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CHAPTER IV

DESCARIPTICM COF THE DEVELOFED PRCGRAMS

Introduction

The mrograns developed are writtqp in & codal language
called Fertran I. The programs are punch;d in decks of cards
for loading an I.B.H. 1620 electronic digital computer. The
Fortran prograns are ¢allcd source prograns., They are oot
recognized by the carmputer, A card deek of proacrssor is used
to translate Fortrnn languwage inte Machine Language which is
recognized by the conputer. A4 traonslatcd card decks is called
nn object progr=m, The object deck, heing loaded into the
conputer with a subroutline,an instruct the computer ta operate
according te the vrogram. Data are to be punched uﬁ cards.

The seolutions mny be punched on cards and for typed on paper.

Dure to the limited number of core storage of the
available I.B,M. 1620 cooputer, all steps of conputatien for
cither a three-phase short circuit analysis or an one-phase
short circuit analysis cannot be developed integrally in anc
big program. In this investigation, six swall programs are

developed, They are



(a)

(b}

{c}

{d)

{e)

{(f}
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Prograa T for forming a nodal adeittance matrix of a

ay=tem.

Program I1 for ianverting o nodal admittance matrix to

a nodal impedance matrix,
FProgram ITI for meodifying = nodal irpedance matrix.
Program IV for calculsting a prefault veltage distributi-=m,

Frograr ¥ for calculating fzult currsznt and voltags
distributions due to three-phase short circuit at various

busbars.

Prograr VI for ¢aleulating fault current distributions

due to one-phnae short circuits at wericus busbars.

The seguunce of the programs for o three-phase sheort

circuit analysisc is

{z)

(b

(e}

(d)

{al

Program I

Frogram IT

Progran IIT (if required)
Frogram IV (if regquired?

Frogram WV

In the analysis of one-phase short circult, Progroam

VI replaces Frogram ¥V in the above sequenco.



-
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In ¢ithzar anclysis, the Liggoest system that can be
handled on an I.B.M. 1620 computer with 20K core storage must
not hove more thoan fifteen bushbars, This limitation is due
tn the great consumptlon in core storage of the natrix

inversion prograrl.

Frogran for ¥odnl Adnittoance Matrix Forpation.

The program fories a nodol admittonce matrix of a
systern from the generator and load data, and frem the branch
data. Inpedance valucs are converted to admittance wvalues,
loads, to cquivalent admittances, ALl clements of the wmatrix
are first stored ns zeroa, Shunt adoittances, load squivalent
zdmittances and geaerator internal admittances are directly
added to the appropriatcd diagonal elements. In case of
tronsformers and traascvdssion lines connecting betweon husbars
i and j, weing a generalized Tenactwork representation as
described in {(2.4), the admittance added to the diagonal

zlenent ¥, ., is
ii

nY + nfn-13Y + b = nEY + b

the adrittance added to the diagonal elenent ij is

nY + {1-0)Y + b = Y + b
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the admittance added tc the off-diagonal Yij is

-u¥f

Being a symmetrical square matrix, only the upper
trizngular half of the matrix including 2ll diagonal c¢lements
is steored in the ceomputer, Each element of the matrix is
referred to by a subscript K. K is relzted to the row numher

i and the column number J by

i = a(i - 13/2 + j for 1 is greater than or equal
to j (4,1)
and K = J05 - 13/2 + i faor i is smaller than 3 (4.2)

The sutputs produced segquentially from the program ars

La) eguivalent current scurces and shunt admittances of

generators. and loads, for loads current sources arc zoTa.
(b} the upper triazagular half of the matrix formed,

{c) the prefault voltages expressed in rectangular form,
They are punched only whena program switeh number 3 on

the econsole is ON.

The details of the program may be studied from the

flew chart and program body in Appendix A.
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4.3, Program for Matrix Inversion.

The program is used to invert a modal gdmittance
matrix to a nodal impedance wmatrix, The method used is the

elimination method which is performed in the following manner.
Let the elements of the nodal impedance matrix be:

Y Y Y fllfililliiliiiY

11 12 1= 1n

YEl YEE YE} S N r s a r v YEn
¥ Y R .

Y31 32 53 3n

Ynl YnE Yn§ e mEE L e s At e Ynn

The method begins by a selecting of the biggest pivot
element in the first column. Then a upit vector, which
contains a unity in the pivot row and zeros elscwhere, is

stored adjacent to the last column. Then the following steps

are performed.



{a)

(bl

(el

(al
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For the pivet row elements, a new value iz computed from

J = 1, 2, seveeea 0+l {4,3)

fer, all other elements, a new walue is

I = P, Y.. ’. i = Eiiii I|+.£+
Loy Y55 {l'p}(Yp:r} i 1, n#p (4.4}

1,24.c..0+1

e
1

The added unit vector in the n+l column now hecotes a
noew voctor. It is then transferred to the column which

contains Lthe pniveot element.

The next celumn is searched for a biggest pivot element
which is not in any »revious pivet rows, A4 unit wector
15 again added to the n+l column, and steps (a}, (b} and

(e¢) are repeated again.

The above four steps are repeated for n times teo

inverse the original nodal admittance matrix inte the nodal

irped nee matrix.
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The idea of selecting the biggest pivet slement is
to eliminate using = zere as a pivot element. HNevertheless,
a part of core storage must be sacrified in registering the
pivet row number previously used and in registering the
pesitions of the rows and columns of the nodal impedance
matrix which are differed from the original matrix because

the selection of a pivet row is not in a sequential order.

The matrix atored in the core storage is a full sgquars
wmatrix, FEach clement is referred dircectly by its row and
column numbers, The full square matrix in complcx number
consumcs a great deal of core storage. The maximum size of

a matrix that c¢mn be inverted is 15 rows by 15 columns,

If the program switch Ne. 2 only is on, the output
is the upper triangular half of the matrix; if the program
switch No, 3 only is on, anly the diagonal clements arc punched;

and if all program switches arc off, the full square matrix

is the cutput.

Details of the program may be studied from the flow

c¢hart and the program body in Appendix B,
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Program for Modifying a Fodal Impedance Matrix

The program modifics the nodal impedance matrix when
there are changes in shunt impedances, lecads, generator
internal impedances, line impedances and their shunt
suseeptances, and tep seitings of transfarmers. It enables
the system with new condition created by a line ocutrage or
adding of a line to be investigated from the original nadal
impedance matrix,

The methoed of the modificaticon is based on Fron's
formular which is explaincd briefly in the paper by Day and

(2}

Parton: The formulag derived may be quoted here

in caze of o change in a shuni impedanve, o Losd or a
generateor at bushar m

Let ¥ be the admittance being added, then
the new nodal impedance matrix is

Eﬂ = ﬁﬂ— (column m of [i} ) (row m of [z} ) {4.5)
Y+ 2,

In ¢ase of a change of any impedance value cennecting betwesn
bushars m and k
Let Y be the admittancc being added, them

[E} = [2]- (eol, m-col. k) (row m-row k) (4.6
Y + 2 oo + Zkk - 2Zmk
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Since transmission lines and tapped transformers can
Be represented by W- network, modification due te the changes
in line characteristics and in tap settings of transformers
can bz kandled by applying formula {4.5) to the two lemgs of

i-w network, and foropula (4,6} to its arm,

In this program ounly the upper triangular half of the
matrix is stored. Each c¢lement can be referred to by a

subeript K as described in 4.2,

In order to make a change in the characteristics of

a system ¢lement, two data cards are necded.

For load data, one card contains the negative powsr

of the original one; tho other, = new renuircd power,

For branch datz, the negative af the original
impedance and shunt susceptance; the new impedance and shunt

susceptance, or a new tap setting.

Console awiteh Mo, 2 should be on when new data of

generators and logds are londed, otherwise it is COFF,

The outputs of the program arcg

{a) Equivalent current sources snd internsl admittances.

They are punched only when consolc switeh Wo. 2 1s on,



h'_ﬁ‘
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{(b) The modified nodel inpedance matrix in a full square

form.

The details of the progras can be studied from the

flew chart and program body in Appeondix C.

Propran for Prefault Veltage Calculation,

The prefsult veltage distribution in = system for the
short circuit studies may be obtzined either from the soaluticon
of 2 load flow siudy or from the 2stimated outputs and
teroinal voltages of pgepernators. In the latter case, this
program hes teo be used to determine the gpnroxXimate prefault

voltege distribution.

The input dsta of the program are the nodal impedance
gatrix, the approximate terminal veltages of the generater
busbars, and the gencrator data. The prefault voltage

distribution is determined from

M- B

where [Y E#] is a vector of couivalent gurrent
E B

EOUrCEs.



4.6

]

& cguivalent gurrent securec at busber m iz detormined
from the terminal voltege and gencration of a gunerntor

connected o the bushar, and 1s derived in the following

MannGrs:
E. = v + I Z {'LI'.B)
123 n g 8
¥ E = ¥.T¥ + T
E g i
L] LS
and 8 = VI (4.9}
&
* .- .
heace, ¥ E = YV oo+ 5 L4102
g g m 1.
*
v
M

The output of this program is eonly the voltage at each

busbar in rectangular form,

' Details of the wropram is shown in the flow chart

and wrogram body in Appendix D,

Program for Fault Cirrent and Voltoage Distribution in a

Svstem with a Throe-Phase Short-Circuit.

This program as the last part of the threcv-phase shert
cireuit analysis caleculates the fault levels at busbars and
the distributions of fault currents and fault voltages of

the system.



The

computer.

driving point impedence 2

and

the

vhere
soccount the

the ratings

in Westinghousc Electric Corporationts

and Distributicn Hefercenca

h

The fault level at busbker mw

A menlnar MVA is obtained

prefault voltage data is  first read into the
is deternined when a

is read, from eguation (3%.6)

T = il
f 7
mm
)
the fault level is o vmrf {4.11)
¥
power for the eircuit bresker rating = CH x vﬂIf

{(4,12)

CB 15 a multiplying factor uscd to take into

d.¢. compencnt of a fault current. It depends on

of a cirecuit breanker. Valuvs of C2 may be locked up

'"Electrics=]l Transoissicn

Bﬂﬂk'{6} .

by multiplying a por unit pover

by the bhase MVA of the syster;
gcurrent, 1

The remaining elerments
and the fault

mnitrix are read,

¢oleulated from egugtion (3.7:

Yoy = Yk

a scnrlar current by the base

in row m of the nodal impedance

voltages at all busbars are

1, E!

4w ma e ayadl
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After having londed a datn of & branch connedted
between busbars W and 1 inte the cemputer the fauli eurrent
flowing froem bushar K into the branch is determined from

cquations,

I = y{n¥) + BV (b,13}

Weeey T Vi) K(f)

and I = (v JnT) + BY (4.14)

- i{f)

10£) 7 Ywce)

The ecurrent generatcd by a2 genersator connected to
busbar K is determined from the bushar voltage and the

generator data

= L — 1 -
I == T ) (4.15)
The cutput of the program arc
{n) Fault level nt busbsrs in arpere currents (arguments

in degrees) and in MYA; and MVA for circuit breakers.

(b Fault currents in aay parts of the system: nagnitudes

in arvpere | argusents in demgrees.,

{e) Fault voltage 2t busbars; nagnitudes in per unit, and

argument in degreoes.



J+l‘?l
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If the console switech Mo. 1 is on, only (2) is the

output.

The detsils gnd more explaanations of the progran may
be looked up in the fleow chart and nrogram boedy as shown in

Appendlx =E.

Program for Calculation of Fault Current Distributicon in a

System with o Onc-Fhose Short-Cireuit.

This i; the last program in an analysis of a system
under onhe-phase short gircuit, The prefnult voltage
distributien in the positive network of tha system is first
fed in the computer. The foult level at busbar m 1s determined
when the driving peint impedance 2t the busbar of the three

sequence networks of phase a are fed in.

Ezech sequence component of the foult currcemt =t the

Ltushbar is squml to each other and is determined from equation

(3.23)

The ghrse value of the fault current ot the bus

is I = 3.I_, (4.16)



b

and the fault level is deterrmined from (%,11) and

(4,127,

The remaining elements in row m af each sequence
network are fed in the gomputer, The fault veltege
distributiocn in @ach sequence network is determined fron

equntions (2.24%), (3.25) and (3.26),

Onoce the fault wvoltages distributicon in ench network
iz caleulated, the fzuld current in any part of the system
can be obtained by applying cither equation (%,13) and (4,14}
or cqugtion (4.15) to determine the seguence conponents,
The required eurrent in phase 2 is the sum of those sequence'

components,

In this program a quatity of some significance for
earth-fault protective relay applications, the equiwvalent
out-of-brlance curront for the threoe-phascs 3In‘ iz rlso

obtnincd,

*he outputs of the program arc

(n} Foult levels in ampeare currents (arguments in degrees)

and in MVA, and ¥MVA lfor c¢ircuit breaker ratings.



(b} Phase values of fault current in system elements; and
three time the phase zero seguence component of the
current, Courrent smplitudes are expressed in gmpere
and their arguments in degrees.

If the console switeh No. 1 is on, only {a) is
printed out,
The details of the pregram may be studied from the

floew chart and program body in Appendix E.

4.3 Tests of the Procrams

Bach program has been tested separately on problems
from papers zand texbooks to yiecld acecuraste results. They ars
accurated up te the last digit but one of the input data. The
set of programs for analysing three phase short circuit has
been tesied on the example of four bushars in the Departmental
Engineering Report No. 602/5D 10,520 of the Associated Electrical
Industries Limited to yield results which are accurate up to
the last digit but two of the original data. The sct of programs
for analysing one phase short ¢ircuit has alse been tested on
an ¢xample of eleven bushbars for the report Ho, 602/5D 10,524

of the same source to yield results of the same degree of accuracy.
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