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CHAPTER IT1I

MATRTX METHODS TH SHORT CIRCUIT STUDIES

Hetvwork Eguation.

In a netweork, if loads are represcented by their
equivalent admittances, and generators by their egquivalent
current sources and cquivalent internal shunt admittances,
Kirchhoff's law may be applied to form the reclation of busbar
voltages and Injueted currents at those busbars. 1In matrix

form, they are relatcd by

] - B

whero LY 18 the nodal admittance matrix of the netwgrk with

n

load eguivalent admittances a2nd penerator internal admittances

added to the approprioted busboars.

An alternative relatien may be obftained by inverting

_[E J. It [Z ]is the invert of [ Y_], then

[vJ = [z}[r} (3.2}

For a network of n busbars, {3.2) may fully expressed

AaAs
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Yy 27 Bz Byxo+ - zln_l_ I, ?
v, = 2y, Zap 2z - 2N I, (5.3}
i 'z 51 %32 Fzz o Zan || I3
| s P . - .
i Vn ;‘ an Zna zn} * * Zun ?! Th
From (3.3}
Ul = le Il + ZlE IE + 213 I} + saaaa. + Zln In

vy WAy bz zxplained to bo couscd by the superposition
of thke injection of the current intc the astwork when current

sgurces arc applied to their conmnectied busbars one at a time.

The other V's are obtained in the zame manner, The

voltage at bushbar K is

= v F Ew = z I .LI-
Vi Zyy Ty ¥ zKE '_r2 + ZKE I} " +Z 1o {(B.4)
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Three~Phase Short Circult,
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When there is a three-phase short circuit st busbar K,

there will a current I_ flowing out of the system or network.

T

The current may be ¢onsidered as that produced
curreht scurce connected to the busbar .,  ‘That

Seurce injected a nogntive current inte bpusbar

If v in equation (3,4%) is the veltage

K

beforce the occurrence of the short circuit.

superim xd Vo is W and is express
4] pased g I Kée) press by

V - ) -
k() ® Zpaly ¢ Bgplo * el ¢t g Ty

Ly a negative
is the current

K.

at buskbar X

The new

+aae+2, T & {-If}ZKK

Ko n

Singe it 15 = short eircuit through zero imnedance,

the fault ¥ = . Heneo

K{f)

G = 7 I + & I + Z T +‘."+ZKKIK +--.ZKnIn

K171 Kz2"z K3%™3

Substracting (3.5) from (3.4),we gct

v = T2

K f KK
v
af If = K
Z

(3.6
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Similarly, by superposition theocrem , o {'If}zﬂw will
be added to the prefault voltage at any busbtar m o obitain
a fault veltage at the busbar. Hence the fault veltage

distribution is obtaincd from
1 = -
Jm{f] = vV 1.7 (3.7

Once the fault voltage distribution in the short
circuited system has been obtained, the fault current fleowing
in 2 system clement can be determined from the characteristic
of the element and the fault veltage at the busbars it is

connhcated to.,

For o branch conneceted to busbars o and n, the series
adrittance Y and the shunt susceptance b are used to determine

the eurrent from the cqugtion
an! _
207049 L = Uiey = Vagey)T + ¥ ocpyb (3.9

For o shunt line of adpittance ¥ conneets to bustar m

Im = vm(f}f {3.10)

For a untapped transformer conaectcecd to busbars m and
n, if Y is the eguivalent admittance of the transformer, then

Imn = {vm{f} - vn(f}}y {3.12)
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For a tapped transferper with a eff-nominal turn-retic

n on side n of 1t,

1 =

- n Vo) - Vpgpyt (oD (3.12)

and Inm - {vn{f}

n

For a generator at busbar @ generating a prefault

current YEEE and ipteroal admittancce YE,

Im - YgEg 7 ngmff} (3.14)

For =z load at buskhar m whose cquivalent admittance

I = ¥

1 1vm(f} (3.15)

One-Phase Short Circuit,

1f there is o short circuit of bucbar m in phase a
of o three-phase system, The system will then be unbalanced.
The fault currents in each phass at the locatjion of fault arc
the currents flowing in threc hynotheticnl stubs with zere
inpedanee as shown in Fig. %. The stub in phasc a is connected

to ground to cause the short circuit. The other two are just



1?7

opened. The current in each stub is

Ia = I and IE = I, = © {5.16)
o T
LT
__!_ s
b - —
Ih
c* -
1
(i

Fig, 4 Connection diagram of the hypothcoticsl stubs

fer one phase shorl cirvcult

The sequence components of the phase eurrents are

_ i — - - —
1 1
IaG = - 1 Ia
T =1 1 & aE 0
al =
5
2
IaE 1 g a o
L =) L — L
That is, I o = I, = I, = % I, {3.17)

The sequence components of the fault voltage at bustbar
m are determined by the superposition theorenm in each seguence

network; from (3.7}
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v = v -

al ol Ialzmml

v = v -

ac me IaEmeE (5.18)
vaﬂ - UmD - IaDzmmU

Since under the prefault condition, the system i=

balanced,

WV = 1 5 == =
o1 Jm and vm v 0 (3,19)

Then (3%.,18) becones

vﬂl - Um 5 Ialzmml (3.20)

Vaz 7 "lai%aen (3.21)

UEG It _IalzmmD (3,22}
Then Va = 1I':ra.l * vaE * vaO

= vm - Ial{zmml + mea + me}j

But ?a at busbar m is zero, since the short eircuit

is through zero inmpedancce, Hence

Iﬂl = )] (}4-23']
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znd the fault voltape distributioan ot any bushar K in the

positive seguence network is determined oy

v = - 4

K{I) Vi T TaiPna (3.2%)
in a negative sequence network, by

k(Y T T RarPxe (3.25)
in a Zero seguence network, by

vv(r\ = -1 _.Z' e (3'26}

koL [ W IR Y ¥

Once the fault voltages in each segquence network are
determincd, the ssauence compenents of current in any network
¢lements gcan be caleulated from the sequence characteristics
of the element and the correspondent sequence voltages at
the busbars which it is connceted to the cguations (3.9) to

(3.15) are used for different kinds of elements.

The phase values of current in each element are obtained

fran
I 1 1 1 1 I
a il
T = 1 az a I {3.27)
i+ as "
I 1 A aa I
L ¢ | L all
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