Solution of Home Work #7: Unsymmetrical Faults

10.11. Three 15-MVA, 30-kV synchronous generators A, B, and C are connected
via three reactors to a commeon bus bar, as shown in Figure 83, The neutrals of
generators A and B are solidly grounded, and the neutral of generator C is grounded
through a reactor of 2.0 {2, The generator data and the reactance of the reactors are
tabulated below. A line-to-ground fault oceurs on phase a of the common bus bar.
Meglect prefault currents and assume generators are operating at their rated voltage.
Determine the fault current in phase a.
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Item x! x? x*

[ 0.25pu Q155 pu  0.056 pu
Gy 0.20pu  Q.155pu 0.056 pu
G 0.20pu  Q.155pu  0.060 pu
Reactor 60 € 60 € 60 0

The generator base impedance is

The reactor per-unit reactance, and the per-unit generator C neutral reactor are

]
Xgp = —=101
R o0 pu
2
Xn = ﬁ = (.3333 pu

The positive-sequence impedance network is shown in Figure 84(a), and the zero-
sequence impedance network is shown in Figure 84(b).
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FIGURE 84
Pesitive- and zero-sequence impedances networks for Problem 10011,



The positive-sequence impedance is

1 1 1 1
—=—t+t—+— X1 =0.105
XT 035 03 03 ’
The negative-sequence impedance network is the same as the positive-sequence
impedance network, except for the value of the generator negative-sequence reac-

tance. Therefore, the negative-sequence impedance is

| | | 1
- X% — o085
X2 0255 0255 0255 O !

The zero-sequence impedance is

1 1 1 1

— = X" = 0.06
X7~ 0.156 ' 0.056 ' 026 O
The line-to-ground fault current in phase a is
I,=31"= 30) = 12/—-00° pu

(0105 + 0.085 + 0.06)

10.14. The zero-, positive-, and negative-sequence bus impedance matrices for a
three-bus power system are

0200 0.05 012
Z9. =1 005 010 008 | pu
012 0.08 0.30

Oo1G 010 015
Zine = Z2,.— 71010 020 0,12 | pu
015 012 0.25

Determine the per unit fault current and the bus voltages during fault for
{a) A bolted three-phase fault at bus 2.

(b) A bolted single line-to-ground fault at bus 2.

{c) A bolted line-to-line fault at bus 2.

{d) A bolted double line-to-ground fault at bus 2.



{a) The symmetrical components of fault current for a bolted balanced three-phase
fault at bus 2 is given by

]
2 (F) [ - -‘

The fault current is

[ 1 1 0 5/.—490
IS&C[: F 1 a2 « —15 5/150
| a a2 il S50

For balanced fault we only have the positive-sequence component of voltage. Thus,
from (10.98), bus voltages during fault for phase @ are

Vi(F) =1 — ZLI5(F) =1 —j0.10(—3j5) = 0.5

Vo) — 11— Zglg;’g[jﬁ-‘] 1 —30.20({—45) = 0.0

Va(F) =1 — ZasIa(F) = 1 — j0.12(—j5) = 0.4
{(b) From (10.90), the symmetrical components of fault current for a single line-to-
ground fault at bus 2 is given by

1.0

71 72 A"
Zyg + Zap + Zag

IS(F) = I3(F) — I3(F)

| .0
50.20 1 j0.20 + 40.10

—j2

The fault current is

L 1 1 —j2 G/ —590
)’S{’CE Iy | a? a —52 0/0°
Ll a a —j2 00

0—2Z%19 7 [0 — j0.05(—42) T [ —0.10 ]

VPR(F) = | ViA(0) = Z],13 1 - j0.10(—3j2) 0.80
0—2%12 |  [0—3010(—52)] | —0.20 ]
T 0-Z%,I8 7 [0—j010(—32)7 [ -0.20]7

'2':'12[:!-'] 1'21 (0) — ::%21'[21 1 — 70.20(—32) .60
0—22,12 | [0-3020(—52)| | —0.40 ]




0— Z313
Vat(0) — Zao 12
0— Z3,13

]L'EEIIE[ fl

Bus voltages during fault are

[

]l-fmclﬁ I 1 a? a
2
| a a*

[

! -Eaﬁc (F) 1 a? a
| a a*

[ 1 1

! -3‘1&‘: (F) | a? a
2
| a a

{(c) From (10.92) and (10.93), the symmetrical components of fault current for line-

to-line fault at bus 2 are

0— 70.08(—32) —0. 16
| — 70.12{ —32) 076
0—37012(—32) —1).24
{10 (L5020
i(1.=0 095309, —114.7%
— (.20 095309 11479
—{).20 NIy
.60 09165 —109.11°
—0.40 0916524109, 11°
— 16 DA 20
.76 0.9625/—115.87
—i1.24 0.9625/+115.87

,FS 0
Va(0) l
I3 =13 = 17— — — —j2.5
2 2T ZL+ 7% 020 +4020 ¢
The fault current is
11 1 [ N
gﬁc[f":] | o «a —32.5 —4.33
1 a a? j2.5 1.33

From (10LY8), the symmetrical components of bus voltages during fault are

()
H-lmz[;::, 1'11[}'!] — Zl:zle
0—Z313
il
]L-Emz” | 1'21 (0 — Zglgf-ﬁ

0—Z312

i
| — 70.10{—32.5)
0 — 70.10{42.5)

{)
| — 50.20({—32.50)
0 — 50.20(52.5)



] i ]
V2(F) Vi (0) — Z513 | —§0.12(—j2.5) 0.70
0 — 22,13 0 — j0.12(52.5) 0.30

Bus voltages during fault are

11 1 ) 120
‘;'labc[f":] 1 a2 a 0.75 0.6614/.—139.11
1l a a (.25 O.GLA -+ 13011
I 1 1 () 1.0
Ve (F) I a2 « 0.50) 0.50/ 180
l a a (3.50) 050+ 180
1 1 i) 1.0
\}3‘15‘"[}'] | a2 « (.70 0.6083/—145.285
| a a? Q.30 0.6083/+145.285

(d) From {(10.94)—+ 10,96, the symmetrical components of fault current for a double
i I
line-to-ground fault at bus 2 is given by
Ik ]‘E"LJ"' = L —3.75
Yl | zﬁg[zm; 0.20 4 §0.20{50.10) :
‘22 T 72470 S j0.20+50.10
9 Va(0) — ZHI4 1 —340.20(—53.75)
I3 - = A — — j1.25
- /39 70.20




Wal0) = Zgpl3 1 - 40.20(—353.75)

- — ]2.9
< Z8 G0.20 '
The phase currents at the faulted bus are
11 §2.5 0
§he( |7y 1 o a —43.75 5.7282/139.11°
l a a® §1.25 5.7282/40.897
and the total fault current 1s
IS+ I§ = 5.7282/139.11° + 5.7282/40.89° = 7.5/90°

From (10.98), the symmetrical components of bus voltages during fault are

0— Z%13 0 — 70.05(52.5) 0.125
H-lmz[:!_-] V2(0) — ZL,13 1 — 30.10(—33.75) 0.625
0— Z%13 0 — 70.10(51.25) 0.125
AN 0 — j0.10({42.5) 0.25
VR12(F) VF(0) — Z3,13 | — 50.20(—353.75) 0.25
i 0 — §0.20(71.25) 0.25
i 0 — j0.08(52.5) 0.20
VR2(F) V3 (0) — ZapI3 | — j0.12(—j3.75) 0.55
i 0 — 50.12(41.25) 0.15

Bus voltages during fault are

I 1 1 0,125 0.875.20°
Vabe(F) | a2 a | | 0.625 0.502—120
l o a2 (0.125 0.50/4120
I 1 1 .25 0.75/0
'Eﬂb-:“[: F [ qz il .25 [
| a a? .25 ]
11 1 (.20 0.90.0

Vbe( | L a® a 0.55 0.3775L—=113.413"
I a a2 ] [ 0.15 0.3775.+113.413°



10.15. The reactance data for the power system shown in Figure 85 in per unit on
a common base is as follows:

ﬁm%im o3 o)

4

FIGURE 85
The impedance diagram for Problem 10,15,

Obtain the Thévenin sequence impedances for the fault at bus | and compute the
fault current in per unit for the following faults:

(a) A bolted three-phase fault at bus 1.
(b) A bolted single line-to-ground fault at bus 1.
{c) A bolted line-to-line fault at bus 1.
(d) A bolted double line-to-ground fault at bus 1.

0 na | jo.25 | i0.3 % ,:n*za“'lL o1 90
| | |

FIGURE 86

Positive-sequence impedance network for Problem [0.15.

The positive-sequence impedance network 1s shown in Figure 86, and impedance
to the point of fault is

. A0.35)(0.65) o
Zv = — j0.2275 pu
0anh -+ 065

Since negative- sequence reactances are the same as positive-sequence reactances,
X2 X 1= =1L2275. The zero-sequence impedance network 1s shown in Figure 87,
and impedance to the point of fault is

0 0053 jo25 | i0.5

= )4

FIGURE 87
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Fero-sequence impedance network for Problem 10015,

._}_—'..-IIT_—.

) UL U D) _ o

,-’./ ;ﬁ _.u'l:l. 1875 pu
Wia+U.7o

(a) For a bolted three-phase fault at bus 1. the fault current is

|
[f = ———— = 4.3956.-90" pu
70.2275

(b) For a bolted single-line to ground fault at bus 1, the fault current is

Le )
I,=38310= —— _ __~ ___ — 1.669/-90° pu
: _I.'[|.|_‘_}"}J-1 FO.2275 4+ 0.1875)

(¢) For a bolted line-to-line fault at bus 1. the fault current in phase b is

I} |
T 4(0.2275 + 0.2275)

—42.1978 pu

I,(F) = —j\/31%

o — —a.8067 pu

{d) For a bolted double line-to-line fault at bus 1, we have

|
| R
- —a23.027¢ i
la 10,9275 | | ;(0:2275)(0.1875) L
JH i 10027501875
1 — (0.2275)(—33.02767) o
J'IE : — 71.65975 pu

70.1875

[(F) = 3IY = 4.979.00° pu



