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N

ABSTRACT
FAULT CURRENT CALdtLATIOS
IN INDUSTRIAL POWER SYSIEMS

Jae-Ryong Hwang

.

Two methods of constructihg the bus impedance matrix (ZBUS)

are reviewed.

Also, basic formulae to be used for fhc calculation of fault
current based on the ZBUS are derived. .

Practical fault current calculation methods recommended by

two ANSI standards are described.
Finally, an efficient and convenient computer prograz, incor- -

porating the theory described in this report and necessary recommenda-

tions of the ANSI standards, is developed and presented.
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1. INTRODUCTION

¥

¥owadays most of the fault current studies are done wifh the
bus izpedance matrix (ZBUS)’ or a driving point and transfer impedance
matrix for a multi-terminal network.

Two methods .of constructing ZBUS are reviewed.

One is a.basic topological metfhad, which consists of formaticn
of a bus admittance matrix (YQUS) and inversion of it to gilve ZBUS.

(1,2)

The other is a method developed by Stagg, et. ai. which

efficiently constructs ZB directly from line infeormation without any

us
irversion operation of matrix,

Basic formulae to be used for_the calculation of circuit'values
based on ZBUS‘ incidence mgtrix, and primitive network matrix are, then,
derived.

Simplified methods for considering the transient component of
" fault current and correction faccors for machine impedancesvto take into

account the change of them during transient periocd’are described as recom—

mended by AN®I €37.010-1972 and C37.13-1973.

d

Finally a digital computer program using the algorithm de;eloped
by Stagg, et. al., incorporating all necessary reqhirements and recom- .
mendations of the ANSI standards, and equipped with a maximum degree of
flexibility, efficiency, and abundant optioh features, is developed.

In the appendix, a User Manual for the use of the program, the

whole copy of the program in Fortran version, and several sample runnings

are included.

-1- A



2. © Zgyg CONSTRUCTION

2.1 Singular Transformation

2.1.1  Incidence matrices \ .

[]
L =~

FIG. 1 Sample Graph,

Branch
———— Llink RO,

Element-node incidence matrix K

The incidence of elements to nodes in a connected graph is shown by thé

element-node incidence matrix. The elements of the matrix are as follows:

.aij = 1 if the 1 th element is incidené to and oriented away from the } th -

- node
agy ™ -1 if the 1 th elemént 1s incident to and oriented toward the j th
node

.

ayj = 0 1f the { th element is not incident to the 3 th node

The dimension of the matrix is e X n, where e 1s the number of elements
and n is the number of nodes in the graph. The element-node incidence

pmatrix for the graph shown in Fig. 1 is equation (1).

-3

m
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o 5 1 2 3 4
e
L1 ]|-1
2 | 1 -1 )
301 -1
- -1 by ' ¢y
5 1] -1
6 1 | -1
7 -1 -1

Since
M

')'aij =0 i=1, 2,...',6

19

j=o ‘ ‘ A

the columns of X are linearly dependent, Hence, the rank of X <n.

Bus incidence matrix A

Any node of a connected graph can be selected as the reference nede.
Then, the variables -of the other nodes, referred to as buses, can be

{
measured with respect to the assigned reference. The matrix obtained

bus .

A= A -1 1 {2)




from X by deleting the column cogEE§ponding to the reference node is the
element-bus incidence marrix A, which will be calIEdrthe bus incidgnce
matrix. The-diméhsion of this matrix is e x (a - 1) and the rank is
n-1m= E, where @ is the number of branches in the graph. Selecting

node 0 as reference for the graph shown in Fig. 1, A is equatioﬁ (2).

This matrix isreétangulaz,éhd therefore singular.

N If the rows of A are arranged according to!a particular tree,
the matrix can be partitioned into submatrices Ab of diménéiqq bx (n-1)
and A, of dimension L x (n - 1), wheré the rows of A corregpond..fo

branches and the rows of AL'to links. The partitioned matrix for thé

graph shown in Fig. 1 1is equation (3).
L .

bus bus -
L] 1 2 - 3 4 Buses
e - e
1| -1 “ ‘
2 -1 ) 5b
s 3 -1 -
A= ' & -1 1 . (3)
) 5 1 -1 | _
6 1] -1 ‘ ) AL

7 1. -1 ) -

'AL is a nonsingular sﬁuare matrix with rank (n - 1),

Float petwork element-bus incidence matrix Ar

' If all the elements incidenf to bus o are eliminated, the re—
‘maining network comstitutes a reduced or "float" network, for which the

topology may be described py an element;bus incidence matrix.

This marrdx, Af, is o%tazued by partitioning A p}ovided the rowsf
~



and coluzms of A are arranged properly.

is shown in equation (4).

2.1.2

Network components represented both in impedance form and in admittance

form are shown 1in Fig. 2.

“bug " bud
;\\\\ ' S ' e buses
1 | -1 ' i
° -1 -
3 -1
4 1|1
5 1 -1 Af
6 1 |-1 -
7 1 -1
} 4

Primitive network

The performance of the components can be

expressed using either form. The variables and parameters are:

v is

P4
e is

Eq
i is

£q
is

Pq
is

pPq
is

qu

the

‘the

the

the

the

the

voltage across cthe element p-q

source voltage 1in series with element p-g

current through element p-q

source current in parallel with element p-q

self-impedance of eleément P-q

self-admittance of element p-q

Each element has two variables, v and i

these variables and the parameters of the elements :z

Pq
numbers for direct current circuits and complex numbers for alternating

current clrcults.

and ¥y  are real
Pq

A: for the graph shown ia Fig.-1l

(1)

In the steady state



The pexformance equation of an eiement in izbedance form is
P q

v 4e- =

z 1 (5
Pq Pq P9 PQ

or in admittance form is

+ 3 =y

1 6
Pq Pq quPq \ ©

The parallel socurce current in adoittance form 1s related ro the series
>
source voltage in izpedance form by

= -y e
qu ypq Pq

(7
A\get of unconnected elemen;s is defined as a primitive netuor#. The‘
performance equations of a primitive netuqu can be éerived from (35) or
(6) by expressing the variables as vectors and the pararceters as
mécrices. The performance equation in impedance foram is

V4T e (2)1 ' (8)

. .

or in admittance form is

1+7 = (y)3 ” (9)

1
Pq pq
v - E —-F Fig. 2
(a) Pq P 4 Representations of a
a network component. .
-! —(D— = (a) 1Impedance form
i e I .
1 qu | - (b} Admittance form
: E
® {2q ] ®"
17 +7 )
Pq Pa Ipq
v -E -E
Pq P q

(b



A diagomal element of the matrix [z] or (y) of the prizmitive network is

the self-impedance zp or self-admittance v An off-diagonal

9,79 “P9,Pq°
elenent 1s the mutual impedance ::p or the mutual admittance ¥

q,Is Pq, TS

between the elements p-q and r-s. The primitive admittance matrix (y)
can be obtained by inverting the primitive i:pedance matrix [:). The

zatrices {:) and (v} are diagonal matrices if there is no zutual coupling
between elements. In this case the self-izpedances are equal to the
reciprocals of the corresponding self-admittances.

The r€lationship between € and j in equations.(8) and (9) is

3-8 (10)

~

2.1.3 Formation of network matrices by singular transformations

Network performance equations

A petwork is made up of an intercennected set of elements. In the bus

frame of reference, the performance of an interconnected metwork is

4

described by n - 1 independent nodal equations, where n is the number of

nodes. In matrix notaticn, the performance equation in impedance form

%

is
Bans T Zsustaus (11)
/
/giL;; admittance form is
- . £ 5
IBUS YBUS BUS (12)
where EBUS = vector of bus voltages measured with respect to the
reference bus
EBUS = vector of impressed bus currents .

ZEUS = bus impedance matrix whose elements are open circuit
drivipg point and transfer impedances
YBUS = bus admittance matrix whose elements are short circuit

driving point and transfer admittances



Bus adoigfance and bus impedance matrices

N

The bus admittance matrix YB’S can be obtained by using the bus incidence

&
matrix A to relate the variables and pardmeters of the primitive network
to bus quantities of the intergonnected network. The performance equa-

tion of zhe primitive network

143 = (ylv
is premultiplied by At, the transpose of the bus incidence matrix, to
Y
obtain . . .
AT+ AT - A ()Y Sy

t_
Since the matrix A shows the incidence of elements to buses, A1 is a
vector in which®*each element is the algebraic sum of the currents leav-
ing the bus. In accordance with Kirchhoff's current law, the algebraic

sum of the currents at a bus is zero. Then T

AT = 0 (14)
Similarly, Atj gives the algebraic sum of the source currents at each

bus and equals the vector of lmpressed bus currents. Therefore

- t-—
Ligs = A3 . (13

Substituting from equations (14) and (15} inte (13) yields

Tyos = A (9 ' (16)

t—
US) EBUS and the sum,of the powers in the

primitive network is (3*)t;. The power in the primitive and intercon-

Power into the network is (E*B

nected networks must be equal, that is, the transformation of variables

must be power~invariant. Hence

(i*BUS)tEBUS -39 (17

Taking the conjugate transpose of equation (15)

=k t e TR
(T = 9%



——— e e T

t -k t

aug? " GA : : (18)
Substituting from equation (18) into (17)
% C = -k t—

1 - .

(3 ) AEqus 3w

S{ince this equation Is valid for all values of ], it follows that
A3us = ¥ . LT (19)

Substituting from equation (19) into (16)

- t -
L L (20)
Since the performance equation of the network is

- E ’ 2
IBUS YBUSEBUS (21

it follows from equaticns (20) and (21) that
t
Tpys = A (V)8 R
The bus incidence matrix A i{s singular and therefore At(y]A is a singu-
lar transformation of (y).

The bus impedance matrix can be obtained from

- ~1 - t -1 >
Zaus = Yous = & 1A (22)
2.2 - Direct Method

2.2.1 Introduction

. The methods presented in the previous secticm require transfor-
mation and inversion of matrices to obtain network matrices. An alter-

native method based on an algorithm can be used to form the bus impedance
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matrix directly from systen parameters and coded bus nusbers. The under-
lying principle of the algorithm is the fomtion@ the bus icpedance
matrix in steps, simulating the comstructien of the network by adding

one glexent at a time.(l’z)

A matrix is formed for the partial network
represented after eaﬁh element is connected to the néc:ork.
Most of the following description is ditect quotation from

Stagg's book.(z)

2.2.2 Algorithm for formation of bus impedance matrix

Performance equation of a partial netwerk

Assume that the bus impedance matrix Z is known for a partial network

BUS

of = buses and a reference node 0. The performance equation of this -
network, shown in Fig. 3, is
E

- 7 )
BUS ZBUSIBUS 23

partial
network

Fig. 3 Representation of a
partial network.
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partial ol

ne n—-'ork_ : @
Pt
o

(a)
D
o
——
‘P ®
L Y
partial ¢ |Element p-q _
network : @ _ Flg. 4 Represe&tations of a -
" . partial network with an added
=) element.
) (a) Addition of a branch
(b) (b) Addition of a link.'

where EBUS = anm x 1 vector of bus Qolcages measured with respect
to the reference node
= d
IBUS = an o X 1 vector of impressed bus currents

Where an element p-q 1is added to the'partial nerwork, it may be

a branch or a link as shown in Fig. 4.

If p-q 1s a branch, a new bus q 1s added to theigzrtial network

and the resultant bus impedance matrix is of dimension (m + 1) x (z +1).
. . _ X
The new voltage and current vectors are of dimension {m+1) x1. To

determine the new bus impéannce matrix requires only the calculation of

the elements in the new row and column.
. .
If p-q 1s a link, no new bus is added to the partial network.

. ) - .
In this case, the dimensions of the matrices.in the performance equation

are unchanged, but all the elements of the bus inpedance matrix must be

L



rgcalculated to include the effect of the aéded link.

»
—_—

Addition of a branch ' -

The performance equation for the partial network with an added branch

p-q 1is
1 P o q
211‘ lel... \ pr ...l Z1in Z1q
Z:x\ Zz;\.j Z2p -.\ Zm Z2q
ZPI\ Zpa|+-r) Zep "t \ Zpo | Zpa (24)

Zq) | %42 e Ll Zqu | Zaq Iq |

1t is assumed that the network consi;ts of bilateral passive elements.
Hencé zqi = Ziq where 1 =1, 2, - + =» m and refers to the bused of the
partial network, not including 7he-new bus q. The added branch p—g is
assumed to be mutually coupled with one or more elements of the partial
netwérk. .

The elements Zqi -an be determined DY injecting a current at the
{ th bus and calculating the voltage at the g th bus with réspect to the
reference node as shown in Fig. 5. Since all other bus currents equal
zero, it follows from equation (24) tﬁat
Ey = 21114
E, = 2,111

. o | (25)

E, - Z,g1y
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.Q
% .

. Element p-gq

[N

Parcial
network
N\ \
Fig. 5 1Injected current and bus
D) voltages for calculation of Zqi
Em - ZmiIi
Eq = Zqui

Letting Ii = 1 per unit in equations (25), Zqi can be obtained directly..

by calculating Eq.

+

The bus voltages associated with the added element and the vol-
tage across the element are related by

E =E -« (26)
q P Pl

1
Pq pa,pa | Ypa,rs. | | Voq -
- - (27

1rs . yrs,pq yrs,rs Vrs

In equation (27) Pq 1s a fixed subscript and refers to the added element



s - =14~
‘ .
and rs is a variable subscript and refers.toc all other elements. Then,

ipq and qu are, respectively, current through and voltage across

the added element

irs and.\-zrs are the current and voltage vectors of the elements of
the parcial network

Y04, p4q is the self-admittance of the ddded element

§pq,rs is the vector of mutual admittances between the added
element p-q and the elements r-s of the partial network

: “ g )

Yra,pq iris th&;transppsg oftche vector Yoq, s

{yrs,rg) v is t?e primitive admittance.matrix of the partial network

The current in the added branmch, shown in Fig. 5, 1s

i =0 . ‘ 28
pq ‘ (28)

However qu is not equal to zeroslnce the added branch is mutually

coupled to one or more of the -elements of the partial network. Moreover,
v._=E_-E
TS T L}

e

(29)

where Er and Es are the voltages at the buses in the partial network.

. From equations (27 and 28),

i =y v +y - v =
Pq Pq,Pq P9 pq,Irs rs .

and thereafore, -
y v ' )

Vg 7" _L‘h__y 2 I8 - (30)

pa,pq .
" Substituting for ;fs fromveéuation (29,

¥ (E_-E) 7

vt pq,;s r s’ _ (31)

T P4sPd



P

Substituting for qu in equation {26) frem (31),

- = - - .

E -E
coaE 4 Yoq, s : S
P

YPQ-PQ

~ - -
. Finally, substituting fo 'Eq, Ep’ E, and E_ from equation (25) with
I, =1, -

-

i .
v Z . -z L= 1,2,...,m
7 -7 4+ ypq,rs( ri si) ‘

qi pi y

3 (32)
Pq,Pq 1i+#gq

The element qu can be calculated by injecting a current at the

q th bus and calculating the voltage at that bus. Since all other bus

- currents equal zero, it follows from equation (24) that

Ey =2 ‘1 '=
1T %iq7q

E, =2 1
7 %2q7q

E =2 I ' : (33)

Z
m mqg q

E =2 I,
q qq 9

Letting Iq a ] per unit in equations (33, qu can be obtained directly
by calculating Eq. .

The voltages at buses p and q. are related by equation (26), and

the current through the added element is

f . m-I =-1 : 34
pq ~  q - . (34)

The voltages across the elements of the partial network are given by .
equation (29} and the currents through -these elements by (27). From
equations (27) and (34), R

ypq,rsvrs

1= Yy v + = -]
Pq Pd,Pq P4
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and therefore,

+ .
Cm - L yEg:ISvIS

qu y
P4,Pq

Substituting for ;rs from equation (29),

1 +y (E -E) .
v - - Pq,IS T ] (35)

Pd Ypq.mq

/ .
Y, _ ;
- Substituting for qu in equation (26) from (335),

' 1+y (E_ - E))
qu,Pq

)
I3y

Finally, substituting for Eq, Ep, Er and Es from equation (33) with

1+7y. rs(ir - ES )
Zgq = Zoq * P4, > 4 3 (36)
s Pq,Pq

-

If theré is no mutual coupling between the added branch and other

.

elements of the partial network, then the elements of ypq pg AFe zero and
. ’ )
%pa,pq 5__£___ S
’ P4,Pq ' < :

It follows from equation (32) that
1i=1,2, ..., m

z =z . (38).
i .
S X

and from equation (36) that

I =2 +z
qq  “pa  “pa,pq

(39)
Furthermore, 1f there. 1s no mutual coupling and p is the reference node,
i=1,2, ..., m
Z, =0 : (40)
i .
P 1+#q

and - .

ren 2 mt e et o T e "= e
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A = 0 (41)
i
d i4q _
Also -
Z =0 ’ 2
P4 ' (42)

and therefore,

A z’ 43
qq Pq,Pq (43)

Addition of a 1link

1f the added element p-q is a link, the procedure for recalculating the
" elements of the bus impedance matrix is to connect in series with the

added element a voltage source-e  as shown in Fig. 6. This-creates a

Partial
network

Fig. 6 Ihjected current voltage
gource in series with added link
and bus voltages for calculation

of zti'

+

fictitious node t which will be eliminated later. The voltage source e,

is selécted such that the curreant through the added link is zero.
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The performance equation for the partial network with the added
e, ) - -

element p-t and the geries voltage source &, is

. B 1 o D m = -
E, 1| zui | Ze2a ] .- zlp zlm Z, | I,
E2 Z21 Zi1 | ees .Z?.p N '_sz Z2t }'.2
: 1 T, . ! .o ~ . :
E |= A Tz cee | 2 ee | Z z T - (44)
P 4 pl p? PP pm | . pPC P
E nl z yA el 2 e | 2 yA I
m Lo mz cmp b mm mt . o
e, t| Zip | Ze2 0w | Zen Ze I
Since. : ‘ . ’ '

e, = Et - Eq o - .

the element Zti can be determined by injecting a current at the { th bus
and calculating the voltage at the t th tode with respect to bus g.

A
Sinmce all other bus currents equal zero, it follows from equation (46)

that

E =gyl k=l 2, ..., 0

e =z .1, , . | (45)

o

Letting Ii = 1 per unit in equations (45)4 Ztircan be obtained directly

.\

by calculating e, . *
The series vdltagé source 1is ) -

e, =E ;= E "V : (46)

g
4 -

Since the current through the added link is

i =0 . . .
Pq ’ ) '

e



the element p-t can be treated as a branch. The current in this element

in terms of primitive admittances and the voltages across the elements is

-_ -

- +
ipt ypt,pt‘fpt ypt,rsvrs_ .
where .
i = i =0
pt Pq
Therefore
§ t rs;rs
voom - Pt IS IS
P Ypt,pt
Since ® .
y =y and =
yPEars yPers yPC,PC qu,Pq
then
v v
v - . 29,8 TS . (47)
pt y

Pq,Pq -

Substituting in order from equatioms (47), (29), and (45) with Ii =1

into equation (46) yields

2, =2 ,-2 , + yPQ:rS(zri - 251) i=1,2, ...,m
£l pi qi

v (48)
Pq,Pq ide

The element th can be calculated by injecting a current at the
t th bus with bus q as reference and calculating the voltage at the t th
bus with respect to bus q. Since all other bus currents equal zero, it

follows from equation (44) that

E =%, k=1,2 ...,

e " e It (49

Letting It = 1 per unit in equation (49), Z_, can be obtained directly

tt

by calculating e ..

The current in the element p-t is

a



* into (46) yields
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N
ipt = —It = =1
This current in terms of primitive admittances and the voltages across

the elements 1s

Loe = Ype,pe’pe T Tpr,rs'rs T
Again, since
Ipt,xs " Ypq,rs  and Yor,pt = ypq,;q
then
L §Eg,rs;rs
Vpr T T T (50)

qu » P4

Substituting in order from equations (30), (29), and (49) with It = ]

- ; 1+y (Z_ -2
;s =7 -7+ pg,rs Tt st) ~
tt pt qt

y (51)
P4, P4

1f there is no mutual coupling between the added element and

" other elements of the partial network, the elements of qu,r are zero
and
Zpq,pr ¥ - (52)
Pq9,P4 )

1t follows from equation (48) that

i=1,2, «. . .,®m
zZ,=2 . -1 (53)
ti pi qi 1 9c
. ' %
and from equation (51},

7 =7 -1 _+z v (54)
et “prt “qt  “pg,pq

Furthermore, 1f there 1is no mutual coupling and p 1is the reference node,

253 =0 | : (55)
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and ) ’ v

Z - =7 (56)

ti qi 14t
Also
Zpt = ‘ ) (57)

and therefore,

z = -7 + z
tc qt P4,Pq

(58)

The elements in the t th row and column of the bus impedance
matrix for the augmented partial metwork are found from equations {48) and
(51). It remains to calculate the required bus impedance matrix to
include the effect of the added link. .This can be accomplished by modi-
fying the elements zij' where i, § =1, 2, . . . , m, and eliminating the
t th row and column corresponding fo the fictitious nocde.

The fictitious node t is eliminated by short circuiting the

series voltage source e,. From equation (44),

Esus = ZBustBus " Zucle (59)
and
e Z +Z I =0 (60)

t = ZeylBus tet
where 1, § =1, 2, . . . , m. Solving for It from equation (60) and sub-

stituting into (59)

Z,.2 .
At
Epys - [ZBUS Z., ) BUS (61)

which 1s the performance equation of the partial network including the

link p-q. It follows that the required bus impedance matrix is
, .z B
BUS (modified) BUS(before elimination) z

(S]]

(62)
tt



wlirs .

where any element of zaus(modifiEd) 1s

21§ (modified) ™ 24 §(before elimination) ~

A summary of the equations for the formation of the bus impedance

matrix is given in Table 1.

ct

it tj

Table 1  Summary of equations for formation of bus impedance matrix
Add
p=q is not the reference bus P ls the reference bus
Branch = . _ - = -
z . s ri 2-1) - - Y ru("r( zll)
1 1 *at
1 ? Toq.pa 8 Pa.Pq
¥ith
wutual -1, 2, . , » L=l 2, ., .,
coupling $q 1 Fq
- 1+ (z H . 1+ (2 :
. z + z - s 3
aq pa N;r' ol *q qn P’l; 9 .
Pq.pPq rq.pq
Link - - = - = =
z 1 . 7 n“'ri Lt 2 -1 e Toqrat3re T Zay
ty i 1 ti 1
r N ’Nan N PS.P4
-1, L ..., { =1, 2, v, om
¢t 19
. z -z + L ,P‘l,rl Tt Zn z .-z . 1 qu_.r-(:rt z-t
44 t t : Lt 4
? 1 ’P‘I-N - 1 YP‘!-N
Branch '
z -0
zqi zpl q1
Nithout =1, 2, ...,n i=1.12, . ®m
mutual
1
coupling Y g *a
* z -z
qu qu 'IW-PQ a9 DT
Link Z[l Z"l - at T " —..q‘
=1l. 2, ... ,n t=1,2,...,n
[ IR t #t
- - - a7 -
Zee T %e T Fae * Fpaupa “et " Tqr T pap




3. SHORT CIRCUIT NETWORK AND CIRCUIT VALUES
3.1 Short Circuit Network

An example of a short circuit network for 3-phase short circuit

is shown in Fig. 7.

Q a6 5®ﬁ®
+
€3 _

Fatal J
3
e = e,= e;- 1.0 pu

Fig. 7 Short circuit
network with constant
voltage—-sources

In this network all the circuil paramefers are generally given
' ig p.u. All the sources of fault current — generator, motor, utility
system, etc. - are assumed to be in phase and represented by 1.0 pu con-
stant voltage sources together with their apéropriate transient or sub-
transient imped#nces. .

To take advantage of Z it i3 also worthwhile to convert

BUS’
voltage sources to constant current sources. Fig. 8 shows the resultant
circuit with equivalent bus-current sources. Note that in the $.C. net-

work, no link contains sources.

-23~



Fig. 8 Short circuit network with
constant bus-current sources..

-

The values of bus-current sources may be cbtained from primitive
voltage-sources by
- -1 _
3= -(z) e ’
I = At " (64)
BUS
Restricting the analysis only to actual electrical power system short

circuit network, no source impedance has mutual coupling with any other

network lmpedance. Thus,

1.0 [
Lus™ | 2.0 = ’ . (65)

.0 '
z% o Ya,0

[

.

where z; ,, for lnstauce, is the total impedance of the sources con-
¥

nected to the bus 1
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3.2 Circult Values

Generally the following relagrionship stands.

Baus = Zaus Lpus

or

Ey Zir oo {2y I

) - .. ] 1z "

. “. : : -,
Eu an ... Znn In
) '
By inspecting Fig., 7, 1t can be seen that, before fault,

Ey 1.0 AR AN zln I, J

Ez - 1.0 - D - IZ (66)
E 1.0 z vl 1

n nl a3 o}

¢

If fault occurs at jth bus, the fault current can be obtained

by Thevenin theorem:

I = 1.0
%33

Having a fault at this bus is identical to connecting a new current source

IF flowing from the jth bus to ground, as shown in Fig. 9.



Ay =

/ ~26= g

Fig. 9 New current source IF N
simulating fault at bus 4. -

Thus, after fault, the circuit is desecribed by

BUS ; =21 Z11 | ... | 21 I
[ - O -
E ) Ij IF
E' z ] ...1z2 T
n ni nn n
= 1.0 - IF le : (67)
1.0 FA
hh|
. - t
1.0 Z
\ 8 nj

Equation (67) gives the bus voltages during fault at bus j.

Line currents with fault at bus j are obtained in the follcwing

manner.
[

— For a line connecting 2 buses -*

For the "float" network inm which all lines comnecting buses and
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i
ground (i.e. sources) are removed, the following stand.

denotes "float' network.
g = [yf)vf

) = (™

= _;.
Ve AEpus

Thus 1line currents arte -

L= (e iagiys

If a line has no mutual coupling,

{ = 29 (540,40

— For a line conpecting a bus p and ground -

/

In this case the.line current-is simply

1.0 - E'
_ _r

To,p . zo,p -

The subscript £

(68)

(69)

(70)

where it has been taken.into account that in physical system, a fault

current source, e.g. generator, etc., has no mutual ccupling with other

network elements. 4



4, ANST METHODS FOR FAULT CURRENT CALCULATION

!
. v
~—

4.1 ANST €37.010-1972

This standard recommends methods of calculating fault current

to be used mainly for the application of high voltage circult breakers.

4.1.1  Interrupting Duty

The standard introduces several methods, only one of which is

most general and will be described here.

The basic philosophy of the method, called "E/X Method Corrected

for AC and DC Decrements", is to find E/X and apply a correction factor

to 1it,

The value obtained thus is compared with the circuit breaker
interrupting rating with proper censideration of system operation voltage.

E/X implieé,the voltage at the fault point before fault divided

by the Thevenin reactance ignoring. all network resistances.

l

—28~
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Table 2 Impedance correction factors fBr machines

X and R - I.C.F.
to be ~
Fault Current €37.010-1972, |C37.13-1973
used
. Int, Mom, Int.
Duty Duty Duty
All turbo-generators, all hydro- Xé'
‘generators with amortisseur win- 1.0 - 1.0 1.0
dings, and all condensers R )
Hydro-generators without X!
amortisseur windings d 0.75 . 0.75 1.0
Xl 1
All synchronous motors d 1.5 1.0 1.0
R
Above 1000 HP at Xé'
1800 rpm, above 250 HP R 1.5 1.0 1.0
. at 3600 rpm
Indue~ \ T thers, 50 B and X : _ -
tlon 1" pove : ' d 3.0 1.2 ‘1.0
Motors ~ R - )
3~phase induction mo- X't
tors below 50 HP and . d ® - 1.0
all single-phase motors R '
X
Non-rotating equipment R 1.0 1.0 1.0
/ X :
Utility supply R 1.0 1.0 1.0
i

For the calculation of X, network reactance data should be pre-

pare& in accordance with Table 2.

The factors appearing in the table may

| be called "Impedance Correction Factors (ICE)".
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Fig. 10 Multiplying factors for three-phase faults fed
predominantly from generators through not more than one
transformation (From ANSI Standard C€37.010~-1972).
‘ -

E/X 1s, in other words, the steady state cémponent of' fault current

-
obtained assuming that machine reactances are constant at thelr cor—

rected values. 1
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Fig. 11 Multiplying factors for linefto;ground faults
fed predominantly from generators through not more than
one transformation (From ANSI Standard €37.010-1972).

S——

. 4 ~
To take into account the DC and AC transient components of the

! 0
fault current, a correction factor, "Current‘t}orrection Factor {CCF)", is

(

applied to E/X.



RATIO X/R

-32- _

g
h

120

1to

-—-..___.Z.L.
] r—]
12
8 A,
~—ts] ]/
|
6, __|
4
S Ly VI

109

———t—]_30
N
—— |

\.\
[——

— |4
FIam
L _PARTING TIME T {71~

]
CI6~,T4C’.

&0 i
so//
T J 28 Aar

/
//
/

//

30 L
/ 8-CYCLE Y s-crcLE / scvee| |/
BREAKER /‘ BREAKER A BREAXIR
20 e — —————— ———
] T L/ , L~
0 (423 - mvimum :
CONTACT PARTING | ' 2-CYCLE
0 TME | )| : I BREAKER
16 L1 L2 L3 14 bs W Ll L2 LS 14 0 L 12 L3 Lo Ll 12 L3

MULTIPLYING FACTORS FOR E/X AMPERES

Fig. 12 Multiplying factors for three-phase and line-
Co-ground faults fed predeminantly through two or more
transformations (From ANSI C37.010-1972). )

CCF depends on the rated interrupting time and contact parting time of the

circuit breaker and on the X/R ratio of the network seen from ‘the fault
point. The R, which is necessary to find X/R, 1s also obtained with com
plete disregard for the reactances and with proper corregtion in accor-

dance with Table 2, like X. Given these three pleces of information, CCF

1s obtained from Fig. 10, 11 and 12.*

* CCE = "Multiplying factors" of Fig, 10, 11 and 12
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In utilizing Fig. 10, il, and 12, there is a difficultx'cogcern—
ing number of transformations.

As noted from these curve titles, the Current Correction Factors
are a function of the number of transformations the faulted bﬁs is away,
fr&m the generators.. The standa;d does mot define an impedance or tréns-
former size to put a definite fix on what is considered an equivalent
transformation. This procedure leaves-doubt as to what to do in -some' .

cases, For example, why should a 20MVA transformer and a 1000kVA trans-
. - } 5 ) "
former each be considered a transformation, since the per unit impedances

of each are'greatly different? Can reactors or long lines be equivalent
to a transformer, since the impedances may be of equal magnitude? How
does one consider a bus with a generator on it and a generator two trans-—

formations aﬁay?

-

Those intérpretations in Ref. 5 and 6 furnish answers to these
. \ - ’
questions. The answer is to measure the amount of fault current from the

local generators and remote utility sources. The designated remote sources

are always considered '"remote', while local generators may have both a
"local" and "remote" portion of fault current contribution depending on
the fault location. As the fault location is removed away from the local

generators terminals, the remote portion of the fault current increases.

"

This interpretation-proﬁides a gradation between the "local" and 'remote"

extremes of AC decéy provided in the standards. The local and remote

portion of the fault current is determined from the expressions:
. VAN

(Contribution of the gen. to faulted bus)
{Contribution of the gen. if fault occurs
at the gen. temminals)

x (Contribution of the gen. to faulted bus)

Local portion

Remote portion =  (Contribution of the gen. to faulted bus)
- (Local portion)
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‘If there afe more than one local generators, remote portion for
each generator should be calculated. A measure as to the closeness the
generators are to the fault bus is determined by a No A.C. Decfement
ratio.

Sum of remote portions
Total gen. contribution to fault current

NACD ration =

If the ratio is 0, Fig. 10 or 1l would be used, while Fig. 12 would be
used if the ratio is equal to 1. Fig. 13 gives some of the interpreted

values between Fig. 10 or 11, and 12.

130 - ; I
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Fig. 13 Multiplying facrtors {(symmetrical current rating basis) 5 6
for three-phase faults fed from both local and remote generations.( +6)
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For 3-phase short circuit calculation, NACD ratio is determined
by the above mentioned method. For 1L-G short circuic calculation,
because of certain limitations of the program, exact value of NACD ratio
is difficult to obtain. But as a8 good approximaticn, NACD ratio is

obtained from the zero sequence network. \\\

4.1.2 Momentary Duty

e

Momentary duty to be obtained by calculation is E/X where X is
Thevenin reactance reduced from the network with corrected machine
reactances in accordanée with Téble 2.

E/X obtained thus 1is compared with the momentary rating of circuit
break;r with proper consideration of operating voltage of the system.

It is to be noted that the standard does not show which one of

E/X and E/Z (z: Thevenin impedance) should be used, To be more conser-

vative, genérally E/X 1is used.
4,2 ANSI C37.13-1973

This standara includes certain guides for the-calculation of low
voltage Eircuit breaker interrupting'duty. Note that for low ;oltage
circuilt breaker, interrupting duty and momentary duty are not distinguished:-

The recommended method is first to obtain E/X, where X is Thevenin
reactance neglecting resistance of the network and then to apply a correc-
tion factor to it. The value obtained thus is compared with the interru%ting
rating of the circuit breaker. ‘

For a low volctage hetwork, E/Z, where Z is the Thevenin impedance,

Is frequently used. However, to be more conservative, E/X is nevertheless
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used especially when the network comsists mainly of motors.

For the calculation of X, the neéwbrk reactances are directly
used without any correction as shown in Table 2.

The correction facter applied to E/X, say "éurrent Correction
FactoiféCCF)", is employed to take into account the effect of system
_resistances on the fault current. CCF depends on system X/R. But X/R is
not as clearly defined in the standard as in C37.010-1972. Thus, in this

report the same definition is used. With X/R given, CCF is obtained from

Table 3.

Table 3  Current correction factors:
from ANSI C37.13-1973

-

—

X/R ratio C.C.F.
6.6 or smaller 1.00
8.27 1.04
9.95 1.07

11.72 1.09

14,25 ~ 1.1l

20.0 or bigger 1.15




5. COMPUTER PROGRAM - SHICCT

The computer progran (App. B) can be used primarily for the
calculation of 3-phase short circuit current (alsq 1 line-to-ground
short circuit current with scme limitations) based on the recommendations
of two ANSI standards, C37.010-1972 and €37.13-1973.

The method used is a driving point and transfer impedance matrix
approacﬁ. In the program two separate matrilces, RBUS Qnd XBUS’ are con-—
structed instead of having oﬁe Zhus to go by ANSI recommendations.

To form R and X . the direct method described in section

BUS BUS
2-2 is used. Since these matrices.are symmetrical, only the lower

half is stored for each of them to reduce storage requirement.

Based on these matrices, circuit values are calculated by the
simple manipulations described in Chapter 3. ’

To givé flexibility to the program, abundant options have been
incorporated. For details of these flexibilities, User Manual (App. A)
can be referred to.

- To take into account the Current Correction Factors for H.V.
circuit breakers, almﬁst all of the rglated cur;es given in Figs. 10, 11,
and 12 have been'fittéd into sixth order polynomials by least square
fitting and put in a dubroutine. -

Also for C.CLF. fot L.V. circuit breaker, Table 3 {s fitted into
a group of formu%; wvhich will give C.C.F. by linear interpolatiom.

To demonstrate the validity and efficiency in application of the

program, studies of several sample systems are included iIn App. C.

~37-



6. CONCLUSION

The pethods of calculating short circuit duties are not new
features. One of them has been simply reviewed in Chapter 2 of this

-

report.

A newly defined "float'" network element-bus incidence
matrix Af has been introduced (Eq. 4) and one of its convenient

applications has been demonstrated (Eq. 68).

A computer ﬁrogram has been devéloped using part of this method
for practical applications in line Fith current ANSI standards.

What {s important in developing a program for digital computer;
to calculate short circuit currents are:

- how to manipulate the system

how to apply the theory
- what to calculate
- how to consider standard recommendations
to achieve the purpose of ﬁinimnm cost and maximum benefits, and it can

be said that with this. program much of the purpose has been achieved.

~38~
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1. SINGLE LINE DIAGRAM

Draw a single lipe diagram showing all quantities in per
unit Sn a common base. - Then number the buses using only the numbers
between 1 and 99. Even‘when more than 2 independent networks are to be
analyzed by cne running, no number can be used mu}tiple'times throughf'
out the whole network. 7 )

For 3 phase shorF’circuit study, one single line diagram,
which represents thé positive sequenée network of the sfstem; is enough:

* For l-line-to-ground short circuit study, a zero sequence
singlé line diangm is also n%eded in addition to the positive égquence
single line diagram. In the program it has been assume that positive
séquénceinetwork is identical to negative sequence network except in the
latter there is no socurce.

An important note is that 1 L;G study should always be pre-
ceeded by 3 phase study since some values obtained in 3 phase study are
used for the following 1 L-G study. In this case the "Case Connection

. ~
Card" (explained later) between card deck for 3 ﬁhase study and that
for 1 L-G study should read 2, which is-same code as thatrfor "NEW‘QASE";
) Theﬁsame bus numbers stduld be used for both 3 phase and 1 L-Gfstudy:

In zero sequence network there will be usualiy séveral sub-
networks which are independent from each other. Subneéworks which do
ot contain a line connecting a real bus and the ground should be com-—
plefely removed. The program is written such-that a.subnetwork which
is not connected to the ground results in an error message:

® £ACHE SUBNETWORK SHOULD CONTAIN ZERQ-BUS"

and computation is terminated.

A2~



_2. © INPUT DATA CARDS
2.1 Case Bundles

B rd
. s

’

Input data card deck consists of several case bundles. There

. are gix card groups and a flag card, called "CASE CONNECTION CARD", in

each case bundle.
There is no limitation on the number of case bundlegs.
The general structure of data deck is shown, in Table A;;

Comments on Case-Connectlon Card

On this card 1, 2 or 0 (or blank) -should be put in the first

-

column.
1...A change case based on the present case follows.
2...A new case on 1 L-G study case follows.

. . 0...No more case.

Comments on Change Case and New Case
- When the.next case is ; new casé, all information given so far
.is discarded.

When thé next case 1s a change case, all the network topology
which has been given cumulatively‘to the computer so ﬁ;r is re;ained. But
other information than that is completely discarded.

When thé next case is 1 L-G study case, all information given
so far is d@scarded 1ike a new case except Thevenin X and R obtained from
the present case for all network buses. |

For change cases, addition of lines and buses i8 accomplished

simply by putting them in the 6th cayd group of the mext case bundle.



Table Al - Structure of input card deck

Case bundle Group Identification
1st group "Job name"
’ n "

ist case bundle 2nd group Base MVA, ete
3rd group "Bus in question'
4th group "Remote monitoring'
5th group "Bus vgitages"

- 6th group "Impedances"
case -
4 connection - "Case connection”

card

A

2nd case bundle

To remove existing lines, the

lines should be put in the 6th card group of the next case bundle.

-
s

negative of R and X of existing

When

there is more than one line connecfing two buses, same number of nega-

tive line information should be given one by one to remove all of the

existing lines. Removal of a bus 1s achieved by eliminating all lines

incident to the bus.



2.2 Groups

Eagh case bundle comsists of six card groups and one connection

-card. The six groups will be explained below one by one,

1st Group

- Job name and Description

- Only one card

This caéd contains any information which the user may want to
éhow on the pfintout to identify project. .
~ Use 1 -40th columns for job name and 51-80th column for

additional information.

{Example)

Input

(

NONE )

EXAMPLE...G.W. STAGG

\_,"
f— T

Output
JOB NAME = EXAMPLE...G.W. STAGG

~ DESCRIPTION = NONE



2nd Group

~ Base MVA, Fault type, Option code for RBUS and XB matrices

printing.
- Only one card
Put the base MVA at any place in the first 10 columns with
decimal point, the code 3 or 1 in the 1lth column for type of fault,

and the code 0 or 1 in the 12th column for option for RBUS and X

Us
matrices printing.
1)

(Example)
1l2 |3|a|5|6|7|8|9‘10 1ufi2| . - (

1 I ] Il

i - I . )

2 jj1
| ‘5" RE :

‘A ) B C'
A : Base MVA )
B : Type of fault -
3 =.3 phase short circuit
1 = 1 L-G short circuit
C : Optien

C - Don't print matrices

1 = Print them



= Buses 1in question,

Duty classifications to be considered.

- As many cards as needed

Thig group should be .one of the following two configurations.

(1)

(2)

Only .one card showing 111 in its first three columis.

e
v Put this card when duty calculatioms for all

buses are’required. The card should be

’

PYP | - a
1%2}3 T | i (
ol S )

When this card is put, duty calculations are,

1

done, as follows, for all buses.

L.V. Bus = Int. duty

H.V. Bus = Mom. duty

Int. duty for the breakers: .

2 cycle Int. t;ﬁe 1.5 cycle parting rime
3 cycle Int. time 2.0 cycle parting time
5 cycle Int. time 3.0 cycle parting time
8 cycle Int. iim; 4.0 cycle parting time

As many cards as required teo sbecify the bus numbers

and breakers rated interrupting time and contact

parting time, etc., as 1illustrated below by examples.
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(Example 1)

A" [l2ds]alsis7lsle] . 7 (

79| 80

E ENE NN
H o Lra .
1)213]4 . (
BLANK ' )
o G

1]{23]4|s5|6|7i8]9)10]11[12]13

I N Lo

L___dr—_‘i

y ~+D “+E

1|2|3|4|5|6|7|8|9}10

l_

slz 0l ]
e
(
9 )
L UL “
i [Bﬁs NUMBERS l

I A lMORE CARDS FOR BUS NUMBERS IF REQUIREEJ

| BLANK CARD FOR FLAG j

CARDS FOR RATED INTERRUPTING TIME AND CONTACT
PARTING TIME WHEN HV. INT. DUTY IS REQUIRED

|

£

BLANK OR 9

J { SIMILAR SET| OF CARDS REPEATED

| BLANK. | ok




Explanation

A : Put bus numbers carefully.
Each bus number occupies 3 columns.

Xote the difference between

311 1,230
1]) and S E The former is 1 while the latter 1is 10.

One card may contain 26 bus numbers.
Note that the biggest bus number possible is 99.

If a card contains zero, like:

( 137 14 15 . {

) L . )

Blanks or zeros

———

then the zero is ignored but the subsequent information is
respected,

For example, with a card like

1 T T T T T T T
( ... 13,14 15| 16.27,18 1 19,20,21| 22,23.24} ... (
q) IOI T |4 1119 v ' J
) 1 || | | |

bus numbers 4 and 19 are respected.

B : Any information in 79 and 80th columms is iiﬁored.

C : This is a flag to end cards fof bus numbers.

D : Rated interrupting time should be put in the first ;olumn, if
requiredf |

E : Contact parting times, correcponding to the rated interrupting time
put in’'the first columm, ghould be put in three columns.
If one more contact parting time is to be examined it can be put in
the next three columms.
Contact parting time must be REAL number (i.e. it must include decimal

polnt).
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If another rated interrupting time is to be examined, use another
card and put the rated interrupting time in the first column and
the cortespending contact parting times in the subsequgnt blocks of
three columns. .

This is a flag to end the first "subgroup'.

This flag should be either 9 or zerc.

9 : first cycle duty required

0 (or blank) : first cycle duty — not required

: This is the first "subgroup' of the }rd Card Group.

For this particular example, duty calculations will be done as
follows: v
For bus 1 (assume this bus is H.V.)
- Interrupting duty calculation
: for 2 ¢cycle R. I. time, 1.5 cycle C.P. time
for 3 eycle R. I. time, 2.0 cycle C.P. time

*See note on the next page.

- Momentary duty (first cycle duty) calculation will be done.

For buses 3 and 8 (assume these are L.V.)

; Interrupting duty (first cycle duty) calculation will be done.
Put another "subgroup" if wanted.
If buses included in this subgroup are all L.V. buses, cards for
R.I. time aud'C.P. time . are notfrequired.
Put another subgroup if wanted. ~

This is flag to end the 3rd Card Group.

The number of "subgroups" in this 3rd Card Group is unlimited.
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*NOTE S
— .
ey The maximum number of cases for H.V. Int. duty calculation
per '"subgroup” cannot exceed 7.
e.g.
1 3 8 (
0 ( '
2 1.5 2.0 (
3 2.0 3.0 4.0 (
5 3.0 (
8 4.0 5.0 (
D¢
The above is invalid because 8 cases are requested. Actually
this makes a big error. No diagnosis is provided.
(2) Permitted combintaticns are as follows:
R.I. Time C.P. Time
2 1.5, 2.0
3 2.0, 3.0, 4.0
5 3.0, 4.0, 5.0, 6.0
8 4,0, 5.0, 6,0, 7.0, 8.0

Thus, for example, request for "2 cycle R.I. time and 3.0
cycle C.P. Time" duty calculation 1is invalid. Errer message

is provided.



Explanation will not be given for this additional example.

‘
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\ 4th Group
" - Remote monitoring -
- As many cards as required
By giving the identifications of lines, the current through
the lines and the bus voltages at both ends of the lines can
be obtained corresponding to a particular faulted bus.
(Example)
1 1 [N (1 o1
12 3(456(7 89|10 11 12|13 14 15
At ———
250 16 15 2 7 2 8 )
] N T Y 1
S S DR | .
B C D
; (
18 19} 31| 35 )
F 12 3/456{78 9(10 11 12 (
26 )

Explanation

A : Faulted Bus number.

B : Line identification
Bl :'Frtm—bus

B, : To-pus
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€, D : same as B
*If there is more than one line betweeﬁ'bus Bl and Bz; current
through each individual line is printed.
*If the whole card is empty except the columns for faulted bus
(position A), then monitoring for all lines 1s performed for that
faulted bus. .

E : If one more card is needed to accommodate all monitored lime
jdentifications corresponding to the faulted bus, the first three
columms of the continuing card should be left éhpty and the rest of
it can be used for bus palrs.

F : For monitoring corresponding to another faulted bus,‘another set of
information similar to A~E should be given.

G : The 4th Card Group is terminated by this blank card.

*If no remote monitoring 1is wanted, one blank card should be put in
the 4th Card Group position.

*The number of cases of ''remote moqitoriﬁg" should be compared with
.the ?alue of MAXMON .(See DATA statement of the prégram SHTCCT) .

.

1f, é.g., the whole 4th Card Group is like this,

15| 22{ 23} 23] 31

£

(
18| 20 ;/2 . ) i
¢

[
32/20 22| 25

. BLANK

then the number of' "remote monitoring cases” 1s 5. -

And faulted buses appearing 1n this card group is 2.

Then MAXMON should not be smaller than 7 (=5 + 2).



Sth Group
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— Bus voltages

- As many cards aé needed

For all buses listed in the 3rd card group ("BUS IN QUESTION")
the bus voltages should be given.

Excess information is not used, i.e. any bus voltage specifi-
cation for a bus which is not listed in "BUS IN QUESTION" is
ignored.

This group consists of as many subgroups as the number of vol-
tage levels. . - -

Each subgroup consists of one'c;rd for voltage (kV), as many
cards as needed-for the buses of that voltage level, and one

card for flag.

This 5th Card Group should end with a flag which is blank or

ZEero.
An example is given below.

(Exﬁmple)

123. ... 10 (

. 13:8 : ) A

123l456{7 8091011 12]... ( ( 79 80

i 2 3 ) )

Never Used

1234 56|78 910 (

100 23 45 )

1234 (
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o7 .

[ {
| 4.16 )
c |
1236456 (
25 21 )
H ]
0 " (
I - -
Explanation ‘

A : Bus voltage should be put somewhere in the first 10 columns.
It must have decimal point.

B : One card can contain 26 buses. Each bus number occﬁ%ié%_B columns.
The first 3 columns should contain nonzero bus number.
*Note: the biggest bus number = 99.

- €.: Zero bus number is ignored but subsequent nonzero bus numbers are
respected.

D : If one card is not enough to éccommodate all the buses at this voltage

level, use another or more cards as required.

M

' This is flag to end the "subgroup" for this voltage (here, 13.8 kV).
F,G,H : Put as many subgroups as the number of voltage levels.

I : This card is flag to end the "BUS- VOLTAGES" section.
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= Bus pair, R and X, Tdentification

I

= AS many-eards#s needed

This group contains network information., The two bus numbers

at both ends of the line, line resistance and reactance, line identifi-

cation code are contained in each card.

No special sequence is required for cards in this group.

If thebranch identification codes are properly put in, the

consideration of

"Impedance Correction Factor" and "Current Correction

Factor" is automatically achieved by the program.

The "Impedance Correction Factor" and the identification {or

classification) code 1s’ tabulized in Table A2.

This group must end with a flag which is a blank (or zero)

card.

-

Table A2 Impedance Correction Factors and Line Identification Codes

* I.C.F. has been stored in the program.

> Low Voltage High Voltage High Voltage

Iden. Int. Duty Int. Duty Mom. Duty
Code (=First Cycle) v . {(=First Cycle)

T 1.0 1.0- 1.0

2 1.0 0.75 0.75

3 1.0 1.5 1.0

4 1.0 : 1.5 1.0

5 1.0 3.0 " 1.2

6 1.0 " (=100000.0) (=100000.0)

7 1.0 1.0 1.0

'8 ‘ 1.0 1.0 ' 1.0




Tden. Code

1 - - -

_Put X

~A18-

All turbo-generators, all hydro generators with amortis-

geur windings, and all condensers.

\

Put Xg on data card.
. _

Hydro—genérators without amcrtisseur windings.

4

on data card.

All synchfonous motors

Put Xg on data card. ‘

Induction motors above 1000 HP at 1800 r/min, above 250HP

at 3600 r/min.

1

Put Xg on data card.
!
Induction motors other than the above but equal oT greater

than 50 HP.

Put Xg on data card.

Induction motors less than 50 HP
Put Xg on data éardf
Non-rotating equipmeﬁt (Cable, reactor, transformer, etc.)
Put X on data card.

Ugilicy System; Qutside Source, etc.

Put ¥ on data card

Y
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Information should be put in the following manmer.

12

34(5. . 01415 . ... 24]25 (

B C D E
Explanation
A: Bus number
B : Bus number

Note

! Resistance R : . ;

‘Decimal point must always appear and can be put anywhere in the

range,

If an R is zero, all resistances are ignored. And for L.V. duty "
calculations, two results will be showm: g

(1) E/X -

(2) E/X multiplied b;l.ls as per ANSI c37.13—1973“,‘ 3;1.4.3.

If R is zeroc and H.V. interrupting duty calculation is required,

program stops with an error message.



D
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: Reactance X

Decimal point ﬁust always appear and-can be put anywhere in the

range - ]
X cannot be zero. ’
- . w |

If an X is zero, program stops with an error message.

: Line identification code

One of\§ightridentiﬁication codes defined in Table Al should be
put here.

If it is left empty, thét line is assumed to be a non-rotating
equipment (Iden. Code = 7).

Comment on R and X ‘

R and X can be negative only when a previously existing line is to
be eliminated.A a Y

It is important that the absolute values of these negative R and k
be exactly equal to tﬁo;e of the line to be eliminated. -Otherwise

- v

program will stop with an error message .

“ )
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COMPUTER PROGRAMS

P PPUN—
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——

[Read and print ioput data |

Rearrange line information with new bus
‘ numbers and new line numbers

Call CA.LZBU to form RBUS and KBUS

Call PRNZBU to print them if reguired.

Call RESULT to calculate circuit quantities
under faulted condition and print them.

yes *[ I8 it decessary to call CALZBU again for
different duty consideration?

»| mo’ )
yes | Change or another case required? ~ |

no
! [sTop_]

gy

~B2-

)

",



2.1

2.2 .

USAGE QF IMPORTANT VARIABLES

Single wvariables

The followiné integers should be

in SHTCCT.

N9

Should not be smaller
of network buses.

Cannot be bigger than

defined in DATA statement

than the maximum number

99,

than the total number

999.

than N9*(N9+1)/2

than the number of

remote monitoring cases plus the number of

faulted buses appearing in 4th card group in

N30 Should not be smaller
of network lines.
Cannot be bigger than

N&495S Should not be smaller

N10 N10 = N9+1

- MAXMON : Should not be samller
any one case bundle.

Arrays

ENQUIR(-—):

Dimension should not be smaller.than N9.

If ENQUIR(5) = 99920399152., the duty calculation for bus 5

is done_in the following manner.

-B3-
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9 99 20 3 99 15 2
A B C D E T G

(1) 1If bus 5 is H.V.

G,F — Do interrupting duty calculation for 2 cycle
rated interrupting time and 1.5 cycle contact
parting time.

E —= Partition

D,C -— Do interrupting duty calculation for 3 cycle
rated interrupting time and 2.0 cycle contact
parting time. X

B -=-— Partiticen

A -— Do momentary duty calculation
* If A is 0, wom. duty calculation is not domne.

(2) If bus 5 is L.V,
B, - G -— All ignored
A —— Do int. duty calculation for bus 5.

* If A is 0, no duty calculation is done.

MONTOR(--) . : Dimension should not be smaller than MAXMON.
Information related to remote monitoring is
stored here.

IOLNWB (—) . Dimension should not be smaller than N9.

If IOLNWB(S5) = 9, 5 is user-given bus number

while 9 is program-given bus number.
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INCDEN(—-) : Dimension should not be smaller than N30.
If INCDEN(S5) = 72031008, the S5th line
infofmation for a given case corresponds to
the line connecting buses 20 and 31, the
iden. code is 7, and program given raok Is

008 after new arrangement.

VOLBUS {—) : Dimension should not be smaller than N%.

This is bus voltage. -

RdiBRN(-—),XDLBRN(-—) : Dimension should not be smaller
' than N30.

These are line R and X.

RBUS(-——), XBUS(--) : Dimensions should not be smaller
than N495.
These are RBUS and XBUS'

AUXRBU(--), AUXXBU(--) : Dimension should not be spaller
than N10. ’

These are used to form RBUS and XBUS'

~



' PROGRAM LISTING
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APPENDIX C

SAMPLE RUNNINGS
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The first sazple calculates solutions for the same sample
;ystem that Stagg(l) used, with soze modifications and additions. A
"change case” demonstrétion has been included.

The validity of this program concerning the formation of
Raus and Gypg can be checked by‘co:;;ring s for "L.V. int. duty
calculation” of Ehis sample running with the same given
in(l)_

Note that lines R and X are correctcd.by correction factors
before they are used to form RBUS and XBUS in the cases of H.V,
int. and mowm. duty calculations. So XBUS for B.V. duty cal-
culations cannot be compared with that of (1).

In this sample, the base MVA 1s 100 MVA and type of fault

is a 3 phase short circuit.

1.1 System Description
Fig. shows the initial case which 1is identical to Stagg(l?

in its topology. Bus voltages are assigned to systen buses arbitrarily

as shown in Fig. Cl. Line information is tabulized in Table Cl.

-C2-
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' L
©
3us Voltages
é Ct) 5 _ Bus Voltage (xV)
- , 1 4.16
‘ 2 4.16
3 0.48
4 4.16
T Z <) 5 0.48
6 *0.48
} 7 0.48
Ia¥al aVal 8 0.48
o 3
B - oA @ Fig. Cl Sample running 1

Table Cl: Line Information - sample running 1

Line R X Identification
0] 1 0.001 0.01 Utility
0 2 0.0005 0.015 Turbogenerator
1 2 0.002 0.084 Cable
0 3 0.0002 0.005 Induction motor
500 hp 1800 rpm
2 3 0.008 0.122
§ g 8:881 8:8?; Cable, Transformer,
1 6 0.007 0.126 ete.
6 7 0.01 0.168
4 7 0.0015 0.084
5 8. 0.0008 0.037
7 8 0.008 0.14

- initial case ™,
> e
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~Chi=

. fig. CI shows change case.

In addition to several changes

in the original system, a separate svstem is included together with

new bus voltages as shown in the figure.

Additional information to get

Fig. CZ froa Fig. Cl is tabulized in Tables C2 and C3.

10 4.16

T
. Additicnal
Bus Voltages
A B . .
‘ LA Bus Voltage (xV)
D o 2 |z o) R
A l [ " I I *k %k

*%

* ok

*kk

removed

added

added :

Table C2: Added Information

a separate
network

Fig. C2
Sample running 1
- change case

- sample running 1

H

! Line | R | X | Identification !

! 3 3 ! 0.001 0.06 f Transforzer 1

T4 5 0.002 0.04 | Transformer |

l 4 6 0.003 0.05 | Transformer !

0 9 0.0002 ! 0.004 ! Turbogenerator

0 10(A) 0.001 0.5 i Synch. motor

" 0___10(8) 0.002 0.7 17700 kp 1800 rpm Ind. motor
Table C3: Removed Information - sample running 1

! H

3 Line R l‘ X 1 Identification {

P2 4 0.002 0 J Cable !

I
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9(10[11]12 13*14 15

12

- PooR
t Data
50617 8»
4.

5

.10

Inpu
314
.10
.{0

2

E{X{AIMIP|LIEI.
1010
Qio[1l|oja|3|0|0|8
0(0/2/0i0]410]015

1

1
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10 513
11 |34
12
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15

16
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20
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23

T

8

o

8
01145

<

o

8
.10iC|0| 8
1

1

0
Y

. |0
.10
NE
BRI
NEE
.l0[ol8
.0 0012
0102
0i0[0]5
010

2101,
0[0f0]i]0

25 |0}~

26 1

27

78

29 &

30

31

33 [017/0]8]0
34 |0]|5|0[8l0
35 [0]4]0]7
3 |0]6]017]0
37 |0|L|0|610
38 |0]3]0]5]0
39 [0[Z|0]%[0
40 [0l240(3]0
41 lololo|3lo
42 {ol1fol2lol.
43 [0[0]0
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1.3 Result of computer running

v

Y yd
I
N
<
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2. SAMPLE 2

This- sample demonstrates the option feature,~ 3 phase and

1L-G faplt calculations ~-with one running. ..

.

- Note that, in the result for 1L-G fault, no "CONTRIBUTION

FROM ADJACENT BUSES" is printed. +
2.1 System Description

The system to Be studied is shown in Fig. C3, which is é part
Gf‘é'réal system for a nucdear power plant.

Fig. C4 and Fig. C5 show positive and negative sequence
networks of the system, respectively.

In this sample rumning, the base MVA is 10000 MVA.

;U;Utility

@ 154kV ' @ é 345KV
- 1T L. _ 1

Ld\”m/__‘c,_l: | = N\(V—lv“'

® 13.8kV . @ | 26kv 7

: 800 MVA
Turbogecnerator
50 MVA -
Group of large Fig. C3 Sample running 2

Induction motors System Single line diagram

-C39-
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~C40-

-
0.002+30.004
. @ @ 5 v
N B AN — 7 1
0.2+§1.0,
;&Bﬂlj $0.03+0.6 ° ' ,
Q ® ]
0.05+30.2 0.1+§2.0 Fig. C4 Samplc rumning 2
+ + ~ Positive sequencc
1.0 1.0
é01001+jo.02
' @ - @
TaTA\ ‘]
0.3+j1.5 0.1+j0.5 0.03+3j0.6

— —i

1.0+1.5

Fig. C5 Saﬁplc running 2
- Zero sequence




' FOOR FPRINT |
\
/ -C4l-~
2.2 ~Input Daca ¢ /
CARD o |
NO. | 1{2]3 708|910 1211314 |15/16(17118|19]20]2122123]24]25
1 | siaMip|LiE|Z Pl{H{A|SI|E FlajulL|{Tt
2 ijolofcjol. 1
3 1j1]z
4 -1
5 |. 2
6 3
7 4 .
8 0 N
9 3l4]5]. P
10 1
11 -] 0
12 11514].
13 2
14 0
15 276 .
16 4 U .
17 0] -
’ 18 1/3].]8
19 3
20 0 i
21 0
22 o 2 0l.{0f0 of.l0]4 8
4 23 0{ [4 0].]1 21,10 1
‘ 24 0f [3 0].[0]s o] .2 4
25 1] |2 0}.]2 1].]0
26 2] 13 ol.[3 1105
27 1] 14 ol.]al 3 o 6
28 0
29 2
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~-C42-

AR e T T T T T T
0. 11 21314l5]6l78]9 10011 12]13014115116417 18119 20]21'22. 23124125
30 slalwleinlelal J i sivicl irlaiwiciz! ( « & 1 1 .
31 iijojoiofoi.v ; ¢+ . t1471. 1 R
32 LIV Ly by e T T
33 00 | { T P b b
34 1314150.{ | ! TR RN
35 1] » | N TR i
36 0 i I TR R |
37 1!5(4]. i B R [

38 2 ] L R 1| ]
39 0l | l R L N |
40 2061. « ; | I R
41 4 ! | | ] !

42 |0 | i |

43 173,.18 [ |

44 3

45 0 1 .

46 0 :

47 o (1 ol.Joj o1 | 0 8
48 ol |4 0].]0, 5 ] 1
49 o] (3 . |0 J 5

{50 0| |1 0l.[o] 3 6

51 ol |2 ol.13 Js

52 1] | & 0l.11 5

53 0 |

54 0 {
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Result of computer running
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