Note: The following is believed to be an accurate approximate to
pages9throughl12ofthe March,1988,issueof "EMTPNews," whichwas
published by the Leuven EMTP Center (LEC) in Belgium. Default 1-inch
margins anda 12-point Courier (fixed-width) fontmake the resultlook
believable. Scanning and OCR (optical character recognition) of the
original resulted in afile that then was edited using human intelligence
by W. ScottMeyer on February 19, 1995. Underlining of sectiontitles
was omitted (bold type is used instead), as were quotation  marks around
requestwordssuchas LINECONSTANTS. Spellinghasbeencheckedusing
the WP 5.1 spelling checker. In reference [7], there is a statement
thatbegins: "asoftheend ofFebruary,1988." Well, itremains true
today. l.e., as of mid-February, 1995, neither DCG nor any of its
agents(e.g.,Prof. Dommel) haseverdeliveredtherequested materials
toBPAasrequired bythe DCGcontract. Finally,nooneeverresponded
tothiscallforhelpwithanyuseful suggestion.Asfarasthiswriter
knows, Prof. Dommel's research using Luis Marti remains “cold fusion."
That is, it could not be confirmed or made to work by independent
researchers. As for Dr. Liu's telephone number, it has changed from
4402 to 4401. About Li Jin-gui, itis understood that he received a
Master's degree from Portland State University after this paper was
written, and today is working for a company in California where he
sometimes uses ATP.
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|. Summary of EMTP Problem with Rational Function Approximations

There is a clear need for assistance with the approximation of
frequency-dependent data by rational functions (quotients of
polynomials). Thetechnology being sought maywell have nothingtodo
with power systems, orevenelectricalengineering, sinceitapplies
to differential equations that could come from any branch of science
or engineering. Any reader with ideas is invited to contact the authors.
Ifacooperative readerwith promising ideas wants to perform his own
experiments, representative data could easily be provided for test
purposes. This appears to be an ideal problem for academics,
particularly those with contacts outside of the power field.

Thefrequency-dependentrepresentationoftransmissionlinesand
cablesis based on Fourier transformation, for which data is produced
as a function of frequency by LINE CONSTANTS and CABLE CONSTANTS
routines of the EMTP [1]. This is frequency-domain data, which can
be generated without difficulty for all problems of common interest.
Tointerfacewiththe EMTP, whichisbasedonatime-domainsolution,



convolution must be used. This leads to the idea of weighting functions
[9], if the convolution is performed numerically. But for long lines

or small time steps, numerical convolution required more numerical

effortand storage than most users could afford to devote, sorational

function approximations became popular, leading to the generally much

speedier use of recursive convolution [2]. A dozen years ago, the

challenge wastofindanacceptablerationalfunctionapproximation(a

"fitting"), and the difficulty remains today. Whereas some old problems
(e.g.,the 3-phase overhead line with constant transformation matrix)

have been solved satisfactorily, some new problems have appeared due

to more ambitious modeling. When frequency-dependence of the

transformation matrixIT]isincluded, thereisdifficultyfittingthe

required functions of frequency for both cables and multiple-circuit

overheadlines.The secretof J.Martifitting wasa restrictionto real
poles only, and the use of Bode's method applied to the magnitude function
only [3]. The functions of initial interest seemed to be of

minimum-phase-shift type [4], which meant that the angle agreed

automatically. But such assumptions are inapplicable to [T] for general
cables and overhead lines, and sometimes functions dependent on [T] (e.g.,
the characteristic admittance  Yc). In effect, the clock has been turned

back to the start of the decade, before the J. Marti discovery [3].

Although functions are different, researchers have the same problem

today. There is need of a fitter that requires minimum user intelligence,
is not too complicated mathematically (the computer code must be

maintainable), and finally, which fits all frequency-dependent

functions of lines and cables.

Il. Two Years of BPA Experimentation with Marti Modeling

Today there is more doubt and uncertainty about validity of
recursive convolution modeling (including both Marti and Semlyen
frequency-dependentmodeling)oftheEMTPthantherewassixyearsago.
The authors have reached this disturbing conclusion after nearly two
years of research on the subject. Not only are existing procedures
inapplicable tothe general cable system, butthey have beenfoundto

be lacking for important cases of multiple-circuit overhead lines, too.
Theproblemisnot withthesimulation codeitself(advancing time
in the time-step  loop), which is believed to be error free [7]. Rather,

the supporting programs that produce data for the associated models
have been found to be inadequate. Existing EMTP data generators such
as SEMLYEN SETUP and JMARTI SETUP are inapplicable to the fitting
of certain important functions of cables and lines.

Six or seven years ago, it was understood that the EMTP had no
generalfrequency-dependentmodelfor cables. Thisiswhyin 1981 BPA
funded three years of research on the subject at the University of British
Columbia [5]. Unfortunately, the research did not terminate
successfullyforgeneral cablesystems. Investigationsbytheauthors
during 1986 and 1987 discovered the nature and extent of associated
problems. The general L. Marti model [6] for cables is unusable for
important  cases of practical interest (both cables and overhead lines).
The simulation model exists, but data is unavailable because the



assumptions of the fitter are inapplicable to the configurations of
interest.

Existing SEMIYEN SETUP code of the EMTP never was considered
seriously as a candidate for the rational function fitting of cables
ortransformationmatrices[T]. Itprovidesa2nd-orderapproximation
only,andlogic hasbeen carefullytunedto theneeds ofoverhead lines.
Finally, it is restricted to real poles only.

Existing JMARTI SETUP code provided hope for fitting all
functions of cablesandtransformation matrices[T]. The mechanicsof
fitting are easy enough. Yes, there were modifications to convert from
the use of Zc to Yc (from characteristic impedance to characteristic
admittance), and different shapes of functions required adjustments
(generally extensions) tothe logic. Also,itwasnecessarytoswitch
modesasafunctionoffrequency,toensuresmoothnessofthefunctions
[10]. But these all were mechanical details that presented no great
obstacle. Thetroublearosewhenagoodapproximationwasobtainedfor
the magnitude of the function, but the resulting angle involved gross
error. ltwould seemthatthe fundamental assumption of Martifitting
is invalid for important cases of industry interest. In the terminology
of circuit synthesis, the network being approximated is not
minimum-phase-shift [4]. One can not merely fit the magnitude and
expect the angle to match automatically.

Some cablesandoverheadlinescanbefittedaccuratelyusingthe Marti

procedure, andBPA'ssingle-circuit500-kVlinefromJohnDaytoLower
Monumental providesanillustration. Foryearsthetransientsonthis
linefollowingasingle-line-to-groundfaultatthe openreceivingend

have beendocumentedintestcases BENCHMARKDC-31 (datafrom SEMLYEN
SETUP),DC-41(data from HAUERSETUP), @ andDCNEW-4(data from JMARTI
SETUP). Butallsuch simulationswere based on modeling thatassumed

a constant [T], which introduced unknown error. Well, with the new

model, we finally know for sure that the error was negligible.
Transientvoltagesatthe openreceivingendare practicallyunchanged

by making [T]frequency-dependent. Vector plots ofthetwotransients

are so close that one can detect no difference when the two are
superimposedandhelduptothelight. Theadded computerburdenisnot
exorbitant. VAX-8650 simulation time for the 2000 steps (TMAX = 0.1

sec) of DCNEW-4 isincreased by 59% due tothe frequency dependence of

[T]

HAUER SETUP is a sophisticated fitting routine [8] that was
availableinthe EMTP early inthis decade. itwas removed because of
itssize (over LOKlinesofcode), itscomplexity (onlythe authorknew
the details), and mostimportantly, its difficulty of use. But HAUER
SETUP did work, if one knew how. As a separate program, and with the
assistance of its author, the code continues to be used at BPA as an
alternative to IMARTI SETUP. Unlike  Marti modeling, the Hauer modeling
allows complex poles, so potentially it is better suited for those cases
that Marti modeling can not handle. But the size, complexity, and
difficulty of use remain unchanged as liabilities. For this reason,
it has not yet been tried as an alternative fitter.



Numerical convolution could be aviable alternative to recursive
convolutionforsomeusers. A decadeago, itwas tooexpensiveof both
computer time and memory. But prices have dropped so drastically
(perhaps by a factor of 100) that
one mustrethink pastobjections. Althoughnofinal decision hasbeen
made, serious consideration is being given to a return of weighting
functions.
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Editor's Note :

The following  article by Robert M. Hasibar of BPAis unchanged except
forvery minorgrammatical corrections fromwhatwas submitted by mail
to DCG/EPRI's "EMTP Review" on December 2nd, 1987. (See reference
[1]fromthe paper "Recent problemswith credibility of DCG/EPRIEMTP
Review" by W.S. Meyer further in thisissue). Itis being printed by
"EMTP News" because ofgeneralinterestin BPA's position about EMTP
development, and also because it was curiously = missing from the January,
1988, issue of "EMTP Review". When Mr. Hasibar wrote this text, BPA
was connected with DCG, but the DCG contract obligating BPAto DCG has
since expired (on December 31st, 1987).



