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nsip = slip speed of the machine
Nnyme = Speed of the magnetic field.

n,, = mechanical shaft speed of the motor.
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Example

A 208V, 10hp, 4 pole, 60Hz, Y-connected induction motor has a full-
load slip of 5%.

(a) What is the synchronous speed of this motor?

(b) What is the rotor speed of this motor at the rated load?

(c) What is the rotor frequency of this motor at the rated load?

(d) What is the shaft torque of this motor at the rated load?

Solution
(a) The synchronous speed of this motor is
120f,
nsync = P

_(120)(50 Hz)
4 poles
(b) -The rotor speed of the motor is given by

= 1500 r/min

n,, = (1 - S)”sync

= (0.95)(1500 r/min) = 1425 r/min



Example

(c¢) The rotor frequency of this motor is given by

f, = sf, = (0.05)(50 Hz) = 2.5 Hz
(d) The shaft load torque is given by
P

_ 1 out
Tioad —

W,

_ (10 hp)(746 W /hp)
(1425 r/min)(24r rad/r)(1 min/60 s)

= 50N m
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« RZ1: stator resistance
« X1: stator leakage reactance
* a.x for a wound rotor is the ratio of the conductors per phase on the

stator to the conductors per phase on the rotor.
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Example

A 480V, 60Hz, 50hp, 3-phase induction motor is drawing 60
A at 0.85 PF lagging. The stator copper losses are 2 kW,
and the rotor copper losses are 700 W. The friction and
windage losses are 600W, the core losses are 1800 W, and
the stray losses are negligible. Find:

a) The air gap power P,
b) The power converted P
c) The output power P
d) The efficiency

conv



Example

(a) The air-gaa power'isjust the input power minus the stator /2R losses. The input
power is given by y

P, =.V3V,I, cos 8
= V3(480 V)60 A)0.85)
= 42.4 kW
From the power-flow diagram, the air-gap power is given by
Pag = Py = Pgcp — Peore

= 42.4 kW — 2 kW — 1.8 kW = 38.6 kW

(p) From the power-flow diagram, the power converted from electrical to mechan-
ical form is

P{:nnv_ PAG '_PRE‘L

= 38.6 kW — 700 W = 379 kW



Example

(c) From the power-flow diagram, the output power is given by
Puul! = Pcumr o FF&W o Pmi.lic
=37.9kW - 600 W - 0 W
= 37.3 kW

or, in horsepower,

I hp
Pou = 073 kW72 )
ot = (37.3 kW) 0.746 KW

= 50 hp
(d) Therefore, the induction motor’s efficiency is

P
n =2 x 100%

n

37.3 kW
42.4 kKW

= 88%

x 100%
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Example

A 460-V 25-hp 60-Hz four-pole Y- connected induction motor has the, .

followmg impedances in ohms per phase referred to the stator circuit:

R,=0641 Q R,=03320
X, = 11060 X,=04640 X, = 2630

The total rotational losses are 1100 W and are assumed to be constant. The core loss
is lumped in with the rotational losses. For a rotor slip of 2.2 percent at the rated
voltage and rated frequency, find the motor’s

(a) Speed (d) P, and P,

(b) Stator current (€) T;q and T) 4

(¢) Power factor (f) Efficiency



Example

(a) The synchronous speed is

120f,
n:ync = P
- Z2X0H2) _ 1800 1/min
4 poles
_ . 2w rad)(l min)
or Weyne = (1800 rfmm]( r 50 s
= |88.5 rad/s

The rotor’s mechanical shaft speed is
n, = (1 - S)ns}mc

= (1 — 0.022)(1800 r/min) = 1760 r/min

or W,, = (l o j')m.'r.}"rp;:
= (1 — 0.022)(188.5 rad/s) = 184.4 rad/s



Example

(b)

H ﬂ
Z,=— +iX; = 0222 4 j0464 = 15.09 + j0.464 Q = 15.10 £1.76° O

1
2= 1/jx,, + V/Z,

I
—j0.038 + 0.0662 £ —1.76°

Il

= 12.94 £31.1° {}

zl-ut = Lgm T zf
0.641 + j1.106 + 12.94 £31.1° Q
1172 + j7.79 = 14.07 £33.6° Q)

I



Example

vtb

_ 26,00V _ _ 1888 s —33.6° A
14.07 £33.6° () ’ '

iy

(c) The power motor power factor is
PF = cos 33.6° = 0.833 lagging

(d) The input power to this motor is
Pil'l = Vr?_’VTIL COSs B
— /3(460 V)(18.88 A)0.833) = 12,530 W



Example

The stator copper losses in this machine are
Pger ="3I1R,
Pgoy = 3(18.88 A)X0.641 1) = 685 W

Pa = Pin = PscL = 12.530 — 685 = 11.845 W

P..,=( — 5Py = (1 - 0.022)(11,845 W) = 11,585 W

L™

Pout = Pconv _ Prot'
= [I,585W — 1100 W = 10,485 W
_ 1 hp) _
= (10,485 W)(746 w = 14.1 hp



Example

(¢) The induced torque is given by

Pag 11,845 W

nd = = = 62.8 N -

find = e 188.5 rad/s m
_ Py 10485W

Mload =% = 8adrads 00N

(f) The motor’s efficiency at this operating condition is

P
1]=7:L!X|00%

in

10,485 W

= 12530 W X 100% = 83.7%
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The magnetic fields in an induction The magnetic fields in an induction
motor under light loads motor under heavy loads
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sin & =sin (6, + 90°) =cos 6,

18X
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R R

a r

0,: the angle between Eg and I,
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1"imj

Pullout torque

) Mgyne
= Pullout torque = 200% to 250% of the rated full load torque.
= Starting torque = 150% of full load torque;

= Hence, induction motor may be started at full load.
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Induced torque, N-m

200

TO0. I_
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| | | ] \ ] |
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