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The total instantaneous power absorbed by a three-phase motor (under
balanced steady-state conditions) as well as a balanced three-phase
impedance load is

(a) A constant (b} A function of time

Under balanced operating conditions, consider the three-phase complex
power delivered by the three-phase source to the three-phase load. Match
the following expressions, those on the left to those on the right.

(i) Real power, P,, () (V3 V, T)VA

(ii) Reactive power, Qy, (b) ("3 V1, sin &) var
(iii) Total apparent power, S, VIV cosd) W
(iv) Complex power, Sy, (d) Py + Qs

Note that V', is the rms line-to-line vollage, I, is the rms line current, and
¢ 1s the power-factor angle.

One advantage of balanced three-phase systems over separate single-
phase systems is reduced capital and operating costs of transmission and
distribution.

(a) True (b) False

While the instantaneous electric power delivered by a single-phase gen-
erator under balanced steady-state conditions is a function of time hav-
ing two components of a constant and a double-frequency sinusoid, the
total instantaneous electric power delivered by a three-phase generator
under balanced steady-state conditions is a constant.

(a) True (b) False

PROBLEMS

SECTION 2.1
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22
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Given the complex numbers 4, = 6/30and 4, = 4 + j5, (a) convert 4, to
rectangular form; (b) convert 4, to polar and exponential form; (c) calcu-
late 4, = (A4, +A,), giving your answer in polar form; (d) calculate 4, =
A, 4., giving your answer in rectangular form; (e) calculate 4, = 4, /(43),
giving your answer in exponential form.

Convert the following instantaneous currents to phasors, using cos(we)
as the reference. Give your answers in both rectangular and polar form.
(a) i(7) = 5002 cos(w? — 30)

(b) i(t) = 4 sin(wt + 30}

(c) i(8) = 5 coslwt — 15) + 472 sinfws + 30)

The instantaneous voltage across a circuit element is i) =
400 sin (wi¢ + 30°) volts, and the instantaneous current entering the
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positive terminal of the circuit element is i(f) =100 cos(wt + 10°) A. For
both the current and voltage, determine (a) the maximum value, (b) the
rms value, and (c) the phasor expression, using cos(wt) as the reference.

24  For the single-phase circuit shown in Figure 2.22, I = 10 f0PA. (a) Com-
pute the phasors f,, I,, and ¥ (b) Draw a phasor diagram showing I, 1,
I, and ¥

FIGURE 2.22 J
Circuit for Problem 2.4

80
v = 602

N /6 Q

25 A 60-Hz, single-phase source with ¥ = 277/30° volts is applied to a
circuit element. (a) Determine the instantaneous source voltage. Also
determine the phasor and instantaneous currents entering the positive
terminal if the circuit element is (b) a 20-Q resistor, (¢) a 10-mH inductor,
and (d) a capacitor with 25-Q reactance.

26 (a) Transform v(f) = 75 cos(377t — 15°) to phasor form. Comment on
whether @ = 377 appears in your answer. (b) Transform ¥ = 50/10° to
instantaneous form. Assume that @ = 377. (¢) Add the two sinusoidal
functions a(t) and b(r) of the same frequency given as follows: a(f) =
AV2 cos(wt + a) and b(f) = BV2 cos(wt +8). Use phasor methods and
obtain the resultant ¢(¢). Does the resultant have the same frequency?

27 Let a 100-V sinusoidal source be connected to a series combination of
a 3-() resistor, an 8-Q inductor, and a 4-{) capacitor. (a) Draw the circuit
diagram. (b) Compute the series impedance. (¢) Determine the current
delivered by the source. Is the current lagging or leading the source volt-
age? What is the power factor of this circuit?

28 Consider the circuit shown in Figure 2.23 in time domain. Convert the
entire circuit into phasor domain.

FIGURE 2.23 Ry=5.76 mQ Ly = 30.6 uH
Circuit for Problem 2.8 VNV—ET

5
vif) = 120vBcos(377t— 309V (~) C=0921yF i
T_ —‘7 {

3

P
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For the circuit shown in Figure 2.24, compute the voltage across the load
terminals.

010 jo50 I=860/0° A
— AT

=

(~) 12000°v Voo [LOAD

| ;

SECTION 2.2

2.10

an

212

213
2.14

2.15

For the circuit element of Problem 2.3, calculate (a) the instantaneous
power absorbed, (b) the real power (state whether it is delivered or
absorbed}, (c) the reactive power (state whether delivered or absorbed),
(d) the power factor (state whether lagping or leading).

[Note: By convention the power factor cos(8 — 3) is positive. If [§ — 8] is
greater than 90°, then the reference direction for current may be reversed,
resulting in a positive value of cos(d —g)].

Referring to Problem 2.5, determine the instantaneous power, real power,
and reactive power absorbed by (a) the 20-0) resistor, (b) the 10-mH
inductor, (¢) the capacitor with 25-Q reactance. Also determine the source
power faclor and state whether lagging or leading.

The voltage v(#) = 359.3 cos(wf) volts is applied to a load consisting of a
10- resistor in parallel with a capacitive reactance X, = 25 (I Calculate
(a) the instantaneous power absorbed by the resistor, (b) the instanta-
neous power absorbed by the capacitor, (c) the real power absorbed by
the resistor, (d) the reactive power delivered by the capacitor, and (e} the
load power factor.

Repeat Problem 2.12 if the resistor and capacitor are connected in series.
A single-phase source is applied to a two-terminal, passive circuit with
equivalent impedance Z = 3.0/-45" {}, measured from the terminals.
The source current is 1) = 2V'2 cos(w?) kA. Determine the (a) instan-
taneous power, (b) real power, (c) reactive power delivered by the source,
and (d} source power factor.

Let a voltage source v(f) = 4 cos(wt + 60°) be connected to an impedance
Z = 12/30° 0. (a) Given the operating frequency to be 60 Hz, determine
the expressions for the current and instantaneous power delivered by the
source as functions of time. (b) Plot these functions along with v(f) on a
single graph for comparison. (¢) Find the frequency and average value of
the instantaneous power.

15

FIGURE 2.24

Circuit for Proplem 2.9

Cupyright 2017 Cergage Learnimg, All Rights Reseoved. May mot be copied, scarmed, or duplicated, in whole or i part. Due tw electaric cghis,

suene 1

! pacty cartert may be supprissed o the ellock andior eChaptes(s), Edatorial review has dosmed that ary suppressed centent doss nol wsterizlly

allieet the overal] learmng expenence. Cengage Lesmng reserves e nght o nemove sdditional content alany e ol subsegueet eghls restnctaors reguare i,

https://jigsaw.vitalsource.com/api/v0/books/9781305886957/print?from=73 &to=82

8/22/2016



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.

76 Chapter 2 | Fundamentals

216

A single-phase, 120-¥ (rms), 60-Hz source supplies power Lo a series
R-L circuit consisting of R = 10 Q and L = 40 mH. (a) Determine
the power factor of the circuit and state whether it is lagging or lead-
ing. (b) Determine the real and reactive power absorbed by the load.
(¢) Calculate the peak magnetic energy W, stored in the inductor
by using the expression W, = L([ ) and check whether the reac-
tive power Q = w ¥, is satisfied. (Note: The instantaneous magnetic
energy storage fluctuates between zero and the peak energy. This
energy must be sent twice each cycle to the load from the source by
means of reactive power flows.)

SECTION 2.3

217

218

219

2.20

.21

Consider a load impedance of Z = jwl connected 1o a voltage and V let
the current drawn be £

(a) Develop an expression for the reactive power Q in terms of @, L, and
I, from complex power considerations.

(b) Let the instantaneous current be {f) = \/2I cos{wt + #). Oblain an
expression for the instantaneous power p(f) into L, and then express it in
terms of Q.

(c) Comment on the average real power P supplied to the inductor and
the instantaneous power supplied.

Let a series RLC network be connected to a source vollage V drawing a
current f.

(a) In terms of the load impedance Z = Z /Z, find expressions for P and
Q, from complex power considerations.

(b) Express p(1) in terms of P and Q, by choosing i(f) = V21 cos wt.

(c) For the case of £ = R + jwlL + 1 /jwC, interpret the result of part (b}
in terms of P, Qr, and Q. In particular, if @’LC = 1, when the inductive
and capacitive reactances cancel, comment on what happens.

Consider a single-phase load with an applied voltage v(t) =150 cos(wt +
10°) volts and load current i(f) = 5 cos(wt — 30°) A. (a) Determine the
power triangle. (b) Find the power factor and specify whether it is lagging
or leading. (c) Calculate the reactive power supplied by capacitors in par-
allel with the load that correct the power factor to 0.9 lagging.

A circuit consists of two impedances, Z, = 20,/30°Q and Z, = 25/60°0,
in parallel, supplied by a source voltage ¥ = 100 /60°volts. Determine the
power triangle for each of the impedances and for the source.

An industrial plant consisting primarily of induction motor loads absorbs
500 kW at 0.6 power factor lagging. (a) Compute the required kVA
rating of a shunt capacitor to improve the power factor to 0.9 lagging.
(b) Calculate the resulting power factor if a synchronous motor rated at
500 hp with 90% efficiency operating at rated load and at unity power
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factor is added to the plant instead of the capacitor. Assume constant
voltage (1 hp = 0.746 kW).

The real power delivered by a source Lo two impedances, Z, = 4 + j5
and Z; = 10 (), connected in parallel, is 1000 W. Determine (a) the real
power absorbed by each of the impedances and (b) the source current.
A single-phase source has a terminal voltage ¥ = 120/0° volts and a
current /=15 /_3&" A, which leaves the positive terminal of the source.
Determine the real and reactive power, and state whether the source is
delivering or absorbing each.

A source supplies power to the following three loads connected in par-
allel: (1) a lighting load drawing 10 kW, (2) an induction motor drawing
10 kVA at 0.90 power factor lagging, and (3) a synchronous motor
operating at 10 hp, 85% efficiency and 0.95 power factor leading (1 hp =
0.746 kW). Determine the real, reactive, and apparent power delivered by
the source. Also, draw the source power triangle.

Consider the series RLC circuit of Problem 2.7 and calculate the com-
plex power absorbed by each of the R, L, and C elements, as well as the
complex power absorbed by the total load. Draw the resultant power tri-
angle. Check whether the complex power delivered by the source equals
the total complex power absorbed by the load.

A small manufacturing plant is located 2 km down a transmission
line, which has a series reactance of 0.5 {M/km. The line resistance
is negligible. The line voltage at the plant is 480/0° V (rms), and
the plant consumes 120 kW at 0.85 power factor lagging. Determine
the voltage and power factor at the sending end of the transmission
line by using (a) a complex power approach and (b} a circuit analysis
approach.

An industrial load consisting of a bank of induction motors con-
sumes 50 kW at a power [actor of 0.8 lagging from a 220-V, 60-Hz,
single-phase source. By placing a bank of capacitors in parallel
with the load, the resultant power factor is to be raised to 0.95 lag-
ging. Find the net capacitance of the capacitor bank in wF that
is required.

Three loads are connected in parallel across a single-phase source voltage
of 240 V (RMS).

Load 1 absorbs 15 kW and 6.667 kvar;

Load 2 absorbs 3 kVA at 0.96PF leading;

Load 3 absorbs 15 kW at unity power factor.

Calculate the equivalent impedance, Z, for the three parallel loads, for
two cases:

(i) Series combination of R and X, and (ii) parallel combination of
R and X.
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229  Modeling the transmission lines as inductors, with S, = S Compute 8.,

Siis Ss3, Sy and Sy, in Figure 2.25. (Hint: complex power balance holds
good at each bus, satisfying KCL.)

FIGURE 2.25 .~ Generator -
e /7N Symbel N
System digram for Gy | ( 9
Bus A
Prablem 2.29 Number .
Say=1+j1 5 Sga=0.5+j0.5

—a 1

P o] -Load Symbal
0.4+j0.2 -0.4+j0.2 i
Bus Symbol 4 ! /! ¥

Sp=1-j1

T Spa=1+41
SIS N & "

Transmission Line
Symbaol

230 Figure 2.26 shows three loads connected in parallel across a 1000-V
(RMS), 60-Hz single-phase source.

Load 1: Inductive load, 125 kVA, 0.28PF lagging.
Load 2: Capacitive load, 10 kW, 40 kvar.
Load 3: Resistive load, 15 kW.
(a) Determine the total kW, kvar, kva, and supply power factor.
(b) In order to improve the power factor to 0.8 lagging, a capacitor of

negligible resistance is connected in parallel with the above loads. Find
the kvar rating of that capacitor and the capacitance in pF

Comment on the magnitude of the supply current after adding the capacitor.
FIGURE 2.26
T ———— ! t I ‘ L I
Circuit for Problem 2.30 | !
fo00v (* ;, ‘ L01a|d ‘ LOEad | ‘ Lo:fd

231  Consider two interconnected voltage sources connected by a line of

impedance Z = jX {}, as shown in Figure 2.27.
(a) Obtain expressions for P, and Q..
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(b) Determine the maximum power transfer and the condition for it to
oCeCur.

he Z=X

vi=Vfs ()

232 In PowerWorld Simulator case Problem 2_32 (see Figure 2.28) a 8§ MW
and 4 Mvar load is supplied at 13.8 kV through a feeder with an imped-
ance of 1 + j2 (1. The load is compensated with a capacitor whose out-
put, {1, can be varied in 0.5 Mvar steps between 0 and 10.0 Mvars.
What value of (1., minimizes the real power line losses? What value of
(), minimizes the MVA power flow into the feeder?

Source Voitage = 14,98 kV

Feeder Impedance = 1 + j2 Ohms
—)-———)-——)-——I-——)———)-———h——h——+

Power into Feeder at Source
8.42 MW +
4.84 Mvar
9.71 MVA
13.80 kv
Feeder Losses = 0.420 MW +
0.840 Mvar 8. O
T \+/ 4.0 Mvar

233 For the system from Problem 2.32, plot the real and reactive line losses as
1., 1s varied between 0 and 10.0 Mvars.

cap

234 For the system from Problem 2.32, assume that half the time the load
is 10 MW and 5 Mvar, and for the other half it is 20 MW and 10 Mvar.
What single value of Q. would minimize the average losses? Assume
that Q,,, can only be varied in 0.5 Mvar steps.

FIGURE 2.27
Circuit for Problem 2.31

FIGURE 2.28
Screen for Problem 2.32
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SECTION 2.4

2.35 For the circuit shown in Figure 2.29, convert the voltage sources to equiv-
alent current sources and write nodal equations in matrix format using
bus 0 as the reference bus. Do not solve the equations.

FIGURE 2.29 y 0.0201 j201 &
Circuit diagram for 1 VWi
Proplems 2.35 010 011
and 2.36
J510 J51k
+ -190 ~ 1 = "
Esy =10/30°V Esz=1.0/0°V
0=

236 For the circuit shown in Figure 2.29, (a) determine the 2 X 2 bus admit-
tance matrix ¥, (b) convert the voltage sources to current sources and
determine the vector of source currents into buses 1 and 2.

231 Determine the 4 X 4 bus admittance matrix ¥, and write nodal equa-
tions in matrix format for the circuit shown in Figure 2.30. Do not solve

the equations.
FIGURE 2.30 4Q
Circuit for Problem 2.37
1 1Q 2 na 3 4
AA— gt ”
=14 0
P 30 o
o

=0) g 20 Tee 3ma OF

238 Given the impedance diagram of a simple system as shown in
Figure 2.31, draw the admittance diagram for the system and develop the
4 X 4 bus admittance matrix ¥, by inspection.
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M)
.

jo.8

(a) Given the circuit diagram in Figure 2.32 showing admittances and
current sources at nodes 3 and 4, set up the nodal equations in matrix
format. (b) If the parameters are given by: ¥, = —j0.88, ¥, = —j4.0§,
Y.=—j408 Y= 808 Y =508 ¥,=—j2.58 Y, = —jl&5§,
I,=1.0/-90" A, and I, = 0.62 /—135" A, set up the nodal equations and
suggest how you would go about solving for the voltages at the nodes.

238

©

Reference

FIGURE 2.31

Systern diagram

for Problem 2.38

FIGURE 2.32

Circuit diagram
for Proplem 2.38
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SECTIONS 2.5 AND 2.6

240

24

242

243

244

245

246

A balanced three-phase 240-¥ source supplies a balanced three-phase
load. If the line current {, is measured to be 15 A and 1s in phase with the
line-to-line voltage, V., find the per-phase load impedance if the load is
(a) Y-connected, (b) A-connected.

A three-phase 25-kVA, 480-V, 60-Hz alternator, operating under bal-
anced steady-state conditions, supplies a line current of 20 A per phase
at a 0.8 lagging power factor and at rated voltage. Detlermine the power
triangle for this operating condition.

A balanced A-connected impedance load with (12 + j9) {1 per phase is
supplied by a balanced three-phase 60-Hz, 208-V source, (a) Calculate
the line current, the total real and reactive power absorbed by the load,
the load power factor, and the apparent load power, (b) Sketch a phasor
diagram showing the line currents, the line-1o-line source voltages, and the
A-load currents. Use VF,, as the reference.

A three-phase line, which has an impedance of (2 + j4) {1 per phase,
feeds two balanced three-phase loads that are connected in parallel.
Omne of the loads is Y-connected with an impedance of (30 + 740) 0} per
phase, and the other is A-connected with an impedance of (60 — j435) (0
per phase. The line is energized at the sending end from a 60-Hz, three-
phase, balanced voltage source of 120 /3 V (rms, line-to-line). Deter-
mine (a) the current, real power, and reactive power delivered by the
sending-end source; (b) the line-to-line voltage at the load; (c) the current
per phase in each load; and (d) the total three-phase real and reactive
powers absorbed by each load and by the line. Check that the total three-
phase complex power delivered by the source equals the total three-phase
power absorbed by the line and loads.

Two balanced three-phase loads that are connected in parallel are fed by
a three-phase line having a series impedance of (0.4 + 72.7) {1 per phase.
Omne of the loads absorbs 560 kVA at 0.707 power factor lagging, and the
other 132 kW at unity power factor. The line-to-line voltage at the load
end of the line is 2200 V3 V. Compute (a) the line-to-line voltage at the
source end of the line, (b) the total real and reactive power losses in the
three-phase line, and (c) the total three-phase real and reactive power
supplied at the sending end of the line. Check that the total three-phase
complex power delivered by the source equals the total three-phase com-
plex power absorbed by the line and loads.

Two balanced Y-connected loads, one drawing 10 kW at 0.8 power factor
lagping and the other 15 kW at 0.9 power factor leading, are connected
in parallel and supplied by a balanced three-phase Y-connected, 480-V
source. {a) Determine the source current. (b) If the load neutrals are
connected to the source neutral by a zero-ohm neutral wire through an
ammeter, what will the ammeter read?

Three identical impedances Z, = 30/30°( are connected in A to a bal-
anced three-phase 208-V source by three identical line conductors with
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