518 PART 2 AC Circuits
12.7 InaA-A system, aphase voltage of 100 V produces 129  Inabaanced three-phase circuit, the total
alinevoltage of: instantaneous power is equal to the average power.
(a) 58V (b) 71V (c) 100V (@) True (b) False
(@ 173V (6 141V 12.10 Thetota power supplied to abalanced A-load is
found in the same way as for a balanced Y-load.
12.8  When aY-connected load is supplied by voltagesin (@ True (b) Fase
abc phase Seguence, the line voltages lag the
corresponding phase voltages by 30°. Answers 12.1a, 12.2a, 123, 12.4a, 125b, 12.6e, 12.7c, 12.8b,
(@ True (b) False 12.9, 12.10a.
PROBLEMS'
Section 12.2 Balanced Three-Phase Voltages Section 12.3 Balanced Wye-Wye Connection
121 IfV,, =400V in abalanced Y-connected o ' . .
three-phase generator, find the phase voltages, 126  FortheY-Y c rcuit of Fig. 12.41, find the line
assuming the phase sequence is: currents, the line voltages, and the load voltages.
(@ abc (b) acb
122 What is the phase sequence of a balanced 220/0°V ]
three-phase circuit for which V,,, = 160 /30° V and o A 10Q j5Q
° i T O—MMN—TTTN—
V., = 160/ = 90° V?Find V. &
12.3  Determine the phase sequence of abalanced 220 /-120°V )
three-phase circuit in which V,,, = 208 /130° V - b B 10Q j50Q
! = O— \WW—/TTTN—
andV,, = 208 /10° V. Obtain V,,,. n @ N
124 Assuming the abc sequence, if V., = 208 /20° V 220/120° V )
in a balanced three-phase circuit, find Vs, Ve, Van, < C 1.0Q j59
— + O—AN—TTT—
and V. N\
125  Given that the line voltages of athree-phase circuit )
are Figure 1241 For Prob. 12.6.
V,, = 420 /0, Ve = 420/ — 120°
Vae = 420/120°V 12.7  Obtain the line currentsin the three-phase circuit of
find the phase voltages V., V;,,, and V. Fig. 12.42 below.
a la A

440,120° V

Figure 12.42

For Prob. 12.7.

1Remember that unless stated otherwise, all given voltages and currents are rms val ues.
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12.8

12.9

12.10

D

220/0°V

220/120° V e

Section 12.4

12.11

CHAPTER 12

A balanced Y-connected load with a phase
impedance of 16 + j9 € is connected to a balanced
three-phase source with aline voltage of 220 V.
Calculate theline current ;..

A balanced Y-Y four-wire system has phase voltages

Vi =120/0°, Vp, =120/ — 120°
V., =120,/120° V
The load impedance per phaseis 19 + ;13 ©, and

the line impedance per phaseis 1+ j2 Q. Solvefor
the line currents and neutral current.

For the circuit in Fig. 12.43, determine the current in
the neutral line.

25-j10Q

10+j5Q

20 "|'

For Prob. 12.10.

Figure 12.43

Balanced Wye-Delta Connection

For the three-phase circuit of Fig. 12.44,
I, =30,/60° A and Ve = 220,/10° V. Find V,,,,
VAB! lAC! and Z

Van Vbn
Y
n =7
N4

Ven

]
. |-
EC]Z

Figure 1244 For Prob. 12.11.

Three-Phase Circuits

12.12

@ 12.45. Teke Z, = 60,/45° Q.
I

12.13

12.14

12.15

519

Solve for the line currentsin the Y-A circuit of Fig.

a
a

For Prob. 12.12.

Figure 12.45

Thecircuit in Fig. 12.46 is excited by a balanced
three-phase source with aline voltage of 210 V. If
Z,=1+j1Q,Z,=24— 30, and

Zy = 12+ j5 Q, determine the magnitude of the
line current of the combined loads.

Z| ZY

ao I I
Zy Zs

Z| ZY
bo

Z Za Zy
co

I I

Figure 1246 For Prob. 12.13.

A balanced delta-connected load has a phase current

lac =10/ —30° A.

(a) Determine the three line currents assuming that
the circuit operatesin the positive phase
sequence.

(b) Calculate the load impedanceif the line voltage
isVap =110/0° V.

In awye-delta three-phase circuit, the sourceisa
balanced, positive phase sequence with

V,, = 120 /0° V. It feeds a balanced load with

Zx =9+ j12 Q per phase through a balanced line
withZ, = 1+ j0.5 Q per phase. Calculate the
phase voltages and currentsin the load.
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520 PART 2 AC Circuits

12.16 If V,, = 440/60° V in the network of Fig. 12.47, 12.18 Refer tothe A-A circuitin Fig. 12.49. Find theline
find the load phase currents | 45, | 3¢, and | c4. and phase currents. Assume that the |oad impedance

is12+ j9  per phase.

Three-phase,
Y-connected
generator
la
(+) phase — A
sequence IAB/
Z 7z
_ 210/120°V 210/0°V L
Figure 1247 For Prob. 12.16.
| b \ | CA
—_—
Section 12.5 Balanced Delta-Delta Connection ‘ B _>- c
o ] 210/-120°V Ic lge 2L
12.17 For the A-A circuit of Fig. 12.48, calculate the —_—
phase and line currents.
@ Figure 1249 For Prob. 12.18.
a A
30Q
@ w300V
100 12.19 Findthelinecurrentsl,, |, and 1. in the three-phase
b 30Q network of Fig. 12.50 below. Take
173120V @) B Za=12—j15Q,Zy = 4+ j6Q,
300 j10Q anng=252.
‘ 173/4120° V 12.20 A balanced delta-connected source has phase
) voltage V,, = 416,/30° V and a positive phase
j100Q sequence. If thisis connected to a balanced
delta-connected load, find the line and phase
c C currents. Take the load impedance per phase as
60,30° €2 and line impedance per phase as
Figure 1248 For Prob. 12.17. 1+ /1Q.
Z| Ia A
0
z
Za T\ Z,
208/120°V 208/0°V
z b z z
Y Y
€ . - c
208/-120°V 7z, Zp
—
0

Figure 1250 For Prob. 12.19.
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CHAPTER 12 Three-Phase Circuits 521

Section 12.6 Balanced Delta-Wye Connection 12.23 Inabalanced three-phase A-Y circuit, the sourceis
- . . _ " connected in the positive sequence, with
12.21 Inthecircuit of Fig. 12.51,if V,, = 440.{ 10°, . V,, = 220 f20° VandZ, = 20+ j15Q. Find the
Ve = 440,/250°, V., = 440,/130° V, find the line line currents.
currents.

12.24 A delta-connected generator supplies a balanced
wye-connected load with an impedance of

a 3+)2Q i» 30/ — 60° Q. If theline voltages of the generator
— have a magnitude of 400 V and are in the positive
phase sequence, find the line current 7, and phase
Vi 10-j8Q voltage V,, at the load.
3+j2Q b 10-j8Q ) )
Vi G} b o Section 12.7 Power in a Balanced System
12.25 A balanced wye-connected load absorbs a total
Vi 10-j8Q power of 5 kW at aleading power factor of 0.6 when
3+j20 l¢ connected to aline voltage of 240 V. Find the
[ E impedance of each phase and the total complex

power of the load.

12.26 A balanced wye-connected load absorbs 50 kVA at a
0.6 lagging power factor when the line voltage is
440 V. Find the line current and the phase

Figure 1251 For Prob. 12.21.

12.22 For the balanced circuit in Fig. 12.52, impedance.
V., = 125/0° V. Find the line currents | 4, 1,5, _
and | c. 12.27 A three-phase source delivers 4800 VA to a

wye-connected |oad with a phase voltage of 208 V
and a power factor of 0.9 lagging. Calculate the

LLA, A source line current and the source line voltage.
12.28 A balanced wye-connected load with a phase
% 240Q impedance of 10 — j16 Q is connected to a balanced
Three-phase, 150 three-phase generator with aline voltage of 220 V.
A-connected Determine the line current and the complex power
generator N 150 absorbed by the load.

apower factor of 0.6 leading. If the line voltage is
208V, calculate the line current 7, and the load
impedance Zy .

12.30 Giventhecircuit in Fig. 12.53 below, find the total
Figure 12.52  For Prob. 12.22. complex power absorbed by the load.

. 240 12.29 Thetotal power measured in athree-phase system
I N P! p Sy
géf;af: b -5 ;\NZKA' 9 1150 c feeding a balanced wye-connected load is 12 kW at
B
IcC
—

C

110/0°V

Figure 12,53 For Prob. 12.30.
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522 PART 2

12.31 Findtherea power absorbed by theload in Fig.
12.54.

-6 Q
100/120° V (5 i 100@ \Y
A
N\
100 /-120° v

Figure 12.54  For Prob. 12.31.

(9]

12.32 For the three-phase circuit in Fig. 12.55, find the
average power absorbed by the delta-connected |oad

WithZ, = 21 + j24 Q.

100/0°V rms

10  jos5Q

100,/-120° V rms 10 050

100120° V rms

10 jo5Q

Figure 12.55

For Prob. 12.32.

12.33 A balanced delta-connected load draws 5 kW at a
power factor of 0.8 lagging. If the three-phase
system has an effective line voltage of 400 V, find

the line current.

A balanced three-phase generator delivers 7.2 kW to
awye-connected load with impedance 30 — j40 Q
per phase. Find the line current 7; and theline
voltage V;.

12.34

12.35 Refer to Fig. 12.46. Obtain the complex power

absorbed by the combined loads.

A three-phase line has an impedance of 1 + j3 Q
per phase. The line feeds a balanced
delta-connected load, which absorbs atotal complex
power of 12 + ;5 kVA. If theline voltage at the load
end has a magnitude of 240 V, calculate the
magnitude of the line voltage at the source end and
the source power factor.

12.36

12.37 A balanced wye-connected load is connected to the
generator by a balanced transmission line with an
impedance of 0.5 + j2 Q per phase. If theload is
rated at 450 kW, 0.708 power factor lagging, 440-V

line voltage, find the line voltage at the generator.

12.38 A three-phase load consists of three 100-<2 resistors
that can be wye- or delta-connected. Determine

which connection will absorb the most average

AC Circuits

power from athree-phase source with aline voltage
of 110 V. Assume zero line impedance.

12.39 Thefollowing three parallel-connected three-phase
loads are fed by a balanced three-phase source.
Load 1: 250 kVA, 0.8 pf lagging
Load 2: 300 kVA, 0.95 pf leading
Load 3: 450 kVA, unity pf
If theline voltage is 13.8 kV, calculate the line
current and the power factor of the source. Assume
that the line impedance is zero.

Section 12.8 Unbalanced Three-Phase Systems

12.40 For thecircuitinFig. 12.56,Z, =6 — j8 L,
Z,=12+ j9Q,and Z. = 15 Q. Find theline
currentsl,, I,, and ..

a2z,
%) 150/0°V
Iy Zy
1504120°v<:> >
¥ 150/-120°V I, z,
—

Figure 12.56  For Prob. 12.40.
12.41 A four-wire wye-wye circuit has
Vi =120/120°,  V,, =120/0°
V., =120/ —120° V
If the impedances are
Zu;y=20/60°,  Zpyy=30/0°
Z.,=40/30° Q

find the current in the neutral line.

12.42 For the wye-connected load of Fig. 12.57, theline
voltages all have amagnitude of 250 V and arein a
positive phase sequence. Calculate the line currents

and the neutral current.

la 40,60° Q

(e

| S|

| a o

b 60,/-45° Q
o I

lc 20/0° Q
o I

In

—_—

e,
Figure 12.57  For Prob. 12.42.
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CHAPTER 12 Three-Phase Circuits 523

12.43 A delta-connected load whose phase impedances are 12.49 Giventhecircuitin Fig. 12.61, use PSpiceto
Zsp=50Q,Zpc =—j50Q,andZc4 = j50 Q2 is determine currents|,, and voltage V.
fed by abalanced wye-connected three-phase source @
with vV, = 100 V. Find the phase currents.

240/0°V ) .
12.44 A balanced three-phase wye-connected generator a 4Q j3Q A 100 j150
with V,, = 220 V supplies an unbalanced _< >—WW_°°°
wye-connected load with Z,y = 60+ ;80 €,
ZBN=100_]12091andZCN=30+]4OQ —1369 B E ]369

Find the total complex power absorbed by the load.
240 /-120°V . .
12.45 Refer to the unbalanced circuit of Fig. 12.58. ROV 40 3Q | g 10Q j15Q

Calculate: n —@——— W — T ———WW—TTT— N

(@) thelinecurrents

(b) thereal power absorbed by the load -36Q ==
(c) thetotal complex power supplied by the source /120°
240/120° V. 40 j3Q 10Q j15Q
a A —@——w—m W
440,/0°V (%, j100e
b B ' : . 12.49.
A L sq Figure 12,61 For Prob. 12.49
o 440 /-120°V
44021207V (8 200 1250 Thecircuit in Fig. 12.62 operates at 60 Hz. Use
c C PSpice to find the source current | ., and the line
current | 5.

Figure 12.58  For Prob. 12.45.

Section 129  PSpice for Three-Phase Circuits a 1Q 2mH A 160
12.46 Solve Prob. 12.10 using PSpice.

12.47 Thesourcein Fig. 12.59 is balanced and exhibits a
positive phase sequence. If f = 60 Hz, use PSpice

tofindV sy, Vey, andVey. 110,/120°V C_D

Figure 12.62  For Prob. 12.50.

Figure 12,59 For Prob. 12.47. 12,51 For thecircuit in Fig. 12.54, use PSpiceto find the
12.48 Use PSpiceto determinel, in the single-phase, line currents and the phase currents.
?refvlvgric[rlcg 'StZOfZFIg' %Sioé‘gt Q and 12.52 A balanced three-phase circuit is shown in Fig.
Zl — 124 1.5 Q ez J ! 12.63 on the next page. Use PSpiceto find the line
8= I % @currentslg,,,lbg,andlcc.
4Q

l | Section 12.10  Applications
o

220,0°V 12,53 A three-phase, four-wire system operating with a
208-V linevoltage is shown in Fig. 12.64. The
D Z; source voltages are balanced. The power absorbed
L by the resistive wye-connected load is measured by

the three-wattmeter method. Calculate:
(a) thevoltageto neutra

(b) thecurrentsly, I, 13, and |,

(c) thereadings of the wattmeters

Figure 12.60  For Prob. 12.48. (d) thetotal power absorbed by the load

220/0°V
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06Q

02Q

j10

O.ZQ§
leE b

240,/130°V (D 10

02Q

2040V @ 64 050

Figure 1263 For Prob. 12.52.

j05Q A
AN—TT

48Q

60 Q

Figure 12,64 For Prob. 12.53.

Asshown in Fig. 12.65, athree-phase four-wire line
with a phase voltage of 120 V supplies abalanced
motor load at 260 kVA at 0.85 pf lagging. The
motor load is connected to the three main lines
marked a, b, and c. In addition, incandescent lamps
(unity pf) are connected as follows: 24 kW from
line a to the neutral, 15 kW from line b to the
neutral, and 9 kW from line a to the neutral.

(a) If three wattmeters are arranged to measure the
power in each line, calculate the reading of each
meter.

(b) Find the current in the neutral line.

* An asterisk indicates a challenging problem.

12.55

12.56

- 200 § 300
B
= —j20Q
30Q
= —j20Q
c
ao
bo
co
do Motor load
260 kVA,
0.85 pf, lagging

24kW 15kW 9kwW
Lighting loads

Figure 12,65 For Prob. 12.54.

Meter readings for a three-phase wye-connected
alternator supplying power to a motor indicate that
the line voltages are 330 V, the line currents are
8.4 A, and the total line power is 4.5 kW. Find:

(a) theloadin VA

(b) theload pf

(¢) the phase current

(d) the phase voltage

The two-wattmeter method gives P; = 1200 W and
P, = —400 W for athree-phase motor running on a
240-V line. Assume that the motor load iswye-
connected and that it draws aline current of 6 A.
Calculate the pf of the motor and its phase
impedance.
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CHAPTER 12 Three-Phase Circuits 525
12.57 InFig. 12.66, two wattmeters are properly 12.60 Predict the wattmeter readings for the circuit in Fig.
connected to the unbalanced load supplied by a 12.68.
balanced source such that VV,, = 208 & V with
positive phase sequence. . Wi z
(a) Determinethe reading of each wattmeter. — T I
(b) Calculate the total apparent power absorbed by §
the load. 208/0°V
z
W
2
208/-60°V
N .| Z=60-j30Q
T ——
Figure 12,68 For Prob. 12.60.
. 12.61 A man has abody resistance of 600 €2. How much
Figure 12,66 For Prob. 12.57. current flows through his ungrounded body:
12.58 |If wattmeters Wy and W, are properly connected (8) when he touches the terminals of a 12-V
respectively between linesa and » and lines b and ¢ autobattery?
to measure the power absorbed by the (b) when he sticks his finger into a 120-V light
delta-connected load in Fig. 12.44, predict their socket?
readings 12.62  Show that the 72R losses will be higher for a 120-V
12.59 For the circuit displayed in Fig. 12.67, find the appliance than for a 240-V appliance if both have
wattmeter readings. the same power rating.
Wy
+
£11A s
240/-60°V é z
% m Dz=1o+1309
240,/-120°V % z
+ +
-
Figure 12.67  For Prob. 12.59.
COMPREHENSIVE PROBLEMS
12.63 A three-phase generator supplied 3.6 kVA at a 12.65 A balanced three-phase generator has an abc phase

12.64

power factor of 0.85 lagging. If 2500 W are
delivered to the load and line losses are 80 W per
phase, what are the losses in the generator?

A three-phase 440-V, 51-kW, 60-kVA inductive load
operates at 60 Hz and is wye-connected. It is
desired to correct the power factor to 0.95 lagging.
What value of capacitor should be placed in parallel
with each load impedance?

sequence with phase voltage V,,, = 255,/0° V. The
generator feeds an induction motor which may be
represented by a balanced Y-connected load with an
impedance of 12 + ;5  per phase. Find the line
currents and the load voltages. Assume aline
impedance of 2 Q2 per phase.
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12.66 Three balanced loads are connected to a distribution 12.69 Design athree-phase heater with suitable symmetric

line as depicted in Fig. 12.69. Theloads are loads using wye-connected pure resistance. Assume
Transformer: 12 kVA at 0.6 pf lagging that the heater issupplied by a240-V line voltage
Motor: 16 KVA at 0.8 pf lagging and isto give 27 kW of heat.
Unknown load: — — —— 12.70 For the single-phase three-wire system in Fig. 12.71,
If the line voltage is 220 V, the line current is 120 A, find currents |l 4, 1,5, and 1 ,y.
and the power factor of the combined load is 0.95 10
lagging, determine the unknown load. a A
O
120/0°V rms 24-j2Q
° oy ms @ B
o n N
120,0°V rms (&) 15+j4Q
]Transformer\ ]Motor\ ]Unknovvn Load\ b B
Figure 1269 For Prob. 1266, Figure 12,71 For Prob. 12.70.
12.67 A professiond center is supplied by abdanced 12.71 Consider the single-phase three-wire system shown

three-phase source. The center has four plants, each in Fig. 12.72. Find the current in the neutral wire

abalanced three-phase load anO”_QNS: and the complex power supplied by each source.
Load 1: 150 kVA at 0.8 pf leading Take V, asa115,/0° -V, 60-Hz source.
Load 2: 100 kW at unity pf
Load 3: 200 kVA at 0.6 pf lagging 10
Load 4: 80 kW and 95 kVAR (inductive) AW

If the line impedanceis 0.02 + j0.05 2 per phase Y e
and the line voltage at the loads is 480 V, find the s
magnitude of the line voltage at the source.

*12.68 Figure 12.70 displays a three-phase delta-connected
motor load which is connected to aline voltage of Vs e
440V and draws 4 kVA at a power factor of 72 1Q
percent lagging. In addition, asingle 1.8 kVAR WW
capacitor is connected between lines a and b, while )
a800-W lighting load is connected between line ¢ Figure 1272 For Prob. 12.71.
and neutral. Assuming the abc sequence and taking
Var =V, & find the magnitude and phase angle
of currentsl,, I,,1.,and1,,.

20Q
20 15Q

Iy L 1.8KkVAR
HE

O

C o— Motor load
4KkVA,
do_—— pf = 72%, lagging

800 W lighting load

Figure 12.70  For Prob. 12.68.

Go to the Student OLC
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