 -.4205771*03 .3410996+35 .2835391+0) 



PEAK OUTPUT VARIABLE HALUES WHICH OCCURRED DURING THE SIMULATION FOLLOW. 	A MINUS SIGN MEANS THAT THE PEAK Pkk 3 ABSOLUTE VALUt UIIUNREO WITH NEGATIVE POLARITY. 	THE CROER *1.0 COLUMN POSITIONING ARE THE SAME *5 FOR THE REGULAR 
PRINTED OUTPUT VS. TIME (SEE PRINTED HEADINGS ABOVE). N 

N 	 ..50592E06 -.S7IO0E0t -.32I363E06 .3I892bEQ6 _- 31-.6191#06 .1212555*08 .2501.835*01. .34)0991*05 .1999b4E#14  

PLOT SUBTITLE CARD. 	 I 1ST SUBTITLE TEXT CARO, 78 CHARACTERS L3NG, LOCAL TO THIS ONE PLOT ONLY. 
REQUEST FDA DRAWING OF PLOT CHARACTERS. 	 I PRINT HEAD OFF 

PLOT SUBTITLE CARO. 	 I 2ND SUATLTLE TXXTCARD ..... 
C REOSFINITON OF SHUCTVLIIG TOLERANCE 	.0 	 I I 	 0.0 	SMOOTH 

.. POT CARO. 	 I 121. 2. 8.0 20. 	 LM3 	.HC 	 REC. VOLTS, B-PHVOLT*GE IN VOLTS 
PLOT CASE-TITLE TEXT. 	 I 270-CHARACTER CASE-TITLE TEXT FOR USERS MANUAL ILLUSTRATIVE TEST PROBLEI PLOT.( 	

o REDEFINITUN OF SMOOTHING TOLERANCE 	.10005-0I 	I I 	 .01 	SMOOTH 
REQUEST FOR CAL.UMP AND LINE PRINTER PLOTS. 	I IALCOMD PRINTER 
REQUEST FOR TYPING OF PLOT CHARACTERS. 	 I POINT HEAD ON 	

j • PLOT CARO. 	 I INI. N. 0.0 22. 	 LIlA 	 SWITCHED-k NRG NRG IN JOULES 

St Ivtisi 
SWITCHEOR NRG on CIc.." 

01102176 IS.N 	

7A-CHARALTER cAss.TIrLE TEXT FUR U55A5 MANUAL ILLUSTRATIVE TEST PROBLEM PLOT. 

(ve t 
9.51. 	2 	 to 

PLOT TYPE 	9 
(' 

NUDE NAMES 	.MB 	TRA 	 5.1$. 	-Po . 	plot cat 	 Il 5 W*SC_NPl 

MILLISECONDS 	

N S I N JOULES 	C 0 IN ( 4) 	I 
.000 	262 	.521 	.707 	1.01.9 	1.3)2 	1.571. 	1.837 	2.099 	2.361 	2.621. 	2.006 	3.)H9 	3.411 	-,

to 
 A---------A---------A---------A---------A---------A---------+---------+---------+ 

AAA 

a 
N-,- 

'P. 

9 	AAAAA . 

	 __..,..... 	
, - • I 	AAAAA* 

I 	 *AA**A 
I AAAAAA was suppsss$s4, to vet ) 
I 	 AAAAAA 
I 	 AAAA overprenti'Al id  curve. 

3 	.008000 	 AA  
A 

I 	 A 

.012000 	 AAAAAAAAA*AAAAAAAAAA 

A 
I 	 *6 
I AAA AA 

AAAAAAAAAAAAAAAAA 
AAAAAAAAAA 

I 	 AAAOAAAAAA 
AAAAAAAA 

*8* 
.016000 	jEoe. Valve. at 4 ,s;k 	 AAA 

jI *8 

	

I (1 	l 
 

'.s cc" * 
I 	 IMK.) AA 

AAA 
V I 	 AAAAAA 
)( 	.020000 	 AAAAAA 

END oF GRAPH. 

BLANK CARD TERHINATINI. PLOT SPEC. C*R3S. 	 I 

CORE STURAS.. FITUKES FOR PRECEDING DATA CASE 	IOYPI.ETEO. ---------------------------------------PRESENT 	PROGRAM 
* VALUE CF -9+48 INDCAT.S DEFAULT, WUTH lID FIGURE AVAI.A8L. 	 FIGURE 	LIMIT IMAM) 	V 

SIZE LIST I. 	NUMBER OF NETWORK NOOTS. 	 13 	21.9 ILBUS) 
SIZE LIST 2. 	NUNVER OF NETWORK BRANCHES. 
SIZE LIST 3. 	RUHAL, OP DATA VALUES IN K, L I rXBLES. 	 . 	

. 	I 	300 (LBRNCH) 
?t.141flt list 	a un4son 	I 7 	500 (t.OATA I 

SIZE LIST 1.. 	hUMMER OF sHT.I5S IN SOURCE TABLE. 
SIZE LISTS. 	MAX NUMBER OF UPPER-TRI ACT 	DURING SOLUTION. 	o -the 5I3 	•"!$ 	 5 	lOX (LEXCTI 

	

23 	1500 (LYMATI 

	

40 (LSWTCH) 	(0 SIZE LIST 6. 	HUNGER OF ENTRIES IN 	ITCH TABL... 
SIZE .1ST 7. 	NUMBER OF NON7ERO 	Si.NTiRIES IN REIJUCED MATRIX Ives IYBC) 
SIZE LIST B. 	NUMBER OF PAST HISTORY POINTS FU SISTRIBUTSO LINES. 	 31 	1750 (LP*ST) 

75 (LNO,IL) SLOE LIST 9. 	NUM*ER OF NONLINEAR LENENIS. 
55 (LCHAR) 

SIZE LIST IA. NUMBER OF CELLS USE) FOM EXPONENTIAL-TAIL L5NE_VX5TORY \ 	

(LSMAT) 

SIZE LIST IX. NUMHER F POINTS OLFINING NONLINEAR IHARSCTERISTICS. 
50 (NOUT) SIZE LIST II. NUMPER OF BRANCH O SELECTIVE-'.ODE-VOLIAUE OUTPUTS. 

	

50 (LPE*K) 	V SIZE LIST 12. NUMBER OF OUTPUT QUANTITIES (LIMITED ONLY WHEN PRINTING MAX ABSOLUTE VALUE 

	

5 (LFOEP) 	er 
SIZE LIST 13. NUMNER OF FRQUENCY-DEPENDENT LINES. 

1.00 ILWT) SIZE LIST I.. NUMBER OF CELLS USED TO STO.E RE).-OE?ENDLNCE WEISHTINo PUNCT 
50 (LT*ILS) 

SIZE LIST lA. NUNWER OF SWITCHES BEARING COOS NAME ?*ET ENTERS. 	
STORAGE 

T (LJUMP) 
2 (LSYN) SIZE LIST Il. NURSER OF OYN*MIC SyNCHRONOUS MACVINES. 
5 (MAXPE) SIZE LIST lB. PIUMAER OP ARANCH ?OW*R-ANO-ENERGY OUTPUTs. 

SIZE LIST 99. GIANT ARRAYS FOR .E1.UMAERING AND STEADY-STATE SOLUTION CALULATIONS. 	 30 	3112 (IOFGNO) 

	

TIMING FXGUyE5 (OI.inA) CHARACTERIZINO CASE SOLUTION SPESO. ------------------------------------- CP SEC 	110 SIC 	SUN SEC 
DATA INPUT, XURIIRG, AND KENUMAORING (PRE STEADY STATE STUFF) 	 .913 	1.360 	2.273 	J 
STEADY-STATE (5.1.) SOLUTION CALCULATIONS 	 .46* 	1.256 	1.751. 	K4 
PIST.S. TO PRE-INTEGRATION-SETUP CALCULATIONS 	 .153 	.620 	.773 
INTEGRATION CALCULATION (TIME IN TIME-STEP LOOP) 	 2.015 	1.06. 	3.079 
COPIrUTE, TINE IN PITTING OR STATISTICS TERMINATION OVERLAY 	 6.952 	12.626 	19.578 

IS 

 

TOTALS 	10.501 	16.956 	27.*57 

N shut o&f SAME FIGUREs. 	N.te.. 	EMT N 	 DATE TMMIODIYY) AND TIME OF DAY (HH.MN.ss) 	01102176 I..50.30 ANY PLOTS B 
*040, OREGON. ELEET.CMASNETIC T*NSIsNTS I.iJGYAM OF TH VuNNEHI_LE FO WK 	RATION, 	RTL 

	

MANUAL.
307 	TEGIR WOROS. INDEPENDENT LEST EIMITS FOLLOW. 	TOTAL LENGTH OF 	ILNAELI 	EQUALS 	7 

IF IN DOUBT AS TO WHAT THE FOLLOWING PRINTOUT MEANS, CONSULT  

250 300 500 20_22!   .0 500 1750 7, 55 50 	0 50 
------------------------------------------+------------------- 
DESCRIPTIVE INTERPRETATION OF NWC*SE INPUT UATA I INPUT DATA 	0 IHAGES PRINT

W. 

0
1 	 2 0 	 0 --------------------------------------------------+----- 	- ------------- 

BLANK TERMINATION-OF-PUN CAD. 	 I 
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so 
2.4 EMTP Error-Message Terminations 

All sorts of user data errors or misunderstandings can produce situations 
where the EMTP will terminate execution of a data case being solved by means 
of the printing out of an appropriate error message. A sample is shown below, 
for which the following points might be made: 

a) "KILL CODE NUMBER" is just a characteristic number assigned to the 
particular error message in question; it has no special significance 
to the user, as such. Each different error message has such a unique 
number associated with it. 

b) "OVERLAY NUMBER" refers to the overlay number within the UTPF (from 
which the present EMTP version has been translated) where the error 
condition has been detected. This localizes the point of trouble to 
within one of the FORTRAN modules of that overlay: 

Number 11-1" is for the "main" code (principal module "MAINOO" ), 
which is always in core. 

Number 110" is for the first primary level overlay (principal module 
"M&IN10" ), which calls all solution overlays (numbers 1-20). 

Positive integers are associated with overlays whose principal modules 
have names beginning with the four letters "OVER" , and which 
end with the one or two digits of the overlay number. For example, 
overlay 13 has principal module "OVER13" 

As generated by E/T translation of the UTPP, the EMTP FORTRAN is ordered 
from front to back in order of Increasing overlay number; this makes it 
easy to locate the overlay in question. 

c) "NEARBY STATEMENT NO." is the statement number of a FORTRAN statement 
near the point in the code where the error condition was detected. This 
is useful In tracing down program bugs, when reference to the FORTRAN 
coding is required. This statement number should always be unique. 
Having visually located the statement number in question (within a module 
of the overlay In question), control has then passed through a nearby 
statement which stores this number in LSTAT(19) . Shortly before or 
after this, the kill code number phould also be assigned, to variable 
"KILL" 

d) Core-storage figures which follow the error message may not all (or 
even "any", in extreme cases) be valid. A value of 11-9999" will be 
found wherever the figure In question is not known by the EMTP at this 
point of the execution where the decision to kill the case has been made. 

e) The user will note the "case-recovery" attempt by the EMTP, after the 
error message and case summary statistics have all been completed. Upon 
the encounter of a "BEGIN NEW DATA CASE" record, solution would then 
begin for the following data case (if any). See Section 1.Oa 
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[4. POBMULAS 

The theory behind the TRANSIENTS program is explained in references 1'2 of 
Sect. 0.4 . Some points will be explained in more detail here. 

4.1 TRANSFORMATION USED FOR MULTIPHASE LINES 

Multiphase lines with distributed parameters are assumed to be " ba1ance1" 
This shall be defined as follows: The self-impedances (capacitances) of all 
phases are equal among themselves and all mutual impedances (capacitances) 
are equal among themselves. Thus, the series inductance matrix of a ba1ared 
line in the phase domain is 

L L L ...L $ m m 	m 

L L L ...L 
[L 	 m S m

phase L L L ...L m m S 	m 

L m m m L L ...Lr 

and analogous for Cphas] 

ç L,. = self inductance 
with 

L = mutual inductance I m 

The voltage drop along the series inductance is 

-['1 = [L OL. 
	 (i ) 

In eq. (i), all phases are coupled. In the TRANSIENTS program, phase quantities 
are transformed to mode quantities such that 

(2) 

has a diagonal matrix [LmOdeI  . This means that the mode quantities become 
decoupled. 



with 1 1 1-M ...i with M = number of phases 
	

(3b) 
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The transformation being used Is due toH. Karrenbauer (see no. 15 in the list 
of references given In Ref. 1 • 	 It has certain advantages, among 
them: 

(a) the transformation matrices are real, 

(b) they are identical for voltages and currents, 

(c) they are very convenient from a programming standpoint 
(they are valid for any number of phases so that only 
one general formula is necessary for any number of 
phases). 

The transformation works only for "balanced" lines, where incidentally, 
it is still valid even if the line parameters are frequency-dependent. 

It is defined by 

le phasel  

tlphaseT\ 

= [T]Je •: mode 

= [TI i
mode1 

(3a) 

The Inverse transformation, 

[e mode ] 	= [ 
T  ] 	[epse] 9  Identical for current)  

has the matrix 

I 	L - 

1 t - j 

I! '- 
llts 

(vc& P  

(1 

(4a)  

(4b)  
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Physical meaning of mode quantities: From (4b) it can be seen that the first 
mode describes the loop with all conductors in parallel and return through the 
ground (identical to zero sequence) and the second, ..., M-th mode describes 
the loop consisting of the let conductor and return via the second, ..., M-th 
conductor, respectively. 

Matrices in mode quantities. The series Impedance matrix in mode quantities is 

7Z 0 

-I  2Mi 1T] [ 

with Zo  = Z3 + (M-1)z m 
z1 = 	- z m 

and vice versa 	Z = 	Z + (M-i )z 
S M o lj 

Z =-I ( Z -Z1) mM 

where Z.  = self impedance 

Z m = mutual Impedance 

M = number of phases. 

The same equations hold for the capacitance matrices, 

C = C + (M-1)C , etc. 
0 8 	 m 

(5a)  

(5b)  

(5c)  



-85- 

4.2 LtThIPED SERIES RESISTANCE IN LINE 

To approximate losses in the los8less line representation, the TRANSIENTS 
program lumps R/4 at both ends and R/2 at the middle of the line (except 
when line is assumed to be distortionless), where 

R=R'2. 	 (6) 

with R' = resistance per unit length 
I. = length of line. 

A justification for lumping the series resistance was given by C. Boonyubol and 
C. Galabrese, "Equivalent distributed-parameter simulation for transient study 
of a transmission line". Conference paper, IEEE Summer Power Meeting, Chicago, 
June 1968. The authors lump the resistance at the sending end; it is computed 
from 

R ilt=Z.tanh(RZ tS) )  

where Z = surge impedance. 

The line is then treated as lossless as in the TRANSIENTS program. 

Obviously, Rfrom (6) and Requivsient  from (7) are not identical. Since 

R'.LC Z, one can develop the hyperbolic tangent into a series, 

RT), 	R11 3 	
. tanh  - 	- i (RI X + . 1 	+ 

- Z 	Z) 15) 

If only the first term is retained in the series, then 

R equivalent 

Therefore, Requivaient  is approximately the same as R from (6). 

If Z = 330.i and R'9,. 	12 .S. (typical values*),  then 

tanh( Q) 0.0364 - 0.000016 ± 

The error by neglecting the third-order and higher terms is about 0.04%, 
which is extremely small. 

* 
These are typical values for the positive-sequence mode, but not necessarily 
representative of the zero sequence, particularly at higher frequencies. 
Therefore caution must be exercised in lumping the resistance should R 64  
no longer be small compared with Z • Of course exact representation 
of the zero sequence mode is now possible using the frequency-dependence 
option (see Section 1.27). 
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5.0 	DTTERACTIVE CRT PLOTTING OF EMTP SOLUTIONS 

Let's begin by making it clear what this section is not about. 	Requests 
for graphs of H1TP output variables can be included along with the data case 
which defines and solves the problem of interest (see Section 1.10 ) . 	Or, 
such plot requests can be split off into a separate follow-up "REPLOT" job 
(see Section 1.Od ). 	Either way, this is batch-mode EMTP plotting, which is 
not what now concerns us. 

5.OA Interactive CRT Plotting 

More powerful, efficient, and flexible is interactive CRT plotting of 
FMTP output variables. As with the "REPIOT" option, the plotting of a 
previously-solved EMTP data case is involved. But rather than submit the plot 
requests as a pre-defined job, here the user site down before a vector-graphic 
CRT terminal and does his plotting in real time. Attributes of such interactive 
CRT plotting include the following: 

* Speed. A graph is produced in seconds. Then too, one is not slowed 
down by a backlog on the conventional plotter (which may be hours, 
typically). 

* Data errors are no problem, since they are discovered experimentally 
and can be corrected in seconds. 

* The user is not required to know ahead of time what he should be looking for 
or at. A survey of problem performance can be made experimentally, by 
trial and error, learning as one looks. 

* The time scaling can be experimentally adjusted by eye so as to produce 
pleasing results which properly display the phenomena of interest. 

* If the user likes what he sees on the screen, a hard copy unit can 
produce a paper copy in seconds. One also can dispatch plots to 
the pen-and-ink plotter (although these might not be available for 
hours, remember). 
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So much for the summary description. Interactive CRT plotting of EMTP 
results is more fully described in two FPP memoranda of Ref. 8, Vol. II. The 
10-page memo dated November 25, 1974 describes the concept, and shows samples 
of hard-copy output; that dated January 25, 1975 provides 13 pages of user 
instructions for the interactive CRT plotting procedure as used at BPA. There 
have been a few extensions and refinements made since then, but the basic concept 
and format remains intact. As of July, 1977 9  the BPA interactive CRT plotting 
program is tied to both a Control Data 6000-Series computer, and also to a 
Tektronix CRT terminal, The program is small (perhaps 1000 FORTRAN cards), 
but is both machine and screen-dependent. 

Interactive CRT plotting has been a tremendous success with •EMTP users at 
BPA, with perhaps 95% of all EKTP plotting now being done by this means. It 
is only for published papers or final reports that the pen-and-Ink plotter 
continues to enjoy regular ETP patronage. 

Then in February of 1979, BPA bought a DEC VAX-11/780 computer 
system (see Section-  0.5h0iáñd all EMTP u5agewás switched from CDC 
to this system, 	The interàcti,ep1ottingprogram was then 	- 
enhanced at that time (see 28-page memo ot Ref. 8, Vol. IX, 11 May 
199, painat1on PIEP, andisnowabout 2400 cardS insizé 	It 
ihóuld wârk iuccessfully lith any TektrOnixvector-graphic terminal 
which can óe driven by the usei's Tektronix PbOT10 blotting package 
(proprietary with Tektronix, thoughpriced very reasonably; most users. 

a Tektioni.x terminal already have this), 	At BPA we still just 
drive a big-Screen C19-inchY 4014 	while Ned inMinneapoj.iá (see 
Secti.oà 0,5a) plotarimótely on ácheap, mall-screen 4006 viaa 
300 baud telephone connection to OurVAX. The optional COPY càmmand 
ói interactive plotting will dispatch a copy of whet is on the screen 
to the system plotter only if theu5eralso has a CalComp plotting 
interface Csàbroutines "LINE" , 	 , 	AXISN, etc.). 

It is hoped that the BPA VAX interactive plotting program may 
soon be available iàr execution on other computérsystem5. Themost 
important of these is IBM, of course. Mike Price of AEP was interested 
inconverti.ng thepackage for use on the AEP IBM 3033 , 	so it was 
sent to him on tapethe morning of March 13th, 1980. Whether this 
might be ávailablë when new EMTP veiionsare di5ributed during the 
summer of 190cañ not be predicted at thià time (late April, 190). 
If an IBM uáër Ii interested, all hecan do is inuiré at the tithe, 
5cc Section O.5b for Mike Price's telephone number. 

5.00 Format of EMPP Plot Data Points on 11LUNIT411  

The EMTP writes output variables on logical unit number "LtlNIT4tt during 
the solution process (in the time-step loop of overlay number 16). Before 
entering the time-step loop (in overlay M. either two or three records of 
header information are first outputted. 	It is the precise format of this 11LUNIT4t' 
file which shall now be described. For a conventional (not TACS-only) data case: 

First Record: 

DATEl (2) ---- 8-character BCD specification of the date 
that the solution was generated. It is to be 
printed out as 2A4 infoxation, which might 
then look like 1110/26/74" . 	Two EMTP "ALPHANUMERIC" 
words are involved, the mode and/or length of which 
is machine dependent. See Program Maintenance for 
details. 	 -. 



TCLOCK(2) ------ 8-character BCD specification of the wall-clock 
time at which the solution was begun. It is to 
be printed out using 2A4 format, producing a 
result looking something Me' "13.42.07" 
Two EKTP "ALPHANUMERIC" words are involved, the 
mode and/or length of which is machine dependent. 
See Program Maintenance for details. 

ITOT - -- The number of AS alphanumeric names which 
constitute the end of this first record. For 
ThITP usage, this is the number of problem nodes. 

NUMNVO -- 	The number of type-1 plot variables in the plot 
file. For EKTPusagev  this is the number of 
node voltage outputs of the case in question. 

NUMBCO ------ The number of type-9 plot variables in the 
plot file. For ENTPusagep this is the number 
of branch-current outputs. 

NC ---- -- The number of type-8 and type-9 plot variables 
In the plot file. For 3ITP usage, this is the 
total number of branch outputs for the solution 
In question, both branch currents and branch 
voltages. 

( BUS(I), lxi, NTOT ) 	-- AS, alphanumeric names by which 
plot variables are identified. For 
ENTP!usage, this is the complete list 
of network node names (including 
ground, which is node number 19  having 
6 bTh-nb  characters for its name). 
A vector of Th!TP "ALPHANUMERIC" words is 
involved, the mode and/or length of which is 
machine dependent. See Program Maintenance 
for details. 

The term "ALPHANUMERIC" might be documented further (see definition of 
DATE1, TCLOCK, and BUS). By definition, such variables are used to store A6 
information (e.g., node names). For conventional byte-organized machines like 
IBM, PRIME, VAX, and SEL, such variables are of type REAL*8 • For most word 
machines like CDC and Honeywell, they are of type INTEGER 

Next Record 02 if it exists) 

If parameter NUMNV0 as read from record number 1 is positive, 
then the second record of header infotmation contains integer numbers 
which identify each type-1 plot variable inthe data file: 

( msouT(i), lxi, NU2iVO ) 
To find the AS name of the corresponding type-1 variables in the 
output file, these integers are used as subscripts of array BUS 

For EMTP usage, K = IBSOUT(I) is the node number of the I-th 
node-voltage output quantity. The 6-character node name is BUS(K) 

Should JUMNVO be zero, the aforementioned record is nonexistent. 



Pinal Header Record (if it exists) 

If parameter NC as read from record number 1 is positive, the 
next record to be read specifies integer numbers identifying type-.8 
and type-9 plot variables within the plot data file. This record has 
contenta: 

( iBBrici(L), i=i, NC), ( rBicn(L), I1, NC ) 
Both type-8 and type-9 output variables are identified by a pair of 
alphanumeric (actually BCD; A6 format, in any case) names. Corresponding 
integers from the two listed arrays are used as subscripts to array BUS 
in order to obtain the pair of identifying names. 

For BVTP usage, I - IBCH(L) and J = JBRNC!(L) 
are the terminal node rnznbera corresponding to the L-th 	I 
output branch quantities. The 6-character node names of 	BUS(I) 
the ends of the branch in question then are BUS(I) arid 
BUS(J) . 	- 

If NC should be zero, the just-mentioned record 
is nonexistent. 	 us(j) 

.Records Containing Actual Data Points of Output Variables 

The preceding header records (two or three in number) are followed 
by records which specify the numerical plot coordinates of all output 
variables. A separate record exists for each time-point t , containing 
not only the time value, but also the .corresponding numerical value of 
all output variables: 

T, ( V0LTI(L), i.i, NVMOUT ) 	NC + NTJMTVO) 

where 

T -------- the time in seconds at which all output 
quantities of this record correspond. 

VOLTI(L) ------ The numerical value for the L-th output 
quantity, at time P • Within this Output 
vector, all type-1 variables (if any) come 
first, followed by all type-8 variables (if 
any), followed by an type-9 variables (if any). 

These records must occur in order of monotone-increasing time P 

The termination of plot data points is indicated by a record such 
as the above, having time coordinate set to P = -9999. 	This is just 
a convenient termination flag. 

For FNTP usage, of course type-1 variables are node voltages, type-.8 
variables are branch voltages (or powers), and type-9 variables are 
branch currents (or energies). Thus the stated ordering says simply that 
node voltages come first, then branch voltages (or powers), and finally 
branch currents (or energies). 	Recall that TACS variables and dynamic 
synchronous machine variables are treated just like they were branch currents, 
as far as plotting is concerned (i.e., they too are type-9 variables). The 
same is true of the universal machine (U.M.) variables (also type-9 plotting). 



M. 

As for the TACS-only standalone case, the header records have a 
little different form* The First Header Record is altered in that 
(see end ' of "TACS1A" definition): 

a) NTOT and NUMNVO are replaced by IQLJTCS , 	which is the 
number of TACSoutpüt quantities. 	 - 

b) NUMSCQ and NC are given values of zero, always, which 
meansthat there are no branh outputs (Typè-8'or Type-9 
variables). 

C) BUS(I) node names are replaced by the vector of TACS 
output variable names, 	(ALNOLJT(I), INDX1., NDX2 ), 

The Second Header Record simply consists of the ordered positive 
integers 1,2; .,., IOUTCS • 	Finally, there is no Third Header 
Record, 
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PIEP-1 
Date: 11 May 1979 

To : Listed addressees 

From: .W. Scott Meyer 
BPA, Route FGA 
P. 0. Box 3621 
Portland, Oregon 97208 
Phone: (503) 234-3361 

Ext. 4404  

Dr. Hermann Donunel, Prof., Univ. of B.C., Vancouver, CANADA 

Luiz Mauricio Leuzinger, FTJRNAS, Rio de Janeiro, BRAZIL 

Dr. Arun Thadke, AEP Service Corp., New Yoit, N.Y. 

Roger LeVesque, General Public Utilities, Reading, Penna. 

Dr. Akihiro Ametani, Prof., Doshisha Univ., Kyoto, JAPAN 

Russell Brierley, Ontario Hydro, Toronto, CANADA 

Dr. Kurt Pehrle, General Electric, Philadelphia, Penna. 

Pernando Chacon, INIE, Lima, PERU 

BPA, BOGA --- Dr. Tsu-huei Liu (library copy) 

BPA, EO.GB ---- Alvin Legate & Bob Hasibar 

T R)s,  N S I E N 75 \ BPA, EOHC ---- Herb Konkel 

PROGRPM 
MEMORkN DUM 

SUBJECT : Progress in EMTP plotting (particularly the all-new 
VAX-Tektronix-CalComp interactive plotting package). 

Background of EMTP Plotting 

A CalComp plotting package has been part of the EIP for a decade or more 
now. This was batch-mode plotting (originally written by John Walker for Hrmanrx, 
I believe), which underwent substantial enhancement nearly four years ago (see 
Vol. III EMTP memoranda dated 28 August 1975 and 9 September 1975 ). Occasionally 
improved and/6r extended in the interim (e.g., see Vol. VIII EMTP memoranda dated 
24 April 1978 page PNVD-10 , 17 September 1978 page CTTB-11, Point T , and 
27 January 1979 pages PROV-9 and 17 ), this overlay-31 code remains an 
integral and important part of the EMTP. However, we shall not be preoccupied 
with such batch-mode plotting in this memo. 

Interactive EMTP plotting began four and a half years ago (see Vol. II EMTP 
memoranda dated. 25 November 1974 and 25 January 1975 ). Using both old 
small-screen and newer large-screen Tektronix CRT terminals, this vector-graphic 
plotting was powered by the BPA CDC-6500 and Cyber-71 (CDC-6400) computer 
systems. It has been the work horse of production EffP plotting for several 
years now. 

New Interactive EMTP Plotting PackageThr VAX-11/780 

Then early this year, a discontinuity occurred. With  the acquisition of Our 
EMTP-dedicated DEC VAX-11/780 computer system (see Vol. VIII EMTP memo dated 
19 November 1978 ), the potential for interactive EIP dialogue was greatly enhanced. 
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* near-instant response (delay is small compared 

with the speed of human perception); 

* rapid data transfer (all VAX terminals are being driven at 9600 
baud, eight times faster than the old CDC support for the Tek 4014; 

* direct access to a printer/plotter (Item 6 on page ABBO-3 ). 

Clearly, the old assumptions and concepts about interactive EMTP plotting were 
worthy of total re-examination at this point. There had to be substantial changes 
anyway, since the old interactive.plotting FORTRAN was strongly a function of the 
Control Data host computers. 

For the past six or eight weeks, VAX interactive EMTP plotting has been my 
major preoccupation. The initial, primitive conversion from CDC to VAX provided 
only for character-type (line-printer-type) CRTplote, and this was done in about 
a week. Since then, the program (named TPPLOT ) has been totally restructured 
and considerably expanded (from 800 or so cards to more than 2000 at present); 
and it provides vector-graphic plotting on both the Tektronix 4014 CRT terminal 
and the Versatek printer/plotter. User instructions for this new package will be 
found on following pages. Such is the real raison 	of this memo : communication 
of vital user-oriented information to interested parties. 

I should perhaps. mention that there has not been any great improvement in 
universality of the interactive plotting program TPPLOT . Before, the code was 
strongly dependent upon CDC; now, it is dependent upon VAX! But on the positive 
side, the dependence now is considerably more superficial, concentrated in input/ 
output (e.g., free-format READs and WRITES using "" , use of "$" to 
suppress carriage returns at the end of PORMA.T statements, and of course the 
familiar DECODE ). But the number of such usages is not small. If those having 
other computer systems want the code, they must take it as-is, at their own risk. 

A few words about the Versatek and CalComp connections are appropriate. 
We are using a CalComp plotting interface for the Versatek, so there is substantial 
universality here. There also are some inconveniences, though I shall not detail 
them at this time. Driving of the 4014 is done via Tektronix's inexpensive 
PLOT 10 Terminal Control System (TCS) software. I am happy to be able to 
acknowledge the assistance of Mr. Walt Dixon of Genera]. Electric in Schenectady, 
who aided us in making the package operational here at BPA. Walt has had previous 
PLOT 10 experience (on a PDP-11, I believe), and he made the package operational 
on their own VAX some time ago (only a few short installation-dependent modules 
need be written). Here at BPA, Prank Orem handled necessary operating system 
settings ( SET TERI1fl,A1/PASSALL/LOWERCASE ), which took some experimentation. 

What about future work on interactive plotting? There is the case of our 
DEC VT 100 terminal (see Item 8 on page ABBO-4 of the Vol. VIII ETP memo 
dated 19 November 1978 ). While not truly vector-graphic in the sense of 
Tektronix, this terminal does allow plotting which is substantially better than 
the conventional character plots. When we acquire two more such terminals, a 
special plotting module will probably be written to explait this capability, 
thereby ending our development of interactive plotting. 

A more radical and important advance would be to generalize interactive plotting 
so as to allow the plotting of solutions as they are being generated. Such real-
time plott1rg might be limited to Tektronix terminals (where the storage-tube process 
could be exploited). The idea is simple, though details remain to be worked out 
(we have yet to experiment with the sharing of data by two distinct programs). A 
time frame for work on this project can not be predicted at the present time. 

Consider the attributes which affect plotting: 
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A.'Structure of TPPLOT-User Dialogue 

The VAX interactive EMTP plotting program is named TPPLOT. This name 
will be used frequently, so remember it. 

TPPLOT is used to interactively plot variables of a previously-solved E11TP 
data case, as described in Section 5.OA of the MTP User's Manual. The file of 
raw plot data points exists on disk, recall, if integer miscellaneous data parameter 
"ICAT" was punched positive (Section 1.Oh of the User's Manual). 	Any CRT 
terminal or typewriter terminal can be used, if only character-type (line-printer-
type) plots are required, with the time axis running down the screen (hence of 
arbitrary length). Typical typewriter terminals like our DECwriter are maddeningly 
slow (300 baud) for this usage, however. If a Tektronix vector-graphic CRT is 
available (e.g., our Tek 4014)9  then high-resolution plotting is possible. Finally, 
if and when the user likes what he sees, a "COPY" command will batch a copy of 
the plot to a CalConip-compatible plotting device which may be connected (the 11-inch, 
200 dots/inch printer/plotter of ours at BPA). 

There are three levels of communication with TPPLOT : OUTER, MIDDLE, and 
INNER. Different dialogue is possible (or required) at each level. Program 
execution always begins with the OUTER level, where terminal parameters and 
a plot data file are specified. With MIDDLE level dialogue, all plot variable's 
and plot-related text are specified. Finally, Th}TER level dialogue involves 
specification of the time span of interest, various minor decisions, and the 
actual command to produce a plot. The exact form of the TPPLOT prompts for 
these three levels of dialogue are: 

?? OUTER : 	?? MIDDLE : 	?? INNER 
The first question mark will always. begin in column number one. 

In response to the just-described prompts, the user must supply a key word, 
or sometimes a very specific item of data. Examples of valid OUTER level 
responses are: 

"SET DATA" 	"DEBUG" 	"PUNCH" 	"15.25.42" 
The first three of these are key words (see page 	for a complete list), while 
the last item is the time specification of a plot data file which has been created 
by previous ENfIP solution. If the user sends a key word, TPPLOT will many times 
respond with further explanation, should additiorial information be required. For 
example, if the user sends "DEBUG" , TPPLOT might typically respond with the 
message reading "SUPPLY LEVEL NUMBER IPRSTJP ( 0  ) :" . 	The value within 
the parentheses is the current level number (shown here as zero, meaning that there 
is currently no diagnostic printout). 

The format of user-responses is easily sumrizêd. The key-word responses 
are all fixed-format ( A8 field specification), while numberical data is almost 
all free-format. The VAX FORTRAN compiler  allows either a comma it 

 . 11) or one 
or more contiguous blank characters to be used for purposes of field separation. 
This is illustrated in numerous later examples. Unlike for fixed-format data, 
then, a user must explicitly punch at least one non-blank character for each 
data item that is requested. The computer terminal will simply wait as if in 
hyberation until the full string has been sent. A further description of VAX 
free-format rules anI properties can be found on pages 7-11 through 7-13 of the 
DIGITAL VAX-11 FORTRAN IV-PLUS Language Reference Manual dated August, 1978. 
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The exact spelling of key wor'ds can be-confusing, 

sometimes, for each user Is allowed to assign his own 
abbreviations when then over-ride the inherent built-in 
names. For example, a standard MIDDLE level key word Is "TThSPAN" 
(which represents a request of TPPLOT to find the time range of the data 
on the attached plot data file). But rather than always typing these eight 
characters, it is quicker to use an abbreviation such as "TS" instead. This 
specific case will be seen in several of the illustrative examples. The 
abbreviations are all defined by the user in a file which is ASSIGNed to 
POR030 before execution begins, and are then actuated by a "SET DATA" request 
during OUTER level dialogue. A very large number of program parameters (about 
150 in number) can be so tailored to user needs. See Program Maintenance if 
there are questions,.and of course read the rules about this feature on page 13. 

With Tektronix CRT plotting, there is the problem or issue at screen erasure. 
Only one erasure is automatic -- that which precedes the drawing of the first 
graph Cf the plotting session. It is the user's responsibility to erase the 
screen manually before all subsequent plots, if this is what Is really desired 
(often it is not). 

B. Example of Tektronix 4014 Plotting 

Before, delineating any more rt.les, let consider an actual example of 
interactive CRT plotting using the Tektronix 4014 terminal with attached bard copy 
unit (which was used to take pictures of the screen for all examples below). 
Before erasure of the screen (the automatic erasure which precedes the first 
plot), the dialogue between TPPLOT and the user looked as follows: 

U5ername: SCOTT 
Pa55W0rd 
Welcome to VAX/VMS Uer5ion 1.01 
8-MAY-1979 00:00:38 

$ ASSIGN TPPARAP1.DAT FOR030 
S RUN TPPLOT 
?? OUTER :SET DATA 
SEND SUBSET NUMBER 1 

?? OUTER :pI,DD HH.MM.SS 
CONFIRMATION : 03/16/79 13.47.56 

?? MIDDLE :TS 
DATA TIME LIMITS, IN SECONDS : 

?? MIDDLE : 
SEND NODE NAME OR END ( 
SEND NODE NAME OR END ( 
SEND MODE NAME OR END ( 
SEND BRANCH VOLTAGE NAMES 
SEND BRANCH VOLTAGE NAMES 
SEND SUPER-TITLE ( 

?? INNER : 

0.62832E-02 0.62832E+01 

) :MODEI NODE2 
) :LAST 

) : NODE j 
) :f4ODE2 
) :END 

OR END ( 
OR END ( 

...) :REPEAT 

While not an exhaustive list, a number of comments about this dialogue might 
be pointed out: 

P1. I covered up the password which was user typed, for security 
reasons. It does show on the screen of our 4014, unfortunately 
(all other tezninals do not echo it). 
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response of the user was to connect a file 
of parameter definitions (named TPPARAM.DAT) 
to unit 30. The subsequent RUN command begins 
execution of TPPLOT. All later dialogue is with TPPLOT, rather 
than with the operating system (VAX/VMS). 

P3. The user request for "SET DATA" at the OUTER level of dialogue 
was responded to by TPPLOT with a request for a further characterization 
( "SEND SUBSET NUMBER" ). This is because' the data file in question 
can have an arbitrary number of separate, complete sets of TPPLOT 
parameters. Here the user chose to use the first set of the file. 

P4. The next OUTER level item sent by the user is the name of the file 
which stores the raw plot data points. All characters other than 
letters and numbers are ignored by TPPLOT, so the file name in 
question is actually "MDDHHIVIMSS" • This is a small, artificial 
test file of four variables and 1000 time points, which is kept 
on the system for illustration and test purposes only. TPPLOT will 
signal successful connection of the data file by printing 
"CONFIRMATION : , followed by the date and the time which are 
built-in header information of the file (fully documented in 
Section 5.00 of the User's Manual). This will normally be the 
date and time when solution of the data case in question began. 
Finally, note that there is an automatic transfer to MIDDLE level 
dialogue by TPPLOT, at this point. 

P5. As mentioned before, "TS" is a user-defined abbreviation for 
11TI!1ESPAN" --- a request for the determination of beginning and 
ending times of the data file. If the user does this, then plots can 

, subsequently be produced without explicit specification of time limits; 
a plot over the full range of time will then result. 

P6. The second MIDDLE level user response nothing --- just a carriage 
return. Any response other than a valid MIDDLE level key word leads 
to the dialogue associated with plot variable and plot text 
specification. First come node voltages, then branch voltages, 
and finally branch currents, exactly as with EII?ITP time-step printout. 
The user is allowed as many of each class of variables as desired. 
Each class is terminated by sending "EN])" , while "LAST will 
terminate all variable input at any of the three stages of input (he. 
(the use of "LAST" Is equivalent to "END" 	only when applied 
to the branch-current input). The parentheses display previously-
used names (here blank, since there was no previous plot), which can 
be reused by sending a blank. But this feature is not illustrated 
in the present example. 

P7. After specification of plot variables is complete, TPPLOT then asks 
for plot text, one item at a time. Again, parentheses display the 
old text (blank in this example). Such input begins with the one-line 
super title. The user response "REPEAT" serves to skip over all 
such input, reusing the old values (initially blank). There is 
then an automatic transfer to INNER level dialogue by TPPLOT. 

P8. Finally, the user sent nothing (carriage return only); sire not a 
legitimate INNER level key word, this is taken as the signal by 
TPPLOT for a plot. Because this is the first plot, there will be 
a subsequent screen erasure, followed by the plot on the next page: 
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FILE 8 03,1617 13.47.SS 
NIIES S NODE1 NODE2 NO(1 soca 
1!H WAX. DV'ZN • -4.111E+2 S.ISII(+12 I 
?"IN, ThAX. DT-11" • •.62832E-S2 I.$2W.1 S.4$284 
?? IPER I 

P9. There are two background grids, each with one inch spacing. Here 
the inner grid has been set for dashed lines, due to "SET DATA" 
usage. This is aesthetically pleasing, but much slower than use 
of all-solid grid lines. 

PlO. Curves are labeled with ASCII symbols. Default labeling uses "a" 
for the first curve, "b" for the secorxl, etc. But here "#" has 
been used for the second curve (again due to "SET DATA" usage). 

P11. Plot identification is presently limited to the text in the lower 
left-hand corner. It is the user's responsability to remember that 
the third curve is a branch voltage and not a branch current. The 
string of variable names is printed in the order of input --- but 
that is the limit to variable characterization at the moment. 

P12. flflER level dialogue is resumed when the plot is complete. This 
finishes the simple illustration. 

C. Complete Tabulation of Key Words of TPPLOT 

At each of the three levels of TPPLOT dialogue, the user can type "HELP" 
in order to see a directory of all possible responses. A complete listing of 
this display Is shown on the following three pages. 
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SUMMARY OF OUTER-LEVEL RESPONSES z 

SET DATA -- TO OVER-RIDE DEFAULT DATA VALUES WITH USER-ESTABLISHED CHOICES. 
THIS USER-ESTABLISHED DATA FILE MUST PREVIOUSLY BE ASSIGNED TO 
UNIT 30. 

PURGE -- TO DESTROY THE FLOT DATA FILE THAT IS CURRENTLY CONNECTED. 

TEK 	TO TOGGLE THE SIJITCH WHICH DECIDES BETWEEN PRINTER (CHARACTER) 
PLOTTING AND VECTOR-GRAPHIC (TEKTRONIX) PLOTTING. 

DEBUG -- TO ALTER (E.G., TO TURM Oft) THE LEVEL OF DIAGNOSTIC PRINTOUT. 

COLUMN -- TO. TOGGLE THE SWITCH THAT CHOOSES BETWEEN 80 AND 132-COLUMN PRINTER 
(CHARACTER) PLOTS. 

SET COLU11I-- TO SET THE COLUMN-WIDTH OF PRINTER PLOTS (USED IF HOT 80 OR 132). 

STOP --- 10 TERMINATE EXECUTION (BACK TO -MODE OF DCL INTERPRETER). 

PUNCH -- TO DEFINE (CHANGE) THE 1/0 LiMIT NUMBER OF TWE CARD-PUNCH FILE. 

PRINTER-- TO DEFINE (CHANGE) THE I/O LIMIT NUMBER OF THE LIME-PRINTER FILE. 

STACK 	TO OBTAIN A DISPLAY OF DATA FILES WHICH ARE AVAILABLE FOR PLOTTING. 

LONGER -- USED TO REDEFINE (E.G.. INCREASE) THE MAXIMUM TOTAL LENGTH OF 
CALCOIIP (VERSATEK) PLOTS WHICH RESULT FROM CCOPYI COMMANDS. 

IN ---- TO TRANSFER DIRECTLY TO MIDDLE LEVEL OF PROGRAM DIALOGUE. 

HELP --- TO PRODUCE THE DISPLAY MOW BEING VIEWED. 

IIHMMSS -- FILE SPECIFICATION FOR PLOTTADLE DATA FILE. HERE A SYMBOLIC 
REPRESENTATION FOR THE 6 DECIMAL DIGITS OF THE TIME OF DAY HAS BEEN 
USED. 	A PRECEDING DIRECTORY NAME (IN SQUARE BRACKETS) IS OPTIONAL, 
AS IS THE MONTH (ONE HEX DIGIT) AND THE DAY OF THE MONTH (2 DECIMAL 
DIGITS). 	THE MONTH OR DAY IS REQUIRED IF DIFFERENT THAN TODAY. 
SEPARATOR CHARACTERS (INCLUDING BLANKS) ARE ALLOWED, EXCEPT WITHIN 
THE DIRECTORY NAME. AN  EXAflPLEZ (SCOTT] 4/29 22.39.06 • 	PROGRAM 
RESPONSE WILL BE THE OPENING OF THIS FILE ON UNIT-14, FOLLOWED BY THE 
AUTOMATIC TRANSFER TO THE MIDDLE LEVEL OF DIALOGUE (IMPLICIT *IN$ ). 

SUMMARY OF MIDDLE-LEVEL RESPONSES * 

IM 	 FOR DIRECT TRANSFER TO INNER LEVEL OF PROGRAM DIALOGUE. 

TIMESPAM-- TO BE SHOWN THE TIME RANGE OF THE CURREHT, PLOT DATA FILE. 

CHOICE -- TO PRODUCE A TABULATION OF PLOTADLE EMTP VARIABLES. 

STOP 	TO TERMINATE EXECUTION (BACK TO s-MODE OF DCL INTERPRETER). 

PURGE -- TO DESTROY THE PLOT DATA FILE THAT IS CURRENTLY CONNECTED. 

HELP --- TO PRODUCE THE DISPLAY NOW BEING UIEUED. 

OUT --- FOR DIRECT TRANSFER TO THE OUTER LEVEL OF PROGRAM DIALOGUE. 

TIME UNITS-- TO SPECIFY THE INTEGER WHICH CHARACTERIZES USER-DESIRED 
TIME UNITS. 	THIS IS JUST AS UXTH ENTP BATCH-MODE 
PLOTTING, WHERE *it MEANS DEGREES, *22 MEANS 
DEGREES BASED ON 60 HERTZ, *3* MEANS SECONDS, S4# 
MEANS MILLISECONDS, AND *5* MEANS MICROSECONDS. 
CODE NUMBERS *6* AND *7* ARE FOR*FREQUENCY SCANS 
DATA CASES, FOR HERTZ AND LOG TO THE BASE 10 OF HERTZ 
RESPECTIVELY. 
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X 	— ANY GARBAGE CHARACTER, INCLUDING -BLANK, REPRESENTS A REQUEST 
FOR THE PROGRAM TO BEGIN THE ITERRO(ATION FOR PLOT 
VARIABLES., AND PLOT LABELS. 	HERFFTER, IN RESPONSE TO THE 
QUESTIONS, SEVERAL SPECIAL, LOCAL KEY WORDS ARE APPLICABLE 

REPEAT * TO RE-USE ALL OLD PLOT LABELING, SEND *REPEAT3 WHEN 
FIRST INTERROGATED FOR LABEL INFORMATION (UHICH BEGINS 
WITH THE SUPER TITLE). 

BACK 	: TO ABORT THE INPUT OF VARIABLES, AND RETURN TO THE 
MIDDLE-LEVEL OF DIALOGUE. 

END 	: TO TERMINATE IP4DETERIIIHATE VARIABLE INPUTS. INCLUDED ARE 
THE THREE CLASSES OF VARIABLES AND THE LINES OF CASE-TITLE TEXT. 

LAST 	Z TO TERMIH1E ALL PLOT-VARIABLE INPUT, SEND tLAST2 
GRAPH LABELING INPUT WILL THEN BE REQUESTED NEXT. 

BLANK t SENDING NOTHING (A BLIK) WILL USUALLY RE-USE THE OLD 
DATUM (E.G., NODE NAME, OR LINE OF CASE-TITLE TEXT). 	OLD 
DATA IS USUALLY DISPLAI'ED WITHIN PARENTHESES FOR THIS REASON. 

FLUSH : TO REWIND THE POINTER WHICH COUNTS LINES OF CASE TITLE. 
THE TEXT REMAINS, TO BE ACCEPTED OR REJECTED LINE BY LINE. 

PLAYBACK: TO HAVE DISPLAYED THE PRESENT CASE TITLE. 	THIS CAN BE DONE 
AT ANY POINT BEFORE THE *EHD2 UHICH FREEZES THE CASE TITLE. 

UPON. COP1PLETIOM OF THE RESPONSES TO QUESTIONS OF THIS GENRE, THERE 
IS AN AUTOMATIC SWITCH TO INNER-LEVEL DIALOGUE. 

LABEL --.TO SKIP AROUND TlE PLOT-VARIABLE SPECIFICATION (REUSING 
SET),  a.,n c.ra yt. 	. i. THE OLD 	s,, iiu 	u'i •ri INPUT OF PLOT L:ELS (THE 

SUPER-TITLE COMES FIRST). 

SUMMARY OF INNER-LEVEL RESPONSES i 

STOP --- TO TERMINATE EXECUTION (BACK TO S-MODE OF DCL INTERPRETER). 

HELP 	TO PRODUCE THE DISPLAY HOU BEING VIEWED. 

DEBUG -- TO ALTER (E.G., TO TURN ON) THE LEVEL OF DIAGNOSTIC PRINTOUT. 

OUT 	FOR DIRECT TRANSFER TO THE MIDDLE LEVEL OF PROGRAM DIALOGUE. 

MESSAGE TO SEND AN ARBITRARY EXPLANATORY MESSAGE TO THE LINE PRINTER. 
AN ARBITRARY .NUMBER OF 80-COLW1N LINES MAY FOLLOIJ, TERMINATED 
BY SEtiD3 

BATCH -- TO CREATE E1'tTP BATCH-MODE PLOT CARDS CORRESPONDING TO THE 
LAST PLOT. 	THESE ACCUMULATE IN THE CARD-PUflCH FILE. 

EXTREMA-- TO TOGGLE THE SWITCH UHICH DECIDES WHETHER OR NOT VARIABLE 
EXTREMA OF SUBSEQUENT PLOTS ARE TO BE PRINTED. 	SUCH OUTPUT 
PRECEDES THE ASSOCIATED PLOT (AS DOES THAT OF tLEVEL* BELOW), 
THE PROGRAM THEN PAUSES BEFORE DRAWING THE GRAPH, WAITING FOR 
THE USER TO SEND A BLANK. 	OTHER POSSIBLE RESPONSES ARE *LINES 
TO PRODUCE A LINE PRINTER COPY OF THE EXTREMA AND LEVEL CROSSINGS, 
OR ZNO PLOTS TO SKIP THE SUBSEQUENT PLOT (AND RETURN TO PUDDLE-

..LEVEL DIALOGUE). 

LEVEL -- TO TOGGLE THE SWITCH WHICH DECIDES WHETHER OR HOT 
VARIABLE LEVEL TRIGGERS ARE TO BE ACTIVATED. IF SUCH ARE 
BEING TURNED ON, THE PROGRAt WILL RESPOHD 1.11TH A REQUEST FOR 
A LEVEL VECTOR (FREE FORMAT). 	READ IEXTREMAS 	TOO. 

SMOOTH -- TO REDEFINE THE TOLERANCE UHICH IS USED TO DISCARD PLOT POINTS. 
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 -- TO REDEFINE THE TIME-AXIS LENGTH OF THE PLOTS. 

SHOU -- TO DISPLAY THE CURRENT VALUES OF MANY RELEVANT PLOT PARAMETERS. 

LINE -- TO DISPATCH THE JUST-COMPLETED PRINTER (CHARACTER) PLOT TO THE 
LINE PRINTER. 

COPY -- TO DISPATCH THE JUST-COMPLETED PLOT (EITHER PRINTER OR TEK) TO THE 
CALCOMP (VERSATEK) PLOTTER. THE PROGRAM UILL RESPOND WITH A REQUEST 
FOR A REVISED TIME-AXIS SCALING, AT WHICH POINT SEVERAL SPECIAL, 
LOCALIZED REQUEST UORDS ARE POSSIBLE : 

PEN * TO ADJUST THE UIDTHS OF VARIOUS LINE AND TEXT STRUCTURES OF THE 
GRAPH., SUPPRESSION OF MOST SUCH STRUCTURES IS AN OPTION, TOO. 

SIZE : TO ADJUST VARIOUS FLOATING-POINT VALUES OF THE PLOT (TEXT SIZE AND 
LOCATION, MAGNIFICATION OF GRAPH, GRID SPACING AND DASHING, ETC.). 

SHOU :'TO DISPLAY THE CURRENT VALUES OF SUCH CALCOMP (VERSATEK) 
PARAMETERS. 

ONCE THE NEW DT/INCH IS SENT (OR BLANK, TO LEAVE THIS SCALING 
UNALTERED), THE CALCOMP (VERSATEK) PLOT UILL AUTOMATICALLY BE 
PRODUCED. UHEN DONE, THE INNER-LEVEL DIALOGUE RESUMES. 

FACTOR -- TO INPUT A NEU VECTOR OF PLOT-VARIABLE MULTIPLICATIVE SCALING 
FACTORS ( tAt OF Z • AZV + B ). 	ZERO IS TAKEN TO MEAN UNIT'?, 
AND FREE FORMAT IS USED. 

OFFSET -- LIKE *FACTORS-, 	ONLY FOR A VECTOR OF CONSTANTS 4B# 

RESCALE-- TO RETURN TO NATURAL SCALING (I.E., A-i.e , 8-0.3 
FOR ALL VARIABLES. THIS IS ONLY OF USE IF *FACTOR OR 
OFFSETS HAVE PREVIOUSLY BEEN USED. 

LIMITS -- TO INPUT REVISED flIt4IfIUH•AND MAXIMUM VALUES FOR THE 
- 	 VERTICAL AXIS OF THE PLOT. 

AVERAGE-- TO ADJUST THE OSCILLATION LIMIT AFTER WHICH AVERAGING OF 
SUCCESSIVE ORDINATES OF A CURVE IS TO BE INSTITUTED. 

TIME -- TO INPUT TIME-AXIS LIMITS TMIN AND TMAX OF THE PLOT. 
THIS MUST BE DONE AT LEAST ONCE, FOR THE FIRST PLOT, UNLESS 
1TIPESPAN$ UAS PREVIOUSLY USED DURING MIDDLE-LEVEL 
DIALOGUE. 

ALL TIME--REQUEST FOR A PLOT OVER THE FULL RANGE OF THE DATA. 	THIS 
ONLY UORKS IF STIMESPAN* WAS PREVIOUSLY USED DURING 
PUDDLE-LEVEL DIALOGUE. 

BLANK -- A BLANK IS INTERPRETED AS A REQUEST FOR A PLOT USING THE SAME 
TIME AXIS AS THE PRECEDING PLOT (OP THE FULL TIME RANGE, IF 
THIS IS THE FIRST PLOT, BUT 4TIMESPAMS WAS PREVIOUSLY CALLED). 

CURSOR -- TO TOGGLE THE SWITCH WHICH INDICATES WHETHER OR NOT 
CURSOR INPUT IS EXPECTED AFTER A TEKTRONIX PLOT IS 
DRAUN. 	IN THIS MODE, OTHER KEY UORDS APPLY s 

P ------TO MARK ANOTHER CURSOR POINT 

E ------TO TERMINATE SUCH INPUT. 

SHOU --- TO PRODUCE A TABULATION OF ALL CURSOR POINTS 

SLOPE --- TO PRODUCE DX, DV, F, AND DV/DX OF ANY POINTS. 
AFTER LAST II & K VALUES HAVE BEEN SENT, SEND 
0, 0 TO TERMINATE. 

END ---- TO TERMINATE ALL CURSOR DISPLAYS, AND RETURN 
TO INNER-LEVEL DIALOGUE. 

X-V PLOT--TO TOGGLE THE SUITCH UHICH CHOOSES BETWEEN REGULAR 
TIME PLOTS AND X-'? PLOTS. 
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commands is appropriate: 

STACK --- This OUTER level response is not presently being honored. 
Should the user desire a list of all available plot-file 
names, he can use the VAX/VMS DCL statement 

$ DIR * *.P14;* 
If the user is logged in to his own area, and is interested 
only In his own plot files, then the square brackets and 
enclosed asterisk are omitted (this is a wild card for the 
search of all directories, recall). 

LONGER -- This OUTER level response refers only to a buffer which 
accumulates CalComp plots; it belongs not to TPPLOT, but 
rather to the CalConip interface software of our Versatek. 
The axis length of any one plot, including that displayed on 
the terminal, Is another question entirely. 

IN ----- A user is free to change levels at will, by means of these 
OUT 	commands. I know of no complications or restrictions at 

this time. 

TIME UNITS - This MIDDLE level response merely selects the time units which 
the user chooses to specify Tmlzi and Pmax in. TPPLOT then 
converts all times to seconds, and uses seconds for output 
purposes without exception. If "TIMESPAN" is used, units 
are automatically set to "3" (seconds), though a pzer can 
subsequently over-ride this using "TIME UNITS" 

BACK -- Sometimes a user mistypeth a MIDDLE level key word, which then 
is misinterpreted by TPPLOT to be a garbage string ("x"). As a 
result, TPPLOT begins asking for node-voltage variables. The 
"BACK" command was designed to immediately rectify such a 
mistake by returning to MIDDLE level dialogue (where the user 
gets a second chance to spell his key word). 

MESSAGE -- This INNER level response is used in conjunction with other 
line printer output. Note that "EXTREMA" and "LEVEL" allow 
for a copy to appear on the line printer. But how will the user 
identify such output after his plotting session Is over, if he 
has made numerous plots? Use of "MESSAGE" allows the user to 
append explanatory notes at will. 

EXTREMA. -- This INNER level response allows the user to determine exact 
minima and maxima of his graphs, along with times of their 
occurrance. Note carefully the pause which follows this 
output --- designed to allow the user to make a copy or erase 
the screen before the plot begins. See further explanation 
and example in Section P 

SMOOTH --- The associated tolerance is the square of the maximum error in 
inches which will be tolerated. Relative extrema are never 
discarded, so peak values and the times of their occurrance 
are unaffected by such usage. If the user wants to plot all 
points (i.e., discard none), then he need only input a value 
of zero. Plotting is typically much slower then, however. 
It has been found that typically about 80% of the data points 
can be discarded, with negligible degradation of visible quality, 

• FACTOR,  
- OFFSET 



ASSIGN TPPARAM.DAT FOR030 
S RUN TPPLOT 
7? OUTER :SET DATA 
SEND SUBSET NUMBER U 

?? OUTER :M/DD HH.MM.SS 
CONFIRMATION : 	03/16/79 13.47 

?? MIDDLE :T5 
DATA TIME LIMITS, IN SECONDS : 

?? MIDDLE : 
SEND NODE NAME OR END ( ) 
SEND NODE NAME OR END ( p ) 
SEND SUPER-TITLE ( 

?? INNER :CURSOR 
?? INNER 

.56 

0.62832E-02  0•62832E+O1 

:HODE1 
:LAST 

... :REPEAT 

FACTOR -- Any user who mixes plot-variable 
OFFSET 	types (e.g., node voltages and 

branch currents) will have a need 
for scaling one or more curves. 
Remember, readings in amps and volts 
are usually quite different in size. 
scaling be performed at-user request, 
on the plot. 

E P - 11 

Should such 
it will be documented 

LIMITS - If the user wants to choose his own vertical-axis scaling, he 
uses this INNER level request. TPPLOT will subsequently 
ask him for a vertical axis minimum and maximum. Particularly 
in cases where automatic axis scaling has allowed a curve to 
overshoot the grid a little (see preceding Tektronix example), 
this may be desirable. 

X-Y PLOT -- It is possible to plot one EP variable against another, rather 
than against time. There are several restrictions and cautions, 
as explained in Section I on page 25 

D. Using the Tektronix 4014 Cursor (key word "CURSOR" ) 

Not infrequently, users who are studying plots end up estimating times, 
ordinates of key features, time differences, frequencies, rise rates, and the 
like. Using a ruler, this is usually time consuming and inaccurate at best. 
But the Tektronix 4014 has a crosshair cursor which solves, this problem. For 
use with TPPLOT, it is actuated by means of the "CURSOR't  requst at the INNER 
level, as shall now be described. 

If the cursor is to be used, it must be requested before a Tek 4014 plot is 
produced. Execution of TPPLOT begins with the cursor turned off (unless this 
state is altered by "SET  i)kTAtI ). The key word is 1ICTJR5ORII -- either to turn 
the cursor off (if now on) or on (if now off). This is an DThTER level request. 
For example: 

At this point, the user sent a blank (carriage return), which erased the screen 
and produced the plot shown at the top of the next page (but without the "P1"' , 
II211  and tIp3U markings). Then, rather than display the familiar ti??  INNER :" 
prompt, completion of the plot will be signaled by TPPLOT illuminating the 
cursor crosshairs. By means of the two thumb wheels on the keyboard, the user 
can position the crosshairs at whatever point on the plot may be of interest. 
A user then sends a "P" 9 which TPPLOT will acknowledge by writing "PK" 



PIE P- 1 

FILE 	03'16'79 13.47.56 
NAMES S NODEL 
WIIH, YNAX, DY/IN • -e.8000E+e1 	e.8030E+e1 

	
0.2000E+91 

TLIIN, TtIAX, DT/IN - 0.62832E-02 0.62832E+01 0.48284E+00 

on the screen, where "K" is the point number (in 
order of input; 1 for the first point, 2 for the 
second, etc.). The bottom of the "P" will rest 
on the intersection of the crosshairs (in this 
example,. I tried to line up the crosshairs with 
the grid lines). This process is repeated over ax 
over, for as many different points as may be of 
interest to the user (three were used in this 
example, note). 

After the last point of interest, the user sends 
, and begins considering statistics related to these points. 

He should erase the screen before doing this, if superposition on the 
plot is not desired. At this point, TPPLOT will prompt with U!!  CURSE :tt 

to which three responses are presently possible: 

a) "SHOW" --- to display (t, v) coordinates of all marked points, 
where 't' is used to signify time and "v" is used 
for the vertical-axis value (ordinate). 

b) "SLOPE" --- to calculate At, Av, &v /t , and f = 1 /it 
This is done selectively, one pair of points at a 
time, in response to user request. Note that scale 
factors for both variables are allowed (see dialogue 
at top of next page), if desired. A zero value sent 
by the user does not alter the old value within parentheses. 



These sèale factors begin at 
unity, which was the case 	P 
for this usage. If a user 
wanted mseo rather than sec , 
however, he would use a IT multiplier 
of 1000.0 (and frequencies P would then be in 
kilohertz, remnber). 	Sending 1109  0" for "M. K" 
terminates this computation. 

c) "END" -- to terminate such cursor point processing, and return 
to INNER level dialogue. If finished with the cursor 
(if it is not wanted on the next plot), type "CURSOR" 
at this point. This will toggle it to the off position. 

These points are illustrated below, where the default scale factors of 
unity are used, and only two pairs of points 	(29  1) and (3, 2) ---- are 
considered. 

PROCESS •3 CURSOR POINTS t 
CURSE :SHOU 

POINT : 	 j 	 2 	 3 
SECONDS : 0.38622E+01 0.434SeE+e1 0.53107E+01 
VERTICAL: 0.20278E+01 0.2777SE-e1 -0.20000E+01 
!! CURSE :SLOPE 
SUPPLY MULTIPLIERS FOR DT & DO C 	1.00 	i.ee ) 10 0 

T(M) - T(K) 	0(11) - U(K) 	DV / DI 	F • I / DT 
ENTER M, K :2 1 	0.48284E+ee -e.2eeeE+e1 -e.41422E+01 	e.2e7IIE+e1 
ENTER M, K :3 2 	0.96568E+00 -0.20273E+01 -0.20999E+I 	0.13355E+01 
ENTER M, K :0 0 
!! CURSE :END 
7? INNER $ 

S 

E. Customized TPPLOT Parameters for "SET DATA" Usage 

As mentioned In paragraph one on page 4, 	the user can establish one or 
more data sets which customize TPPLOT according to his own specific needs. For 
exaniple, if he uses TPPLOT through a Tek 4014 terminal, he certainly does not 
want the program set to output character plots (which is the default setting). 
This section shall explain how the user can define his own personal default values, 
to be installed via the "SET DATA" coiwmirui of OUTER level dialogue. 

Let us begin with an illustration the effects of which have already been 
shown (e.g., see pace 4, and Point P2 on page 5 ). 	The following is a 
listing of the file named TPPARAM. DAT : 

SET DATA 1 
6, 13. 
7, 1.E-35 

0, 	1.0, END OF FLOATING-POINT CHANGES. 

23, 	120 
26,3 
42.12 
46, 	130 
48, 760 
62.35 e. 0 END OF INTEGER-VARIABLE CHANCES. 
38T5 

BLANK CARD ENDS CHANGES TO KEY UORDS. 
SET DATA 2 
6, 	13. 

01 	1.0 BLANK CARD ENDS FLOATING-POINT ENTRIES. 
g,1 



23,120 	 PIll EP-141- 01  e 	BLANK CARD ENDS INTEGER ENTRIES. 
38TS 
23AT 
35NP 
255C 
13PB 

BLANK CARD ENDS KEY-WORD ENTRIES. 

A number of general conclusions can be drawn from this one specific example. 
Cønsider the following: 

Cl : The record "SET DATA 1" begins the first subset, while 
"SET DATA 2" begins the second. These are special fixed-format 
markers, so be careful of blanks. Up to a maximum of 99 data 
subsets are allowed, with the final one being marked by the 
record "SET DATA99" 

C2 : Within each data set, there are three classes of parameter definitions. 
First come the REAL parameters, then come the INTEGER ones, an 
finally come the alphanumeric key words. Each of these classes is 
terminated by a zero or blank record. The REAL and INTEGER data 
are VAX free-format, while key word cards are fixed-format (read 
with 12, A8 FORMA.T ). 

C3 : Each parameter definition consists of a pair of data. First comes 
an identifying index, and second comes the new parameter value. 
For example, consider t1v first parameter definition of data subset 
number 1 ( "6, 13." ). This is a command to set REAL parameter 
number 6 (length of the time axis, in fact) to 13 inches. A 
Lull listing of the parameters which can be so controlled will be 
found below. 

C4 : Arbitrary comments can be written on the right of any card, since 
they will never be read by TPPLOT. I added such comments only to 
the blank or termination records, note. This provides a convenient 
way for the user to document what parameters are being set, or why 
(e.g., "Tek screen allows 13-inch time axis" ). After the blank 
card ending key words of any data subset, and before the following 
SET DATA record, an arbitrary number of arbitrary records can be 
Inserted for purposes of documentation; they will never be read 
by TPPLOT. 

C5 : Data subsets need not be in natural order within the file, axd arbitrary 
2-digit integer numbers can be used, as long as they are unique. If 
explanatory comments at the top of the file are desired, simply begin 
with the record "SET DATA99" . This can then be followed by an 
arbitrary number of explanatory records. As long as no user requests 
data subset number 99 , this data will never be read by TPPLOT. 

As for determining which parameters of TPPLOT have which identification 
numbers, this comes directly from EQUIVALENCE statements of the PORTRAN 
listing. For the three different classes of variables, we have the three 
associations which are shown on the following page. Note that "PVCOM" is 
for REALs, "FICOM" Is for INTEXERs, and "AV€OM" is for A8 alphanumeric 
parameters. The example of Point C3 comes from the EQUIVALENCE of FVCOM(6) 
and TAXISL , with the latter variable being used for the time axis length 
in inches. 



	

EQUIVALENCE C FVCOP)( 1), 	VMIN ), 	FVCON( 2), 	UMAX ) 	Pi  - 	- 

	

EQUIVALENCE ( FVCOP( 3), 	HIIIH ), C FUCOI1( 4), 	HMAX ) 	1-5 

	

EQUIVALENCE ( FVCON( 5), 	HA ), C FVCOF1( 6), TAXISI. ) 

	

EQUIVALENCE C FVCOII( 7), TOLRCE ), C FVCON( 8), 	HTAX ) 

	

EQUIVALENCE ( FVCON( 9), 	XIII ), C FVCOII(iø), 	VIII ) 
EQUIVALENCE C FVCOM(11), SIZTIT ), C FVCOM(12), XSUPER ) 
EQUIVALENCE C FVCOfl(13), YSUPER ), •( FVCO1111(14), SIZSUP ) 
EQUIVALENCE C FVCOII(IS), FLINE ), C FVCOII(16), SIZID ) 

	

EQUIVALENCE C FVCOr1(17), 	XID ), C FVCO?1(18), 	YID ) 

	

EQUIVALENCE C FVCON(19), 	FACT ), C FVCOM(20). DXGRD1 ) 
EQUIVALENCE C FVCOPI(21), DVGRDt ), ( FVCOI1(22), DXGRD ) 
EQUIVALENCE C FVCOM(23), DVGRD2 ), ( FVCOfl(24), FILLI ) 

	

EQUIVALENCE ( FVCOM(25). F1LL2), ( FUCOPI(26), 	VS ) 

	

EQUIVALENCE ( FVCOM(27). 	UL ), C FVCOI(22), 	VH ) 
EQUIVALENCE C FVCOfI(29), PAPMAX ), ( FVCOII(30), TINBEG ) 
EQUIVALENCE C FUCOII(31), TIP1EHD ), ( FVCOII(32), FHTAX ) 
EQUIVALENCE C FVCON(33), FXSUP ), ( FVCOII(34), FYSUP ) 
EQUIVALENCE ( FVCOII(35), FXTIT ), ( .FVCOM(36), FYTIT ) 
EQUIVALENCE ( FVCON(37), FXID 	), C FVCOM(32), FYID 	) 
EQUIVALENCE C FVCOrI(39), FTCARR ) 	C FVCOII(40), VAXISL ) 

EQUIVALENCE C IVCO( 1), KLEVL ). C IVCON( 2), KEXTR 
EQUIVALENCE ( IVCOfl( 3), 	IHS ), C IVCO1( 4), LUiIT7 
EQUIVALENCE C IVCOtI( 5), IPRSUP ), C IVCOII( ), LIMCOL ) 
EQUIVALENCE C IVCON( 7), LIF1EPR ), C IVCO1( 2), LUNIT6 ) 
EQUIVALENCE C IVCOP1( 9), 	LTEK ), C IVCONC1e, HLIMTIT 
EQUIVALENCE C IVCCrn(11), NUNSWI ), C IVCOfi(12), 	MIII ) 
EQUIVALENCE C IVCON(13), IIAXISX ), C IVCON(14), MAXISV ) 
EQUIVALENCE ( IVCOII(15), MGRID1 ), C IVCOM(16), MGRID2 
EQUIVALENCE C IVCOM(17), MSUPER ), C IVCOPI(18), 	MID ) 
EQUIVALENCE C IVCOM(1), MLIIiE ), C IVCOM(20), NCUT1 ) 
EQUIVALENCE ( IVCOM(21), PICUra ), C IVcO1(22), tISMTH 
EQUIVALENCE C IVCOM(23), IEAUD ), C IVCO1(24), NXI1AX ) 
EQUIVALENCE C IVCOn(23), HYNAX ), C IVCO1(2G), LCH1D 
EQUIVALENCE ( IVCOM(27). HXINCH ), ( IVCOTi(2, NVIHCH ) 
EQUIVALECE C IVCOrI(29), NXOFF ), ( IVCON(30), MYOFF 
EQUIVALENCE ( IVCOPI(3I), 	LOO'( ), C IUCOt(32, LCHSLJP 
EQUIVALENCE ( IVCO?1(33), LCIITIT ), C IVCQIi(34)1  LCHXAX 
EQUIVALENCE ( IVCON(35), LCHVAX ), C ZVCO1(3E), ITERN ) 
EQUIVALENCE C IVCOI(37), 	LTIC ). C IVCtMI(38), IZIIT 
EQUIVALENCE C IVC01(39)P IZCRI ), C IVCOiI(40), IZGR2 
EQUIVALENCE C IVCON(41), LDSHQI ) 	C IVCOfl(4), LDSHG2 ) 
EQUIVALENCE C IVCOI1C43>, IZXAX ), C IVCO(44), IZVAX 
EQUIVALENCE ( IVCOfi(43), NXIDC ), C IVCO(4G), tIV1D6 ) 
EQUIVALNCE ( IVC014(47), HXEtD ) 	C IVCO'(48), WEND ) 
EQUIVALENCE ( ItJCOI1(49) 	IZID ), C IVCOM(SO). JSMEG ) 
EQUIVALEH(E C IUCWISI), ICH(EF ), ( 1UC0N(52), ICHENfi ) 
DIMENSION 11SVN1T(20) 
EQUIVALENCE ( IucOm(i). SVMT(1) ) 
NOTE THAT PRECEDItia EQUIVALENCE OCCUPIES CELLS 61, 62, .. 80. 

	

EQUIVALENCE C AVCOM( 1), CHOICE ), ( AVCOM( 2), 	STOP ) 

	

EQUIVALENCE C AVCOM( 3), PURGE ), ( AVCOM( 4), 	OUT ) 

	

EQUIVALENCE ( AVCOM( S), 	HELP ), C AVCO1( 6), SMOOTH 3 

	

EQUIVALENCE ( AVCOM( ?), 	SIZE ), C AVCOM( ), 	SHOW 

	

EQUIVALENCE C AVCOM( 9), LINEZZ ), ( AVCOL1(13), 	COPY ) 
EQLJIVALEtICE C AVCOtI(11, REPEAT ), C AVCOcI(12), FLUSH 

	

EQUIVALENCE C AVCCM(13), PLAYBA ), C AUCO1(14), 	PEN ) 
EQUIVALENCE ( AVCOU(1S), PIULIIP ), ( AVCOiI(16), OFFSET ) 
EQUIVALENCE C AVCOrI(17), LIMITS ), ( AUCOU(18), DEBUG ) 

	

EQUIVALENCE C AVCOM(19), 	TEK ), 	AUCOrI(20), STACK ) 
EQUIVALENCE C AVCOII(21), PRTNTE ), C AVC0I(22), METRIC ) 
EQUIVALENCE C AUCON(23). ALLTIM ), ( AUCO1(24), COLUMN ) 
EQUIVALENCE ( AVCOM(25)D  SETCOL ), C AVCOM(26), LONGER ) 
EQUIVALENCE C AVCOM(27), AVERAG ), C AVCOM(28), INNER ) 

	

EQUIVALENCE C AVCON(29), RESCAL ), ( AVCOM(30)., 	LAST ) 
EQUIVALENCE ( AVCOIC3Ii, BATCH ) 	C AUCON(32), PUNCH ) 
EQUIVALENCE C AVCON(31). BATCH ), C AVCON(32), PUNCH ) 
EQUIVALENCE C AUCOII(33), EXTREN ), C AVCOr1(34), LEVEL 
EQUIVALENCE C AVCOII(35), NOPLOT ), C AVCON(36), MESSAG ) 

	

EGUIVfLENC ( AUCOM(37), 	END ), ( AVCOM(38), TIP1ESP ) 
EQUIVALENCE C AVCOII(39), LABEL ), C AVCOM(40), TIMEU4 
EQUIVALENCE ( AVCOM(41), CURSOR ), ( AUCOI1(42), XVPLOT ) 

	

EQUIVALENCE C AUCOM(43), SLOPE ), C AVCON(44), 	BACK ) 



The one remaining piece of necessary 	 J) 	- 
Information is a knowledge of the purpose of 
these parameters within TPPLOT. While not a 
complete tabulation, I here list the most important 
usages: 

REAL variable meanings 

6 2  T.AXISL --- Length of the time axis, in Inches, for all plots except 
Calcoiap (where the user has the option of axis length 
change at the instant the plot is ordered). 

7,  TOLRCE --- Square of the distance in inches of the maximum error which 
will be tolerated as data points are discarded (see 
"SMOOTH" 	feature). 

8,  HTAX 	---- Height of the time axis on CalComp plots, in Inches. 	The 
- zero level is where the vertical axis begins. 

99  XTIT 	---- X 	and 	Y 	coordinates in inches where the first line of the 
109  YTIT 80-column multi-line case title begins on a CalComp plot. 

11 9  SIZTIT --- Height of the lettering which will be used for the 80-column 
case title text, in inches. 

122  XSIJPER 
139  YSUPER 	-- Like 	9-119  only for the one-line super-title. 
14 2  SIZStJP 

159  FLINE 	--- For CalComp plots, this is the factor which determines 
inter-line spacing of multi-line text outputs. 	This factor 
is multiplied by the letter height in order to get the 
vertical distance per line. 	A value of 	1.7 	would give 
70% of the letter height as blank space between the lines, then. 

17, XID 
189  YID 	- Like 9-11, only for the date, time, variable names, etc. 
16, SIZID 

19, PACT ---- Blow-up (expansion) factor of CalComp plotting. The common 
case where this is other than unity is for metric plotting. 
Using a value of .7874 gives a plot where the usual one-
inch spacing is shrunk to 2.0 cm. 

20, DXGRD1 --- Spacing in inches between major (number i) grid lines of 
21, DYGRD1 	CalComp plots. The DX Is separation between vertical 

(constant-time) grid lines, etc. 

22, DXGRD2 --- Repeat, only for minor (number 2) grid lines. 
23, DYGRD2 

24, P1111 --- Fill-in factors for grid lines of CalComp plots. The 1 
25 9  PILL2 	applies to the major grid, artl 2 to the minor grid. Use 

a value of 1.0 for solid lines, and 0.25 for a dashed 
grid line which is three fourths invisible. See integer 
parameters 20 and 21, too. 

269  VS -----Parameters controlling the vertical dimension of CalComp plots. 
27 9  VI 	These usages are right out of the EMTP 5 years ago, as originally 

set up by John Walker. The 8-inch vertical axis and one inch 282  VH 	lower margin come from these parameters. 



32, PHTAX --- Location of time axis on a 	 PI EP-   Tektronix plot, as a fraction 
of the vertical distance. Use a 
value of 0.5 for the middle, or 
zero for the bottom. 

33, PXSTJPFractional horizontal position (to the right) and vertical 
34, PYsUP 	position (up from the bottom) for the super-title of a 

Tektronix plot. 

35, BXTIT --- Repeat, only for 80-column, multi-line case title. Here 
369  PYTIT 	the coordinates apply to the first character of the first line. 

379  PXID -- Repeat, only for the date, time, etc. 
38, PYID 

39, P1CARR --- Expansion factor for interline Tektronix text spacing. Use 
1.0 for normal spacing, and a greater value for more blank 
space between lines ( 2.0 gives lines which are centered 
twice as far apart). 

409  VAXISL 	Height of Tektronix vertical axis or vertical grid lines, 
in inches. For Tek 4014, 8.0 is standard. 

INTEGER variable meanings 

19  KLEVL --- Binary flag indicating whether level triggers are to be 
used or not. Set this flag to zero for no such triggers, 
or to unity if they are desired. 

29  KEXTR --- Binary flag indicating whether minima and maxima are to be 
calculated or not. Zero will give no such extretna, while 
unity will produce it. 

39 1HZ ----- Type code for the time units ( 114" means insec , etc.). 

49  LTJNIT7 --- Logical unit number for the card-punch file (used for 
"BATCH" request, recall). 

5, IPRSUP --- Variable which controls diagnostic printout. As with ETP 
variable of the same name, zero gives no diagnostic, etc. 
The value 34 is reserved for printing every time point 
of curve. 

	

69  LIMCOL 	The number of columns used for a character (printer) plot. 
This is usually one less than the maximum column width of 
device (either 79 or 131 ). 

79  LINPR --- Logical unit number for the line printer (for use with "LINE" 
and "MESSAGE" requests, recall). 

99  LTEK ---- Binary flag indicating whether character plots or Tektronix 
vector-graphic plots are to be produced. Use zero for 
character plotting, unity for Tektronix plotting. 

	

11, NIJMSYM 	Number of identifying symbol markings which shall be placed 
beside each curve. 



12,  WIT For CalComp (Versatek) plotting, P 1 EP  
13,  MAXISX these are integers which characterize   ) () 
14,  MA.XISY the pen width which is used for 
15 9  MGRID1 various plot structures. 	In order, 
169  MGRID2 we have the 80-column case title, then the 	X-axis 
179. M&IPER structure, then the 	Y-axis structure, then the major 
189  MID grid, then the minor grid, then the one-line super-title, 
19, MLINE then the plot ID (date, time, etc.), and finally the curves 

themselves. 	Values of 	-1 	will turn off all such output; 
values of 	1 	to 	5 	for Versatek give the pen widths in dots. 

20, NCDT1 	Number of segments making up the major (#1) and the minor (#2) 
21, NCTJT2 	grid lines of a CalComp plot. Use unity for a solid grid 

line. As the number of segments increases, the plotting 
speed decreases .... substantially! 

22, NSIvITH 	Oscillation limit (number of consecutive ups and downs) after 
which averaging of successive ordinates is Instituted. This 
is used to remove spurious, nonphysical oscillations (see 
the ENITP User's Manual, Nov. 1977, page 28b ). 

239  IBATJD --- Speed at which Tektronix terminal is being driven, in number 
of characters per second. This is 960 for 9600 baud, as 
twed at BPA. 

24, NXMAX' --- Limiting dot numbers for the horizontal ( X  ) and the 
25, NYMAX 	vertical ( Y ) directions of the Tektronix screen. For 

the standard 4014 terminal as usedat BPA, a value of 1023 
is used for both of these. 

279  NXINCH --- Number of dots per inch along the two axes of the Tektronix 
28, NYINCH 	screen. For the stadard 4014 as used at BPA, values of 

71 and 72 are used, respectively. 

29, NXOFF --- Tektronix horizontal and vertical offset, as measured in screen 
309  NYOFF 	dots, from the lower left corner of the screen to that same 

corner of the major grid (if any). This defines the left 
and lower margins, then. At BPA we use 71 and 72 for 
these, representing one inch In each direction. 

31, LOOK --- Logical unit number for diagnostic writes within the 
Tektronix plotting module. If the Tek screen is desired 
for this diagnostic, use unit number 6 

26, LCHID Codes for the character sizes that are used for labeling the 
329  LCHSTJP five different Tektronix plot data structures. 	In order, 
33 9  LCHTIT these structures are the plot ID (date, time, etc.), the 
349  LCHXAX one-line super-title, the 80-column multi-line case title, 
359  LCHYAX the X-axis, and the Y-axis. 	A value of 	111" 	gives the 

biggest characters (74  char/line), 	112" 	is next (81 char/line), 
then comes 	113" 	(121 char/line), and finally 	"4" 	(133 char/ 
line). 	See 	PLOT 10 TCS User Manual page 5-3 	where 
SUBROUTINE CHRSIZ 	is explained. 

37, LTIC --- For tic marks on Tektronix 	X 	and 	Y 	axex (drawn every 
inch), this is the length of the mark, as measured in 
number of screen dots. 

369  ITERM --- First argument of CALL TERM , which specifies the 
terminal model to Tektronix TOS. See the PLOT 10 TOS 
User manual, page 5-1 



38, IZTIT Arguments of calls to Tektronix P E 39, IZGR1 PLOT 10 subroutine 	'tCZAXIStt , 
40, IZGR2 which controls (in a very minor 
43,  IZXAX way) the boldness of the light 
44,  IZYAX beam. 	A value of zero is for normal 
49, IZID weight, while a value of unity defocuses the beam ( "broader 

and slightly brighter" ). 	In order, these parameters apply 
to the plot data structures which follow : 80-column 
multi-line case title, the major grid, the minor grid, the 
X-axis structure, the 	Y-axis structure, and the plot ID 
(date, 	time, etc.). 

41, LDSHG1 --- Tektronix PLOT 10 parameters associated with major and 
429  LDSHG2 	minor grids, used as the third argument of CALL DSHkBS 

which draws the straight lines which make up the grids. 
If set to zero, a solid grid results (which is fastest). 
If set to 12 , the grid lines will be dashed, with 
alternating five dots of bright and five dots of dark. 
If set to 34 , there will be alternatively ten dots of 
light and dark. Various other combinations are possible 
(see page 3-13 of PLOT 10 TCS User Manual). 

459  NXID6 --- Tektronix screen dot coordinates for the location where the 
46, NYID6 	plot ID (date, time, etc.) will begin. This locates the 

lower left corner of the top line. 

47, NXEND --- Tektronix screen dot coordinates for the location where 
48, NYEND 	the beam will be positioned when the plot is completed, 

and the user continues with INNER level dialogue. 

51, ICHREP..— ASCII character codes for the key stroke that is used to 
mark a cursor location, and to end such cursor input, for 
Tektronix plots. For "IP" and "E" as used here at BPA, 
values 80 and 69 are used, respectively. 

611  MSYMBT --- Beginning with cell 61, a vector of ASCII character codes 
is used to select the symbols used to mark the up to 20 
curves which can be plotted simultaneously. The default 
usage is to employ lower case letters ( the first curve 
using "a" is from 61, 97 ; the second curve using "ba 
is from 62, 98 ; etc. ). 

P. Built-in Statistics of Plots using "EXTREMAt' and "LEVEL" 

The EXTRMAtt  and "LEVEL" features were briefly described near the 
bottom of page 8. 	Because they are of universal interest, they are more 
filly described here. 

As an example, consider the TPPLOT dialogue of page 41  only with 
"EXTREMk" and "IEVKL" requests sent before the carriage return which actually 
produced the plot. The final line on page 4 then is to be replaced by the 
dialogue shown at the right. Note 
that TPPLOT responded to the "LEVEL" 	?? INNER *EXTREMA 
input with a request for a vector of 	 INNER :t,EVEL, 
levels for the variables being plotted. 	INPUT VECTOR OF LEVELS $ 
The three zeroes were the old values 	 41. 88E+00 •.ØØE+0ø ø.OØE+øø then in force (zero because they had 	50 	, 5.0 never been defined). The user then 	

INNER * 



submitted values 5.0 , -10.0 , and 5.0 . 	 PIEP-20  
This is an illustration of the VAX free- 
format usage, where one blank character has 
been used for field separation. Since the 
equations of the curves are 7.8*SIN(t) , 12.5*COS(t) , and t , 
respectively, the user can verify the following extreina and level crossings 
which result from sending a carriage return: 	- 

IIPLOT NAME-1 NAME-2 	MINIMUM. 	MAXIMUM 	T OF MIN 	T OF MAX 
2 tIODEI 	 -0.78000E+01 0.78000E+01 0.47124E+01 0.15708E+01 
• i tODE2 	 -e.I25e0E+ee 	e.ieseeE+e2 	0.31416E+01 	0.62832E-02 
• 3 MODEl 	NODE2 	e.62832E-ee e.627e6E+e1 	0.62832E-02 	e.627e6E+e1 

LEVELS SOUGHT : 	e.seeeE+ei 	-e.ieeeE+ee 
1ST HIT TIME s 	09695837E+00 	e9249810E+01 	e.SOGeGGE+el 

There will be a pause aster this output; the associated plot will not 
follow without additional user input. This allows the user time to study 
the above display, perhaps push the Tektronix hard copy button, or erase the 
screen. There are three possible user responses to this pause (which involves 
no visible prompt): 

a) If the user sends a carriage return, the associated plot will be 
produced. When the plot Is completed, there will be a return to 
flThTER level dialogue. 

b) If the user sends "LINE" , a copy of the just-displayed 
ex-treina and/or level crossings will be sent to the line printer 
file (logical unit number 9 , unless redefined using 117,  LINEPR" 
of page 17 or "PRINTER" of page 7). 	When this dispatch 1.s 
complete (it will take as long as the visible one), this status. 
will be noted on the terminal. The user must then choose once 
again among these three available responses to the pause. 

c) If the user sends "NO PLOT" , there shall be an immediate transfer 
to INNER level dialogue. This is like option htatt  , 	except with 
the plot omitted (and with no time delay). 

So that the user does not forget particular circumstances of this line printer 
dispatch, he may want to also send some explanatory or documentary text to the 
line printer at this point, using the "MESSAGE" feature of INNER level 
dialogue. See pages 8 and 10 

Note that the "EXTREMk" display provides an automatic way of documenting 
which EMTP variables have been plotted. Whereas just the plot alone may involve 
ambiguity (see Point P11 on page 6 ), not so for the "EXTREMA" tabulation. 
Note that a pair of names is provided for each curve (with the second being 
blank for node 'voltages, which only involve one aname), along with an index YIPLOT 
The absolute value of MPLOT is the position in the EMTP output vector, for the 
simulation which produced this plot file. For example, the first row is for 
node 'voltage NODE1 , which is the secord output quantity of the plot data file. 
If the EMTP solution printout is not available, the "CHOICE" display of MEDDLE 
level dialogue could also provide a listing of available outputs, in order. 

A warning about the range of both the "PXTREMA" and the "LEVEL" com-
putations : they apply to data points after insignificant ones have been 
discarded, and usually the last such point (for greatest time) is not included. 
As for the estimation of level crossings, simple linear interpolation is used. 



G. An Example of Character Plotting 	 PIE  P - 	1 
SUPER-TITLE I SUPER TITLE TEXT! 
VERTICAL AXIS VERTICAL AXIS. 
GRAPH MINIMUM (COL. I ) • -e.IGGeeeE+02 
GRAPH MAXIMUM (LAST COL) • e.IGeGGGE+02 
GRAPH SCALING (CHANGE PER ONE INCH • ie COLS.) • e.253I65E+9I 
SIMULATION IDENTIFICATION • e3,I6,79 13.47.56 
LIMITS ON TIME • 9.62832E-ee AND 9.62832E+e1 SECONDS 
PLOT TYPE-NUMBER • 9 
VARIABLE NAMES (08 FORMAT) • NODEI NODE2 NODE1 P4ODE/ 

GRAPH TITLE FIRST LINE OF CASE TITLE TEXT. 
GRAPH TITLE I SECOND LINE OF SUCH TEXT. 

	

-e.74684E+91 	-9.24151E+91 	0.26582E+1 	I.77215E+el 
1___________________ 

CCAAAA 	 8 
IC AAAAAA 	 8 
1CC 	AAAAAA 	 8 
1 CC 	 AAAAA 	 888 
I C 	 AAAAA 	BBBBBBB 

1.052433 	 1 CC 	 A8B8BBBB 
1 CC 	 88888888 AM 
1 C IBBBBBBB 	 AA 
IBBBBBCBB 	 AA 

	

IBBBBB 388 	CC 	 AA 

	

338888881 	I 	CC 	 AA 
2.$g8584 	BBBBBBBBB 	 1 	C 	 AAA 

BBBBBBBB 	 1 	CC 	 AAAA 
1111881 	 1 	C 	 AAAA 
1 	 1 	C AAAAAA 
8 	 1 	 CAAAA 
8 	 1 AAAAAAC 
8.144734 	 AAAAAA 	C 
B 	 AAAA1 	 CC 
I 	 AAAAA 	1 	 CC 
B 	 AAAAA 	 1 	 C 
8 	 AAAAA 	 I 	 C 
8811188 	AAAAA 	 I 	 CC 
4.1988$93939BA 	 1 	 C 

	

AAA 18981881 	 1 	 C 
AA 	 11888888 	1 	 C 

AA 	 388388913 	 CC 
AA 	 I 1188888 	 C 

AA 	 I 	111199888 C 
5.237034 AAA 	 I 	 111CC8881 

	

A*AA 	 I 	 C 13118888 

	

MM 	 I 	 CC 	3888881 
AAAAA 	 1 	 CC 	 181 

AAAAA 	 I 	 C 

	

AAAAAA I 	 CC 
6.283185 	 AAAAI 	 CC 	 3 

INNER 

If one does not have access to a Tektronix vect'-graphic terminal, he can 
still get graphs from TPPLOP in the character mode. An 80-column version of 
the Tektronix plot on page 6 is displayed above. Several observations about 
this output might be useful: 

OB-1 : Resolution along the time axis (which runs down the screen of a 
CRT) may be critical, if there are fast transients or high 
frequencies. The length of the time axis can be set at will 
(see "SIZE" at the top of page 9 , or 116, TAX]BL" on page 
16). The display shown here used the default length of six inches. 

OB-2 : Unlike EP batch-mode printer plots, there is no common symbol 
"" for locations where two or more curves cross. Instead, it 
is the symbol for the last curve making the crossing which is used. 

OB-3 : The "LINE" command of INNER level dialogue will dispatch a 
character plot to the line printer file (logical unit number 9 ). 
If the user is working at a CRT, this provides sort of a poor-
man's hard copy unit. When such a copy operation is complete, 
that fact will be noted on the computer terminal, and INNER 
level dialogue can resume. 



013-4 : Typewriter terminals like our own 	 P 1E P 
DECwriter are maddeningly slow for 
usage with TPPLOT. At 30 char./sec, 
it takes a minute or two to produce a six- 
inch plot. The 80-colunn plots are of course substantially 
faster than the 132-column plots, in proportion to the reduced 
width. Character plotting really was not designed for typewriter 
terminals, but rather for CRTs which are being driven fast (at 
BPA, we use 960 characters/sec for all CRTs). 

OB.-5 : If a Tektronix terminal Is available, the use of character plots 
on it are to be discouraged. The vector graphic mode is not only 
much more accurate, but also faster (unless the user gets bogged 
down with intricate dotted background grids and/or a very large 
number of plotted points). 

OB-6 : Unlike for Tektronix or CalComp plots, the graph limits of a 
character plot are strictly enforced. Note that curve "B" 
has been clipped, for this reason. To avoid this, the user 
need only expand the minimum and maximum slightly, using the 
"LIMITS" request of INNER level dialogue. This is a slightly 
annoying aspect to the automatic scaling logic : it rounds to 
the the nearest nice numbers (so that in some cases, a curve 
may be slightly chopped). 

H. CalComp Plotting via the "COPY" Command 

Recall that the "COPY" command of INNER level dialogue was introduced 
near the top of page 9 . As set up here at BPA using our 11-inch Versatek 
printer/plotter with all default "PEN" and "SIZE" settings, a plot analogous 
to that of the Tektronix display on page 6 then appears as at the top of the 
following page. 	Much of the user-TPPLOT dialogue associated with this plot 
is shown one page further. Because character plots are not the subject of 
interest here, that display was out out in order to save space. Also, I used 
the "SHOW" feature to document the pen widths, text coordinates and sizes, 
and grids of the plot. After that, the CalComp plot was initiated by sending 
the new time-axle scaling of 0.8 sec/inch (compared with 1.05 which was 
in force for the character plot, based on a six-inch time axis). As the 
different structures of the CalComp plot are being produced, six lines of 
printout appear, to reassure the user that progress is really being made. 
The operation is complete when TPPLOT prompts for more INNER level dialogue. 
More plots could be made at this point, but I chose exit TPPLOT with the "STOP" 
command. The "FORTRAN STOP" line comes from VAX/VMS . The remaining five 
lines are explained two paragraphs below. 

This CalComp (Versatek) plotting differs somewhat from the batch-mode 
plotting of the EMTP. Here.plots cannot be stacked vertically, and they 
are of fixed height (with an eight-inch vertical axis) at present. 

The VAX-Versatek interface for CalComp plotting does not allow plots to 
come out of the Versatek immediately. Rather, such dispatches accumulate in 
a file. Then, when the user exits TPPLOT by sending "STOP" at any level, 
he must do as many as four things: 

Ti. First, send "$ STOPQ" , which grabs onto the Versatek (actually, 
it just disables the normal status as a queued device). 





P1 EE- 24 
OUTER :M/DD HH.MM.SS 	 - 

CONFIRMATION 	03/16/79 13.47.6 
?? MIDDLE TIMESF'N 

DATA TIME LIMITS, IN SECONDS : 	0.62832E-02 	0.62832E+01 
?? MIDDLE 

SEND NODE NAME OR END ( 	) :NODE1 
SEND NODE NAME OR END ( 	) NODE2 
SEND NODE NAME OR END ( 	) END 
SEND BRANCH VOLTAGE NAMES OR END C 	 ) :NODE1 NODE2 
SEND BRANCH VOLTAGE NAMES OR END ( 	 ) 'LAST 
SEND SUPER-TITLE ( 	 ...) :SUPER-TITLE TEXT 
SEND VERTICAL .XIS LABEL C 	 ...) :VERTICAL AXIS LABEL 
SEND CASE-TITLE LINE 1 C 	 ...) : 

FIRST LINE OF CASE-TITLE TEXT 
SEND CASE-TITLE LINE 2 ( 	 ...) : 

SECOND LINE OF SUCH TEXT CUP TO 80 COLS.). 
SEND CASE-TITLE LINE 3 ( 	 ...) : 

THIRD AND FINAL LINE (UP TO-5 ARE ALLOWED). 
SEND CASE-TITLE LINE 4  

END 
??INNER 

?? INNER :copy 	
I,oe 

SEND T-AXIS UNITS/INCH ( 	0.105E+01 ) :SHOW 

BEGIN WITH *PEN# PARAMETERS : 
3 = FEN FOR 80-COLUMN CASE TITLE 
3 PEN FOR-X-AXIS STRUCTURES 
3 = PEN FOR Y-AXIS STRUCTURE; 
2 = PEN FOR BIG BACKGROUND GRID; 
1 = PEN FOR FINE INNER GRID;  
5 = PEN FOR 1-LINE SUPER-TITLE; 
3= PEN FOR DATE, TIME, ETC. 

PENS FOR DRAWING INDIVIDUAL 
3 3 3 

wi1I docv 
LINES; 	

deS;t,i t Ca)Co? 
PPte the. 
e-s  "jf 

CURVES FOLLOW 

NEXT COME THE ISIZEt PARAMETERS 
X-BEGIN Y-BEGIN HEIGHT 

	

0.0 	8.50 	0.12 --- 80-COL. CASE TITLE (1ST LINE) 

	

0.0 	0*75 	0.12 --- DATE, TIME, ETC. (TOP LINE) 

	

1.00 	9.00 	0.30 --- ONE LINE SUPER-TITLE 

4.000 	HEIGHT OF TIME AXIS; 
1.000000 --- GRAPH MAGNIFICATION FACTOR (.7874 FOR METRIC); 

3 --- NUMBER OF SYMBOLS MARKING EACH CURVE. 

	

MAJOR GRID 	MINOR GRID 

	

1.000 	 1.000 --- FILL-IN FRACTIONS (1.0 FOR SOLID GRID) 

	

1 	 1 --- NUMBER OF DASHES PER GRID LINE; 

	

11000 	 0.200 --- SPACING BETWEEN VERTICAL GRID LINES 

	

11000 	 0.200 --- SPACING BETWEEN HORIZONTAL GRID LINES; 

SEND T-XIS UNITS/INCH ( 	0,105E+01 ) :0.8 	
çOt 

READY TO DRAW TITLES, 
READY TO DRAW AXES. 
READY TO CALL GRID FOR 1 
DONE WITH FIRST GRID CLL. 	 o' C1Co*ip plot keep 
DONE WITH SECOND GRID CALL. 
READY FOR SLOT1ENCOt'E. 	 d o 

?? INNER :SrOp 	
stop TPPioTC.rr.r.AkI C 

r Jr's I F% 	Q I 

$ STOPO 
$ MCR F'HASE2 
** End Phase 2 ** 
$ DELETE *.PLV* 
$600 



request "SMOOTH" at the bottom of page 8 and 	 - 
page 10 ), plots can likewise take much 
longer. In summary, CalComp (Versateic) plotting 
time seems to be directly related to the amount of 
information (number of pen strokes) which makes up the 
plot --- just as is the case for Tektronix plotting. 

Numerous parameters are involved with the "PEN" and "SIZE" requests 
of page 9 • Because they are believed to be self-explanatory, I chose not 
to present an example of such dialogue. The preceding page does documit the 
default values used for the parameters (result of "SHOW" request). I would 
observe that "PEN" and "SIZE" are the interactive counterpart of batch-mode 
alterations which can be made using "SET DATA" ( see pages 13-19 ). Any 
parameter which is regularly altered is a logical candidate for "SET DATA" 
usage, since one request can alter a whole set of parameters. On the other hand, 
special cases are probably more easily handled interactively using "PELT" and 
"SIZE" • The same parameters are involved, in either case (so do not be confused 
if the descriptions sound familiar). 

I. "X-Y PLOT" --- To Plot One EMTP Variable Against Another 

With the advent of EMTP hysteresis modeling (see Vol. VIII EMTP memo 
dated 27 January 1979 , pages PROV-6 through 8 ), it has become necessary 
to plot one EMTP variable against another, using time as a hidden parameter of 
the locus • While the Immediate application is for flux vs • current plots, other 
used can be conceived. TPPLOT can produce such plots, using a Tektronix terminal, 
as shall now be explained. 

The crucial key word is "X-Y PLOT" , which is recognized at the INNER 
level. This is a binary switch whose position is toggled between normal and x-y 
plotting states whenever the request is sent: Most other necessary dialogue is 
either the same as before, or self-explanatory. Restrictions and special cautions 
are covered later. 

As an example of 11X-Y PLOT" usage, consider the following dialogue between 
a user of our Tek 4014 and TPPLOT • The "SET DATA" usage has already been 
documented in Section E , and plot variables have all been seen before (see 
Section B ). But because of the "X.-Y PLOT" request, the result is quite 
different (see the bottom of the next page). Applicable comments about this 

$ ASSIGN TPPARAM.DAT FOR030 
S RUM TPPLOT 
7? OUTER $SET DATA 
SEND SUBSET NUMBER *2 

?? OUTER IM/DD HH.Pf1.SS 
CONFIRMATION * 03/16/79 13.47.56 

7? MIDDLE ITS 
DATA TIME LIMITS, IN SECONDS $ 	0.62832E-02 0.62832E+8t 

?? MIDDLE * 
SEND NODE NAME OR END ( 
SEND NODE NAME OR END C 
SEND NODE NAME OR END C 
SEND NODE NAME OR END C 
SEND BRANCH VOLTAGE NAMES 
SEND BRANCH VOLTAGE NAMES 
SEND SUPER-TITLE C 

?? INNER 8X-V PLOT 
1$ NOW IN X-V NODE U 

7? INNER : 
XMIM 	 XNAX 	 VP1IN 
	

VNAX 
-0.78000E+01 e.78009E+01 -0.12500E+02 0.12500E+02 

SEND AXIS LIMITS S -jO. 10. -15. 15. 

) $NODEI 
) NODE2 
) $NODEI 
) SEND 

OR END C 	, 	) $NODEI NODE2 
OR END ( 	 ) LAST 

...) :REPEAT 



usage Include the following: 
	 PILP - 

AC-i • All data points of the curves are 
plotted, without exception, between 
the time limits specified by the user. None 
are discarded, regardless of the value of tolerance "TOLRCE" 
(see "7, TOLRCE" on page 16 ). 

AC-2. No character-mode plot is possible; a Tektronix terminal is 
required. There is nothing illegal about trying a character-type 
plot, but the graph itself will be missing (which is not very 
illuminatir1g). 

AC-3. The user must specify an even number of curves, paired in the 
order that he wants them plotted. The first variable of each pair 
becomes the X-axis variable, and the second the Y-axis variable. 
In the example, four variables were specified, giving two curves. 
The first curve (narked ftaft ) involved node voltages for nodes 
"NODEl" and 11NODE2" , while the second was a hybrid using a 
repeat of the first node voltage and a branch voltage. Referring to 
page 6 where the functions are displayed, we have: 

Curve 1 : 	x = 7.8 sin(t) 	y = 12.5 cos(t) 

Curve 2 : x = 7.8 sin(t) 	y = t 

The first locus is an ellipse (with major axis alligned with the 
Y-axis), while the second is merely the ever-familiar sine wave 
plotted with time along the vertical axis. --U-,--, 

Numa-. OEM M 

MINEENIONEENE!  
=!WOMEN EmErsom N 1b mb.- E 0 40AP  h a M smog-W, 

FILE $ 03/16/72 13.47.5S 
NAMES 8 NODE 1 	P100(2 NODEI 	PIOX1 HODE9 
X$IP1. XPAX. DX/IN • -€.100E+I8 •.isi(+ia 	0.1532E4II 
YPUN. VPX. DY/IN • -.15E+42 S. ISIE+a 	0.3751E+*1 
ThIN, TIX. DY/IN 0.6e832E-42 0.62132E+*I 	0.48284E+1 



AC-4. At least for now, a user should always   
re-select plot variables, for any 	 PI-EP-27  
subsequent plot. This involves use 
of the "OUT" request, of course, to 
transfer to the MIDDLE level of dialogue. This 
admonition holds whether another x-y plot is to follow, or 
whether the following plot is to be conventional. Unless this 
Is done, there probably will be initialization problems of some 
sort. 

AC-5. The dialogue which -immediately preceeds the plot deserves some 
comment. Following the "X-Y PLOT" request,*TPPLOT reminds the 
user that he has exited the conventional plot mode (by sending the 
message "## NOW IN X-Y MODE ##" ). Then the user hit the carriage 
return, after which TPPLOT displayed maxima and minima for both axes 
of the curves. TPPLOT further directed the user to supply four such 
limits for the forthcoming x-y plot. In this case, the user selected 
10 for the X-axis excursion, and 15 for the Y-axis. The 
plot then resulted automatically, after this line of information 
was sent. 

AC-6. There is no indication on the plot as to which portions of the 
curve were produced by data points of a certain time. If this is 
important Information, and yet is not obvious to the user, he should 
plot the variables of interest as a function of time. Note that this 
x-y plot I involved the full time range of the data, though this 
18 not necessary (if times 0.0 through 3.14 had been used, only 
half of the elipse and sine wave would have been plotted). 

J. Summary Explanation of TPPLOT Structure 

For those users who may want to adapt TPPLOT for usage with another 
(non-Tektronix) vector-graphic CRT terminal, I have good news! Modifications  
are quite localized, even modularized! Read on. 

Much of TPPLOT is universal, and is only very superficially related to 
the plotting devices which might be employed. This is shown by the following 
explanation of general module functions: 

MAIN -- The unnamed code in which execution begins is responsable for 
OUTER level dialogue (including attachment of plot files). 
Also, most parameters of the program are Initialized in DATA 
statements at the beginning of this module. Such parameters 
are communicated among different modules via COMMON (see the 
INCLUDE 'TPPLOTKOIvI/LIST' statement at the beginning of all 
principal modules). This main module calls "PITVAR" 

PLATBD - 	The CalComp plot dispatches of a "COPY" request are all 
produced within this module. The code is universal in that 
calls to CalComp subroutines are used. However, there also 
is some Versatek influence (e.g., characterization of the 
pen widths in terms of the number of dots wide). 

PLTV.AR  -- This module handles all MIDDLE level dialogue. It calls 
module "TIMV.AL" 

TIMVAL 	This module Isndles all INNER level dialogue. Once all 
plot parameters are known, data points are read from the 
plot file, and are processed. When all is ready for the 
actual plot, a call is made to 



T1T -- for Tektronix 
vector-graph 	 F I EP - 28 
plots. 

LINPLT - for character-type plots, using any type 
of terminal. 

In response to the key word "COPY" , a call is made to 
"EATBD" for the CalComp (Versatek) copy. 

LINPLT --- This module performs character-type-plotting (of an arbitrary 
column width, possibly, for the line printer). 

TEICPLT --- This module performs Tektronix vector-graphic plotting by 
means of calls to PLOT 10 TCS software. 	Both 	"LINPLT" 	and 
11TEP1T" 	assume that plot data has been set up in standard 
format, the most important variables cf which shall now be 
described. 	This is for conventional (not x-y) plots. 

iI'IT 	----- Number of curves being plotted. 

EW(i) 	----- Vector for the storage of all data points 
which are actually to be plotted. 	The storage 
is one curve at a time, in order of input or 
labeling. 	Each curve consists of 	(t, y) 	pairs 
as consecutive entries, with time 	t 	Increasing. 
After the last such pair of points for any one 
curve, there are the four cells reserved for 
CalComp scaling information (Tmin, Ymin, dt/in, 
dy/in). 	Vector 	KSTART 	points to such 
information, as described below. 

KST.ART(J) -- For curve 	J , 	this is the index of 	EW 	where 
the ordinate 	y 	of the last point is stored. 
Immediately following are the four cells of 
CalComp scaling data, ani after that the beginning 
of curve 	j+i 	(it it exists). 

ITMIN 	----- 
VMAX 

Limits for the vertical axis (y-axis). 

TAXISL --- Length of the time axis, in inches. 

HIvIIN 	limits for the time axis, In seconds. 
HMAX 

These are the crucial parameters. Labeling information is 
quite self-explanatory (an interested reader is advised to 
look at the WRITE statements at the beginning of LINPLT). 
A final observation: variable "rIXYPL" is zero for 
conventional plots, and unity for "X-Y PLOT" cases ('though 
other considerations related to this latter case shall not be 
documented here. 

b). 4v C/t) 

20 	1971  



87 

6 • TRANSFORMER REPRESENTATION USING [R] & Ii 3 MATRICES 

Type 51, 52, 53 EMTP branch components of Sect. 1.24 can be used 
for the representation of transformers, excluding nonlinearities. 

6.1 Simplified model, ith resistance neglected 

The cascade connection of a generator and transformer (Pig. 1) can be 
represented very simply by a voltage source behind a single 3-phase 
reactance matrix between nodes S and A, if the following conditions are 
met: 	 V 	V X 	3-wjnd.rn 

SO"W 
 

swc 	 v' 

• ()—FT1F--I--- 	t;-- S 
i) The voltage source is balanced, 	S I - Cms v2e ConftenSenecokor 

aj4. 	totr. 

2) the impedance between S and A are balanced (specifically, no 
switching is allowed between S and A), 

3) in case of a three-winding transformer, the tertiary winding is 
either unloaded or has balanced reactances as load, 

4) no generator currents or currents in tertiary windings are desired 
(only current from rest of network into A will be correct), 

5) the frequencies in the trnsient phenomena are not too high (see p.  go). 

Modeling Technique: 

Assume the following data is given: 

Xsource = %.811A (subtransient reactance) 

(X AB 	= 12%1 

source 
bo.st& on V 	= 380 kV phase-to-phase 	

XA_T 	= 32% 
2 three-winding transformers connected in parallel,1  
eo4 	ZQO MVA wi4h: 	 X 	= 20%J 

voltage rating on B-side: 380 kV 
voltage rating ri A-side: 1050 kV 	autotransformer connection with 

grounded neutral tertiary connected in delta  

First, transform source reactance to side A: 

1050 2 
X 	=4•811 source-A 	(. 	

= 36-7511  

Next, set up well-known equivalent circuit for three-winding transformer 

with all values referred to side A: 

xtri 

XT2/ 

v --x +x 	-x - 2V A-B 	A-T B-V 	ttck 

+x -x ) - 	 - 	- 	Qk Q.M.&Q 

XT = I(xAT + XBT _xAB) 
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Converted to ohms seen from side A, and 2 transformers 

paralleled: 

-'m'-------A 

T 

Next, set up the positive sequence. and zero sequence networks and 

combine the reactances. 

Positive sequence: 

t'tS A 	 X,= 

Zero sequence (tertiary in delta and unloaded): 

7//?,oT  

—"------' 

If 	'Aci 
t\c 

Y'c-\ 
21 . A 

Finally, transform sequence quantities to phase quantities and 

represent as follows: 

(In example, X5  = 64.92552. , X = _4.9S1.'). 	 - 	- 
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6.2 More detailed model for single-phase units 

The model described in 6.1 is often inadequate, e.g., for cases with low 
voltage side switching, with faults on the tertiary side etc. In such 
cases a more detailed model should be used. The one described here is 
more detailed in that sense, but it is still approximate and only valid 
if 

1) the frequencies in the transients are not too high, and 

2) three-phase banks consist of single-phase units. 

A similar model could also be developed for three-phase units by trans-
forming the equations of the equivalent circuits in the positive, negative 
and zero sequence (including phase shifts)to equations in phase quantities. 

6.21 Basic Approach 

A single-phase two-winding transformer can be treated as two inductively 
coupled branches with a branch impedance matrix EZI= ERJ + j[LJ 

tj 	t2 

••1 

Then the transformer is described by the equation 

I 1 	Tdi,/dtl 

	

Y2j = 
R]Llj+ [L]{dl/dtj 	 (i) 

The impedance natrix [R] + jctLJ is the inverse of the well-known admittance 
matrix which is used in steady state studies, 

-i r 	1 
tYE 	 —k TL ZJ 	 1 

(2) 
m  j 

with 

k =l = transformer ratio 
w2  

= 1/Ye  = leakage impedance seen from side 1, 

cL =1/Y = magnetizing impedance seen from side 1. 



The "XFORMER" supporting routine which is described in Section 7.1 
obtains the impedance matrix by inverting the matrix 	Y) of Eq. (2). Of 
course this works only if LY 3 is not singular, which means that the 
magnetizing admittance Ym  must not be zero. The resulting impedance 
matrix can be used directly in the EMTP for representation of a transformer, 
without any modification; matrices L R] and (L J are to be punched on 
branch cards of Type 51, 529  etc. (see Section 1.24). 

If the magnetizing admittance is ignored, as is often done In steady-state 
studies, then [R3 + j;.aLL) is infinite and only its inverse 

LLR3 + jt L3] 

exists. By ignoring the resistance, Eq. (1) can be re-written as 

- 	-1f1' 	
- tii'1 IL 	

v 
l 	1= L J lv2j dtLiJ 	 (3) 

Eq. (3) could also be used in the TRANSIENTS PROGRAM, but it would require 
some modifications. This approach was described by W. E.Feero, J. A. Juves 
and R. W. Long, "Circuit breaker and transformer models for the solution of 
wavy propagation in distributed-parameter systems," IEEE Trans., Vol. PAS-90, 
May/June 1971, pp. 1000-1006. I do not know how the resistances could or 
should be re-introduced in this approach. 

For 2-winding transformers, current thinking at BPA is that the user should 
always use the saturable transformer component of Section 1.25 , rather than 
the impedance matrices of the present section. Writing of the present section 
pi;edates development of the "TRANSFORMER" component, which in addition provides 
for a built-in nonlinearity. Yet, for some 3-winding configurations, several 
people have observed problems of instability with the "TRANSFORMER" component 

- as evidenced by the exponential growth of "noise", which eventually 
produces an overflow bomboff by the system. Until this enigmatic complication 
is understood and fully controlled, the use of [Rj and [U] matrices 
for transformer representation will continue to have a place, it is felt. Also, 
for four .or more windings, Hermann has pointed out that the "TRANSFORMER" 
representation is not as general in some ways, and hence not equivalent. 

Scott Meyer, Feb. 1977 

.22. Validity of transformer models obtained using "XFORMER" 

Representing 2-. and 3-winding transformers as coupled impedances in 
the form of impedance matrices is valid as long as the capacitances between 
windings, from windings to the tank and core and between layers of windings 
can be ignored. This is permissible for moderate frequencies in the transient 
phenomena (I guess the models are o.k up to about 2-5 kHz, but this guess 
should be substantiated by experts on transformers). The model is probably 
accurate enough for switching surge studies. It is not adequate for 
lightning surge studies and it may be questionable for recovery voltage 
studies. Maybe the model can be improved for such cases by adding capacitances 
(some capacitance data is available from the test reports), but this requires 
further investigation. The inadequacy for very high frequencies is obvious 
because, the capacitances determine the behavior of the transfonner at very 
high frequencies since the capacitive impedances 1/uC become very low and 
the inductive impedances L become very high (and, therefore, negligible). 
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The model from "XPORMER" has one further limitation: It is only valid 
or single-phase transformers, including three-phase banks made up of  
single phase units. In general, the model is not correct for three-phase 
units, especially if the zero sequence short-circuit input impedance differs 
from the positive sequence short-circuit input impedance, as in core-form 
construction. For shell-form construction the model may be adequate for 
three-phase units, but this requires further investigation. The user is 
advised to always consult someone who has had experience with EMTP transformer 
modeling, should he have questions. 

6.23 	Accuracy check on impedance matrix d.-'t'ivdy "X?ORME1" 

Since the magnetizing impedance is very large compared to the short-
circuit input impedance, there is always a danger that the short-circuit 
input impedance gets lost in the values of the Impedance matrix. Such cases 
will be terminated with an error message: 

SINGLE-PHAS 3-WINOING TRANSFORMER* IMAGN =-C.tüCC PERCENT 'BASED ON 30C-t'A 
VOLTAGE ACROSS WINDING 	 LOSSES IMPEDANCE BASED ON 

(KV) 	 (KW) 	(PEP CENT) (MVA) 
HIGH 	303.uC 	HIGH 	TO MEDIUM 9.L+5CO 	.300.G 
1EOIUN 139.6C 	11IGH 	TO LOW 	G.QQ 	2.36uG 

~

LC: 	3495C 	MEDIUM TO LOW 	O•O 	3I.8C0 	300s00 

ACkITTANCE MATRIX TOO CLOSE TO SINGULAR. TO BE INVERTIBLE 

For further questions, consult Program Maintenance. Also, consider the 
representation of Section 1.25 ( "TRANSFORMER" ), for which singularity 
is no complication. With the Qaturable transformer component, an infinite 
magnetizing impedance is perfectly acceptable. 

6.24 How to use the model in the TRANSIENTS PROGRAM 

A single-phase 2-winding transformer must 
branches (first branch Al to A2, 
second branch Bi to B2)with the branch 
having type-codes 51 and 52 (see Section 
1.24). There will be three resistance and 
three inductance (or reactance) values to 
be punched, since only the lower triangle 
of I R) and I L] are required. 

be read in as 2 coupled 

___• -__ 

.j 	t 



• . . 

C) 

-L 

Note that it is assumed that inductances 
are read in the form of reactances wL at 
60 Hz. If inductances are read in mN, 
then the values L should be divided by i 
with high accuracy to assure that the short-
circuit input impedance is not altered too 
much (remember that this impedance is very 
small compared to X 1, X21, X22, etc.!). 

92 
• :.: 	•.. • - 	- 	;•---- ••..z___:. 

•.' 	____ 	:. 	+ 
J-J 
4.- 

.•.--.. 

DC 

00 

ru z 
(JL) LLI 

C. 
LL 

CO C- 
Lcoo  

0 0 -JI - 

0'—' 
-. ...D 	- LD 

C 

Cr 

(p 

- 	• 

-- 	.--. 	+++ 
LWW 

Y -- 	..--.-.--..o &ra 
LL —.rr 

>C'JD 
- 
	

Cl  P•i'r- 
• !u Oc't') 

or— 
I- . 	• 	. 

IL 
'a 

CI 

4 
II 	 I 	 .1 

6 
8 
L 

LO 

C) 	 4e 77 
j 

• t4 a4-J LI) 	); I')L&A)1 k0 - 

A single-phase 3-winding transformer 
must be read as 3 coupled branches with 
the same branch type. 

Example for a three-winding transformer 
(original data given or p. 97). 

The impedance matrix obtained with this 
program is in physical units (.) and not in 
er unit. The correct turns-ratio is assured. 

To my knowledge, all users specify the net-
work parameters (resistance, inductanôe, 
capacitance) in physical units. It is best 
to specify voltage and current sources in 
physical units also to avoid confusions, 
especially when nonlinear inductances are 
included with their 'p -1. characteristics. 
Example: For a three-phase transformer 
bank, made up of single-phase wye-wye-delta 
transformers with turns ratio 230/ ff - 	- 
32 kV, I would specify a source on the 230 kV 
side as 

VA = 188000 sin(wt4) volts 

= 188000 sin(t+_1200)  volts 

= 188000 sin(.t4_2400)  volts 

The transformer would then produce the 
correct peak voltage to ground of 115(2/c 
kV on the 115 kv side and of 32 2/ 3 6V ,Cx 
the 32-ky side. 
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5. Floating delta connection 

If transformer windings are connected in 
delta and nothing else, such as a line, is 
connected to it, then the delta is "floating.' 	A 

In a floating delta connection, the voltages 
to ground are not defined but only the voltages 
across the windings. This leads to a singular 
matrix with a respective error message termin-
ation. Therefore, either ground one terminal 
or add ground capacitances. 

terminal C grounded 	 ground capacitances added 

6. Saturation 

The Impedance matrix produced by the program does not include saturation 
effects. I think that saturation can be represented with sufficient 
accuracy by adding a nonlinear inductance 
across one winding only, say on the high side. This nonlinear inductance 
will be in parallel with the unsaturated value of the magnetizing inductance. 
Example: If the saturation curve is defined by 3  points at i,= 0.03, 0.06 
and 0.12% and if 0.03% was used as magnetizing 
current for finding the impedance matrix, 
then the value of 0.03% must be subtracted 
in defining this nonlinear inductance 
(dashed, line in Fig.). 

7. User's instructions 

See pages 94-96. 

8. Test example 

See pages 97 to 100 



7. AUXILIARY SUPPORTING ROUTINES 

Several supporting computer routines are used in conjunction with the EMTP 
proper, to generate or modify input data. Writeups for these routines  are to be 
found on the following paged of this section. While originally used as separate 
programs, they have been pulled into the structure of the EMTP for completeness. 

To execute any. one of these routines in place of any regular EMTP data case 
(see Sect. 1. definition), one simply punches the correct key word in columns 1 
onward of the first non-comment card. This is as per Sect. 1.0g, where the 
following 7  routines are available: 

SETUP" is a request for the routine of Sect. 7.0 , which cal-
culates transmission line parameters which are needed for 
the EMTP modeling of the circuit using Marti modeling. 

"XFOPMER " 	is a request for the transformer impedance-matrix 
routine of Sect. 7.1 . 

"SATURATION" 	is a request for the magnetic-saturation routine of 
Sect. 7.2; it also provides access to the magnetic 
hysteresis-loop generating routine of Sect. 7.2a 
(for use with Type-96 elnnt). 

KEYWORD = 

"LIME CoNTSTM'rS" is a request for the overhead line constants 
calculation routine of Sect. 7.4 . Before 
1976, this existed as a separate entity under 
the name of "EPA Line Constants Program". 

"SEMLYEN SETUP" 	is a request for the routine of Sect. 7.5 , which 
calculates transmission line (or cable) parameters 
which are needed for the EMTP modeling of the cir-
cuit using Snlyen recursive convolution. See 
"HAIJER SETUP". 

"CABLE CONSTANTS" is a request for the routine of Sect. 7.7 , 
which calculates resistance, inductance, and 
capacitance matrices for cable systems. 

Following this request card, data cards applicable to the appropriate routine 
(see following pages) are to be placed. 

Note that if desired, any or all of these supporting routines can be executed 
in the same computer run, sandwiched in any order among regular transients cases 
(if any). 



7.0 "JNARTI SETUP" Routine 

By means of the special request word "JMARTI SETUP" , an EMTP user 
gains access to the supporting routine which bears this same name, as per 
the explanation of Section 7. The principal function of this code is to 
punch the branch cards which are needed for the representation of a 
transmission circuit using Marti modeling. See Section 1.26c for 
theoretical details of the model. 

7.0-A Structure of "JMARTI SETUP" data deck 

The input data cards are to be structured as the following when one 
wants to use "JMARTI SETUP" routine. 

Ml. First comes a "BEGIN NEW DATA CASE" card (actually 
optional, as per Section 1.0a). 

M2. Next canes a "JMARTI SETUP" card, which serves to transfer 
control to the overlay in question (UTPF overlay 39). 

M3. Next cane the optional "BRANCH" request cards which are to 
name the nodes (A6 information) at each end of each phase 
of the transmission circuit. 

M4. One single, complete data case for "LINE CONSTANTS" (see 
Sect. 7.4). The first card of this grouping must read 
"LINE CONSTANTS"; two blank cards will end the grouping 
(the first to end frequency cards, and the second to end 
data cases within the supporting program in question). 
The frequency cards should be prepared according to the 
following order and rules: 

tJntransposed line ---- THREE frequency cards are needed: 

1. A single frequency is inputted on the 1st 
frequency card at which the transformation 
matrix for converting between phase-modal domains 
is calculated. The default value is 5000 Hz. 

2. A single frequency is inputted on the 2nd frequency 
card with frequency equal to that of steady state. 

3. The third frequency card requests the logarithmic 
looping over all frequencies which are required 
by the frequency domain fit of "JNARTI SETUP". 
Typically this will cover 8 or 9 decades beginning 
from .01 Hz with 10 points per decade. 

Transposed line ---- TWO frequency cards are required, namely, 
the 2nd and 3rd of the frequency cards 
described in the last paragraph. 

MS. Next canes a group of cards specifying Marti's fitting 
parameters. It is reccarinended to run with all the default 
parameter values; and under this condition ONE single 
card which reads "DEFAULT" (column 1 to 7) is all it needs. 
If one chooses to input some or all these parameters, the 
following definitions should be helpful. 
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1) Miscellaneous Data card 

IDEBUG : 

I. 

(1 TO 4) Diagnostic printout control. A 
value of 1 is recommended for normal runs: 
information is given on the number of poles 
and zeroes and the accuracy of the fit for 
each corners allocation loop. 

IPUNCH: 0 => line parameters are to be punched. 
1 => no punch 

KOIJTPR: Control parameter for amount of output print-
out in the resultant "JMPPTI SETUP" branch 
cards when used in the transient simulation 
case. The value of KOUTPR can be 0, 1 or 2. 
This is then outputted as SKIP onthe branch 
card. See the detail description of "SKIP" 
under rule 1 on p. 151. 

G'1(DE: Used only if GPHASE is not specified in "LINE 
CONSTANTS" data. Coriductor conductance in the 
modal domain (same as phase conductors to 
ground conductance if it is assumed to be the 
same for all phases with no mutual conductance 
between phases). Default is 3.E-8 mhos/km 
(4.8E-8 mhos/mile). The length unit should be 
the sane as the one used in "LINE CONSTANTS" 
data. 

2) Characteristic Inipedance (Zc) Fitting card 

cccE 	 REECE EEFF 

NEX

n

EXTOL 4M4X ZECcZL IFWT1  PLLT ZfD ZAILAI 

•• .78 1..... ig .z 

NE4IS: Normally blank. Nonzero NE94IS Indicates 
the mode number for which a different fit-
ting card is to be supplied. Blank means 
that all modes of Zc will use the same fit-
ting card. Example of NE94IS different from 
blank: NEXMIS=3 means that the characteristic 
impedance of the third mode is to be fitted 
according to a new fitting card. 
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EPSTOL: Average fit per cent error. Error is evaluated 

in a least-squares sense and averaged over a 
range that excludes initial or final asymptotic 
regions (by 0.001%). Default is 0.30%. 

NORMAX: Maximum order (number of poles) to be allowed 
in the approximation. Default is 30. 

IECODE: (0 —> EPSTOL criteria determines the order 
of the approximation. 

1 —> EPSTOL has no effect and the best 
fit with an order < or = NORMAX is 
to be selected. 

(Note: When using EPSTOL criterion {default}., 
it is possible that a fit within this 
tolerance margin cannot be found. This 
information is given only when IDEBUG 
> or = 1. Increasing NORMAX might allow 
the EPSTOL criterion to be met, but in 

- some cases even within a large NORMAX 
margin a fit with an error less than 
EPSTOL might not be found. This does not 
necessarily mean, however, that the re-
sulting fit is not "good" enough. ) 

ThWA : ( 1 —> Table comparing the magnitude and phase 
angle of the data function and the 

1 	approximation is printed. 
, 0 —> No table is printed. 

IFPLOT: (1 —> Printer plot comparing function and 
approximation is printed. 

0 —> No printer plot. 

IF1T : ( 1 —> Table with data from "LINE CONSTANTS" 
and derived quantities is printed. 

I 0 —> No table is printed. 
INELIM: 0 —> Order increase stops if error becomes 5 

times larger than previous minimum. 
1 —> Order increases regardless of error 

increase until NORMAX or EPSTOL limits 
are met. 

3) Weighting Function (Al) Fitting Card 

-- 

Parameters NEXMIS, EPSTOL, NORMAX, IECODE, IWTA, IFPLOT, 
IF1T and INELIM have the same meaning as in the Zc fit-
ting card with the following comments: 
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1) A negative integer value -N for NEXMIS means that a 
different Al fitting card is to be inputted for the 
Nth mode of Al. 

ii) In the case of Al, the error for the EPSTOL criterion 
is checked between an initial asymptotic horizontal 
margin of .001% as in Zc, but only up to a final 
value of 1/4 of the previous peak (1/4 of the initial 
value if there are no local peaks). 

BEGIN NEW DATA CASE 
C 	BENCHMARK DCNEW-3 
C 	TEST OF 	"JMARTI SETUP" FEATURE, USING THE 500-KV OVERHEAD 
C 	LINE FRCIVI JOHN DAY TO LONER MONUMENTAL AS MJ EXAMPLE. 	THIS IS A 
C 	SINGLE-CIRCUIT BPA LINE WITH TWO GROUND WIRES AND WITH EACH PHASE 
C 	CONSISTING OF A BUNDLE OF 'IWO CONDUCTORS. 	LINE LENGTH = 138. MILES. 
C 	CONSTANTS FOR THE CIRCUIT ARE CALCULATED USING "LINE CONSTANTS" 
C 	THE PUNCHED-CARD 0W'PW' ON LIJNIT7 WILL BE USED IN TEST CASE 
C 	IXNEW4.flAT. 
JMARTI SETUP 
BRANCH JDA U4A 3DB LNB JDC J4C 
LINE CONSTANTS  
C LINE CONSTANTS DATA FOR JOHN DAY TO LOWER MONUMENTAL 500-Ky LINE. 

	

1.3636 .05215 4 	1.602 -20.75 	50. 	50. 

	

1.3636 .05215 4 	1.602 -19.25 	50. 	50. 

	

2.3636 .05215 4 	1.602 - 0.75 	77.5 , 77.5 

	

2.3636 .05215 4 	1.602 	0.75 	77.5 	77.5 

	

3.3636 .05215 4 	1.602 	19.25 	50. 	50. 

	

3.3636 .05215 4 	1.602 	20.75 	50. 	50. 

	

0.5 2.61 4 	0.386 -12.9 98.5 98.5 

	

0.5 2.61 4 	0.386 12.9 98.5 98.5 
BLANK CARD ENDING CONDUCTOR CARES OF &LINE CONSTANTS& CASE 
100. 	5000. 	1 	 138. 	1 	 1 
100. 	60.00 	1 	 138. 	1 	 t 
100. 	 .01 	1 	 138. 	1 	9 10 	1 
BLANK CARD ENDING FREQUENCY CARES OF "LINE CONSTANTS" CASE 
BLANK CARD ENDING "LINE CONSTANTS" CASES 
C 345678901234567890123456789012345678901234567890123456789012345678901234567890 
C LECT 	+0 	-3 

1 

	

.30 	30 	0 	1 	1 	0 	0 

	

.30 	30 	0 	1 	1 	0 	0 	.0 
BLANK CARD ENDING "JMARTI SETUP" CASES 
BEGIN NEW DATA CASE 
BLANK 
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7.1 	"XPORMER" Routine 

Supporting routine "XFOEER" is used to derive matrices f R  3 and [L 3 
of Section 1.24 , 	which can be used to provide a linear representation for 
a single-phase, two or 3-winding transformer. 	Punched card output of "XORMER" 
are used as the branch cards of Section 1.24 

Section 1.25 describes the EMTP saturable "TRANSRMER" component, which 
provides an EMTP representation for a transformer with an arbitrary number of 
windings. For most usage, the representation of Section 1.25 is prefered, 
and usage of the present section will not be required. But there are exceptions, 
so read on! 

For 2-winding transformers, the saturable "TRANSFORMER" component of 
Section 1,25 is believed to be equivalent to or better (more general, and more 
convenient) than representation by means of matrices (R 3 and (.L] 	(1TP 
branches of type-code 51, 52, etc.). Hence it is not recommended that supporting 
routine "XFORMER" be used In the 2-winding cases  except in very special cases. 

But numerical instability has been observed in certain cases where 3-winding 
saturable "TRANSFORMER" components have been used. This is not in all cases, 
nor even in most cases. But In several cases between 1975 and 19779  trouble was 
encountered, as further discussed in Section 1.25 • 	Hence supporting routine 
11XFO3ER" continues to have production application, for 3-winding transformers. 

Data-Deck Structure for 3-Winding Usage 

Suppose that the user wants to generate Type 51-53 branch cards for the 
vITP representation of one or more 3-winding single-phase transformers. His data 

deck then will have the following structure: 

1 • First comes a "BEGIN NEW DATA CASE" card (actually optional, 
as per Section 1.0a ). 

2. Next comes an "XFORMER" special-request card, which serves to 
transfer control to the overlay in question (UTPP overlay #41). 

3. Next comes an optional "BRANCH" card (if any), which names the 
terminal nodes of the transformer windings for subsequent EITP usage. 

4. Next come four data cards which give electrical parameters of 
the transformer. 

5. Repeat the data of Point 3  and Point 4 as many times as desired. 
Each such grouping is a separate data case within "XDRMER" , 
corresponding to a different transformer. A blank card terminates these. 

6. If the user wants to shut off the EMTP at this point (rather than 
execute a following EvITP data case), he should simply add a 
"BEGIN NEW DATA CASE" card at this point, followed by a blank 
card. This is as per Section 1.0b 
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Format for Point 3  "XFOIiER" Data ( "BRANCH" card ) 

If the user wants punched-card output (variable "IPTJNCH" of Point 4 
"XPORMER" data), then terminal node names may be desired. Without such 
infoxnation, the Type 51-53 branch cards which will be punched will have 
fields "msi" and "BUS2" of columns 3-14 blank. 

The user can supply branch names "BTJSl" and "BUS2" for all transformer 
windings by means of the following card: 

!2 E?I1t' 
TV  • 1 

TerSa1 
• 

II 

fl 
I 

so.jro, 

 ua eos Bua eii au 

Note that the key word "BRANCH" is punched in columns 1-6 • 	Then pairs 
of names -are supplied for the three windings, with the high-voltage winding 
coming first (row 1 of the printed matrix; Type-51 branch card of the punched 
output); then comes the intermediate-voltage winding (row 2 of the printed matrix; 
Type-52 branch card of the punched output); finally there is the low-voltage 
winding (row 3  of the printed matrix; Type-53 branch card of the punched output). 

Format for Point 4 	"XF'OItTER" Data 

For a 3-winding single-phase transformer, the Point 4 "XFORMER" data 
consists of four cards. The first of these has the following format: 

NW ------ The number of transformer windings ("3"  as used here). 
(i ) 

CMA ---- The transformer magnetizing current in percent, consistent 
(2-10) 	with the base power "PBCTJR" 

PBaJR ---- Single-phase base power of the transformer in MVA , 
(11-20) 	for use with the 	11CMAc2" specification. 

PUNCH 	flag which controls the possible punching of Type 51-53 
(25-32) 	branch cards as output: 

	

J 0 	Yes, punch the cards; 

	

1 	No punched card output. 

Free -format separation and continuation characters "CSEPAR" 
and "CHCONT" will be used on all punched cards (see 
sample output to follow, and definition of Section 1.0g6 ). 
Of course the usage of such characters must be consistent, 
between the "XFORMER" run and the subsequent electric-
network simulation which uses the punched cards. 
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The data is completed by three additional cards, each of which has four 

numbers punched on it. The following subscript meaning is assumed: 

"1" ---- high voltage winding; 

112" --- medium voltage winding; 

"3" 	low voltage winding. 

Then the three data cards in question contain the following information: 

I1+Ii 	 Il! 

VOt4T1 

 

FLOSS2 '12_ 

-9O'1a PLOSj3 SCi3 PfIl3 

VoT PoSS ESC.a. PG: 

E1o.'o E1O.O :E10.0 'ElO.O 

VOLT ------ Voltage rating of winding number "i" , in units 
of RMS kV. 

PLOSS 	Single-phase transformer load loss in kilowatts, 
ij 	when transmitting rated power between winding "i" 

and winding "j" 

ZSC 	 Short-circuit impedance of the transformer between 
ij 	winding "i" and winding "j" , 	in units of per cent 

based on the power PBZij 

PBZ 	 Single-phase base power in MVA , upon which ZSC
ij 	is based. 

Sample "XPOBMER" Data Case 

Consider 3-winding usage of "XPORMER" as per one of the data cases 
within 6E,e1/1W?e,a 	 This has been set up as a separate EMTP data cases  
for purposes of illustration. A listing of this problem follows: 

EDATAGASE 	9oitt I ct 
C 	UTPF TEST CASE NO. 42 	 INTERIOR SUBCASE TAKEN THEFEFRO'l. 

XFORH!R --- 
BRANCH NAME I N4K€2NAE3 NAMES NAME5 NAME 6 	Po4 	.3 to.tc_ 

3 	003 	8303 	 0 
83.3 L P4 

	

66.4 	56.8 	5. I 	18.96 

	

13.2 	56. 	3.2 	18.96 
cL Pt 5 cL 

IN NEW DATA CASE 1 
k C-0-N-4  
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EMTP line printer output of the solution then appears as shown below. Note 
that a listing of the punched cards is always obtained, to document the 
branch-card output (which will be used in subsequent EVITP electric-network 
simulations). The free-format usage of these cards should be evident. 
It is seen that a comma (,tt)  is being used for the field-separation character 
"CSEE'AR" , and a dollar sign ("$") is being used for the continuation 
character "CHCONT" . Since not redefined in the data case using the 
"FREE FORMAT" special request card of Section 1.0g6 , this character 
choice was Implicit to the EMTP being used (as defined within system-dependent 
module "SYSDEP" of TJTPF overlay #1). Six data cards are used for the 
high-precision input of what would otherwise only require three cards, had the 
fixed-format specification of Section 1.24 been used. 

.ELETRCn*GNETIC TRANSX ENT S POGRAH (EMT P), COG TRANSLATION PRODUCED 3Y THE aOhNEVZLLE PO4R ADMINISTRATION, PGP.TLAPO, 
E$Qtt..._UktE. ($/OD/YY).A1OTIN.OF DAY (HH.NM..S5) = 	9I0I77 13.03.57 	ANY PLOTS 	AR THE SAIE FIGURES. 

_IF IN DOIJ8T AS TO WHAT THE FOLLOWING PRINTOUT I4At5, COuSJLT THE a9-PAGE EMTF USER'S PANUL DATED JANUARY, 1576. 
INQZP1NQLMTLISr LXNXTS FOLLOW. 	TOTAL LENGTH OF 	/1.AL/ 	EQUALS 	1178 INTEGER WORDS. 

5._I4. 	5. _.ja. 	 5 	S. 	80 	89 	I 	20 	50 	1 	2 	5 
--------------------- --------------------------------------------------------------------------------------------- 
OE5RIPTXVE_ZNTERPRETATION OF NEW-CASE INPUT DATA I INPUT GATA CARD IMAGES PRINTED 8ELO, ALL 60 COLUMNS, CHARACTER 81 

	

-- 	0 	 2 	3 

----------------- - ----------------------------- +------------------------------------------------------------------- 
.Aa1ER.CAR2.PRECEOXtG NEIL D1A.CASE. 	 IBGIN NEW DATA CASE - COMMENT. CARD. 	 •gC 	UTFF TEST LASE HO. 12 	 INTERIOR SU8GASE TAKEN THRFF 

REQUEST.FOR TRANSFORMER IMPEDANCE-MATRIX ROUTINE. WORMER 
__.NOQAtESQR3VNCMfl8RAPtGHCARDS. 	- 	IBANCH $AMI P,Ati2 NAPIL3 NAPE. NAMES NAM6 

NEW DEVICE.- 	3 .300000.40 •633064E.02 	-O 13 	0.3 	3.3 	 0 
WINO. 	•13E.03 	0250g.03 	•67G+4I 	•633+02 I 	I32. 	250. 	6.7 	63.3 

,.66_'.EkO.68t02,. •510E+01 	.I9C*02 J 	â6.'. 	50.8- 	5.1 	18.96 
WINO. 	.I32e02 	.568E+92 	•320+0I 	.I0*02 J 	13.2 	56.8 	3.2 	Id.96  

GL-PHASE3-wX$DING TRANSFORMER. 	IMAGN 	.330i PER CENT BASED ON 43.300 PIVA 
VOLTAGE ACROSS WINCING 	 LOSSES IMPEDANCE BASEL W4 

(KV) 	 (1(W) 	(PER CENT) (NA) 
JlIGkf. 	132,00- .. HIGH 	TQ MEDIUM 25G.30 	6.700G 	C13.300 
NEOXLSM 66.49 	HIGH 	TO LOW 	56.80 	S. lOCO 	14.60 
LOW 	13.20 	MEDIUM TO LOW 	56.30 	3.20G0 	1ó.560 

114TE-DANCE MATRIX AS RQUIRE& FR T.P. STUDIES (WITH 	X 	IN OHMS AT THE POR fRQUE4CY) 
R 	 X 	 R 	 X 	 R 	 X 

--HIGH 	- .1,5Q7I37E'O 	.706I97*O5 
MEDIUM .6853229-0I •3526596+G .II262E*0 •17644e2E+05 
LOW 	-.5802803-0I •7Q158GE'G4 -.20I58-G( •3J7G8*. .11538-01 •6973924E'03 

40-COLuN CARD-IMAGE LISTING OF PUPHO-CARD OUTPUT FOLLOsS (TYPE-.(-53 ENIP bhANCH CAROS). 

a 	a C 	 a C 

SINAME1 	?1Afl2 •4Sa7137592o0E*C ' 	•715o96750567E.0 ' 	gtll 
=4E4 66532287Q925! -u1 t 	•3585964€672+6 

26928513769,60 •176.0526637e05 , 	2171 
53$ANE 	NAME -

•
,a  . 	eu 	z+0, 

3570837205620.  
 -- 

-.290156835777E-0 .$ 
•JI536772642-0I ' 	.6973923573I24E+03 

SHORT-CIRCUIT INPUT IMPEDANCES WHICH ARE OBTAINED FROM THE JUST-PRINTED IMPEDANCE MATRIX, 8Y REVERSE 
COMPUTATION. 	THIS IS SORT OF A CHECK ON THE COMPUTATION. 
HIGH JO HEOXIJM 	..6332 	14.16969 
HIGH 	TO LOW 	 2.7845 	47.3I06 
MEDIUM TO LOW 	 •63626 
REPEAT OF. PRECEDING CALCULATION, ONLY THIS TIME THE STARTING POINT WILL BE THE IMPEDANCE MATRIX WITH ALL 
ELEMENTS ROUNDED TO FIVE DECIMAL DIGITS. 
HIGH 	TO HEOXUI 	 .63531 	13.9997? 

_HIGH 	TO LOW 	- .. 2.76453 	47.3462 
MEDIUM TO LOW 	 •6626 	7.41954 

BLANK CARD TERMINATING 	XFORMR 	CASES. 

ELECTROMAGNETIC TRANSIENTS PROGRAM (EMTP), COG TRANSLATION PRODUCED BY THE aONNEVILLE POWER AWINISTRATION, PORTLANO, 
OREGON. 	CAT (NPI/OD/VYI AND TIME OF DAY (HH.PM.SS) 	I03I71 13.04.03 	ANY PLOTS BEAR THE SAME FIGURES. 
IF IN DOUBT AS TO WHAT THE FOLLOWING PRINTOUT HAS, CONSULT THE 2-PAGE LMTP USERS MANUAL DATED JANUARY, 1976. 

.INDEPENDENT LIST LIMITS FOLLOW. 	TOTAL LENGTH OF 	/LA3I./ 	EQUALS 	1174 INTEGER WORDS. 
JO 	Id 	10 	5 	JO 	S 	la 	IC 	 5 	84 	83 	I 	20 	53 	4 	2 	5 	I 	I 
---------------------------------------------+-------------------------------------------------------------------

QSCRIPTIVE INTERPRETATION OF NEW-CASE INPUT DATA I INPUT CATM CA.0 IMAGES PRINTE3 BELOW, ALL 80 COLUMNS, CHARACTER BY 
0 	 I 	2 	3 	4 	5 	6 
o 	c a 	a 	a 	a 	a 

---------------------------------------------- + -------------------------------------------------------------------- 
M ARKER CARD PRECEDING NEW DATA CASE. 	 ISEGIN NtW DATA CASE 
BLANK TERMINATION-OF-RUN CARO. 
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Interpretation of "XFORMER" Input Data Cards 

There are only four distinct types of non-comment cards which might be 
read by "XFOIER" • 	The first of these is the optional "BRANCH" 
card (Point 3 "XFORMER" data), which is interpreted as follows: 

-1 	-1 IIi)4 [_H6tInF0  ILIL 
I  III IIlI 

NODE N .................. BRM1CH. CMD.S.H.. ............................................ 
ItI 1IIIIIIIJ1 

The first of the cards which make up Point 4 "XFORMER" data is 
given the Interpretation: 

-j+'N 

WDEy10E.I 

1 1II 

'E13 E12.3 
I;LII 

17 

NW CMA6N PBUR1PU'LCH 
The remaining cards of Point 4 "XFOIetER" data, one for - each winding of 
the transformer, are interpreted as follows: 	 - 
I-4cIu 	n u a(o d -Iri .,I4.. aooI.— r, 	c['.,Iu,L'o1r— 

C4 C4 C4 C4 N C' cØIo4eI A 
r 	mj' 	.nj'ofr400 rjr 	c.,c,1r)1c- o V kn .o p...Go 

E1.r3 
i ii  II•I 

E11.3 
I! 

E11.3 £11.3 
I 

. : --..: ..- ................... ............................ 
.1 ................... 

: 

Finally, there is Interpretation for the blank card which signals the end 
of data cases within "XFORtER" (Point 5 "XFORMER" data): 

Possible problem with matrix singularity 

If the user specifies too little magnetizing current, then the admittance 
matrix becomes nearly singular, and it cannot be inverted to give the desired 
matrices IR 	and . L I . 	Floating-point miscellaneous data parameter 
"EPSILN" (see Section 1.0h ) is used as a singularity tolerance (a default 
value is assigned In module "SYSDEP" of UTPF overlay #1). Should the user's 
data fail this check, the following message will be printed: 

P8LLI4. 	 3tITTACE MLT:IX FOR T.AtSFOthE IS TOO C.CS TO b.ING SINGULAR TO 3E IMJETBLE. 	HENCE 
'(?IE IkSJC w:u. E SKIPPED. 	PA 	.'c RAMT 	WIC4 UGGLJMENT THIS BREAKDCWN FCLLO. 

	

PSILN 	 CII  
7  
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, 
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	L  is - 

- 'W.M Ck-¼ .4tkkVq 

;U4 L - 
iEAZ 

I 	cc1 

-'4 J&¼: ' 	 - 

SINGLE-PHASE 2-WINDING TRANSFORMER. IMAGN -O.QUC3 PERCENT BASED ON 2C.0C 4V 
VOLTAGE ACROSS WINDING 	 LOSSES IMPEDANCE BASED ON 

(KV) 	 (KW) 	(PER CENT). (MVA) 
HIGH 	I IG.OQ 	HIGH 	TO LOW 	136.00 	I00000 	2000CC 
LCW 	3C.3C 

ADMITTANCE MATRIX TCO CLOSE TO SINGULAR TO BE INVERTIBLE 
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TEST CASE FOR 3-WINDING TRANSFORMER 

(52. -  ,cV) 
X /.A pszq.:. e, o.o3Oi./MILE 

,=O.8?41.1M/LE 
C1 

E.:.eo.3o4 ft/MILE 
X0 2.18Cr/MILE 

AIM 

a 	A—A ,4/7O ANPE4rf4 

Voltage source: e  = 303000 	 (v) 

e B 
= 303000 5 j(wt-/X3) Cv) 	o,CLOS4b 

eC = 30300051 	 (V) 

Fault: System is energized at t < 0 
Single-line-to-ground fault on phase A of 241.5 kV 
transformer termi.nal at t=0 

Transformer data for each single phase unit (Covington bank) 

I magnetization = 0.3 per cent based on 300 MVA 
(single-phase) 

Short-circuit impedances (R ignored) 

High to medium 9.46 per cent') 	based on 
High to low 	42.36 per cent 	300 MVA 
Medium to low 31.84 per cent ) 	(single-phase) 

Tap settings: 	525  241.5  77- kV/ 	kV/ 34.5 kV 

Results: 	On the next 2 pages, the voltages on the 
525 kV-side and the currents on the 241.5 and 
35 kV-side are shown, 

(a) with the tertiary closed, 
(b) with the tertiary open. 

An open tertiary produces lower currents but 
higher overvoltages (1.42 p.u.) 

The listing for the input data is attached as 
the last page. 



LN 
93 CLOSED 'RTIRY I  

I.: 

TEST ctE. TH- nrnz TFi'E 	- 

	

I 	 I 
I. 

22q kV 

77 

	

I 	 I  

-. 

• , 	 I .  
- 

"s 	( I 	I 	I 

• i\ 
)1.\r.ii..\ 

 

:' \ Th,L7 go 

	

Z1/t\f. AI 	B 

I 	 •\. 	• 	 . 	 I -- .-. 	 I 	•• 	-' 

	

/ 	L 	
1/ 

- 

93 00 	10.00 	20.00 	0. 	0.UiJ 	 80.00 

- 	 I 	 • 	
I 





LLJLLJ 

.- 	'. 9W) :4• 
S 

I 	, 	91 
t1rI . 	. 

P-tA \1.LI 	I 
••*._••% PCJ W I 

kV% 	I 
I. 	33 
LLSIJJ — 

or c r- IS 

• ., 4/34/) 
..4 	NJNJ w LU 

cn C14 U 

	

CE 	•S • 

	

- 	 —csJ 

	

U. 	 . . 

cu N 
C3 C2 

	

4-1 	CD CD 
CD CD 

	

C.) 	 SI 	C'JU 
CE 
C.) 
a. 

s-s 

	

o 	• • 	. 
Is 

	

..,- 9W.. 	rJ c'.i 

	

, ,' 	 Ga 
S. 

	

- 	UJLU 
'-I- • 

LU - I— LU CD ON 
• . 0 0 0 	0 e 0 

w 	 555 
---— 

Q*+*,S W•ijiW 

	

U IL) LU LU LU LU 	..4 — 
IQ

I- 
CD U U 	 5'. LA 
U (4  (4 r- 0% U 9W) 

W  

	

c_I) o • • • • • 	• • 
O -c,jin a',- 
.__J  

ca cz C) Is 
LULL) 

CD 
4w 
C2 CD 

	

U • 0• • • 	S S • 
CE U U U 9W) 9W) U U U 
wSS, 	 5s• 

IL 
LICE U. 
'/3 

3-0 

LiL. 

cla 44 
p-4 

s-sw 

I. 
U.' 
U.' P 	a) C.) 	a) C.) 	a) 
CEs 51111 	I 
A. U. 4/) 3/1 4/) . CE. CE 

di 03 U 

OX 
Lfl C.) CE CE CE 

a.' u 

CE 3/34/, 3/) 4/) 4/) 3/) CE 	9- 
3-C.) 

U) LU  

	

I-CE 	III 

U 

I 
IL 	CE 

a 

3'- 
3-. 	4/) 
IL 

C.? ci 

I-I/I 

WaJa)W.) s3.(J 
5,111 	•I 
CEI-CEa. 

3- 
3-4 

'1 

-4 

UUU 
UUU 
+++ 0 
IJJLUW - 
q;a C3 C2 

UUU 
4: 

C3 co o L  
UUU 
• • 	. 

-.0 
Us$5 

I- 
LU CE 
U 0 
U 
U )- 
U ..J 
U Z 
• 

I-.5+*-P 
I- LU U) LU LU 

• • 	• 
$1 U U U 3.4 4/) ('40' 9W) P.. 
XI 	I 	I 0 
Icz CL 

I rsUW(J 
• U P.- 
I- LU S *4 

 S S 
--v,, 

I- 
da 

UUUU 

• -.5 WWWUU 
LU 
U • • • C.) I- U' U' (4  UN 
U U U U . CE Go UN LA 9W- 

. 	e 	i — ax U — in 	U 
U -IA.. )4.a)(sJ 
U—C')— V) S 	• 	• 	a 

U U U — U' IJ C') 
4/) >. I 

-WWW I- CE 
U co U Z U) ('4 (I4- ('4 
U U U LU zip co U U U 

LU 
I- U (4U LU LU LU LU U) 
I U co U .3' LU co .2 -Z (5) 

• I- 	0• 
U' (5) 9W) 0' (.3 Ps 	O - 	9W- 

U.' 	I 	I ul -.1 I cc in 
U ._J CE • S 	a 	• 

9-4 
UUU ar 5 
4+4 C/) 
LU LU LU cl (I) (5) ('4 (5) — 
U U U x 4- 

C) 
4/) -.1 LU LU U) LU 

U U U 	. LU 0. Ln P... 4-. — 
U U U 	LU (.3 (n '3 	) cc — 
U (4 (4 	P.- C) • LU 4 ('4 U) U) 
• • 	• 	LU Z LI? 4/) LI) LU LU QI 

U) LU LU 	..J I . LU I Q. U U L5) 
U. - P4 3.') 4- CE S 	• 	• 	• 
L C..) 3- ..J C') 9W) C'.) r 

(5) 154 (539..) 3- 3- 3- C.) S 	I 
U U U • C.) 3-4 C.) .3' 	4)') 

- + + * C.) x 3' C.) 	I-  
ox LU LU LU LU 411 3/1 (.. JP 3' U (-I U 
ca U (4U CE .4 C.) LU • + + + 

co (4U LU'.) I- CE IL) 	CE LU LU LU LU 
U) U  caU I- s- -.3' 9..) Li qm IL 33) U) 353 
4.) 14 (4U .. 3- C) U. C.) IL 2.) 0' U) Co U) 
CE 9W) 9W3 9W) LU A.. x 0) C...) ('4 4 P... — 

ca cz) = .3' 3- LU - 	ON in 
C.) 	• 	S 	• 04 .3' LU LU LU I C') U' (SJ 9W) 
4/) 9W) 	9W) 9W) 	. C.? -9 CE CE CE CE • • 	• 	• 

LA. ox .4 4rL  
S 	tx. Im X Is 	• 

co U (4W C.) P-s 14 1/11/) 4/) 
e a - - s.' csi e.j 

C) LU 3-  .J J .J U U U 
U. 	I-. C& C..) .J ..) .J I 	I 	I 
Z ax Co C.) LU LU 3/) 4/391) U) LU LU 
04 4.) C.) C.) 3- I- ha LU LU La.' (-a U C.) 

CE CE CE 4a 4/) CE dx CE CE CE A. U 
U. =3 =3 =3 5- 4/) 5-4 U U U 
C.) C) C.) C) (I) ). ._l 9W) U C'.) 3- S 	S 	S 	• 

(/3 4/) 4/3 	u 2..) 4/) U - (53 
U 	44 LI) 3- 
CE 	 U LU j 3-9-..-0 C3 C2 	- CD 
C.) 	4m 5.- am Z) vi  Q. - ca CD 
U 	LU (/) 3-4 4/) IL LU LU ('49W) 
LU 44 4 4- IL IS) 9-4 	P-I 3- 
CE — 	4/) 4-  CE U. 	U. 4/) 



looa. 
Section 7.1A 

"TRELEG" ---- a supporting program designed 
to generate Type 51,52,... 
branch cards for 3-phase, 3-leg 
core-type transformers. 

Background 

The 3-phase, 3-leg, core-type transformer has long been recognized 
as a problem for EMTP users. Some of the explanation is contained in 
the fourth and fifth pages of Section 1.25, and that material shall not. 
be  repeated here. If the user does not know what a 3-leg transformer 
is, refer to the sketches and discussion of Section 1.25 . 	Supporting 
program "TRELEG" (mnemonic derived from "three leg") accepts measurement 
and configuration data of the transformer as input, and punches EMTP 
branch cards (Type 51,52,...) for the transformer as output. Written 
as a separate program by Dr. Vladimir Brandwajn of Ontario Hydro, it 
was integrated into the EMTP by BPA during May of 1980. 

For completeness and perspective, other references to the problem 
shall be mentioned. The first Newsletter (Ref. 22) mention is in issue 
No. 2, the article entitled "Model of Three-Leg Core Transformer" by 
Vladimir and Russ. Hermann had simultaneously and independently been 
working on the problem, ever since the 1978 Madison EMTP short course 
(see Ref. 8, Vol. VIII, 30 June 1978, page AOVA-16). Hermann's 
approach, which was based on the [A],[B] matrix formulation, is 
numerically advantageous in cases where magnetizing current is low, 
since he avoids the near singularity of the IRJ,[L] formulation. See 
his comments on page 15 of the just-cited Newsletter. But that intended 
reconciliation of the Vancouver and Toronto codes never took place. 
Because Vladimir had mailed us (at BPA) a punched card deck of his 
routine, and because he had written user instructions, it was this code 
which was frantically massaged and added to the EMTP early in May of 
1980. Whether there will be later modifications remains to be seen. 

As for Section 1.25 modeling, I would recommend avoiding the 
"TRANSFORMER THREE PHASE" option at this time. The big problem for 
all users has been determination of the zero-sequence reluctance RO 
(there is no supporting program comparable to "TRELEG" for deriving 
this number). BPA never did use this modeling, largely because we can 
count the number of 3-phase transformers out here on the fingers of one 
hand (with several fingers to spare!), and because such transformers 
have not been the subject of recent study interest. 	Also, the EMTP 
Newsletter article by Vladimir and Russ cast doubt on the validity of 
such ("old") representation, though I remain skeptical of the results 
(there are many ways to get wrong answers out of the EMTP, and not all 
of them can be blamed on defective modeling!). So, if the user has a 
3-leg unit, use "TRELEG" , 	and complain to Toronto (not Portland) if 
results are less than pleasing! 

So, on to the user instructions. The material immediately below 
was written by Vladimir; it was extracted from the first five pages 
of USER'S INSTRUCTIONS dated July 24, 1979. The final two pages of 
that memo constituted an example which is no longer applicable due 
to input/output format changes. Instead, I have appended a current 
( 11M27." ; May, 1980) solution of one of Vladimir's numerous test 
cases at the end. 



USER'S INSTRUCTIONS 	
bob 	

July 24 1979 

For the program to calculate impedance matrix of a 
three-legged core transformer. 

1.0 General Remarks 

The effects of a three-legged core in a transformer are 
apparent in the different values determined for short-circuit 
impedances in positive and zero sequence. These values are 
used by the program to calculate a (Nx3) x (Nx3) impedance 
matrix model (N = number of windings on any leg, presently N 
5). It is also possible to use this program to calculate an N 
XN matrix to represent a single-legged core, a shell type, or 
a 5 leg core transformer. In the latter cases, the values of 
the impedances (short-circuit and magnetizing) will be equal 
in both sequences. 

The program accepts data for short-circuit tests performed 
with up to two of the windings connected in delta. This is 
the standard form in which a manufacturer will provide test 
data. 

The data must be input so that delta connected windings appear 
last. A further, and occasionally conflicting program 
assumption is that the windings are concentrically located on 
the core, and input in the order from outer to inner winding. 
When windings are not concentric, or when the delta connected 
windings are not innermost on the core, the program provides 
for the user to retain delta connected windings as the last 
windings, and to provide the magnetizing impedance of each 
winding. In the absence of any test data, the positive 
sequence magnetizing impedance of windings in per unit can be 
assumed to increase with increasing diameter, while the zero 
sequence magnetizing impedance decreases. The variation from 
one winding to another will be approximately equal to the 
positive sequence short-circuit reactance between them. It is 
not believed that this approximation of magnetizing impedances 
has any significant effect on the resulting model. 

2.0 Form of DATA Input 

Class I 

Card #1 

N, NDELTA, f, SBVA 
FORMAT (lx, 212, 2E12.0) 
N = # of windings 
NDELTA = # of delta winding (:) 
f 	= frequency in Hz (60 in North America) 
SBVA 	= base MVA (3-phase rating) 

Class II (present only if NDELTA = 2) 

Card #2 Through 4 (exactly 3 cards) 

TPKMR, TPKMX 
FORMAT (lx, 2E12.0) 
TPKMR, TPKMX are real and imaginary parts of the positive 
sequence test between two delta windings. 



Card #3 

IDT 
FORMAT (lX,12) 
IDT - t of wye winding for which zero sequence test with two 
delta windings closed is performed. 

Card #4 

TZKMR, TZKMX 
FORMAT(lX, 2EL2.0) 
TZKMR, TZKMX are real and imaginary parts of the zero sequence 
test between wye and two delta windings. 

Class III 

Card #5 through 5+ (N-1)(N--2) + 1 (for the case with 
2 	 NDELTA = 2] 

If NDELTA < 2 cards t5 and up become card t2 through card # 
2 + (N-1)N + 1 

2 
input: I, 7, TPR, TPX, TZR, TZX 
FORMAT (lx, 212, 4E12.0) 

I&J - numbers of windings between which the test has been 
conducted TPR, TPX - real and imaginary parts of the positive 
sequence test in p.u. 
TZR, TZX - real and imaginary parts of the zero sequence test 
in p.u. 

Class III data has to be terminated with a blank card. 

Class IV 

One card specifying the key (KZOUT) to determine whether the 
output impedance matrix is to be in p.u. or in ohms. 
KZOUT 
FORMAT (lx, 12) 
If KZOUT is zero - output in p.u., otherwise impedance matrix 
is in ohms. 

Class V 

Exactly N+l cards containing winding number, rated voltage of 
the winding, indicator of delta windings and the node names to 
be used by the program in punching the branch impedance cards. 

J, INDD, VR(J), R(J), NA(I), NB(I), NA(Il), NB(Il), NA(12), 	NB(12) 
FORMAT (lx, 12, lx, Il, lx, 2E12.0, 6A6) 

winding number (delta windings should always have the 
highest numbers) 

INDD 	= 0 - for Y windings 
1 - for Delta windings 

VR(J) 	= rated voltage of winding 3, rms 
R(J) 	= dc resistance of winding 3 
NA(I), NB(I),... - node names for phases A,B&C of winding J. 
Class V data has to be terminated with a blank card. 



Card VI 
	

jOOc 

NT - key for either reading the magnetizing impedances (xPOZ, 
XZERO) of the windings or for using an approximation to 
calculate them. 

FORMAT (lx, 12) 
NT = 1 in the case when magnetizing impedances are known for 
each winding, otherwise it is assumed that xoz and XZERO is 
known only for the first winding. 

Class VII 

One or N cards containing values for magnetizing impedances in 
positive and zero sequence for the first (when NT=l) or all the 
windings. 
XPOZ , XZERO 
FORMAT (lx, 2E12.0) 

Note that when xoz and XZERO are known for each winding they 
should be entered in order corresponding to the assigned number 
starting from the lowest numbered (see Class V data cards). 

tkzo
___ 	 rwA 	L 	Loi-.tL c1 

cøe. 

3.0 Interpretation of Program's Output 

The impedance matrix produced by the program is symmetrical and 
is represented by its lower triangular part only. This portion 
of the matrix is stored in one-dimensional array by using index 
transformation: 
K = J+I+(I-1)/2, where I&J are indexes for row and column 
number of the matrix element and K - corresponding index for 
the same element of the matrix in the vector form. In general 
the transformer matrix is in the following form: 

winding #1 	 S11  

winding #2a 	S12S 22 
•.... •1••t•• •• .. . .... . S•• 

winding #Na 	SIN.......S NN 

winding #lb 	 Mlle......MIN S11  

winding #2b 	M12.......M2N S 12 22 

winding #N 	 MIN.......MNNSIN......SNN 

winding #lc 	 M110060664MIN  M11660. . .M1S11 

winding #2c  M12.......M2N Ml2......M2NS12S22 

winding #Nc  MIN.... .. .MNNMIN. . . . . . 	... . . .S NN 

Sij denotes coupling between windings I and J on one leg of 
the transformer and Mij - between winding I on one leg and 
winding J on another leg. 
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In addition to providing a set of printed answers, the program 
produces a set of cards to be used in the EMTP. The data are 
punched in a free format as explained in the EMTP User's 
Manual. 

Illustrative usage of "TRELEG" to generate Type 51-59 branch cards. 

Consider first the line printer output corresponding to a 3phase, 
3-leg, core-type transformer: 

£LLC0IMHITLC TPAI8NT PURA$ CJ42P), P1â1TAL CUIC) VAX-11/71U THAN5I.ATIUN A U510 1 SPA IN PORTLAND QIGUN 9T20 
DXt(sM/IJ0?!YJ MW 	$ Or 0* 	M;53.).O5/I1l8Q2J.I.41 AIPUTBAH 3AIQ4.5;.......--.. 	VEUQi .M27, 
Ztli.buui A T 	HA 	 MLAE 	CUUL.t tRE 	 0AT0 NOVCR,  

DpLI4? L115V IMIThf3LCO........torA 	htÜP 	7LAEL.1 	20039 LTGER 	------ 7UiO5O 200 	30 9500 
25 6100 500" 	50 .....3 	100"140 	V000— * 400 	9 • 	4 • 3o" 6000 •ØØ_ 	200 3000 	b 399 - 

....................... . ...... 	. - S 

D5CPIPTIVC INTERPLTATLON or NWCA$E INPUT DATA 	INPUT DATA CARD IMAGES PRINTED BELOW, ALL 60 COLUMNS*  CMA3ACflR BY CI4ARAC 

..-- 	-. 	0 ------ ------ 2 ....................4 ••  - 
0 	0 	0 	0 	0 	0 	0 	0 

.... ....n.............................................•0ee••......................S. 

MARUK CAKO PKECEOING NW DATA CAU. 	 EGIN NEW DATA CA8 
LQ8rrOR TAi5?URMEP XMPEDANC.MATRIX ROUTINE. 1XPO14LR 	 330 

TkELLO ..... 1 0,60040 O.75oOQ+3 1-3-1—  6Q 	 759.0 
U57, 	2 - 	0.17000E-02 	0.136O04'OO 	1 I 2 .00i7 	 13 	00057 	.115 
T95T. 	3 	j 	0.42009-02 	0 0 33000t4oQ 	I t 3 0 0042 	 .35 	.0096 	0 26 
flfl• 	3 	2 	0,44009E.92 	0.20u0Q499 	1 2 3 .0044 	 .2 	.0143 	•136 
II.Ak CARD ENDING TE5T5. - 	 - 	BLAN CAHDLNOXNG $EA50E$ENT3,  
UOuT • 	I - 	-. 	 i ..1.............................  
PXNOIIG. 	1 	0 	0 0 21E+03 	0,473s00 	t 1 0 2,6751346 .473 	)4IGMA 	HIGHS 	HIGHC 

II'3XNG. 	2 	Q 	0.1316t403 	0.29801 	1 3 0 13e,56444 .029e75 	GOWA , 	LOW 	GORC 
XNOZrtG. 	3 	t 	0,2600i.92 	0,1126L-01 	I 3 	 •9112$ 	TERTA TERTATERtB TERTIBTERTICTgRTA 

IAñI CARD ENDINWINDXN3, 	 hLIAN& CA*b ENDING WIN1N45, 
IcLx. •,•• 	••• 	. - ..- 	 - -. 
XP0Z.XZERO u 	9.10000E.03 	0.19000C+91 	t 	100 0 0 	to 
ZPO, XL0 • 	0,9970t+02 	Q,3QQE+Q 	 99,7 	1.13 
DOZ, XStIO • 	0.97e9402 	0.133oQ+o1 	I 	9,67 	1.33 
SLAhK BOUNCING EC0*O, 	 - 	IBLAAR CARD END MAGIIUIZZNG IMPEDANCES.-  

S*•SSIe$o* 

 

80-COLUMN CAR0-IMAGE LISTING 0? UNIT-7 PUNCHED CA05, 	III*01 

2 	 3 	4 	5 	6 	7 
0 	 0 	0 	0 	0 	0 	0 	0 
........S.fl.s....S.................................................... 

$1.IIZGHA , 	 O.473000000000ts0Q. Q.333333J341+u5 ,,,, 
•0.64679310Jfl9.01, 9,107052742SE4OS $ 
O.2?50O000OO1, o.5i42999..4o4 ,,•,,, 

I3.70TA ,T9R1A,,, 	 •0.36256943697-01, 0.2L874652794E.404 $ 
.0.37f$4214416-o1 	0.1o316636io4 $ 

0.1126000000009-01, 0.2091670400OO.403 ,,•,, 
14,NIGHI ,pop 	 0.0000000000E+00. -0.10060000004&,05 s 

$9,URTtC,TTA R 	,, 	 00.4941550018t-0i, -O,Q342221tiO4 $ -- 	
•0.32SO5456892 -01, .0.S06S097464L,03 $ 

0,000000000000E+00, -o.j02706000OL+03 ,,,,, 
•O.4943566o018b -o1, •Q.10634222,9,Q4 8 

' -g.32SO546e924E-o1, .0.6096soa7464+03 • 
0,000000000000,oO, -0.10 98UOO*+o3 

•0.3656943697E-0, 0.21504662794E404 $ 
• •0,357194214476E-of, 0,103714560936f+04 $ 

o.tLaQoOôOöOOoc-oi, 0,2o916O4o00Ei.o) ........................................................................ 

BLANK CAHO ENDING TaELEG CA395. 	 18L.ANK CARD ENDING eTCLEGU DATA CAft59 

CORE STORAGE rIUata FOR Pb.CEDZNG DATA CASE NOW COMPLErEO, ...................................-.- PRESENT PROGRAM 
AVALUt 01 .9991NoICArsoEtAUL,r,wzTaRo FIGURE AVAILABLE, 	 ?IGUt 	Zt CtA 

"'SIZE £XST i; NUMBER Of fiftiOAK ISUQeS......................- 	 3 CLSUS 

Here the printed listing of the uñit-7 output was abridged because 
a separate listing of those card images is to be provided: 

51,HXGHA 	, 	pop 0.473000000000E+00, 0.223333333341E#05 ,,,., 
52,LOwA 	, -0.646793103319E-0, 0.107059927425E+05 8 

0,29S0000000E-Qt, 0.514221i96E#Q4 ,,,,, 
53,TERTA ,TRT1A, 1  -O.3055b943b97E-0i, o,2b87465294E+o4 $ 

-o.3i421446-ui, o.i631i560936E+o4 
0J120000000E-0i, 0.209161040000E#03 ,,,, 

54,HIGN8 	tip o.000000o00000E+00, -0,i0000000004+0S ; 
-. •0.7331910199741!-01, -o.62732072570L.o4 $ 

-o.4943565bOö1d-0t, -o.0634222i9E#o4 
0.473000000000#00, 0.22333333331E+0 



loof 
55,iOWB , 	 •O.733191019974E -01, •O.527320725720E+04 S 

0.060000000000F+00, •0.527143980+04 $ 
-0.32505456924E-01, •o.509650597464E+03 
-o.6467303319E-01, 0.10705927425E+oS $ 
o.291500oOOOu-oi, o,$142219995E404 

56,TERTB ,TERT1B, 	 -0,49435658007aE-01, -o,0634222i589+o4 $ 
-o,32SO$4b8924-ui, -o.So60 	E&4Eo3 $ 
o.00ôoOuOOöOOO+oO, •o,102796060E+03 ,,,, 

-0.36256943697E-01, o4iS87465794E+04 $ 
-o.3542i476E-oi, o.iO714560936E+o4 I 
o.11290000660-oi, o,2016764000E+o3 

57,HIGHC 	 o.00OO00000000+oO, •o.i10000000004+o5 $ 
- -..--- 	 0.133191019974-Q1, •o.527320725720E+04 $ 

0.49435650019L01, -0.063422259E+O4 • ,g , 

o.00OOOOO000OO+oO, •0.11000000064E+0S $ 
0.733191019974L-01, •o.62732072572OE+04 I 
•o.494356bOO78E-oi, •0.0634222i589E+o4 
o,47300000o000E+oO, o.223333333341E+o$ 

5$,iQWC , 	 •0.733191019974E-01, •o.$27320727OE+o4 $ 
o,OOOOOoOOOOOL+oO, -0.2$2714390E04 $ 

-0.32505456924E-Q1, -0.5096S0597464E+03 ;,,,, 
•O,73i191i9914E.Qi, -0.521301726E+04 $ 
o,OOOOOOooOOO+oO, -0.252174399oE+04 $ 
•0,32505456924E-01, •0.509650S91464E+03 i,,,, 
-o.646793io3319E-01, 0.0705921425E+oS $ 

0 1291500000OOE-oi, 0.1422119+04 
*9,TRT1C,flHTA ,•, 	 •0.4943$680076-Qi, •o.O6342221$d9+o4 $ 
• •0.3250546924E-oi, -0.50965057464+Q3 I 

o,OOOoOOOoOOOL+oO, •o.o27O0o00E+o3 ;,,,, 
• -0.4943565Q078 -01, -o.106342221589+o4 $ 
• •o,325046892E-oi, •o.$096$061464E+o3 $ 

0.000000006000E+00, -o,io2780OOOOE4o3 i,,,, 
-0,36256943697E-01, o.21S14b5274+04 $ 
•o.357i842i4476E-oi, o,10i7436O936+o4 $ 
o,10600000060.o1, o,201670400009+0 

Close.(- toot at ivput data 0. ('tecuest 
XFORMER DATA CASE 	 (1 	1it," 

vSt'i " 2 .0017 	 .13 	.0057 	 33. 

of 

1 3 .0042 	 9 35 	.0096 	.268 	OvncJeã 1) 
2 3 .0044 	 .2 	.0143 	.136 	''is BLANK CARD ENDING MEASUREMENTS, 

1 0 288,6751346 .473 	HIGHA 	HIGHS 	HIGHC vcaId 
2 0 138,5640646 .029875 	LIOWA 	LOWB 	 LOWC 
3 1 	28, 	.01128 	TERTA TERT1ATERTh TERT1E3TERT1CTERTA 

BLANK CARD ENDING WINDINGS* 
1 
100.0 	1. 
99,87 	1.13 
99.67 	1.33 

BLANK CARD END MAGNETIZING IMPEDANCES, 
BLANK CARD ENDING "TREL1EG" DATA CASES, 
BEGIN NEW DATA CASE 



Section 7.1B 

"BCTRAN" ---- a supporting program designed to 
generate [A],(B]  branch cards for 
3-phase, 3-leg, core-type transformers. 

Background 

For the representation of 3-phase transformers, the preceding 
"TRELEG" (Section 7.1A) by Vladimir was the first data generator 
to be added to the EMTP. 	But Hermann was simultaneously working on 
related code using [A],[B]  matrices (see paragraph 2 of Section 
7.1A). 	This code, a separate program in Vancouver, was given the 
name of "BCTRAN" when appended to the EMTP as a supporting program 
during December of 1980 ("M29." UTPF idents). 

Access to "BCTRAN" is very similar to the illustrated procedure 
for "TRELEG"; the only difference is that a value of "44." is to 
be punched in columns 38-40, rather than "33." as for Vladimir. 
This is on the "XFORMER" request card (text in cols. 1-7). 

Yet we warn all potential users that the "BCTRAN" code is quite 
untested, and that user instructions can not be located. 	During 
December of 1980, WSM merely added the code, making changes which 
were superficially believed to be necessary for universality. 	While 
there were good intentions of debugging, testing, and documenting the 
feature at that time, the project somehow slipped from the front 
burner of the stove to the back burner, and then the utility company 
turned off the gas. 	Our move from 1202 N.E. Holladay to the Lloyd 
Center Tower required the elimination of about half of our storage, 
and now even Hermann's original writeup can not be located. 	It now 
appears that testing and documentation will await the 10 May 1982 
trip by Hermann to BPA, when he can bring another copy of his test 
materials. 	We do (I repeat, DO) intend to activate this feature, if 
only because of my inherent prejudice against singular matrices (all 
other things being equal, we would favor "BCTRAN" over "TRELEG"). 	So, 
any EMTP version with "M32." or later UTPF idents should have this 
modeling workable, while the status of "M29." through "M31." 
versions is unknown and untested. 	Sorry about this. 	11 April 1982 

P.S. --- If any advice about this code is required, contact 
Vancouver, not Portland! 	WSM. 

&&&&& 	LAST-MINUTE IMPROVEMENT BY THL &&&&&&&&&&&&&&&&&&&&&& 	

ro 
The status of "BCTRAN" code has changed for the better this week! 

Tsu-huei located Hermann's original documentation for the program (it 
was on loan to one of our production, users), and just yesterday she was - 
able to set up and run the illustrative sample problem. 	Our "M31." 	7 .  

VAX EMTP answers agree with Hermann's printed results to the sixth 	- 
decimal digit or so. 	Why agreement is not better is not known at 	- 
this time, though the discrepancy seems to be of little engineering 
significance. 	The feature seems to be basically operational after all! 	00 



To illustrate the EMTP-request for "BCTRAN", and also perhaps 
establish a modicum of reader confidence in the EMTP implementation, 
we shall here show Tsu-huei's data file in its entirety (note that 
it is being preserved for posterity as a standard EMTP test case, to 
be a part of "M32." and later verification materials): 
BEGIN NEW DATA CASE 
C 	BENCHMARK DCNEW-8 
C 	TEST OF "BCTRAN" 3-PHASE TRANSFORMER ROUTINE OF EMTP. 	THIS 
C 	PARTICULAR TEST CASE IS FROM HERMANN'S ORIGINAL UBC WRITEUP. 
C 4567890123456789012345678901234567890123456789012345678901234567890123456 
XFORMER 	 44• 
360. 	.428 	300. 	135.73 	.428 	300. 	135.73 

	

1132.79056 .2054666 	H-1 	 H-2 	H-3 

	

263.393059 .0742333 	L-1 	 L-2 	L-3 

	

350. 	.0822 T-1 T-2 T-2 	 T-1 

	

1 20. 	8.74 	300. 	7.3431941 300. 	3 1 

	

1 30. 	8.68 	76. 	26.258183 300. 

	

2 30. 	5.31 	76. 	18.552824 300. 
BLANK CARD TO TERMINATE THE SHORT-CIRCUIT TEST DATA 
BLANK CARD TO TERMINATE "XFORMER" DATA CASES 
BEGIN NEW DATA CASE 
BLANK CARD TERMINATING EMTP DATA CASES 

For subsequent EMTP representation of the transformer of interest, 
contents of the LUNIT7 punch file are to be used. 	Temporarily (as 
received from Vancouver) , these are EMTP branch cards of (RI,  [L] 
type, and they use the new high-precision format. 	That is, Type 
51,52,... branch cards are involved, with 16-column wide numbers 
(see final page of Section 1.23, page llb). 	The 	$VINTAGE,1 
option must be in effect for use of such cards. 	For Hermann's test 
case, our VAX LUNIT7 punch file begins as follows: 
51H-1 0.2054666000E+00 0.4143209749E-f05 
52L-1 0.0000000000E+00 0.1977102763E-f-05 

0.7423330000E-01 0.9437879471E+04 
53T-1 	T-2 0.0000000000E+00 0.1557956789E+05 

0.0000000000E+00 0.7437550277E-f-04 
0.8220000000E-01 0.5866218159E+04 

54H-2 0. 0000000000E+00-0. 5331063561E-0l 
0.0000000000E+00 0.9559994360E+00 
0.0000000000E+00 0.1751763917E+01 
0.2054666000E-f-00 0.4143209749E-f-05 

55L-2 0.0000000000E+00 0.9559994360E+00 
0.0000000000E-f00 0.7376473976E+00 

Etc. 
The VAX numbers can be compared with Hermann's IBM numbers at the end 
of his writeup which follows. 

None of Hermann's error stops have yet been converted to regular 
EMTP error stops (with KILL codes). 	Rather, they have been left 
with STOP statements local to overlay 41. 	Later, given more 
time, 

The following pages of this section represent an unaltered 
(except for added Rule Book page numbers to the left or above the 
original UBC ones) appendage of Hermann's original user instructions. 
Only his appendix (Ref. 34, his 1975 PSCC paper on transformers) has 
been omitted for reasons of brevity. 	Hermann: 
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THREE-PHASE TRANSFORMER PROGRAM 

USER'S MANUAL 

THE UNIVERSITY OF BRITISH COLUMBIA 
DEPARTMENT OF ELECTRICAL ENGINEERING 
2356 MAIN HALL 	 - 
VANCOUVER, B.C. CANADA 
V6T 1W5 

December 1980 

The basic ideas for this program have evolved over many years. A 

.major incentive for expanding the methods of appendix 1 from single-phase 

to three-phase transformers came from discussions at an EMTP Workshop at the 

University of Wisconsin, Madison, Wisconsin, in 1978, where Mr. M.M. Price 

and others convinced me of the need for such models. 

I am indebted to Dr. V. Brandwajn of Ontario Hydro for testing an early 

version of this program and for frequent discussions, to Mr. T. Lou for raking 

the modifications to account for closed deltas in zero sequence tests, and 

last but not least to my wife I.I. Dommel for doing a large part of the pro-

gramming and documentation. 

The financial assistance of Bonneville Power Administration in Portland, 

Oregon and of the System Engineering Division of B.C. Hydro and Power Authority 

in Vancouver, Canada, are gratefully acknowledged. 

H. W. Donmiel 

December 1980 
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1. BRIEF DESCRIPTION OF THE SOLUTION METHOD 

This Three-Phase Transformer Program produces models for three-phase 
and single-phase transformers in the form of resistance and reactance matrices 
from the test data supplied by the user. These matrices can be read directly 
as branch input data by the BPA/UBC Electromagnetic Transients Program. They 
represent the linear behaviour of the transformer with reasonable accuracy 
from dc up to moderate frequencies (maybe 1 kHz or so). Saturation and 
hysteresis effects can be modelled with additional branches, as explained in 
section 1.8, p.8.  At higher frequencie, capacitances would have to be added, 
e.g., as described in lij. 

Models for N-winding single-phase transformers have been well known for 
some time. Their derivation is described in appendix 1. N-winding three-phase 
transformers are somewhat more difficult to model. The solution on transient 
network analyzers has been the addition of an extra delta-connected winding to 
three-phase banks made up of single-phase transformers, to represent the mag-
netic coupling among the three cores. The three-phase transformer model de-
scribed on p. 12g of t2  is presumably based on that idea. To relate the test 
data to the data of the added winding is not always easy, however. For example, 
a two-winding three-phase transformer would have to be modelled as three three-
winding single-phase transformers, for which 3 reactances would be required. 
However, only 2 reactances would be available from the positive and zero se-
quence short-circuit tests. The procedures become even more complicated for 
three-winding three-phase transformers. It was therefore reasonable to look 
for a new technique, in which a two-winding three-phase transformer, for 
instance, is simply modelled as 6 coupled branches. 

For a complete understanding of the following sections, it is necessary 
to refer to appendix 1, where most of the ideas are explained for single-
phase transformers. 

1.1 rR- and LL-1-matrices which reproduce short-circuit test data 

These matrices are found from the admittance matrix representation 
described in section 3 of appendix 1 for single-phase transformers. In the 
following, only the modifications required to get from single-phase to three-
phase, and the separation of CR  from [L]-1, will be explained. The program 
follows roughly the procedures outlined below: 

(a) Specify the voltage ratings for each winding in kV (line-to-ground for 
wye-connections, line-to-line for delta-connections), as well as exciting 
current and excitation losses from the positive and zero sequence 
excitation tests. Also specify the winding resistances, if available. If 
they are not specified, they can be calculated from the load losses 
supplied with the short-circuit data if N=2 or 3. Strictly speaking, the 
load losses are not only 12R-losses, but contain stray losses as well; 
however, this is ignored. In the calculation of winding resistances from 
load losses, it is assumed that R1 p.u.  R2 	for for two-winding trans- 
formers. For three-winding transformers, ther

p 
 e re 3 equations in 3 un- 

knowns R1 p.u.'  R2 p.0 	R3 p.u. . For instance, the p.u. ).oad losses in 

the short-circuit test between 1 and 3 are R 	+ R 	For trans- 
1 P.U. 	3 p.u. 



	

looh - + 	-2- 
formers with 4 or more windings (per phase), there is no easy way to find 
winding resistances from the load losses. Therefore, winding resistances 
must be specified as input data for N>4. 

(b) Specify the (N (N-l))/2 short-circuit input impedances of the N-winding 
three-phase transformer, for the positive sequence test and for the zero 
sequence test, as well as the positive sequence load losses. The reac-
tances are then calculated from 

-(R. 	+ 	
)2 

	

ik p.u. 	ik p.u. 	1 P.U.p.u. 

with Z 	 p.u. short-circuit input impedance in test 
ik P•U• 	 between i and k, converted to a 1 MVA basis 

(three-phase), 
R. 

1 P.U. 
+ RK P.U.  = p.u. load losses on a 1 MVA basis if load losses 

are nonzero, or specified p.u. winding resistances 
on a 1 MVA basis if load losses are not given. 

Ek:juation (1) is used for positive sequence values, and for zero sequence 
values as well if the zero sequence test does not involve a third (delta-
connected) winding. In the latter case, the procedure of section 1.2, p.3 
is used. 

IX reduced j
, 

(c) Build the reduced matrix LX 	from the short-circuit input reac- 
tances as described in section 3 of appendix 1, except that the resistive 
part has been taken out and that the transformer is now three-phase rather 
than single-phase. The extension to three-phase transformers is very easy 
if each scalar X is simply replaced by a 3x3 submatrix of the form 

- 	x x x 
5 m m 
X x x m 5 m 
X x x m m 5 

where X5  is the self reactance of each phase and Xm  is the mutual reac-
tance among the three phases. As in any other three-phase network com-
ponent, these self and mutual reactances are related to the positive and 
zero sequence values X1  and X0  by 

X 	(x + 2x1) 	 (2) 
5 3 0 

X =-(X -x1) 	 (3) m 3 0 

For instance, Eq.(9a) of appendix 1 states that the diagonal element 
reduced 

Z.. 	is equal to the short-circuit input impedance of the test be- 
tween windings i and N. This scalar value is now simply replaced by a 3x3 
submatrix with 

	

4 	
i to N + 2short i to N) 

X = 4 
(Xshort i to N -0rt i to N 

m
) 

Since the 3x3 submnatrices contain only 2 distinct values Xs and Xml  it 15 

not necessary to work with 3x3 matrices, but only with pairs (X5, Xm) 
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D. Hedxnan derived the special "balanced-matrix algebra" in [3], for the 
multiplication, inversion, etc., of such pairs. 

r reduced, 	r reduced, (d) Invert LX 	J to get LB 	j (which is the negative imaginary part 
of [Y 	inin section 3 of appendix 1), again using Hedmari's "balanced- 
matrix algebra", and then expand 1B reduced] to the full matrix [B] as ex-
plained in section 3 of appendix 1 (each element in the added row and 
column is again a 3x3 "balanced" submatrix). Since the reactances in pro-
cedure (b) were in p.u. on a 1 MVA basis, all the turn ratios w in section 
3 of appendix 1 were 1.0. To convert the full-matrix to an [L] _ 
matrix in physical units, each element i-k of 	multiplied by the 
factor w/(V 	 V 	), where V 	and V 	are the rating-i rating-k 	 rating-i rating-k 
rated voltages of windings i and k, and w is the rated angular frequency. 

The BPA Electromagnetic Transients Program accepts this [L] 1-matrix 
directly, as described on p.  11 of [2]. Note that [A] on p.  11 is [L] 
in :11H, independent of XOPT. It is also advisable to set [L]i. [R] equal 
to zero, because this matrix is generally not symmetric (an oversight when 
this "alternative performance equation for series segment of 11-circuit" 
was implemented). Add the resistances found in procedure (a) as extra 
branches, instead. The UBC Electromagnetic Transients Program does not 
accept [L] —matrices at this time; with this version, the transformer 
must be represented as an impedance matrix with nonzero exciting current, 
as described in section 1.3, p.  4. 

1.2 Modification of zero-sequence short-circuit test data in case of delta-

connected windings 

The method described in section 1.1 does not work if a three-winding 
three-phase transformer has a delta-connected tertiary. Let us assume that 
the high-voltage and low-voltage windings are wye-connected with their neu-
tral grounded. In this case, the zero-sequence short-circuit test between 
the high- and low-voltage windings will not only have the low-voltage win-
ding shorted but the tertiary winding as well if the delta is closed (which 
is usually the case). This special situation is handled by modifying the data 
for an open delta so that the approach of section 1.1 can again be used. With 

the well-known equivalent star cir- 
cuit of Fig. 1, the 3 test values 

	

2 (low) 	supplied by the user are 

closed 	 X 2  X  3 
X12 	= X1 + X2+ X3  

X13 =X1 + X3 	 (5) 

X23 =X2 +X3 	 (6) 

which can be solved for X1, 2'  X3: 

3 (tertiary) 
Fig. 1. 
Equivalent star circuit for zero-
sequence short-circuit tests of a 
three-winding transformer (all 
reactances must be in p.u.) 
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closed A X3. = x13 
- ~X23X:B_  x12 	x23 	

(7) 

X2 X23 X134X1 	 (8) 

X3 =X13 -X1 	 (9) 

After this modification, the program works with the short-circuit reactances 
x1+ x21 xp x3 and X2+ X3, which implies that 3 is no longer shorted in the 
test between 1 and 2. The modification scheme used in the program is more 
complicated because the resistances are also included in Eq. (4), which be-
comes 

I closed N 	I 	(R2+ jX2) (R3+ jX3) 
= 1R1+ jX1 

+ (R2+ R3) + j(x2+ X3)J 
(10) 

closed L 
with 	 being the values supplied by the user, and R1, R2, R3 
being the winding resistances which were either directly supplied by the user 
or which were calculated from the load losses, as explained in procedure (a) 
of section 1.1,.p. I. 

1.3 Addition of linear magnetizing impedances which reproduce excitation test 

data 

The exciting current in 5-limb three-phase transformers and in single-
phase transformers can often be ignored. If the exciting current is ignored, 
the N -

1-matrix of section 1.1 is singular and cannot be inverted to a [z]-
matrix. Since the UBC version of the Electromagnetic Transients Program can 
only accept [z]-matrices, users of that version must include a nonzero exciting 
current, if for no other reason than to make [L]' nonsingular so that it can 
be inverted to produce a [z]-matrix, as described in section 1.4, p. 6. 

For three-phase transformers with three-legged core construction, the 
exciting current in the zero sequence test is fairly high (e.g., 100%), and 
should no longer be ignored. 

The shunt admittance of the magnetizing branch 'm in Fig. 5 of appendix 
1), which is added to the RJ , ELI 1--model to represent the exciting current 
and excitation losses, is calculated from the excitation test data as de-
scribed in section 4 of appendix 1, except that there are 2 sets of values 
now for the positive and zero sequence test. These 2 values are again con-
verted to a 3x3 submatrix with diagonal elements Y. and off-diagonal elements 

1 
y =±(y

o +2Y1) 	 (11) Ys 
3  

Y 2(y -Y1) 	 (12) 
m 3 0 

This - shunt admittance matrix is then either connected across one winding 
(Eq. (18) in appendix 1), or (1/N)-th of the p.u. values is connected across 
all N windings (Eq.(19) in appendix 1). 

If shunt admittances are connected across all windings, as shown in Fig. 2, 
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then no correction is made by 
the program to account for the 

00 
'd 	

G)G) 
4 	4 

- - - øci) 
4) G)Q) 	influence of the short-circuit 

430 	input impedances. As a conse- 42 	ro 00 No 
G) 	rI •rI or. 	 quence, the exciting current in 

the mDdel of Fig. 2willbe 
slightly larger than the 

2Rm a2LmJ IQ specified value, and the short- 2 
(p.u.Y  circuit input impedance will be 

(p.u.) 
slightly smaller than the 
specified value. For an exciting 
current of 0.01 p.u. 	(or Zm  = 1 1 100 p.u.) and a short-circuit 

L
original [L]-xnatrix 
(singular) J 

input impedance of 0.10 p.u., I 
expect these differences to be 
approximately 0.1%. Note that 

nonsingular [L]-matrix 
the imaginary parts of (Y5, Y) 
become part of the ELI-1-matrix, 

after addition of 
magnetizing inductances as indicated by the large, 

dotted box in Fig. 2. This modi- 
fication makes the [U]-matrix 

Fig. 2.  
Addition of magnetizing branches across 

nonsingular and invertible, as  
all windings (shown for single-phase 

further explained in section 
 

transformer with N=2) 
1.4. The resistances Rm,  which 
represent hysteresis and eddy 
current losses approximately, as 

explained in section 6 of appendix 1, must be added as additional branches at 
the "internal nodes" (Fig. 2), which will be accessible anyhow if extra branches 
are used for the winding resistances, as recommended at the end of section 1.1 *) 
Adding R 	at the "external nodes" (Fig. 2), instead, is probably just as 
accurate, because in many studies Rm  is left off entirely. The coniprete re- 
presentation of a two-winding three-phase transformer with Dy-connection in the 
BPA Electromagnetic Transients Program would then look as follows (Fig. 3): 

MIN 	MIN 

B2 
IN 

,fC2IN 	
Cl 

rg  

Fig. 3. 
Two-winding transformer in Dy-connection. 

MIN C2 
A1IN ground 

Bl 	B2IN A2 
B1IN ground 
C2IN B2 
C1IN ground 

6 coupled 
branches with 
[U --matrix 

A2 A2!N MIN C2 
B2 B2IN B2IN A2 single-phase 
C2 C2IN single-phase C2IN B2 resistance 
Al A1IN resistance branches A1IN ground branches with 
Bl B1IN (winding resistances) B1IN ground Pm-values 
Cl dIN J dIN ground 

*) 
Eventually, the "alternative performance equation for series segment of TI- 
circuit" in the BPA Electromagnetic Transients Program should be changed 
to accept [R]- and [U]-1-matrices. When this is done, then it may be best 
to drop the "internal nodes" and connect the resistances Rm  across the 
"external nodes". 
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If the resistances Rm  are ignored, then the last 6 branches would be left off, 
and if winding resistances are ignored as well, then only the first 6 branch 
cards would be used. 

If the shunt admittance matrix is connected across one winding only, then, 
the program makes a correction in the case where the excitation test is made 
across one winding i while the shunt admittance matrix is connected across 
another winding k. In that case,, the short-circuit input impedance between i 
and k is subtracted from the inverse of (5'm'  and this modified shunt 
admittance is then connected across k. This way, the specified excitation data 
and the excitation data obtainable from the model will be identical. If the 
user specifies zero excitation losses, they will be raised to the value 
12
exciting 	i R in this case, because in reality these losses must be at least  

as high as the I 
2
R-losses in winding i. As explained in section 4 of appendix 

1, it may be best to connect the shunt admittance across the winding closest 
to the core on transfàrmers with cylindrical windings. 

1.4 rR]-  and [L]-  matrices which reproduce short-circuit and excitation test 

data 

The addition of magnetizing branches in section 1.3 makes [L] 	nonsingu- 
lar. If this matrix is inverted, a [R], [L]- model of the transformer is ob-
tained which will reproduce the short-circuit as well as the excitation test 
data with reasonable accuracy. The data of this model can easily be read by 
the BPA and UBC versions of the Electromagnetic Transients Program. If the 
resistances R. are ignored, the two-winding transformer of Fig. 3 would have 
the following branches (read as a multiphase TI-circuit, with the capacitance 
values left blank): 

from to 

A2 	C2 
Al 	ground 	I 	6 coupled branches with 
B2 	A2 	I 	diagonal [R]- matrix and 
Bl 	ground 	I 	full [L]- matrix 
C2 	B2 
Cl 	ground 

Note that the internal nodes are no longer needed because series [R] , [ri] - 
connections are directly accepted by the transients program. If the resistances 
Rm  are to be included, it might be best to connect them to the "external nodes" 
in this case. 

1.5 Single-phase transformers 

The Three-Phase Transformer Program works for three-phase banks consisting 
of single-phase transformers as well. In this case, all zero sequence values 
are ignored (leave the fields simply blank), and all positive sequence values 
must be the values of the single-phase transformers. In printing the matrices, 
the program recognizes that the 9x9 matrix of a three-winding three-phase 
transformer changes into three separate 3x3-matrices for the three three-
winding single-phase transformers. 
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1.6 Connections and phase shift 

The connections are automatically established through the proper assign-
ment of node names to the branches, as shown in the example of Fig. 3. Assign-
ing node names not only establishes the type of connection (wye or delta), 
but the phase shift as well. For instance, voltages and currents on the se- 

condary side 1 in Fig. 3 lag 300  be- 

	

Al 	those on the primary side. With 
B2

i 	

the IEC designation ", Fig. 3 is a 
 Dyl connection. If the names on the 

delta side were re-assigned as in 
C2 	 Fig. 4, a DyS connection would be ob- 

tained. 

V. 	o_ 
Cl 	 BI 

A2 

Fig. 4. Dy5 connection 

Keep in mind that Ydl and Dyl 
are the preferred connections in 
North America. In many European 
countries, the preferred connections 
are Yd5 and Dy5. 

Finally, keep in mind that a floating (open or closed) delta does not 
have its voltages to gound defined. If nothing is connected to such a delta, 
ground one corner: 

1.7 Autotransformers 

If the user treats an autotransformer the same way as a regular trans-
former (that is, if he only looks at the outside terminals' and ignores the 

fact that two windings have a common section 
inside), he will probably get reasonably accu- 

	

12 

	 rate results with the models produced by this 
program. It is possible, however, to develop 
ire accurate models by modifying the short-
circuit test data. In the case of Fig. 5, the 
short-circuit test data between H-L, H-T, L-T 

p 	would have to be changed into short-circuit 

4 	test data between I-II, I-Ill, 11-111. The 

IDT 	

L 	transformer would then simply be represented 

	

III 	 as 3 coupled windings I, II, III with winding 
 T 	I going from node 1 to 2 and winding II going 

from 2 to 3. I think I know how to make these 
modifications, but I have not implemented them 

Fig. 5. Autotransformer 	in the program. 

The IEC designations are used here, which will appear in North American 
standards eventually (the new Canadian Transformer Standards refer to them 
already). In the IEC "clock system", the big hand is the voltage phasor 
(line-to-ground) of the high voltage winding which always points to 12 
noon. The number 1 in Ydl means that the small hand for the voltage phasor 
(line-to-ground) of the low voltage winding is at 1 o'clock (_300).  In YdS 
it is at 5 o'clock (_1500). Capital Y or D designates high voltage, lower 
case y or d low voltage. Y or y is wye connected, D or d is delta connected, 
and Z or z is zigzag connected. 
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l8 Saturation effects 

The inclusion of saturation effects is discussed in section 5 of appen-
dix 1. Since the air-core inductance, which is the slope of the /i-curve in 
the fully saturated region, is fairly low (typically twice the value of the 
short-circuit inductance [4]), it may make a difference where the nonlinear 
inductance is added. It is best to put the nonlinear inductance across the 
terminals of the winding closest to the core, which is usually the tertiary 
winding in three-winding transformers. Suporting evidence may be found in 
ref. 5 and 7 of appendix 1, as well as in L] 

1.9 Exciting current in zero sequence excitation test 

If the transformer has delta-connected windings, it will be assumed that 
the delta connections are opened for the zero sequence excitation test (Fig. 
9 on P. 11). Otherwise, the test is not really an excitation test, but a 
short-circuit test between the excited winding and the delta-connected win-
dings, since closed delta connections provide a short-circuit path for zero 
sequence currents. 

1 	 1 	 Often, the zero sequence exciting 
A 	 A 	 f-n 'rr 4- is not  ilren h the n1 r 

Fig. 6. 
Three-legged core-type design. 

1zero 
excit — l+k 
Ipos - 1-2k 
excit 

Eq. (13) is derived from 

V = ZI 
A 	s  

V - Z  
B 	m  

V = ZI 
C 	M  

facturer. In such cases, a reasonable 
value can be found as follows Excite 
one phase of a winding (A in Fig. 6), 
and estimate how much voltage will be 
induced in the other two phases (B 
and C in Fig. 6). For the three-
legged core design of Fig. 6, almost 
one half of flux LA  returns through 
phases B and C, which means that VB 
and V will be close to 0.5 VA (with 
reversed polarity). If we use k for 
this factor, then 

(13)  

(14)  

with Z5  = self impedance of phase A in excitation test, and Zm  = mutual 
impedance to phases B and C. Then 

Z 	Z -z 
In 	- pos 	zero 

V V 	V 	 V =-kV 	 (15) 
B CZA 2Z +Z A 	A 

5 	 pos zero 
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Since the exciting current is proportional to 1/Z 5  in positive sequence, 
and to l/Zzero  in zero sequence, the relationship for k in Eq.(15) can be 
transformed into Eq. (13). 

Obviously, k cannot be exactly 0.5, because this would lead to an in- 
finite zero sequence exciting current. A reasonable value for Izero  of a excit 
three-legged core-type design might be 100%. If 	0.5%, this wouldexcit 
produce k = 199/401 = 0.496, which comes close to the theoretical limit of 
0.5 mentioned above. 

Besides the three-legged core-type design, there are also five-legged 
core-type designs (Fig. 7) and shell-type designs (Fig. 8). In the five-
legged core-type design, maybe 2/3 of approx. 1/2A  returns through legs 

B and C. In that case, k would be 1/3, or I 
zero  /1  pos = 4. 
excit excit 

The excitation loss in the zero sequence test is higher than in the 
positive sequence test, because the fluxes A' B' 	in the 3 cores are now 
equal and in the case of a three-legged core-type design, must return through 
air and the tank, with additional eddy-current losses in the tank. 

Neither the value for the zero sequence excitation current nor the value 
for the zero sequence excitation loss are critical if the transformer has 
delta-connected windings because excitation tests really become short-circuit 
tests in such cases. 	 - 

Fig. 7. Five-legged core-type design. 	Fig. 8. Shell-type design. 
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2. DATA DECK 

The data deck consists of 

(a) job control cards, 
(b) data decks for any number of transformers, 
(c) blank card to terminate data decks, 
(ci) job termination card.. 

The data deck for each transformer consists of: 

(1) One card for excitation data. 

(2) Exactly N cards for winding data, one for each transformer winding. 

(3) Exactly (N(N-1))/2 cards for short-circuit test data, one for each 
short-circuit test between a pair of windings. Terminate the short-
circuit test data with a blank card. 

Note that there will be 2 blank cards at the end of the last transformer 
data deck: One to terminate the short-circuit test data, and one to 
terminate the run. 



One card with the format shown at right. 

Parameters: 

N 	 Col. 1-2. 
Number of windings per core leg. Present 
limit: N<lO. Example: A 230/500 kV three-
phase transformer without a tertiary 
winding has N=2 if a tertiary winding is 
added, then N=3. 

f Col. 3-12. 
Rated frequency in Hz (needed to convert 
reactances into inductances). 

Ipos Col. 13-22. excit 
Exciting current in percent, based on 

POS (three-phase) power rating s 	and rating 
rated voltages, in the positive 
sequence excitation test. 

Sp05  Col. 23-32. rating 
Three-phase power rating in MVA, on which 

exciting current I O5 	
of the positive 

excit 
sequence test is based. 

LOSS °5 	Col. 33-42. excit 
Excitation loss in kW in the positive se- 
quence excitation test. See last paragraph 
of section 1.3, p.  6 for possible modi-
fications of this value by the program. 

Same as preceding 3 
parameters, respectively, 
except for zero sequence 
excitation test. If the 
transformer has delta-
connected windings, then 
the excitation test really 
becomes a short-circuit 
test since a closed delta 
acts as a short-circuit 
for zero-sequence currents. 
It is therefore assumed 
that delta connections are 
open (Fig. g) in the zero 
sequence excitation test. 

zero 
excit 

5zero 
rating 

LOSS zero 
excit Col. 63-72. 

C2° ,  
Cl 

Fig. 9. 
Open delta 
connection. 

Col. 43-52. 

Col. 53-62. 

look -L3 

3. DESCRIPTION OF THE DATA DK 

IPRINT c' 
H 

IPUT c.i 
H 

ITEST c'4 
H 

NPHASE c'4 
H 

3.1 Excitation data 4-3  
0-11 
.4O 	('4 

NW 0 
U) 	'-.4 
U) 

Od 0 

N4 	FA 
U) 

4J4J 
0r1 9 C'4 	61' 
.4OW 	. wo 0 
Nøj4 -•4 LY 
H 
• r 

I:j 
LJ 

Oct 

—4 
b— c 

•rl> 0 
'-4 4ITT1 

041.4 U) W 91

KerT 

4J4Jf('4 ri 
cnow 0 
ou 
4W4 
H 	U) 9 

04 - 

T1 
0 
6 
e c; 4- ,- L 

T H 
P 
£ 

Z H 
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On transformers with closed deltas, any 
reasonable value can be used because the 
influence of this value will be over- 
ridden by the short-circuit test data to 
the closed deltas. On transformers with 
no delta-connected windings or open  
deltas, the zero sequence current deter- 
mines how much voltage will be induced in 
the two other phases of a winding if one 
phase is energized (see section 1.9, p.8 ). 

For three-phase transformer banks consisting of in g i — — 
single-phase transformers, input the single-phase data 
as positive sequence parameters and leave the fields 
for the zero sequence input parameters blank. 

Col. 73-74. 
NPHASE 	= 1: For 	three-phase transformer banks 

consisting of single-phase transfor- 
mers. 

= .0 or blank: For three-phase transformers. — 
ITEST 	Col. 75-76. 04 

Number of the winding from which the 
excitation tests were made.  

IPUT 	Col. 77-78. 
Number of the winding across which the .04 
magnetizing branch is to be placed. 

If ITEST and IPUT are both zero or blank, — — — 
then the program connects magnetizing 
branches across all windings. If ITEST is 04 
specified (>0), then IPUT must also be 
specified (>0). IPUT = ITEST is permitted. 
For more details see section 1.3, p.4. 

Col. 79-80. 
IPRINT 	= 	0 	or blank: Matrices [R] and 

will be printed and saved on file. 

> 	0: Matrices [R] and [wL] will be 
printed and saved on file. 

< 	0: Matrices [R] and [L] -  as well as — 
matrices [R] and [wL] will be 
printed and saved on file. 

I (N 

s-_ 0 
4J. 

3.2 Winding data 

Exactly N cards, one for each transformer winding. — 
The N cards can be read in arbitrary order. The 
format is shown at right. 

Parameters: 

k 	 Col. 1-3. 
Winding number. Number windings consecu-
tively 1,2,3, ... ,N (N<10). A wye-wye-- 
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connected 230/500 kV three-phase transformer with a delta con-
nected tertiary of 30 kV would have 3 windings (e.g., 1 = high 
voltage 500 kV, 2 = low voltage 230 kV, 3 = tertiary voltage 
30 kV). 

V 	- 	 Col. 4-13. rating -k 	Rated voltage in kV; line-to-ground for ye-connected winding, 
line-to-line for delta connected winding. 

In example: V 
1 

= 	 2 kV, V = 	
3  

~30 kV, 'V = 30 M. 

Col. 14-23. 
Winding resistance in Q of one phase (if the values differ in 
the three phases, use the average value). If the winding resis-
tances are not known, they can be calculated from the load losses 

Pik for N<3, provided Pik>0 for all short-circuit tests (see 
also parameters P ik and ILOSS of 3.3, and section 1.1, procedure 
(a), p. 1). 

NAME 1 ... 	Col. 25-30; 31-36; 37-42; 43-48; 49-54; 55-60. 
NAME 6 	Node names. The terminals of the winding in each one of the 

three phases have to be assigned node names to produce output 
data in the form of branch cards which- can be used directly as 
input by the Electromagnetic Transients Program. Exactly 6 node 
names are required per winding (one pair for each one of the 3 
phases). If a terminal is connected to ground (e.g., the neutral 
in wye connection), then use a blank field as the name for 

'ground' (see test example, p. 19). 

3.3 Short-circuit test data 

Exactly (N(N-1)/2 cards, one card for each short-circuit test between 
a pair of windings, terminated by a blank card. The cards can be read in 
arbitrary order. The card format is shown on the following page. 

Parameters: 

i,k 	 Col. 1-2 and 3-4. 
Numbers of the. pair of windings between which the short-circuit 
test is made. 

P ik 	 Col. 5-14.  
Load losses n kW in the p 	 then ositive sequence test. If Pjk>O, i  
this value is used in Eq..(l) of section 1.1, p. 2 to find the 
positive sequence-reactance. Pik can also be used to calculate 
winding resistances for N<3, provided Pik>O for all short-cir-
cuit tests (see parameter ILOSS, p. 15). Read-in winding 
resistances are then ignored. 

Z °5 	Col. 15-24. 1k 	 Short-circuit input impedance in percent in the positive sequence 
test between windings i and k, based on sP°5 	(three-phase) 

rating 
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and on the rated voltages of both windings. 
In North-American standards, the short- 
circuit input impedance is called "imped- 
ance voltage"; in some European standards - 
it is called "short-circuit voltage". 

09 

rating'  
Sp°5 Col. 25-34. 

 
Three-phase power rating in MVA, on which iioss 

- 
H LS 

oos• 
Z 	is based. ij IDELTA 

--- 

zero 
Z.k 

rating 

Col. 35-44. 	Same as preceding two 
parameters, respectively, 
except for zero se- 

Col. 45-54. 	quence test. If IDELTA 
=0, then ik  from the 

positive sequence test is also used to cal- 
culate the zero sequence reactance with 
Eq.(l) of section 1.1, p. 	2. If IDELTA>0, 

N Z 

EP 

_ 

t1 

then the winding resistances are used to iii 

IDELTA 

obtain reactances from impedances. 

Col. 55-56. 
=0 	or blank: 	The zero sequence short-circuit 

V 

w 
N•- 	.i 
N 	W 

04 

I- 
j6t 

LE 

-H-- 

test involves only windings i and k, as in  
transformers where all windings are wye-
connected with grounded neutrals. If a 

PC 

transformer has a delta-connected winding 
and if the winding is not k, then the 
delta must be open in the test between I 
and k if IDELTA=0. 

. OE 
6 

>0: Number of additional winding which is short- 
circuited in addition to winding k in zero - YZ 

sequence test between i and k, as described C 

--H 

in section 1.2, p. 	3. This additional 
winding will normally be delta-connected 
(closed delta). For the most important case 
of three-winding transformers, the program 
can presently handle Yyd-connections and 
Ydd-connections. In the Yyd-connection, 	"d" 

09 
8  

" 
N 

ZZ 

0Z  

6L 

would be the additional shorted winding in - 
the zero sequence test between "Y" and  
In the Ydd-connection (l=Y, 2=d, 3=d), 3 

Zi 
1 

would be the additional winding in test 
between 1 and 2, and 2 would be the 
additional winding in test between 1 and 3, 
but both tests would produce identical 

g' 
---4- 
-if-' 

impedances (this is recognized by the  
program, which prints the message "INPUT 
VALUE OF ZERO SEQUENCE SHORT-CIRCUIT 

. 
IMPEDANCE FROM '1' TO 'idelta' IS IGNORED I 
AND SET EQUAL TO VALUE FROM '1' TO 'k' - - 
BECAUSE BOTH IMPEDANCES MUST BE EQUAL IF 
THERE ARE CLOSED DELTAS IN 'k' AND 'idelta', 
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The program cannot handle Ddd-connections with IDELTA>O (I 
wouldn't even know how zero sequence tests could be performed 
on such a transformer without opening the delta-connection). 

For three-phase transformer banks consisting of single-phase trans-
formers, input the single-phase data as positive sequence parameters and 
leave the fields for the zero sequence input parameters blank, including 
IDELTA. 

MOSS 	Col. 57-58. 
Specify ILOSS on the first short-circuit test data card. 

= 0 or blank; Read-in winding resistances will be used. 

> 0: Winding resistances will be calculated from load losses 
provided N<3 and 	for all short-circuit tests. Read- 
in winding resistances are then ignored. 
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4. ERROR MESSAGES 

The following messages indicate fatal errors in the input data. In 
each case program execution will be terminated and no more input cards will 
be read from the data deck of this case or of any following cases. 

(1) "NUMBER OF WINDINGS = 'n'' 

Number of windings is either 1 or > 10. To re-dimension the program for 
more than 10 windings, see COMMENT statements in first 3 lines of 
program listing. 

(2) "EITHER ITEST = 'P OR IPUT = 'k' NOT PERMITTED" 

A winding has been specified from which the excitation test has been 
made but no winding has been specified across which the magnetizing 
branch should be connected, or vice versa. 

(3) "i'k' WRONG WINDING NUMBERS" 

Message refers to pairs of windings between which the short-circuit 
test was made, in the following cases: 

a. Both windings have the same number. 
1,. Either one or both of the winding numbers are larger than t', the 

specified number of transformer windings. 
c. Data for this pair of windings has already been read in on a pre-

ceding card. 

(4) "LOAD LOSSES OR WINDING RESISTANCES TOO LARGE 'i'k'" 

If argument of square root in Eq.(l), section 1.1, p. 2 is negative. 

(5) "ONLY 'n' SHORT-CIRCUIT TESTS SPECIFIED, BUT 'm' ARE NEEDED" 

Not enough short-circuit test data have been read in. 

(6) "IDELTA='idelta' WRONG IN SHORT-CIRCUIT TEST BETWEEN 'i' AND 'k"I 

a. IDELTA is either i or k (see section 3. 3, p. 14). 
b. IDELTA > N, with N being the specified number of transformer 

windings. 

(7) "MODIFICATION OF ZERO SEQUENCE SHORT-CIRCUIT TEST BETWEEN 'P AND 'k' 
NOT POSSIBLE. ERROR CODE = 

This particular case cannot be handled by the present version of the 
program. If more information is needed, contact H.W. Dommel. 

(8) "DIAGONAL ELEMENT IN ROW tjl  CLOSE TO ZERO" 

Can either happen in the inversion process with Eq. (11) of appendix 1 
(very unlikely), or with the inversion of Eq. (20b) of appendix 1 
(possible if exciting current is very small). 

(9) "P.U. EXCITATION LOSS LARGER THAN P.U. EXCITING CURRENT (EITHER IN POS. 
OR ZERO SEQUENCE)" 
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5. DESCRIPTION OF THE OUTPUT 

Section 6 shows a sample output. The results consist of 2 parts: 

5.1 Shunt resistances for representation of excitation losses 

Depending upon parameters IPUT and ITEST on the excitation data card 
(section 3.1, p.11), the program will provide one of the following results 
with short explanations: 

"SHUNT RESISTANCES FOR REPRESENTATION OF EXCITATION LOSSES:" 

(a) "PLACE SHUNT RESISTANCE MATRIX ACROSS WINDING 'IPUT' WITH R(SELF/OHM)= 
AND R(MrJTUAL/OHN) = '" - 

(b) "PLACE SHUNT RESISTANCE MATRIX ACROSS ALL TERMINALS WITH THE FOLLOWING 
VALUES:" 
"WINDING NO. 	R(SELF/OHM) 	R(MUTUAL/OI-IM)" 

(c) "LEAVE OFF, BECAUSE SERIES RESISTANCES ALREADY PRODUCE LOSSES WHICH ARE 
GREATER THAN INPUT VALUES OF EXCITATION LOSSES." 

5.2 Resistance and reactance (or inverse inductance) matrix 

These matrices are printed, as well as written on file for direct input 
into the Transients Program (see parameter IPRINT, section 3.1, p.12 ). As 
an example, the impedance matrix for a 3-winding, 3-phase transformer would 
have the following general form (only lower triangular part of the symmetric 
matrix provided): 

Zl 1 
Z12 Z22 
Z13 Z23 Z33 

M11 M12 Ml3 
M12 M22 M23 
M13 M23 M33 

Mil M12 M13 
M12 M22 M23 
M13 M23 M33 
I 	 I 

leg I  

zll 
Z12 Z22 
Z13 Z23 Z33 

Mil M12 M13 
M12 M22 M23 
M13 M23 M33 

leg II  

Zll 
Z12 Z22 
Z13 Z23 Z33 

leg III 

Zik = coupling between windings on one leg (including 
self impedance Zii) 

Mik = coupling between windings on different legs 
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6. TEST EXAMPLE 

Pages 19-21 show the input data and the results of a test example. 
When these results (resistance and reactance matrix plus shunt resistance) 
were used to get steady-state solutions with the Transients Program, the 
transformer test data were reproduced with high accuracy, as shown in the 
table below: 

simulation    
input data 	

results 

pos. sequence exciting current (%) 0.428 0.4281 	(in H-l) 
excitation test 0.4280 	(in H-2) 

0.4280 	(in H-3) 

excitation loss (kW) 135.73 135.731 

zero sequence exciting current (%) 0.428 0.428 	in all 
excitation 3 phases 
test *)  

excitation loss (kW) 135.73 135.731 

short-circuit 
**) Z 5 	(%) 8.74 8.740  tests 

Z 5 	(%) 
13 

8.68 8.680 

(%) 23 5.31 5.31 

Z zero (%) 
***) 

7.343194 7.34318 
12 

Z zero (%) 
13 

***) 
26.258183 26.25806 

zero Z23 	(%) 
***) 

18.552824 18.55284 

	

*) 	With open delta. 

	

**) 	With closed delta. 

	

***) 	These values were calculated from R and X values which were given with 
2 digits after the period. 
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CONVERT -- A supporting program designed to convert 

rms v-i saturation curves into peak Yj -i curves 

Sinusoidal 
voltage 
source 

PURPOSE 

Specification for nonlinear 
inductors requires a flux- 
current (j' - i ) saturation 
curve as per Section 133  of the 
User's Manual for the Transients 
Program. Yet typical test data 
consists of rms voltage and 
current readings corresponding 
to the configuration shown.. With 
impressed sinusoidal voltage, an 
rms reading of the non-sinusoidal 
current into the winding is 
obtaized. Program CONVERT is 
designed to convert from the 
user's rms v-i curve to the I'-i 
curve needed by the Transients 
Program. 

ASSUMPTIONS 

The user inputs his v-i curve 
as a sequence of points, with linear 
interpolation between these values 
assumed. The output '4'-i curve 
is likewise piecewise-linear with the 
same number of points; it is exact, 
except for 	approximations: 

1. The use of linear interpolation 
between points. 

2. The use of finite-difference approximation to sinusoidal excitation. 
One-degree step-size is used, along with trapezoidal-rule integration 
where needed. 

3. Hysteresis is ignored. 

INPUT DATA FORMAT 

Each case to be run consists of a miscellaneous-data card, followed by 
cards which supply the (I )  V rms  ) break-points, followed by a 9999- card. 
A 	blank card should be placed after the last such data case, to end 
execution of program CONVERT 
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FREQ -- Frequency of the sinusoidal excitation, in Hz. 

VBASE -- Base voltage in kV , on which the input points are based. 

PBA$E --- Base power in MVA on which the input points are based. 

IPUNCH - Parameter controlling the punched-card output of the derived 
flux-current curve: 

0 ==2> Yes, the curve will be punched. 

1 ==t> No punched output. 

The cards are punched one point per card, using a 2E16.8 format. 

KTHIRD --- Zero or blank field will produce only first-quadrant output; 
unity will produce both the third and first quadrant points (the full curve). 

The (I, V) points are next 	- one per card as per the format below, 
starting with the point closest to the origin and then moving contthuo,is1y way.. 
The curve mast be single valued, with not over 100 points. No point I0, 0) 
for the origin should be inputted. Values are in per unit on the previously-
specified base, where 

'base = base / base 	 [p.u.j 	'r Lampsl/ 1base  

Vrms lp.u.1 = vrms  [kv] / Vba8e  [kV] 

Terminate with a 9999-card. 

I H .11 HI 

Alternate Input of Incremental Inductance vs. Current Characteristic 

Instead of an ins I-V characteristic, the user has the option of inputing a 
current vs. incremental inductance characteristic. Trapezoidal rule of integration 
is then used in this case, to convert the inductance curve into the desired output 
curve of flux vs. current: 

L(i)cJ 	 = 0 

PR-I + 	Lk 4 L k-i 

} a 
(L ç - 	 2 3)  

2 
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In order to use this special 
inductance-input option, the following 
modification of preceding ni].es must 
be observed: 

1. Punch the field "PREQ" of 
columns 1-8 equal to -1.0 
This is the special request 
flag for inductance-input.' 

2. Leave fields "VBASE" (cols. 
9-16) and "PBASE" (columns 
17-24) blank or punched with 
zero if the, supplied 
characteristic will be in 
units of amps and henries 
Nonzero values are taken to 
be scaling factors by which 
the user's breakpoint values 
are to be multiplied in order 
to produce amps and henries : 

VBASE = multiplying factor for input current coordinates; 

PBSE = multiplying factor for input inductance coordinates. 

3. The current vs. incremental inductance characteristic is to be punched 
In columns 1-32 as per the following format, terminated by a 9999-card: 

j1It 	f•tt' 

JEi'.oiti I 

GCOMCCOGM 

4. The current breakpoints ik must be monotone increasing, starting 
with value zero • Incremental inductance values 1k = d *'/di at 
current value i = ik must all be positive. There also must be 
two or more points defining the characteristic. 

5. Variable "PUNCH" controls punched-card output. It might be mentioned 
that the (0.0, 0.0) point of the derived i-Ilp curve is printed, 
but is not punched. This is because usage with type-98 pseudo-nonlinear 
reactors (Section 1.29) and saturable transformers (Section 1.25) 
requires that the origin-point be omitted. 

SAMPLE PROBLEM 

The data listing at the right shows 
card images associated with the first 
two of several conversion cases which were 
run at the same time using Program CONVERT. 
Resulting EMTP line-printer output is 
displayed on the following page. 

SATURATION 
-I. 	10. 	.001 	I 

0.0  
2.0 5.0 

	

3.0 	 3.5 
l..O  

l.a 

	

I0.0 	 1.0 	-.  
9499 

60. 	.b5' 	.Gl 	I 

	

1.0 	 100. 

	

 
1.6 	los. 

	

2.15 	 11G. 
- 

	

4.0 	 113. 

	

6.0 	 - 116. 

	

10. 	 119. 
44.  

9999 

a 
• :Etc.. 
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'Z 	 IL •t 	 : 	 I C.JaWIaa 	0.4.4 	 . 	Ia 	I 
z . • 	 Lii • 0 	a.4 a. 	 )(S. 	 .4 • • . 	a 	 ... 

a 	a 	w 	 Y 0Y.41 • a 	I 

 L U UI 
 .4U•-zuia

wu. 	 - 	 u.cia 
az a ...,c 	zo 	 .11 

1(30 I 	 IN is 
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Section 7.2 

HYSDAT -- A supporting routine designed to provide the 

hysteresis loop required by a type-96 element 

given the type of core material and the satu-

ration values of flux and current. 

Purpose 

Required input data for a type-96 hysteretic inductor inclu-

des the major loop characteristic specified in terms of flux and 

current (-i). (See Section 1.30a). However it is anticipated 

that such transformer data, often times, will not be available, 

therefore an attempt will be made here to catalogue the hystere-

sis charascteristics -for several common core materials. 

put.Data Format 

This support routine is requested as follows: on the first 

card the keyword "SATURATION" is punched beginning in column one; 

the next card has the value 88. in the FREQ field. The next two 

cards then specify the necessary input data. 
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ITYPE -- This is used to specify the type of material as follows: 

ITYPE = 1 is Armco M4 oriented silicon steel 

LEVEL -- Level of accuracy desired (1, 2, 3, or 4). 

The level of accuracy is specified by the number of 

points used to define the loop. The specific number of 

points in each level may vary from material to material 

but the following values are given as a rough idea: 

LEVEL 	 * of points 

1 	 4-5 

2 	 10 

3 	 15 

4 
	

20-25 

Unless space or time constraints should prove to be 

important, level 3 or 4 is suggested. 

IPUNCH - Parameter controlling the punched-card output of the 

derived flux-current loop: 

0 	Yes, the curve will be punched 

1 No punched output 

The cards are punched one point per card, using a 

2E16.7 format. 

CURSAT -- The current coordinate of the positive saturation point 

for the actual reactor being specified, (i.e. the point 

in the 1st  quadrant of the flux-current plane where the 

hysteresis loop changes from being multivalued to 

sing levalued). 

FLXSAT -- The flux coordinate of the positive saturation point 

for the actual reactor being specified. 
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Recall that the Shape of the hysteresis loop for an 
inductórdepenäs primarily on the material 0± the core; 
While the Scalingot the' hysteresis  loop depends on geometry, 
tflé number oi turns, and other factors Of the actual 
construction, what is stored in this routine Is üsentiaiiy 
the shape of the loop tor the material specitiéd, It is 
necessary for the user to prävide 'the intörmation for the 
actüal reactor being specified, which will allbw the correct 
ica)ing to be perormed. This is the purpolé of variables 
CUSAT and FLXSAT  

One suggested way of determining values for CURSAT and 
FIJX5AT frômnormaj, or dc magnetization durves (Which seem 
tä 6i more readil'availablettan hytèresis läopcurves) is 
as fólJows; beginning at the right of the normal magnetiz 
àtion curve, in its 3.inèar region, a straight-éàgeIs used to 
êxtrapólaté this line báãk to the left; - the point where this 
straight line ànd the aãtüal curve first begin to diverge is 
thei' ta)cen al the satuiati6n point. 

Finally a caution seems in order. When determining 

the saturation point, care should be taken to determine 

it accurately since any error in determining CURSAT 

will cause a corresponding error in the width of 'the 

loop. For example, if the value of CURSAT was chosen 

to be a factor of ten too small (which might easily 

happen if one failed to notice a change of scale, for 

instance) the width of the loop at flux = 0 would also 

be a factor of ten too small. This is a fairly drastic 

error near zero flux, but quite possibly a relatively 

small error near the saturation region. 

At this point, if it is desired to determine the hysteresis 

loop for a new hysteretic reactor, the user should specify new 

values for ITYPE, LEVEL, IPUNCH, CURSAT, and FLXSAT. A blank 

card will terminate hysteresis-curve requests. A second blank 

card is necessary to terminate all SATURATION cases and a third 

blank card terminates a nonexistent following data case. 
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Section 7.2b 

ARRDAT - 	A supporting routine designed to 
generate EMTP data parameters 
needed for the Section 1 32 
Modeling of multiphase ZnO surge 
arresters. 

0. Overview; Access to Supporting Routine 

Though in no way related to magnetic saturation, this little supporting 
program has been appended to the "SATURATION" overlay (number 42) for 
reasons of convenience. The original code and user instructions were 
written by tr. Vladimir Brandwajn of Ontario Hydro, supplied to BPA on 
cards as a self contained program during April of 1980. The code was 
substantially modified in November, 1983.  The user instructions which 
follow below correspond to the state of the code as of January, 1984. 

Application is to the multi phase ZnO modeling of Section 1.32 
there also is some applicability to SIC arresters, though dynamics of the 
gap will not be represented (unlike in Section 1.311). In summary, "ARRDAT" 
accepts manufacturer's data for the arrester as input, and calculates 
parameters that are required for the EMTP data cards of-Section 1.32 
(which are used to represent such arresters in B1TP simulations). 

Access to "ARRDAT" is simple. 
Begin with a data card bearing the 
key word "SATURATION". Follow this 
with a second card having the 
request number FREQ = 77:0 (read as 
E8.0). See sketch at right. 
Control is then transferred to 
"ARRfl4T", which reads ftrhter data 
as described by Vladimir. 

1. General 

This program provides for a fit of exponential curves to a set of 
data points. The fitting is performed in the log-log plane using the 
least squares approach. There are two options for the determination of 
number of exponential segments to be fitted: 

(1) The user specifies the number and the boundaries of the segments. 
This older option was available as of April, 1980. 

(2) The program determines the number of segments depending on the 
maximum permissible relative error specified by the user. This 
newer option was first implemented in November, 1983. 

2. 	Format of Data Cards 

2.0 Optional "BRANCH" cards 

An optional "BRANCH" card allows the user to produce EMTP branch 
cards with the terminal node names correctly punched in columns 314. 
The format is identical to that used for transmission lines ("JMARTI SETUP", 
etc.). As shown on p.202, the user punches the request ward "BRANCH" 
in columns 1-6, and follows this with 2A6 terminal pair names beginning 
in column 9. 



2.1 	Card #1 
	 /031 

NEXP IPHASE ERRLIM IPRZNO VREF VFLASH 
112 112 E12.0 112 E12.0 E12.0 

NEXP - •--- Flag indicating which of the two fitting options is requested. 
(1-12) 

(< 0: Request for automatic determination of the number 
J 	of segments. 

NEXP \ N: 'Request for user-supplied number of segments as 
well as their boundaries. The positive integer N 
defines the number of segments to be fitted. 

PHASE --- Number of phases of the multiphase compensation to be used 
(13_24) 	in the EIVITP. This number affects only the printed and 

punched output of the program. If left unspecified, a 
default value of 111" will be assigned automatically by 
the program. 

ERRLIM --- Maximum relative error permitted during the automatic 
(25-36) 	determination of the nunberof segments (NEXP < 0). The 

default value of ERRLIM is 0.05, and it is defined as: 

LABS ( Cl 	C2) 
ERROR = 

Cl 

where Cl is value of the current as specified by the user, and C2 is value 
of the current as calculated by the program using the fitted characteristic. 

IPRZNO --- Contfol of diagnostic printout. Suggested values 0 to 3. 
(37_48) 	Amount of printout increases with the assigned values. 

VREF --- Reference voltage used to scale the voltage data points. 
(49-60) 	The scaling is used to prevent a possible overflow during 

the simulation of the B1TP.. The default value of VREF is 
taken to be twice of A2 on the card #2 below. 

VFLASH --- Gap flashover (sparkover) voltage in Volts (crest). Leave 
(61-72) 	this field blank or punch with zero if the arrester is gapless. 

2.2 	Card #2 

Al A2 A3 AZ AS AMIN 

E12.0 E12.0 E12.0 E12.0 E12.0 El2.0 

Al 	-- Voltage rating of the arrester upon which the input data 
(1-12) 	are based in volts rms. 

A2 	--- The desired voltage rating of the arrester in volts ms. 
(13-26) 	This variable can be used to: 

a) convert the arrester input data (voltages) from p.u. 
to V (volts); 

b) obtain the characteristic of an electrically similar 
arrester with a different voltage rating. The 
properties of similar arresters do not change with 
rating, providing a proportional number of blocks 
is used to obtain the new rating. 
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c) If VREF is maintained proportional to A2, similar 
arresters will have identical parameters at all 
ratings. 

A3-----Multiplier used in the additional scaling of voltage 
points. It can be, for example, used to obtain a 
minimum characteristic (maximum energy) from a maximum 
characteristic (maximum voltage). The value to be 
normally used is 1.0. 

A4-----Current multiplier used in obtaining characteristics of 
arresters with # of columns different from that for 
which the data points are known. An even current 
distribution is assumed. 

A5 --- Flag signalling the existence (or its lack) of additional data 
describing the arrester after gap sparkover. 

This parameter permits the representation of: 
a) arresters with shunt passive gaps. The shunted portion of the 

arrester can be of similar or dissimilar material; 
b) arresters with series passive gap. Before gap sparkover, the 

arrester is inoperative. Therefore, this data specifies the 
actual nonlinear material characteristic. 

The user is to choose among the following options: 

( = 0.0 or 1.0 indicates a gapless arrester (no data follows); 

< 0.0 indicates that additional data follows, to represent 

) 	
dissimilar material for a shunt or a series gap; 

> 0.0 indicates that there is no further data. Instead, the 
but 	original input data are to be used after multiplication 
e 1.0 of the voltages by A5. 

AMIN --- Minimum value of current above which segment #1 of the 
arrester characteristic begins. Even if fitting a 
straight line passing through the origin, do not leave 
AMIN blank (zero), log 0.0 is not defined; 

2.3 Cards Specifying Arrester Characteristic 

These cards come in NEXP (see card #1) groups, each terminated 
by a blank card. For the option of automatic determination of the number 
of segments (NEXP < 0), there is only one group of data. 

A 	B 
E12.0 	E12.0 

A----Value of current (on the arrester characteristic) 
corresponding to: 

B----Value of the voltage 
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The following two groups of data cards are present if and only if the 

parameter A5 on the data card #2 was less than zero (i.e., A5 < 0.), and 
VFLASH on the card #1 was greater than zero. 

2.4 Card #i 

NEXP 

L112  
NEXP --- Number of exponential segments to be fitted. The user can, 
(1-12) 	at this point, either preserve or change the fitting option, 

i.e., it is possible to fit the first part with NEXP < 0, and 
the second (after gap sparkover) part with NEXP > 0 or vice 
versa. 

All the other constants are assumed to be as those specified on 
cards #1 and #2. 

2.5 Cards specifying the Arrester characteristic 

These cards are of the sane form as those described in Section 2 3 

2.6 Termination of data cases 

The user can execute a number of data cases by providing additional 
data sequences as specified in Sections 2.1 2.5 . Each new case follows 
immediately the blank card terminating the data for the last segment of 
the previous case. Two blank cards are needed to terminate the execution. 
The first one terminates ARRDAT, while the second one terminates SATURATION. 

3.0 Examples 

Consider a single-column ZnO arrester. The voltage points are known 
for an arrester rated 1 kv (crest), maximum voltage characteristic. The 
current points are given in A (crest). It is desired to obtain parameters 
for a 192 kv (rms), 3-column arrester with a maximum energy characteristic. 
The conversion factor to this characteristic is assumed to be .962 . The 
arrester is equipped with a shunt gap and the shunted part is electrically 
similar to the .rest of the arrester. The shunt gap consists of 12% 
additional blocks, i.e., after gap sparkover the arrester contains .89286 
(1.0/1.12=.89286) of the original blocks, and therefore AS = .89286. 
A reference voltage 1 12500 V was chosen for the expected operating range 
of the 3-phase arrester. The arrester is equipped with a shunt gap which 
sparks over at 380000.0 V (crest). 	- 

3.1 Single-Exponent Fit (NEXP=l) 

According to the data provided above, the following values are 
assigned to variables Al-AS: 

Al = 1000./SQRT(2) the original rating of the arrester in V (rms), 
A2 = 192000. 	the required rating in V (rms), 
A3 = .962 	 scaling factor for obtaining the desired maximum 

energy characteristic. 
AL = 3. 	 the origianl data are given for a single-column 

arrester. Factor of 3.0 is needed to obtain the 
characteristic of a 3-column arrester. 
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A5 = .89286 	the arrester, before sparkover, contains 12% 

additional blocks. 

A standard choice of AIIIN is .001A, i.e., somewhere at the end 
of the leakage current region. 

3.2 Double Exponential Fit (NEXP = 2) 

The characteristic described above is now to be fitted with two 
exponentials. The border between the two segments has been determined 
graphically on a log-log paper to lie between 100A and 200A. 

All other parameters on cards #1 and #2 remain unchanged. 

3.3 Automatic Segment Determination (NEXP = -1) 	 - 

The sane data will now be fitted with relative current error of 0.05, 
i.e., ERRLIM = 0.05 

3.4 Sample F>ITP Input Data, Punched, and Printed Ctput 

Current program input and output listings of the above three cases 
are shown below. The input listings are shown first: 

BEGIN NEW DATA CASE 
C 	BENCHMARK DC-39 
SATURATION 

77. 
BRANCH 	RECA RECB RECC 

1 3 2 
707.107 192000. .962 

1.0 1164.8 
2.0 1181.6 
5.0 1198.14 
10. 1209.6 
20. 1232.0 
50. 1260.0 
100. 1288.0 
2)0. 1323.8' 
500. 1388.8 
1000. 12.56 
2000. 1512.0 
3000. 1556.8 

BLANK CARD ENDING CHARACTERISTIC 
BRANCH 	RECA •RECB RECC 

2 3 
707.107 192000. .962 

1.0 1164.8 
2.0 1181.6 
5.0 1198.4 
10. 1209.6 
20. 1232.0 
50. 1260.0 
100. 1288.0 

BLANK CARD ENDING CHARACTERISTIC 

	

12500. 	380000. 
3.0 	.892857 	.001 

	

1 	412500. 	380000. 

	

3.0 	.892857 	.001 



/O3 lit 

C 	SHOWN BELOW IS AN EXAMPLE OF AUTOMATIC SEGMENT SELCTI(1 USING 
C 	AN UPGRADED FITTING PROCEDURE AVAILABLE AS OF "M38" VRESION. 

	

BRANCH RECA 	RECB 	RECC 

	

-1 	 3 	.05 	 1 	412500. 	380000. 

	

707.107 	192000. 	.962 	3.0 	.892857 	.001 

	

1.0 	1164.8 

	

2.0 	1181.6 

	

5.0 	1198.4 

	

10. 	1209.6 

	

20. 	1232.0 

	

50. 	1260.0 

	

100. 	1288.0 

	

200. 	1323.84 

	

500. 	1388.8 

	

1000. 	1442.56 

	

2000. 	1512.0 

	

3000. 	1556.8 
BLANK CARD ENDING CHARACTERISTIC 
BLANK CARD ENDING ARRDAT" CASES 
BLANK CARD ENDING "SATURATION" CASES 
BEGIN NEW DATA CASE 
BLANK 

As for output, it begins with the farnilar interpreted input data 
cards, through the blank card which ends the second piece of the 
characteristic at 3000. amperes. Then internal printout continues, 
and finally, there is printout of the card images which should be 
written td the punch (LUNIT7 file) --- cards which are to be used 
in some subsequent simulation as data belonging to a multi-phase 
ZnO arrester of Section 1.32 . After this, data input begins for the 
second example. 

EMTP BEGINS. SEND (SPY, $ATTACH, DEBUG, HELP, MODULE, STOP) 	 - 
DONE READING DISK FILE INTO EMTP CACHE. 	NUMCRD x 	67 CARDS. 
ELECTROMAGNETIC TRANSIENTS PROGRAM (EMTP), DIGITAL (DEC) VAX-11/780 TRANSLATION AS USED BY SPA IN PORTLAND, OREGON 97208; USA. 
DATE (MM/DD/YY) AND TIME OF DAY (HH.MM.SS.)i 10fl1/83 0932.40 	VAX/VMS PLOT FILE z A31093240.PL4 
FOR INFORMATION, CONSULT THE 840-PAGE EMTP RULE BOOK DATED 	MARCH, 	1983. 	PROGRAM VERSION z "M37." 
INDEPENDENT LIST LIMITS FOLLOW. 	TOTAL LENGTH OF 	/LABEL/ 	EQUALS 175644 INTEGER WORDS. 	752 	900 1500 	300 7500 

120 4500 5250 	225 	1180 	150 	150 	15 1380 	150 -9999 	l 	15 9000 1950 	300 	450 12000 	9 1200 	150 
-----------------------------------------+--------------------------------------------------------------------------------

DESCRIPTIVE INTERPRETATION OF NEW-CASE INPUT DATA 1 INPUT DATA CARD IMAGES PRINTED BEL4, ALL 80 COLUMNS, CHARACTER BY CHARACTER. 
0 	1 	2 	3 	

45 
	6 	7 	8 

A 	 A 	 A 	 A 	 n 	 A 	 A 	 IS 

MARKER CARD PRECEDING NEW DATA CASE. 
COMMENT CARD. 
COMMENT CARD. 
COMMENT CARD. 
COMMENT CARD. 
REQUEST FOR MAGNETIC-SATURATION ROUTINE. 
FREQ=77 REQUESTS ZNO DATA GENERATOR. 
BUS NAMES FOR EACH PHASE. 
COMMENT CARD. 
COMMENT CARD. 
ARRESTER. 2 3 2 1 0.413E.06 0.380E+06 
RATINGS. 0.71E+03 0.19E.06 0.96E+00 0.30E+01 
(I,V) POINT. 	0.100000E+01 	0.104000E+0 
(I,V) POINT. 	0.200000E+01 	0.105500E+0 
(I,V) POINT. 	0.500000E+01 	0.107000E+04  
(I,V) POINT. 	0.100000E.02 	0.108000E+0 
(I,V) POINT. 	0.200000E+02 	0.110000E+04 
(I,V) POINT. 	0.500000E+02 	0.112500E.04 
(I,V) POINT. 	0.100000E+03 	0.115000E.01  
BLANK CARD ENDSCHARACTERISTIC. 
(I,V) POINT. 	

0
.200000E+03 	0.118200E+04 

(I,V) POINT. 	0.500000E+03 	0.1211000E+04 
(I,V) POINT. 	0.100000E+04 	0.128800E+04 
(I,V) POINT. 	0.200000E.04 	0.135000E.04 
(I,V) POINT. 	0.300000E+04 	0.139000E+0 
BLANK CARD ENDS CHARACTERISTIC. 

-+-------------------------------------------------------------------------------- 
1BEGIN NEW DATA CASE 
1C 	BENCHMARK DC-39 
1C 	TEST OF 	SUPPORTING 	PROGRAM NARRDATN WHICH DERIVES ZINC OXIDE 
1C 	ARRESTER CHARACTERISTIC CARDS BY LEAST MEAN SQUARE FITTING. 
1C 	THIS IS 	EXAMPLE OF 	EMTP RULE BOOK, AT END OF SECTION 7.28 
1SATURATION 
1 	77. 
1BRANCH RECA 	RECB 	RECC 
1C 	SHOWN BELOW AS COMMENT CARD IS "M27." VERSION OF 1ST DATA CARD. 
1C 	 2 	412500. 	 3 	 2 	 01 
1 	 2 	 3 	 2 	 1 	412500. 	380000. 
1 	707.107 	192000. 	.962 	3.0 	1.12 	.001 
1 	1.0 	1040. 
1 	2.0 	1055. 
1 	5.0 	1070. 
1 	10. 	1080. 
1 	20. 	1100. 
1 	50. 	1125. 
1 	100. 	1150. 
1BLANK CARD ENDING CHARACTERISTIC 
1 	200. 	1182. 
1 	500. 	1240. 
1 	1000. 	1288. 
1 	2000. 	1350. 
1 	3000. 	1390. 
1BLANK CARD ENDING CHARACTERISTIC 
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***" 

*60* 	ERROR STATISTICS  
SEGMENT 	 LOCAL ERROR 	ACCUMULATED ERROR 

1 	0.5838939740E-01 	0.5838939740E-01 
2 	0.11318787687E_02 	0.6270818508E-01 

COMPARISON BETWEEN INPUT DATA AND THE RECALCULATED POINTS 
INPUT VOLTAGE 	INPUT CURRENT 	CALCULATED CURRENT 	&&&&&&&& 

0.2716592538E+06 	0.3000000000E+01 	0.3697707231E+01 
0.2755774161E+06 	0.6000000000E+01 	0.7188264878E+01 
0.2794955785E+06 	0. 1500000000E+02 	0.1384330666E+02 
0.2821076867E+06 	0.3000000000E+02 	0.2131943045E+02 
0.2873319031E+06 	0.6000000000E+02 	0.4996815251E+02 
0.2938621736E+06 	0.1500000000E+03 	0.1418224270E+03 
0.3003924441E+06 	0. 3000000000E+03 	0.3934037950E+03 
0.3087511904E+06 	0.6000000000E+03 	0.61180730609E+03 
0.3239014180E+06 	0.1500000000E+04 	0.111407480141E+014 
0.3364395374E+06 	0,3000000000E+04 	0.2714383329E+04 
0. 35263146083E+06 	0.6000000000E+04 	0.5945558306E+04 
0.3630830412E+06 	0. 9000000000E+014 	0.9675684425E+04 

REPROCESS INPUT DATA. 	MULTIPLIER "A5" = 	0.1120000000E+01 

ERROR STATISTICS 	"'""'' 
SEGMENT 	 LOCAL ERROR 	ACCUMULATED ERROR 

1 	0.5838939740E-01 	0.58389397140E_01 
2 	0.4318787687E-02 	0.6270818508E-01 

COMPARISON BETWEEN INPUT DATA AND THE RECALCULATED POINTS 
INPUT VOLTAGE 	INPUT CURRENT 	CALCULATED CURRENT 	&&&&&&&& 

0.3042583643E+06 	0.3000000000E+01 	0.3697707231E,01 
0.3086467061E+06 	0.6000000000E.01 	0.7188264878E+01 
0.3130350479E+06 	0.1500000000E+02 	0.1384330666E+02 
0.3159606091E+06 	0. 3000000000E+02 	0.2131943045E+02 
0.3218117315E+06 	0.6000000000E+02 	0.11996815251E+02 
0.3291256345E+06 	0.1500000000E+03 	0.1418224270E+03 
0.3364395374E+06 	0. 3000000000E403 	0.3934037950E+03 
0.3458013333E+06 	0.6000000000E+03 	0.6480730609E+03 
0.3627695882E+06 	0. 1500000000E+04 	0.1440748041E+04 
0.3768122819E+06 	0. 3000000000E+014 	0.2714383329E+04 
0.3949507613E+06 	0. 6000000000E+04 	0.5945558306E+04 
0.11066530061E+06 	0.9000000000E.04 	0.96756814425E+04 

•" 	80-COLUMN CARD-IMAGE LISTING OF UNIT-7 PUNCHED CARDS. 	" 

1 	 2 	 3 	 4 	 5 	 6 	 7 	 8 
0 	0 	 0 	 0 	 0 	0 	 0 	0 

------------------------------------------------- .1------------------------------ 
C RATING :192000.00 	V-MULT a 	0.96200E+00 	1-MULT z 	0.30000Ei.01 	GAPPED 
92RECA 	 5555. 
C 	 VREFERENCE 	 VFLASHOVER 

0. 412500000000000E+06 	0.921212121212121E+00 
C 	 MULTIPLIER 	 EXPONENT 	 YMIN 

0.505584788677184E+07 	0.464199973324621E+02 	0.632754084797274E+00 
0.122767153039007E+05 	0.166775903445228E+02 	0.816748018907843E+00 

9999 
0.9738554071485265E+09 	0.464199973324621E+02 	0.564959004283280E+00 
0.812681183459119E+05 	0.166775903445228E+02 	0.729239302596289E+00 

9999 
92RECB 	RECA 	 5555. 
92RECC 	RECA 	 5555. 

BUS NAMES FOR EACH PHASE. 	 1BRANCH 	RECA 	RECB RECC 
COMMENT CARD. 	 1C 	SHOWN BELOW AS COMMENT CARD IS 
COMMENT CARD. 	 1C 	 1 	412500. 3 
ARRESTER. 	1 	3 	2 	1 	0.1113E+06 	0.380E+06 	1 	 1 	 3 2 
RATINGS. 	0.71E+03 	0.19E+06 	0.96E+00 	0.30E+01 	1 	707.107 	192000. .962 
(I,V) 	POINT. 	O.100000E+01 	0.104000E+04 	1 	 1.0 	10140. 
(I,V) 	POINT. 	0.200000E+01 	0.105500E+04 	1 	 2.0 	1055. 
(I,V) 	POINT. 	0.500000E.01 	0.107000E+04 	1 	 5.0 	1070. 
(I,V) 	POINT. 	0.100000E+02 	0.108000E+04 	1 	 10. 	1080. 
(I,V) 	POINT. 	0.200000E+02 	0.110000E+04 	1 	 20. 	1100. 
(I,V) 	POINT. 	0.500000E+02 	0.112500E+04 	1 	 50. 	1125. 
(1,V) 	POINT. 	O.100000E+03 	0.115000E+014 	1 	100. 	1150. 
(I,V) 	POINT. 	0.200000E+03 	0.118200E+Ot 	1 	200. 	1182. 
(I,V) 	POINT. 	0.500000E+03 	0.124000E+04 	1 	500. 	1240. 
(I,V) 	POINT. 	0.100000E+04 	0.128800E+04 	1 	1000. 	1288. 
(I,V) 	POINT. 	0.200000E+04 	0.135000E+04 	1 	2000. 	1350. 
(I,V) 	POINT. 	0.300000E+04 	0.139000E+04 	1 	3000. 	1390. 
BLANK CARD ENDS CHARACTERISTIC. 	 1BLANK CARD ENDING CHARACTERISTIC 

"M27." VERSION OF 1ST DATA CARD. 

	

2 	 01 

	

1 	412500. 	380000. 

	

3.0 	1.12 	.001 

Finally, consider the way execution of this routine ends. Shown 
below is the very end of the LUNIT7 listing for the final (second) 
example which was buried in the dátá case, 	After two blank cards, 
the familiar summary Statistics oi data-case termination appear: 

0.572162955513520E+05 	0.14460093305137E+02 	0.8150112442819117E+00 
9999 

92RECB 	RECA 	 5555. 
92RECC 	RECA 	 5555. 
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BLANK CARD ENDS ARRESTER CASES. 
BLANK CARD TERMINATING ALL SATURATION CASES 

1BLANK CARD ENDING "ARRDAT" CASES 
1BLANK CARD ENDING "SATURATION" CASES 

CORE STORAGE FIGURES FOR PRECEDING DATA CASE NOW COMPLETED. 	--------------------------------------- PRESENT PROGRAM 

A VALUE OF 	-9999 INDICATES DEFAULT, WITH NO FIGURE AVAILABLE. FIGURE LIMIT (NAME) 

SIZE LIST 1.  NUMBER OF NETWORK NODES. -9999 752 (LBUS) 
SIZE LIST 2.  NUMBER OF NETWORK BRANCHES. -9999 900 (LBRNCH) 
SIZE LIST 3.  NUMBER OF DATA VALUES IN N, 	L, 	C TABLES. -9999 1500 (LDATA) 
SIZE LIST II. NUMBER OF ENTRIES IN SOURCE TABLE. -9999 300 (LEXCT) 
SIZE LIST S. STORAGE FOR (T) AND TRIANGULARIZED (T). 	NO. 	TIMES : 	0 -9999 7500 (LYMAT) 
SIZE LIST 6. NUMBER OF ENTRIES IN SWITCH TABLE. 	 NO. FLOPS z 	0 -9999 120 (LSWTCH) 

'12o conclude the illustrative documentation, I display a listing 
of the card images which were written on the LUNIT7 file. Note 
that there really are two unrelated groupings, corresponding to the 
two subcases that were buried in the EMTP data case: 

RATING 192000.00 V-MULT 
9 2RECA 

VREFERENCE 
0-412500000000000E+06 

MULTIPLIER 
0.294795442961156E+05 

9999 
0.596059571777280E+06 

q 2RECB 
	RECA 9999 

9 2RECC 
	

RECA 
RATING =192000.00 V-MULT 

2RECA 
VREFERENCE 

0.412500000000000E+06 
MULTIPLIER 

0.505584788677199E+07 
0.122767153039006E+05 

9999 
0.973862640531210E+09 
0.812683352032399E+05 

c/ 2RECC 
q2RECB 

RECA 

RECA 9999 

RATING =192000 00 V-MULT 
72RECA 

VREFERENCE 
0.412500000000000E+06 

MULTIPLIER 
0.750282041334556E+07 
0. 24892766439866E+1 0 
0.110464775993159E+07 
0.846634377521047E+05 
0.164899969440839E+05 
0.111305268446436E+05 

9999 
0.180956701025145E+10 
0. 570070693109104E+13 
0.968578003188225E+08 
0.200716302920820E+07 
0.138159910829861E+06 
0.572164277990577E+05 

9999 
72RECB 
2RECC 

0 96200E+00 I MULT = 
5555. 
VFLASHOVE R 

0.921212121212121E+00 
EXPONENT 

0. 2653O262I 1 85337E+Q2 

0.265302624185337E+02 

5555. 
5555. 

= 0 96200E+00 1-MULT = 
5555. 
VFLASHOVE R 

0.921212121212121 E+QJ) 
EXPONENT 

0.464199973324622E+02 
0.166775903445228E+02 

0.464199973324622E+02 
0.166775903445228E+02 

5555. 
5555. 

0. 96200E+00 1-MULT 
5555. 
VFLASHOVER 

0.921212121212121E+00 
EXPONENT 

0.484039509531899E+02 
0.684088433742134E+02 
0.394755404048771E+02 
0.279345803478540E+02 
0.187565472092775E+02 
0. 14460093305137E+02 

0.484039509531899E+02 
0.684088433742134E+02 
0.394755404048771E+02 
0.279345803478540E+02 
0.187565472092775E+02 
0.144460093305137E+02 

0 30000E+01 GAPPED 

VMIN 
0.545050636122854E+00 

0.486652275816743E+00 

0.30000E+01 GAPPED 

VMIN 
0.632754084797274E+00 
0.816748018907843E+00 

0.564958913889840E+00 
0.72923918591 8000E+00 

0.30000E+01 GAPPED 

VMIN 
0.639499429775568E+00 
0.748760917888152E+00 
0.76623729035951 6E+00 
0.800464072361846E+00 
0. 8367381 84231502E+00 
0.912847535957411E+00 

0.570981542371124E+00 
0.668536426862862E+00 
0.684140328358526E+00 
0.714699950256781E+00 
0. 7708754958386E+00 
0.815042312412326E+00 

RECA 
	

5555. 
RECA 
	

5555. 
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7.4 	"LINE CONSTANTS" Routine 

By means of the special request word "LINE CONSTANTS" , an EMTP user 
gains access to the supporting routine which bears this same name, as per the 
explanation of Section 7, , 	The principal function of this code is to 
calculate the resistance, inductance, and capacitance matrices which correspond 
to an arbitrary configuration of overhead conductors. 

Prior to July of 1976, the code in question existed as a self-contained, 
separate program which went by the name of "BPA Lihe Constants Program". It 
was originally written by Dr. Hermann W. Dommel, who is now Professor of Electrical 
Engineering at the University of British Columbia in Vancouver. Details of the 
incorporation of this routine into the EMTP . are covered in the 11-page EMTP memo 
which is dated June 28, 1976. 

So as to leave the original (master) copy of the User's Manual of the BPA 
Line Constants Program intact, the following 70 or so pages began with a copy. 
Rather than use a BPA copy, I have availed myself of a B.C. Hydro copy, which was 
given to me last summer at our July 19, 1976 EMTP reunion by Dr. Brian Dixon of 
that organization. It would appear that B.C. Hydro has done some editorial 
enhancement, which included the re-typing of a substantial portion of the text. 
Differences in typewriter font will indicate to the careful observer those passages 
which have been typed at B.C. Hydro. Hermazin's originals are characterized by the 
same font as is being used for the present paragraph. 

The structure of a data case for "LINE CONSTANTS" is as follows: 

1. first comes a 	"BEGIN NEW DATA CASE" 	card (actually 
optional, as per Section 1.0a). 

2. Next comes a 	"LINE CONSTANTS" 	card, which serves to transfer 
control to the overlay in question (UTPP overlay number 44). 

( 3. Next come the "conductor cards," which define the line 
geometry and some of its fundamental electrical properties. 

J 	There is to be one such card for each physical conductor; a 
blank card is used to terminate this class of data. 

4. Next come the "frequency cards," each of which specifies a new 
earth resistivity and frequency (or range of frequencies) for 
which line constants are to be calculated. Such cards are to 
be terminated by a blank card. 

5. Repeat the data of Points 3  and 4 above as often as is desired. 
Each such group of data represents an independent data case 
within the "LINECONSTANTS" overlay. Terminate the last such 
grouping with a blank card, which serves to transfer control 
back to the regular EMTP solution-mode, ready to read in a new 
EP data case. 

6. If the user wants to shut off the EMTP at this point (rather than 
execute a following EMTP data case), he should simply add a 
"BEGIN NEW DATA-CASE" card at this point, followed by a blank 
card. This is as per Section 1.Ob 
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Special-Request Cards to Begin "LINE CONSTANTS" data 

Before the line-conductor cards of the preceding item number 3, 
as an extension or appendage to the "LINE CONSTANTS" request card 
of item number 2, can be inserted an arbitrary number of 
special-request cards. Ordering of these is arbitary, since 
each is based on a key word, with only columns 1-6 actually 
checked. There are four possible requests: BRANCH, FREQUENCY, 
METRIC, and ENGLISH. Details follow. 

The FREQUENCY request sets a binary switch to permit the 
printed output of frequency-scan information. If the user wants 
to print the table of zero- and positive-sequence parameters as 
frequency is varied, then a FREQUENCY card must be used, the 
user must request the frequency scan on a frequency card (using 
data fields IDEC and IPNT of columns 60-65), and variable 
IPUN on that same card (columns 66-68) must not have value 
zero or unity (2 works satisfactorily). 

The BRANCH request is the same as used with "SEMLYEN SETUP" 
or "JMARTI SETUP" routines. It serves to name the terminal 
nodes in case of punched output. As shown at the top of page 123a, 
up to 6 pairs of conductor names can follow in columns 9-80. 

Metric vs. English Units for "LINECONSTANTS" 

Originally, the entire "LINE CONSTANTS" supporting program used nothing 
but iglish units, for it was written in the United States (at BPA) in the 
decade of the sixties, before any conversion to metric units. 	Internally, 
the "LINE CONSTANTS" calculation still is performed in English units. 
But since 1976, a "METRIC" option for data-card input and line-printer' 
output has been provided (see Ref. 89  Vol. V, June 289  1976). One can choose 
either the "METRIC" or the "ENGLISH" option for input/output (I/o), 
as shall be briefly explained, 

Either metric or English units can be ordered for "LINE CONSTANTS" I/O 
by means of one of the following special-request cards: 

Such a card must immediately precede the first conductor card of a data case 
within the "LINE CONSTANTS" overlay. That is, it must precede the Point 3 
data of "LINE OONSTANTS11  , as defined near the beginning of Section 7.4 
Each data case within the "LIME CONSTANTS" overlay (see Point 3 data 
description) can have a different choice of units, if so desired by the user. 

At present, "ENGLISH" units are obtained unless the user explicitely 
requests otherwise at the beginning of the data case of "LINECONSTANTS" 
(as just described). 

The units in which input data fields are to be punched are indicated along 
with the data-format specification. Two rows will be shown ---- one for 
"ENGLISH" and one for "METRIC" • It is the user's responsibility to always 
supply those units which correspond to his chosen option (which is either "METRIC" 
or "ENGLISH" ). 

The units for printed output should cause no confusion, for they will be 
stated in the printed headings which precede such output. 
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Variable Dimensioning of "LINE CONSTANTS" Code 

As with all other non-solution overlays of the EMTP which require variable-
dimensioning, this capability has been provided via a "VDOV" module 
( SUBROUTINE VDOV44 ). The available space for "LINE CONSTANTS" arrays 
is equal to that of /LABEL/ , 	minus a constant offset (which allows for 
the excess space required by the compiled code itself). EMTP variable dimensioning 
allows the user to control the size of /LABEL/ at will, of course (see 
Section 0.6 ). Hence "LINE CONSTANTS" is variably-dimensioned, indirectly. 

Normally, data cases for "LINE CONSTANTS" will just execute without any 
difficulty related to dimensioning, and the user need not be at all concerned 
with program dimensions. Yet there are three distinct ways in which the user S  
might possibly get into trouble, should Insufficient central memory be available. 
For completeness, these shall be listed here: 

Bomboff #1 

First, suppose that /IA.BEL/ (as produced by the user's preceding 
variable-dimensioning operation) is exceedingly small. Suppose further 
that the user is running the EMTP on a non-Virtual machine, within a 
central memory partition which is barely adequate for conventional 
time-step-loop simulations. Then it is possible that the operating system 
could terminate execution of the run as the EMTP attempts to transfer 
control from "MkINOO" to 11OIrER44" (the overlay of the "LINE CONSTANTS" 
code). Remedy: re-dimension the EMTP in a less-miserly fashion. For 
CDC in the Spring of 19779  perhaps 4000 or 5000 cells of /LABEL/ 
is needed as a minimum, In order to escape the fate of Bomboff #1. 

Bomboff #2 

Having barely escaped Bomboff #1, it is possible for program control 
to get into "OVER44" only to discover that there is not enough storage 
available for even two conductors (2 x 2 matrices). For a Virtual machine 
which will never run into Bomboff #1, it is Bomboff #2 which will be the 
standard indication of insufficient size for /LABEL/ . 	A standard 
EMTP error-termination (KILL-code) message will result, describing the 
problem. In this case, data input can not even be begun. Remedy: same 
as for Bomboff #1 above. 

Bomboff #3 

If the user escapes Bomboffs #1 and #2, then data input for the 
"LINE CONSTANTS" case begins. But should too many conductor cards for 
the given dimensioning (size of /LABEL/ ) be read, then a conventional 
EMTP error message will result (e.g., see Section 2.4). The error printout 
will indicate the conductor limit which has been exceeded. 	Then in order 
to know how much /LABEL/ must be expanded, the user is advised to 
consult the following constraint between the maximum number of conductors 
"n" and the total available array space "T" : 

T = in +  
T 8 	4 n 

For example, suppose that the error-stop printout 
indicates that the current program limit is 12 
conductors. If the data case in question actually 
has 23 , the user might decide to redimension for 
a limit of 30 • 	To do this, /LABEL/ will 
have to be expanded by at least 1929 - 480 = 1449 
floating-point words. The storage is predominately REAL 

3 90 
6 195 
12 480 
18 864 
30 1929 
40 3119 
50 4584 



Format for Conductor Cards ( Point 3 "LINE CONSTANTS" data) 

For each physical conductor which belongs to the overhead transmission 
line, one card is to be punched according to the following format: 

jJ . !II 

a - 
SKIN >- REAC.T OIAM HORI REStS .  VT VM1D .SPAR PLPHI 

0. H -i 

FA6 13 F5.4 F2.5 I F.8.5 F8.5 F9..3 F8..3 FR.3 F.&.5 F6.2 I4 
y. 

	

t'(ETRZC fl.. / M 	See 	 CM 	me.er-,s miters 	 cr 

.r 	
Excepti 

Lr9j 	
on 

	

r /m'te,. 	2 below i'nci. 1 4eet I feet 	beet I 	Ich 

IPHASE 	
The phase number (an integer) to which this conductor 

(1-3) 	belongs. Punch as zero for a ground wire (ground is phase 
.number zero, by definition), 	If more than one conductor 
is punched with the same phase number, this means that those 
conductors are to be bundled (electrically connected in 
parallel). Use numbers 1 , 2 , etc, without any 
missing (unused) entries, when numbering the phases. 

SKIN ---- Field which is usually punched with the ratio T/D , 
(4-8) 	where: 5 T = thickness of tubular conductor; 

D = outside diameter of tubular conductor. 

For a solid conductor, use 0.5 , note. 
See Exception 1 below, for an infrequently-used alternative. 

RESIS --- Dc resistance of the conductor, in units of: 
(9-16) 	 ohm / kilometer ----- if "METRIC" 

ohm / mile 	-------- if "ENGLISH" 
See Exception 1 below, for an infrequently-used alternative. 

IXTYPE -- Usually punched with a 114" 
(17-18) 	See Exception 2 below, for several infrequently-used 

alternatives, 

REACT 	-- Usually left blank. 
(19-26) 	See Exception 2 below, for several infrequently-used 

alternatives. 

DI.AM 	--- Outside diameter of tubular conductor, in units of: 
(27-34) 	 centimeters 	if "METRIC" 

inches ---- if "ENGLISH" 
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HORIZ 	---- Horizontal separation of the center of the conductor from 
(35-42) 	some reference line, in units of: 

(meters ------if "METRIC" 

feet --- if "ENGLISH" 

Location of the reference line is arbitrary; distances 
to the right of it are positive, while those to the 
left are negative. 

VTOWER --- Vertical height of the conductor above the ground, 
(43-50) 	at the tower, in units of: 

f meters ------ if "METRIC" 

feet ------ if "GLISH" 

See Exception 3 below, for an alternative. 

VMID 	 Vertical height of the conductor above the ground, 
(51-58) 	at mid-span (midway between two towers), in units of: 

ç meters 	if "METRIC" 

feet ------- if "ENGLISH" 

See Exception 3 below, for an alternative. 

SEPAR 
ALPHA 	•- Leave blank, unless the automatic bundling option 
(59-72) 	is desired, as explained in Exception 4 below. 

NAME 	--- Leave blank, unless the change-case option is to be 
(73-78) 	used, as explained in Exception 5 below. 

NBUND 	---- Leave blank, unless the automatic bundling option 
(79-80) 	is desired, as explained in Exception 4 below. 
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The just-delineated rules apply to the most common, basic "LINE CONSTANTS" 

usage; they are the most frequently-used alternative. Yet other options 
are available, as shall now be explained. 

Exception 1 : Bypass skin effect calculation 

If the skin-effect correction (or calculation) i8 to be bypassed 
(omitted), then enter 0.0 In the field "SKIN" of columns 
4-8 • 	Also for such a case, field "RESIS" of columns 
9-16 is to be punched with the conductor ac (not dc) 
resistance. 	Recall that ac resistance is equal to dc 
resistance plus a skin-effect contribution which depends on 
frequency, among other things. 

Exception 2 : Alternative self-Inductance calculation 	- 

Rather than have the program calculate self-inductance based on 
the tubular conductor geometry, four other alternatives are 
available to the user. All Involve the reading of one additional 
floating-point number, from field "REACT" of columns 19-26 
Internal inductance is not corrected for the skin effect in any of 
these four alternatives. Type code "IXTYPE" of columns 
17-18 can take on four alternate values to the usual 114"-punch, 
as follows: 

IXTYPE REACT (19-26) 

0 - Reactance for unit spacing, assumed to be valid 
for whatever frequencies may be encountered on 
frequency cards which follow. 	The unit spacing is: 

f one meter -__-- 	if 	"METRIC" 

1. one foot 	------ 	if 	"ENGLISH" 
The reactance 	"REACT" 	is In units of: 

ohm/kilometer 	---- 	if 	"METRIC" 1 
1 ohm / mile 	---- 	if 	"ENGLISH" 

Just like immediately above, only this reactance 
only applies at 	60 	Hertz. 	If frequencies 
different than this will be encountered on 
frequency cards which follow, 	the reactance 
will be changed proportionately. 

2 GWR (geometric mean radius) of the conductor, 
in units of: 

centimeters 	----- 	if 	"METRIC" 

inches 	 if 	"ENGLISH" 

3 Dimensionless ratio 	(R / r 	, 	where 	"r" 
is the conductor outer radius. 	For solid 
conductors, this ratio is equal. to 	.7788 
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Exception 3 : Usage of conductor vertical heights 

Before considering alternatives, first consider how "VTOWER" 
and '"MID" , 	the conductor vertical heights at the tower 
and at mid-span, enter the calculation. It may be recalled 
that Carson's foimula requires conductors to be parallel to the 
(assumed) flat earth. Of course conductors always sag, so an 
average height must be used as an approximation. The program 
uses 	..p VWWER - VMID] = 2/3 VMID + 1/319 vTow 
if both fields are punched non-zero. 

If one of the two data fields "VTOWERt' and "VMID" is left 
blank, the program assumes a value equal to that which was read 
from the other field. 	This is the way the user can input the 
average height himself -- by just punching one of the two 
fields. 

Exception 4 : Automatic bundling option 

Rather than specify each conductor of a bundle individually, there 
is an automatic bundling option which allows a single conductor 
card to suffice for specification of the entire bundle. This 
can be used for a "regular" bundle, where by definition all 
component conductors are identical, and such conductors are 
also assumed to be uniformly spaced around the circumference 
-of a circle. 

Automatic buzdlinguaes the data fields "SEPAR" , "ALPHA" , 
and "NBTThtD" , 	which are otherwise left blank. The 
"conductor" card then becomes a "bundle" card, as per the 
following specification: 

SEPAR --- Separation between adjacent conductors 
(59-66) 	in the bundle, in units of: 

f centimeters ---- if "METRIC" 
inches -------- if "ENGLISH" 

ALPHA 	--- Angular position of the first conductor 
(67-72) 	(or any conductor) of the bundle, In 

units of degrees . 	Positive angles 
are measured counter-clockwise, as shown 
in the sketch. 

NBUND 	- 	Number of conductors which make up the 
(79-80) 	bundle. 

Sample sketch of a bundle 
of MuND = 6 conductors 
with angle "ALPHA" equal 
to 30 degrees. 
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Exception 5 : Naming of conductors for change-case identification 

Data field 	of columns 73-78 is normally left blank, 
unless a following data case within "LINE DNSTANTS" is to 
make use of the change-case feature. See later explanation. 
For such change-case usage, conductors must be identified. 
A 6-character alphanumeric name Is used for this purpose, 
punched in columns 73-78 using A6 format. Only those 
conductors which will later be referenced must be given distinct 
6-character names. 
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Format for Frequency Cards ( Point 4 "LINE CONSTANTS" data ) 

For each discrete frequency or logrithinically-spaced grouping of 
frequencies for which line constants are to be calculated, there is to be 
a frequency card of the following format: 

MAIN 
lk  

RHO 	Resistivity of the homogeneous Carson earth, in units of 
(1-8) 	ohm-meters • 	These units apply both to "METRIC" and 

"ENGLISH" data cases. 

PREQ 	Frequency f of the line constants calculation, in units of 
(9-18) 	Hertz • 	For logarithmic looping over two or more frequencies, 

this is the beginning frequency f1 (see "IDEC" of 
columns 60-62 ). 

PCAR --- Punch a 111" in column 28 , in order to get full 
(19-28) 	precision in the evaluation of Carson's formula. This 

is the standard production usage. Other options are 
described elsewhere. 

IGPR --- Printout control parameters for the capacitance matrices .[C], 
(30-35) 	or the susceptance matrices 	WIC) , 	or the inverses 

of these. Variable "ICAP" of column 44 controls 
the inverse option, note. Six possible independent 
printed outputs can be requested by means of "1" punches 
in the appropriate columns: 

Column # Resulting printout 

30 Inverse of tCj 	or 	WIC1 
31 Inverse of [CE) 	or 	Lt)tL CEI 

32 Inverse of LCS  I 	or 

33 LCI 	or (.0CC] 
34 CEI 	or  LO ICE I 

35 [C5) 	or w[c5 3 

Here subscripts (or lack of them) have meaning: 

none ---- for the unreduced system. Each physical 
conductor has a row and column in the 
matrix, as does each ground wire. 

for the equivalent phase conductors 
(after elimination of ground wires and 
the bundling of conductors). 
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---- for the symmetrical components of 

the equivalent phase conductors. 

IZPR 	--- Printout control parameters for the series impedance 
(37-42) 	matrices 	IZ3 = CR) + jW(L) or their inverses. 

Six possible independent printed outputs can be requested 
by means of 111" punches in the appropriate columns: 

aol. # 37 38 39 40 41 42 

[output Z ZE Z Z1 ç' ç' 

ICAP ----- Control over whether it is [C] or U) [c 1 that will 
(44) 	be outputted by any "ICPRt' requests of columns 30-35 : 

S I 	> 	C 3 or its inverse 

0 	U.) IC) or its inverse 

DIST 	Length of the transmission line under consideration, in 
(45-52) 	units of 	ç kilometers 	if "METRIC" 

miles ------ if "ENGLISH" 

This field can usually be left blank. It need be punched 
only for the following situations: 

1) Pbr use with "S4LY SET(JP." ; 	see Section 7.5 
2) Fbr the development of a P1-equivalent using 

long-line formulas. See "IPIPR" below. 

3) For use with "JMAR'rI SETUP" ; see Section 7.0 
IPIPR 	-- Printout control for the equivalent-Pi matrices of a 
(54-57) 	long transmission line. Four possible independent 

printed outputs can be requested by means of 
punches in the appropriate columns: 

Col.# 54. 55 56 57 

output Y YS  Z Z5  

ISEG 
(58) 

MUTUAL 
(59) 

See further discussion elsewhere. 
A flag indicating whether ground wires (if any) are to 
be treated as being continuous, or instead segmented: 

tf o - 	continuous ground wires (the normal case); 

1 	segmented ground wires (cut at relatively 
short intervals). 

See further discussion elsewhere. 
A flag which is used to indicate the presence of a 
communication circuit parallel to the power circuit: 

( 0 ,, there is no such communication circuit 

) 	(which is the normal case); 

i 	, yes, produce special output for a nearby 
communication circuit. See further 
discussion elsewhere. 
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IDEC 	Leave blank for the normal single-frequency line 
(60-62) 	constants calculation. 

Ebr the case of Internal looping over logarithmically-
spaced frequencies, "IDEC" is the number of decades 
which are to be spanned. 

- IPNT 	-- Leave blank for the normal single-frequency line 
(63-65) 	constants calculation. 

For the case of internal looping over logarithmically-
spaced frequencies, "IPNT" is the number of points 
per decade at which line constants are to be calculated. 

IPUN 	 Normally this field is left blank. It can be used to 
(66-68) 	request non-printed output of modal quantities, In the 

case of internal looping over logarithmically-spaced 
frequencies. Punch : 

118811 	For the connection of zero-sequence 
(ground mode) impedances with 
"WEIGHTING" • 	This has meaning only 
when a "LINE 0ONSTANTS11  data case is 
imbedded in a "WEIGHTING'! data case. 

"89" ---- As just described for 1188" , only 
foxc the Karrenbauer line mode (rather 
than the ground mode). 

It can also be used to request punched output for the 
P1-circuit representation of the line. This is done by 
setting IPIJ = 44. Please read the following "NOTE" for 
details. 

MODAL 
(69-70) 

0 or blank ==4 

1 	== 

The line is assumed to be continuously-
transposed. 
The line is assumed to be untransposed. 
The modal parameters and transformation 
matrix will be calculated and written on 
unit LUNIT7 as branch data (see Section 
1.26). 

ITRNSF ---- Through this variable, user can request either the full 
(71-72) 	complex, or real part only, transformation matrix for the 

modal analysis of untransposed lines. When this variable 
is used in a "JMARTI SETUP" (see Section 7.0) case, it has 
meaning only on the 1st frequency card where the constant 
transformation matrix is calèulated: 

	

f 
0 or blank ===> 	The imaginery part of the transformation matrix 
or -2 	 calculated by the "LINE CONSTANTS" is ignored 

 in the modal analysis. Always use this option, 
in general (see Ref. 8, Vol. XIII, 5 March 1983. 
pagination MCAP-26, and EMTP Newsletter, Vol. 3, 
No. 1, August, 1982, P. 76). 

9 	==> 	The full complex transformation matrix calculated 
by the "LINE CONSTANTS" is used 

Note 	The automatic punching (LUNIT7) of EMTP branch cards for the 
P1-circuit representation of transmission lines is now possible 
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1) Input "IPUN equal to 44 in columns 67-68 on the frequency 
card of the "LINE CONSTANTS" data. 

2) The optional "BRANCH" card which names the nodes of all 
the branches representing the line can be used right after the 
"LINE CONSTANTS" card. 

=1MMMv_v14MMMMM==M 
3) The P1-circuits representation branch cards are generated 

on UJNIT7 with the "high-precision format" described on 
page 6c of the EMTP rule book. The units for R, L and C 
are in ohm/length, olzn/length and microfarad/length. So the user should 
remember to use )COPT = 60 and COPT = 0.0 when. incorrating 
this LUNIT7 branch data in the EMTP simulation data case; and 
multiply all the R, L, C data on LUNIT7 by the length of the 
section. 

The following is an example to illustrate this option: first, the 
data for running "LINE CONSTANTS": 

BEGIN NEW DATA CASE 
LINE CONSTANTS 
BRANCH 	JDA 	LIlA MB 	UIB 	JDC 	LIIC 
C 	LINE CONSTANTS DATA FOR JOHN DAY TO LG.lER MONUMENTAL 500-Ky LINE. 

1.336 .05215 	4 1.602 	-20.75 50. 	50. 
1.3636 .05215 	4 1.602 	-19.25 50. 	50. 
2.3636 .05215 	4 1.602 	- 0.75 77.5 	77.5 
2.3636 .05215 	4 1.602 	0.75 77.5 	77.5 
3.3636 .05215 	4 1.602 	19.25 50. 	50. 
3.3636 .05215 	4 1.602 	20.75 50. 	50. 
0.5 	2.61 	4 0.386 	-12.9 98.5 	98.5 
0.5 	2.61 	4 0.386 	12.9 98.5 	98.5 

BLANK CARD ENDING CONDUCTOR CARES OF 	"LINE CONSTANTS" 	CASE 
C 	THE FOLLOWING FREQUENCY CARD HAS A PUNCH OF 	44 	IN COL. 67-68 TO 
C 	REQUEST THE P1 -CIRCUITS PUNCHED OUT GENERATED ON LUNIT7 
27. 	60.00 1 44 

BLANK CARD ENDING FREQUENCY CARDS OF 	"LINE CONSTANTS" 	CASE 
BLANK CARD ENDING "LINE CONSTANTS" 	CASES 
BEGIN NEW DATA CASE 
BLANK 

The resulting P1-circuits branch cards which generated on LUNIT7 
are: 

$VINTAGE, 1 
1" 	LIlA 0.17132E-F00 0.95404E-F00 0.16829E-01 
23DB 	LI'IB 0.15827E-F00 0.35855E-e-00 -0.26357E-02 

0.20598E-F00 0.92069E+00 0.17162E-01 
3JDC 	INC 0.14307E+00 0.35417E+00 -0.19751E-02 

0.15827E+00 0.35855E+00 -0.26357E-02 
0.17132E-F00 0.95404E+00 0.16829E-01 

$VINTAGE, 0 
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Next is an example of LINE CONSTANTS data case of a 70 mile long 
double circuit using K.C. Lee's untransposed transmission line model: 

BEGIN NEW DATA CASE 
C BENCHMARK DC-69 
C THIS CASE GENERATES THE BRANCH CARDS 
C CIRCUIT LINE BETWEEN PAVER AND CHIEF 
C THE LINE IS MODELED BY USING THE NEW 
C PARAMETER REPRESENTATION DEVELOPED B 
LINE CONSTANTS 
BRANCH X2A 	X16A X2B X16B 	X2C X16C 
1 .375 .0776 	4 .0 1.302 -21.17 
1 .375 .0776 	4 .0 1.302 -22.00 
1 .375 .0776 	4 .0 1.302 -22.83 
2 .375 .0776 	4 .0 1.302 .83 
2 .375 .0776 	4 .0 1.302 0.00 
2 .375 .0776 	4 .0 1.302 -.83 
3 .375 .0776 	4 .0 1.302 22.83 
3 .375 .0776 	4 .0 1.302 22.00 
3 .375 .0776 	4 .0 1.302 21.17 
4 .375 .0776 	4 .0 1.302 103.83 
4 .375 .0776 	4 .0 1.302 103.00 
4 .375 .0776 	4 .0 1.302 102.17 
5 .375 .0776 	4 .0 1.302 125.83 
5 .375 .0776 	4 .0 1.302 125.00 
5 .375 .0776 	4 .0 1.302 124.17 
6 .375 .0776 	4 .0 1.302 147.83 
6 .375 .0776 	4 .0 1.302 147.00 
6 .375 .0776 	4 .0 1.302 146.17 
0 .500 2.6100 	4 .0 .386 12.90 
0 .500 2.6100 	4 .0 .386 -12.90 
0 .500 2.6100 	4 .0 .386 137.90 
0 .500 2.6100 	4 .0 .386 112.10 

BLANK CARD ENDING CONDUCTOR CARDS OF 	"LINE 
100.0 60.0 1 1 

BLANK CARD ENDING FREQUENCY CARS OF "LINE 
BLANK CARD ENDING 	"LINE CONSTANTS" CASES 
BEGIN NEW DATA CASE 
BLANK 

ON LIJNIT7 OF A 70 MILES DOUBLE-
JOE 
UNTRANSPOSED DISTRIBUTED- 
DR. K. C. LEE 

Y2A Y16A Y2B Y16B Y2C Y16C 
51.04 
50.00 
51.04 
79.14 
78.10 
79.14 
51.04 
50.00 
51.04 
51.04 
50.00 
51.04 
79.14 
78.10 
79.14 
51.04 
50.00 
51.04 
101.40 
101.40 
101.40 
101.40 
CONSTANTS" CASE 

70. 
CONSTANTS" CASE 
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InterDretation of Innut Data cards 

As explained in Section 2.1 , 	input data cards are listed in columns 
52-131 of the line printer; a 111" is printed in column 51 as a separator 
chamctex, and columns 1-50 are used for "interpretation" of the card image. 
All interpretations related to "LINE CONSTANTS" are explained in-the present 
section. 

First, there is the special request card which bears the key word 
"LINE CONSTANTS" (see Section 1 .Og ) . 	If we let variable "LIM" stand 
for the maximum number of line conductors that current EMTP dimensioning will 
allow, interpretation is as follows: 

Next comes a possible "METRIC" or "ENGLISH" special request card 
(which serves to request either metric or English units for input/output data). 
Interpretations of these two optional cards are as follows: 

1IT:i ..L.h.I ¶L.IF GU1ES1ui 	PC 10P 1'El I 	UPL75 OP ALL. 0 ITCJ .. 	. 	. 	.i i...i..ii..L..L 	...... 4 ...L..] 
L J J! 	L_LLL 	L_H L 

Next come the line conductor cards, which are interpreted as follows: 

—1 .J 
1 1111  

r1,sI -1 -1 rI 
I 

e. ci 
-i 
- c4 - uJ .o v.1 I q d 'oIr a,1 o10 c.iI ,1 ',I n1 'c 	r-. e. 	- .q 	u 	. 	r D. a - 

liii 

• Ib'ZNE-1CONDUC 
liii 	ii!I 

i 	OR , CARt). i 	r 

I 

E11.3 
IIIi• Ed 1.3 I 

i 

..1i 
Next come frequency cards, which bear the following interpretation: 

I I  1 .3 -- 
4  I 

..L:.rS ST 
The beginning of a change case is a special-request card which bears the 

key word "CHANGE" . 	This is interpreted as follows: 
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I 
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Blank cards are used to maric the ends of three classes of data within 
the "LINE CONSTANTS" supporting program: 

i) Conductor cards; 	2) Frequency cards; and 

3) Data cases within "LINE CONSTANTS" . 

These are interpreted as follows: 

-.1_I 
in 

_I _(_ _- - .- •1 - - (..i ( 	(ICI ('i 	('i ('i o.  
C (') 	') 	') in in 

I! 
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............................. 

..0 
- 

1. 

Ii Iiiij'I 1 1 11 :  
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Sample "LINE CONSTANTS" EKTP Data Case 

As a sample E?TP data case which uses "LINE CONSTANTS" , 	consider a 
listing of UTPF Test Case #108. Comment cards will be noted in the listing below. 
Note that within this one ENTP data case, there are two "LINE CONSTANTS" data 
cases. The first uses "ENGLISH" units, while the second uses "METRIC" . 
Only a single frequency (60 Hz) is involved in each. 

• C 	UTPF TEST CASE NO. 108 
C 	CALCULATE LIIME CONSTANTS FOR OVERHEAD LINE USINGSLINE CONSTANTS 

. C_ 	T4ULINEIS JNTRANSFOED, 'WITH ONE CONDUCTOR PER PHASE 	
. - .......-.- - 

C 	SINGLE 3-PHASE CIRCUIT. WITH 2 GROUND WIRES. 
C 	THIS IS A COPANIONCASE TO UTPF TEST CASE NO. 107. 
CTHE GEOMETRY OF THEOVERHEAD LIME IS THE SAME-IN THESE TWO CASES. 
C 	OF COURSE, HERE WE MUST USE THE HOMOGENEOUS EARTH (1-LAYER). 
LINE CONSTANTS 

. 	. 
1.3871.26715 	4 .688 	0.0 	82.02 	41.01 	15.75 	45 	4 
2.3871.26715 	4 .688 	45.93 	82.02 	41.01 	15.75 	45 	4 
3.3971.i6715 	4 .688 	91.86 	82.02 	41.01 	1.75 	4 	. 	4 
0.5 	•71890 	4 .487 	9.81 	114.83 	57.42 

	

0.5 	971890 	4 	.487 	82.02 	114.83 	57.42 

	

200. 	60. 	 1 	1111111111t1149.71 
-'g 	M4.4 j  LA1cL 

METR1C.. 
1.3871.1660) 	4 1.748 	0.0 	25.0 	12.5 	40. 	45 	4 
2.3871. 16603 	4 1.748 	14,0 	25.0 	12.5 	40. 	45. 	4 
3.387l.1603 	4 ............. 1.748 	28.0 	25.0 	12.5 	40. 	45. 	4 
0.5 	.4468 	4 1.236 	3.0 	35. 	17.5 
0.5 	.4468 	4 1.236 25.0 	35. 	17.5 

200. 
c.A1.A1 	

111till 	1 	80.0 
- 	............... 

BEGIN NEW DATA Cfr" 
E CiNSTANt ' 	dZ4... 

The EMTP line printer output corresponding to the solution of this data case begins 
as shown on the following page. It will be noted that there is always printout 
of a sorted line-conductor table, before printout of any of the requested matrices. 
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Instructions for Punching Conductor Cards 

TIME-SAVING FEATURES 

1) Identical conductors: If any of the first 6 variables on the 
card (phase number, skin effect, resistance, X-type, reactance 
or diameter) are left blank (punching.a zero is not blank!), 
the variable value will be assumed to be the same as it was on 
the previous card. However, the horizontal distance and at least 
one height position must be punched for each conductor. 

2) Bundle conductors: A bundle of K conductors .can be identified 
in two ways. One can either punch a card for each of the K 
conductors or pUnch only one card for the entire bundle. Both 
ways are shown in the example on the' preceding page. If the 
entire bundle is specified on one card, then 

(a) specify the location of the centre of the bundle in 
the fields for horizontal distance and heights, 

7-1 

(b) specify SEPARATION of 	 4' 
adjacent conductors of a 
bundle (inches). Bundled  
conductors are assumed 
to be arranged on a circle 
around the center at equal 
distances (or equal angles). 

(c) specify ANGULAR LOCATION ocof first conductor. 
Positive angles are measured counter-clockwise 
from the center (see sketch). 

(d) specify NUMBER OF CONDUCTORS in the bundle 
(this variable plus separation determines 
the diameter of the bundle). 

EXPLANATION OF PARAMETERS 

Phase Number: A phase on a transmission line may consist of more 
than 1 conductor (bundle conductors or parallel connected circuits). 
The PHASE NUMBER defines to which phase the conductor, belongs. 
Number the phases 1 to Nconsecutively and Use "0" for ground wires. 
Conductors with phase number "0" will be eliminated as ground wires 
and conductors with identical phase numbers will be bundled into 
one equivalent phase conductor, no matter whether the bundle is 
specified on one conductor card or by individual conductor cards. 
If PHASE-NUMBER < 0 then the conductor is regarded as non-existent 
(helpful in change cases when removing conductors). 
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Skin Effect Correction: 

0, if no skin effect correction is desired. 

= 	if resistance and internal inductance (the latter 
only when XTYPE+) are to be corrected for skin effect 
with the formula for tubular conductors, whereby 

T - thickness of tube 
- diameter of tubular conductor 

Note that T  
U - 

- 0.5 for solid conductors. 

Resistance: Conductor resistance in ca/mile for direct current (or 
for specific frequency if there is no skin effect correction). 

Reactance Data: There are five options for input of reactance data, 
depending on the value of X-TYPE. 

XTYPE = 0: Reactance for l'-spacing. 	This is 
regarded as the correct value for whatever 
frequencies may be defined on the follow- 
ing frequency cards. 

= 	1: Reactance for 1' 	spacing at 60 Hz. 	If 
frequencies other than 60 Hz appear on U 

U) 

the frequency cards, the reactance will 
be changed proportionately. 

10 0 

2:  GMR (geometric mean radius) of conductor rQ) 
10 

in inches. 

3:  ratio GMR/radius (is 0.7788 for solid 
conductors). i—i cj 

4: Reactance computed from geometry of tubular 
conductor (defined by T.) Value for reactance 

data is ignored. This Dis  indicated in output. 
Internal inductance is corrected for skin effect. 

' Relationship between reactance for l'-spacing and GMR 

	

(geometric mean radius): 	fLwJ 	2on353ln 12 

	

spacing (ca/mile) 	 &NRLIr,he5J i. 6 O3u.f.1oLr 

.15 



Diameter: Conductor diameter in inches. 

Horizontal Distance: Horizontal distance of middle of conductor 
from the reference mark. The reference mark may be located 
anywhere (often, the middle of the tower structure is used 
as reference). 

Height at Tower: 
Height at Midspan: The average height of the conductor is taken 

as HEIGHT AT MIDSPAN + 1/3 X  (HEIGHT AT TOWER-HEIGHT AT MIDSPAN). 
If the average height is-used as input, punch the same value 
in both fields or leave one blank (if either one is left blank 
(not'O') then its value will be assumed to be identical to 
the other one). 

Conductor Name: Can be left blank if no change cases are run 
Serves to identify conductors for change cases. 
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EXPLANATION OF SOME PARAMETERS: 

Earth Return Correction: Controls the number of correction 
terms in Carson's earth-return formula for the impedances 
(see also P. 45 ). 

U1U in col. 28: Normally used (gives highest accuracy). 
Use always, unless certain effects are 
desired. 

011; No correction term added (amounts to zero earth 
resistivity). 

?l: 	As many correction terms are added as specified by 
this value (rounded to nearest integer), but not 
more than 31 if a < 5 (see p. 6). For a >5, eq. (35) 
of p. +6is used. 

<1: 	As many correction terms are added as are necessary 
to get two successive corrections terms (in cgs units/cm 
as defined by Carson) smaller in magnitude than this 
value if a < 5 . For a >5 eq. (35) is used. Note 
that the magnitude of the correction terms is <0. 
cgs-units/cm for resistance and usuallyof the order 
1.0 for reactance. Therefore, 111" in col. 28 yields 
the highest accuracy of 10-6  and does not cost noticeable 
computer time. 

blank: 	Automatically set to 10-6  (is equivalent to htl  in 
col. 28). 

Enter ttltt  To Get. . 	Note that all output options (columns. 
30-35, 37-2 and 54-57) are independent of one another. 
Meaning of these matrices is explained on p.13. 

Capacitance Option: 

0 or blank = all matrices indicated in col. 30-35 will be 
susceptance matrices (WC) or their inverses. 

1 = all matrices indicated in col. 30-35 will be 
capacitance matrices or their inverses. 

Columns 54 to 57: The admittance and/or impedance matrices will 
be the shunt admittance (impedance) matrix and the transfer 
admittance (impedance) matrix of the equivalent multiphase 
¶-circuit for the untransposed line. 

131 
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Ground Wire Segmentation: 

0 or blank = Normal 

Segmented ground wires (interrupted at certain 
intervals). Since segmented ground wires cannot 
carry any current if wave length >> length of 
segmentation interval, it is felt that the 
segmentation is best handled by ignoring the 
ground wires in computing the series impedance 
matrices and by taking them into account in 
computing the shunt capacitances matrices. This 
technique is activated by "1" in col. 58. Note 
that this approach may not be valid at higher 
frequencies. 

Parameters for Special Outputs: 

See P. 17 for getting mutual impedance between a power 
circuit and a communication line. 

See P. 18, for getting the frequncy-dependence of zero 
and positive sequence parameters. 

SYMMETRICAL COMPONENTS: 

Symmetrical component matrices are normally computed with 
the assumption that the circuits are three-phase circuits. 
The well-known transformations are used (a,b,c = phase quantities): 

1Vcro 1 1 ñ1v 
I k,i 	aIi yJ 	iei+iC4( 	for cvrr.vi45 

(,Veafi'iej 	Ii AL 4JL VJ 

iv1 	1, 

Cknot 	1, IvJ= k2h 
[vj 	11 

I I I"ien, 

I Vposdtve 

a A, 

i12.o. 
WA a = e.. 	 eiof 	k.k a 

/ ( vsvally k, =/
I k 	I• fei- rorrr.cIiaecl . 	A  

Ic, = )fti, k1  

Exception: 2-phase circuit (see next page) 	 .19 
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Example: If the number of phases (= equivalent phase conductors) is 
6, then it is assumed that no. 1, 2, 3 form the first three-phase 
circuit and no. 4, 5,'6 form the second three-phase circuit. The 
symmetrical components will be those of each circuit and the 
coupling between them.*  If the number of phases were 7, then the 
seventh equivalent phase conductor would be ignored as non-existent 
in computing symmetrical components. 

For two-phase circuits with two phases (example: DC intertje) 
the symmetrical components are based on the following transformation: 

V 	= k(V+V) zero 	1 a b 

Vpositive  = kl(V +Vb) 
 , identical for currents, 

and 
V]c(V 	 ) a 2 zero positive 

Vb=k2(Vzero_Vpositive)  

with 

1k2 ½ (usually:. k1  = ½, k2 = 1; for normalized components: 

	

-, k2 = 	) 

The results are valid for the given tower configuration with 
the assumption that the line is untransposed. For transposed 
single circuits simply ignore the coupling between sequence 
quantities (see p.  29). There is no simple answer for transposed 
double circuit lines, except that coupling always exists in the 
zero sequence with the correct values shown in the 6 x 6 matrix. 
The transposition scheme on p. 47 has no positive sequence coupling; 
therefore, simply take the positive sequence values of each circuit 
and ignore the coupling in the 6 x 6 matrix (or, if both circuits 
are identical, the impedance of the circuits in parallel is simply 
one half of the impedance of one circuit). On the other hand, the 
transposition scheme on p. 49 has positive sequence coupling and the 
impedance of the circuits in parallel is no longer simply one half 
of the impedance of one circuit. More details on these and other 
transposition schemes can be found in a note "Preliminary Conclusions 
on Influence of Transposition Schemes on Positive Sequence Values" 
dated 10/20/72. Since this note gives only preliminary results, 

	

more work may be required. 	 .1111 
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If the user punches a "1" in col. 35 as well as in col. 39, then 
the computer will also print surge impedance, attenuation, wave 
velocity and wave length for zero and positive sequence (for 
the first three-phase circuit only if there are more than one 
three-phase circuit), as well as series impedance and shunt 
admittance per mile. 

TRANSPOSED VERSUS UNTRANSPOSED LINE 

The line constants are computed for the true tower configuration, 
which is always untranspoéd. When the line is transposed, the 
series impedance matrix per-unit length is traditionally obtained 
form the arithmetic average of the impedance matrices of the 
individual transposition sections (analogous-for shunt admittance 
matrix). This "theoretical transposition" is an approximation; the 
exact results would be obtained from a series connection of the 
untransposed equivalent multi-it's of the individual transposition 
sections (however, the symmetrical component impedances would 
hav& some coupling in the latter case). 

For practical purposes the assumption of theoretcial transposition 
is imperative if the sequence impedances should be decoupled. It 
can be shown that the sequence impedances obtained from the program 
for the untransposed line are equal to those of theoretical 
transposition if the coupling terms are simply ignored. A more 
detailed 10-page note on this problem is available from 
Dr. H. W. Donunel. 
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CHANGE CASE 

Normally, each DATA DECK defines a new case. However, the 
CHANGE option permits changes in the conductor data of a 
preceding DATA DECK. The DATA DECK of the CHANGE option is 
set up as follows: 

1. One alphanumeric card with the word "CHANGE" in 
the first 6 columns. 

2. Conductor cards in any order, terminated by a 
BLANK card. These cards are interpreted as 
additions, deletions or changes in the conductor 
list of the preceding DATA DECK (of the same run), 
with the following rules: 

a. If the conductor name (col. 73-78) can be 
found in the conductor list (established 
from preceding DATA DECK with modifications 
already made), then the parameters on this 
card replace the old values in the list 
("changes"). Changes only apply to the 
first 6 fields on the card. The •conductor 
name and location cannot be changed. To 
change the location of a conductor, the 
conductor must be deleted and a new conductor 
entered. Of the first 6 fields, only those 
which are punched will be changed. Fields 
left blank will keep the variables unchanged. 
A conductor can be removed from the list by 
reading in a new conductor card with identical 
conductor name and a phase number <0 
("deletions"). 

b. If the conductor name cannot be found in the 
conductor list, then the new conductor is added 
to the list ("additions"). In this case, all 
data must be punched. 

3. Any number of frequency cards, terminated by a 
BLANK card. 

./12 
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Form of Output for LINE CONSTANTS 
I 

- 	 The output should be more or less self-explanatory. 
Additional remarks have been written into the attached sample 
output sheets. 

(a) Listing of Conductor Cards 

The information contained on the conductor cards of the 
• input data deck is printed for. the record in its original form, 

with the exception of height at tower and midspan. Instead, 
the averaged height is listed as 7-coordinate. The order of 
the conductor cards in the input data deck is arbitrary; the 
order in the listing will always be: 

Conductors first encountered with phase numbers 1, 2, 3, 
...., followed by conductors with identical phase numbers 
( 	2nd, 3rd, 4th, .... conductors in 2-, 3-, 4-conductor- 
bundles), followed by ground wires (phase number 	0) 

(b) Line Constants 

Since all matrices are symmetric, only values in and 
below the diagonal are printed: 

this "lower triangular" matrix is 
printed only. 

All matrices, except the susceptance (or capacitance) 
matrices for the physical and equivalent conductors, are 
complex. Real and imaginary parts are printed right above 
each other:  

Real part 

Imaginary part 

I 	1. 	I 	L 	•J 
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The matrix elements of the impedance matrices per mile 
are defined as follows: 

Z 	= mutual impedance between i and k, 

ZI 	self impedance of i. 
ill 

The matrix elements of the susceptance (or capacitance) 
matrices per mile are defined as follows: 

WC'k = negative value of susceptance between i and k, 

LuCf 	sum of all susceptances from i to all other 
1,1 	

conductors and to ground. 	 - 

Note that the matrices for symmetrical components have the 
rows ordered in the sequence "zero (0), positive (1), negative (2) 
of 1st circuit, (0), (1), (2) of 2nd circuit etc.", whereas the 
columns have (1) and (2) exchanged and are thus ordered "(0), (2) 
(1) of 1st circuit, (0), (2), (1) of 2nd circuit etc.". 	This 
makes these matrices symmetric: 

(0) (2) (1) . . . (0) (2) (1) 

(0) 	 -I 
(1) 

•'\ 

From this row-and column numbering 
it f1is that 

within any 3-phase circuit 2,2 
= z / 
	within any 3-phase circuit 1 

'
00,2  

etc. 

If the line is transposed, then assume all couplings 
between sequences to be zero, except between zero sequences of 
parallel circuits (see section 5) . Note that the capacitive 
couplings between sequences of the untransposed lines are complex 
(this is why the susceptance or capacitance matrices per mile for 
symmetrical components are printed complex with an imaginary part 
which is zero in terms that do not couple sequences) 

If the user asks for the susceptance (or capacitance) and 
impedance matrices per mile for symmetrical components, then 
additional sequence parameters are printed for the first 
3-phase circuit (see attached output sheets) . This output is 
primarily intended for single 3-phase and 2-phase circuits. 
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Special Output for Mutual Impedance Between a 
3-Phase Circuit and a Communication Line 

0 

II• 1z 	13 

oe 
-w  

:r ;; 

poWd IJn 	 COinPnu.MICatiOh line 
Currents in a three-phase circuit induce a longitudinal 

voltage in the communication line no. 4. (the three-phase circuit 
may have bundle conductors and earth Wires). The induced voltage 
is 	 'v4=  Z, I, 21  I +Z 1 	() 4 	4a at 	43 a 

If the phase currents are transformed to un-normalized sequence 

I 
quantities (see p.  28) 

173e,-6 	
I ' 	i t  I j ,aoo 

I 'positive = '/s' I i a a2  I i I , with . e 	(a) 
[Ine9tivj 	[i az a] [is] 

• •-' then aV4 	 I eio positi Vd/4 positive Fle9oilve/4 'ne9tive 

with 	 Z' 	+ Z' 	I -. 	, _,  
zl  posif:ve/4

t2' *' I (3i) 41 	_Z4tz 	43 
= Z4, ta Z' + ôZ' 	I 

43 I 

(3) 

The absolute values of these mutual impedances will be printed. 
Note that these values would have.to  be multiplied V 

if normali7ed sequence quantities were used. 

How to Obtain Special Output8 

FORMAT OF SPECIAL OUTPUT: 

Mutual Impedance 	Positive 	.00008 ohm/mile 
Negative 	.00007 ohm/mile 
Zero 	= .0209 ohm/mile 

(1) The phases must be numbered 1, 2, 3 (bundles and earth 
wires permitted); the communication line must be no. 4. 

(2) Punch 'l" in column 59 of the frequency card. 

The mutual impedances of eq. (3b) as well as the impedance matrix 
for the equivalent phase conductors are printed, in addition to 
any other output requested. If the number of equivalent phase 
conductors is unequal 4, then the special output is skipped (all 
other requested output will still be correct) and the following 
message is printed: 

SPECIAL OUTPUT FOR MUTUALS NOT APPLICABLE TO THIS CASE 

LI 
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Special Output for Frequency Dependence of Zero and Positive 

Sequence Parameters 

Use this option to get the zero and positive sequence 
per unit length as a function of frequency. 

5P0INT2 PEe :'1 	• • .* . .. 

parameters 

1-6 	
/ 	 /00 	 'CZ' HZ. 

4 DECA1jS 
fM/Al. 

The values are computed at equidistant points on a logarithmic 
frequency scale, with f = 0 approximated by 10-6  Hz. Punch 

f 	in col. 9-18 mm 

no. of decades in col. .60-62 

no. of points per decade in col. 63-65 	on the 
¶  

IPUNCH in col. 66-68 **(not yet available) 	
frequency 
card 

Earth resistivity (col. 18), earth return correction (col. 1928), 
ground wire segmentation (cal. 58), and the output options in 
columns 3035, 3742, and 5457 retain their meaning as for the 
conventional, single-frequency case. 	All other parameters on tne 
frequency card are ignored, To obtain a nice table output (of zero 
and positivesequency parameters as a function of frequency), however, 
leave columns 30-35 and 37-42 blank; otherwise, the requested matrices 
will be printed between the lines of the table output. 

IPUNCH = 0 or blank: The program will print the parameters 
(neper/mile), 8(radian/mile), R(/mile), L(mHlmile) 
and C(jiF/mile) for zero and positive sequence as a 
function of frequency. 

IPUNCH > 0: In addition to printing, the parameters cc o , so, (zero 
sequence), 	, 	(positive sequence) and f (Hz) are also 
punched on cards with the format 5E15.5. 

These cards are intended to be used as input for transients 
programs which can handle the frequency dependence. At 
this time, only the FOURIER TRANSFORMATION program can 
accept the frequency dependence (directly in the form of 
these cards). 
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III 	PROGRAM DESCRIPTION 

1. INTRODUCTION 

The line parameters of overhead transmission lines are necessary 
input data for more or less detailed studies of transmission line 
phenomena. The simplest constants are the series impedance and shunt 
capacitance for the positive sequence as used in power flow studies. 
These are usually available from tables. Often more detailed line 
parameters, not available from tables, are needed. Examples can be grouped 
accordinp to the nature of the phenomena: 

(a) Steady-state problems at power frequency. As examples, one may want 
to study the current and voltage dissymmetry on a long, untransposed 
line or the uneoual current distribution among the individual con-
ductors of a bundle conductor. Another example is the investigation 
of induced voltages and currents in a de-energized line running 
parallel with an energized line (very important for the safety of 
maintenance crews). 

(b) Steady-state problems at higher frequencies. Typical studies are 
interference in neighboring communication lines, propagation of 
harmonics on an HVDC line and carrier communication on power lines. 

(c) Transients problems. Typical studies are switching surges and lightning 
surges and means of reducing them with protective gaps, lightning 
arresters, insertion of resistors in circuit breakers etc. 

4.t.. 	•t.t 	t..._ 	 14. 
saj 	 tfl..A tJ 	.L4.L'.3 Lls? IIISStIJ (LS '¼4 O.J. U'S 	laStS.) .L..LAfl? £10.0 I.JCCSS tJU.L,.S. U 

However, some of them are already needed in the design stage; therefore, 
they must be computed beforehand. Even after the line has been built, it 
1$ easier to compute the parameters with sufficient accuracy. 

The following notes explain the basic formulas used in the digital 
computation of line parameters. Computer programs should be as general as 
possible, that is they should aliow for any number of conductors of which 
some may be bundled and others grounded, and for any frequency and ground 
resistivity. The theory for such programs is scattered in many papers 
and is seldom found in textbooks because most of them are still Feared to 
hand computations with special formulas for each particular case. A good 
summary is the paper by M.H. Hesse [2]. 

2. LINE PARAMETERS FOR PHYSICAL CONDUCTORS 

Fi.l shows the tower configuration of two parallel three-phase 
circuits with twin bundle conductors and one ground wire. There are 13 
conductors in this configuration. They will be called physical conductors 
to distinpuish them from the 6 equivalent phase conductors which are 
obtained after pairs have been bundled into phase conductors and after 
the ground wire has been eliminated from the associated equations. 

19 
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R,S,T,U,V,V1 componnc 

Fig.]. Line parameters 

2.1 Series impedance 

The voltage drop along these 13 conductors i3 a function of the 
currents. For ac steady-state conditions., phasors can be used to express 
this voltage drop (negative sign on left hand indlcate3 drop): 

1i1 	 1 
-IN 2. - 

= 	u 	 2 	

(k 

- 

with V~ a voltage (pha3or) from conductor i to ground, 
- current (phasor) in conductor i, 

or in the general case 	
- 	1 	z'] [713 

L- j 

with 1.'411 - vector of conductor voltages, 
UI) vector of conductor currents. 

• - 
- t..'. i +,A' LL j is -called the- series impedance matrix; it i3complex 

at 3ynrnetric. The diagonal element - 	 - 	+ jcL is the series self 
impedance per unit length of the loop formed ' y conductor I and ground 

Primed letters are used to indicate quantities per unit length. Brackets 
are used to indicate matrices and vectors, - 
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return. The off-diagonal element R k ' + 	 is the 
series mutual impedance per unit length between conductors i and 
k. It may be surprising to find resistive terms in the mutual 
coupling. They are introduced by the. presence of ground and 
describe the phase shift which takes place in the coupling. All 
elements are calculated with Carson's formula., which assumes that 
the earth has uniform conductivity and is bounded by a flat plane 
with infinite extent. The details are explained in appendix la. 
The formulas in most textbooks are derived from Carson's work by 
retaining only the first one or two terms in an infinite series. 
This is acceptable at power frequency and for normal conductor 
spacings. At higher frequencies and for wider spacings, however, 
(e.g., in interference calculations) these formulas would produce 
very severe errors. Therefore., a general purpose program must have 
a provision to use many more terms in the infinite series. This is 
also explained in appendix la. 

The elements rf  the series impedance matrix are computed from the 
peometry of the tower configurati'n and from certain characteristics of 
the conductors ( resistance and internal inductance or geometric mean 
radius). Conductor resistance and internal inductance change with frequency 
due to skin effect. Therefore,a formula for skin effect correction is 
needed.Appendix 2 explains the skin effect formula for tubular conductors, 
which also covers the solid c9nductor,with a detailed description of the 
subroutine SKIN. Stranded conductors can be approximated by a solid 
conductor of identical cross-section. Steel-reinforced aluminum cables 
could be handled as tubular conductors with the steel core ignored. Note, 
however, that these approximations may not be valid at high frequencies 
where more accurate formulas may be needed. A case study of this problem 
is shown in appendix 3. 

2.2 Shunt capacitance 

The voltages of the 13 conductors (measured to pround) are a function 
of the line charpes. For ac steady state conditions the relationship is 

% '%2. -  1_' 	1 
V2 1 

(z') .................... 

i 
with Q • charge (phasor) on conductor per unit length, 

or in the general case 	LV) 	 (. 

The elements of Maxwell's potential coefficient matrix E N are 
computed from the geometry of the tower confipuration and the conductor 
radii as explained in appendix lb. The matrix [p'] is symmetric and real. 
The inverse relationship 
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uses the capacitance matrix, which is the inverse of the potential 
coefficient matrix: 

[CI A __ [VT 
1 	

M 

A suitable inversion technique is the Gauss-Jordan process for matrix 
inversion with advantage taken of the symmetry [3]. This process can 
easily be modified to hanrle matrix reductions as well, which is needed 
later for eliminating o4.tn&wires and for bundling conductors. Appendix It 
describes the subroutine for matrix reduction or inversion. 

The capacitance matrix t.C] is in nodal form. This means that the 
diaronal element C 	is the sum of the shunt capacitances per unit lenFth 
between condi4or ,i and all other conductors and rround, the off-diaronal 
element Co - C j  is the negative shunt capacitance per unit length 
between conductors i and k. Example for a 3-phase circuit [6]: 

%.?M AVfW4e 

For steady state conditions, the vector of charges (as phasors) is 
related to the vector of 	&cij?. tuve 

Therefore, the second system of differential equations is 

-IM= tctt.r 
The matrices for all physical conductors are an ideal tool for 

studying unbalanced current distribution in bundle conductors [21]. 

(c,) 

- 	 22 
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3. ELIMINATION OF GROUND WIRES AND BUNDLING OF CONDUCTORS 

The equations (la) and (2a) for all 13 conductors contain more 
information than is usually wanted. Generally, onlr the phase quantities 
are of interest (in Fig. 1 phases R,S,T and U)V,W). The transition from 
two systems with 13 equations to those with 6 equations for the phase 
quantities is accomplished by introducing the terminal conditions, 
in Fig. 1, 

JN 
for prounOing 13: 

for bundling 1,2 into phase R: 	411  

\LNç 

etc. 	The reduced matrices (in Fig. 1, 6 x 6 matrices) 
are often called matrices for the equivalent phase conductors. 

3.1 Bundling of conductors 

The mathematical process which reflects bundling is analogous for 
the system of equations (1) and (2). Therefore, it will only be shown for 
eq. (1). Let us assume that conductors i,k,t,m are to be bundled to form 
phase R. Thenthe terminal conditions 

114L 
and 	z  

must be introduced into (1). The first step is to get I 	into the 
enuations. This is done by writing I 	in place of I . By doing this, 

terms of the Vonn 
E/L I EIt4 £ 

are added in any one row;they must be subtracted aFain  to keep the 
equations valid. In effet, this means subtraction of column i from 
columns 	The changes are indicated by shading: 

Step 1: 	= 

Qc1lLw t 
M C0\U.MVt& k1 .i (ccQuMt1 j WUjt 

Columns k,,m are assumed to be the last ones in the matrix to make the 
explanation easier. The currents 'k It, IM  are still in the equations. 
To eliminate them, there should be 2eros in the respective rows of the 
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left hand side. This is accomplished by subtracting row i fron rows k,t,m. 
Zero is produced because dNL 

&x 

etc. Again, the chanFea are indicated byy shading: 

Step 2 
(after step :i has 
been performed) 

ubtract row i 
from rcws 
(row i remains 

m 
unchanged) 

The equations are now in a form which permits elimination of I, Its  I 
as explained in appendix 1. 

32 Elimination of cjtOUMSk wires 

Arain, the mathematical process is naaogous for the system of 
eq. (1) and (2) so that it suffices to show it for eq. (i.) only. Let us 
assume that conductor k is a ground Wire. In contrast to bundlinr, no 
preparatory work is necessary for elimination of ground wires because the 
yea atrix already ha thc fcr required for al i mi nn ti nr al 	(I.ft hand side &'4 	fl \. 

The assumption 	 is correct as long as the around wire 
is prounded at distances much shorter than the wave length so that no 
potential cn build up in the wires. At power frequency this assumption 
is always true. At very high freouencies, e.g. in lightning surge studies, 
this may not be true any more. In such cases the ground wires should not 
be eliminated. 

3,3 Reduced system for eguivlent phase conductors 

When step 2 of section 3.1 has been completed for all bundle conductors 
and when all ground wires and second, third,.., conductors of bundles have 
been placed in the last rows and columns, then the equations 'wifl have 
the form 

non-bundled 
conductors and 
first conductor 
in each bundle 

Llkl 
J rest of con- 
ductors 	(ground 

J wires, 	plus 
second, 	third, 
• conductor 

in each bundle). 
24 
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After e1im1natinFt13a5 explained in appendix 1, the reduced system for 
the equivalent phase conductors 

is obtained with 	$te 

For Fig. 1 , this process reduces the 13 x 13 matrix for the physical 
conductors to a 6 x 6 matrix for the phases. In this example, the phase 
equations would be: 

r- 	- 
I I 	I -z •Z; T 	L 	\J ' 	I 1 	•s: 

- 	
I 	i 

uS UT 	ULL  

'I I " I I 
L' L - 	 J i; J 

For a three-phase single circuit with phases A,B,C, eq. (7) would have 
the form 

iT 
[cN1 - 1 I zi 	1N1 

PIrs • I - 
I(*\JcJ I 

zt j { 	J 

The djaoal element Z1kK is the series self impedance of phase K  for the 
loop formed by phase 1< and ground return and the off-diaronal element Z:< 
is the series mutual impedance between phases i and K. The self impedance 
of phase K is not the positive sequence impedance. If we assume smmetric 
operation in a three-phase single circuit, then the currents are 

B0I 

This gives 	- 

where Z 1  is the positive sequence impedance describing the normal symmetric 
operation of phase A. Eq. (8) is the single-phase representation of 
symmetric three-phase operation. 

All derivations in sections 3.1 to 3,3 were carried out for eq. (1). 
As already mentioned, analorous derivations must be carried out for eq. (2) 
with the following correspondence: 
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11\i1 in (2) takes the place of 	in (1), 

3 in (2) takes the place of EJ in (i), 

tOl in (2) takes the place of 	in (i). 

Note that the process of bundling and ground wire elimination must be 
applied to U 1 3 rather than to [C 11. If the capacitance matrix for the 
phases 	 is desired, one finds 	 first and then inverts 
this smaller matrix. 

The reduced matrices for the phases are an ideal tool for studying 
unbalances in the phases if the line is not transposed, at power frequency 
as well as for switching surges, 

i. 

 

INDEPENDENT NODES 

In whet follows it is assumed that the line is not transposed or that 
the length of a transposition cycle is not much shorter than the wave 1enth. 
This is always true at high frequencies. Therefore, the following techniques 
are primarily used for radio frequency problems. 

Currents and voltages in the phases at one frequency are related by 
twr systems of differential equations, 

_r'4çAD t1 
&x - 

r &I1 
I 

I 

It is customary to neglect shunt conductances due to leakage and corona so 
that the shunt admittance is equal to the shunt susceptance. Eq. (9) and (10) 
are valid for phasors as well as for the Fourier transforms if phenomena 
with many frequencies are studied. 

By differentiating (9) with respect to x and inserting the result 	 - 
into (10) a second-order differential equation is obtained for the voltages 
only, 

•LL; 	t'j t ç \tue 

Similarly, a second system of equations is obtained for the currents, 

fK 
01) 
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Generally, the two matrix products 	 and 

are different because multiplication in matrix aliebra 
is not commutative. 

Eq. (11) and (12) are difficult to solve because all phases are coupled, 
or mathematically, the matrix products have off-diagonal elements. It is 
possible, however, to transform the phase quantities into "modal" quantities 

'4 	3 and [1 	3 in such a way- that the associated matrices are 

diaona1, 

- 

In the mode domain the system of M eouations breaks down into M independent 
(deroupled) equations. Each mode can then be solved in the same way as a 
single phase line. The phase quantities are changed to mode nuantities and 
vice versa with, a linear transformation. For the voltages this is 

1 

and 	
(¼ 

Then eq. (11) becomes 

[&\I 	 t [ 	 J] 

or 
 

To find the matrix CSJ which diagonlizes 	 [jW 	is a 
fundamental problem in matrix algebra. There are standard techniques 
available for doing this. An efficient algorithm for finding the eigen-
values ), which are the diagonal elements of 

) 

is the QR transformation due to Francis [8]. Once the eigenvalues are known, 
the matrix t1 is found by solving the equations 

~t--x 	I - 
~.z ~, z X z 
	.,I) 	 0G) 

for Es3 • These columns are called "eigenvectors"; they are identical with 
.the - columns of the transformation matrix ['] • Eq. (16) can usually be 
solved by settinp one component of ES1 arbitrarily to 1.0 and solving for 

17 



151 
the rest of the components. If this process does not work, then an 
efficient algorithm for finding the eigenvectors for given eigen-
values is the inverse iteration scheme due to Wilkinson [J . The 
transf-ormation matrix CS.J is not uniquely defined. Each column 
of it-can be multiplied with a constant. 

* 
In general, a different transformation must be used for the currents:. 

and LT' 

because the matrix products in (ii) and (12) have different eigenvectors. 
Their eienvalues are identical, though. However, ETT3 can easily be found 
from L3 with 

1.T]. 	1 jt 
where [13 would be unnormalized. It could be normalized by first addinp 
the srnares of all elements in a column and taking the square root of this 
sum, 

and then dividing each element in that column by d 

if 

L 
then 

t T]normalized LIII 
	

(r) 

It is easy to prove that IT] 	from (18) does indeed di.'iponalize the 
matrix pr-duct in (12). First, recall that 

[-T 3-,  E1'[c' 0 T' 

Premultipiying 	 C1' te) with 	and post-multiplying with 
is seen to be equal to tf3 when compared against (15): 

tc' 1c'E _____ ttQtc3 

The erenvlues  have a physical meaning. By taking any one mode from 
eq. (13), say 

rind comprinp It with the correepondinp equation of a slnple phase line 

For this reason, it is generally not just a coordinate (or similarity 

transformation. 
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r 	which is  

with  

we see that the propagation constant 	of the independent mode must be 

with Re t 	- attenuation constant, e.g., in nepérs/mile 	- 
Im 	phase constant, e.g., in radians/mile 

The surge impedance of a mode is not uniquely defined because the 
matrices CS-3 and [1] are not uniquely defined if they are not normalized. 
Let us recall that the surre impedance of a single phase line is defined 
by ________ 

- 
I 	c' 

To find the corresponding expression for the modes, the series imper'ance 
matrix +St* and capacitance matrix 

must first be found in modal ouantities. This is done by transforming (9) 
and (10) into the modal domain: 

- 

Both matrices are diagonal, which can be seen by inserting 
from (19) and (18) 	

normalized 

M [11 	
[ 

r- , 	,- I 	 • 
OJJ& CO 	 12 c¼, 

• -. 

Therefore we pet 	(z 
wag 

fig 
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For unnormalized [* T] , set all d -1 	in eq. (21). 

Modal analysis has been used to study power line carrier 
problems £10, 1 , 171 as well as radio noise interference [18,19] 
It is interesting to note that the modal distribution in single 
circuits with horizontal configuration is practically identical 
with oc, J 0-  components L203 	Fig. 2 taken from [19] gives an 
interesting picture of the distribution of mode currents in double 
circuit lines at 1MHz (each mode is independent of the others). Note 
that the modal transformation has only been defined for one specific 
frequency, in general a different transformation must be used if 
the frequency is changed. 

This leads to difficulties in studying transient 
phenomena containing many frequencies. In time domain solutions 
one is almost forced to assume that the transformation matrix does 
not change over a certain frequency range. In frequency domain 
solutions it is always possible,. though costly,to find a new 
transformation matrix at each frequency, 
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5. SYMMETRICAL AND OTHER COMPONENTS FOR TRANSPOSED AND BALANCED LINES 

Power lines are transposed to equalize the series 
impedance and shunt capacitance among the phases to avoid 
unbalances in voltages and/or currents. Transposed lines can 
be studied much easier with symmetrical components, because the 
3 coupled equations in the phase domain, 

rd VA 
AA Z A  

- Q(X 	 SA B 

2;:g  z 
become 3 decopuled equations in the domain of symmetrical 
components, 

dV .c.ro  

dx 	 zero iZero 

- 
o(X 	 E r6t  1?e 

dV - 	
I 

31 
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This decoupling effect i8 the primary reason for using symmetrical com-
ponents instead of phase quantities. It should be remembered, however, 
that this simplification is only true for transposed lines. Therefore, it 
would be foolish to study untransposed lines with symmetrical components. 
Instead, coupled equations in the phase domain ormodal transformations as 
described in section 4 should be used for untranspo8ed lines. 

Theoretically, the line would have to be continuously transposed to 
get decoipled ecwations in the domain of symmetrical components. Of course, 
such a line cannot be built.! But the decoupling effect is still realized 
with sufficient accuraãy for lines with. practical trans-
position, as long as 

(a) the transposition sections have approximately equal length, and 

(b) the length of a complete transposition cycle (3 sections fo- a sinple 
- circuit) is much shorter than the wave length of the frequencies 

involved in the study. 

Because of the second assumption symmetrical components are of little use 
in carrier problems. If assumption (b) is true, then it is permissible to 
equalize the series impedances by tblves  and to equalize the shunt 
capacitances b themselves. The process will only be shown for the series 
impedances because it is analogous for the shunt 
capacitances. 

.l Symmetrical components for three-phase single circuits 

(sinpIc 	L 	 UJ. U ULAU A U. LO 

as shown in Fig. 3. Each conductor occupies all 
A p 	 ________ 	 - 

_______ k 	
p 

IM C' 

LI ------- - 	a 	- 
ULJ.J U11V Way (ii. t1 alloptio .L I..LUfl 

3 possible locations i,k,m 
within a complete 
transposition cycle 
of 3 sections I, II 
and III. The voltage 
drop per unit lenrth 
is the sum of the 
voltage drops in the 
3 sections. 

Fip. 3. Transposition for sinple circuit. 

,&NN I tN1•1 - k- 

k•L 
+ + 

A'J,1j t\Ji b'sik.lI 

For each section the series impedance is 
r 

—L I 

4Nis used for ---ii-• 
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If we define r 	, 	- 	L, 
• 

Lcj L 	J 	T 

than we see that 

•[ 4 72 i c  
I 	 1+  

YK 

%YA 

Remembering that 	-etc. in (22) and introducing average values 
for self and mutual impedances, 

one gets  

I 

where all diaronal elements ("self") and off-diagonal elements ("mutual") 
are equal amonp themselves.*This is not too surprising because transposition is 
used in the first place to equalize the impedances. 

Symmetrical components are obtained through the linear transformations 
(identical for voltares and currents) 

Tlem 
I 	I 	I 	14  

= * ' 
-I. 	 I c t  'a 

and 	 - 

-- 	 I 	-' 

• - 	c,. 
-J 

Matrices with these properties will be called "balanced". 
V 
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with a - 	. The sequence quantities in (2Ia) and (2ib) are 
normalized. Often, unnormalized quantities are used; then the factor in 
(2Ia) i8 1/3 instead of i/{Y and in (2bb) it i8 1 instead of 
With these transformations, eq. (22a) 18 transformed into 

FAN] 
AN Tor. - I 

'4 	 Lr.j 

tW') 

with 	
42 	0 

•1W 

—-- 

] 

(2 c 

The diaronal form of the matrix in eq. (25b) proves that the equations 
do indeed become decoupled. 	 -.. 

Positive and negative sequence quantities are identical. The zero 
and positive sequence series resistance and inductance are a function of 
the frequency as IIOWII iii Fig. 	. All cpcitance 	trc 	independent 
of frequency. 

Practical computation of secwence quantities: It is not necessary 
to carry out the averapinp process of eq. (22b). Instead, the series 
impedance matrix for the untransposed line can be transformed directly, 
yielding  

414 

1 

r 	 j 	, 

- 
L I 

• t _(') U 
This is the matrix which is produced by the line constants program. 
If the-line js•transposed, simply ignore the coupling terms. 

The c3iaponai elements .are the desired sequence quantities. The off- 	- 
diaFona]. elements are not zero-anymore. Their values are useful for 	- - 
untransposed-lines because they-show-the coupling between sequence 	 - 
quantities. Often, unbalance factors-are derived from them [22], such as 

zero,pos. 

---zero- 	 ----- 	 - - 

v4J 	% 
Normalization has-no influence on the sequence impedance, because the 

	

factorsalways cancel out in the product 1S 	UZphasej [ s]. However it 
does influence the sealing of sequence currents and voltages as expressed 
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6• 

t 
earth resisivity100 Ohra-i R' 

3M .3m ACSR regarded as 	 400 

uiar conc.uctor 	- 
•? 	 or 

 
skin effect 	/ 

-10'06m/km    

% .,. ut/77?i7'7fl7'?,fl772i7 

/ 
/ 

....... 
/ 

.101  

a1-100 

zero 

107- 	 104- {e 	- ió Hz 

ig.4. Positive and zero 	cju.on.e inpedancc of 3-ph-.se Circuit- 

5.2 Symmetrical components for three-phase double and more circuits 

The ideas of transposition can be extended to double circuits 
(2 three-phase circuits on one tower). However, there will always be 
cotiplinp between the zero sequences of the two circuits. Appendix 5 gives 
a summary of the pertinent results for the double circuit line. 

• In peneral, the transformation for K three-phase circuits has the 
form 

- 

' 	
$] 	 US-3 

4b 

(2.) 

35 
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Trick for retaining symmetry in symmetrical component matrices 

J Computer programs usually take advantage of symmetry in the oririnil 
matrices for all physical conductors and in the reduced matrices for the 
eouivalent phase conductors by computing and storinp elements in and 

jbelow the diaronal only. This cannot be done directly for 	 in 
(26) because the, transformation destroys the symmetry. However, 
Shipley proposed a scheme of exchanping certain columns in 
whichpreserves the symmetry [1,2:1.  For k three-phase circuits, 
the result will be in the order 

1 	 1st 	2nd 
I 	 circuit circuit 
4 	 ,-'-.---- 1• --.--' 

%eçoS. 

I 

f tet 
1st , 

circuit j 
2nd 	(e10 

circuit POS matrix symmetric 
with rows and 
columns in 
indicated order 

Obviously, the equality ' 
• .cet t. 	vo -t.tO 

must. be  true, 

.3 	 transformation 

See section 14.1 of SUPPL1ME14T to paper "Digital computer 
solution of electromarnetic transients in single and multiphase networks" 
by H.W. Domxnel, dated April 1970. 

.1j Symmetrical components for two-pole HVDC line 

The idea of symmetrical components can be ieneralized to M phases. 
Therefore, it can also be used for two-pole HVDC lines. There are some 
arguments, however, whether it is wise to use the words "symmetrical 
components" and "zero and positive sequence". Indeed, zero sequence and 
positive sequence of a two-pole symmetric line are identicalaitt the rround 
mode and metallic mode of 	 transformation. 

There is no need to transpose a symmetric two-pole :line with con-
ductors at equal heipht, because the impedances are already equal, with 

37 
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The transforma tion (identical for voltages and currents) is 

rI 
 11A 1 j 

and 	F 74.- 	' r ' 	ii 
- 

[i 	W[1 -'ii 
and the associated matrix in symmetrical components 

0 

	

t4 uv~wowookteA 	 A\ Epør A 	ci&OA .M 
4 

6. EQUIVALINT MULTI-T)-CIRCUIT FOR IJNTRANSPOSET) LINES 

A multiphaseline can be represented by an eauivalen multi--circuit, 
which correctly dscr,ibe the steady-state conditions at its terminals 
for a specific frequency cad le:gth. This is the generaliatio of the 
w1l-no.t quva1nt 	for the tinie-phase line. Note thtt &uci cuiv- 
aXcnt r rcit th. 1&ut only for steady-state conditions (frqui:y &n.i 
length fid); they crnot be used 'for trn.sicnt ph.non1na andgi 	no  
inforr.ation between th tcruiinls along the line. 

Thn equivalent r:u1ti-i Ia charactoriod by a transfer aitrttanc ratrJ.x 
C Y tr v fc 3 	r 

	

te.)inul 1 to 2 anda clault adiu:U. Lance 	tr3x 1'! 	
ItOva?

at both t:i:i. 	P;i. 5.21). Their raniri is eprcccd in the foui:: 

• F. [Y trantor1 + tYshunt 	 transfer 	1V11 

L 	 rnsJ. k; 	shunt] .J ;j: 
where [v11, t.v2), LI.], 1121 are the voltage and current vectors at both 

terminals. If the' line has M phases, thenEY 	Ti ,ty 	re 
transfer 	shunt 

M x M matrices and(2.7) is  system of 2M equations. 
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Transposed and single-phase lines 

It is well known how to óouipute tr,sfer 	shunt and Y 	for the single-phrua line, 

transfer 	
and Y 	a (A-1)Y 

	

B 	
t, 	) 

	

 shunt 	 transfer 

	

with 'A - cosh 	 a - length of line 

	

\j.sinh (S\z' 	
z'-series impedance per-unit length 

B - ) 	yt_shunt adnittance per-unit length 

Fig. 6 shows Z  tranu fer - 1/Y transfer 
and  Yshunt 

 for a single-ph3e line as 

a) 
' 	a function of length. If the line-length is short, compared to the Wave 

length, then 

z-i'Y 
transfer 	' transfer 

for 3 <A (i9 — shunt 

This is so,timea called the nominal Tt in contrast to the exact equivalent 

For transposed lines each sequence is computed independently with 
eq. (28). The solution is more difficult for untransposed lines, in that 
case, the scalar equations (28) can be generalized for the multiphase 
line by using eigenvalues C4J . A different approach is used in BPA's 
program, which was indicated in a discussion to ref. 4 by W. F. Tinney. 
First choose an incremental length AS which is short enough to justify 
the use of equation (29) . 	 . 

The reipective equivalent nulti-' for length AS then has 

1 traru3fer 1  - 	. LZ'i 	 IZ'J - series impedance matrix p.u. 1esith 

with) 	 I 
*}iunt 1 	- 	[ Y'j 	 1% [Y] 	ohunt admittane matrix p.u. ].cz,t 

If two such cquivalcnto :-e no connected in series (Fig.7)., one gets a 
iiw e:jivcnt for the doubled length 2.,\s after eliuthating 4:h passive 
"iziner" noics 3) in the nytein of 34 nodal equations. An efficient elimi- 
nation 	is exr,)ein...i  in appendix 6. 'r)iis dtjuhlinC of the lOfl(;th by 
series cosectiot of the 1tt edva).erLtQ will finally lead to an equiv-
alent fo the dird )nth s, via equivalents for bs, 2A8, 4s, 8s, 
( &a is chosen such that 2k.8 - a with k positive integer, in orckr to 
arrive Ox:1)tly (t the length 8). To bounds must be taken into account in 
the rhoie-z of A s; on one hand it tho'.tld be small er.ouh to ju'tify the uu 
of cq.(2)), on the other hand it should not be so small as to cause serious 
round-off errors and an excessive number of doubling procedures. Appendix 
7 shows how AS is qho3enby the computer. With this choice, the values for 
the oingle-phase line of Fig. 6 compare at 800 miles with the exact va1uei 
as follows (is was 12.5 miles): 

Y transfer inmmho 	Yshunt inmmho 

through successive doubling 0.16800-j2.5881 	0.13546+j2.8073 

	

exact 	 0.16800-J2.5883 	0.13548+j2.8074 

For a three-phase line of 200 mile3, used in ref. 4, the results had a 
maximum relative error in magnitude of 3.10 4  and a maximum phase error 
of 0.030  in the transfer impedance and shunt admittance elements. 
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7, SCREENING MATRIX 

In interference studies the current in the ground wires must also 
be known. As indicated in the sketch, a zero sequence current in the 

	

I 	' 	 phases returns partly through the pround 
wire. This ground wire current cancels part 
of the voltage induced in neighboring 

	

10 	 communication lines by the zero sequence 
current, thus acting as a "screen" for 
magnetic induction. Since the line constants 
normally used have the ground wires eliminated, 

it is necessary to recover the ground current. For the case indicated in 
the sketch with all 3 phases bundled to simulate zero sequence operation, 
one would have a system of 2 equations 

IT :1 

The second equation permits the recovery of the ground current 1%  

- 
- -- £ 	 where - -_ is called the screening 

factor. The impedances are: 

self impedance of ground wire 

- 	mutual impedance between zero sequence bundle of phase D  conductors and ground wire. 

The idea can easily be generalized for the multiphase line. Let 

F subset of all phases (after bundling has been carried out) 
0 a subset of all ground wire3. 

Then 	 r-' ] 1:7' 1 	1-i- 
L J LLQi L9 

[Z1 	t1] 

From this, the recovery of currents in the Fround  wires is seen to be 

- 
Screening matrix 

The screening matrix is the transposed of the ristribution factor matrix 
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explained in appendix 1. Its indicated in the flow chart for REDIJCT in 
appendix It, the transposed distribution factor matrix and, therefore, 
the screening matrix, are directly obtained as a by-product of the 
reduction process. 

Fip.!& shows the phase currents in the 2 poles of an HVDC line for 
the sixth harmonic (360 Hz) as a function of line distance. The currents 
in the two ?round  wires (LT.GRD. - left ground wire, RT.GRD. - ripht 
pround wire) which are also plotted were recovered with the screening matrix 
mentioned above 7]. 

8. 	SEGMENTED flROIJND WIRES 
,su1oke& cw& v3m&e& 

Segmented ground wires are inter-
rupted and irtstUated at certain 
intervals to prevent the flow of 
circulating currents. In effect, they 
act as an electrostatic shield. 
Segmented ground wires will not carry 

any noticeable current as long as thewave length of the particular frequency 
is much )arrer than the lenith ofegnientation interval. This is true at 
power freauency but is not true at higher frequencies associated with liphtning 
surpes. For switching surges it may or may not be true. 

'ihe nature of the seprnentation is taken into account by ignoring the 
p.round wires in the computation of the series impedance matrix but considering 
them in the computation of the shunt capacitance matrix. 

8.0 

A 

8 
-J 

GIRD 
GRID. 

200 	400 	600 	800 	100 
X IN MILES 

(DISTANCE FROM SENDING END) 

Fiç', 8. Currents of sixth harmonic in HVDC line 

43 

I 



Classical textbooks always equate the positive sequence 
resistance with the conductor resistance (for bundle conductors 

resistance for individual conductor 
R 	number of conductors in bundle 	' possibly corrected 

for conductor skin effect. The values obtained with the exact 
formulas may differ slightly for two reasons: 

(a) The ground return influences the positive sequence 
impedance slightly which is not borne out by 
classical formulas. The influence is usually very 
small at 60 Hz but may become noticeable at higher 
frequencies. 

(b) The presence of ground wires may have a noticeable 
effect on the positive sequence impedance. A 
particular case at 60 Hz gave 

Rconductor 	
0.0657 '- /mile 

R positive 
-. 0.0703 -"- /mile, which is 

6-1/2% higher 

This difference is primarily caused by the presence of 
a ground wire. Even under symmetric (positive sequence) 
operation the voltages induced in the ground wire by 
the symmetric currents in the 3 phases will not cancel 
entirely because the distances from the phase conductors 
to the ground wire and, therefore, the mutual impedances, 
are usually not all equal. The remaining induced 
voltage will cause a circulating current (return through 
ground); the associated losses are proportional to the 
positive sequence current and are accounted for by an 
increase in the positive sequence resistance. This 
effect will not how up with segmentation of ground 
wires. As a matter of fact, this is ,the reason for 
using segmentation. 
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APP END 	... 	. -. 
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• . 	-. - 
Appenàix 1. Line paramci;orf; 

a) Srierimpeclance. Carson's forr.ui1 2  
is used for calculating the impedance 
atrixtZ'i It is based on the assumptions 

that the conductors are long enough, so 
that end effects may be neglected, and that 
the earth has uniform conductivity and is 
bounded by a flat plane with infinite extent, 
to which the conductors are parallel. As 
average hoight above around the value 
"height at midspan + 1/3 of sag" is usually 
*taken. Tho spacing between conductors is 
assumed large enough to neglect the 
proximity effect. The elements o3are 
for the-self impedance 

) irneLges 

I 	= (R 1+ R) + j (2c 10 4ln— + AX) 	in bm/ki 	(30). 

and for the mutual impedance 

Z:bc= Zi = 	+ 	
2.10_4151k 	 in Q:hm/ 	(31) 

w.th R= resistance of conductor i (for skin ffet.'see app2) 
-- in ohm/lci 

hi height above ground of conductor i 'in th distance between conductor i and image 	0 S0 

of conductor k 	 ' 	 Ufl S 2  

8k= distance between conductors i and k } 	
m 

GMf{= geometric mean radius of conductor i 
?for skin effect see ap.2) 

w = 2mtf with £=.freq,uéncy in cps. 
The corrections AR' and AX' account for the earth return effect 

and are functions of the angle ( =0 for self impedance, O =  IPik 
for mutual impedance) and the parameter a: 

a = k.S.\ç 	Ic = 4-9-15 	 (32) 
with S =c2hi for self impedance in in 

for mutual impedance in in 
= earth resistivity in ohm. 

R'anci X'bocome zero for a-co(very high frequency or very low 
earth rsstiyity). Carson gives an infinite integral for AR' and 
AX', which he developed into' the following infinite Series for 
a95 (roarranged for . .-• -• 
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R'= 4tj 	Tr. 	
AZ4c1O4{..(O.6159315_1na)' 

—O.acOsc 
+o;,..(c—in a)a cos2+asin2c3 

+b1a•cos 
—d2a1cos2 
+b3a3 cos3 

cos4> 

_05aSc035c, +b5aCO55') 	. 	 'I 
+bC(c—lna)a6cos6+4asin64] —d6a6cos6 	 J'(33) 
+o7a7cos7q 

. 
. +bacos74 	 I 

—da8  os8c —b8  E(c —lna)a8  cos6+asin8 
- 	

••• } 	. + 
 

z7-: • ... 	•.. 	..:. 

Each 4 	uccesive terms form a repetitive pattern. The coefficients 
b1, c1 and d. 	are constants, which can be precalculated and stored 
in lists. They are obtained from the recursive formulas: 

fb= 	for odd 
1 = b:2 ._4& y 	with the starting value 	subscripts 	(34) 

) b,=4 fo 	evçi-i - 	'" subscripts 

ci c12  + 	+ 	+2 	with the starting value c2= 1.3659315 

with sign 	±1 changing after each 4 successive terms (sign=+1 for 
i=1,2,3,4;sign-1 for i=596,7 7 8 etc.). 
For a'>5 the following finite  series is be.st used': 

AR'— (cos 	 + 	+ 3eos5c - 4Scos7cb'\ 0  4•1O 
- , a 	a1 	a3 	a5 	a' 	IVY 	(35) 

cos3' + 3cos5cJ + 45cos7 . 4w-10 —4 
a3  a5 	a' I ff 

The trionmetric functions are calculated dire ctJyfro the 
geometry, for conductors i and k:. 

h.+}'. 1k 
COSyik = - 	— an S.L.ny1  

and for higher terms in the series from the recursive formulas 

a1cosic = [a 1cos(i—i)c.cos4 - a 1sin(i-1).sin4J.a 	. 	/ 
- 	 1 	 (30) 

aThi = La 	cos(i-1).sin + a1  sin(i-1)coscb].a 
For pov:cr circuits at power frequency only few terms in the 

series of (33) are necessary. The formulas in most textbooks are 
based or the first few terms. However at higher frequencics and 
wider 	ac:.ngs - e.g. I   in interference calculations - the pareter 
a becomes 12.rCer and more and more terms must be taken irto 

O 	This is obtained from an asymptatic expansion of Carsen's formula 
(derivable by repeated partial integrations) and is already shown in 

original paper r12. Butterworth carries it further to include 
one more term. 
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account. Pig. '9 ° shows the number of necessary terms in (33) to 
he o:-±e3 in the brackets accurate to 2 or 3 digits behind 

the 
 

decimal point, with the values being of the order 0.1 and 
higher. Pig. 10 shows the riutal reactance as a function of 
spac-ing calculated with different numbers of terms in the series. 
It clearly shows that it is important to take more than the first few terms into 
account, even at power frequency if the spacing is wide, as in interference 
calculations. Once the Carson series starts to converge it does so 'fairly rapidly. 
How misleading the results with a few terms can be is shown in the following 
table for a - 14 and 4 - 0 

()approximate 
Number of terms 	error CIF 	 100 

'accurate 

1 311.7% 
2 -7148.3 % 
3 - 16.2 !. 
14 +798.2 lo 

-415.6 *[a 
6 
7 l21.3 V0  
8 - 92.7°f. 
9 
10 -]5.0f. 

13 
.L.( 	I. - 	0.3 

14 + 	0.ihV. 
15 - 	0.014 Yo 

• It r±g be more écoómió oititute the infinite series 
of (33) with a polynomial approximation with defined error 
bound; this was not explored. 

I-  S - xn-  caiacitance. The capacitare ma1rixtCl±s the inverse 
of the atxjo±' the potential coefficients, 

The elements oftPare calculated from the geometry. The diagonal 
element is 2h. 

1810 	1 

	

u in r. 	dara-1n 	 (37) 

and the off-diagonal element is 
S . 

= 	= 1810 in iIC 	in dara-1n 	 (38)
Sik 

with r rdiu3 of conductor i. The formulas are valid as long 
- L 
	 v. 	nai1 cornparcd witri the cpc.i.ngo. The c:ac 

van, for tho :Cctor in (37)  and (38) i 2c2.1018.1O 	with 
c 	v:Loc:.y of light in km/s. 
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___________ • .1fl effect  OCb.1.   'fl Con1ictors 
th -,ricreasing frequency the current is more and more 

crowc coward the surface of the conductors The conoqucncoz 
are 	increase in the resistance and a decrease in the internal 
flCCC. 

ota1 inductance of a nonmánetic conductor per unit 
ionth, as used in eq.(30),' 

=210 in . 	in henry/km, 
%0 to 	 GUR 

is the reou.it of adding the internal inductance (due to flux 
inside the conductor) and the external .hductance (due to flux 
outside the conductor), 

	

ota1 = 2•10 1n+ 210 in - 	in henry/km. 

r1 - 
internal 	'extornal 

Only the internal inductance is influenced by skin effect. Since the internal induct-
ance is only a small fraction of the to.al inductance, the skin effect on the total 
inductance is usually email, except for large conductors at high frequencies. However, 
skin effect on internal inductance 18 always taken into account (in addition t.ici.n 
efrec on the resistance) when asked for on the conductor carS, in BPA'S line constants program. 

When akin effect is taken into account, then the internal inductance becomes 
negligible at higher frequencies. Neglecting both internal inductance and earth 
resistivity at high frequencies, the inductance matrix tL1)_'IvZ1 3 becomes 

- [LIEPIJ 	 - 

these 2 assumptions all waves 0 m1tiphase lines will travel 
at' the velocity o light... 

The increase in the resistance becutie of skin f±cct car bo 
eorisidera'oi. For solid, roi.ndwires the skin effect forrni.ila is 
well known. Stranded conductors can practically be treated as 
solid conductors of the same cross-secional area 4..Steel-
reirforced aiun±nur!1 cables may approximately be treated as tubular 
conductors, when the influence of the steel core is negligible. 
It the ag:eic material 13 of influence, then calculations are 
less reliable and measurements should be used. Since the solid 
conductor 1.5 a special 	e of the tthu.lar conductor, the orula 
or the latter is givenh5ror  nornagnetic material: 

•  Rl+j ±rterra1 - 41 '1 2(ber inr+bei rar)+(kcr rn - r+jke± rnr) - mr 

(39) 

with ber'ra+1bejtrno p = - 

and R' = resistance with skin effect included in ohm/icn 
= DC-résistance in o'a/1an 

= inductance with skin effect included 
internal in henry/km 

= OutJ. 	radius 
o = Inside radius 

r 
f'= freq in Hz 
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(mr)2 	k 	1 
l s2 

(mq)2  = k 

ia 

with k 	8  
bc 

1_s2  

The modified Bessel-functions ber ( ... )+jbei(...), 
bert ( . . . )+jbei' (. . ) , ker( . . . )+jkei( . . . ) and ker' (. . . )+jkei' ( • ) 
can be calculated with polynomial approximations 	16 

Note on magnetic conductors: 

In eg. 139] it is assumed that the material is nonmagnetic. 
However, the formula is also valid for magnetic material if k is 
redefined: 

k= R'DC 

where/A,= relative permability. 	Since , is a function of 
frequency as well as a function of the current (due to saturation), 
no attempt was made to incorporate 	into BPA's line constants 
program. Modifications can be made, however, for users who want 
to supply ,frr • 
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SUBROUTINE FOR SKIN EFFECT 

1. Purpose: The Subroutine: 

SKIN (S,R, FREQ, RF , XF) 

finds the ac resistance and the internal ac reactance (explanation 
of "internal" in appendix 2) for tubular conductors at any frequency. 
The solid round conductor is a special case which is automatically 
included. 

The first 3 arguments are input 

inner radius 
outer radius 

R = dc resistance in 	./mile 

FREQ 	frequency in Hz 

The last 2 arguments are the results? 

RF 	ac resistance in J2./mile 

XF = ac internal reactance in 
.11 /mile at the specified 

f r q u e n c y, 

If ratios are desired, calculate them after execution with 

R ac = R and i -internal-ac = 	 XF 

	

dc RF 	 Linternal-dc 0.50559135E_3*FREQ 

2. Formula used: Exact formula is given in appendix 2, where the 
numerical procedure is also described. In the polynomial approx-
imation from ref. 16, all Kelvin and Besel functions are multiplied 

	

by e x p (- -!-i.y') 	for argumentsX>5 to avoid too large numbers 
VT ,,  

(this factor cancels out since it shows up in the numerator and 
denominator of the skin effect formula). 

3. Computer time: The program is in FORTRAN. One call to the 
subroutine takes about 0.05 s on an IBM 7040. 
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SUBROUTINE SKIN (S,R,FRCç),RF,xF) 
DIMENSION FBE(20),FBED(20),FKE(20),FKED(20) 
REAL KERD,EID,KER,KEI 
the factors The etc. are defined in data statement 

F 
S • LT • 0.99 .AND • S • GE.0. 

Stop 

	

3 1 

52 	SS. 

	

53 	(1.0_52)*R 
R2 = FREQ*0.40447306E_02/53 

•1 
FS.LT. 0.0000011 

Q2 R2*52 
X SQRT(Q2) 

0 
IBACK2  

Kelvin 	ions for 

 IF(X2.LE.1.0)go tol00 
go to. 	200 

[argument  .GT.8. 	J 

Kelvin functions for 
argument .LE.8. 

4 	- KERD*KERD+KEID*KEID 

	

'IA 	(_BERD*KERD_BEID*KEID)/Z 
lB - (BERD*KEID.BEID*KERD)/Z 

Six = SGRT(R2) 
"1X2 = R2/64,0 

!I!.cY. 	1 

:r ~ IF(X2.LE.l.0). go t 100 
200 

Kelvin functions f 
argument .GT.8. 

fl G 	BEfl 
H = BEI 

BERD 
F = BEID 

S • LT • 0 • 000001 

4F 
= G+A*KER_B*KEI 

H = H+A*KEI+B*KER 

I

G 

E = E+A*KERD_B*KEID 
F = F+A*KEID+B*KERD 

52 = x*53*0.5/(E**2+F**2) 
RF = (_H*E+G*F)*52 
XF = (G*E+H*F)*52 

Kelvin functions for 
argument .LE.8. 
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C 	CALCULATION OF KELVIN-FUNCTIONS FOR ARGUMENT .LE.8. 

100 Z X2 
DER 1.0 
BEI 	0.0 
BERD 0.0 
BEID 	0.5 
KERD 0.0 
KEID 	0.21139217 
KER 	-0.57721566 
KEI = 0.0 
IALT = 1 

- _do 103--  1,14 	- - - 
IF(IALT.EQ.1) go to 	101 	 I 
BER=BER+FBE (K) *Z 
BEIDBEID+FBED(K)*Z 	 I 
IF(S.LT.O.000001) go to 102 - 
KEID=KEID+FKED (K) *Z 
IF(IBACK.EQ.2) go to 102 
KERKER+FKE (K) *Z 
go to .  102 	 I 

p-101 	BEIFBEI+FBE(K)*Z 	 1 
BERD=BERD+FBED(K)*Z 
IF(S.LT.0.000001) go to 102 	 I 
KERD=KERD+FKED(K)*Z 	 I 
IF(IBAC.EQ.2) gc t 	102—&-- 

102 Z=Z*X2  

103 IALT=-IALT 	 I 

BEID=BEID*X 
BE RD= BE RD * X 

S .LT.0.000001 

XL= a1g (X*0.5) 	 I 
KERD=_XL*BERDBER/X+BEID*0.785398163 	+X*KERDI 
KEID=_XL*BEID_BEI/XBERD*0.785398163 	+X*KEID] 

IBACK.EQ.2j 

KER=.XL*BER+BEI*0.785398l63 	 +KER 
KEI=_XL*BEI.BER*0.785398163 	 +KEI 

104 	1 go to ( 6 	, 4 	) ,IBACK I 
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CALCULATIONS OF KELVIN-FUNCTIONS FOR ARGUMENT.GT.8 

200 	-X2 	.8. 0/X; 	Z 	- X2.. ;fl;t;/;z/h9 	for 
BER 	0. OW 
BEI 	-0.3926991 
BERD 	BER;BEIDBEI )O(-x) 

- KER 	0.7071068 
KEI -KER 30(x) 
KERD - KER )ø(-x) 
KEID 	KEI 
IALT=1 

_k_____ 
I---- 	 -t I 

	

do 	203 	K=1, 	6 
THTAR=FBE (K+14) * 

I 	 THETAI=FBED(K+14)*Z 
PHIR=FKE(K+14)*Z I 
PHIImzFKED(K+14)*Z I 

I 	 BERBER+THETAR;BEIBEI+THETAI 
KERKER+PHIR;KEIKEI+pHII 

1 	 IF(IALT.EQ.1) 	go to 	201 
BERD'BERD+THETAR; BEIDBEID+THETAI 
KERDKERD+PHIR;KEID=KEID+PHII 

to 202 I 
'201 BERDBERD-THETAR; BEIDBEID-THETAI 

I 
I 

KERD=KERD-PHIR; KEIDKEID-PHII 

II 	202 IALT=-IALT 

XL 	X*1.41421356 
THETAR = -XL+BERD 
THETAI = -XL+BEID 
Z 	SQRT(X) 
X2 = 	0.398942280/Z 
Z = 1.25331414/Z*EXP(THETAR) real part 

FR = Z 	CS (THETAI) 
Fl = Z*SIN(THETAI) )f (x) 
X2 = X2*EXP(BER) 
THETAR 	X2* COS 	(BEI) - 
THETAI = X2*SIN(BEI) 
Z = _FR*KERD+FI*KEID 
KEID= _FR*KEID_FI*KERD •  

) ker 	kei  KERD = Z 
BERD = THETAR*KER_THETAI*KEI_KEID*0.318309886 
BEI) = THETAR*KEI+THETAI*KER+KERD*0.318309886 
KER = FR 
KEI = Fl 
BER = THETAR_KEI*0.318309886 
BEI = THETAI+KER*0.318309886 

I 	go to( 6 , 4 ),IBACKI 
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APPENDIX 3 

Note on Attenuation in Overhead Lines 

	

References: [1] 	Goldstein, A.: "Propagation Characteristics 
of Power Line Carrier Links," Brown-Boveri 
Review, Vol. 35, 1948, P. 266. 

	

2j 	Galloway, R. H., W. B. Shomocks, and L. M. 
Wedepohl: "Calculation of.Electrical Parameters 
for Short and Long Polyphase Transmission Lines", 
Proc. lEE (London), Vol. 111, No. 12, pp.  2051-
2059, December 1964. 

	

£33 	User's Manual for Line Constants. Memo of the 
Methods Analysis Group. 

	

- 	Reference 	1 contains measurements and approximate formulas 
for the attenuation on an untransposed line. The values were 
re-computed in reference 2 with more accurate formulas. 

The same case was run with BPA's line constants program 
(reference 3); a slight modification was made to handle 
/4= 1000 in the earth wire (the normal program version assumes 
/4 = 1) . Also, the positive sequence data were considered to. be 
close enough to the data of mode-2- propagation (one of 3 
independent modes; mode 2 not associated with ground return) 
of reference 2. The modes could be found by an eigenvalue 
aflA1Yi!: this ic not included la Lhe line-constants-program 
as of now. 

BPA's line constants program neglects stranding and assumes 
a round conductor (or. tubular when the steel core of en ACSR is 
ignored). When Galloway's formula for the internal, impedance of 
stranded conductors is used, then BPA results come very close to 
measurements. Unfortunately, Galloway's formula contains a 
factor which must be found from measurements in an eleatrolyti 
tank. Galloway says that his factor of 2.25 is satisfactory 
for the number of outer strands being 6, 12, 18 or 24 and for 
frequencies above 2-5 KHz. It was also tried to treat each 
strand as an individual conductor and bundle them. The 
results were unsatisfactory (lay in neighborhood of approximate 
formula of reference 1); this is probably due to high proximity 
effects which are not taken into account in the line constants 
program. 
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0.10 

0.08 

, 0.06 

0.04 

17 

-program, modified for/.4 =1000 
earth wire and using 
a].].oway's formula for internal 
mpedances 
easured (reference 1) 

alloway's results for 
ntransposed line, mode 2 

PA-program, modified for 
/4 =1000 in earth wire, 
eglecting stranding (co.nductor 
reated as solid round) 

0 

I 

pproximate formula in 
eference 1 

Note: Galloway's results 
and the measurements are 
for mode 2 propagation of 
the untransposed line, BPA 

results are for positive 
sequence (using the line 
constants program) 

50 	- 	100 	150 	200 kHz 
VPb  

Frequency 	 - 	- 
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Appendix h. Matrix reduction and matrix inversion 

Explanation of matrix reduction 

Given a system of linear equations: 

with 	 n x n matrix 

vectorswith n components. 

Let the components in the vectors be subdivided into 2 subsets 1 and 2. 
With the corresponding subdivision in the matrices we get 

n 

t P1 	1x1 	U;) 
t~) 

tP1 L 

The objective is to arrive at a reduced system of equations for subset 1. This 
IR RCflflmOiiShed by solving (IV:2) for t1 

t * 	 tx) 

and inserting this into (IV,l), which becomes 

r 3xT1 tV 
with the reduced matrix 

(sometimes called "Kron's reduction formula") 

and the distribution factor matrix 
r lrk i 

It 

Eq. (IV,4) becomes quite simple if U21 - 0. In this case 

J\1tX11 -I1T\ 	c 

Whenever equations are to be reduced in this text, they will first be brought 
into a form where Eb,,3 - 0 to arrive at the simple reduced system (I\S)where 
no distribution factors are necessary, 

1 	 56 
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Explanation of matrix inversion 

If subset 1 becomes empty then (IV,3) is simply 

[x2] - [A22]'[b2] 

or, since Ex  'd = [x] etc.: [x] 	[A] [b] 

Therefore, the case of matrix inversion is simply a special case 
of the reduction process. 

Subroutine REDUCT (A,N,M) : Eliminates the variables 

x 14+1, x x in the system of linear equations, . . .,  

• I I. 	I 
A 

• 
riI 

I 

=Irii 
1,( 

XM+, .1 I 	I 

'iN_i L 0 ] 

with an N x N symmetric matrix LR.J , or inverts the matrix it 
14=0. The matrix is stored in a one-dimensional array A 
column-wise in and above the diagonal, with a11  in A(l), 

a21  in A(2), a22  in A(3), a31  in A(4) etc. After execution 

the matrix A will be replaced by the reduced matrix in 
coluirs 1,. ..,M in case of reduction (O..M 	N) or by the 
negative inverse in case of inversion (M0). The algorithm is 

based on the Gauss-Jordan elimination process E51  in a version 

by Shipley 	which exploits the symmetry. 

. 
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rj+I, r= i,a,... 
AOr4gSS OP aj 

Address oP ab 

*)The  negative sign on b1  accounts 

for the fact that the process leads 
to the negative inverse matrix. 

'58 

*0 be e)imin&ted 

- 	 121 
The computation is carried out by exchanging - one at a time - 

• the variables Xb 	Xn_lbn...1 	X +1 	bm+1 	In eq. (IV,3) 

this has been done for the entire "block" 2. To retain symmetry 
- 	in the matrix throughout this process,, the right-hand sides b. 

are redefined with a negative sign, or [A] [x] = - [b] *). 
If variables X. , i 
	 j+l, 	j+l b are to be exchanged (that is X 	b 	etc. 

have already been exchanged) and the coefficients from the last 
exchange are theh: 

(old) 	(old) 	 (old) 	(old) 	 (old) 

2 j, Xs+1j 	 XJ*aJ(j +,).bj*, *... 	-b,(jZ6a.) 

and 	X. 
J'  b  j  

exchanged 

(olc) (old) (old) 
a.- 	1' 
(old) b 

- aJ(J+,) 
"(old) 	J 	(elo() 

Si 
k,*s •-." 	 x,, (iv, Gb) 

a jj . aii 

If (Iv,6b) is rewritten with the new coefficients,, 

(n.w) 
Q Xs  ..... 

then it follows that 	 (old) 

	

("sew) 	0 	 (flew) 
for the eliminated row: aJk 	OlGI) 	k*j and ajj= 	(1177) 
- 	 jj  

By insertion (IV,6b) in the other equations one gets 

(new) 	(old) ér lcc). di k 
a,k 	a,k 	U 	 for k *j (IV, 8) 

for the other rows: 	 (.,dj ajj 
(•w) a1  

and 	 (IT, 9) 

o.JJ 
By comparing eq. (IV,7) and (IV,9) it can be seen t at the 
symmetry is retained. 

Matrix is stored as upper triangle: 

In 	h 



Flow Chart for REDUCT (A,N,M) 

Matrix is reduced from size N to size M. Variables X 	X are 

eliminated. If M0: result is negative inverse matrix. 
Note: The reduction or inversion process yields the system of 
equations 

1~

k
E

edUcEdJ 	ED,a 1
11C

x,J1 fb,] 
and zeplaces the original matrix 
with the one shown t left. In 0,a 

JT 	i: AeaJ 	2JtLP"2JJ case of reduction (M > 0) only 
EA,,educ 3 is normally produced. If the other submatrices 

[0,2 ]r and[Aaa]'are also desired, then leave out the shaded 

statement as indicated below. 

DIMENSIONA(5050,B (100) 

( 	N .AND. M 
if T)u.a 

2 	JN+l 
W=100 

IF(M.GT.0)W = -w 
IJ = N*J/2 

3LJJ-lI 

Folse 

H1 -1.0/A(IJ) 
B (J) 

IJ=IJ-J 
1(=0 

IK=0 

ra.Ie 

Feryor-outpu 
STOP 

Return 

ED 
leave this 
,statonleht 
Out if 

A 2 etc. are 
desired. 

4:

1 

 IKIK+K 

F 

I lIK+l 
K=K+1 

se 
&L Ise 

FeLlse 

a 

91 11J+K 

7 	I=IJ 
D 0 8L=l,J 
1=1+1 

8 A(I)=B(L) 

KJJ 
False 

I=IK+J 

5 H2-A(I) 
B (K) =}12*}1l 

I 2=IK+i 
L=0 

DO 6 I'I1,I2 
L=L+1 

6 A(I)A(I)+B(L) *H2 

C < i' 
F Fo.)s, 
11K+J 

A(I)'B (K) 

59 
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Appendix 5 

Transposition of Double Circuits 

1. Double circuit, transposition scheme of 9 sections 

A perfect decoupling of the sequence quantities within each 
3-phase circuit and also a decoupling between the 2 circuits except 
for the zero sequence is reached by the following transposition 
scheme: 

a 	 11i 	 } circuit,  I 

- 	__ __ __ 	' 	ui' circuit 
1-6 

The symmetrical component matrix will have 
zero elements except for: 

and Z' zero-1 	zero-11 	 zero-I/Il 
Z I 	 zs p08.-I 	p08.-Il 
Z e 
neg.-I 	neg.-II 

Thi. lb zO Los-coUjJiiflg from one sequence to another and 
also no coupling within the same sequence between the 2 circuits 
except in the zero-sequence. 

Using the same approach of adding the voltage drops for all sections, 
one gets 

[Z'h] 	9 f1Zphase of 1 	1hase of 1 + ••• [ hase of 

	

L. Llst sectionJ 	L2nd sectionJ 
.)Z,  BI • • A Z AX 

I 
C 

I 
C 

I 
C 

'AZ 
,:,.' 

BI 
7' 	I 

aCAI1 - C C C 

=1, 9 
3 	I • I I 

--------- 

S 	- S 

, 
C 

., 
C I,-  

, 
C 

, -,• 
7 Ct3il 

, 	. )LArJ 
7 

'AIX I 
C 

I 
C 

S 
C 

I 
A 

I 
A ' 

c c 
• I 
c 	I 

1 3 AIX ar 

with Z' 	= Zs +ZI  +Z 	 Z' +Z' +Z' 

	

Al 12 23 31 	All 45 56 64 
Zs +z'  +z 	 z'  +z'  +z'  

	

11 22 33 	BIl 44 55 66 

+z'  +z'  and Z' 	Z +Z = 	+Z' +Z 	25- 26
+ 
 -43536 • 14 15 16 24 

bearing in mind that Z' ik 	ki 

L9th sectionJ 

M. 



Transforming into symmetrical components yields: 

[Z~' 
	

E_SOTS_j 
I 0 

fl]_ 	
0 J[z15]   

• .t 	' 

3 0 0 
I 

0 0 

o o 1 	o o 0 

o o o o o 
= (2 /) 

,. 

-1 --------------------- ---------------- 

: 	2AIZ 

It can easily be verified that the non-zero elements in (V,3) 
come out identically when the line-constants program for 
untransposed configuration is used. Therefore, again simply 

ignore the terms in the untransposed series 
impedance and shunt capacitance matrices for 
the symmetrical components in the places of 
'zero-entries in (V,3) to account for the 
transposition effect 

2. Double Circuit, Transposition in 3 Sections in Opposite Direction 

I .__ Z.____  
£ £S 	 ... .J U 	J £4 	S. J. S4%I .J £4 	 U 0 £S •.0 	.J 	£SS £ 	 .J 400 CL V S J. 

by a much simpler transposition scheme with rotation in opposite 
direction. It leaves coupling within the same sequence between 
the 2 circuits however. 

C 
cheme: 

33 	 3 

a 
ui*1 a ____ 

d 
e 

4 	 4

1i_; 5 	 }circu;JI 
P 

Note that the conductors are numbered in the order of 
the phases a,b,c and d,e,f in the first section 

61 
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First find rç1 	z 1 	z 1 	i Z'K 	z 	z1 

• Z 	ZBI 	I ZM 	Z'K 	ç I 
ç1 	Z'AI 	

z 	I ç ZM ç I 
[Z'hase]- I ---- 

ç 	ZMZLIZBZIIZ Ij 
(V,4)  

I a 

' 	Zx 	ZM 	l AIX 	BIX I 
-' I 

All 
I 14 	L 	K 

'7 . 	 I L AIX 	All 	BXIJ 

with Z'AI = Z
12
+Z23+Z'

31 
	z XI 45S6 	

64 
Z'BI 	= 	 Z'B Z 4+Z'55+Z'66 	 (V,5) 

- 	 Z I 	ZI 	+Zs 	1 
K 	14 	25

+Z 
36 

of same 
z 16 +z'

24 
+Z'

35 14 configuration in 
both circuits 

Than transforming into symmatrical components yields: 

• 4 []{' } has 
 rs Iol 

s j 
ZCZL+Z 

I
' 	 0 

3 
I 	0 	+IZL 

o z; +~A:f M 

[Z  ymm. ]=1  

I 	 0 I 

0 	0 
3 

0 	0 L 	 3 I 	 3 

Eq. 	(',6) 	shows that within each sequence there is coupling from 
one circuit 	(I) 	to 	the other 	(II) . Theoretically 
z.pos. 	

III = 	p05. 	II-I 	(same 	true for negative sequence coupling 

from I 	to II), 	however, 	in 	tractical cases the conductor 
arrangement is likely to be symmetric with respect to the tower 

For symmetric arrangement: 

and therefore: 

= z. 	 = 
,pos.I-II 	p05. II-I 

= z • 	- 	 =Z ' 	 z - ng.I-II 	neg. II-I 	K L 
3 

Jynim .t,-/c - &Afl4yflh1ttiC 
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Again it can easily be verified that the line-constants program for 
untransposed configuration yields the same values in the non-zero 
entries in (V,6). 

Verification by computing 

[s'I ol 
r2;, z;  23 ... .z1r I 1 1 	43  

[0 I 	L1 Za 	J L I J 

Therefore again simply 

ignore the terms in the untransposed series impedance 
and shunt capacitance matrices for the symmetrical 
components in the places of zero-entries in (V,6) to 
account for the transposition effect. 
Attention: Number phases as in first section to 

express opposite directions for 
transpositions 

Appendix 6 

Series Connection of Two Identical Equivalent multi- ir's 

The series connection of two identical multi- lr's (Fig. 7, 
p. 21) is described by the equations 

[ll1 	° 	[ 12]1 [[v l]1 ['l] 
[111 [Y121 	I['2]I [12] 	

(40) 

L[Y 	[12] 2[Y11]] LI'3iJ 0 

with[y
11] 	[Ytransfer] 

+ 	 and ["12] = 	[transfer} 	(41) L shunt-'1   
The elimination of the node voltages in ® yields: 

	

[rydouble 

J  l Ly double  ]1 	
[ 7l 1  [1lJ1  

X 
1doublei L11 
	JJ 

double 
J 12 	

I 	[[v21j = [[i2]j 	 (42) 

L  

with 	[y  double J = -1/2 [ 12] [11] -1 	 (43) 

rdouble1 	nJ + Idolth1e1 
Yll L12 
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Because of the 'structure of 	(40) , 	it 	is possible to carry out the 
elimination in a 2m x 	2M matrix instead of a 3M x 3M matrix. To 
do 	this, 	take the system 

[[Yll] 	[Y121lr[xl]1[[Yl]1 
L[ l2] 	2[Yll]j [[x2]] 	L0 J 

and eliminate 	[x2] 	, 	which yields 

[Y 11] 	- 1/2 	[y12] [y11] 	-1 	[123] [x1] 	= 	[y1] (45)  

This is the desired matrix r 	 -i 
1Y11 
double j r doublei Then 	L12 	is  

simply the difference 

E doublel - double 	- r 	i 
Lj2 	J - L11 	J L11J (46)  

Appendix 7 

Choice of Incremental Length £S 

The incremental length 	8S for the initial equivalent of eq. (27) 
must be chosen small enough to justify the use of eq. (29); that is 
an upper bound, based on the comparison of 8 s with the wave length, 
must be observed. There is also a lower bound, determined by 
roud-0EI: problems, which must be observed. This lower bound is 
estimated pragmatically in the following way: 

As seen in (40) of appendix 6,, a sum 

Ey transfer 	+ 	shunt 
enters the admittance matrix, with each term found from eq. (29). 
Clearly, the first term gets larger and larger as iS decreased and 
the second term gets smaller and smaller as 8S decreases. Because 
of the finite number of digits in a computer, 	['shuntl would 
finally get lost in the summation if 8S is too small (with 

transfer 	1 and Yshunt 
 = 10-8 a 6-digit-computer would loose 

Y 	and give Y 	 + Y 	1). shunt 	 transfer 	shunt 

From experiments on an IBM 7040 (with about 9 significant decimal 
digits) a good choice of 8S was a value that makes Y shunt - 

0.5 10 3Y transfer. This choice avoids the loss of too many 
significant digits in y shunt in the summation and also avoids an 

excessive number of doubling procedures in getting the equivalent 
for the total length, which is also a source of round-off errors. 
For the general case of multiphase lines (including the single-
phase line), values 8S. are found from comparison of the diagonals 

only, in the equation, 

6 



Y.. 	 0.5 10 	y. 	 , from which the 
"shunt 	 transfer 

smallest value is selected as a first guess, ôs guess = mm (as.) 
Since the successive doubline should lead to the exact length S, 
the value used for 8  is the value ZSS guess decreased until 

S x (power of 2) = S. 

Example: Three-phase line with S=800 miles, 8S, = 9.5, 

8S 2
= 8, 	8S  = 10.2 miles, then ôSguess = 8 miles, then 

= 6.25 miles. For 60 Hz ZSS is usually of the order of 
10 miles with this procedure. 

- 	65 
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7.5 	"SEMLYEN SETUP" Routine 

By means of the special request word "SEMLYEN SETUP" , an EWP user 
gains access to the supporting routine which bears th1ssame name, as per the 
explanation of Section 7. • 	The principal function of this code is to 
punch the branch cards which are needed for the representation of a transmission 
circuit using Semlyen Recursive Convolution modeling. See Section 1.27 

Note : The "SEMLYEN SETUP" code which is now to be described is essentially the 
same as in November of 1977 (time of 11M21." versions). Representation of 
the propagation response and the admittance response is limited to just two 
real exponentials each, and time-domain fitting is used. On the other hand, 
the solution mathematics of Section 1.27 allow an arbitrary number of 
complex exponentials. The old "SEMLYEN SETUP" overlay has simply been 
interfaced with the new simulation code, so that it can continue to be used. 
Read further perspective at the very end of this section (page 215). 

7.5-A Structure of "SEMLYT SETUP" data deck 

Suppose that the user wants to use the "SEMEYEN SETUP" routine. His 
input data cards are then to be structured as follows: 

81.  First comes a "BEGIN NEW DATA CASE" card (actually 
optional, as per Section 1-Oa ). 

S2. Next comes a "SEMI,YEN SETUP" card, which serves to 
transfer control to the overlay in question (UTPP overlay 
number 45 ). 

53. Next come optional special-request cards (if any), in 
arbitrary order. Such data cards are recognized by 
usage of one of the following special-request words 
which begin in column number 1: 

a) "BRANCH" ---- to name the nodes ( A6 information) 
at each end of each phase of the 
transmission circuit. 

b) "TOLERANCES" -- to redefine one or. more of the 
numerous "constants" which control 
the logic of this routine. 

S4. Next comes a miscellaneous data card. 

S5. Next come three extensions to the miscellaneous data card, 
if and only if miscellaneous data parameter "IOTX" was 
given the value -1 • These three cards (if so used) provide 
an expanded format for redefinition of the miscellaneous data 
parameters "IOTX" , "lOSS" , and "IOPL" 

S6. One single, complete data case for "LINE CONSTANTS" or 
"CABEL CONSTANTS". The first card of this grouping must 
read "LINE CONSTANTS" or "CABLE CONSTANTS" ; two blanK 
cards will end the grouping (the first to end frequency 
cards, and the second to end data cases witnin the support-
ing program in question), The frequency cards should be 
Prepared according the tollo*ing order and rules: 



Untranst'oseo line (or cable) --- THREE frequency cards are ne1ei: 

1. (he first frequency card is for tne calculation of the 
modal-Phase domain transformation matrix at a specified 
frequency FR1Q. The default value for FFEG is set to me 
5D00 Hz. To calculate this transformation matrix at a 
frequency other than 5000 Hz, one needs to enter tne 
desired value in tne field of FH0 on this frequency car, 
and to redefine F'MEO with trils same value on the 
"TOLERANCES" card (see section 7.5-). 

2. The secona frequency card is for the steady state frequency 
at which the resulting line (or catle) model is to De used. 
This is usually SO Hz or 60 Hz for ac systems. For 
ac systems, use some small value such as .001 Hz, 

3, The third frequency card is to request the loaar1th.iic 
loopina over all frequencies which are required ty the 
inverse Fourier transformation of "L 	SEW", 
Typ.ically this will provine for 20 points Per decade, 
beginning at 1 Hz and ending at 107 Hz, 

Transposed line (or cable) --- Only T0 , namely the second and 
tne third of the atorereitioned 
frequency cards are rieeoed. 
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87. Repeat the data of Point 83 through Point 86 as often 
as is desired. Each such grouping represents a separate 
data case within "SEMLYEN SETUP" 

Actually, the cards of Point 86 are to be omitted in 
such a data grouping if and only if either the "NEW RHO" 
or the "OLD DATA" option is being used. 	In such 
cases, the geometrical data of the transmission circuit is 
"remembered" from the preceding data case within "SEMLYEN 
SETUP" . 	By using one of these options, as few as a single 
data card can constitute a data case within 11SEMLYEN SETUP" 
(only the miscellaneous data card is mandatory), 

58. If the user wants to shut the EM1P off at this point (rather 
than execute a following EffP data case), he should simply add 
a "BEGIN NEW DATA CASE" card at this point, followed by 
a blank card. This is as per Section 1.Ob 

7.5-B 	Po'xnat for data cards of "SEMLYEN SETUP" 

1) "BRANCH" card (Point 53-a data) 

8RCH AS A(6 A61 A 

eosi aua Gosi I wa 

Phe. 11 Phase i*a 

Etc. 6051 	Busa 

= .o 

--.

(Enter- or 4
} ech 	

" )
tè J 

This data card is distinguished by the key word "BRANCH" which is punched 
in columns 1-6 • 	The card is completely optional in that numerical values 
generated within "SEMLY( Si'rui" are unaffected by the presence or absence 
of it. The "BRANCH" card merely allows the user to specify pairs of 
6-character node names which will be reproduced in columns 3-14 (fields "BUS1" 
and 11BUS2" , each A6 format) of the E?11P branch cards which will be punched 
as output. Without such a "BRANCH" card, columns 3-14 of the branch 
cards which are to be punched as output will be blank. 

2) "TOLERANCES" card (Point 83-b data) 

i•dJ 	~1 4ekt 	E.. f!eld 	#3 4ieId *4 fieU 4tS 

[,Iue - 	 value 

k_f 
NJ 

C. ji'E11.O 

 

F41.0 E11.o E11.O 

The iterative procedures of "SEMLYEN SETUP" are controlled by 18 
different near-zero tolerances, iteration limits, and the like. If no 
"TOLERANCES" card is supplied, built-in default values will be used, as 
per the following tabulation: 
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Index 
number 

Variable 
name 

Default 
value 

-Usage of variable 
within 	"S1YEN SETUP" 

1 EPS .005 Maximum least-square error 

2 EPS1 .005 Maximum relative error of 	a  	or 

3 PIT2Z • 1 "beginning" 	of time-step-response sequence 

4 PIVTHR 1-E-5 Least squares minimum Jacobian pivot magnitude. 

5 EPSRSE .01  

6 .9 

7 PT2EMX 1.E-4  Maximum steady-state error. 

8 EPSEIG 1.E-7 Convergence tolerance for eigenvalue calculation. 

9 EPSPV2 1.E-16 Minimum size for squared pivot element, 
within Inversion routine. 

10 PMED 5000. Frequency in Hz of the 2nd point of 	Y 

11 EPSYC 1.E-3 Maximum relative error, for the characteristic 
admittance fitting procedure. 

12 EPSN 1-E-3 Maximum total error for the characteristic 
admittance fitting. 

13 PPINP 1.0 Final value of time-domain fitted step response. 

14 NPIT 10. Maximum number of iterations for 	At 	selection. 

15 NITER1 10. Maximum number of iterations for 
steady-state fitting. 

16 NITER 10. Maximum number of iterations for 
least squares fitting. 

17 NITERY 10. Maximum number of iterations for characteristic 
admittance step-response fitting. 

18 NIEIG 30. Maximum number of iterations for the 
eigenvalue/vector calculation. 
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The 11T0LERANC" data card is characterized by this key-word teict 
which is to be punched in columns 1-10 . 	By means of one or more such data 
cards, the user can re-define as many of the above-tabulated parameters as he 
may desire. Note that there are five fields on each such data card, each with 
space for a 2-digit integer ("Index" ; 12 format) and a floating-point 
number ("value" ; E11.0 format). There are no restrictions as to ordering 
of the parameters which are to be altered, and not all fields need be filled 
(any blank fields are ignored). 

As an example, suppose that the user wanted to allow as many as sixty 
iterations for the eigenvalue/vector calculation. He could punch 1118" in 
columns 39-40 and 1160." in columns 49-51 -- which would correspond 
to the use of the third field on the data card. 

3) Miscellaneous data card (Point 54 data) 

The miscellaneous data card is the one mandatory card for each data case 
within "SEM[XEN SETUP" . 	The format and meaning of parameters which are 
to be punched thereupon are as follows: 

- 
IpTX IØS.S  IØFL RØ 01ST 

z 
CL Z ZHa -4 z 

M IN No IC E,12.S £12.5 

TEXT -------- Eight characters of alphanumeric text, for which 
(1-8) 	 the following choices are possible: 

a) If left blank, then the EP will expect a full 
"LINE CONSTANTS" or "CABLE CONSTANTS" data 
case to follow. Such a choice is mandatory for 
the first data case within "SENILYEN SETUP" usage. 

b) If punched with "NEW RHO " , 	then physical data 
for "LINE CONSTANTS" or "CABLE CONSTANTS" 
is assumed to be the same as was used for the 
preceding data case within "SEMLYEN SETUP" ; only 
the homogeneous earth resistivity "RHO" is to be 
different, as punched in the field of columns 49-60 
In this case, Point S6 data is to be omitted 
(no "LINE CONSTANTS" or "CABLE CONSTANTS" data 
case is to follow). 

c) If punched with "OLD DATA" , 	then line constants 
or cable constants of the preceding data case are 
to be re-used; only the transmission circuit length 
"DIST" (as punched in columns 61-72 ) is to be 
different. 

NOO 	---: The number of points per travel time at the speed of 
(9-13) 	 light, for the propagation step response as found by 

inverse Fourier transformation ( fi sequence). 
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This defines the basic time-axis spacing At which is 
to be used. See parameter "KPIT" below, also. 

NPOINT 	number of time points for which the inverse fourier 
(14-18) 	routine will calculate the response for fitting 

purposes. 

NSS 	---- Flag which is used to indicate whether or not the 
(19-20) 	transmission circuit phases are assumed to all be 

continuously transposed: 

0 => Untransposed circuit 

1 -----t> Continuously-transposed-  circuit 

The untransposed circuit requires the iterative calculation 
of eigenvalues, while the continuously-transposed one does 

- 	not, recall. 

KPIT 	__ There are several options controlled by two independent 
(21-22) 	digits which are decoded from the field of width Two: 

Digit which indicates how the 
(21) 	characteristic admittance is to be 

fit. Leave blank or zero, for 
frequency-domain fitting (which is 
the usual case). A value of "1" 
will produce time-domain fitting, 
in theory, 	a. 

N2-- Digit which indiItes the desired basis of the time-axis 
(22) spacing4t used for fitting of the propagations step 

response. A value of 0 will use At = travel time/NOO 
above. 

A value of 1 will locate the 2/3 point of the propagation 
step response and size the4t to put approximately 15% of 
NPOINT values between the toe and the 2/3 point. 

A value of 2 will locate the 2/3 point and the 1/3 point 
of the propagation step response and size the time step to 
put approximately 5% of NPOINT values between the 1/3 and 
2/3 points. Because of oscillations in the output of 
inverse fourier routines, one or both of these points may 
not be obtainable, requiring either a reduction in the 
value of N2, or an Increase in the number of frequency 
points so as to increase the accuracy of the inverse 
fourier routine. 

KPS 	----- A flag which indicates whether or not fitting at the 
(23-24) 	steady-state frequency is desired: 

0 ---- No fitting at the steady-state frequency 

1 ----- Attempt to fit the propagation step-response 
exactly at the steady-state frequency. 



A 	
ao(0 

2 ---- The same as for KPS = 1 , 	except 
I 	that if the iteration does not converge, 

L 	the original (starting) fitting shall be re- 
verted to. 

KYC 	--_-- A parameter which indicates how the characteristic admittance 
(25-26) 	is to be treated: 

o 	For all modes, use fitted time-dependent 
characteristic admittance modeling; 

For all modes, use constant characteristic 
admittance modeling (at the steady-state 
frequency); 

2 =a> Only the earth-return (zero-sequence) mode is 
to be treated as if KYC = 0 ; all line modes 
(if any) are to be treated as if KYC = 1 

3 	Like for KYC = 1 (constant characteristic 
admittance), only use the natural resonant 
frequency of the line in place of the steady- 
state frequency. 	This frequency is 0.5 / TAU , 
where "TAU" is the travel time of the 
line at the speed of light. 	Actually, the 
closest known frequency point to this resonant 
frequency will be used, for convenience. 

Note that these options only use column 26 , really. 
Column 25 (the first of two possible digits) is used as 
an extra, independent flag, to be added after the above choice 
for column 26 has already been made. If column 25 is 
punched with "1" , there will be a printer plot of 
characteristic admittance vs. time, showing how the 
frequency-domain-fitted exponentials compare with an 
independent Inverse Fourier transformation result. 

IPUN 	- Parameter which indicates whether or not the EMTP branch 
(27-28) 	cards which are to be constructed are to be punched: 

ro ---- Branch cards are to be outputted on both 
the line printer and the punch (LUNIT7); 

1 ------ Punch only; 

2 - 	Printer only. 

Punched cards will appear on logical unit number 11LUNIT7" 
which is assigned within module "SYSDEP" of overlay 
number 1 if not equal to seven. Whether such output goes 
automatically to the punch, or to a disk file, will depend 
on the program setup (see Program Maintenance if there are 
questions). 
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IDOC 	------ Flag which indicates whether the branch cards 
(29-30) 	that are to be outputted are to be preceded by 

descriptive comment cards. For this purpose, the 
data cards of "LINE CONSTANTS" or "CABLE CONSTANTS" 
are used, after conversion to comment cards ("C" in 
column number i). 

0 ==> no such comment cards will be outputted; 

1 	3i yes, append these comment cards. 

IOTX 	------Parameter which controls the printout of intermediate 
(31-36) 	results (e.g., eigeziva].ues and eigerxvectors) which are 

computed at the frequency of the diagonalizing 
transformation (generally 5000 Hz or thereabouts). 

-1 => User is confused by octal numbers, and 
would prefer to punch "IOTX" , 111055" , 
and "IOFL" in binary. In this cases  
111033" and "IOFL" fields (columns 
37-48 ) are to be left blank, and three 
extra cards (Point 35 data) are to follow 
as extensions to the miscellaneous data card. 

0 =4> No such intexnediate printout is desired. 
K =0 Positive octal "K" will control the printout 

in question (at the transformation frequency) 
as documented in the explanation of Point 35 
data. 

1033 	------ Like "IOTX" above, only for the steady-state frequency 
(37-42) 	(rather than for the transformation frequency). This 

field is ignored, if "IOPX" is equal to -1 

IOYL 	------ Like "IOTX" above, only for ten discrete frequencies 
(43-48) 	within the loop over geometrically-spaced frequencies. This 

field is ignored, if "IOTX" is equal to -1 

RHO 	------ Resistivity of the homogeneous earth, in units of 
(49-60) 	Ohm-meters • 	This data field is ignored unless "TEXT" 

of columns 1-8 is equal to either "NEW RHO It  or 
"OLD DATA" 

DIST 	------ Length of the transmission circuit, in units of miles 
(61-72) 	This data field is ignored unless "TEXT" of columns 

1-8 is equal to either "NEW RHO " or "OLD DATA" 
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NPAN 	------ A special flag which is to be punched nonzero only 
(73-75) 	if the user wants to experiment with an alternate 

inverse Fourier transformation which is based on 
the trapezoidal rule. 

0 	> No such trapezoidal-rule algorithm is desired; 

J N 	For positive "N" , the trapezoidal rule 
wiU be used. "N" is the number of 

J 	 integration panels per cycle of the integrand, 
or per interval between successive line (cable) 
constants points --- which ever is the smaller. 

4) Extensions to miscellaneous data card ( Point S5 data) 

If and only if field "IOTX" of columns 31-36 of the miscellaneous data 
card is punched with the value -1 , 	three extra cards are to immediately 
follow the miscellaneous data card as extensions to it. These three cards 
serve to define "IOTX" , "lOSS" , and "IOFL" -----one variable per card, 
in this order. Binary is used, with up to twelve of the 14 fields of the 
following format being punched: 

-1.H- 
 'Pol ?on e"t ... 	b)____ 

.1,  3' k ' 1I1I11 
14 I' 	14 14 14 14 14 

j 
1j4 

Each of these component fields is to be assigned a binary digit (either zero or 
one). If zero (or blank), then the associated intermediate printout will not 
be generated; if unity, it will be. The following is a directory showing 
what printout is controlled by each bit: 

Index Column Description of the printout which is being controlled 
number number by this component field 

1 4 Approximate modal equivalent-Pi 

2 8 Approximate modal equivalent-Pi 

3 12 Approximate modal characteristic 	Z 

4 16 Approximate modal 	Z. Y 	matrices 

5 20 Approximate modal velocity and attenuation 

6 24 Phase-coordinate 	equivalent-Pi 	matrices 

7 28 Modal 	equivalent-Pi 	matrices 

8 32 Modal 	characteristic 	impedance 
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9 	36 	Exact modal Z and Y matrices 

	

10 	40 	Exact modal velocity and attenuation 

	

11 	44 	Exact transformation matrices 

	

12 	48 	Matrices Z and Y in phase coordinates 

The relation between such binary specifications and the possible octal 
specifications of the miscellaneous data card is simple : separate the binary 
bits into groups of three, and then read as an octal number. For example, 

1 0 1.00 1 1 1 0 1 00 (binary) = 101 001 110 100 = 5164 (octal) 

7.5-C Interpretation of input data cards 

As with all FTP data cards, an 80-column card-image listing is printed on 
the right of the page (as the card is read, within "CIMAGE" ), and interpretation 
is provided in columns 1-50 (to the left of the column-51 separator character 

	

"1" ). 	For the different data classes of Section 7.5-B , 	interpretations 
shall now be dácumented. 

First, there is the "BRANCH" card (Point S3-a  data, bearing this key 
word beginning in column 1), which is interpreted as follows: 

in o Io 	—km sr'eIp.1 o4oI—Ir. i., 'u,Io r.I1o.10 
I 

—IlIIoIoI—I'.,hnI'eIr coloo — 

ti ko J It 

The "TOLERANCES" card (Point S3-b  data, bearing this key word 
beginning in column 1) has interpretation which displays the five integer 
values (fields "Index" ) which are read from the card. These are in order, 
from left to right (e.g., the first integer is read from columns 13-14  and 
printed in columns 24-27 , etc.) : 

...... 
4Efri$i 	 . 

LuJ.i.i.............Li L..LLLI......LI.... , 
Interpretation of the miscellaneouz data card (Point 34 data) displays 

the first seven integer parameters which were read from the card, in order: 



2o9. 
.1tioIP.III1 tc AMA 

''i1.LtL 

I • - I I _ : r rr r 

Finally, there are the three extension to the miscellaneous data card 
(Point 55 data). Recall that such cards are used if the user wants to 
specify parameters "IOTX" , "1055" , and "IOPL" in binary rather than in 
octal --- indicated by punching -1 in the "IOTX" field of columns 31-36 
as a special flag. 	Well, interpretation of each of the three extension cards 
displays the resultant octal value, as internally constructed by the EMT (from 
the uaer1é 1214 binary input digits). Note that an 15 field is used for 
convenience, although the result will never involve the digits 118" or 119" , 
and the printed number will never exceed 7777 • 	The "??" of 1110??" 
is merely a symbolic reference; "TX" will be used for the first extension 
card, "55" for the second, and "?L" for the third: 
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7.5-D Illustrative line printer output for 11SH1LYEN SETUP" data case 

Printed output for an illustrative "SEMLYEN SETUP" EMTP data case 
shall now be displayed. The transmission circuit in question is a 3-phase 
overhead transmission line; there is no bundling, but there are two ground 
wires; and the length is 18.65 miles. A listing of the input data 
cards follows: 

UTPF TEST CASE 
ciLY.N £TUP  
R 	ALINE MSORCcaLIN' 	SO 	LIE C 

60 3O 2 	4 7 	7777 I67 

MILES .LUNG . 	..... 
_ 

.35 00  3105 31*5 
0..67.,3I.5 . .31.' 

_ 40.5 4015 
4S 4 .33 5 _33 40.5 4005 

10000 	50000 
iaoa. 	à.O. 	 I.e65 
$000. 	60. 	 Pc.65 	 '. 21 

Printed output will begin with the interpretation of data cards through 
the "LINE CONSTANTS" card. Although for a different data case, the 
following is illustrative. Note use of the extensions to the miscellaneous 
data card (which is one reason for presenting this alternate sample): 

	

LTt.Ti NA i5j.FhtS PuM9 (riTr) , 	C TR.L4T04 POUCE!J iY iHE FO.NPF4ILL 	OWF. .)  
ji 	t11/.J/Y'i jC 1IrE F DAY (p,i.PH.SS) 	$/tP/77 	.2.24.42 	A 	PL 

	

STS SFAR 7i 	L' 
F 	_ 	 - 	 977  .tS,C SUI T4  	 i'i4L   .  

LIT Lj1IS FvLLII. 	TLT.L Lpi.TM V 	 G 
2;0 	 5 c 	5 	4L 	51 	 2 	5 u 

----- 	 .-. 	------ - 
IsT !71(N )F 	 .. IPJ1 .6TA I IP°JT AT 	IUS r',iEO 	ALL : CCLUONL, 	 3 

	

I 	2 	3 	 5 
............... -.-. 	. 
--------------------------------------------$------------------------------------------------------------------ 

.; 	.C. Ii.. 	UF TzS1 CASE NJ. .Iq 
- 	• Fjp 	y C 	

4•• Ujfi_. 	 I LM TU 
ju4,'.. Fr, ;-4 	 E(,IPJr3 P!CNrC 
- .LYTh 	 -c 	-. - 	fOLE'.iNS 3 	I.c17 

17 12. 
2-. 	I 	-I 

.r.. 	U.ii.L VALUE = 	7 	 1 	 1 	1 	I 
- 	. 	 'C.I,..J7777 	I 	I 	I 	I 	I 	I 	I 	I 

	

VALUE a I637 	1 	 1 	1 	IU. 	$ 	-I 
rA—ZFth TLii 	 ILINE CD;STAS 

Next will come output from the "LINE CONSTANTS" overlay. Since 
such output is described in Section 7.4 , 	it shall not be further 
illustrated here. 

After control returns from "LINE CONSTANTS" to "SEMLYEN SETUP" 
there will be output for the transformation-frequency parameters. For this 
case, the frequency is 5000 Hz (see next page): 



au 
CALCJLATIOti CF 	 MATRICES. C(3NTINUCIJS T4A45oSXTIO, SLAG  a  -ø 	 - 

FCuE •5 ,3_________ 

I'4.C4 	MATRIX A DM ITTAC 	WATRIX 
(,3HM/PILS) (NNC/NLF) - 

.37503E.3 .0  
•4I97OE -03 	-.691030.04 -.27I9eE-04 

.299730...l 	.367360001 .0 .0 .3)30402 	.775.32 • 391IF-33 -.09106E-0 

'j,'3F43l 	29G 	I 75. 	E0f -- - 
.su357E+Z 	•2i3)Z€+;2 .F.22 .4I97CE-03 

THE FULLOWING VALUICt, ARF COMPUTEO Ct.) THE OASLS OF 	X3CT 0LG3NALIZ*TZO OF Zr 'ITX. 

ilQ0 TO PIA 	VOLTAGE  - HOOF TO PHASE CUAPENT 
TFI4TioN MATRIX - TRANSFORMATION PATRIX 

I.iO..00 	I 	-.4?-39 
S 

• .3570' 	.50000 	-.33708 .3C.3. 	-.00320 	.3C923 • .3005. 	-.36000 	.00299 
-.CJ.2 	).2CiQO • •302'.0 	-.00030 	.7I07 -.342)4 	.00020 	.02C30 - 	- - - 	 • 

S 
•.OG'6C 	-.00303 	.00707 

1.3000 	-1.00700 	-.42339 ' •357f) 	-.50000 	-.33760 -,)0303 	-.03000 	.00923 • .00354 	.00000 	.00099 

BETA ATTENUATION IFLOCIT' 
1030 	(N&F/Ht; (CIAI.S/MTI (!8'.0 	 (TLE/FFC) - 

I 	.7 3E-02 .I94C-E'C .68o6E -0I .g6g800,06 
2 	.93.200-03 .170210.00 •56355F-02 .18457036 
3 	.13691E-32 .169050.00 •92$57E-02 .185100.06  

Then will come output for the steady-state frequency*  (60 Hz): 

0i0'CY • 	.63030,02 
5•1••••5e ISe..sse..... 

I.-0:.:4C€ 	PAT4IX AOMITTI.43' MATRTO 
- (,HO/MILc1 - 

.0 	 .0 .0 
.1.7220.31 .533640-05 	-.029290-36 	-.326'80-06 

.,41E.0 	•..230IF4JQ .0 .0 
.4 	 •) I .52530-35 	-.6297E-06 

•2.462E. .'97950'20 .0 
.623€sJ0 	.7,53ó0400 .147220,01 .5034E-05 	 - - 

• THE FOLLOWING VALUS ARE CIPUTFC ON THE MSIS OF EXACT OXAGO'IALIZATZCN OF ZY PITY. 

PCOE 3.J PM;,SC 	VOLTAGE 	-. 	- P030 TO PHASE CURRENT 
7RANSFIgho.TION MATRIX TRANSFORH*T!ON MATRIX 

•• 4?7) 	-l.C33 
S 

.36•I 	-.34198 	-.coqoa 
• -.332V6 	.C333 • 

S 
-.5.098 	-.300)5 	-.03000 

,• ;)53. 

	

1.3003 	.0223 ' .12)45 	•67361 	-.00000 
• •30Cj 	•C303 - 	 • .30056 	-.30190 	-.03026 	- 

-.'.lTlo 	l• .13. .3308) 	-.34)53 	.53000 
-.:i?.-o 	•2 -.'03OP 	-.00015 	.00803 

AF TA 	 ATTENUATION Vior.rrv 
4(t 	0.2r,.1L, tI4i./MI)  

I 	.Cn!3- .31i15032 	•1.07700' • 
2 	.!f77-C .2:- 120-02 	.249030-02 • 
-3 	.24,t,3-C3 •231G2 	• 2I593E_0 • 0079F70 

11:7 	 is :)IT1. IiT0C LWIT 	CMAR..3frRt: TIC 	EO'JIVALEt.T PT SFRIFS HALF ECUIV PT !Ut.T 
I Al 2TAt.CFI4t/rT1' 	143•41-! 	 I0CAtCE(cH1 

Ai. IPIG 	 L !?AG 	REAL 	P'AC -FAL 	IA 

.3 	 •1181.F_04 	.2 ,6r,3S .5061.10.01 	.179530.82 .5694E-e8 	.107120-03 
2 	• I'LS-'j 	•.717.4.. .0 	 .8997?0-05 	.23I2-403 -.?!0.32 	.2505)3.2) 	.073670.5) .254120-GA 	.335332-C' 
3 	.- 	• -5r,33 .3 	 •IC7!F-34 	.191.1.32+03 -.;- 3:Tec-32 	.163190.31 	•745100+C1 .3206ff-08 	•I03E-3 



P1 	IALET€IS 	 HALF Pt FQUIV SHUNT 
IMFE,, 	'ATiX(C'".) 	 AHITTANCE M:Tc'o5 	- 

.7l.$6.E.3I .2I959E-C 8 	.3 '2'1.F-99 	.gzer-cg 
.4e9735 -OL. 	-.73IT!-J5 	..30!0SEC5 

.3,4b.E.3 , •77257E*e I - 	 .2'€4E-33 	.372E-C9 

.I'.C5$E.02 .27336E432  

.363tE.1 .$9464Fe .71136s.C,0I 

.I3.+oz ....47E-C' 	_. 

THE FOLLOWSHG VALUES ARE CGMPUTEO BY USE OF CONSTANT T1NSFOSMATtCN M'°.ICES. 

ALHA BETA 	ATTENUATTON V1.CCIT' 
HOOF CPFP/41 (Rt.CIAt.S/M5 	(C/Ht) 	(LE/S) 

$ .I77E-03 .3359E-E2 	._Z2F-0 ,, 	.i'ztc.o 
2 .2A61E-03 .23353E-52 	.2$59_9) 
3 .2oB8iE.63 •2S'.ZF-32 	•25I1-O f 	.I2030+0c 

DISTR13UTEZI SERIES OITWIJTEC SHUNT 	C40R:VcRXSTtC 	EOUWALrNT °t SIES 
IMP 	ANCECO AL.ITT$.CE(.HQIMILF, . 	I 4PFI)ACCC"W 	 IMPCANCECCW.S ".E 

	
REAL 

. 
IPAG IPAG 	 RFIL 	IMAG 	 RF.A*. 

.26I57t.)0 • IQ?ZE+GI..0 .1 0996r_04 	• Q5 	-I-'' 	.t.IU'eQZ ..5245Ee0I • IU? ,02 2 	•'bb'.E-CI .31z65r.00 - .0 	 .I0726E- 	•19.Ec?.2I'E602 	.IIF.0I •75r..O$ 3 	•II4J •5.E34C0 .3 	•A3625! -5 	•2.rQ3 . .31.o7re'2 	•2665E.3I  •e534-:• $ 
P 	EQUIVALENT srx er 	, 

IM1EA;LE IATkZX(OHMS$ ACMITTANE MCMHCS) 
.752143E+01 .2233eE -38 	.3,22!.-00 	•752E-B •27 923E,32 - •46975E-04 	-.7P313E-55 	-.3°E-05 

• $b3IOEIOI .735635.01 . 	 .222SP-0e 	•322?E-09 
• I373E.32 •26292E ,02 -- .ia-oi, 	-.773155-35 

.25E0I .383I.GI •75Z1.35-Bt -7 	 .22334E-Ols 

.I325!e02 •I373Z02 •27O21502 	 - 

5IJIV Pt SHUNT 

vEAL 	IPAG 

.920E-5 •I257E-1 
• $ 	315C! 

.'0E-3 	.7?'3505.5i. 

Finally will come similar outputs for ten representative frequencies within 
the looping over logarithmically-spaced frequencies. The first of the 
ten appears as follows: 

HJ.FkEO = 	5 	FIRST 	f - Ury 	VO.Onaou 1.351 	FRFOU!w;v 	. 	633O3.0 . 	GEO.°ATt$ 	= 	I.Iio ._.TAVEL TIME 	.I333 	..F!tJIO.TI1E STEPS PF 1.  TVFL TTE x 	60 

FRECUFNv a 	•129'F.03 - •....o........ $qas.... 

IEANCE MATRIX 	 - AOMITTAHCe 'ATRX 
- ...................... cwc'rtn.: 	 - 	------ 

-.7031F5-36 . 	- 	-- - 
.563355.00 	.777 -Fe0a .3 	 .0 .I3376E3I 	•261575431 	 - •$I352-0 	-.I?567E-O5 

0444F.GC 	.5635_1.:13 	•7791C30 . 	 .0 .II1o6E43I 	.133755i01 	.265415.01 

THE FOU.uh3G 	ALU€S AE CIPUTED ON THE PAStS OF EXACT 	A;ot:?ATIo 	OF zv 14Tx. 
MCCE TO PHSI VOLTAGE 
TRANSIrORMA110s MATRIX MC(F TO PHASE CURRENT 

TIANSFCPMATION fl5RX 

4.JOCQA 	17735 	-I.3JiG 
S 
• .33675  .i11 	..1.35o 	..G: * 	•00I'. 	.0022 -.D0000 

4.31555 	1.30331 	.3-30 
S 
• 32151 	.R753 -BG5(3 -.15535 	.03053 	.663 • _:CIO127 	.00252 • -.Boos 

1.51333 	-.47735 	1.33353 	 . 
-. 	 3336 .3367c 	.3C9 • -3O3 • .co, 	.00c .ocoo 	 - 	- 	- - 

ALPHA 	 5TA ATT%HIILTICN 	VEtCCITY 1305 	(1EPrH,.n 	(02 A)IthS,?42, CCflFMt 	:PILF,SFC, 
I 	.II2scE-c 	.67c125-32 .57743-1 	.1213.7.05 2 	 .2.3AeF_..3 	•4.4.5.lF-12 .255235-32 	• 35r.3, 
3 	.15FI-0i 	.4.4.6705-02 • 22244E-32  

- 
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IVU.TtOIERIES 	OISTRISUTEC SHUNT 	 GHAAIS'ZC 	ECUIWALFHT t 55IES 	HALF ECUTV Pt SHUNT 

t1Dr4C(C/HIL) 	A3TTACELMHQ/WtE 	1..C(OHS) 	 XHPEANCE(O,4MS) 	 A3MITTCEflN5S) 
E4L 	Irla 	KFAL 	YPAG 	REt. 	TMAG 	REAL. 	IW.AG 	REAl. 	11-AG 

Al 55 +0 	l7 	• I 	 24745r-04 	273IF.) 	65135r.02 
.4236.0 	•II7':.3I 	.3 	 •I538-C4 	•22956+3 ••.1453'5+02 
•933IE-0I 	..6270-'.0O 	.3 - 	.23100-54 	.I9331.:3 •..,,OAr,O2 ----------_._----..------_-_. 

Ti'E FGI.l.Sb.ING ALLS AAE CCMPUTEO er USE OF CONSTANT TRA:!FiIspATtON !ATRICES. . - ..... 

ALFHA 	 SETA 	ATTENUATION 	VftOCtY? 
MCE 	(iEPlF/Plt) 	(FADIANS/MI) 	1t0/!1t) 	 -: ric,cc 	. 	. - 

I 	.IIE'5-C2 	•67Se4E-32 	.576375-02 	•I20IE.06 
2 	.2514-0 	•446731-C2 	•22243E-02 	.18102540E 
3 	.25575E-03 	•44541E-02 	- - •2577SE-02 	•I'3lE+00.  

5IST1I3UTE11  SkKICS 	OISTRIAUT€O SHUNT 	 CHAAC7€IISTtC 	EOUIVALP4T Pt SEXES 	*4415 ECUZY Pt SHINT 
ATTTANGE(*HC/tILE 	IMcfONC1(c44.S) 	- 	PANCE(OWS).___._. ACITTAACE(1HCS) 

AQaE 	QAL 	If-AG 	 SEAL 	T'AG 	R'S AL 	IPAG 	REAL 	- XIAG 	REM. 	- 	P446 

•6267+03 .$b766F4OI .0 	 .239F-04_.2652eE.q3_-.47549s402 -- 	 ------------- 
a 	•03I-3l 	.073.0r. 	.3 	. 	•23l0A5-06 	.153315.33 •..1I085E402  
3 	.Ii.tloC+3 	.I..5U.'.I 	.3 	. 	•816E-04 	•277E+U3 ••.I6'.VIE'+02 	.. - 

Next will come output which shows how the exponentials are fitted 
to the propagation step responses, for each of the three modes. The first 
of such outputs will be for mode number one, which is the zero-sequence mode. 
Note that the printer plot shows graphically the approximation which is 
involved in use of the exponentials. Symbols on the plot are- 110" for the 
exact curve (result of inverse Fourier transformation), "." for the 
exponential locus, and "' is used whenever the preceding two lie one on 
top of the other. 

FXTI1G OF THE PPCFA6AtCN SIED RESPCNSE FOR NODE 	I 

NG.ITER. Pi. X(I) X(21 X(3) ERPCR 

I -  .CI4F+-30 - 	•10602E.02 .395215+01 •681425-CI .I0004E-.01 	------ - 
.5'G3E+33 .'I75Ql.52 .3962I00 .68I42!•CI • I3016c-01 

I •.7CE.03 .136145+02 .355215.00 .s6I42E-:I .451455-02 
•39571r+03 •661?E-01 •596555-02 - 

•.7?5,33 .11.951.5.02 •396215+00 .651425-01 .11081.601 
I .031E.33 .160225+32 •392I+01 .661425-01 .285555-OI 	- 	- - 
I • 373'IE33 .1735C5+32 .356215+00 .651429-01 .40742E-31 

.szoE,-33 .I6I5q+C2 .396215.00 •68142-01 .671696-01 
I •u6.IIF+23 .412276.02 09A215't'O .6414.'E-0I •59I.07E-8I - 
I .461555.30 . 	.252956.0? .396215400 .66142E-01 ..11275E.00 	 --------------- -.- 	- 
I .67aC€+33 .124155+32 .395215+00 .061426-01 .461695-02 

1iR31I3P.5 TO ADJUST FITTING AT 643HZ - 
APL 	$ AWPL 2 TIME CONST EFRER AT 60HZ - 	 .. 

.i929IE+03 • R7295+OIi • 50116E-03 • 2II17c01 - 
a • 57.5ri.03 • ;3217E.30 .5267*5-03. .353055-01 
3 • 255€+G •17495-3$ .5s4I!6 •393356-0I 
'I .73E543 .529395-31 •56322E-03 .392835-Cl 

•8 0 652E-01 .614665-03 - .392315-01 - 
6 .9I540E+33 .5IE-0I •645615-03 
7 • i235+32 .83794-91 .660755-03 .391315-01 
a .922755.03 .772525-01 .716295-03 •35083E-01 

• 32613E+.0 .7397 2E'111 .752505-03 .3 50375-01 

43*42 FflT; 	1GL 	i'..F NOT AC1-11EC. 	VrROR .3399365-01 - 
CAN *55 ACJUCT 	4CPAGATICk STEP PES°ChSS TO 511 	EXsCTLY AT STE4CY STATE FECUEPCY. 

INITIAL FITIIt.G 	A1SU53. 

FIEST 64l.4ITuC€ - 	.887305E.00 - 
FI4.ST 15*45 CONSTANT = 
.ECGNC 414)35 .1)21955+00 
.5CO'10 39*45 CONSTANT = 	.25265-3 - 
IFL6Y .1069386-03 



eu- 
lCEI 	TI- 5E'. 	66c6C5 SEC.. 	• £,P. AP3ROX., 	0 = 	:FT OUTPUT, • = XTS"CT1O, TI-iF 0.0 .I0030E+0I .I..I.I 	.I 	. • 	1.1.1.1.1.1.1 -.5I535t-05 .3 - 	- 
.0 -.I3X-5 .0_ 
.3 -. IT 	iE-. • 0 - - 

______•• 

.2,0770-31 .I52- • 3 	. 
•27:92-01 •3I605F-5 . • 

- 
•4II0-2 .5.-15 

-.I.2I,E-3I •6!67F-.:5 • - 	- .0 - 	- - •0135h-35 ___________ _______ 
.Il33t-J 

-.l7lE-0l •.J32IE-I. _____________ _______ .0 -.I'50-0l •Il.7F-(. . 	-- 	- -- - 
.0 -.,0025F-02 •l63o-3 . - 	- 	- 	- 	- .0 -.50-02  

-.354E-03 I%- 176E-34 • - 	- 
•2556€-32 •2l34.t-3 • 0. - •21213F- 
.5fl2cE-02  

-- 
.6373C-0 •2650-34  
•7534Ic.32 .202150-:4 • ______ 0. •?72'€-0? . - 	- _______ - 	- 	 - - 
•74,5E-02 .3I556E-0 
.?5?7E -32 •3322'.-1 • ______ 
.717E0-C2 .3441J0-04 . - -- 	 - 	- 
•693..3E-02 .352E-0 

- 
 .63I0'E-OZ .J210-0 • . - 

0. 
3. 5676-C2 34430-0 0 •513670-32 • I5cj7E_0I. • - 

. 1-2E-0 Z .4323-3' . 	-- 	- - 

.'.0.0-0? .'..9:s-0i. • 
37?-j7 •'.O57E-'. . .0 3-'0-2 • 42t-34 • 

.2IJ:_32 .'jjIF-) • - 	- - 	- 	
- 	- -- 

C. j;-,Q2 .55?.t-Ci. • 
• I 	3' 	-02 .240-3. - - 	- - -- - 	-- 
.l3cE-,12 .5'.-,If€-3i. • 

- 	 - 	- - 	- 
4 

.-72I-03  

-0. .5j42.'i-3. . - 	-- 	- 
-.25;-o-:3 .6t59l-;l. • 

.6:2,L-: . 
-.'.' 	? Ic-Ui .-.32E-0l. • - 	- - 
-.7r 	0-O3 - .,Tb-C'. . 4 

• 265t•t... . 
-,l-Q2 • - 	-. - 	 - 	- 
-.1 	7-)2 .7I,)2-T-. • 

. - 	- • 
-.1 	!F-3 •7n3t-: . 

•?7'-. • 
-•- 	c-Q •7--r_3j 
-.,5._•02 
-..V--)? •357,7c-5. • 4 

.-'E-C. • 
-02 .82-0 • 3 

•23)57!-0. . 
7-32 .s20-C'. . 

.32-'-C4 • 
-.-,5•-:i ..'-'rIl • 

- 
-.7lI'-33 •'T-',U-'. • 

.Ci--. • - 
-. 	5.7-3 •li.-3 

.TUc-3 • - 
• --fit 	-0-3 

-• I 	'-.3 .l.i..c.I.:' . 
•I'sIr-3  • ) 	t.-0- • IJfl•3 . 

• .I-u.i •lI.,F-I3 • 0. .7.,? •ll33-3! . 
•T2 c.-T.. .IIc.r_U3 • 
•2-.c:-•u3 .II.5Ci . 
.517'-03 .I1-13701 I • 
.'145 	I-3 • I . 
•Ii )00E-03 •ll,.4-3 • S  
•I34r-02 .I23 - _t3 . 
• I.2-G2 .125 .CE-01 . 
.-IJ?0r-02 •I267003 . 

It0TL30 	I LAST S3UF E*OP - •iog-o 

Finally, the printout will end with information about the admittance 
fitting, and a listing of the EYP branch cards which are to be punched. 
This is shown on the following page: 
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FITTX4r, FOR 	 ADMITTANCE NCCE NO 

NC. OF ITERATIONS = 

	

63. 	:42eLsE a 	•321'.E-02 - .4405€-0 	RRC = -.2792E-I-.I3aS3-I; 

	

a 600103. 	IPLS! a 	.51 1 256-OZ 	13567E-33 	ERROR a 	.3 	 •17547E-17 
.Ir?LITUOES = ....327T2E-02 	•15517E-32 
TiE CON.T a 	.I452F-3 	- 	.6002E-05  
IsXTIAI. VALUE CF CHARACTERISTIC ACNXTTApCE a 	•5I29E-02 

FXTTXG FOR CHAACTERITI A3NITTAhCE NOCE NO"  2 

43. OF 1TEicATIOPS = .2 

FREJE1O1 a 	60. 	INPULE a 	.5371 SE-I! 	.6063F-8 	EIO' 	-.IVII.E-uI 	-.36351E-09 
FREQUENCY a  63300 	!*PULSE = 	327E-0Z 	58254E-05 	EO0 	86736E-16 	I082-I6 

	

= .35-2 	•13597E-93 
TIME CO'.ST = 	.2222E-0I 	.62457E-05  
XNXTX4. 4j.4.JE OF CHARACTEAISTI& ADMITTANCE a 	•5270E-C2 

F.TTINO FOF CMARACTXS1IC A$ITTANC€ HCCZ P.O 3 

t4. OF XTER.1T10P.S a 

	

= 	60. 	I'PU1S€ a 	.39376E-02 	.542C1E-03 	SPROfl a -.4'06IE-3 	-.54367F-II 

	

a 600000. 	IMPULSE 	.41!9€E-02 _. .22605E-05 
4'PLITUOES a 	.40I21E-02 
TIt;E CONST a 	.10203E-II 
t.4ETEAL VALUE OF CP4ARACTERZS1C 40XTTANCE 	•I296-02.. _... 	... 	--------------.._.. 

SECUENTIAI. LIST OF PUI.CHEO OUTPUT. ------------------- 

C LNC;TH. 	I3e.00 ItE5. RHO. 	27.0, SS PEOz 	60.00. .sSal, KYI1a0. ?5a4, IYc.O 
C 	1.3636 .05213 4 	1.602 -20.73 	$0. 	50. 	 --- 
C 	1.3636 .P5215 4 	1.602 -19.25 	SO. 	50. 
C 	2.33 .05215 4 	1.602 - 0.75 	77.5 	77.5 
C 	2.3636 .05215 	4 	1.602 	0.75 	77.5 	77,5 	 -•--- -------- •-- --- - 
C 	3.3636 .05215 4 	1.602 	19.25 	50. 	50. 
C 	3.3#36 .05215 4 	1.602 	20.75 	50. 	50. 

	

C 0.5 2.61 4 	0.395 -12.9 98.5 98•  
C 	0.5 	2.6 	4 	0.386 . 12.9 	.90.5 	9.5 
C 
C 27. 	60.00 	 1 	 138. 	 _-_--_ -- - 
C 27. 	foo.00 	1 	 130. 	 4 13 
C 
• lJf)A 	LMA 	 0.22280E-02 0.77327E-03 	 1 1 2 2 	3 -- 

0.0519495E+02 0.22868000E+o3 Q.QU000Q3Q+0Q 0 • 62995(,92-uJ 0.60000(0E+02 
0.00000E+00 0.12394Ep05 o.800e40,00 O.00000E+00 0.39354Ei.03 0.11916t+OQ 
0.00000e.00 0.4169E+02-0.164196-02 0.0OI00E+OO 0.160Q9+Qb-(.Sdb10l.-O3 

-IJU$ 	WAS 	 0.35295E-02 0.74081L-03 	 2 2 2 2 	3 
0.409443586,01 0.00045416E+02 O.00000000E.u0 0.1006936E-)2 0.'(,0JO00E.J4 
0.00030+00 Q.15539E+0b 0.q9245+00 o.ou000+on 0.4 3s+u 0.7S4S7 -v2 	 - ..........- 
0.000vE.00 0.95262E.01-0.35281-02 0.00000E+00 0.20367I+Ub-0.71374-Q4 

• IJDC 	LMC 	 U.J5993-02 0.4001E-04 	 3 3 4 2 	3 
0.40944358E+01 0.80845416+02 U.00000000E+00 0.100b9636 -o2 0..,i0O9600E+02 
0.00000t.00 0.15539+06 0.99245e+00 Q.)0000E,00 0.4b3JP.O3 0.75451.-02 
0.0000E.00 0.95702E+01-0.35201E-02 0.0000..00 U.20367I+(m-3.71 .374.-4 

• 0.57135E,00 0.30000P00 0.70711E.00 0.00000t,00 0.40425I.+00 0.0000uci.00 	 ._-. 
0.57135Et00 0.0000u0+0u-0.7071JE,u0 3.U0000i.00 0.40425600 O.0Ue106+IO 
0.57735E.00 0.00000E,00 0.00000E.0O Q.(1003OE+00-0.81650+v0 O.(1000')*00 
0.57735E.00 0.000009+00 0.70711Ee00 0.Q0OOOi..00 Q.40625.00 O.'0000.-00 -- 
0.s7735t+00 0.O0vOOt.00-0.70711#.+0Q 0.00000.0u 0.40825+00 0.00000L.00 
O.57735E+u0 0.00000E,Ou 0.00000p.0O Q.00OOOE,O0-o.91b50+0u O.'uoouI.00 

BLANK CRO TERMINATING 	'6EMLYN SETUP • 

Historical Perspective: All of the preceding material of Section 7.5 was written 
during the summer or fall of 1977, for original release in 
the November 1977 EMTP User's Manual (which then was the 

Reference Manual for "M21 ." program versions). But even for 11M21.11  versions, 
it was slightly dated, as Tom Varilek and associates of Minnesota Power & Light 
discovered in August of 1978. Minor adjustments were continuously made over a period 
of a year or two, so that details of the output wou].d anot agree exactly. Then in 
the fall of 1979, BPA renounced all support for the "SEIvtLYEN SETUP" overlay, and 
developed the all-new "HAJJER SETUP" feature of Section 7.8 • Russ Brierley of 
Ontario Hydro still uses 11SEMLYEN SETUP", however, so all questions related to it 
are referred to him (see Section 0.50 for his address and telephone number). 
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7,7 	"CABLE CONSTANTS" Supporting Routine 

7.7.1 Introduction and Background 

By means of the special request word "CABLECONSTANTS" , 	an EMTP user 
gains access to the supporting routine which b?ars  this same name, as per the 
explanation of Section 7. • 	The principal function of this code is to 
calculate the resistance, inductance, and capacitance matrices which correspond 
to an arbitrary configuration of single-core (Sc) coaxial cables. A pipe-type 
configuration (where the aforementioned sc coaxial cables are all enclosed in a 
conducting pipe) is also allowed. Line constants for conventional overhead 
transmission lines can also be calculated using 11CABLYCONSTANTS11  ; this 
calculation is completely independent of the "LINECONSTANTS" routine of 
Section 7.4 

- 

N " ' " " Earth " ' \ " 

Fig. 1. cross-section of most 
general sc coaxial 
cable geometry. 

Fig. 2. 	Illustrative cross-section of 
overhead pipe-type cable 
system which contains three 
sc coaxial cables. 

History of the FNTP "CABLECONSTANTS" routine might be briefly summarized. 
As described in Section V-B (pace MPFT-35) of the Vol. IV ThITP memorandum dated 
March 27, 1976 (see Reference 8), Prof. Akihiro Ametani of Doshisha University 
in Kyoto, Japan was retained by BPA to work on the calculation of cable constants, 
among other things. This work, performed in the Spring and Summer of 1976, led 
to what is today the 3ITP "CABLE CONSTANTS" feature. Pipe-type capability 
was added a year later, also under contract. Mci had written and tested a 
separate, self-contained program, which Tsu-huei (Dr. Tsu-huei. Mu of BPA) then 
integrated into the EMTP, making it machine translatable (sort of) and otherwise 
compatible. Further details of this implementation work are covered in Reference S. 
Vol. VII, July 14, 1977. 

There is one important restriction or limitation to the "CABLE CONSTANTS" 
routine, as of September, 1977: 
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Restriction : The code of "CABLE CONSTANTS" makes heavy use of FORTRAN 
COMPLEX variables. For some computers, precision might 
conceivably be a problem (it is not clear, as of September, 1977). 
For example, Univac, Honeywell, and G.E. Mark III are believed 
to be limited to 36 bits of floating-point precision; there 
is no complex double-precision arithmetic on these systems, 
apparently. 

7.7.2 	General Structure of "CABLE CONSTANTS" Data Cards. 

The structure of an EMTP data case which uses "CABLE (INSTANTS" will 
depend upon which of the f011owing three classes it falls Into: 

Class A : System of SC coaxial cables without any enclosing pipe 

Class B : System of SC coaxial cables within an enclosing pipe 

Class C : System of conventional overhead conductors 

Class A Data Structure 

Consider the case of a system of SC coaxial cables, but no conducting pipe 
to enclose it. An EMTP data case which uses "CABLE (INSTANTS" for this class 
of problem then will have Input data cards ordered as follows: 

Al. First comes a 	"BEGIN NEW DATA CASE" 	card (actually 
.optional, as per Section 1.0a ). 

A2. Next comes a 	"CABLE CONSTANTS" 	card, which serves to transfer 
control to the overlay in question (uPp overlay number 47). 

A3. Next comes a miscellaneous data card. 

A4. Next comes one (or possibly more) card upon which is punched 
the number of conductors which make up each SC coaxial cable of 
the system. One card will suffice for a system of up to sixteen 
cables; two cards are required for 17-32 cables, etc. 

A5. Next come two (or possibly three) cards of geometrical and physical 
data for each SC coaxial cable in the system. E.g., for three SC 
coaxial cables, a maximum of nine cards would be required. 

A6. Next comes one (or possibly more) card which gives the horizontal 
and vertical location of the centers of all SC coaxial cables 
in the system. A single card will handle up to four SC coaxial 
cables; two cards are required for 5-8 , etc. 

A7. Next comes a frequency card, which specifies a new earth resistivity 
and frequency (or range of frequencies) for which cable constants 
are to be calculated. 

A8. Only if the stratified earth modeling is being used for an 
overhead cable system, two additional cards are required, to 
give all parameters of this more complex earth model. If the 
earth is instead modeled as homogeneous, no such cards exist. 
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A9. Repeat the data of Point A7 and Point A8 for as many different 

discrete frequencies or frequency ranges as may be desired. 
Signal the end of such data by means of a blank card. 

AlO. Repeat the data of Points A3 - A9 as often as may be desired. 
Each such grouping is a separate, distinct, independent data case 
within the "CABLE CONSTANTS" routine. Signal the end of such 
data by means of a blank card, which serves to transfer control 
back to the regular EMTP solution-mode, ready to read in a new 
EMTP data case. 

All. If the user wants to shut off the EMTP at this point (rather than 
execute a following EMTP data case), he should simply add a 
"BEGIN NE'11 DATA CASE" 	card at this point, followed by a blank 
card. This is as per Section l.Ob 

Class B Data Structure 

Consider the case of a system of 	SC 	coaxial cables which are all enclosed 
by a conducting pipe. 	An EMTP data case which uses 	"CABLE CONSTANTS" 	for 
this class of problem will then have input data cards ordered as follows: 

Bl. First  comes a 	"BEGIN NEW DATA CASE" 	card 	(actually 
optional, as per 	Section 	i.oa ) 

B2.  Next comes a 	"CAME CONSTANTS" 	card, which serves to transfer - 
control to the overlay in question 	overlay number 47). 

B3.  Next cofnes a miscellaneous data card. 

B4.  Next will come one card which gives parameters of the pipe. 

B5.  Next will come one (or possibly more) card which specifies the 
location of each 	SC 	coaxial cable within the pipe. 	One card 
will suffice for up to 	4 	SC 	coaxial cables, 	two will be required 
for 	5-8 	SC 	coaxial cables, etc. 

B6.  Next comes one (or possibly more) card upon which is punched 
the number of conductors which make up each 	SC 	coaxial cable of 
the system. 	One card will suffice for a system of up to sixteen 
cables; 	two cards are required for 	17-32 	cables, etc. 

B7.  Next come two (or possibly three) cards of geometrical and physcial 
data for each SC coaxial cable in the system. 	E.g., for three SC 
coaxial cables, a maximum of nine cards would be required. 

B8.  Next comes one card which gives the horizontal and vertical location 
of the center of the pipe. 

B9.  Next comes a frequency card, which specifies a new earth resistivity 
and frequency (or range of frequencies) for which cable constants 
are to be calculated. 

BlO. Only if the stratified earth modeling is being used for an 
overhead cable system, two additional cards are required, to 
give all parameters of this more complex earth model. 	If the 
earth is instead modeled as homogeneous, no such cards exist. 
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B11. Repeat the data of Point B9 and Point BlO , 	for as many 

different discrete frequencies or frequency ranges as may be 
desired. Signal the end of such data by means of a blank card. 

B12. Repeat the data of Points B3 - Bli as often as may be desired. 
Each such grouping is a separate, distinct, independent data case 
within the "CABLE CONSTANTS" routine. Signal the end of such 
data by means of a blank card, which serves to transfer control 
back to the regular EKTP solution mode, ready to read a new EMTP 
data case. 

B13. If the user wants to shut off the EMTP at this point (rather than 
solve a following FTP data case), he should simply add a 
"BEGIN NEW DATA CASE" 	card at this point, followed by a 
blank card. 	This is as per Section 1.Ob 

Class C Data Structure 

Consider the case of a system of conventional overhead conductors, as is 
usually solved using the 	"LINE CONSTANTS" 	routine of Section 7.4 • An 
EMTP data case which uses "CABLE CONSTANTS" for this class of problem will 
then have input data cards ordered as follows: 

Cl First comes a 	"BEGIN NEW DATA CASE" 	card (actually 
optional, as per Section 1.Oa ) 

C2. Next comes a 	"CABLECONSTANTS" 	card, which serves to transfer 
control to the overlay in question (UTPF overlay number 47). 

C3. Next comes a miscellaneous data card. 

C4. Next come three cards for each circuit which belongs to the 
overhead conductor system. Parameters specified include the 
number of phases, the number of ground wires, the number of 
conductors in a bundle, geometrical data, conductor resistivity, 
etc. 	E.g., considering a system which consists of a single- 
circuit 500-kV transmission line and a double-circuit 230-kV 
transmission line all on the same right of way, nine data cards 
would be involved. 

C5. Next comes one (or possibly more) data card which gives the height, 
Bag, and horizontal location for the, center of each bundle of each 
circuit of the system. One card will suffice for 1 or 2 bundles, 
two cards are required for 3 or  4 bundles, etc. 	E.g., two 
coupled single circuits, each of which is supported by its own 
towers and has a single ground wire, would require four cards 
(because there are eight bundles total 	four for each circuit). 

C6. Next comes a frequency card, which specifies a new earth resistivity 
and frequency (or range of frequencies) for which line constants 
are to be calculated. 

C7. Only if the 3-layer Nakagawa stratified earth model is being 
used, two additional cards are required, to complete the 
parameters of this more complex model of the earth. If the 
earth should instead be modeled as homogeneous, no such cards exist. 
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C8. Repeat the data of Point C6 and Point C7 for as many different 

discrete frequencies or frequency ranges as may be desired. 
Signal the end of such data by means of a blank card. 

C9. Repeat the data of Points C3 - C8 as often as may be desired. 
Each such grouping is a separate, distinct, Independent data case 
within the "CABLE CONSTANTS" routine. Signal the end of such 
data by means of a blank card, which serves to transfer control 
back to the regular EMTP solution mode, ready to read a new EMTP 
data case. 

dO. If the user wants to shut off the EMPP at this point (rather than 
execute a following EIP data case), he should simply add a 
"BEGIN NEW DATA CASE" 	card at this point, followed by a blank 
card. This is as per Section 1.Ob 

7.7.3 Specific Format for "CABLE CONSTANTS" Data Cards 

The preceding section outlined the structure of a "CABLE CONSTANTS" data 
case in general terms, for each of the three different general classes Of 
geometry which are permitted. The format and meaning of the associated data 
cards shall now be described in detail. Unscaled MKS units are consistently 
used throughout, it may be noted (e.g., distance in meters, voltage in volts, 
capacitance in farads, etc.). 

Format for "A2", "B2", and "C2" data 

The data card of Points A2 B2, and C2 is to be punched 
according to the following format: 

( -1: Transmission line (A2 data). 
, ) 0 	Excluding pipe, the majority cables have 

I'! I 	two or less conductors (B2 or C2 data), 
+1 	Excluding pipe, the majority cables have 

more than 2 conductors (B2 or C2 data). 

Format for "A3" , "B3" , and "C3" data 

The miscellaneous data card of Points A3 , B3 , and C3 is to be 
punched according to the following format: 

UIINIfl 
ITYPFC --- Flag which indicates the class of data case which 
(1-5) 	is presently being inputted: 

Class A : Punch a 112" , 	which implies a 
system of SC coaxial cables without 
any surrounding pipe. 
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Class B : Punch a 1131f  , 	which implies a 
system of SC coaxial cables which 
are enclosed within a conducting pipe. 

Class C : Punch a 	, 	which implies a 
system of conventional overhead 
conductors. 

ISYST ----- For Class A and Class B cases 	"ISYST" indicates 
(6-10) 	whether the cable system is underground or in The air: 

-1 4. Underground (buried) cable system; 
0Cable system is in the air, but is touching 

the earth's surface. See further 
comment elsewhere. 

+1 	Cable system is in the air, above The 
surface of the earth. 

For Class C cases 	ttISySTtt indicates possible 
transposition: 

0 	Untransposed overhead line; 

2 	?,, Continuously-transposed overhead line. 

NPC 	---- Class ) __ Number of SC coaxial cables which make (11-15) 	Class B 	up the system of interest. 

Class C 	The number of transmission circuits which 
make up the overhead system of interest. 
E.g., the most common case will have just 
NPC = 1 circuit, which will consist of 
three phase-conductor bundles (for a 3-phase 
line) and possibly one or more ground-wire 
bundles. 

IEAFIH -----Flag indicating which model for The earth is to be 
(16-20) 	used: 

( 0 -_-o— for homogeneous (Carson) earth 
model; 

99 	for 3-layer stratified (Nakagawa) 
it 	earth model. This is allowed only 
I 	 for overhead systems (miscellaneous 

data parameter "ISYST" equal to 0 or 1 ). 

KM0DE 	Flag used to request The calculation and output of 
(21-25) 	various modal quantities of interest, as further 

described in Section 

0 =Z> No modal calculation or output; 

1, 1 	Modal quantities will be calculated and printed. 
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IZFLAG 	Flag which indicates the format of series-impedance 
(26-30) 	output (inductance, or reactance, or both) in the phase domain: 

0 =0 Print matrices (RI and tL ; 
1 	print matrices [RI and 

2 	print both of the above. 

The diagonal elements are self-impedances of the conductors and the off-
diagnoal elements are the mutual impedances. For overhead lines, the order 
of the printout is the same as that of the phase conductors are inputted. 
For SC coaxial cables, the printout starts from the inner-most conductor 
of each cable In the order of input, then continues to the next outer layer 
of the conductor of each cable, etc.. For a pipe-type cable system, the last 
series-impedance in the printout is for the pipe. 

IYFLAG ----- Flag which indicates the format of shunt-admittance 
(31-35) 	output (capacitance, or susceptance, or both) 

in the phase domain: 
0 ==> Print matrices (G 1 and [C I ; 

I =0P Print matrices [GI and L)[C) ; 

2 	print both of the above. 

The order of this printout is same as that for the series-impedance. 

	

NPP 	---- Class A 1 
(36-40) 	Class C 	Unused (leave blank). 

.ass B -. ç 1 	pipe of finite thickness 

0 > pipe of infinite thickness. 
1 	Miscellaneous data parameter 

( 	uISYsTtt must also be zero, in 
this case. 

	

NGRND - 	This parameter describes the grounding conditions of the 
cable system, i.e., for data in Class A and Class B. 

(0 or 1 --- None of the conductors is grounded. 
Class A 	2 	-- All armors, if any, are grounded. 

1 	3 	All sheathes and armors, if any, are grounded. 

	

I.4 	See the paragraph below. 

	

( 0 	--• None of the conductors is grounded. 

	

1 	- The pipe is grounded. 

	

Class B ( 2 	All armors and pipe are grounded. 

	

3 	- All armors and all sheathes, if any, and pipe 
are grounded. 
See the paragraph below. 

Class C - Unused (leave blank). 
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If the grounding conditions are different for different cables In 
the system, or not all the outer conductors of the cables are grounded, the 
user should punch a value of "IP for NGRND and add one extra data card 
right after the current one with the format 

L2x 7811 1 
Input an integer code number (Ii), based on the following rules, for each 
of the cables according to their input ordering; and enter the pipe, if 
any, in the very last entry: 

o 	None of the conductors of the cable is grounded. 
1 - The core of the cable is grounded. 
2 - The sheath of the cable is grounded. 
3 	The armor of the cable is grounded. 

-: The sheath and the armor of the cable are grounded. 
5 	The core and the sheath of the cable are grounded. 
6 -.. The core and the armor of the cable are grounded. 
7 -- The core, the sheath, and the armor of the cable are grounded. 

Pipe 4' 0 -•- not grounded. 
t 1 - grounded. 

Format for "A4" and "B6" data 

For cable systems (either Class A or Class B ), the number of 
conductors which make up each SC coaxial cable of the system must be indicated; 
the following format is used: 

111,  1EIE -II 
I I 	 - 

One 	entr 	:Sor ecJ 	o* 	N PC,. 
CL 

77 
z _______ 	___ 	

ip• 

151515 iS 

NCPPk ---- The k-th SC coaxial cable of the system has this 
many conductors in it: 
( 3 .'.'for the SC coaxial cable which has all triree 

conductors: core, sheath and armor; 

2 	for the SC coaxial cable which has only two 

I
conductors: core and sheath; 

1 	for the situation of a core only. 

For purposes of this input, it may be noted that the sc coaxial cables 
have been numbered between "1" and "NPC" • 	Such numbering is arbitrary, 
except that the string of NCPPk  must be non-increasing (that is, all 
3-conductor SC coaxial cables must precede any 2-conductor cables and 
all 2-conductor cables must precede any core only cables). this 
ordering, once established, is assured to apply throughout the rest of 
the data case. 
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Format for "B4" data 

Point B4 data consists of a single card, upon which the user is to punch 
various parameters of the pipe. The following format applies: 

EI1II 
IT 1 	

Inner radius of the pipe, in units of meters 

Outer radius of the pipe, in units of meters 

RP ----- Outer radius of the tubular insulator which surrounds 
the pipe, in wilts of meters 

I ----- Resistivity of the pipe, in units of ohm-meters 

Relative permeability of the pipe. This is a dimensionless 
Pr 	 number, the ratio of the permeability of the pipe to the 

permeability of free space. 

Relative permittivity of the insulating medium which 
is inside the pipe (between the pipe and the SC coaxial 
cables which are contained). This is a dimensionless 
quantity, the ratio of the permittivity of the inner 
insulating medium to the permittivity of free space. 

Relative permittivity of the insulating tube which 
surrounds the pipe. This is a dimensionless quantity. 

- - 
St or erth 

of 

IrsoItt9 jj 
rov4. 

IflSe 
04 pipe. 

(nsv(;tn 	ChPI) 
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For each circuit of the system of conventional overhead conductors which 
is being studied, three data cards of the following format are to be punched. 

M I 

SIllEIE   

EIIUEUiIE 

LEO==. 

NP ----- The number of phase-wire bundles which belong to the 
circuit in question. E.g., for a 3-phase circuit, 
"NP" will equal three. 

NG ----- The number of ground-wire bundles which belong to the 
circuit in question. 

KBP ----- The number of individual physical conductors which 
compose each phase-wire bundle of the circuit in question. 
If there is no bundling of phase wires, 	'tKBP" will 
equal unity. 

KBG ----- The number of individual physical conductors which 
compose each ground-wire bundle of the circuit in question. 
If there is no bundling of ground wires, "KBG" will 
equal unity. 

= 

oi 

	

	 . 82 2~3 

NG~= 2. 
KsGz .3 .SEPG 

a. 	
0 
b 
a 	P =~3 	

C 
el 

Fig. 5. Illustrative single-circuit 3-phase overhead transmission 
line (as seen In cross-section). The three phase-wire 
bundles are of four conductors each; there are two 
ground-wire bundles, of three conductors each. 
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ROU 	----- Outer radius of the tubular 
p 	conductors which are used 

for each phase-wire bundle 
of the circuit in question. 
Units are meters 

RIN 	------ Inner radius of the tubular 
conductors which are used 
for each phase-wire bundle 
of the circuit In question. 
Units are meters 

ROTJTG 	Outer radius of the tubular 
conductors which are used 
for each ground-wire bundle 
of the circuit in question. 
Units are meters 

RING ---- Inner radius of the tubular 
conductors which are used 
for each ground-wire-bundle 
of the circuit in question. 
Units are meters 

SEPT ----- Separation between centers of two 
adjacent conductors of any one of the 
phase-wire bundles. Units are meters 
The "KBP' conductors of the bundle are assumed to 
be uniformly spaced around the circumference of a circle. 

Separation between centers of two adjacent conductors 
of any one of the ground-wire bundles. Units are meters 
The "KBG" conductors of the bundle are assumed to 
be uniformly spaced around the circumference of a circle. 

- 	 Pig. 8. Illustration of two different 
bundles; that on the left 
has four conductors, while 

SEP 	 the bundle on the right has 
only two. Note the 

/ uniform spacing. 

/ - - 

RP  Resistivity of the material used in each tubular 
conductor of each phase-wire bundle of the circuit 
under consideration. Units are ohm-meters 

PP 	 Relative permeability of the material used in each 
tubular conductor of each phase-wire bundle of the 
circuit under consideration. 	This is a dimensionless 
quantity. 
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G. ---- Resistivity of the material which is used in each 
tubular conductor of each ground-wire bundle of the 
circuit under consideration. Unite are ohm-meters 

P G ---- Relative permeability of the material which is used 
In each tubular conductor of each ground-wire bundle 
of the circuit under consideration. This is a 
dimensionless quantity. 

Format for "A5" and "B7" data 

For each SC coaxial cable of the system, a maximum of three data 
cards are to be punched according to the following format. Such cards 
are to be stacked in the circuit order which was defined for Point 
"A411  data. 	 - - 

S — oo oiioo E!1IHh[II E!iII IIEI!!I mass= 

SCL r:..  

i E/0.1 JE/o.11 Eio.1: 77 

Tubular core (subscript "c" ) 
of the SC coaxial cable. 

(1st insulation layer 
) (subscript "Ii" ), which 
lies between the core and 
the sheath. 

Tubular sheath (subscript "s" ) 
L of the SC coaxial cable. 

(2nd Insulation layer 
(subscript "12" ), which 
surrounds the sheath. 

Tubular armor (subscript "a") 
of the SC coaxial cable. 

(3rd insulation layer 
((subscript "13" ), which 
(surrounds the armor. 
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r1  ----- Inner radius of the tubular core, for the SC 

coaxial cable under consideration. Units are meters 

r2 	 Outer radius of the tubular core (equal to the inner 
radius of the first Insulating layer), for the SC 
coaxial cable under consideration. Units are meters 

r 	---- Inner radius of the sheath (equal to the outer 
radius of the first Insulating layer), for the SC 
coaxial cable under consideration. Units are meters 

r 	----- Outer radius of the sheath (equal to the inner 
radius of the second Insulating layer), for the SC 
coaxial cable under consideration. Units are meters 

r5  ------Inner radius of the armor (equal to the outer radius of 
the second insulating layer), for the SC coaxial cable 
under consideration. Units are meters 

r6  ------ Outer radius of the armor (equal to the inner radius of 
the third insulating layer), for the SC coaxial cable 
under consideration. Units are meters 

r7  ------ Outer radius of the third (outer-most) layer of insulation, 
for the SC coaxial cable under consideration. Units 
are meters 

Resistivity of the tubular core, for the SC c 	 coaxial cable under consideration. Units are ohm-meters 

Pc Relative permeability of the tubular core, for the 	SC 
coaxial cable under consideration. This is a 
dimensionless quantity. 

Pil Relative permeability of the 	1st insulating layer. 	This 
is a dimensionless quantity. 

Relative permittivity of the 	1st insulating layer. 
This is a dimensionless quantity. 

Ps Resistivity of the tubular sheath, for the 	SC 	coaxial 
cable under consideration. 	Units are 	ohm-meters 

PS 
Relative permeability of the tubular sheath. 	This 
is a dimensionless quantity. 

P12 	------ Relative permeability of the 	2nd insulating layer. 
This is a dimensionless quantity. 

£12 ----- Relative permittivity of the 	2nd insulating layer. 
This is a dimensionless quantity. 
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Sa Resistivity of the tubular armor, for the SC coaxial 
cable under consideration. Units are ohm-meters 

JL
a 

------ Relative permeability of the tubular armor. This is a 
 dimensionless quantity. 

Relative permeability of the 3rd insulating layer. 
This is a dimensionless quantity. 

Relative permittivity of the 3rd insulating layer. 
This is a dimensionless quantity. 

Format for 11B5" data 

The location of each of the "NPC" SC coaxial cables within the 
surrounding conducting pipe is specified by one (or possibly more) card of 
the following format: 

I!!M 
I 	I 	i 

• 1 	TA1. 
I 	 - 	 - 

H. 	. p 	.ofr  
.. 	 •_C.O 	ce. 	itk'v 	th io ,1L 

It :' 

DISTk 	Distance between the center of the pipe and the center 
of the k-th SC coaxial cable, In units of meters 

PHET.A, 	Angular position of the k-th SC coaxial cable, in 
units of degrees. 

Here the pair 	(DISTk ' 
is simply the conventional polar 
coordinate location of the k-th 
SC coaxial cable. The origin 
is taken to be the center of the 
pipe (see sketch), with the 
positive x-axis directed 
horizontally to the right. 



24 

Format for 1105" data 

For each bundle of the overhead conductor system, a triplet of numbers 
giving the horizontal and vertical location is to be supplied, according to 
the following fomat: 

111-11H-I It: 

VTOWEP%j  VMIO 
.1  

HOR1 1  •• One.. 	tplet 	o' 	nu,ers 	5o- 
Etp.i 1O.1 Et  E1O.1 

VTOWERk 	Height above the earth's surface of the center of 
the k-th bundle; this is height in meters , at 
the tower (the maximum height). 

VMIDk ----- Height above the earth's surface of the center of 
the k-th bundle; this is height in meters , at 
mid-span (the minimum height). 

HORIZk 	The center of the k-th bundle is this far to the 
right of an arbitrarily chosen reference line. 

9)! 

LI Iun I 

1k%  
Uj

_  HoRI 

.' " " e.:r'th"' 

With regard to the ordering of the bundles which belong to the system under 
study (i.e., index "It" ) , 	two rules must be observed: 

Rule 1 : First come all phase-wire bundles of the system, in order of 
the circuit number to which they belong (as established by 
Point C4 data). 	I.e., start with all phase-wire bundles 
of circuit number one; then consider all of the phase-wire 
bundles of circuit number two, etc. 

Rule 2 : Then come all (if there are any) ground-wire bundles of the system, 
in order of the circuit number to which they belong (as established 
by Point C4 data). 	I.e., start with all ground-wire bundles 
of circuit number one, if any; then consider all of the ground-
wire bundles of circuit number two, etc. 

Within any one circuit, ordering of the phase-wire bundles and the 
ground-wire bundles is arbitrary. Rows of the resulting line constants 
matrices ( R 1 , ELI 9  	and (a I will be based on this ordering, 
however, it might be noted. 	See the example of Section 



Format for 11A6" data 

For each of the "NPC" SC coaxial cables of the system, horizontal 
and vertical coordinates which locate the center must be specified, as follows: 

;I;!;I 

&c .c;I1:# i 
_________________ 

sc: :c6Ie 4t2 
________ ________ • One.. 	or 	cI 	of 

NPC 	s 
c;btes 	in 	the 	ster,. 

yRr1 .:4oR1 VERT2 	NOR 1 

I$I 1O.1 E1O.1 	idt 

VERTk -- Vertical separation between the center of the k-th 
SC coaxial cable and the surface of the earth, in 
units of meters • 	This is always a positive 
number, whether the system of SC coaxial cables 
is below the ground or not. 

HORIZ The center of the k-th SC coaxial cable is this k 	tar (in meters) to the right of an arbitrary reference 
line. 

lii i 

C 
E;rth's 5ur4e. 

\ 

SC caUe. w 
> 

HORt!1 

Here the ordering of the SC coaxial 
cables (i.e., index ttktt ) is as 
was established in Point A4 data. 

Format for 11CO 9  11A711  , and 11B9" data 

The "frequency card" of all three classes 
of data cases has the same format: 

Sam UI3EIIEIII 
RHO 	 Resistivity of the top (i.e., surface) layer of 
(1-15) 	the earth, in units of ohm-meters 

If the earth is assumed to be homogeneous (parameter 
tIRmtt equal to zero; see Point A39  B3, or C3 data), 

is the resistivity of the entire uniform earth. 

FREQ 	-----Frequency in Hertz at which cable constants (for "A7" 
(16-30) 	or 11 B911  data) or line constants (for "C6" data) 

are to be calculated, should only one frequency be desired. 



A blank or zero field will be defaulted to the 
synchronous power system frequency (generally 50 Hz 
or 60 Hz), as defined by variable "STATPR" of 
installation-dependent module "SYSDEP" of UTPP 
overlay number 1 

If the automatic looping over logarithmically-spaced 
frequencies has been requested by the user (parameter 
"IDEC" of columns 31-35 greater than zero), then 
"PREQ" is the beginning (i.e., the lowest) frequency 
of the scan. 

IDEC 	---- Leave blank for the normal single-frequency 
(31-35) 	calculation. 	But if the user wants automatic 

looping over logarithmically-spaced freuenci e s, 
then "IDEC" is the number of decades of frequency 
space which are to be spanned. 

IPNT 	- Leave blank for the normal single-frequency 
(36-40) 	calculation. 	But if the user wants automatic 

looping over logarithmically-spaced frequencies, 
then "IPNT" is the number of points per decade 
of frequency space at which [RI , IL] , and [c ] 
are to be calculated. 

DIST 	----- Length of the transmission circuit under consideration, 
(41-48) 	in units of meters • 	This field can usually be 

left blank. 	It need be punched only for the following 
situations: 

1) For use with 	"SEMLYEN SETUP" ; see 
Section 7.5 

IPUN 	----- Normally this field is left blank. It is 
(49-58) 	used to request non-printed output of modal 

quantities, for the case where there is automatic 
internal looping over logarithmically-spaced 
frequencies. Punch 

"88" -----For the connection of zero-sequence 
(ground mode) impedances with 
"WEIGHTING" • 	This has meaning 
only when a 	"CABLE CONSTANTS" 
data case is imbedded in a 
"WEIGHTING" data case. 

"89" -----As just described for 1188" , 	only 
for the 	 line mode (rather 
than for the ground mode). 
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• 10EC = 5 	 10000. 

IPNIS 

.•....•.....,.......• 

I- 	 I 	I 	I 	I1PL 
10_I 	100 	101 	IO2- 103 	io 	+ 

k+l (? \IPNT 

Format for "07" , 11A8" , and "BlO" data 

If the 3-layer stratified (Nakagawa) earth modeling is being used, 
then the just-described "frequency card" is to immediately be followed by 
two cards of the following format: 

Mims 
EI!EEIh!Iffl 

DEP12 	Distance below the surface of the earth at which layer 
number 1 ends and layer number 2 begins. Units - / 
	are meters • 	See sketch below. 

[IJ 

€, Ji 	RHO 	 arl er 	1 

a- E, Pz., RHOZ 	w o 	 l;jer-42 

E3  p, RHO3 	 Izier 4.3 



DEP23 	Distance below the surface of the earth at which 

(11-20)  2O' 	layer number 2 ends and layer number 3 begins. 
 Units are meters • 	Recall that layer number 3 

is infinitely deep. 

RHO2  

(21-30) 

RHO3 	
Resistivities of layers number 2 and 3 of the 
earth, respectively. Units are ohm-meters 

(31-40) 	to specify the resistivity of layer number 1 
Recall that "RHO" of the frequency card is used 

1 	 Relative permeabilities of layers number 1 , 2 1, 
2 j 	and 3 of the earth, respectively. These are 

P3 j 	dimensionless quantities. 

E1 ) 
Relative permittivities of layers number 1 , 2 , 

2 r 	and 3 of the earth, respectively. These 
€3 J 	are dimensionless quantities. 

Format for "B8" data 

The vertical distance between the center of the pipe (which encloses the 
SC coaxial cables) is to be punched according to the following format: 

IIMM' 
UjlgIiilIiiII!IIIII1IIIl 
This figure is always positive, whether the pipe is below the ground or not. 
Units used are meters 

0i e;r-th 
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7.7.4 	Degenerate Configurations and Special Cases 

It is the purpose of the present section to describe how the user of 
"CABLE CONSTANTS" 	can handle special configurations which are less general 
than those described in Section 7.7.3 

A) Pipe without tubular insulator around it 

Suppose that a pipe-type (Class B) 
configuration is involved, but without 
any Insulating tube around the outside 
of the conducting pipe. Then Point B4 
data is to be treated as follows: 

1. Leave RP, (columns 21-30) 
blank. -' 

2. Leave the data field for 
(columns 61-70 ) blank. 

B) Infinitely-thick pipe 

While physically unrealizable, a pipe 
of Infinite thickness is nonetheless useful 
in certain situations as a modeling 

 approximation. 	This is a special case 
of the Class B situation. By definition, 
there is no earth for this case, and all nf, n t 
zero-sequence current of the enclosed SC 	 ' / 	

t 

coaxial cables must return through the  
pipe. Data requirements for this special 	' 	() 
case are as follows: 

1 • On the Point B3 miscellaneous  

'A data card, two parameters are 	/ 

/ 
to be punched unusually: 	 / 

"tISYSP" of columns 6-10 	/ 
is to be puncied zero; 
t?%tt of columns 36-40  
is to be punched zero 
(rather than the usual 
value of unity), 

2. On the Point B4 data card, three 
data fields can be left blank: 

"2" of columns 11-20 	-- since the outer radii of the 
pipe and the surrounding insulator 

'W3" of columns 21-30 	are not even finite. 
11F 

 2 
 it of columns 61-70 ---- since the surrounding insulator 

does not even exist (or if it does, 
it is infinitely far away!). 

3. On the "frequency card" of Point B9 data, field RHO" of columns 
16-30 can be left blank -----since the earth n longer exists. 



C) Solid core for Sc coaxial cable 

For either Class A or Class B cable 
systems, the core of any SC coaxial cable can 
be made solid rather than tubular, if so desired. 
The first of two Point A5 or Point B7 data 
cards has columns 1-10 used for punching the 
inner radius r1 of the tubular core. Simply 
set this parameter to zero, to produce a solid 
core. 

D) Solid overhead-line conductors 

For a conventional overhead transmission 
line of Class C , the conductors of either 
the phase-wire bundles or the ground-wire 
bundles can be made solid, rather than 
tubular, if so desired. 	Recall that 	the 
second of three Point C4 data cards 
is punched with an inner radius 	BIN 
for phase-wire conductors, and 	RING 
for ground-wire conductors. 

1. Set 	BINp of columns 11-20 
equal to zero, in order to obtain 
solid conductors for the phase 
wires. 

2. Set 	RIND of columns 31-40 
equal to zero, in order to obtain 
solid conductors for the ground 
wires. 

E) No bundling of conductors 

For a conventional overhead transmission line of Class C , it is 
Point C4 data which specifies whether phase-wire or ground-wire conductors 
are to be bundled. 

1. If a phase-wire bundle only consists of a single tubular conductor 
(i.e., if there is no bundling of phase conductors), then "KBP" 
of columns 11-15 of the first Point C4 data card will be punched 
equal to unity, by definition. Field 	SEPp of columns 41-50 
of the second Point C4 data card can then be left blank -----since 
interconductor separation within a phase-wire bundle does not exist. 

2. If a ground-wire bundle only consists of a single tubular conductor 
(i.e., if there is no bundling of ground conductors), then "KBG" 
of columns 16-20 of the first Point C4 data card will be punched 
equal to uriiy, by definition. Field 	SEPG of columns 51-60 
of the second Point C4 data card can then be left blank -----since 
interconductor separation within a ground-wire bundle does not exist. 
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F) SC coaxial cable without outer Insulator 

For a class A or class B data 
case, the outer (or 3rd) layer of 
insulation of any Sc coaxial cable can 
be omitted. In this case, the three 
Point A5 or Point B7 data cards are 
handled as follows: 

1. Leave r (columns 61-70) of 
the firt card) blank. 

2. Leave data fields )' and 
ET.2  (columns 31-400r13the 
tttfrd card) blank --- since 
such parameters do not exist. 

IfltOr. 
9111,  - 

G) Sc coaxial cable with no armor and no outer insulator 

For a class A or class B data case, both 
the armor and the outer (or 3rd) layer of 
insulation of any Sc coaxial cable can be 
omitted. In this case, the three Point A5 
or Point B7 data cards are handled as 
follows: 

1. Leave r7  and r6  (columns 51-70 
of the first card) blank. 

2. Omit the 3rd data card because of 
the nonexistence of ia' ,Pa'  /13  C- 

130  and 

H) Sc coaxial cable with no armor and no outer insulators 

2 	
IflUIt0,% 

For a class A or class B data case, 
the outer (2nd and 3rd) layers of Insulation 
and armor of any SC coaxial cable can be 
omitted. In this case, the three Point AS 
or Point B7 data cards are handled as 
follows: 

1. Leave r , r6  and r (columns 
41-70 of7the first ;ard) blank. 

2. Leave data fields 	and 
i (columns 61-80 f the 

secnd card) blank and omit 
the third card ---since such 
parameters do not exist. 

b 

tOA 



I) SC coaxial cable with not sheath and no outer insulators 

For a class A or class B data case, both 
the sheath, armor and the outer (2nd and 3rd) 
layers of insulation of any Sc coaxial cable can 
be omitted, in this case, the three Point A5 or 
Point B7 data cards are handled as follows: 

1. Leave r , r6, r and r (columns 
31-70 o the firs card) 4blank.  

2. Leave blank all other data fields 
which are used for parameters of the 
nonexistent sheath and outer 
insulator. In particular, there 
are four: IFS 	PS  , P12 and 

€12 (columns 41-80 of the 2nd card). 

3. Omit the third card -- since parameters 
for armor and its outer insulator do not 
exist. 

insulators,' armor and 
mis 

For a class A or class B data case, the armor, sheath and all 
three layers of insulation of any Sc coaxial cable can be omitted, 
leaving just the tubular conductor core. In this case, the three 
Point A5 or Point B7 data cards are 
handled as follows: 

1. Leave r7, r6, r , r and 
r (columns 21-7 of 4the 
first card) blank. 

2. Leave blank all other data fields 
which are used for parameters of the 
nonexistent sheath and layers of 
insulation. In particular, there 
are six: PI1 , 	€ii , 
PS , P12 	and E12 

(columns 21-80 of the 2nd card). 

3. Omit the third card ---since the parameters for armor and its 
outer insulator do not exist. 
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7.7.5 	Approximation Used for the Dandling of Overhead Conductors 

It is important for the user to be aware that 
treats bundled conductors of conventional overhead 
transmission lines quite differently than 
does 	"LINE CONSTANTS" 	of Section 

714 • 	The reader may already have 
realized this, since the Point C4 data 
is not sufficient to uniquely specify 
the geometry of a bundle. No angular 
position of any one conductor of the 
bundle is specified, it will be noted. 

The 	"LINE CONSTANTS" 	code of 
Section 7.5 calculates line constants 
for the system of physical conductors first. 
This is then reduced, as conductors are 
paralleled (the bundling operation). On 
the other band, 	"CABLE CONSTANTS" 	does 
the bundling at data-input time. The 
geometric mean radius of the bundle is 
immediately calculated, and then a single 
approximately equivalent conductor is 
used to represent each bundle for the 
calculation of line constants. There 
never is any set of line constants for 
the system of physical conductors, then, 
when using 	"CABLE CONSTANTS" 

"CABLE CONSTANTS" 

4)1 

- IT  
0 

/ 

Needless to say, this bundling of 
conductors at data-input time simplifies 
the calculation considerably, and speeds 
it up. But an approximation is involved. 
In order to estimate the error, line 
constants have been calculated for the 
2-phase geometry shown at the right. 
The 	"LINE CONSTANTS" 	code was 
used, for two different values of the 
angle 0< : zero degrees and 90 
degrees. The radius of the bundles 

, the average height "h" , the 
separation Dtt , and the frequency "f" 
were also varied. In all cases, a 
conductor diameter of 1.093 inches was 
used, and ground resistivity was fixed at 
50 ohm-meters. Results are summarized 
in the following tabulation: 

Sorry! Example never completed; no next page. 



270 

7.7.6 	Crossbonded Cable 

Professor Aki ?netani implemented a crossbonded cable model in the EMTP 
during the summer of 1981 when he was under a contract with BPA. The details 
of the mathematical model can be found in Aki's contract report titled: 
"Crossbonded Cable Modeling in E74TP", dated October 12, 1981. Most of the 
following texts are taken from Aki's report. 

A) Introduction 

It is a quite common practice to crossbond a three-phase PV or CV cable, 
i.e. single-core coaxial cable with a polyethelene or oil- immersed paper 
insulation, so that a circulating current within the sheaths is reduced. A 
schematic diagram of a crossbonded cable is given in Fig.l. In general, a 
crossbonded cable consists of cascaded major sections of more than ten as 
shown in Fig. 1(a). One major section consists of three minor sections as 
illustrated in Fig.l(b). The sheaths are crossbonded at the ends of the first 
and second minor sections. As a common practice, the length of one minor 
section is 	between 300m to 500m, thus, the length of one major section is 
about 1Km to 1.51(m. At the junction of each major section, the sheaths of 
the three phases are short circuited and grounded. Because of the existence 
of a resistance at the grounding point due to a poor conductivity of a soil, 
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Fig.l A schematic diagram of a crossbonded cable 

it looks like the sheaths are grounded through the resistance of Rs as shown 
in Fig.l(a). At the sending and receiving ends of a cable, the resistances 
are lower than those at each major section, because of higher degree of ground-
ing.(The details of grounding should be found in the standard of electrical 
apparatus or machinery, possiblly in the ANSI.) 
Thus the resistances at the sending and receiving ends are given by Rs' which 
15 different from Rs. In practice, Rs is 1f2 to some tens ohm, and Rs' O.1f2 
to lOf2 depending upon the way of grounding. 

(1k) 

NO 
- 	 iIIi 	 I.  I 
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(b) A major section 
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Fig.6 An equivalent uniform distributed-
parameter line to one major section 

z 7 
B) Modeling of a Crossbonded Cable 

A crossbonded cable can be 
modeled as the uniform distri-
buted parameter line. An equiv-
alent circuit to one major sec-
tion of the crossbonded cable 
is shown in Fig. 6 . Z" and Y" 
are the equivalent series imped-
ance and shunt admittance 
respectively of one major sec-
tion. Note that this equiv-
alent circuit is a four- 

C) 

conductors system but not six-conductors system. This is due to the fact that 
the effect of the short-circuit of the three-phase sheath has been taken into 
account in this equivalent circuit, and thus three sheaths are reduced to one 
sheath. The sheath voltage in the equivalent circuit of Fig.6 is the same as 
the voltages of the three sheaths in the original circuit of Fig.l or Fig.5, 
and.the sheath current in the equivalent circuit is the sum of the three-phase 
Sheath currents in the original circuit. 

Also, it should be noted that the grounding conductance G is not taken 
Into account in this equivalent circuit. Thus, the conductance G should be 
included as a boundary condition between two major sections. 

The above equivalent circuit can be adopted to the EMTP, because it is a 
uniform distributed-parameter line. 

A P1-circuit equivalent is quite of/ten used to represent a distributed-
parameter line, although it can not take into account the frequency-dependent 
effect of the distributed-parameter line. 
(1) Accurate modeling 

Each minor section is represented by a six-phase P1-circuit, and is co-
nnected as shown in Fig.l(b). Then, each major section is connected as shown 
in Fig.l(a) including a grounding resistance. 
(2) Uniform line modeling 

Each major section is represented by a four-phase P1-circuit of which R, 
L and C are given by Zoo 	 and Y" of 	6, 	i.e. Z" = R + jwL and

go = jwC. Then, each major section is connected as shown in Fig.l(a) includ- 
ing a grounding resistance. 

Data Format for Using the Crossbonded Cable Model 

The data structure for using the crossbonded cable model is same 
as that for the usual (not crossbonded) cable (see Section 7.7.2), except 
the followiricz two additional data cards are needed: 

(1) A card with "PUNCH" inputted in columns 1-5 should be put right 
after the"CABLE CONSTANTS" card (see 'A2" and "B2" of Section 7.7.2). 

(2) Then, the following card should be inputted after the 
"miscellaneous data card" which was described as "A3" and "B3" 
data in Section 7.7.3: 
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Definition of each variable of the above data card is 
NPAIS 	number of P1-sections a user should define except "NPAIS = OH. 

The detailed explanation for 'NPAIS' will be given later. 
NCROS : "NCROS I O  corresponds a crossbonded cable. 

"NCROS = 	corresponds a usual (not crossbonded) cable. 
For the overhead line case, leave BLANK. 

IRSEP : "IRSEP = OU means that all the cable sheaths are short-circuited and 
grounded through resistance 'RSG' between each P1-section. 
"IRSEP 4 OH  means that each sheath is grounded separately from each 
other through resistance 'RSG' between each P1-section. 
If 'IRSEP' is left BLANK, IRSEP is taken to be V. 
IRSEP dose not apply for the overhead line case and also for the cable 
case when "NPAIS.GT.O". Thus, in such the case, leave 'IRSEP' to be 
BLANK. 

XMAJOR : length of one major section for "NPAIS.LT.O" in the cable case. 
length of one P1-section for "NPAIS.GT.O" in the cable case and in 
the overhead line case. 
'XMAJOR' should equal to the length given by the total length of a 
cable or line devided by 'NPAIS', or 
'total length' = 'XMAJOR' * 'NPAIS' 

RSG : sheath grounding resistance at the end of a major section for a cable. 
'RSG' dose not apply to the overhead line case, thus leave BLANK. 

CNPJIE : node name of P1-circuit modeling a user should define in the case of 
"NPAIS.NE.O". For "NPAIS = OU, leave BLANK. 

More detailed explanation for 'NPAIS' and the related variables is given 
hereafter. 

EA] NPAIS # 0 : Data cards of a line or cable by P1-circuit modeling will be 
punched out. 

(A-l) For the cable case (ITYPE * 1) 
(1) NPAIS.GT.O : Uniform P1-Circuit Modeling 
(1-1) NCROS = 0 or BLANK : Usual cable (non-crossbonded cable) 

(a) A user will get a cascade P1-circuit modeling shown in Fig.7 for a given 

S 	 2 	 3 n 	 R 

cores 
1st P1 	 2nd PI 	 n-th 

sheaths 

Fig-7 Uniform P1-circuit modeling for a non-crossbonded cable 
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distributed-parameter line. There is no grounding resistance and no connect-
ion rather than the cascade connection between two P1-sections. Thus, 'IRSEP' 
and 'RSG' should be BLANK. 
(b) The number of P1-sections is given by 'NPAIS'(n = NPAIS in Fig.7). 

NPAIS is arbitrary and thus, a user should define it. But the following rela-
tion should be always satisfied. 

'total length of a cable' = 'NPAIS' * 'XMAJOR' 
(c) The user should define the node name of his P1-circuit modeling by 

'CNAME'. The data for 'CNAME' is one alphabetic letter and is read by format 
"Al". Then, all the node names inFiis P1-circuit modeling are internally 
determined in the following form. 
At the sending-end 

column 1 2 3 4 5 6 

I (tiNt I I I 
CNAMEt 	=number 

At an intermediate node 

column 1 2 3 4 5 6 
phase number 

CNAME t1 	minor section number only in the cross- 
major(or P1) section ('bonded cable case, otherwise l'. 

number 

At the receiving-end 

column 1 2 3 4 5 6 

I Iolurr 
CNAME± 	phase number 

(1-2) NCROS V 0 Crossbonded cable 
(a) A user will get a P1-circuit modeling shown in Fig.8 for a given cross-

bonded cable. Each P1-section corresponds one major section of the crossbonded 
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Fig-8 Uniform P1-circuit modeling for a crossbonded cable 

cable, and R, L and C are calculated in the method explained in Sec.3.2. 
There is a grounding resistance 'RSG', and thus the user should define the 
value of 'RSG' in his second Misc. Data Card. But no need to define 'IRSEP', 
because there exists only one sheath as explained in Sec.3.2. 
(b) For each P1-section corresponds to one major section, the number of the 

P1-section is not arbitrary, and should be identical to the number of the 
major sections in the given crossbonded cable, i.e. 

'NPAIS' = 'total length of the cable' / 'XMAJOR' 
(c) Same as (c) in the case of (1-1). 



(b) One major section 

(d) A user should add the parallel resistances 'RS' and 'RE' to the 'RSG' at 
the sending- and receiving-ends as shown in Fig.8 after he gets the punched 
out data cards for his P1-circuit modeling, because the grounding resistances 
at the both ends are, in general, different from 'RSG'. In other words, the 
user can get the correct grounding resistances by adding 'RS' and 'RE', i.e. 

'correct resistance at the sending-end' = (l/RSG + l/1RS) 1  

'correct resistance at the receiving-end' = (l/RSG + 1/RE)' 

(2) NPAIS.LT.0 : Discrete P1-Circuit Modeling 
(2-1) NCR0S = 0 or BLANK Usual cable 
(a) A user will get a P1-circuit modeling shown in Fig.9(which is the same 

as Fig.8 in fact) for a given cable. Each P1-section corresponds one major 
section of the cable. There is a grounding resistance 'RSG', and thus, the 
user should define the value of 'RSG'. Also, 'IRSEP' should be defined, 
although, in most practical cases, the sheaths are short-circuited and 
grounded, i.e. "IRSEP = 0". 
(b) to (d) Same as those given in the case of (1-2). 
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Fig.9 Discrete Pt-circuit modeling for a usual cable 

(2-2) NCR0S v 0 : Crossbonded cable 
(a) In this case, a user will get a P1-circuit modeling shown in Fig. 10. 

One major section consists of three P1-circuits, of which each Pt-circuit 
corresponds one minor section. Within one major section, crossbonding of 
three-phase sheaths are carried out. Since there is a grounding resistance, 
the user should define its value. Also, IRSEP should be defined. 
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(a) Overall circuit diagram 

Fig.lO Discrete Pt-circuit modeling for a crossbonded cable 



(b) The number of major sections is given by 'NPAIS' and is not arbitrary. 
The user should give the actual number of the major sections of his cross-
bonded cable as 'NPAIS' in his data card, but the following condition should 
be kept. 

'total length of the cable' = 'NPAIS' * 'XMAJOR' 
(c) and (d) Same as those in the case of (1-2). 

(A-2) For the overhead line case (ITYPEC = 1) 
In this case, 'NAPIS' should be greater than '0' ("NPAIS.GT.O."). The 

model circuit configuration and the data input are the same as those explained 
in the case of (1-1) : NCROS = 0 of (A-i) for the cable case. 
[B) NPAIS = 0 or BLANK : No data card punchout 
(1) NCROS = 0 or BLANK 

In this case, a user will get exactly the same version of the CABLE 
CONSTANTS as that in the last year (1980 Version). Thus, leave BLANK all the 
data in the second Misc. DATA CARD. 
(2) NCROS $ 0 : Crossbonded cable 

This is only for the cable case (ITYPEC $1). In this case, 'XMAJOR' 
should be defined. A user will get printouts of various cable parameters for 
his crossbonded cable as same as those in the case of "NCROS = 0". 

Summarizing all the above explanation for the 2nd Misc. Data Card, the 
following table is obtained. 

Table 1 Data for 2nd Misc. Data Card 
NPAIS < 0 : need all the data 
NPAIS ) 0 & NCROS $ 0 	: need all the data 
NPAIS >0 & NCROS = 0 	: need 'XMAJOR' and 'CNANE' 
NPAIS = 0 & NCROS $ 0 	: need only 'XMAJOR' 
NPAIS = 0 & NCROS = 0 	: no data, just one BLANK card 
ITYPEC = 1 : "NPAIS ( 0" can not be used. 

Following is an example of P1-circuit modeling of a crossbonded cable with 
one major section. The cable configuration is illustrated in Fig. 11 . A cable 
consists of core, sheath and armor. The armors are solidly grounded and the 
sheaths are crossbonded. Ib eliminate the grounded armors, 'NGRND' (No. of 
solidly grounded conductors) is taken as 131. Since the cable is crossbonded, 

'NCROS' = 1 1' (or not equal to zero). The 
sheaths being short-circuited and grounded 
at the both ends of the major section, 
'IRSEP' = '0' and 'RSG' = 1 0.11 (2). 	 sheath 
In the same manner, one can handle a cable 	 armor 
of which the both armors (or pipe) and sheaths 	 core 
are grounded, using the Discrete P1-Circuit 	 / 
Modeling, i.e. use 'NGRND' for grounding the 
armors or pipe and ground the sheaths by 
'RSG' and 'IRSEP'. 	 . 	0 

Fig.11 A three-phase 
crossbonded cable 



BEGIN NEW DATA CASE 
C TEPCO 0F275KV SC CABLE ***** 
CABLE CONSTANTS 
PUNCH 

2 	-1 	3 	0 1 	1 1 	0 3 
-1 	1 	0 1.E3 i.E-lA 
3 	3 	3 
0.0132 	0.0249 0.0542 0.057 0.063 0.066 0.072 
1.89E-8 	1. 1. 2.3 3.ØE-8 1. 1., 
3.E-8 	1. 1. 3.5 

0.0132 	0.0249 0.0542 0.057 0.063 0.066 0.072 
1.89E-8 	1. 1. 2.3 3.0E-8 1. 1. 
3.E-8 	1. 1. 3.5 

0.0132 	0.0249 0.0542 0.057 0.063 0.066 0.072 
1.89E-8 	1. 1. 2.3 3.ØE-8 1. 1. 

	

3.E-8 	1. 	1. 	3.5 

	

2. 	0. 	1.8095 	0.11 	2. 	0.22 
1.E2 	1.E3 

BLANK CARD ENDING FREQUENCY CARES 
BLANK CARD ENDING "CABLE CONSTANTS" DATA CASES 
BEGIN NEW DATA CASE 
BLANK 

The P1-circuit branch cards resulted on the punch file LUNIT7 are: 

35 

35 

3.5 

$VINTAGE, 1 
AIN 4 
lAIN 1A 11 1 
2AIN 2A 11 2 

MIN 3A 11 3 

4ATh1 4A 11 4 

5AIN 4A 11 5 

6AIN 4A 11 6 

1A 11 1Al2 lAIN 	1A 11 1 
2A 11 2A 12 2 
3A 11 3A 12 3 
4A 11 6P 12 4 
5A 11 4A 12 5 
6A 11 5A 12 6 
1A 12 1AOUF lAIN 	1A 11 1 
2A 12 2AOUT 2 
3A 12 3AOLTF 3 
4A 12 6AOUT 4 
5A 12 4AOUT 4 
6A125POur4 
AO(T4 AIN 	4 

$VINTAGE, 0 

0.10000E+00 
0. 32000E-01 

-0. 29431E-04 
0. 32000E-01 

-0.29426E-04 
-0. 29431E-04 
0. 32000E-01 
0.11000E-01 

-0.29431E-04 
-0. 29426E-04 
0.20414E-01 

-0. 29431E-04 
0. 11000E-01 

-0.29431E-04 
-0. 29431E-04 
0.20414E-01 
-0.29426E-04 
-0. 29431E-04 
0. 11000E-01 

-0.294 26E-04 
-0.29431E-04 
0.20414E-01  

0.65728E-01 
-0.48708E-05 
0.65728E-01 

-0. 48708E-05 
-0. 48708E-05 
0.65728E-01 
0.92997E-02 

-0. 48708E-05 
-0. 48708E-05 
0.87682E-02 

-0. 48708E-05 
0.92997E-02 

-0. 48708E-05 
-0.48708E-05 
0.87682E-02 

-0.48708E-05 
-0.48708E-05 
0.92997E-02 

-0. 48708E-05 
-0.48708E-05 
0.87682E-02  

0.54835E-01 
0. 00000E+Ø0 
0.54835E-01 
0. 00000E+Ø0 
0. 00000E+Ø0 
0.54835E-01 

-0.54835E-01 
0. 00000E+Ø0 
0. 00000E+Ø0 
0.40174E+00 
0. 00000E+00 

-0.54835E-01 
0. 00000E+Ø0 
0. 00000E+Ø0 
0.40174E+00 
0. 00000E+Ø0 
0. 00000E-Fø0 

-0. 54835E-01 
0. 00000E-Fe0 
0. 00000E+Ø0 
0.40174E+00 
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10. INDEX OF EMTP RULE BOOK 

Topic of Interest to EMTP User 	 Page 

[A],[B] matrix option. 	See "USE AB", "BCTRAN" 
"ABORT DATA CASE" 	to prevent solution 	(Sect. 	1.0e2) 
"ABSOLUTE TACS DIMENSIONS" 	to size TACS tables 	(Sect. 	1.0e5) 	. 	. 4b-2 
"ABSOLUTE 	U.M. 	DIMENSIONS" 	to 	size 	U.M. 	tables 	(Sect. 	1.0e1 14) 	. 	. 4c-3 
Accumulator 	and counter, 	Type-65 TACS device (Sect. 	8.5.5) 	. 	. 	. 311 
Acknowledgement of contributing 	parties 	(Sect. 	0.2) 	...... iv-a 
ACOS version of EMTP 	(for NEC ACOS computers 	(Sect 	0.5a) 	. 	. x-a 
Active gap of surge arrester, 	Type-94 	(Sect. 	1.34) 	....... 25a 
Address limitations of some computers 	(Sect. 	0.) 	....... iv-al 
Aegis. 	See Apollo 
"ALTERNATE DIAGNOSTIC 	PRINTOUT" 	definition 	(Sect. 	1.0g8) 	. 	. 	. 	. 4e-9 
Analog computer 	simulation 	using 	TACS 	(Sect. 	8.) 	....... 274 
"ANALYT" 	subroutine for user-supplied FORTRAN 	(Sect. 	1.9c) 	. 	. 39a 
"ANALYTIC SOURCES USAGE" 	signals use of "ANALYT" 	(Sect. 	1.Ogl) 4e-1 
Anode of valve/diode switch component 	(Sect. 	1.)43) 	...... 3Cc 
Apollo 	version 	of 	EMTP 	(Sect. 	0.5r) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	x-r 
Armor 	of "CABLE 	CONSTANTS" 	(Sect. 	7.7.1) 	........... 251 
"ARRDAT" 	routine for ZnO exponential 	fitting 	(Sect. 	7.2b) 	. 	. . 	103h 
Arrester modeling. 	See "Surge arrester modeling". 
Australian 	EMTP Users 	Group 	(Section 	0.1) 	........... iv- 
Availability of program 	(Section 	0.1) 	............. iv 
"AVERAGE OUTPUT" 	to 	remove EMTP noise 	(Sect. 	1.0e4) 	...... 4b-1 

Base value of statistical 	tabulation 	(Sect. 	1.8b, 	BASE) 	. 	. 	. 	. 38c-1 
"BCTRAN" 	subroutine for 3-phase transformers 	(Sect. 	7.1B) 	. 	. 	. bOg 
"BEGIN NEW DATA CASE" 	for data case separation 	(Sect. 	1.0e) 	. 
"BEGIN PEAK VALUE SEARCH" 	for delayed 	extreme 	(Sect. 	1.Oell) 	. 
Belgium. 	See "European EMTP Users Group" 
Bessel functions of line constants. 	See "Skin effect". 
Blank card 	(data case) 	to 	terminate 	EMTP execution 	(Sect. 	1.0b) 4a 
"BLANK 	" 	cards of data 	case 	(Sect. 	1.-a) 	........... la 
Bonneville 	Power 	Administration 	(Sect. 	0.2) 	. 	. 	. 	. 	. 	. 	. 	. 	. iv-a 
BPA. 	See "Bonneville Power Administration". 
Branch cards as 	EMTP data classification 	(Sect. 	1.-a-4) 	. 	. 	. 1 
Branch 	flows 	of phasor 	steady-state 	.............. 41 
Branch output 	variables 	(Sect. 	1.8a, 	Branch outputs) 	...... 38a 
Brandwajn, 	Dr. 	Vladimir. 	See Sect. 	1.62 mention 314d 
Brazilian EMTP Users Group. 	See "Latin American...". 
Bundling of conductors in "LINE CONSTANTS" 	(Sect. 	7.4, 	11-3.) 	. 146 
Burroughs 	version 	of 	EMTP 	(Sect. 	0.5a) 	............ x-a 

"CABLE CONSTANTS" request for transfer to it (Sect. 1.0g) 	. . 	4e 
"CABLE CONSTANTS" supporting routine (Sect. 7.7) 	........251 
CalComp. See "Plotting of EMTP results", "Proprietary software". 
Capacitance modeling in the EMTP. See: 

Linear, single-phase representation (Sect. 1.21) 	......6 
Linear, multi-phase [C] (Sect. 1.23) 	..........9 
For delta-connected transformer (Sect. 1.25, end) 	......12j 
"LINE CONSTANTS" formulas (Sect. 7.4, 11-2.2) 	....... 1 14 14 

Carson's formula for "LINE CONSTANTS" (Sect. 7.14,  App.) 	. . . . 	167 
"CASCADED P1" feature, for phasor solutions (Sect. 1.22) . 	. . 	7 
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Case 	title 	text of plotting 	(Sect. 	1.10B, 	Point 	1) 	...... 140c 
Cathode of valve/diode switch component 	(Sect. 	1.43) 	• 30c 
CDC 	(Control 	Data) 	version of EMTP 	(Sect. 	0.5a) 	....... x-a 
Change existing 	S.M. 	data 	for 	solution 	using 	U.M. 	(Sect. 	1.63J) . 	36m-3 
"CHANGE PRINTOUT FREQUENCY" of DELTAT-loop (Sect. 	1.OelO) 	. 	. 	. . 
Checkpoint for EMTP execution: 	see "START AGAIN", 	"MEMSAV". 
Circuit breaker modeling. 	See "Switches; ordinary". 
"CLAMP" 	signal of TACS-controlled 	switch 	(Sect. 	1.44) 	. 	. 	. . 	30f 
"CLOSED" 	request of valve/diode card 	(Sect. 	1.43, 	Rule 5) 	. 	. . 	30d 
Coaxial cable parameters. 	See "CABLE CONSTANTS". 
Combination of Monte Carlo results. 	See "TABULATE ENERGIZATION ...". 
Comment 	card, 	used 	in 	data 	case 	(Sect. 	1.-a) 	......... la 
Compensation, 	number of phases 	(Sect. 	0.6, 	List 	24, 	NCOMP) 	. 	. xiii-2 
Compensation technique of handling 	nonlinearitie5 	....... 179 
Compensation use or non-use with U.M. 	(Sect. 	1.63-K, 	ICOMP) 36i-9 
COMPLEX 	(FORTRAN) 	precision limits 	(Sect. 	7.7.1, 	Restriction 2) 252 
Computers. 	See "Installation dependent information". 
Conductor card 	of "LINE CONSTANTS" 	(Sect. 	7.4, 	Point 	3) 	. 	. 	. . 	116 
Connectivity printout 	(misc. 	data 	param. 	IDOUBL, 	Sect 	1.0h) 	. 
Connectivity requirement of network solution: 

for 	pha.sor 	solution 	(Sect. 	2.2b, 	Message 	11) 	....... L7c 
for delta-connected 	transformers 	(Sect. 	1.25, 	end) 	..... 12j 

Contributors. 	See "Maintenance". 
Control 	system modeling. 	See 	"TACS" 	........... 274 
Controlled 	integrator, 	Type-58 TACS device 	(Sect. 	8.5.5) 	. 	. 	. . 	306 
"CONVERT" 	routine for 	flux-current curve 	(Sect. 	7.2) 	...... 101 
"CONVERT ZNO" to convert old ZnO branch cards to new formats 4e-12 
Converter model, 	HVDC, 	Type-16 source 	(Sect. 	1.61) 	...... 314a 
"COPT" units for capacitance. 	see "Miscellaneous data cards". 
"COPY" request of reference branch usage (Sect. 	1.-E) 	. 	. 	. 3c 
Core 	of "CABLE 	CONSTANTS" 	(Sect. 	7.7.1) 	............ 251 
Core-type transformers. 	See 	"BCTRAN", 	"TRELEG" 	(Sect. 	7.1A, B). 
Corvallis, Oregon. 	See "Universal Machine". 
Cray-1 version of EMTP (Sect. 0.5a) 	.............x-a 
Cross-bonded cable modeling (Sect. 7.7.6) 	.........270 
Current outputs. 	Refer to components of interest. 
Current source modeling. See "Source cards". 
"CUSTOM PLOT FILE" to alter plot file precision (Sect. 1.0g9) . . 14e-9 

Damping of mass. See "Rotating machinery". 
Damping of transients. 	See: 

"hash" for discussion of spurious switch-related noise. 
Ref. 22, Vol. 2, No. 3, Editors' Note, page 1 for damping resistors. 

Daniel. 	See "Van Dommelen". 
Data 	General 	(DG) 	version of EMTP 	(Sect. 	0.5e) 	....... x-e 
DC converter. 	See "Converter", 	"valve", 	"TACS". 
DC motor/generator modeling. 	See "Universal machine 	(U.M.)". 
Debugging of problem solutions. 	See "DIAGNOSTIC". 
DEC. 	See 	"VAX", 	"PDP-1011 , 	11 SYSTEM2011 . 
Default 	List 	Sizes 	(Sect. 	0.6) ............. iv-i 
"DEFAULT" 	request of "JMARTI SETUP" 	(Sect. 	7.0) 	....... 93a-1 
Deionization 	time of valve 	(Sect. 	1.43, 	Rule 	tb) 	....... 30d 
"DELTA CONNECTION" of S.M. 	armature windings (Sect. 	1.62a, 	Cl 2) 	314j 
"DELTAT" time-step size definition. 	See "Miscellaneous data". 
Derivative, 	Type-59 TACS device 	(Sect. 	8.5.5) 	......... 307 
Devices of TACS control 	system modeling 	(Sect. 	8.5.5) 	..... 298 
"DIAGNOSTIC" 	printout for debugging 	(Sect. 	1.0g7) 
Dice. 	See 	"Random number 	...", 	"STATISTICS". 
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Digital computers. See "Installation dependent information" 
Digitizer, 	Type-55 TACS device 	(Sect. 	8.5.5) 	.......... 303 
Dimensions of EMTP tables. 	See "variable dimensioning". 
Diode 	switch component 	(Sect. 	1.43) 	.............. 30c 
Directories of data. 	See Modularization. 
"$DISABLE" 	for 	implicit commenting 	(Sect. 	1.-D) 	....... 3b 
Disclaimer of any responsibility for misuse 	(Sect. 	0.1) 	. iv 
Discontinuity (possible) 	at t:0 from reactors 	(Sect. 	1.29 end) 161 
Distortionless 	line modeling 	(Sect. 	1.26) 	......... 13d 
Distributed modeling. 	See "Transmission line". 
Distribution of random numbers. 	See "STATISTICS". 
Dollar-cards 	($-cards) 	for special 	file operations 	(Sect. 	1.-D) 3b 
Doshisha University. 	See "Japanese 	...", 	"CABLE CONSTANTS" 
Double-circuit transmission line representation. 	See: 

Transposed model with zero sequence coupling 	(Sect. 	1.266) lSb 
Recursive convolution modeling 	(Sect. 	1.27) 	. 	. 	. 	. 	. 	. 	. 	. 16c-1 

Dube, 	Mr. 	Laurent 	Dube 	(Sect. 	8.) 	.............. 274 
Dynamic 	limiter 	of 	TACS 	(Sect. 	8.5.3) 	............ 289 

 Dynamic synchronous machine. 	See "Synchronous machine?,. 

Earth wires of transmission lines. See "Ground wires" 
ECNSW. 	See "Australian EMTP ...." 
Education of program 	users 	(See 	Sect. 	0.) 	.......... iv- 
Elliott, 	Dr. 	Brian 	J., 	of ECNSW. 	See "Australian 	EMTP 	... 	" 
Empirical 	specification of EMTP sources 	(Sect. 	1.9b) 	...... 39 
"$ENABLE" 	to 	cancel 	"$DISABLE" 	(Sect. 	1.-D) 	......... 3b 
"EPSILN" 	singularity tolerance. 	See "Miscellaneous data cards". 
Equivalent-Pi of "LINE CONSTANTS" 	by doubling 	(Sect. 	7.4, 	App. 	6) 186 
Error messages of program; 	fatal 	ones 	(Sect. 	2.4) 	....... 50 
European 	EMTP Users 	Group 	(Sect. 	0.) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. iv-a 
Exciter modeling for generators 	(Sect. 	1.62a, 	Class 	6, 	Rule 	1) 34h 
Exponential 	tails. 	See "Tails of weighting 	functions". 
Exponential 	ZNOEXP of ZnO arrester 	equation (Sect. 	1.32) 	. 	. 17 
Exponentials of recursive convolution 	(Sect. 	1.27) 	....... 16c-1 
Extensions 	to 	misc. 	data 	cards 	(Sect. 	1.1) 	.......... S 
Extrema of solution variables. 	See: 

Request 	MAXOUT 	of misc. 	data 	(Sect. 	1.Oh)........ 4g 
"BEGIN PEAK VALUE SEARCH" 	for delay (Sect. 	1.Oell) 
"PEAK VOLTAGE MONITOR" 	for 	1 	peak node volt. 	(Sec. 	1.0e13) 	. 4c-2 
"STATISTICS" 	for use 	in Monte Carlo studies. 

FACOM version of 	EMTP. 	(Sect. 	0.5a) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. x-a 
Fatal 	error messages. 	See "Error messages". 
"FAULT DATA USAGE" 	for 	source equivalent 	(Sect. 	1.0913) 	. 	. 	. 	. 4e-11 
"FILE 	REQUEST" 	to call 	"MIDOVi" module 	(Sect. 	1.0e) 	...... 4b 
"FINISH" 	card 	for S.M. 	TACS connections 	(Sect. 	1.62a, 	Class 	6) 314y 
"FIX SOURCE" 	to declare later load 	flow use 	(Sect. 	1.0el2a) 	. 	. 4c-1a 
Flashover 	(or spark) 	gap. 	See: 

Flashover 	switch 	(Sect. 	1.40, 	Class 	2) 	.......... 27 
Type-99 pseudo-nonlinear 	resistance 	(Sect. 	1.28) 	...... 16d 
Sect. 	1.35 onward 	for use with compensation-based 	elements 

Floating delta problem of transformers 	(Sect. 	1.25 end) 	. 	. 12j 
Floating Point Systems. 	See "FPS-164 	version 	....". 
Font, character. 	See "Apollo version of EMTP". 
Format 	specifications 	for data; 	general 	(Sect. 	0.7) 	...... xviii 
Fourier analysis of EMTP variables 	(Sect. 	1.10, 	Rule 6, 	Point 	16) 43h 
FPS-164 	version 	of 	EMTP 	(Sect. 	0.5a) 	............ x-a 
Free-format of TACS supplemental variables 	(Sect. 	8.5.5-A) 	. 	. 	. 296 
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"FREE FORMAT" request to redefine characters (Sect. 1.0g6) . . . 	e-6 
Free-format usage, general. See "Format specifications". 
Frequency card of "LINE CONSTANTS" (Sect. 7.1,  Point ) 	. . . 	121 
Frequency-dependent sources (List 27, L51Z27) 	........xiv 
Frequency-dependent transmission line modeling. See: 

Recursive convolution, "SEMLYEN SETUP" 
"WEIGHT" or weighting functions 
"JMARTI SETUP". 

Frequency meter, Type-50 TACS device (Sect. 8.5.5) 	 299 
Frequency of output ("lOUT" and "IPLOT" of Sect. 1.0h) 	. . . 	f-1 
"FREQUENCY SCAN", to loop over phasor solutions (Sect 1.0g3) . 	e-2 
Function block of TACS (Sect. 8.5.1) 	............286 
FURNAS. See "Latin American EMTP User Group". 

Gain of TACS transfer 	function block 	(Sect. 	8.5.1) 	...... 286 
Gap: 	see also "Flashover 	(or spark) 	gap". 
Gap, 	as TACS-controlled 	EMTP switch type 	(Sect. 	1.4) 26 
Gap, 	in 	ZnO arrester 	model 	(Sect. 	1.32) 	........... 17 
Generalized machine. 	See "Universal Machine". 
Governor modeling of generator. 	See 	"Rotating machinery". 
Graphical output. 	See "Plotting of EMTP results." 
"GRID" 	firing 	signal 	of valve 	(Sect. 	1.43) 	.......... 30c 
Ground 	(local) 	of electric 	network, blank name 	(Sect. 	1.-b) 	. la 
Ground wires of "LINE CONSTANTS" 	(Sect. 	7.4, 	cond. 	card, 	IPHASE) 116 
Ground modeling. 	See "Carson", 	"Nakagawa". 
Grounding of conductors of the cable (Sect. 	7.7.3, 	NGRND) 	. 	.o 257 

Harmonic content of signals. See "Fourier analysis" 
Harris 	version 	of 	EMTP 	(Sect. 	0.5a) 	.............. x-a 
Hash 	in 	EMTP solutions, 	due 	to 	switch opening 	......... 28a 
"HEIGHT" 	adjustment for plot 	(Sect. 	1.10B, 	Point 6) 
Heverlee, 	Belgium. 	See 	"Van Dommelen" 	or 	"European EMTP ...". 
Hewlett-Packard 	9000 	version of EMTP 	(Sect. 	0.5i) 	....... x-i 
High precision option for data formats. 	See 	"$VINTAGE". 
"HIGH RESISTANCE" 	to alter 	internal high R value 	(Sect. 	1.0c) 	. a-1 
HITAC version of EMTP, 	for Hitachi 	HITAC computer. 	(Sect. 	0.5e) x-a 
Hitachi, 	Ltd. 	See 	"HITAC version 	....". 
Holding 	current of valve/diode 	(Sect. 	1.43, 	IHOLD) 	...... 30c 
Honeywell 	version 	of EMTP 	(Sect. 	0.5a) 	............ x-a 
HVDC. 	See "Converter", 	"Valve", 	"TACS". 
Hysteresis modeling, magnetic. 	See: 

Branch cards 	for 	Type-96 	reactor 	(Sect. 	1.31) 	....... 16L 
"HYSDAT" 	routine to generate characteristic 	(Sect. 	7.2a) 	o 103b 

IBM 	version 	of 	EMTP 	(Sect. 	0.5b) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. x-b 
ICL version 	of 	EMTP 	(Sect. 	0.5a) 	.............. x-a 
Ideal 	transformer 	as network component 	(Sect. 	1.6, 	Type 	18) 	. 32b 
IF-component, 	Type-60 TACS device 	(Sect. 	8.5.5) 	........ 307 
Ignition voltage of valve 	(Sect. 	1.43, 	Rule 	a) 	....... 30d 
Illustration of usage. 	See "Sample EMTP simulation." 
Index. 	You're reading 	it, human 	(a non-sexist "fella"). 
Indian 	EMTP 	Users 	Group 	(Sect. 	0.1) 	.............. iv-a 
Inductance 	(inductor) 	modeling. 	See "Reactance....". 
Induction machine modeling 	using 	U.M. 	(Sect. 	1.63H) 	...... 36k 
Initial condition specification for EMTP variables. 	See: 

Cards to over-ride electric 	network initial 	cond. 	(Sect. 	1.7) 37 
Cards to 	specify 	(no over-ride) 	TACS it. 	cond. 	(Sect. 	8.5.7) 308 

Injection printout of generator phasor voltage sources 41 
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Input supplemental variables (Type 99) 	of TACS 	(Sect 	8.5.5) 295 
Inside supplemental variables (Type 88) of TACS 	(Sect 	8.5.5) 295 
Input/output unit numbers of EMTP 	(Sect. 	0.5-5.) 	........ vUi-5 
Installation-dependent 	information 	(Sect. 	0.5) 	......... viii 

General, 	for 	all 	computer 	systems of interest 	....... viii 
Specific 	computer 	systems 	(Sect. 	0.5a to 0.5q) 	....... x- 

Instantaneous mm/max, 	Type-63 TACS device 	(Sect. 	8.5.5) 	. 	. 310 
Insulator 	layers of "CABLE CONSTANTS" 	(Sect. 	7.7.1) 	...... 251 
Interactive CRT plotting of EMTP results (Sect. 	5.OA) 86 
Interactive EMTP execution, observation, 	control 	(Sect. 	9, 	missing) 
Interpretation of input 	data 	cards 	(Sect. 	2.1) 	........ 1414 
Introductory 	information 	(Sect. 	0.) 	............. iv 
Iterations. 	See "Load Flow". 

Japanese EMTP Committee (Sect. 0.5p) 	............. x-p 
Japanese computers. See "ACOS", "FACOM", "HITAC" 
"JMARTI SETUP" for frequency-dependent line data (Sect. 7.0) 	. 93a-1 
"JMARTI SETUP" request for transfer to it (Sect. 1.0g) 
Jose. See "Marti". 

Karrenbauer 	transformation 	for 	transposition 	(Sect. 	14.1) 	. 	. 	. 82 
KILL code number of error stops. 	See "Error messages". 
"KILL CODES" 	to 	test 	EMTP error 	stops 	(Sect. 	1.0e3) 	. 	. 	. 	. 14b-1 
K.U. 	Leuven. 	See "European EMTP Users Group" 	or 	"Van Dommelen" 
Kyoto 	(Japan). 	See "Japanese 	EMTP 	..." 

Latin 	American 	EMTP 	User 	Group 	(Sect. 	0.1 	) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. iv-a 
Laurent. 	See "Dube", 	"Lighthouse". 
Lawrence Livermore Laboratory. 	See "Cray-1 	version". 
Leakage inductance from self and mutual, 	for U.M. 	(Sect. 	1.638) 	. 36f 
Lee, 	Dr. 	K. 	C. 	of B.C. 	Hydro. 	See 	"Untransposed 	...". 
Leuven 	(Belgium). 	See "Van Dommelen" 	or 	"European EMTP ...". 
Level-triggered 	switch, 	Type-Si 	TACS device 	(Sect. 	8.5.5) 	. 	. 300 
Library functions, 	FORTRAN-like, 	of TACS 	(Sect. 	8.5.5) 	. 	. 	. 296 
Lighthouse keeper. 	See "Dube", 	"TACS". 
Lightning arrester modeling. 	See "Surge arrester". 
"LIMIT ON PLOT OSCILLATIONS" 	for averaging 	(Sect. 	1.0c, 	NSMTH) 	. 14a-1 
Limiters 	for control 	variables of TACS 	(Sect. 	8.5.3) 	..... 289 
"LINE CONSTANTS" 	request 	for transfer 	to 	it 	(Sect. 	1.Og) 	. 	. 	. 	. 14e 
"LINE CONSTANTS" 	supporting 	routine 	(Sect. 	7.14) 	. 113 
"LINEAR BIAS USAGE" 	for ramped 	switch bias 	(Sect. 	1.0g5) 	. 	. 14e-e 
"$LISTOFF/ON" 	to control data card 	listing 	(Sect. 	1.-D) 	. 	. 3b 
List sizes. 	See "Variable dimensioning". 
Literature. 	See "Reference material". 
Liu, 	Dr. 	Tsu-huei, 	of BPA. 	See 	"Program Maintenance". 
Load 	flow 	(Sect. 	1.66) 	.................... 36s 
Load 	flow 	for 	U.M. 	(Sect. 	1.63L) 	............... 36p 
Logical 	(Boolean) 	operators of TACS 	(Sect. 	8.5.5-A) 296 
Logical units of FORTRAN EMTP. 	See "Input/Output units 	.. 
Lumped-resistance modeling 	for transmission line 	(Sect. 	1.26) 13d 
LUNIT assignments. 	See "Input/Output unit 	....". 

	

Ma, Ren-ming, of Wu-han High Voltage Research Institute, PRC . 	iv-c 
Machinery modeling. See "Rotating machinery". 
Magnetizing current or impedance of transformer. See: 

Saturable "TRANSFORMER" component (Sect. 1.25, Rule 2) 	. . 	12e 
Linear "XFORMER" specification (Sect. 7.1) 	........914 
Linear "TRELEG" specification (Sect. 7.1a) 	........lOOb 
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Mint.nance of program 	(Sect. 	0.2) iv-e24 
Mass of rotor. 	See 	"Rotating machinery". 
Marti, 	Prof. 	Jose 	R., 	of Caracas, 	Venezuela 	(Sect. 	1.26b1) 	. 15g 
Matrix inversion/reduction formulas. 	See "Shipley". 
Mechanical network. 	See 	"Rotating machinery". 
Memoranda, 	EMTP, 	Ref. 	8 of Sect. 	0.4 References 	........ vi 
Memory requirements. 	See 	"Variable dimensioning". 
MEMSAV = 1 	request for table saving. 	See "START AGAIN". 
Metric 	CalComp plotting via 	"SCALE" 	(Sect. 	1.10B, 	Point 	114) 	. 143e 
"METRIC" 	option of "LINE 	CONSTANTS" 	(Sect. 	7.24) 	........ 1124 
Meyer, 	Dr. W. 	Scott, 	of BPA. 	See 	"Program Maintenance". 
Microcomputers. 	See "Apollo version....". 
Minicomputers. 	See "VAX", 	"PRIME", 	etc. 
Mm/max 	tracking, 	Type-614 TACS device 	(Sect. 	8.5.5) 	. 	. 	. 	. 	. 310 
"MISCELLANEOUS DATA CARDS" 	by special request 	(Sect. 	1.0e9) 	. 14b-6 
Miscellaneous data cards of simulation case 	(Sect. 	1.0h) 	. 	. 	. 14f 
MMF of S.M. 	(Sect. 	1.62a, 	Class 	5, 	variable MFORCE or 	JSAT). 	. 	324r or u 
Modal 	analysis theory of "LINE CONSTANTS" 	(Sect. 	7.24, 	II-4..) 	. 1249 
MODCOMP 	version 	of EMTP 	(Sect. 	0.5a) 	............ x-a 
"MODE 	VOLTAGE 	OUTPUT" 	..................... 24d 
"MODIFY SWITCH LOGIC" 	to outwit Program Maint. 	(Sect. 	1.0g12). 	. 24e-11 
Moment of inertia. 	See 	"Rotating machinery". 
Monte Carlo studies. 	See "STATISTICS". 
Motor. 	See "Rotating machinery". 
Multi-machine system sharing common mech. network (Sect. 	1.63L) 	. 36p-2 
Multi-machine system simulation with the 	U.M. 	(Sect 	1.63K) 	. 	. 36n 
Multiplicities of List Sizes (variable dimensioning) xvi 
Murphy's Law. 	See any section. 
Mutually-coupled 	R-L 	elements 	(Sect. 	1.214) 	.......... 12 

Nakagawa. See "Stratified earth model". 
Name of branch or switch (Sect. 1.-E) 	 . . . . . . . . . . 	3b-1 
"NAME" request. See "Name of branch ....". 
Narrow EMTP output. See "$WIDTH", "OUTPUT WIDTH 80". 
Network connectivity. 	See "connectivity ...". 
Newsletter (EMTP Newsletter; Sect. 0.) 	. . . . . . . . . . . 	iv-al 
Node names of electric network (Sect. 1.-a) 	..........la 
Node voltage output specification (Sect. 1.8a) 	.........38 
Non-fatal informative messages (Sect. 2.2b) 	..........246a-1 
Non-grounded EMTP sources (Sect. 1.-b) 	...........2,3 
Nonlinear elements. See "Resistance", "Reactance", etc. 
NTPC, India. See "India EMTP Users Group". 

Offsets of "VARDIM" data. 	See "Variable dimensioning . 
"OMIT BASE CASE" of STATISTICS run (Sect. 1.0e8) 	.......24b-6 
OPEN/CLOSE statement of FORTRAN (Sect. 0.5-6) 	.......ix-1 
"OPEN/CLOSE" signal of valve (Sect. 1.243, Rule 24c) 	......30d 
Order of EMTP data cards. See "Structure of ...". 
Order of network nodes. 	See "RENUMBER BYPASS". 
Oregon State University. See "Universal Machine", "CDC version". 
Output scaling specification cards for statistical tabulation 	. 38c-1 
Output specification for electric network variables. See: 

a) Sect. 1.8e for detached specification 	..........38 
b) Any branch or switch for use of col.-80 punch. 

Output supplemental variables (Type 98) of TACS (Sect. 8.5.5) 	. 	295 
"OUTPUT WIDTH 80" for 80-column output file (Sect. 1.Og1O) . 	24e-10 
"OUTPUT WIDTH 132"  for  132-column  output file (Sect. 1.Og11) 	. . 24e-10 
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"PAGE" request to begin "PRINTER 	PLOT" on new page (Sect. 	10) 43m 
Paging of computer. 	See "Virtual memory management". 
Parallel 	processing. 	See 	"Cray-1 	version 	....". 
"PARAMETER FITTING" of S.M. 	data 	(Sect. 	1.62a, 	Class 	2) 	. 314h 
Parenthesis usage for TACS grouping 	(Sect. 	8.5.5-A, 	Rule 14) 297 
Park's equations for rotating machine 	(Sect. 	1.62, 	beginning) 314e-1 
PDP-10 	version 	of 	EMTP 	(Sect. 	0.5a) 	.............. x-a 
Peak values of solution variables. 	See "Extrema". 
"PEAK VOLTAGE MONITOR" 	for peak node voltage (Sect. 	1.0e13) 14c-2 
"PEN CHOICE" 	and grid 	status of plot 	(Sect. 	1.10B, 	Point 	ii) 143 
Pereira, 	Mr. 	Marco 	Polo. 	See 	"Latin 	American .....". 
Perkin-Elmer 	version 	of EMTP 	(Sect. 	0.5a) 	........... x-e 
Personal 	Computer. 	See "Apollo .....". 
Phasor solution 	for 	initial 	conditions. 	See: 

Electric 	network printout 	(Sect. 	i.Oh, 	KSSOIJT:1, 	2, 	3) 14j 
Control 	system 	TACS usage 	(Sect. 	8.4, 	Point 	6) 	....... 285 

Pi-circuit 	branch component 	(Sect. 	1.23) 	.......... 8 
P1-circuit 	punching 	(LIJNIT7) 	(Sect. 	7.14, 	IPUN of freq. 	card) i23a 
Pipe-type cables. 	See "CABLE CONSTANTS". 
Plots of "STATISTICS" 	switch closing times 	(Sect. 	1.8b, 	end) 38d 
"PLOTTER PAPER HEIGHT" of CalComp plots 	(Sect. 	i.Oc) 14a 
Plotting of EMTP results. 	See: 

Batch-mode plot card data 	requirements 	(Sect. 	1.10) 	..... 140 
Interactive 	CRT 	plotting 	(Sect. 	5.) 	............. 86 

PLOT10 grapics of Tektronix. 	See 	"Proprietary software". 
Point-by-point nonlinearity, 	Type-56 TACS device 	(Sect. 	8.5.5) 3014 
Portland, 	Oregon. 	See 	"Program Maintenance". 
"POSTPROCESS 	PLOT FILE" 	using 	TACS 	(Sect. 	1.Oe17) 	....... 14c-6 
Potential 	coefficient matrix 	P] 	(Sect. 	7.14, 	App. 	1-b) 	..... 170 
Power Constraints. 	See "Load 	flow". 
"POWER FREQUENCY" 	(system 	frequency) 	change (Sect. 	i.Oc, 	STATFR) 14a-2 
Power 	output 	of branch or 	switch 	(Sect. 	1.8e) 	......... 38a 
Prayer. 	See "What to do in case of trouble". 
Price, 	Mr. 	Michael 	M., 	of AEP. 	See "IBM version....". 
Prime mover of generator. 	See 	"Rotating machinery". 
PRIME version 	of 	EMTP 	(Sect. 	0.5f) 	............. x-f 
"PRINT HEAD" 	usage for 	plot lettering 	(Sect. 	1.10B, 	Point 	10) 	. 142 
"PRINTER LINES PER 	INCH" 	scale of "PRINTER 	PLOT" 	(Sect 	1.0c) 14a 
Printout of time-step loop. 	See: 

Variable 	lOUT 	of miscellaneous data 	(Sect. 	1.0h) 	..... 14f-1 
"CHANGE PRINTOUT FREQUENCY" 	request 	(Sect. 	i.OeiO) 
Output 	variable 	specification 	(Sect. 	1.8) 	.......... 38 

Program 	Maintenance 	(Sect. 	0.2) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. iv-a 
Proprietary software 	associated 	with 	EMTP 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. iv-al 
Pseudo-nonlinear element modeling of EMTP. 	See: 

Type-96 hysteretic 	inductor 	(Sect. 	1.31) 	......... 161 
Type-98 	nonlinear 	reactor 	(Sect. 	1.29) 	......... 16g 
Type-99 	nonlinear 	resistor 	(Sect. 	1.28) 	......... 16d 

Pulse 	delay, 	Type-514 	TACS device 	(Sect. 	8.5.5) 	........ 302 
Punched 	card 	output 	of EMTP 	(Sect. 	0.5-5., 	LUNIT7) 	. 	. 	. 	. 	. 	. 	. viii-5 

Random number generator testing (Sect. 1.1a, Point 3) 	 o 	 Sc 
Random number generator "RANDNM" (Sect. 0.5) 	. . . . . . . . . viii-2 
Reactor modeling. See: 

for linear case, use series R-L-C branch (Sect. 1.21) 	. . 	6 
multi-phase, linear L] (Sect. 1.214) 	...........12 
pseudo-nonlinear branch card, Type-98 (Sect. 1.29) 	.....i6g 

Recursive convolution frequency dependence (Sect. 1.27) 	. . . . 	16c-1 
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"REDEFINE TOLERANCE EPSILN" (Sect. 1.0c) 
Red imensioning of EMTP. 	See "Variable dimensioning". 
Reference branch usage to copy previous branches. See: 

a) any branch for explanation using terminal node names; 
b) Sect. i.-E for usage with branch or switch names 

Reference Manual: former name for this work (Rule Book). 
Reference material (supporting literature; Sect. Oi') 
Reference voltage ZNVREF of ZnO surge arrester (Sect. 1.32) 
References of "LINE CONSTANTS" (Sect. 74,  end) 
Relational operators (e.g., "EQ") of TACS (8.5.5-A) 	. 
"RELATIVE TACS DIMENSIONS" to size TACS tables (Sect. 1.0e5) 
"RELATIVE U.M. DIMENSIONS" to size U.M. tables (Sect. 1.Oe14) 
Relay-operated switch, Type-Si TACS device (Sect. 8.5.5) 
"RENUMBER BYPASS" request, to keep input order (Sect. 1.0g4) 
"REPLOT" request for plotting only (Sect. 1.0d) 
Reserved A6 names to be avoided (Sect. i.-b) 
Residual flux of reactor. See: 

Type-93 switched-inductor usage (Sect. 1.41, Rule 4) 
Type-96 hysteretic-inductor use (Sect. 1.31, Rule 5) 

Resistance (resistor) modeling of EMTP. See: 
Uncoupled, linear R-L-C branch (Sect. 1.21) 	. 
Multi-phase, linear [R] (Sect. 1.24) 
Zinc-oxide surge arrester (Sect. 1.32) 
Type-99 pseudo-nonlinear resistor (Sect. 1.28) 	. . 
Type-92 true nonlinear (Sect. 1.36) 

Restrike modeling of breakers. Use TACS (Sect. 8.) 	. 
Revision date of Rule Book. See front cover. 
Right-adjustment of E-field numbers (Sect. 0.7) 
RMS sensor, Type-66 TACS device (Sect. 8.5.5) 
Rotating machinery modeling. See: 

3-phase dynamic synchronous machine (Sect. 1.62) 	. 
Universal machine model (Sect. 1.63) 

"SAME" request of valve/diode model (Sect. 1i3, Rule 6) 
Sample and track, Type-62 TACS device (Sect. 8.5.5) 
Sample EMTP simulation, annotated output (Sect. 2.3) 
"SATURATION" request for transfer to "CONVERT" (Sect. 1.0g) 
Saturation effects, data, modeling. See: 

"Reactors" for modeling of saturable reactor. 
"CONVERT" for reactor saturation curve derivation 
for S.M. modeling (Sect. 1.62, Class 3, AGLINE, 51, 3:22) 
for U.M. modeling (Sect. 1.63G, Class 2, JSATD, LMSD) 

S-block. See "Function block of TACS". 
Scott. 	See "Meyer". 
Srrppnin matrix 	1'  "LINE CONSTANTS?' (Sf 	7Li TT.... 

---..o •••-• -"  
Segmented ground wires in "LINE CONSTANTS" (Sect. 7•14,  11-8.) 
Sequence values (Zo, Z1) for coupled R-L (Sect. 1.214) 
SEL (Systems Engineering Laboratories) version (Sect. 0.5n) 
"SEMLYEN SETUP??  request for transfer to it (Sect. 1.0g) 	. 
"SEMLYEN SETUP" supporting routine (Sect. 7.5) 
Series R-L-C branch card (Sect. 1.21) 
Sheath of "CABLE CONSTANTS" (Sect. 7.7.1) 
Shell-type 3-phase transformers (Sect. 1.25) 
Shipley matrix reduction/inversion formula (Sect. 7.14, App. 14) 
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180 
Short Course. See "Education ...." 	 -- 
Siemens version of EMTP (Sect. 0.5e)............x-a 
Signal selector, Type-61 TACS device (Sect. 8.5.5) 	... . ... 308 
Signal sources of TACS; TACS sources (Sect. 8.5.14) 	......292 
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Silicon-carbide. 	See "Surge arrester" 
Simulator 	(EMTP-based) 	.................... x-j13 
"SINGLE FLASH" 	option for Type-99 	element (Sect. 	1.28) 	. 161-1 
Singularity tolerances. 	See: 

For network, 	Miscellaneous data 	(Sect. 	1.0h, 	EPSILN, 	TOLMAT) . 	14f 
ZnO surge 	arrester 	soln. 	(Sect. 	1.32, 	end) 	......... 17h 

Sinusoidal 	steady state. 	See "Phasor solution". 
Size of EMTP tables. 	See 	"variable dimensioning". 
Skin effect formulas of "LINE CONSTANTS" 	(Sect. 	7.4, 	App. 	2) 	. 171 
S.M. 	See 	"Synchronous machine". 
"SMOOTH" 	parameter of plotting 	(Sect. 	1.10-A, 	Rule 8) 	..... 40a1 
Smoothing of plotting by averaging. 	See "LIMIT ON PLOT OS..". 
SORTING, 	Sorting of data cards. 	See Interactive EMTP. 
Source cards of electric 	network 	(Sect. 	1.6) 	........ 31 
Source equivalents. 	See: 

"FAULT DATA 	USAGE" 	for constant-parameter 	(Sect. 	1.0g13) 4e11 
List 27 	(L51Z27) 	for 	frequency-dependent 	(Sect. 	0.6) xiv 

Source 	cards 	of 	TACS 	(Sect. 	8.5.4) 	.............. 292 
Spark gap. 	See "Flashover gap". 
"SPARK" signal of TACS-controlled 	switch 	(Sect. 	1.44) 30f 
Special 	request cards at beginning of data case 	(Sect. 	1.0) 3c 
Spectral 	analysis. 	See "Fourier 	analysis." 
SPY. 	See 	"Interactive 	EMTP........". 
$SPYDATA. 	See "Interactive EMTP.....". 
SSR. 	See 	"Subsynchronous resonance". 
Staircase time-varying 	resistance (Type-97, 	Sect. 	1.30) 16j 
"START AGAIN" 	request to restart halted 	run 	(Sect. 	1.0e15) 14c-14 
Statistical overvoltage studies. 	See: 

Output 	variable 	specification 	(Sect. 	1.8b) 	........ 38c 
"STATISTICS" 	miscellaneous 	data 	(Sect. 	1.1a) 	........ 5 
"STATISTICS" 	output 	specification 	(Sect. 	1.8b) 	....... 38c 
"STATISTICS OUTPUT SALVAGE" 	request card 	(Sect. 	1.0e7) 14b-5 
"STATISTICS" 	switch 	(Sect. 	1.4, 	Class 	3a) 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 27a-1 
"TABULATE ENERGIZATION RESULTS" 	request card 	(Sect. 	1.0e6) 14b-14 
"TIME OF 	DICE ROLL" 	request 	card 	(Sect. 	1.0e12) 	....... 14c-1 

"STATISTICS OUTPUT SALVAGE" 	to save results 	(Sect. 	1.0e7) 	. 14b-5 
Steady-state phasor solution, 	explanation, 	KSSOUT 	(Sect. 	1.0h) 4j 
"STEP ZERO COUPLE" 	for subnetwork identification (Sect. 	1.415) 14e-12 
"$STOP" 	to immediately terminate EMTP 	(Sect. 	1.-D) 3b 
Stratified earth model of "CABLE CONSTANTS" 	(Sect. 	7.7) 267 
Structure 	of 	EMTP data 	case 	(Sect. 	1.) ........... 1 
Subsynchronous resonance (SSR) 	studies. 	See "Rotating machinery". 
Summer 	(zero-th order 	function) 	of TACS 	(Sect. 	8.5.2) 	..... 288 
Supercomputers. 	See 	"Cray-1 	version 	....". 
"SUPERIMPOSE" 	for multi-scale plots 	(Sect. 	1.10B, 	Point 	13) 43a 
Supplemental 	variables of TACS 	(Sect. 	8.5.5) 	......... 295 
Supporting 	routines 	(Sect. 	7.) 	............... 93a 
Surge arrester modeling. 	See: 

Multi-phase, 	exponential 	ZnO 	model 	(Sect. 	1.32) 	..... 17 
Pseudo-nonlinear 	Type-99 	resistor 	(Sect. 	1.28) 	....... 16d 
Multiphase non-linear resistance with flashover 	(Sect. 	1.36) 21 
Multiphase 	time-varying 	resistance 	(Sect. 	1.35) 	....... 19 

Surge function, 	Type-15 source component 	(Sect. 	1.6) 33 
Surge 	impedance 	Zs 	as 	line data 	(Sect. 	1.26) 	........ 15 
Switches and switched-element modeling: 

Introduction 	and 	overview 	(Sect. 	1.4) 	........... 26 
Ordinary switches (time-controlled, 	flashover, . "STATISTICS", 	"SYSTEMATIC" 	; 	Sect. 	1.140)  26a 
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Diode and 	valve modeling, 	Type 	11 	(Sect. 	1.143) 	• 30c 
Spark gap and 	TRIAC modeling, 	Type 	12 	(Sect. 	1.14)4) 	..... 30f 

Symbolic 	Debugger. 	See 	"Apollo ......". 
Symmetrical component quantities. 	See: 

"LINE 	CONSTANTS" 	theory 	(Sect. 	7.4, 	Subsect. 	5.) 	...... 154 
Format 	for 	[R], 	[L] 	branch 	input 	(Sect. 	1.2)4) 	....... 12b 

Synchronous machine 	(S.M.) 	modeling: 
General 	recommendations 	(Sect. 	1.62) 	........... 3)4d 
Brandwajn 	(Type-59) 	modeling 	(Sect. 	1.62) 	......... 314d 
Former 	Type-50 	(SCE) 	S.M. 	modeling 	(Sect. 	1.62a, 	end) 	. 	. 	. . 	35 
Deletion of S.M. 	model 	(Sect. 	1.62, 	end) 35a 
Example 	using 	U.M. 	modeling 	(Sect. 	1.631) 	.......... 361 
Rules to convert from Type-50 or 59 to 	U.M. 	(Sect. 	1.63J) 	. . 	36m-3 

"SYSTEMATIC" 	switches. 	See "STATISTICS" 
SYSTEM20 	(DEC) 	version of EMTP. 	See "PDP-10 version". 

Table 	of 	Contents 	..................... i 
"TABULATE ENERGIZATION RESULTS" 	to combine parts (Sect. 	1.0e6) 14b-14 
TACS 	(EMTP control system modeling capability). 	See: 

Rules 	for data 	assembly and 	operation 	(Sect. 	8.) 	...... 27)4 
Card 	to 	introduce 	TACS data 	(Sect. 	1.20) 	........... Se 
"ABSOLUTE TACS DIMENSIONS" 	request card 	........... )4Bb-2 

TACS-controlled switch. 	See "Valve", 	"Gap". 
TACS-controlled voltage or current source (Sect. 	1.6, 	Type 60) 33 
TACS-modulated 	voltage or current source (Sect. 	1.6, 	Type 	17) 32b 
"TACS EMTP SOURCES" 	request for Type 	1-10 sources (Sect. 	1.0g2) 14e-1 
"TACS HYBRID" 	request 	preceding TACS data 	(Sect. 	1.20) 	..... Se 
"TACS STAND ALONE" 	request 	preceding TACS data 	(Sect. 	1.20) Se 
"TACS WARN LIMIT" 	to redefine limit on warnings 	(Sect. 	1.0g1)4) 14e-11 
Tektronix. 	See 	"Plotting of EMTP results", 	"Proprietary software". 
Telefunken version of EMTP 	(Sect. 	0.5a) 
Terminal condition 	punching 	("IPUN" 	of Sect. 	1.Oh) 
Thyrister modeling. 	See "Valve". 
Time usage to 	identify plot files. 	See 	"REPLOT". 
"TIME OF DICE ROLL" 	for table-saving 	time (Sect. 	1.0e12) 	. 	. 	. 	. 14c-1 
Time-sequenced 	switch, 	Type-57 TACS device 	(Sect. 	8.5.5) 	. 	. 305 
"TIME STEP LOOP??  request 	follows "START AGAIN" 	(Sect. 	1.0e16) 	. 	. 14c-5 
Time-step size 	(misc. 	data, 	DELTAT, 	Sect. 	1.0h) 
Time-varying resistance elements. 	See: 

Type-97 	staircase 	resistance 	(Sect. 	1.30) 	......... 16j 
Type-91 	continuous 	resistance 	(Sect. 	1.35) 	......... 19 

"TMAX" termination time definition. 	See "Miscellaneous data". 
"TPPLOT" 	program 	for 	interactive EMTP plotting 	....... 86 
Transfer function of control 	system. 	See "Function block". 
Transformation matrices of transmission line 	(Sect. 	1.26) 	. 13c 
Transformer modeling. 	See: 

Saturable "TRANSFORMER" 	component 	(Sect. 	1.25) 	...... 12d 
"BCTRAN" and "TRELEG" for multiphase linear models. 
Linear 	coupled 	R-L 	model 	(Sect. 	1.24) 	......... 12 
Ideal 	transformer 	(Sect. 	1.60, 	Type 	18) 	.......... 32b 
Supporting 	program to derive 	R-L 	model 	(Sect. 	7.1) 	. 	. 	. 93b 
Refer also to nonlinear reactor modeling for saturation 

Transmission line modeling. 	See: 
Pi-circuit 	model 	(Sect. 	1.23) 	.............. 8 
Continuously-transposed, distributed model 	(Sect. 	1.26) 	. 13 
Untransposed, 	frequency-dependent model 	(Sect. 	1.27) 	. 	. 16c1 
Supporting 	programs 	(Sects. 	7.0, 	7.3 to 	7.5) 	....... 93a 

Transport delay, 	Type-53 TACS device 	(Sect. 	8.5.5) 	....... 301 



34, 
Transposition of lines, mathematics (Sect. 7.14,  App. 5) 
Trapped charge of line, how represented (Sect. 1.6, Rule 5) 
"TRASH" node of Type-16 source (Sect. 1.61, Rule 7) 
"TRELEG" routine for core-type transformers (Sect. 7.1a) . 
TRIAC. See "Switches". 
"TSTART", the time simulation begins (Sect. 1.Oh) 
Tsu-huei. 	See "Liu". 
11TYP-16" node of Type-16 source (Sect. 1.61, Rule 7) 

U.M. See "Universal Machine". 
U.M. Interface with load flow (Sect. 1.63L) ........... 
Ungrounded sources (Type-18 source component with Xformer) 
Univac version of EMTP (Sect. 0.5a) 
Universal ,$-cards (Sect. 1.-D) 
Universal machine (U.M.) modeling (Sect. 1.63) 
Untransposed, distributed transmission line model (Sect. 1.26). 
"USE AB" option for P1-circuits (Sect. 1.23, Rule 8) 
"USE RL" option for P1-circuits (Sect. 1.23, Rule 10) 
User Groups to coordinate EMTP usage (Sect. 0.) 
"USER IDENTIFICATION" to mark CalComp plots (Sect. 1.Oel) 
User instruction. See "Education". 
User's Manual: former name for this work (Rule Book) 
"USER SUPPLIED SWITCH TIMES" request for statistics 
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14c-6 

Valve (thyrister) switch component (Sect. 1.143) 
Van Dommelen, Prof. Daniel, K.U.L., Belgium. (also see "IBM") 
"VARDIM" program of variable-dimensioning (Sect. 0.6) 
Variable dimensioning of EMTP tables (Sect. 0.6) 
VAX version of EMTP (Sect. 0.5j) 
Vector processors. 	See "Cray-1 version ....". 
Verbinnen, Mr. J., of LABORELEC (Belgium). 	See "SEL version". 
"$VINTAGE" card to select data field width (Sect. 1.-D) 	. 
Virtual memory management of computers (Sect. 0.) 
Vladimir. 	See "Brandwajn". 
Voltage regulator modeling. See "Exciter modeling". 
Voltage source modeling. See "Source cards", "Rotating machinery". 

3b 
iv-al 

Warning messages. 	See "non-fatal informative messages". 
"WEIGHT" routine to derive weighting functions (Sect. 7.3) . . . 	1014 
$WIDTH to change 80 vs 132 cols. output (Sect. 1.-D) 	. 	. . 	3b 
Windows. 	See "Apollo ......". 

"X-Y PLOT" with time as parameter (Sect. 1.10B, Point 15) 	. 	. 	43e 
"XFORMER" request for transfer to "XFORMER" (Sect. i.Og) 	. . . . 	14e 
"XFORMER" routine for transformer [R], [U] (Sect. 7.1) .....93b 
"XOPT" units for inductance. 	See "Miscellaneous data cards". 

Z-block of TACS. See "Summer" 
Zero initial switch currents (warning of) 	...........27d 
"ZINC OXIDE" to change Newton iteration controls (Sect. 1.0917) 	14e-1 14 
Zinc-oxide surge arrester modeling 

Branch card data input (Sect. 1.32) 	.............17 
Supporting routine "ARRDAT" to fit exponentials (Sect 7.2b) 	103h 
Type-17 voltage-dependent current source (Sect. 1.6) 	. . . . 	33 


