Problem Set #9 Unsymmetrical faults

9-1 (Grainger and Stevenson, Jr. Chapter 12, Prob. 12.1)

12.1 A 60-Hz turbogenerator is rated 500 MVA, 22 kV. It is Y-connected and solidly
grounded and is operating at rated voltage at no load. It is disconnected from
the rest of the system. Its reactances are XJ = X; = X, = 0.15 and X, = 0.05
per unit. Find the ratio of the subtransient line current for a single line-to-
ground fault to the subtransient line current for a symmetrical three-phase
fault.

Solution:

Single line-to-ground fault:

1

M = = —3j2.857 it
La 70.15 + 70.15 + j0.15 4 perunt
I, = 3IY) = —j8.571 per unit
Three-phase fault:
1
= = —j6.667 it
I, 7015 76.667 per uni

The ratio is 8.571/6.667 = 1.286/1.

9-2 (Grainger and Stevenson, Jr. Chapter 12, Prob. 12.3)

12.3 Determine the inductive reactance in ochms to be inserted in the neutral con-
nection of the generator of Prob. 12.1 to limit the subtransient line current for
a single line-to-ground fault to that for a three-phase fault.

Solution:
From Prob. 12.1, I, = —;6.667 per unit for a three-phase fault. Let z be the inductive
reactance in per unit to be inserted. Then, for a single line-to-ground fault,

3

I, =3IV =
¢ ¢ 7(0.15+0.15 + 0.05 + 3z)

For a three-phase fault, I, = 1/50.15 = —;6.667 per unit. Equating the values for I, we
have
= —32%(0.35+ 3z)(6.667)
z = 0.0333 per unit

(22)* _

z = 00333 x0968 = 0.3226 Q

Il



9-3 (Grainger and Stevenson, Jr. Chapter 12, Prob. 12.4)

12.4 With the inductive reactance found in Prob. 12.3 inserted in the neutral of the
generator of Prob. 12.1, find the ratios of the subtransient line currents for the
following faults to the subtransient line current for a three-phase fault:

(a) single line-to-ground fault, (b) line-to-line fault and (c¢) double line-to-
ground fault.

Solution:
(a) The ratio equals one since reactance was added to achieve this ratio.

(b) The ratio is 0.866 (see Prob. 12.2; this is because the fault current in the line-to-line fault
is not affected by the reactance on the neutral).

(¢) For a double line-to-ground fault,
Zy = 7(0.05+ 3 x0.0333) = 50.15

ot

_-'.”t 30.15

30.15 30.15
1.0 1

M = — T = = = —j4.44 per unit

¢ 7015 + pixnis — j0.225

0.

I = 19 = ;444 (6;—3) = 52.22 per unit

I, = 3I9 = j6.67 per unit

Iy = 4.44,-90° +240° +2.22,90° + 120° + 2.22/ 90°

—3.85+ 72221923 - ;j1.11 + 52.22 = —-5.773+ 53.33 = 6.67,/150° per unit

For a three-phase fault,

6.67
I, = — = —46.67 it Ratio = — = 10
: 7 per uni atio 6.67 1

9-4 (Grainger and Stevenson, Jr. Chapter 12, Prob. 12.8)

12.8 The reactances of a generator rated 100 MVA, 20 kV, are X"/ = X 1= X = 20%
and Xo = 5%. the generator is connected to a A-Y transformer rated 100 MVA,
20A-230Y kV, with a reactance of 10%. The neutral of the transformer is solidly
grounded. The terminal voltage of the generator is 20 kV when a single line-to-
ground fault occurs on the open-circuited, high-voltage side of the transformer.
Find the initial symmetrical rms current in all phases of the generator.



Solution:

j0.1

LAAA

j0.2

j0.1
% j0.1

On the high-voltage side,

4 A 4 T 303+7034;01

In the generator, 1§ =0 and

IM = 19,-30° = 1.429,-120° per unit
I 1P £30° = 1.429,-60° per unit

I, 1 1 1
Ib 1 02 a
1. l a a

Calculating current values we have

0
1.429,-120°
2 1.429 ,—60°

2.475,=90°
= | 2.475,90° per unit

0

= 2887 A

100, 000
I 3
Base P
L] = Is] = 2.475x 2887
Il = 0A

9-5 (Keyhani Lecture)
Consider the power system given below:

C

7145 A

L

= —71.429 = 1.429,-90° per unit

Given:
zG(1) = ZG(z) = jO.lO p.u., ZG(O) = j0.05 p.u.

3
S
AV

>



Zngw) = Zag() = j0.2 p.U., Zag() = j0.4 p.u.
ZBC(l) = ZBC(Z) = j0.20 p.u., ZBC(O) = j0.4 p.u.
Z11y = Z1(2) = Z7(0) = j0.05 p.u.

VL =0.9£-4.0° p.u.,, S_ = 1+4j0.5 p.u.

For a single line to ground fault at Bus B, compute the following:
1) The fault currents flowing from Bus A and Bus C to Bus B (faulted bus) when the
load is ignored.
2) The same as part (1), but take the load into consideration.
3) The same as part (1), but assume the generator is not grounded.

Solution:
1) The sequence network is shown as follows when load is ignored:

A . B

j0.05 ' jo.4 j0.4 (|3 j0.05

“0” sequence
A . B C

jo.1 | j0.2 j0.2 | j0.05

“+” sequence
A . B C

j0.1 | j0.2 j0.2 | j0.05

“” sequence



I
»’ Fault

aAB(+)

f

)
(&)

I bAB

I cAB

I aCB
I bCB

I cCB

vV 1£0°

j0.225

YYYY)

e

g j0.3

=—=- =1.212/-90°
Z j0.825
1 [¢]
laneoy = laceo) :EI =0.6062-90
las) = lansy = 1 =1.2122-90°
IaCB(+) = IaCB(—) =0
1 1 0.606« —90° - j3.03
=|1 a* a |1.212£-90°|=| jO.606
1 a a®|1.212£-90° j0.606
1 1 0.606~2 —90° — j0.606
=1 a* a 0 =| - j0.606
1 a a? 0 — j0.606



2) Take the load into consideration

2 2
S, 1-j05
j0.05 ‘T o4 T joa (|3 J.02
“0” sequence
0.1 T o2 § jo2 ?ij.05
“+” sequence
j0.1 'T‘ i 7 joos
Y SR

0.2 0.2 7
I

“-" sequence

0.72/26.6deg

0.72/26.6de

0.72/26.6deg



1

sy ¢ 1045 j0.45 3 J

aCB(0)

\ IaAB(+) 0.3 - GD
x

Fault 0.65+j0.57 % I

@ aCB(+)

03 06540573 I .

I

aAB(-)

j0.3-(0.65+ j0.57)
th(+) — Zth(—) = -
j0.3+0.65+ j0.57

y = 0.0496 + j0.2336, Z,, = j0.225

Vi is Bus B voltage before the fault occurs:

V,, =V =1£0°-— 0.65+ JO'5_7 =0.779- j0.165=0.8£-12°
J0.3+0.65+ j0.57
Vi, ~0.779-j0.165

I = =1.1384,-93.8°

Zooy * Zosy + Ziny  0.0992+ j0.6922

1 o
lasoio) = acoro = | =0.5692£ ~93.8

0.65+ j0.57
[ = =1 —0.9062/ —105.8°
aAB() — TaAB() j0.3+0.65+ j0.57
j0.3
| = ~1. = 0.3145/ —57.1°
aCB(+) — "eCB() j0.3+0.65+ j0.57



wo] [1 1 17 luee | [-0.5321- j2.3117
oag lscsy |=| 0.2090+ j0.3040
lo | |1 @ @%] le | | 02090+ j0.3040

Il
-
QD

[}
QD

ls | [1 1 17 l,cp0 | [ 0.3039- j1.0958
loes |=|1 @%@ || lcg |=|—0.2090 - j0.3040
les ] |1 @ a®]l,q,| [—0.2090- j0.3040

3) Generator is not grounded
A B

005 7 jo4 0.4 (I: /0.05

30.72@643_@9
|
“0” sequence
jo.1 T j0.2 B j0.2 ([: j0.05
@ 0.72/26.6deg
“+” sequence
0.1 "l" 02 B jo2 ([3 i0.05
0.72/26.6deg
|

“” sequence



j0.45 [aCB(O) % Zth(O)

Rtk = Lyt
»

Fault 0.65+j0.57 % I

@ aCB(+)

Lpney €103 06540573 [

j0.3-(0.65+ j0.57)
Zth(+) = Zth(—) = .
j0.3+0.65+ j0.57

—0.0496+ j0.2336,  Z, = j0.45

Vi is Bus B voltage before the fault occurs:

V,, =V, =1£0°-— 0.65+ JO'5_7 =0.779- j0.165=0.8£-12°
J0.3+0.65+ j0.57
Vi, _0.779-j0.165

| = =0.8629£-95.8°

Zooy * Zoy + Ziny  0.0992+ j0.9172

lwsoy =0, laca = | =0.8629./ —95.8°
0.65+ j0.57
Loy = Vs = 1+ = 0.68692 —107.8°
M) T j0.3+0.65+ j0.57
Loy = laosgy = 1303 _ 02384/ -59.05°
j0.3+0.65+ j0.57
lpe | [ 1 17 1ee | [~04200- j1.3080

=[1 a® a |l [=| 02100+ j0.6540
le| [1 a a 0.2100 + j0.6540

I aAB(-)



N

lca 1 1 1| lep 0.1578 - j1.2673
lhee |[=|1 @° @ || lcgy [=]—0.2100 - jO.6540
lce 1 a a"|lI

N

acs() | | —0.2100 - j0.6540

9-6 (Keyhani Lecture)
Consider the following system. Derive Thevenin equivalent sequence networks looking
at Bus 1.

Item MVA Rating Voltage Rating X1 X2 Xo
Gl 100 25 kV 02 02 0.05
G2 100 13.8 kV 02 02 0.05
T1 100 25/230 kV 0.05 0.05 0.05
T2 100 13.8/230 kv 0.05 0.05 0.05
Linel2 100 230 kV 01 01 03
Linel3 100 230 kV 01 01 03
Line23 100 230 kv 01 01 03
1 2
4 T1 Line12 T2 s
N
3¢ |
E——3H @

a) Draw the sequence networks.
b) Reduce the networks in (a) to their Thevenin equivalents “looking in” at Bus 1.

Solution:

a) “+” and “-* sequences:

10



“0” sequence:

j0.1 )
j0.05 2228 j0.05
) ’_m\q_ mﬂ_‘
j0.2 j0.2
ol jo.1 j0.1
Zy,
3
A
1 2
jo.1 )
j0.25 2888 j0.25
—YYYY | LYYy
2888
j0.2
A
Zy,
«
1
j0.25 ’ j0.32 j0.14 ‘
A A
Z, Zy,
A A

11



j0.09 Z,,

j0.05

j0.09

j0.3

j0.05

j0.19

th

j0.6

j0.25

th

A

1

j0.1079 ‘
Y Yy

A

th

Therefore, the Thevenin equivalent sequence networks are:

12



1 1 1

j0.14 ‘ j0.14 ’ j0.1079 ‘
| | |
A A A
®
Zth(+) Zth(-) Zth(O)
A A A
+ - “Q”

9-7 (Keyhani Lecture)
For a 3¢ fault at Bus “1” in Problem 9-6, calculate the fault phase voltages and currents.

Solution:
1.,0° ) .

l, = 014 =—j7.14,1,=-j7.14=7.14/-90°, |, =7.14/—90° + 240° =150°, and
jo.

I, =7.142-90°+120° =30°
10=12=0, V1=V»=V,=0, and V,=V,=V=0 at Bus 1.

9-8 (Keyhani Lecture)
Repeat Problem 9-7 for a single phase line to ground fault.

Solution:
j0.1079
Y YY)
+
VO
j0.14
Y'Y Y
+
(1) T l
j0.14
Y YY)
+
V2

13



120° 1

|0:|1:2: =— = — :—J
j(0.14+0.14+0.1079)  j0.3879

,=31,=-j7.734

Ib=|c=0

V, =1.0-j0.14(-j2.578) =1.0-0.36 = 0.64
V, =—(-j2.578- j0.1079) = 0.279.£180°

V, =—(-j2.578- j0.14) = 0.36.£180°
V,=V,+V,+V =0

V, =V, +a’V, +aV ,=0.962/ -116°

V, =V, +aV, +a’Vv =0.962./116°

2.578
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