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5-4-1 Short-circuit Capacity (SCC) or Short-circuit MVA:

SCC at a bus is a common measured of the strength of a bus. The SCC at bus K is defined

as the product of the magnitudes of the rated bus voltage and the fault current | (F) . The
short circuit MVVA is used for determining the dimension of a bus bar, and the interrupting
capacity of a circuit breaker.

The SCC or the short-circuit MVVA at bus K is given by:
SCC =3V, I, (F)x10° MVA  ........ (1)

Where V|« - Line to line voltage in KV

|, (F) - Fault current at node K in amperes.
For 3-phase fault:
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Where V,((0) - pre-fault bus voltage in pu.

Xk - The per unit reactance to the point of fault.

(where system resistance is neglected)

System resistance is neglected and only the inductive reactance of the system is allowed
for. This gives minimum impedance and maximum fault current and pessimistic answer.

The base current is:

Where S; - base MVA
Vg - line-to-line base voltage in KV

I (F)inamp.=1,(F),, xIg
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~V(0) Sy x10°

................... (4)
Xe V3V
Substituting eq.(4) in eq(1)
scc=Yul0% Vo ©)
XKK VB

If the base voltage is equal to the rated voltage ( V|_ :VB )

scc = Vx0) Se e e ®)

KK

The prefault bus voltage Vi (0) is usually assumed to 1.0 pu

SCC (short —circuit MVA) = XSB

MVA .. (7)

KK

5-5 Systematic Fault Analysis Using Liys

For fault circuit analysis in large networks, nodal method is used. By utilizing the elements

of Zbus , the fault current and the bus voltages during fault are readily and easily
calculated.
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In the fig. shown below, the generator is represented by a constant voltage source behind
proper reactances which may be X4, X§,0r X, . Transmission lines are represented by
their equivalent 7 model and all impedances are in per unit on a common MVA base. A
balance 3-phase fault is to be applied at bus K through a fault impedance Z; .

§ o,

OH+— ‘

k

The pre fault bus voltages are obtained from the power flow solution and are represented
by the column vector.

V,(0) |

V.0 =Vl & Y00 (8)

v,

The bus load by a constant impedance evaluated at the pre fault bus voltage, i.e.:

Thevenin's circuit shown in fig. below.
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The bus voltage changes caused by the fault in this circuit are represented by the column
vector :

_AV1 2

AV,

us

AV, Y el d] L (10)

AV,

By applying Thevenin's theorem, bus voltages during the fault are obtained by
superposition of the pre fault bus voltages and the changes in the bus voltages i.e.:

Vi, (F) =V, R0} "2 % % "B 11)
The node-voltage equation for an n-bus network:
lous = Yous e P SRR eon, S e 12
Where |bus is the injected bus currents.

Ybus Is the bus admittance matrix.

Also , we know :

Y; =Z;yij j=i L and Y, =Y =y . (13)
=
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In the Thevenin's circuit of fig. above, current entering every bus is zero except at the faulted
bus. Since the current at faulted bus is leaving the bus, it is taken as a negative current entering

bus k.

Thus the nodal equation applied to the Thevenin's circuit in fig. above becomes:

0 Yoz YigeoYin || AV:
—L(F) | = Y Yueo Yoo [AV | e, (14)
0 LYo Yk Yoo L AV,

or A\/bus = Zbus Ibus(F)

where  Z, .. =Y,.. is known as the bus impedance matrix

The bus voltage vector during the fault becomes:
Vbus(F) :Vbus(o) i Zbus Ibus(F)
The above matrix equation, can be writing in terms of its elements as shown:

V(F)] V)] [ZyyiZyenZy T O

V, (F) | =V (0) [+| Zyyoooo ZgonZi | = 1 (F) | ... (15)

V.(F)| [V.(0)]| |ZyoZyrnZon | O

Since we have only one single nonzero element in the current vector , the kth equation in eq.
15 becomes :

VA IO E Y N N (16)
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From the Thevenin's circuit shown in fig. above:

Vk(F):Zf Ik(F) ------------------------------ @7)

From eg. (16) and eq. (17) , the fault current becomes :

V, (0)
|L(F)=—"""2— e, 18
(F=5 7 a8)

[ For bolted fault, Z; =0 and V, (F) =01, therefore the fault current is :

Vi (0)

kk

Ik(F):

Thus, for a fault at bus k we need only the Z, element of the bus impedance matrix. This
element is indeed the Thevenin's impedance as viewed from the faulted bus.

For i th equation in eq. (15):

V.(F) @O By v (19)
V.(F) =V, (0) - Z+vk O ... L (20)

Where V; (F) is bus voltage during the fault at bus i

The fault current in all the lines:

Iij(F)zv‘(F)_V"(F) .................................. (21)




