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Fault Analysis Using Impedance Matrix

m In a large network, an impedance matrix is readily available

m Matrix algebra formation

0 Seek a matrix where the diagonal elements represent
the source impedance for the buses

s Consider the following system
o 1 ©_]

o3¢ e,

o Balanced operation is assumed
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Fault Analysis Using Impedance Matrix

m Place the prefault voltages into a vector
T
Vs @)=V, (0) -+ V,(0) - ¥,(0)]

s Replace the loads by a constant impedance model using
the prefault bus voltages

v (0)
- - (0)
S’

1

= The voltage change(AV) is determined by placing a
fault voltage at the faulted bus with all the other sources
short-circuited



Fault Analysis Using Impedance Matrix

7
||}_rm Y Y

m Superposition: the fault voltages are calculated from the
prefault voltages

V!

bus bus

(0)FAVy,
where bus voltage changes caused by the fauly

AV, =[AV, - AV, - AV,]
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Fault Analysis Using Impedance Matrix

s The change in bus voltages can be calculated from the
network matrix

0 Y Y1 Yin AWy
—I(F) | = | Y - Y Yin AVy
0 Ynl e Ynk T Ynn 1L AVH i



Fault Analysis Using Impedance Matrix

m Solving for bus voltage changes

.&V,{ms — ZbusIbus(F )
Zb'ﬂ-ﬂ - Ybus

s The bus voltages during the fault:

mes (F} = Vpys ({)) + Zbu:;Ibus (F)



Fault Analysis Using Impedance Matrix

[ VA(F) | VIOl [ Zy - Zuye - Zin || O
VilF) | =\ Ve0) | + | Zia - Zigg -+ Zgn | | —Ie(F)
Vn(F) Vn(o) ] an an Znn 0




Fault Analysis Using Impedance Matrix

m The bus voltage during the fault at bus i becomes

Vi (0
Vi(F) = Vi(0) — ZyI(F) Ix(F) = Zk:i )Zf
Vi(F) = V;(0) — thf Z; Vi {0)

= Note that for bolted fault Z; = 0 and V;,(F') = 0

= With the knowledge of bus voltages during the fault, we can
calculate the current in all the lines. For the line connecting bus / and
J with impedance z;, the short-circuit current in this line

() = AE) = Vi)

Zij
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Example 1 (cont’d)

« 3-phase fault with Z;=j0.16 on

e bus3 _ _
T RN _
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Example 1 (cont’d)

— — 875 j1.25  j2.50
. T o=| jl.25 —j625 j2.5
_i5 —i2.5 Y, . ].1 : _JG_ J ._30
—471.25 | 250 ;250 —;5.00
o [ j0.16  j0.08 ;0.12 ]
1 2 Z, =|70.08 ;024 0.16
—42.5 —j2.5 1 70.12° jO.16  j0.34 |
V3(0) 1.0 .
3 I3(F) = = = —j2.
3 Zm 4 7y josdtjois  Jx0
VQ(F) = VQ(O) Zggfg(F) = 1.0 — (jO.lG)(-—jZ.O) — (.68 pu
Va(F) = V3(0) — Zs33(F) = 1.0 — (50.34)(—42.0) = 0.32 pu
Vi(F) — V(P 0.76 — 0.68
() = 2= BEL O 208 o1
Vi(F) — Va{F 0.76 — 0.32
Ls(F) = 1 ( );513 s{) _ — — —§11 pu
Iz (F) = ValF) — Va(F) = 0'68.m0'32 = —50.9 pu .

223 30.4



Example 2

s A 3-phase fault occurs at bus 2

j0.20

Sayasun

[Zbus]

(2436 .1938 .1544
2295 1494
1954

V,=1.0£0 pu.

1456
1506
1046
1954 |
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Example 2-Solution
s Fault current
[, =V, /Z,=10/;2295=-;43573 pu.
= Voltages during fault

[1-0.1938/j0.2295| [0.1556
0 0

1—70.1494/ j0.2295 | |0.3490

| 1-0.1506/ j0.2295 | |0.3438

BNOOY LY N

s Fault currents contributed to bus 2
a Frombus1 [, =V,/Z,=0.1556/j0.125 =~ j1.2448 p.u.
o Frombus3 1,,=V,/Z,,=0.3490/j0.25=—;1.3960 p.u.
o Frombus4 1 .,=V,/Z,=0.3438/0.20 =—;1.7190 p.u.
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Example 3

3. A three-phase fault occurs at the receiving end of the transmission line. By ignoring the
pre-fault loading conditions, find the fault current using Z-bus method. (Choose V=30 kV of
the generator voltage and Sg = 100 MVA) (25 pts)

A, . KA 4001
. g =30 (D Vg = 400KV Z3 = poo
\\/-“ ‘. X; = 160§ Z')L?) = /600‘—(1

L.:d-”’?y0/

v%:ﬁo% | H}?wffﬂf} {Hi%\jx = i
Gn  —H k0K S$p = loomuA / boo
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Example 3-Solution

/ 777—%)7\3:5‘:4 b ;3%-
28w =
—14.026

Xe1 =024 /%)fjo"v‘fw \
- ‘ 0) =0 —3.84t—) 80/
Xéz:J0'19/%>~Jog/’“ y3.84k—) 8.0

iy &= g0 18P @ @) z";gw:/J\O'QQ jgﬁg]
204 J@z(/ Fa

| D90 )05 PY 5
£ 7 08 (

100 X (O =1 3

ZQ)UJ = \/ﬁﬁﬁ

YA :-30-8/8%%?‘?
/ /BCO/ =-16.026
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Example 4

The figure given below shows a generating station feeding a 220 kV
system. Determine total fault current and fault current supplied by each
generator for a three-phase fault at the receiving end of the line.

11Ky 220KV
» ¥ &

(@)

D I & .
T, j42 Q
F
Q 11 Kg/ (220KV 42 Q " Fault
T2
G1 : 11 KV, 100 MVA, 1: =j0.15
G2 : 11 KV, 75 MVA, ‘!::,;. =70.125
71 : 100 MVA, X = 70.10, 11/220 KV
172 - 75 MVA, X1y = 7O.08, 11/220 KV
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Let Sp zloomun g =1 KV ;
¢ i — —
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Example 5

For the three-bus system given below, a three-phase fault occurs at
bus # 3. By ignoring the pre-fault loading conditions and using the Z-
bus (bus impedance) method, compute the followings:

o Fault current (15)
o Bus voltages during the fault (10)
o Fault currents of lines and generators(10)

Y 0. 2 ~ ¢
<« & > .
j > < r
- p ) <
N\ rd
0.4 0.1 \ .1 0.4
4 4 \\\ /',
\
\
\\
. . ” \ (al
JL 2 \ /',' U.L
N /
\ /
"\\ //
N\ /
— (3)
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Example 5-Solution
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Example 6

The two-bus system below provides power to the motor when the voltage of the bus 1

is V, =0.920" pu and the generator current is [/ =1.0236.87° pu. A three-

phase fault occurs at bus 2. Using the Z-bus matrix (bus impedance matrix) find the

fault current, the contribution of the generator and the motor to the fault current and
bus voltages during the fault (35 p)

O Q

Xs=0.15 pu X1=0.1 pu =0.35pu

lo
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Example 6-Solution

\/C =L = O?LQf |
IC:/.0236-8?Fu L 7" L
e vottage at b @ betore | 2005=[ul 500

7 ol o T :
Pre-fault load cndi+ion 3 \//3uo :Z

80,112
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Example 7

N TN

>/ j0.1 2/

I _\ 7 f_f\,

| Gy f— — G, ]

N N4

jo.1 jo.1

Xg1=j0.15 N Xg2 = j 0.075
| 3 1
\____,»’

A three-bus power system is shown above. The p.u. impedances are on a
base of 50 MVA and 12 kV. A three-phase symmetrical short circuit occurs

at bus 3 with no fault impedance. Using Z-bus matrix method and ignoring
pre-fault loading conditions:

a) Compute the short-circuit current (20)
b) Bus voltages during fault (5)

c) Contributions of generators to the short-circuit current (5)
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Example 7-Solution




Example 7-Solution (cont’nd)

G5 3 J
short il BY bus 3 U

f = -;9-86pY
T J ~
<Y 0143 _ 50 0® 2456 A @
/3(1’?,@ curr(?/)‘)L J% - '—:_—/”7:)
[/2%/0[ ol = j23“92/2}4
T e I 86 240 - .
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N 0 === 6'\
ngjf iy = uooq?/tj 0-53 5P
U:/O~§3~;" 5010743
V7 =0 4 %

) 1, = = 5L jaepiem | A
Aoy = J(')»/ﬁ _:8-80Y KA @
T mw(%o-@é): 2

_ 0.535 = — zw
Lo = / - i ),7(2455 6)

3@07'(7 ._L _ -'J/L'L(i
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