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Problem 1

A 480-V three-phase two-pole 60-Hz induction motor is running at a slip of 2.5 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
(a) The speed of the magnetic fields is

1207, 120(60 Hz)
nsync = P =

(b) The speed of the rotor is
n, =(1-s) ng,, =(1-0.025)(3600 r/min)=3510 r/min

= 3600 r/min

(c) The slip speed of the rotor is
ng =sn, . =(0.025)(3600 r/min) =90 r/min

(d) The rotor frequency is

ngP (90 r/min)(2)
120 120

f;‘ez =15 HZ



Problem 2

A 50-kW, 460-V, 50-Hz, two-pole induction motor has a slip of 5 percent when operating a full-
load conditions. At full-load conditions, the friction and windage losses are 700 W, and the core
losses are 600 W. Find the following values for full-load conditions:

(a) The shaft speed ny,

(b) The output power in watts

(c) The load torque Tiag IN NEWtoN-meters

(d) The induced torque Ting IN NEWton-meters

(e) The rotor frequency in hertz

Solution

(a) The synchronous speed of this machine is

1207, 120(50 Hz)
nsync = P =

Therefore, the shaft speed is

=3000 r/min

n, =(1-s) n, =(1-0.05)(3000 r/min) = 2850 r/min

(b) The output power in watts is 50 kW (stated in the problem).
(¢) The load torque is

Tioa = Four _ 502kw Sy = 1675 Nm
@ (2850 r/min) 7 1a j( min
Ir 60 s

(d) The induced torque can be found as follows:

P, =P, +Pgy +P, . +P. =50kW+700 W+600W+0 W= 513kW

conv core misc



rind=P°°“v = S1.3 kW =171.9 N-m

o, (2850 r/min)[zz rad](lmm]
Ir 60 s

(e)  The rotor frequency is

f, =sf,=(0.05)(50 Hz) =2.5 Hz

Problem 3

The power crossing the air gap of a 60 Hz, four-pole induction motor is 25 kW, and the power
converted from electrical to mechanical form in the motor is 23.2 kW.

(a) What is the slip of the motor at this time?

(b) What is the induced torque in this motor?

(c) Assuming that the mechanical losses are 300 W at this slip, what is the load torque of this

motor?

Solution

(a) The synchronous speed of this motor is

120f, 120(60 Hz)
nsync = P =

=1800 r/min

The power converted from electrical to mechanical form is

P =(1-s)P

conv AG

SO
s=1 Feom =1-— 234 kW =0.064
P 25 kW
or 6.4%.

(b) The speed of the motor is
n, =(1-s)n, =(1—-0.064)(1800 r/min)=1685 r/min

The induced torque of the motor is



Ting = B _ 23'3 kwd T =132.6 N-m
O (1685 r/min) 7 1a ]( mm]
Ir 60 s
Alternately, the induced torque can be found as
Tind = fas _ 25.0 kW —=132.6N-m
O (1800 r/min) 27 rad] 1 mm]
Ir 60 s

(c) The output power of this motor is

P, =P, —P._. =23400 W-300 W=23,100 W

out conv

P .
Tioad === 231 kW =130.9 N-m

, (1685 t/min) 27 rad \( 1 min
| 60 s

r

Problem 4

A 3¢, 280 V, 60 Hz, 20 hp, four-pole induction motor has the following
equivalent circuit parameters.

R, =0.120Q, R;=0.10

X, =X;=0250Q
Xm=10.00



The rotational loss is 400 W. For 5% slip, determine
(a) The motor speed in rpm and radians per sec.
(b) The motor current.

(c) The stator cu-loss.

(d) The air gap power.

(e) The rotor cu-loss.

(f) The shaft power.

(g) The developed torque and the shaft torque.

(h) The efficiency.

Solution
/
(a) Ns = _1_2%{@_ = /800 rpm Wy = ‘697:2")(27T= /88.5 mal/s'ec
)0.25 a2
cpy B 4R J )2.25

jlox (2+)0.25)
2 + jio.25
_ 0I12+j025+1.9538 +J085I7 = 2.1314 L23,.5533°52
Re = 1.9538, Xe = 08517

= 120, 1 - " 33°
1.= —27314 2 23, 5533° 56.3479 £-23. 5533

() P = 3x ( 56.3479)°x 0.12 = 1143.0309 W
(d> P, = 3x120.1%X56.3479 x (o5 (-23.5533) = 1860, 9794 w
Pag = Ps - P, = 17467. 9485 W

Z,=012+j0251Re +)Xe = 0.12 +j0.25 +

ey P, = Shg = 005x17467.9485 = 873. 3974 W



(> Prmech = tl—S) Pa3 = 16594. 5511 W

Pshatt = Pmech - Frotational = 16194 5511w
() T= P9 _ 17467 9485

/33.5Pb T35 2 = 92 6682 N.m
A _ _IBhafl 16194551/
7.S“ft'--- /08.5 — /68.5 = 95 7/27 N.m

h _— Psh
chy Eff = -—é—ﬁ‘ﬁ’- 0.8702 x 100% = 8702/

I



