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Problems 577

PROBLEMS
SECTION 9.1

81 The single-line diagram of a three-phase power system is shown in
Figure 9.17. Equipment ratings are given as follows:

Synchronous generators:

Gl 1000 MVA  15kV X =X, = 0.18, X, = 0.07 per unit

G2 1000 MVA  15kV X =X, =020, X, = 0.10 per unit

G3 500 MVA 138kV X=X, =0.15 X, = 0.05 per unit

G4 750 MVA 13.8kV X7 =030, X, =040, X, = 0.10 per unit

Transformers:

T1 1000 MVA ISkVAMESKVY X = 0.10 per unit
T2 1000 MVA ISkVAT65kVY X = 0.10 per unit
T3 500 MVA ISkV Y/765kVY X = 0.12 per unit
T4 750 MVA ISkVY/765kVY X =0.11 per unit

Transmission lines:

1-2 765kV X, =500, X =1500
1-3 765kV X, =400, X, =1000
23 765kV X, =400, X, = 1000

The inductor connected to Generator 3 neutral has a reactance of 0.05
per unit using generator 3 ratings as a base. Draw the zero-, positive-, and
negative-sequence reactance diagrams using a 1000-MVA, 765-kV base
in the zone of line 1-2. Neglect the A-Y transformer phase shifts.
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578 Chapter9 | Unsymmetrical Faults

9.2

93

9.4

95

97

Faults at bus » in Problem 9.1 are of interest (the instructor selectsn = 1,
2, or 3). Determine the Thévenin equivalent of each sequence network as
viewed from the fault bus. Prefault voltage is 1.0 per unit. Prefault load
currents and A-Y transformer phase shifts are neglected. ( Hint: Use the
Y-A conversion in Figure 2.33.)

Determine the subtransient fault current in per-unit and in kA during a
bolted three-phase fault at the fault bus selected in Problem 9.2.

In Problem 9.1 and Figure 9.17, let 765 kV be replaced by 500 kV, keep-
ing the rest of the data to be the same. Repeat (a) Problems 9.1, (b) 9.2,
and (c) 9.3

Equipment ratings for the four-bus power system shown in Figure 7.14
are given as follows:

Generator G1: 500 MVA, 13.8 kV, X = X, = 0.20, X, = 0.10 per unit
Generator G2: 750 MVA, 18 kV, X = X, = 0.18, X, = 0.09 per unit
Generator G3: 1000 MVA, 20kV, X7 = 0.17, X, = 0.20, X, = 0.09 per unit
Transformer T1: 500 MVA, 13.8 kV A /500 kV Y, X = 0.12 per unit
Transformer T2: 750 MVA, 18 kV A/500 kV Y, X = 0.10 per unit
Transformer T3: 1000 MVA, 20 kV A/S00 kV Y, X = 0.10 per unit

Each line: X, = 50 ohms, X, = 150 ohms

The inductor connected to generator G3 neutral has a reactance of
0.028 . Draw the zero-, positive-, and negative-sequence reactance
diagrams using a 1000-MVA, 20-kV base in the zone of generator G3.
Neglect A-Y transformer phase shifts.

Faults at bus » in Problem 9.5 are of interest (the instructor selectsn = 1,
2, 3, or 4). Determine the Thévenin equivalent of each sequence network
as viewed from the fault bus, Prefaull voltage is 1.0 per unit, Prefault load
currenis and A-Y phase shifls are neglected.

Determine the subtransient fault current in per-unit and in kA during a
bolted three-phase fault at the fault bus selected in Problem 9.6.

Equipment ratings for the five-bus power system shown in Figure 7.15 are
given as follows:

Generator G1: 50 MVA, 12kV, X = X, = 0.20, X, = 0.10 per unit
Generator G2: 100 MVA, 15kV, X = 0.2, X, = 0.23, X, = 0.1 per unit
Transformer T1: 50 MVA, 10kV Y/138 kV Y, X = 0.10 per unit
Transformer T2: 100 MVA, 15 kV A/138 kV Y, X = 0.10 per unit

Each 138-KV line: X, = 40 ohms, X, = 100 ohms

Draw the zero-, positive-, and negative-sequence reactance diagrams using
a 100-MVA, 15-kV base in the zone of generator G2. Neglect A-Y trans-

former phase shifts.
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99 Faults at bus » in Problem 9.8 are of interest (the instructor selects n =
1, 2, 3, 4, or 5). Determine the Thévenin equivalent of each sequence
network as viewed from the fault bus. Prefault voltage is 1.0 per unit.
Prefault load currents and A-Y phase shifts are neglected.

910 Determine the subtransient fault current in per-unit and in kA during a
bolted three-phase fault at the fault bus selected in Problem 9.9.

911 Consider the system shown in Figure 9.18. (a) As viewed from the fault at
F, determine the Thévenin equivalent of each sequence network. Neglect
A-Y phase shifts. (b) Compute the fault currents for a balanced three-
phase fault at fault point F through three fault impedances 2., = £, =
Zy = j0.5 per unit. Equipment data in per-unit on the same base are
given as follows:

Synchronous generators:
Gl X, =02 X =012 Xy=0.06
G2 X, =033 X,=022 X, = 0.066

Transformers:

T1 X =X=X=02
T2 X, =X, =X%,=0225
T3 X, =X, =X%,=027
T4 X, =X, =X,=0.16

Transmission lines:
L1 X =X,=014 X,=03
L1 X =X,=035 X,=06

Cupyright 2017 Cergage Learnimg, All Rights Reseoved. May mot be copied, scarmed, or duplicated, in whole or i part. Due tw electaric cghis,
sueme thind pasty contiet may be suppressed (am the clook andior eChapters). Edstorial review bas dosmed that any suppressed content does ol materially
alliel the wversl] learmmg expenemee. Cengage Lesrnng reserves e ngh! b ramave sdditional content alany lnoe 2l subsceuer! raghls restrchons nequare 1,

https://jigsaw.vitalsource.com/api/v0/books/9781305886957/print?from=577&t0=586 11/15/2016



Power System Analysis and Design

Page 4 of 10

PRINTED BY: kwang_y_lee@baylor.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.

580 Chapter9 | Unsymmetrical Faults
912 Equipment ratings and per-unit reaclances for the system shown in
Figure 9.19 are given as follows:
FIGURE 9.19 1 2
— A~ 4T TL2 | T2 b
Problem 9.12 a1 JC " f | go
\_Y_'/ A Mo L
TL13
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Synchronous generators:
Gl 100 MVA 25KV X, =X,=02 X,=005
G2 100 MVA 138kY X, =X,=02 X,=005
Transformers:
T 100 MVA  25/230 kV X, =X,=X,=005
T2 100 MVA 13.8/230kV X, =X, =X,=0.05

913

Transmission lines:

TL1Z 100 MVA  230kV X, =X,=01 X,=03
TL13 100 MVA  230kV X, =X,=01 X,=03
TL23 100 MVA  230kV X, =X,=01 X,=03

Using a 100-MVA, 230-kV base for the transmission lines, draw the per-
unit sequence networks and reduce them to their Thévenin equivalents,
“looking in” at bus 3. Weplect A-Y phase shifts. Compute the fault
currents for a bolted three-phase fault at bus 3.

Consider the oneline diagram of a simple power system shown in
Figure 9.20. System data in per-unit on a 100-M VA base are given as follows:

Synchronous generators:

Gl 100 MVA 20kV X,=X, =015 X, =0.05
G2 100 MVA 20KV X, =X.=015 X, =0.05
Transformers:

T1 100 MVA 207220 kV X =X=X,=01

T2 100 MVA 207220 kV X, =X,=X,=0.1
Transmission lines:

L12 100 MVA  220kV X, =X,=0125 X,=03
Li3 100 MVA  220kV X, =X, =015 X,=035
L23 100 MVA  220kYV X, =X,=025 X,=07125
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The neutral of each generator is grounded through a current-limiting
reactor of 0.08333 per unit on a 100-MVA base. All transformer neutrals
are solidly grounded. The generators are operating no-load at their rated
voltages and rated frequency with their EMFs in phase. Determine the
fault current for a balanced three-phase fault at bus 3 through a fault
impedance Z; = 0.1 per unit on a 100-MVA base. Neglect A-Y phase
shifts.

SECTIONS 9.2-8.4

9.14

9.15

9.16
9.17
9.18

918

Determine the subtransient fault current in per-unit and in kA, as well
as the per-unit line-to-ground voltages at the fault bus for a bolted single
line-to-ground fault at the fault bus selected in Problem 9.2.

Repeat Problem 9.14 for a single line-to-ground arcing fault with arc
impedance Z,. = 15 + j0 (L

Repeat Problem 9.14 for a bolted line-to-line fault.

Repeat Problem 9.14 for a bolted double line-lo-ground fault.

Repeat Problems 9.1 and 9.14 including A-Y transformer phase shifts.
Assume American standard phase shift. Also calculate the sequence com-
ponents and phase components of the contribution to the fault current from
generator n {n = 1, 2, or 3 as specified by the instructor in Problem 9.2).

(a) Repeat Problem 9.14 for the case of Problem 9.4 (b).

(b} Repeat Problem 9.1%(a) for a single line-to-ground arcing fault with
arc impedance Z; = (15 + j0) (.

{c) Repeat Problem 9.19(a) for a bolted line-to-line fault.

(d)} Repeal Problem 9.19(a) for a bolted double line-to-ground fault.

(e) Repeat Problems 9.4(a) and 9.19(a) including A-Y transformer
phase shifts. Assume American standard phase shift. Also caleulate the
sequence components and phase components of the contribution to the
fault current from generator n (n = 1, 2, or 3) as specified by the instruc-
tor in Problem 9.4(b).

Problem .13
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582 Chapter9 | Unsymmetrical Faults

9.20

9.21

9.22
9.23
9.24

9.25

9.26
9.27
9.28

A 500-MVA, 13.8-kV synchronous generator with X = X, = 0.20
and X, = 0.05 per unit is connected to a 500-MVA, 13.8-kV A/500-kV
Y transformer with 0.10 per-unit leakape reactance. The generator and
transformer neutrals are solidly grounded. The generator is operated at
no-load and rated voltage, and the high-voltage side of the transformer
is disconnected from the power system. Compare the subtransient fault
currents for the following bolted faults at the transformer high-voltage
terminals: three-phase fault, single line-to-ground fault, line-to-line fault,
and double line-to-ground fault.

Determine the subtransient fault current in per-umnit and in kA, as well
as contributions to the fault current from each line and transformer con-
nected to the fault bus for a bolted single line-to-ground fault at the fault
bus selected in Problem 9.6.

Repeat Problem 9.21 for a bolted line-to-line fault.
Repeat Problem 9.21 for a bolted double line-to-ground fault.

Determine the subtransient fault current in per-unit and in kA, as well as
contributions to the fault current from each line, transformer, and gener-
ator connected to the fault bus for a bolted single line-to-ground fault at
the fault bus selected in Problem 9.9,

Repeat Problem 9.24 for a single line-to-ground arcing fault with arc
impedance Z; = 0 + j0.1 per unit.

Repeat Problem 9.24 for a bolted line-to-line fault.

Repeat Problem 9.24 for a bolted double line-to-ground fault.

As shown in Figure 9.21 (a), two three-phase buses abc and a'b'c’ are
interconnected by short circuits between phases » and 5" and between ¢
and ¢’, with an open circuit between phases g and a”. The fault conditions
in the phase domain are [, = [, = 0 and ¥,,. = V. = 0. Determine the
fault conditions in the sequence domain and verify the interconnection
of the sequence networks as shown in Figure 9.15 for this one-
conductor-open fault.

9.29 Repeat Problem 9.28 for the two-conductors-open fault shown in
Figure 9.21(b). The fault conditions in the phase domain are
L=5,={={=0and V,_ =0
FIGURE 9.21 l
a o a a a
Problems 9.28 and + Var —
9.29: open conductor | L e
[ - S— ——= b b - o
faults + Viw —
¢ C c - - C
Voo e
{a) One conductor open {b} Two conductors open
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930 For the systemn of Problem 9.11, compute the fault current and voltages
at the fault for the following faults at point F: (a) a bolted single
line-to-ground fault; (b) a line-to-line fault through a fault impedance
Z,. = j0.05 per unit; () a double line-to-ground fault from phase B to C
to ground, where phase B has a fault impedance Z; = j0.05 per unit,
phase C also has a fault impedance Z; = j0.05 per unit, and the common
line-to-ground fault impedance is Z; = j0.033 per unit.

9.31 For the system of Problem 9.12, compute the fault current and voltages
at the fault for the following faults at bus 3: (a) a bolted single line-to-
ground fault, (b} a bolted line-to-line fault, (¢) a bolted double line-to-
ground fault. Also, for the single line-to-ground fault at bus 3, determine
the currents and voltages at the terminals of generators Gl and G2.

932 For the system of Problem 9.13, compute the fault current for the
following faults at bus 3: (a) a single line-to-ground fault through a fault
impedance Z; = j0.1 per unit, (b) a line-to-line fault through a fault
impedance Z; = j0.1 per unit, (c) a double line-to-ground fault through a
common fault impedance to ground Z; = j0.1 per unit.

933 For the three-phase power system with single-line diagram shown in
Figure 9.22, equipment ratings and per-unil reactances are given as
follows:

Machines 1 and 2: 100 MVA 20 kV X, =X, = 0.2
X, =004 X, =004

Transformers 1 and 2: 100 MVA  20A/345Y kV
X, =X, =X, =008

Select a base of 100 MVA, 345 kV for the transmission line. On that base,
the series reaclances of the line are X, = X, = 0.15 and X, = 0.5 per unit.
With a nominal system voltage of 345 kV at bus 3, machine 2 is operating
as a motor drawing 50 MVA at 0.8 power factor lagging. Compute the
change in voltage at bus 3 when the transmission line undergoes (a) a
one-conductor-open fault, (b) a two-conductor-open fault along its span
between buses 2 and 3.

934 At the general three-phase bus shown in Figure 9.7(a) of the text,
consider a simultaneous single line-to-ground fault on phase @ and line-
to-line fault between phases b and ¢, with no fault impedances. Obtain
the sequence-network interconnection satisfying the current and voltage

constraints.
= FIGURE 9.22
®r1® ® 1 ® T
C 2C roblem §.
Machine 1 O %i } } gz }{ﬁ) Machine 2
_WY - ?__ L \(W‘}
A N Y A
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584 Chapter9 | Unsymmetrical Faults
FIGURE 9.23 Prefault Voltage
Vv, = 1/0° BUS 2 Vs =0.98/-10°
Problem 9.3 ! | = 3 | : | —
Vot &
Xl\:g.‘ | ﬂt xl.r91:D-1 | l
Gy U1 A T Xima=0.1 BUS3 P, =1
X;:0.0s Xy =01 Xirea =015 Qons =0
X:=01
X, =01

935 Thévenin equivalent sequence networks looking into the faulted bus of
a power system are given with Z, = j0.15, Z, = j0.15, Z, = j0.2, and
E, = 1/0° per unit. Compute the fault currents and voltages for the fol-
lowing faults occurring at the faulted bus:

(a) Balanced three-phase fault
(b) Single line-to-ground fault
(¢) Line-line fault
(d) Double line-to-ground fault
‘Which is the worst fault from the viewpoint of the fault current?
936 The single-line diagram of a simple power system is shown in Figure 9.23
with per unit values, Determine the fault current at bus 2 for a three-phase
fault. Ignore the effect of phase shift.

9.37 Consider a simple circuit configuration shown in Figure 9.24 to calculate
the fault currents /., 1., and I with the switch closed.
(a) Compute E, and E, prior to the fault based on the prefault voltage
¥ =1/0° and then, with the switch closed, determine [, f,, and 1.
(b) Start by ignoring prefault currents, with E; = E, = 1/0°. Then super-
impose theload currents, which are the prefault currents, /, = —L =1 /_D_
Compare the results with those of part (a).

SECTION 9.5

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

FIGURE 9.24 ok
Froblem 9.37 L t RE
j0.1 iy j0.15
& o 3
Y N
E, ] Vv=1/0° (~)E
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010 0 0
Zyw=jl 0 020 0 per umnit
0 0 010
0.12  0.08 0.04
Zy=2Z,,=j| 008 012 0.06

0.04 0.06 0.08

Determine the per-unit fault current and per-unit voltage at bus 2 for a
bolted three-phase fault at bus 1. The prefault voltage is 1.0 per unit.

Repeat Problem 9.38 for a bolted single line-to-ground fault at bus 1.
Repeat Problem 9.38 for a bolted line-to-line fault at bus 1.

Repeat Problem 9.38 for a bolted double line-to-ground fault at bus 1.
(a) Compute the 3 X 3 per-unit zero-, positive-, and negative-sequence
bus impedance matrices for the power system given in Problem 9.1. Use a
base of 1000 MVA and 765 kV in the zone of line 1-2.

(b) Using the bus impedance matrices determined in Problem 9.42, ver-
ify the faull currents for the faults given in Problems 9.3, 9.14, 9.15, 9.16,
and 9.17.

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

|o1o| o :

2y =1J ——D 010 per unit
1020 0.10 ,
Ziwir = Lz ZJEM per umit

Determine the per-unit fault current and per-unit voltage at bus 2 for a
bolted three-phase fault at bus 1. The prefault voltage is 1.03 per unit.
Repeat Problem 9.43 for a bolled single line-to-ground fault at bus 1.
Repeat Problem 9.43 for a bolted line-to-line fault at bus 1.

Repeat Problem 9.43 for a bolted double line-to-ground fault at bus 1.
Compute the 3 ¥ 3 per-unit zero-, positive-, and negative-sequence bus
impedance matrices for the power system given in Problem 4(a). Use a
base of 1000 MVA and 500 kV in the zone of line 1-2.

Using the bus impedance matrices determined in Problem 9.47, verify
the fault currents for the faults given in Problems 9.4(b), 9.4{c), and
9.19 (a through d).

Compute the 4 X 4 per-unit zero-, positive-, and negative-sequence bus
impedance matrices for the power system given in Problem 9.5. Use a
base of 1000 MVA and 20 kV in the zone of generator G3.
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950 Using the bus impedance matrices determined in Problem 9.42, verify the
fault currents for the faults given in Problems 9.7, 9.21, 9.22, and 9.23.

951 Compute the 5 X 5 per-unit zero-, positive-, and negative-sequence bus
impedance matrices for the power system given in Problem 9.8. Use a
base of 100 MVA and 15 kV in the zone of generator G2.

952 Using the bus impedance matrices determined in Problem 9.51, verify the
fault currents for the faults given in Problems 9.10, 9.24, 9.25, 9.26, and
9.27.

953 The positive-sequence impedance diagram of a five-bus network with all
values in per-unit on a 100-MVA base is shown in Figure 9.25. The gener-
ators at buses 1 and 3 are rated 270 and 225 MVA, respectively. Generator
reactances include subtransient values plus reactances of the transformers
connectling them to the buses. The turns ratios of the transformers are such
that the voltage base in each generator circuit is equal to the voltage rating
of the generator. (a) Develop the positive-sequence bus admittance matrix
Y. 1- (B) Using MATLAB or another computer program, invert Y, , to
obtain Z, , . (c) Determine the subiransient current for a three-phase fault
at bus 4 and the contributions to the fault current from each line. Neglect
prefault currents and assume a prefault voltage of 1.0 per unit.

954 For the five-bus network shown in Figure 9.25, a bolted single-line-1o-
ground fault occurs at the bus 2 end of the transmission line between
buses 1 and 2. The fault causes the circuit breaker at the bus 2 end of
the line to open, but all other breakers remain closed. The fault is shown
in Figure 9.26. Compute the subtransient faull current with the circuit
breaker at the bus-2 end of the faulted line open. Neglect prefault current
and assume a prefault voltage of 1.0 per unit.

955 A single-line diagram of a four-bus system is shown in Figure 9.27.
Equipment ratings and per-unit reactances are given as follows.

Machines 1 and 2: 100 MVA  20kV X, =X, = 0.2
X,=0.04 X, =005

Transformers T, and T.: 100 MVA  20A/345Y kV
X, =X, =X, =008

FIGURE 9.25 0) @) @
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