7-2

EE341 Homework #8 Solutions

A 220-V three-phase six-pole 50-Hz induction motor is running at a slip of 3.5 percent. Find:
(a) The speed of the magnetic fields in revolutions per minute

(b) The speed of the rotor in revolutions per minute
(c) The slip speed of the rotor
(d) The rotor frequency in hertz
SOLUTION
(@) The speed of the magnetic fields is
L 1204 120(50 Hz)
.- r 6
() The speed of the rotor is
n, = (1-5)n = (1-0.035)1000 /min) = 965 r/min

= 1000 r/min

(c) The slip speed of the rotor is
= (0.035)1000 r/min) = 35 r/min
(d) The rotor frequency is

2 nsupP - (35 rfmianS) =
120 120

nslip = snsync

f, 1.75Hz



7-4. A three-phase 60-Hz induction motor runs at 715 r/min at no load and at 670 r/min at full load.
(a) How many poles does this motor have?

(h) What is the slip at rated load?
(c) What is the speed at one-quarter of the rated load?
(d) What is the rotor’s electrical frequency at one-quarter of the rated load?
SoLUTION
(@) This machine has 10 poles, which produces a synchronous speed of
e = 12%{ e - 120(?2 Hz) _ 70 t/min
(b) The slip at rated load is

S=Mxloo%=2[-’7~;oi7ﬂxmo% — 6.94%

Poyne

¢) The motor is operating in the linear re ion of its torque-speed curve, so the slip at % load wil
P g2 g que-sp P

s = 0.25(0.0694) = 0.0174
The resulting speed is

n, = (1-5)n,, = (1-0.0174)720 r/min) = 707 /min
(d) The electrical frequency at Y4 load is

£, = sf, = (0.0174)(60 Hz) = 1.04 Hz



7-7.] A 208-V four-pole 60-Hz Y-connected wound-rotor induction motor is rated at 15 hp. Its equivalent
circuit components are

R =02200Q R, =0.127Q X, =150Q

X, =0430Q X, =0430Q

P ., =300W P =0 P..=200W
For a slip of 0.05, find

(a) The line current [,

(b) The stator copper losses Py,

(c) The air-gap power P,

(d) The power converted from electrical to mechanical form P,
(e) The induced torque T,

(f The load torque T4

(2) The overall machine efficiency

(h) The motor speed in revolutions per minute and radians per second

SoruTion The equivalent circuit of this induction motor is shown below:

I
A . .
—no iy R, JX, JX, R
—AMWA— YT
+ p430Q  0127Q
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- - <& -5
v, 50 3]4‘&4 = Rz[T]
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(a) The easiest way to find the line current (or armature current) is to get the equivalent impedance Z

of the rotor circuit in parallel with jX,,, and then calculate the current as the phase voltage divided by
the sum of the series impedances, as shown below.

— R[ ]X[ -’XF RF
°_MN—’TYT“)(—’TW"'_W_

* uxza 40

Vs

The equivalent impedance of the rotor circuit in parallel with j.X,, is:

A = ! : =2.337+ j0.803 = 2.47219°Q

1
b -+
iX, Z, j15Q 2.54+j0.43




The phase voltage is 208/+/3 =120 V, so line current /; is
s Vs . 120£0°V
AT R +jX,+ R +jX, 0220+ 043Q+2337Q+ j0.803Q
I,=1,=423£-2571°A
(b) The stator copper losses are

P =31R =3(423A)(022Q)=1180 W

(c) The air gap poweris P,g = 3122 Ry L 31 'R,
s

I,=1I

ote that 3/ R, is equal to 31 : =% since the only resistance in the original rotor circuit was R /s,
a Rp q 2 T Y 2

and the resistance in the Thevenin equivalent circuit is R . The power consumed by the Thevenin
equivalent circuit must be the same as the power consumed by the original circuit.)

2R2

Ppg =30, = 31,7R, =3(42.3A) (2.337Q)=12.54kW

(d The power converted from electrical to mechanical form is
P, =(1-5)Pg =(1-0.05)(12.54 kW) =11.92kW

(e) The induced torque in the motor is

. LB 12,54 kW i RS
ind — = T A 5
Do (1800 r/min(zni rad][—lggm)
r s

() The output power of this motor is
Poir =B ~ P~ R =T = 11.92kW-300 W -200 W -0 W =11.42kW
The output speed is
n, = (1= 5)n e = (1-0.05)(1800 r/min) = 1710 t/min
Therefore the load torque is
_ Pour g 11.42kW

Tioad = p
P (1710 r/min{ 2"1 ‘ad)(ylgg‘“J
r s

=63.8N-m

(g9 The overall efficiency is

n= Four x100% = ———ﬂ’rm—xloo%
Py 3V, , cos

B 11.42kW
7= 3120 VY423 A)c0s25.7°

(W) The motor speed in revolutions per minute is 1710 r/min. The motor speed in radians per second is

o, = (1710 r/min(zf rad)[l min
Ir 60s

x 100% = 83.2%

J: 179 rad/s



