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ET 332b
COMPLEX NUMBER ARITHMETIC HOME WORK

Convert the following complex numbers from polar to rectangular form. Show work
for full credit. All angles are in degrees.

1)  120£120 =
2) 60450 =_
3) 15£-36.6 =
4) 5,90 =

Convert the following complex numbers from rectangular to polar form.

5.) 30+j40 =

6.) 25+0 =

7.) -46-95 =

8.) 45-j45 =

Add the following complex numbers. Show result in rectangular form.

9.) 1704-60 + (75+10) =

10.) (B7+j38) + (100-j50) =

11.)  (-12-75) + (37+0) =

12.) 9.434./58 + 9.849./-24 =

Spring 1999 cpmathhw.wp$5
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Subtract the following complex numbers. Show the results in rectangular form.

13.)  (15+2) - (3+j12) =

14.)  (21-j50) - (11-j23) =

15.) 6.4451.34 -10£180 =

16.) (6+j0) - (0+j9) =

Multiply the following complex numbers. Show the results in polar form.
17.) (120£-120 )o(52-30 ) =

18.) (12040 )o(7.5,-36.7 ) =

19.) (54£-90)eo(104£90) =

20.) (452180 )o( 90./-60 ) =

Divide the following complex numbers. Show the results in polar form.
21.) (1£0)1(5£-24) =

22.) (40+4j30) /( 2£75) =

23.) (4-4) 1 (3-i8) =

24)) (10£240)/(2£120) =

25)) (2£75)/(7-J10) =

Spring 1999 2
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Invert the following complex numbers. Show the results in polar form

26.) 1/(4«L78)=__

27.) 1/(10£-22) =

28.) 1/(4+j5) =

29.)  1/(-3-8) =

30.) 1/(5-9) =

Take the conjugate of the following numbers. Show the results in polar form
31.) (6-4)* =

32) (3445 =

33.)  (749)* =

Spring 1999 3 cpmathhw.wp5
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ET 332b
Single Phase Ac Circuit Analysis

The circuit below has the following component values:

Ri=30Q X1=50
R,=10Q Xe=7Q Xe=500Q

E=240/0°

FINd the 1otal source curreitt It and the voliage between tite points A and B on the
diagram below. (Voltage across equivalent of all components Ry, X2, and X¢.)

ARAA
Yve

Spring 2012 sglephhw1.docx



ET 332b
Single Phase AC Power Homework
In the circuit below:
1. find the active and reactive power absorbed by the circuit

2. draw the power triangle for the circuit

w

find the power factor of the circuit

s

find magnitude of the current from the source

V=2004£0 X,=24Q X =35Q
R=17Q

Rev Spring 1999 spghw.wp5



S 4 ET 332b
i Power Factor Calculations

A load is connected to a voltage source operating at 60 Hz and 1320 volts. The load
dissipates 100 kW with a power factor of 0.867 lagging. Specifiy the capacitance in
microfarads to correct the load power factor to:

a.) 0.895 lagging
b.) 0.95 leading

Spring 1999 pfhw.wp5
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ET 332b
3 Phase System Homework

For the circuit given below, compute:

a.) the magnitude of line-to-neutral voltage

b.) the magnitude of the line current and the phase current
c.) the total apparent power absorbed in the circuit

d.) the power factor for the circuit

35 0
208 V| |

- jsoaq
o W /
WAYW— €
350 - J20Q - js0n

neutral

35 0

Rev. January , 1999 hw3phs1.wp5



ET 332b
3 Phase System Homework

A three-phase wye connected load absorbs 24 kW with a power factor of 0.8 lagging.
The line-to-line voltage is 6900 V. Find:

a.) the line-to-neutral voltage of the load
b.) total apparent power, S, absorbed by the load
c.) line current and phase current magnitudes

§900 V.

Rev. Spring 1999 hw3phs3.wp5
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3 Phase System Homework
For the circuit given below, compute:

a.) the magnitude of line-to-neutral voltage

b.) the magnitude of the line current

c.) the total apparent power absorbed in the circuit
d.) the apparent power absorbed in one phase

e.) the power factor of the load

jsa 35 q

4.16 kV VLL

at |
ne ro

Rev. Spring 1999

hw3phs4.wp5



ET 332b
3 Phase System Homework

For the circuit given below, compute:

a.) the magnitude of phase voltage
b.) the magnitude and phase angle of the line currents and the phase currents

c.) the total apparent power absorbed in the circuit
d.) the power factor for the circuit

Assume that V,, is the zero reference phasor. V,, phase angle is -120 degrees and V,,
phase angle is 120 degrees

Rev. February 2012 hw3phs2.wpb



ET 332b
Three-Phase Power Calculations

A 480 V line-to-line 60 Hz 3-phase power system supplies three loads:

1.) A 3-phase delta connected induction motor that has a line current of 200 A at
a power factor of 70% lagging.

2) A 3-phase delta connected 100 hp induction motor. This motor is operating at
80% of its rated power output and has an efficiency of 92% and a power factor
of 0.80 lagging.

3.) A delta connected resistive heater that draws 50 kW from the 3-phase supply.

For this system:
a.) Find the total P Q, S and power factor for the combined loads
b.) Find the per phase voltage rating and value of capacitance for a delta
connected capacitor bank that is used to correct the power factor of the
combined loads to 0.95 lagging.
c.) Find the magnitude of line current for the total connected load when:
1.) power factor is that computed in part a
2.) power factor is corrected to 0.95

Spring 1898 pfcorr.wp5
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ET 332b
Three Phase Connections

Consider the system show below. The delta-connected load is balanced and made up
of three impedances that have Z = 27.7 £ -40° ohms per phase. The wye-connected
source voltages are V,, = 277.1 £0° V, V,, = 277.1 £-120° V, and

V., =277.1 £120° V. Determine:

a.) The phasor load voltages V,, V,, and V,
b.) The phasor load phase currents I, 1,, and I,
c.) The phasor line currents 1, 1, and I,

L1

Le

L3

Spring 1999 wyedhw.wp5



ET 332b
Homework
Motor Load Torque Speed Curves

Selecting motors in practice requires knowledge of the torque-speed or power-speed
characteristic of the load. Simple load examples were given in the lecture. Most
motors are used to drive industrial devices such as axial flow and centrifugal flow
pumps and blowers. These devices have a torque-speed characteristic given by

= 2
T, =cn

This equation shows that the toque of these devices is proportional to the square of
the speed. The graph below shows the characteristics of a three-phase induction
motor and a typical axial flow device plotted together. Where the two curves intersect
is the operating point for the motor load combination. The motor will drive the load
with is torque and speed.

From these plots determine: a.) the maximum torque that the motor can develop, b.)
the torque that the motor develops when its shaft speed is zero, c.) the horsepower
that the motor must have to drive the pump.

Torques Speed Curve of Motor and Load
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ET 332b
Energy and Demand Measurement Homework

The following meter reading was seen on October 1, 1997 on a customers meter.

1 0 g 9 0 1 0 9 9 0 4
2 /8 8 2 a\ 8 8 2
3 7)\7 /3] \3 7) \7 3
45 6 65 4 45 © 65 4
10-1-97 Meter Reading

On October 30, 1997 the meter was read again and the dials on the meter were as
shown below.

e\
456 654 46

10-30-97 Meter Reading

Find the following:

The meter reading on 10-1-97

The meter reading on 10-30-97

The total energy usage for the period from 10-1 to 10-30
(Assume that the meter is scaled like the class example)

If the above meter is coupled to the load through instrument transformers with the
following ratings:

potential circuit: 13.8 kV / 115 Vac
current circuit: 1200/5 A connected on the 800/5 tap

Find the following: PTR= CTR =

Fall 1997 meterhw.wp5



Power Ratio
The total energy consumed with the meter readings from 10-1 and 10-30.
The an estimate of the instantaneous demand is made with the above meter. The

meter has a k, of 7.2 Whi/rev. The meter disk makes 20 revolutions in 12.5 seconds.
What is the value of D, for this case? (Show work for credit.)

What is the demand if the meter is connected to the load through the instrument
transformers above? (Show work for credit.)

Fall 1897 meterhw.wp5



84 | Chapter 2

Sketch the appropriate equivalent circuit
step-down operation, determine (a) the m
Joss component of exciting current; b
power factor; (d) the eddy-current losses.

2-715 The hysteresis and eddy-current losses for a 75-kVA, 480—120 V, 60-Hz

transformer are 215 W an
2.5 percent rated current,
mode. Sketch the appropriate equivalent circuit and phasor diagram and
determine (a) the exciting current;
reactive power input at no load.
A 480—120-V, 60-Hz transtormer has its high-voltage winding connected
to a 460-V system, and its low-voltage winding connected to a 24/32.8°-0)
load. Assume the transformer is i
(b) secondary current; (¢) primary curren
mary terminals; (¢) active, reactive, and app
A 7200—240-V, 60-Hz transformer is connected for step-up operation, and
aldd /ilg’_-ﬂ load is connected to the secondary. Assume the transformer is
ideal and the input voltage is 220 V at 60 Hz. Determine (a) secondary volt-
age; (b) secondary current; (c) primary current; (d) input impedance at pri-

2-8/8

2-9/8

2-10/8

2-11/8

2-12/10

2-13/10

mary terminals of transformer;
input to the transformer.

A 200-kVA, 2300—230-V, 60-Hz transformer operating at rated voltage in
the step-down mode is supplying 150 kVA at 0.654 power-factor lagging.
Assume the transformer is ideal. Determine (a) secondary current; (b) im-
pedance of the load: (¢) primary current.

A 50-Hz ideal transformer with a 5-to-1 turns ratio has a low-side currentof
A when operating in the step-down mode and feeding a load
impedance of 8/32° Q). Sketch the circuit and determine (a) low-side volt-
age; (b) high-side voltage; (c) high-side current; (d) active, reactive,
apparent power input to the transformer.

A 100-kVA, 60-Hz, 7200—480-V, single-phase transformer has the fol-

15.6/—32°

lowing parameters.

in ohms:

Ruys =

Rus =
Ris =

Determine the equivalent impedance of the transformer (a) referred
high side; (b) referred to the low side.

A 30-kVA, 60-Hz, 2400—600-V transformer has the following parametefs

1.86

R = 0.15

and phasor diagram and, assuming
agnetizing current and the core-
) the exciting cusrent; (c) the no-load

d 115 W, respectively. The magnetizing current is
and the transformer is operating in the step-up

(b) the no-load power factor; (c) the

deal. Determine (a) the secondary voltage;
t; (d) input impedance at the pri-
arent power drawn by the load.

(e) active. reactive, and apparent power

and

2080  Xys = 6520
00210  Xis=0031Q

to the

XHS = 341 XI\I.HS = 4962
XLS 0.28 Rl'c.HS = 19.501

i



5,3 Transformer Principles | 85

A
g Determine the equivalent impedance of the transformer (a) referred to the
H high side; (b) referred to the low side.

2-14/10 A single-phase, 25-kVA, 2200— 600-V, 60-Hz transformer used for step-
down operation has the following parameters expressed in ohms:

0 XM.HS = 5011

5 Rions = 18,694

N

[§e]

RHS = 1.40 XHS =3,
RLS =0.11 XLS = 0.

[N

Sketch the appropriate equivalent circuit and determine (a) the input volt-
age required to obtain an output of 25 kVA at 600 V and 0.8 power-factor
lagging: (b) the load component of primary current: (¢) the exciting current.

\’% 2-15/10 A 100-kVA, 60-Hz, 7200—480-V. single-phase transformer has the fol-
lowing parameters expressed in ohms:
RHS = 3.06 XHS = 6.05 XAI.HS = 17,809
RLS 0014 XLS 0027 Rfe.HS = 71‘400

Il
il

The transformer is supplying a load that draws rated current at 480 V and
75 percent power-factor lagging. Sketch the appropriate equivalent circuit
and determine (a) the equivalent resistance and equivalent reactance referred
to the high side; (b) the input impedance of the combined transformer and
load: (c¢) the load component of high-side current; (d) the input voltage to
the transformer; (e) the exciting current and its components: (f) the input
impedance at no load.

2-16/10 A 75-kVA. 60-Hz. 4160—240-V. single-phase transformer operating in
the step-down mode is feeding a 1.45/—38.74°-Q) load at 270 V. The
transformer parameters expressed in ohms are:

Rs = 0.0072° Xis= 0.0128
RHS =2.16 XHS = 3.84

Sketch the appropriate equivalent circuit and determine (a) the equivalent
impedance of the transformer referred to the high side; (b) the input imped-
ance: (c) the voltage impressed at the high-side terminals that results in a
load voltage of 270 V. (d) Sketch the phasor diagram for the low-side volt-
age and current, and determine the power factor at the high side of the

transformer.
2-17/11 The parameters for a 250-kKVA, 2400—480-V, single-phase transformer
i operating at rated voltage, rated kVA, and 0.82 power-factor lagging, are

Xeqns = 1.08 Q and Ryqus = 0.123 Q). The transformer is operating in the
step-down mode. Sketch the appropriate equivalent circuit and determine
(a) the equivalent Jow-side parameters; (b) the no-load voltage: (c) the volt-

age regulation at 0.82 power-factor lagging.

2-18/11 Re-solve Problem 2-17/11(b) and (c) assuming operation in the step-up
mode and 0.70 power-factor leading.



ET 332B
Per Unit Homework Problems

1.) A single phase 60 Hz control voltage transformer is rated at 500 VA, 480-120 volts.
It has a total winding impedance in terms of the secondary side of 0.125 +0.355j
ohms. Compute the per unit winding impedance of the transformer based on the
transformer power rating and the rated secondary voltage.

2.) Refer the impedance give in problem 1 to the primary side. Repeat problem 1 using
the rated primary voltage as the voltage base. Compare and comment on the
results of the two calculations.

3.) A 10 kVA, 2400-120 volt transformer has a percent winding impedance of
1.25+2.5J% based on transformer power and voltage ratings.

a.) Find the winding impedance in ohms based on the rated transformer primary

voltage.
b.) Find the winding impedance in ohms based on the rated transformer secondary

voltage.

4.) The circuit shown below has a base voltage of 120 Vac and a base power of 1000

VA.
a.) Find the per unit current phasor, |, flowing through the capacitor.

b.) Find the per unit voltage drop phasor, V,, across the inductor.
c.) Convert the per unit values from parts a and b into capacitor current in amps and

the inductor voltage in volts.

9Q
M\

A o
120V | 2010

@ Co1jet v

AY
/

5.) The system below has a base voltage of 240V and a base power of 25 kVA find the
source voltage (in actual volts) required to maintain 1 p.u. voltage on the load with
the indicated current flowing.

Zs=2.25+3.42j% Z1=0.5+0.75j% VL=1 -oéoo p.u
——MVA——Y Y'Y MV

@ V=2 [1Lj=0.65 p.u. Load
$ Fo=0.92
Lag

Spring 2014 puprobs.docx
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2-19/11 A 333-kVA, 60-Hz, 4160—:2

2400-V transformer operating in the step-
down mode has an equivalent resistance and equivalent reactance referred

to the high side of 0.5196 () and 2.65 (L. respectively. Assume operation is
at rated voltage, rated load. and 0.95 power-factor leading. Sketch the ap-
a) the no-load voltage, (b) the

propriate equivalent circuit and determine (
voltage regulation; (C) the combined input impedance of the transformer
and load.

2-20/11 A 100-kKVA, 4800— 480-V, 60-Hz. single-phase distribution transformer

has 6 V/turn and an equivalent impedance referred to the high side of
8.48/71° Q). The transformer is operating in the step-down mode supplying
a 50-kVA, unity power—factor load at 480 V. Determine (a) the output volt-
age when the load is removed; (b) the inherent voltage regulation of the
transformer when operating at 78 percent power-factor lagging. Note: By
definition. inherent voltage regulation infers rated kVA.

2-21/11 A 37.5-kVA, 6900—230-V. 60-Hz, single-phase transformer is operating
in the step-down mode at rated load. rated voltage. and 0.68 power-factor
lagging. The equivalent resistance and reactance referred to the low side are
0.0224 O and 0.0876 Q. respectively. The magnetizing reactance and
equivalent core-loss resistance (high side) are 43.617 Q and 174,864 ), re-
spectively. Determine (a) the output voltage when the load is removed;
(b) the voltage regulation: (c) the combined input impedance of transformer
and load: (d) the exciting current and input impedance at no load.

2-22/11 A 500-kVA, 7200—600-V. 60-Hz ransformer is operating in the step-
down mode at rated kVA and 0.83 power-factor lagging. The output voltage
when the load is removed is 625 V. Determine the equivalent impedance of
the transformer referred to the high side (assume the equivalent resistance is
negligible). Hint: Draw a phasor diagram showing L, E, V, and the imped-

ance drop. Use trigonometry to solve for IX,, and then determine Xeq-

A 25-kKVA. 480—120-V. 60-Hz transformer has a 2.1 percent impedance.
Determine (a) the equivalent impedance referred to the high side; (b) the

equivalent impedance referred to the low side.
-24/12 The percent impedance and the percent resistance of a 25-kVA. 7200—
600-V. 60-Hz transformer are 2.3 and 1.6 percent. respectively. Determine
(a) the percent reactance: (b) the equivalent resistance. equivalent 1eac
tance, and equivalent impedance referred to the high side; (¢) repeat (b) for .
the equivalent low-side values.
2.25/12 A 500-kVA. 7200—240-V. 60-Hz transformer with
ance was severely damaged as a result of a dead short acro
terminals. Determine (a) the short-circuit current; (b) the require
impedance of a replacement transformer that will limit the low-si
circuit current to 60,000 A.
A 167-kVA, 60-Hz. 600—240-V. 60-Hz, 4.1 percent impedance distribd”

h 46 turns on the high side is operating at rated load and_
ltage regulation; (b) th

[\

a 2.2 percent imped-
ss the secondary -
d percent ‘
de short-

2-26/12
tion transformer wit
0.82 power-factor lagging. Determine (a) the vo
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50-Hz system, with the restriction that it maintain the same maximum core
flux and the same total losses. Determine (a) the new voltage rating; (b) the
new kKVA rating.

2-35/13 A75-kVA,450— 120-V, 60-Hz, single-phase transformer has percent resis-

tance and percent reactance of 1.75 and 3.92, respectively. Its efficiency
when operating at rated voltage, rated frequency, and rated load at 0.74
power-factor lagging 18 97.1 percent. Determine (a) the core loss; (b) the
core loss and efficiency if the transformer is powered at the same voltage,
load, and power factor, butat 50 Hz. Assume the core-loss ratio P,,: P,is 2.5.

2-36/13 A 200-kVA, 7200—600-V. 60-Hz transformer is operating at rated load

and 90 percent power-factor lagging. The core loss, resistance, and reac-
tance of the transformer, expressed in per-unit values, are 0.0056, 0.0133,
and 0.0557, respectively. Determine (a) the efficiency: (b) the inherent volt-
age regulation; (c) the efficiency and regulation at 30 percent load and
80 percent power-factor lagging.

2-37/13*% A 50-kVA, 2300—230-V, 60-Hz transformer supplies a 0.8 lagging power-

factor load whose kVA is adjustable from no load to 120 percent rated KVA.
The percent resistance, percent reactance, and percent core loss are 1.56,
3.16. and 0.42, respectively. For 7_KVA increments of load, tabulate and
plot the efficiency of the transformer from no load to 120 percent rated load.

2-38/14 A short-circuit test performed on a 150-kVA, 4600—230-V, 60-Hz trans-

former provided the following data:
VSC = 182 A% ]SC = 328 A PSC = 1902 W

Determine (a) per-unit resistance and per-unit reactance; (b) regulation
when operated at 0.6 power-factor lagging.

2-39/14 The following test data were obtained from short-circuit and open-circuit

tests of a 50-kVA, 2400—600-V, 60-Hz transformer.
VOC = 600V VSC = 764\7
IOC = 334 A ISC = 208 A
POC=484W PSC=754\IV

Determine (a) the equivalent high-side parameters; (b) regulation; (¢) effi-
ciency at rated load and 0.92 power-factor lagging.

2-40/14 Data from short-circuit and open-circuit tests of a 25-kVA. 6900—230-Y,

60-Hz transformer are:
Voc = 230V Vse = 513V
IOC - 54A ISC = 36 A
POC:26OW PSC=465W

Determine (a) the magnetizing reactance referred to the high side; (b) th?
per-unit parameters; (c) efficiency; (d) voltage regulation at 0.65 per-unit




ET 332b
Three Phase Transformer Connection Homework

Three single phase transformer are to be connected to form a three phase bank. The
bank will supply a combined single and three phase load of 225 kVA. (Assume that the
single phase load is equally divide between all phases) The primary side connects to a
12.47 kV system and the secondary side is grounded wye connected. The secondary
voltage levels are to be 277/480 V. Each winding in the secondary is rated at 277 V.

1.) Draw the necessary connections in the figure to achieve a 12.47 kV delta /
277/480 V grounded wye secondary connection with 30° phase shift across the
bank. Use T1 for phase A, T2 for phase B, and T3 for Phase C.

2.)  Whatis the turns ratio of each of the single phase transformers in the bank?

3.)  What should the power rating of each of the three transformers be to handle the
anticipated bank load?

1247 kV  delta

J. >

()]

=z

2777480 V  Wye Grounded

Spring 2002 3phtxhw.wp5
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3-8/6 Two 50-kVA, 60-Hz transformers h

equivalent low-side impedances:

The transformers are con
alculate the circulating current.

32-V transformer A 1s connecte
own. The transtorm-

Transformer

system. C

3-9/6 A 75-kVA. 60-Hz, 4800—4
B, whose exact ratio is unkn

A
B

with a similar transformer

3-10/7

3-11/7

3-12/7

-3-1377

circuit test, and 1

Loy = 0.0799/62°Q
e voltage ratio of transformer B.

Hz, 100-kVA ransformers A and B

0-kW at 0.8 lagging power factor
and the equivalent impedances re-

Determine th

Two 2400—240-V, 60-
parallel and supplying 15

ers are operating in the ste
37.32/-63.37° A. The respec
eferred to the low side, are

Zos = 0.0676/65° O

system. The turns ratios

ferred to the hig

h side are (0.869 + j2.38)Q,
h-side current drawn by €

tively. Determine the hig
coming voltage is 2470-V.

Two 4800—480-V,
ply a 480-V. 200-kVA,

Voltage Ratios
4800—432

4300—470

nected in parallel and operate

are the same,

167-kVA transformers are Oper
0.72 lagging power-factor o

ance of each transformer is

7, = (111 + j376)%

Sketch the equivalent circuit and
current supplied by each transfor
740-V, 75-kVA transformers are to b
f the two transformers are

= 0.0201 + j0.0382

Two 7200—

per-unit impedances O

= 0.0121 + j0.0551

ZAPU

Determine the current supplied by each

age of the total load current.

cent resistanc

Three single-phase,
operated in parallel and supply
d percent reactance of th

e an

Transformer

A

B
C

2400—120-V, 60-Hz,
a 500-kVA unity

%R X
1.30 3.62
1.20 4.02
1.23 5.31

ave the following volt

p-down mode and have a ¢
tive impedances as

7, = (146 + j48D%

determine (a) the total load current; b
mer secondary.

Zypu
transformer secondary as a pe

200-kVA transformers
power—factor load. The per-

e respective transformers are

age ratios and

Xeq.Ls (Q)
0.1449
0.1634

d from a4800-V, 60-Hz

d in parallel

irculating current of
determined from a short-

are operating in

to a distribution

and (0.853 + j3.21)4), respec-
ach transformer if the in-

ated in parallel and sup-
ad. The percent imped-

) the

¢ operated in parallel. The

reent-

are to be
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Test Code for Liguid Immersed Distribution, Power, and Regulating Transformers,
and Guide for Short-Circuit Testing of Distribution and Power Transformers.
ANSI C57.12.90-1980, American National Standards Institute, New York, 1980.

Westinghouse Staff. Electrical Transmission and Distribution Reference Book. West-
inghouse Electric Corp., 1964. .

REVIEW QUESTIONS

1. Differentiate between subtractive polarity and additive polarity as it pertains to

transformers. Why is subtractive polarity preferred?

What is meant by the basic impulse level (BIL) of a transformer?

How does an autotransformer differ physically and electrically from a two-

winding transformer?

4. Sketch the circuit for a step-down autotransformer connected to a load and show

the relative magnitude of currents and voltages in the windings.

What are the advantages and disadvantages of an autotransformer with respect to

a two-winding transformer?

6. 1f a 50-kVA transformer has a turns ratio of 20 : 1, what would be its power rating

if it is reconnected as an autotransformer?

7. What is meant by utilization voltage?

What is a buck-boost transformer, and what are its applications?

9. Using a circuit diagram, explain the effect of different turns ratios on the perfor-
mance of paralleled transformers.

10. Under what conditions must the nameplate-power-rating of a transformer be
rerated to a lower value? Explain.

11. What is transformer in-rush current? What does it depend on? What is its approx-
imate range of values? Approximately how long does it last? Why is this informa-
tion important?

12. What are transformer harmonics, and how are they generated?

13. Explain what would happen if three-phase transformer banks that have a 30°
phase difference between corresponding secondary line voltages are paralleled.

14. State and explain the adverse effect on a three-phase distribution system if the
third-harmonic component of exciting current is suppressed.

15. What are the advantages and disadvantages of a three-phase transformer over ai ‘f
equivalent three-phase bank composed of three single-phase transformers?

16. Sketch a circuit showing a transformer feeding a load. Include current and poten-
tial transformers along with associated instruments in both primary and secondary -

circuits.

W 1D

W

o

PROBLEMS

3-1/4 A 2300—450-V. 60-Hz autotransformer is used for step-down operation and
1im

supplies a load whose impedance is 2 /10° €. Neglecting the interna
pedance of the transformer, determine (a) the load current (b) high-st
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. Explain how slip affects rotor frequency and rotor voltage.

'10. (a) Draw the circle diagram for the rotor of an induction motor. (b) Using the cir-
cle diagram as an aid to your analysis, explain the changes that take place in air-
gap power as the rotor accelerates from standstill to near synchronous speed.

11. Differentiate between air-gap power, mechanical power developed, and shaft
pOwer out.

12. (a) Sketch the equivalent circuit for an induction-motor rotor and the related im-
pedance diagram. (b) Determine from the impedance diagram the magnitude and
phase angle of the rotor impedance in terms of its components.

13. (a) Draw the circle diagram for the rotor of an induction motor. (b) Using the cir-
cle diagram as an aid to your analysis, explain the changes that take place in air-
gap power as the rotor accelerates from standstill to near synchronous speed.

14. (a) Sketch a representative torque-slip characteristic of a squirrel-cage induction
motor and circle the points corresponding to locked rotor, breakdown torque, and
rated torque. (b) Sketch the circle diagram for the rotor and draw the current pha-
sors corresponding to the points circled in (a). (¢) Using the sketches as an aid to
your analysis. explain in detail the behavior of an induction motor as the machine
is loaded from no load, to full load, to breakdown; assume that the machine had
accelerated to rated speed before loading. Include in your analysis the reasons for
changes in motor torque with increased shaft load.

15. What causes parasitic torques and what adverse effect can they have on induction-
motor operation?

16. Differentiate between locked-rotor torque, pull-up torque, and breakdown torque.

17. Differentiate between efficiency and power factor. .

18. List the types of losses in an-induction motor and state the factors affecting these
losses.

19. Sketch the power-flow diagram for an induction motor and show the relationship

between power in, air-gap power, shaft power out.

PROBLEMS

4-1/7 A four-pole, 60-Hz, 10-hp. 460-V, tl]ree?pllase induction motor operates at
1750 r/min when fully loaded and at its rated frequency and rated voltage.
Determine (a) synchronous speed; (b) slip speed; (c) per-unit slip.

4-2/7 A 100-hp, 16-pole, 460-V, three-phase, 60-Hz induction motor has a slip of
2.4 percent when running at rated conditions. Determine (a) synchronous
speed; (b) rotor speed; (c) rotor frequency.

4-3/7 A 60-Hz, four-pole, 450-V, three-phase induction motor operating at rated
conditions has a speed of 1775 r/min. Determine (a) synchronous speed; (b)
slip; (c) slip speed: (d) rotor frequency.

4-4/7 A 200-hp, 2300-V, three-phase, 60-Hz, wound-rotor induction motor has a
blocked-rotor voltage of 104-V. The shaft speed and slip speed, when oper-

ating at rated load. are 1775 r/min and 25 r/min, respectively. Determine (a)
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Homework

A four pole 3 phase induction motor operates on a 60 Hz power system. The motor
has a rated slip of 0.055. Find:

a.) The synchronous speed of the rotating magnetic field in the stator.

b.) The rated speed of the motor in RPM.

Rev. March 1999 ind_hw1.wp5
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4-5/17

4-6/7

22

4-717

4-8/11

4-9/11

73-4-10/11

4-12/1

number of poles; (b) slip: (c) rotor tre
speed. :

A
Hz, 230-V supply. The v
Determine (a) slip speed;
A 100-hp, three-ph
/min when connected acr
0.06. Determine (a) synchronous spee

frequency.

4-11/15

quency; and (d) rotor voltage at slip

r is operating at 480 r/min from a 25-
he rotor when blocked is 90 V.
and rotor voltage at 480 r/min.

ase induction motor, operating at rated load, runs at 423

oss a 450-V, 60-Hz supply. The slip at this load is
d: (b) number of stator poles; (c) rotor

ase induction moto
oltage induced in t

(b) rotor frequency

six-pole three-ph

Hz. 10-hp, 240-V. three-phase induc-
uns at 1750 r/min when fully loaded
Determine (a) slip speed; (b) percent
he eight-pole mode and at 20

A four-pole/eight-pole, multispeed, 60-
tion motor operating with four poles r
and at its rated voltage and frequency.
slip; (c) the synchronous speed if operating in t
percent rated frequency.

A 20-hp. 230-V, 60-Hz. four-pole, three-phase induction motor operating at

rated load has a rotor copper 10sS of 331 W, and a combined friction,
windage, and stray power loss of 249 W. Determine (a) mechanical power
developed: (b) air-gap power; (c) shaft speed: (d) shaft torque.
A 12-pole, 50-Hz, 20-hp. 220-V. squirrel-cage motor operating at rated con-
ditions runs at 480 r/min, is 35 percent efficient. and has a power factor of
0.73 lagging. Determine () synchronous speed: (b) slip; (¢) line current; (d)
rated torque; (e) rotor frequency. ‘
A three-phase, 230-V, 30-hp. 50-Hz, six-pole induction motor is operating
with a shaft load that requires 21.3kW of input to the rotor. The rotor copper
losses are 1.05 kW, and the combined friction. windage, and stray power .
losses for this load are 300 W. Determine (a) shaft speed: (b) mechanical -
power developed; (c) developed torque: (d) shaft torque; (e) percent of rated
horsepower load that the machine is required to deliver. ‘
A 30-hp. three-phase, 12-pole, 460-V. 60-Hz induction motor operating at ;‘,
reduced load draws a line current of 35 A. and has an efficiency and power.
factor of 90 and 79 percent. respectively. The stator conductor 10ss, rotor
conductor loss, and core loss are 837 W, 485 W, and 375 W, respectively
Sketch the power-flow diagram, enter known values, and determine (a) input.
power: (b) shaft horsepower; (c) total losses: (d) rotor speed; () shaft torq
(f) combined windage, friction, and stray load loss.
A three-phase 5000-hp. 4000-V. 60-Hz. four-pole induction motor is operd
ing at 4130 V. 60 Hz. and 67 percent rated load. The breakdown of 10s5€S

this load are as follows: stator conductors, 12.4 KW; rotor conductors, 9.92
KW: core, 12.44 kKW stray powet,

102 k- friction and windage, 182 K%
Sketch the power-flow diagram, enter known v

alues, and determing () shaft
speed; (b) shaft torque; (c) developed torque: (d) input power to t
(e) overall efficiency.

5

he stato
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4-13/15 A 10-pole, 125-hp, 575-V., 60-Hz, three-phase induction motor operating at

4-14/15

4-15/15

4-16/15

4-17/15

rated conditions draws a line current of 125 A and has an overall efficiency
of 93 percent. The core loss, stator conductor loss, and rotor conductor loss
are 1053 W, 2527 W, and 1755 W, respectively. Sketch the power-flow dia-
gram, substitute values, and determine (a) shaft speed: (b) developed torque:
(c) shaft torque; (d) power factor: (e) combined windage, friction, and stray
power loss.

A 40-hp, 50-Hz, 2300-V, eight-pole induction motor is operating at 80 per-
cent rated load and 6 percent reduced voltage. The efficiency and power fac-
tor for these conditions are 85 and 90 percent, respectively. The combined
windage, friction. and stray power losses are 1011 W, the rotor conductor
losses are 969 W, and the stator conductor losses are 1559 W. Sketch the
power-flow diagram. enter values, and determine (a) mechanical power de-
veloped: (b) shaft speed: (c) shaft torque; (d) slip speed; (e) line current; (f)
core loss.

A three-phase, 5-hp, 60-Hz. 115-V, four-pole induction motor operating at
rated voltage, rated frequency. and 125 percent rated load has an efficiency
of §5.4 percent. The stator conductor loss, rotor conductor loss, and core loss
are 223.2 W, 153 W, and 114.8 W, respectively. Sketch the power-flow dia-
gram. enter the given data, and determine (a) shaft speed: (b) shaft torque; (c)
loss in torque due to the combined friction, windage, and stray power.

A three-phase. 50-hp, 230-V. 60-Hz, four-pole induction motor is operating
at rated load, rated voltage, and rated frequency. Assume a system overload
results in a 5 percent drop in frequency, and a 7 percent drop in voltage. To
help reduce the system load. the shaft load is reduced to 70 percent rated
horsepower. resulting in a line current of 100 A. Assume the losses for the
new operating conditions are as follows: stator conductor loss, 1015 W rotor
conductor loss, 696 W; core loss, 522 W; and the combined windage, fric-
tion, and stray power loss is 667 W. Sketch the power-flow diagram, enter
given data, and determine (a) percent efficiency; (b) speed: (c) shaft torque;
(d) power factor.

A three-phase, 25-hp, 230-V. 60-Hz, two-pole induction motor drives a load
that demands a constant torque regardless of speed (constant load torque).
The machine is operating at rated voltage. rated frequency, and its rated
speed of 3575 r/min. Determine the shaft horsepower, speed, and efficiency
if the frequency drops to 54 Hz. The power factor and line current for the
new conditions are 89 percent and 55 A. respectively, and the respective sta-
tor conductor loss, rotor conductor loss, and core loss. are 992.7 W, 496 W,
and 546 W. respectively.
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Induction Motor Homework

The following constants apply to a 2200 V 50 hp, three-phase 60 Hz wye-connected, 6
pole squirrel-cage induction motor.

R,= 3.5 Q/phase X, =X, =7.2 Qlphase
R, = 2.4 Q/phase R¢. = 4170 Q/phase
Xy = 328 Q/phase

Assume that the value of R, includes the friction, windage and stray losses. Also

assume that the motor core losses are negligible. Calculate for a slip of 0.019: a.)
the rotor developed torque; b.) the motor efficiency c.) the motor power factor.

Spring 2002 indhw1.wp5
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5-19/8

5-20/9

5-21/9

5-23/12

5-24/12

5-25/15

5-26/15

A three-phase, 125-hp, 60-Hz, eight-pole, 575-V, design B induction motor
is to be operated from a 50-Hz system. Determine (a) allowable voltage at 50
Hz; (b) allowable shaft load in horsepower; (c) new synchronous speed; (d)
shaft speed assuming a slip of 2.1 percent; () shaft torque at 2.1 percent slip.

A three-phase, wye-connected. 25-hp, 60-Hz, 575-V, six-pole, wound-rotor
motor, operating at nameplate conditions, runs at 1164 r/min with the rheo-
stat shorted. The stator/rotor turns ratio is 2.15, and the motor parameters in
ohms/phase are

VR, =03723 R, =039 R, =2659
X, = 1434 X, = 2151 X, = 3546

Determine (a) slip at which T . 0ccurs: (b) Tp s (€) the rheostat resis-
tance/phase required to operate the machine at rated torque load and
1074 r/min.

A 40-hp, 60-Hz, 460-V, four-pole, wye-connected wound-rotor motor, with
slip rings shorted, has its breakdown torque occur at 25 percent slip. The
rotor impedance in ohms/phase referred to the stator is 0.158 + j0.623, and
the turns ratio is 1.28. Determine the rheostat resistance required to cause the
breakdown torque to occur at 60 percent slip.

A 75-hp, 460-V, six-pole NEMA design A machine with Code letter H is op-
erating at rated load, is 89 percent efficient, has a power factor of 84 percent,
and has a slip of 2.36 percent. Determine (a) rated current; (b) the expected
range of locked-rotor current with rated voltage and rated frequency applied.

A 30-hp, 60-Hz, 230-V, two-pole, design £ motor, with Code letter C, oper- -
ating at rated conditions has an efficiency of 91.8 percent and a power factor .
of 86.2 percent. Determine (a) rated current; (b) the expected range of
locked-rotor current. ‘

A 150-hp, 60-Hz, 460-V, four-pole, design B motor, with Code letter R, op-
erating at rated conditions has an efficiency of 94.5 percent and a power
factor of 86.2 percent. Determine (a) rated current; (b) the expected range Of
locked-rotor current.

A 60-hp, design C, 230-V, 60-Hz, six-pole motor with a 1.15 service factor.
and Class B insulation is operating at rated horsepower from an unbalanced
three-phase system. The three line-to-line voltages are 232 V, 238 v, and
224 V. The machine is new and has an expected life of 20 years. Determit
(a) the percent voltage unbalance; (b) the expected approximate temnperafure
rise if operating at rated load in a 40°C ambient situation, with the perc m
unbalance in (a); (c) the expected insulation life; (d) the required rerating, !
any, to prevent shortening the life of the insulation. ' .
A three-phase, 30-hp, 460-V, 60-Hz, 1770 t/min, design B induction MmOt
with Class F insulation and service factor 1.0 is operating at rated shaft 10a
in a 40°C ambient situation, and has an expected 20-year life. A pfe"ennv

maintenance check shows line-to-line voltages to be 449.2 V, 4313V, 28
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5-27/16

5-28/16

5-29/16

5-30/17

5-31/17

5-32/17
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462.4 V. Determine (a) percent voltage unbalance; (b) expected temperature
rise; (¢) expected insulation life; (d) rerating of motor, if any to prevent
shortening insulation life.

A three-phase, wye-connected 10-hp, 60-Hz, 230-V, four-pole induction
motor has the following per-unit parameters:
R, = 0.0358 R, = 0.0264 R, = not known
X, = 0.0964 X, = 0.1450 Xy = 3.02
Determine the machine parameters in ohms/phase.
A three-phase, 460-V, wye-connected, 200-hp, 60-Hz, eight-pole, design B,
squirrel-cage induction motor, has the following per-unit parameters:
R, = 0.011 R, = 0.011 R;. = not known
X, = 0.123 X, =0.210 Xy = 2.994
Determine the corresponding ohmic values.
A three-phase, wye-connected, 100-hp, 60-Hz, 440-V, 10-pole induction
motor has the following parameters in ohms:
R, = 0.0864 R, = 0.078 Ry = 110
X, = 0.146 X, = 0.218 Xy = 3.185

i
i

Determine the corresponding per-unit values.

A three-phase. design B, wye-connected, 25-hp, 575-V, 60-Hz induction
motor. operating at rated conditions, draws a line current of 27 A. Data from
a 15-Hz blocked-rotor test, a 60-Hz no-load test, and a DC test are:

Blocked Rotor No-Load DC
Vipe = 547V Vipe = 575V Vpoe =20V
Line = 27.0 A Tine = 11.8 A Inc =27A
Py phase = 1653 W Py phase = 12645 W

Determine R;. R», X;. X», X;;, and the combined core, friction, and windage
loss.

The following data were obtained from a no-load test, a 15-Hz blocked-rotor
test, and a DC test on a three-phase, wye-connected, four-pole, 30-hp, 460-V,
60-Hz, 40-A, design C induction motor:

Blocked Rotor No-Load DC
Vie = 42.39V Viine = 458.6V Vpc = 154V
Ilinc =40 A Ilinc =170A [DC =402 A
Py = 18288 W Pyiee = 13814 W

Determine R,, Ry, X, X5, Xy, and the combined core, friction, and windage
loss.

A three-phase, design A, wye-connected, 15-hp, 460-V, 60-Hz induction
motor draws a line current of 14 A when operating at rated conditions. A
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60-Hz no-load test, a 15-Hz blocked-rotor test, and a DC test provide the
following data:

Blocked Rotor No-Load DC
Vine = 185V Vipe = 4598V Vpe = 5.6V
Ilinc =139A [linc =62A ]DC =140A

264.6 W Pippue = 1995 W

P3—phusc
Determine Ry, Ra, X1, Xa, Xy, and the combined core, friction, and windage
loss.

5-33/18 A 75-hp, 2300-V, 60-Hz, two-pole, wye-connected motor, driven at 3650
t/min by a steam turbine, is connected fo a 2300-V, 60-Hz distribution sys-

tem. The motor parameters in ohms are:
4 Ry,

.1 1892
24 Xm

187.5

i

Rl = 1.08 Rz -
X, =814 X, =

W N

i

Determine the active power that the machine delivers to the systen.

5-34/18 A 60-Hz, 15-hp, 460—V, six-pole, wye-connected, three-phase induction
motor is connected to a 460-V distribution system and driven at 1210 r/min
by a diesel engine. The motor parameters in ohms are:

R, =0200 R, =0250 X, =420
X, = 1.20 X, = 1.29 Ry = 317

Determine the active power that the machine delivers to the system.

277 5-35/18 A three-phase, wye-connected, 400-hp, four-pole, 380-V, 50-Hz induction
motor is driven by a wind turbine at 1515 r/min. The motor parameters in

ohms are:
R, = 0.00536 R, = 0.00613 Ry, = 7.60
X, = 0.0383 X, = 0.0383 X, = 0.5743

Determine the active power that the machine delivers to the system.

5-36/20 A 200-hp, 1150 r/min, 440-V, 60-Hz pump motor uses a wye-connected auto
transformer for reduced voltage starting. The transformer has a 65 percen
tap. The starting torque at rated voltage is 150 percent rated torque. Sketch
one-line diagram and determine the blocked-rotor torque when (a) starting @

rated voltage; (b) starting at reduced voltage.

5_37/20 A three-phase 12-pole, 220-V, 60-Hz, 50-hp squirrel-cage motor, operatill
at rated load, has a speed of 595 r/min, an efficiency of 89 percent, at
power factor of 81 percent lagging. The locked-rotor current and loc ed
rotor torque at rated voltage and rated frequency are 725 A and 120 percel
rated torque, respectively. Determine (a) rated line current; (b) rated torque

(c) minimum voltage required to obtain a blocked-rotor torque equat =
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_ Differentiate between pull-in torque, pull-out torque, and locked-rotor torque.

14. What effect does load inertia have on pull-in torque, pull-out torque, and locked-
rotor torque? '
15. Explain the dynamic braking process for synchronous motors.

PROBLEMS

8-1/3

L8-33

8-4/7

8-5/7

%bf

8-6/7

g 87

8-8/8

8-9/9

Determine the speed of a 40-pole synchronous motor operating from a
three-phase, 50-Hz, 4600-V system.
Determine the frequency required to operate a 16-pole, 480-V synchronous
motor at 225 1/min.
A three-phase 50-hp, 2300-V. 60-Hz synchronous motor is operating at 90
¢/min. Determine the number of poles in the rotor.
A two-pole, three-phase. 1000-hp. 2300-V. wye-connected synchronous
motor operating at rated power. rated voltage, and rated frequency has a
power factor of 0.80 leading, an efficiency of 96.5 percent, and a power
angle of —23°. The synchronous reactance is 4.65 Q/phase. Determine (a)
line current; (b) cemf/phase.
A 4000-hp, 13,200 V, 60-Hz. two-pole. three-phase. wye-connected
cylindrical-rotor synchronous motor. operating at rated load and 0.84
power-factor leading, has an efficiency (excluding field losses and armature
resistance losses) of 96.5 percent. The synchronous reactance per phase is
49.33 Q. Sketch the phasor diagram and determine (a) rated torque; (b) ar-
mature current: (¢) excitation voltage: (d) power angle; (e) pull-out torque.
A 2500-hp. 6600-V, 60-Hz, 3600 r/min. three-phase, wye-connected syn-
chronous motor is operating at a power angle of —28.5° and a cemf of 4500
V/phase. The synchronous reactance is 15.8 Q/phase. Determine (a) the de-
veloped torque: (b) the shaft-power out. assuming a mechanical efficiency
of 94.3 percent: (c) power factor; (d) pull-out torque.
A 200-hp. 460-V, four-pole. 60-Hz, three-phase. wye-connected synchro-
nous motor. operating at rated load. has an efficiency of 94 percent and a
power factor of 80 percent Jeading. Assuming the synchronous reactance is
1.16 Q/phase, determine (a) the excitation voltage and power angle; (b) the
pull-out torque: (c) the pull-out torque if the excitation voltage is cut in half.

The phasor diagram for a synchronous motor operating at 0.5 rated load is
shown in Figure 8.17. Using the same applied voltage phasor. construct a
new phasor diagram that shows the new conditions, assuming the shaft load
i increased to its rated value. Show all construction lines.

Given the phasor diagram for the synchronous motor shown in Figure 8.18,
neglecting magnetic saturation, and showing all construction lines, con-
struct a new phasor diagram for each of the following specified conditions:
(a) field current unchanged, shaft Joad doubled: (b) shaft load unchanged,
field current doubled: (¢) shaft load doubled, field current doubled.
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a wye-connected synchronous motor that is operating at 0.62 power factor
leading, and has a synchronous impedance of 6.05 Q/phase. If the system is
operating at unity power factor, determine (a) active and reactive compo-
nents of synchronous motor power; (b) synchronous motor current; (c) ex-
citation line voltage.

A three-phase, 60-Hz, 575-V system, operating at 1.5 MW and 0.92 power -
factor lagging, includes a 500-hp. 575-V. 1200 r/min synchronous motor
operating at rated load, 0.84 power-factor leading. and an efficiency (dis-
counting field losses) of 96.2 percent. The synchronous reactance is 0.567
Q/phase. Determine (a) system power factor if the synchronous motor is
disconnected; (b) system power factor if the synchronous motor is un-
loaded but remains connected to the bus and its excitation remains un-
changed. Assume the no-load losses are negligible.

A 3500-Ep, 60-Hz, 4000-V, 450 r/min, wye-connected synchronous motor :
has a direct-axis synchronous reactance of 5.76 Q/phase, and a quadrature-
axis synchronous reactance of 4.80 {)/phase. The motor is operating at
rated conditions with a power angle and efficiency of —34.6° and 97.1 per-.
cent, respectively. Determine (a) excitation voltage: (b) magnet component.
of torque; (c) reluctance component of torque: (d) percent of total powel:
contributed by the reluctance component.

A 20-pole, 700-hp, 2300-V, 60-Hz, 0.8 power-factor wye-connect¢d sym
chronous motor has a direct-axis reactance of 8.91 {/phase and a quaqf?
ture-axis reactance of 6.48 /phase. Using Table 8.1, determine (a) mint
mum expected locked-rotor torque; (b) minimum expected pull-in tOf‘l_ue
assuming normal Wik?; (c) minimum expected pull-out torque, assurmi;
rated field current is applied.
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24. (a) State in outline form the correct procedure for paralleling a

95. What are the losses in an AC generator? How is the
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active power between alterna-
1ge in the division of reactive power between them.
jve power be accomplished between alternators in

parallel? What instruments are used to observe this transfer?
£ the field excitation of alternators in parallel affects the

tors in parallel causes a char

power factor of the machines.
Explain with the aid of a phasor diagram how it is possible for one alternator (0

operate at a leading power factor and another in parallel with it to operate at &
lagging power factor when the bus power factor is unity.

Explain with the aid of a phasor diagram how it is possible for the individual
power factors of two paralleled alternators and the power factor of the bus to be

all lagging and all different.
2000-V. 50-Hz,

h another on the bus. Assume both machines have identi-

cal characteristics. Include the approximate values of the voltage and frequency of
the incoming machine just prior to synchronizing. (b) Assuming the bus load is
800 kW at 0.8 power-factor lagging, what adjustments must be made to each ma-
chine in order that both machines will divide equally the active power of the bus?
(c) What adjustments must be made to each machine in order that both machines

will divide equally the reactive power of the bus?

1000-kV A alternator wit

heat dissipated?

PROBLEMS

9-1/2 Determine the speed required to obtain a frequency of 50 Hz from a four-

pole alternator.

9_2/2 A certain three-phase alternator operating at no load has
2460 V at 60 Hz. Determine the voltage and frequency 1
rotor speed are each increased by 10 percent.

9-3/2 An alternator operating at no load has

is increased by 6.8 percent, determine (a) induced voltage: (b) frequency.
9_4/3 A 2400-V, 60-Hz, three-phase, six-pole. wye-¢
ator is connected to an ‘nfinite bus and is supplying 350 k
of 28.2°. The stator has a synchron
Josses. determine (a) input torque to the alternator:
phase; (c) armature cu
(e) power factor.
9-5/3 A four-pole, 600-V synchronous generator is connected to an i

that supplies a 60-Hz, 6
The generator is driven by

an induced emf of
if the pole flux and

a generated emf of 346.4 V/phase and
a frequency of 60 Hz. If the pole flux is decreased by 13 percentand the speed

onnected synchronous genet-
W at a power angle
ous reactance of 12.2 Q/phase. Neglecting
(b) excitation voltage per
rrent; (d) active and reactive components of power:

nfinite bus

00-V. 2000-kVA, 80.4 percent power-factor load.
a steam turbine that delivers 1955 1b-ft of torque
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9-6/3

9-7/11

9-8/11

9-9/11

9-10/11

9-11/11

to the generator shaft, causing a power angle of 36.4°. The synchronous re-
actance is 1.06 Q/phase. Neglecting losses, determine (a) mechanical power
input to the generator rotor; (b) excitation voltage per phase; (¢) armature
current; (d) active and reactive components of apparent power delivered to
the bus; (e) generator power factor.

A six-pole, 75-kVA. 340-V, 60-Hz, wye-connected diesel generator is sup-
plying a bus load of 54.5 kVA at 78.9 percent power-factor lagging, 220 V,
and 60 Hz. The armature has a synchronous impedance of 0.18 + ;j0.92
{Q)/phase. Determine (a) armature current; (b) excitation voltage per phase;
(c) power angle; (d) shaft torque supplied by the diesel engine (neglect losses).
The ratings of two turbine generators A and B are 300-kW, 3.5 percent speed
regulation and 600-kW, 2.5 percent speed regulation. respectively. The
machines are operating in parallel at 60 Hz, 480 V. Machine A is supplying 260
kW, and machine B is supplying 590 kW. (a) Sketch a one-line diagram for the
system. (b) On the same coordinate axes sketch the approximate governor-
droop characteristics of both machines and label the curves. (¢) Opening of a
distribution breaker results in a remaining bus load of 150 kW. Determine the
new frequency and the active power load carried by each machine.

Two 600-kW, 60-Hz, diesel-driven synchronous generators A and B have
governor speed regulations of 2.0 and 5.0 percent. respectively. Both ma-
chines are in parallel and supplying equal shares of a 1000-kW bus load at
57 Hz. (a) Sketch the approximate governor characteristics for both machines
on one set of coordinate axes. and indicate the operating frequency. Label
both curves. (b) On the same diagram. approximate a new operating condition
that assumes the load on the bus decreases to a total of 400 kW. (c) Determine .
the new frequency and the new load distribution for the conditions in (b).

A 700-kW, 60-Hz generator A, with 2.0 percent speed regulation, is operat-
ing in parallel with generator B of equal kilowatt rating. but whose speed
regulation is 6.0 percent. The total bus load of 1000 kVA at 60 Hz, 2400V,
and 80.6 percent power-factor lagging is divided equally between the two
machines. If a 200-kVA, 60.0 percent power-factor load is disconnected
from the bus, determine (a) the new operating frequency; (b) the active
power load on each machine.

Three 600-kW, 60-Hz, 480-V synchronous machines are in parallel, each
supplying the following loads: generator A, 200 kW; generator B, 100 kW;
and generator C, 300 kW. The speed regulations for machines A, B and C
are 2.0, 2.0, and 3.0 percent. respectively. The system frequency is 60 HZ If
the system load increases to 2000 kVA at 70.0 percent power-factor lagging
determine the new operating frequency and active power load carried by
each machine.

Three 25-Hz turbine generators A, B, and C are connected in parallel and
operating at 25 Hz, 2400 V. Generator A is rated at 600 kW and has 2 speed
regulation of 2.0 percent. Generator B is rated at 500 kW and has 2 spee




