Flectrical Technology Tutorial 4: Induction Motor - Solution

1. The frequency of the e.m.f. induced in the roter of an 3 phase, 6 pole induction motor s found {o
have 180 cycles/min. The motor is connected o a 50 Fiz 440V supply. calculate
(1) The speed of the motor  {11) The percentage slip of the motor
(i) I the full input to the rotor is 111.9kW/ph, find the rotor copper loss per phase

Ans. Given f=30Hz, p=6/2 = 3 pole-pair
(i1} Rotor emf frequency o fi- =180 cycles / 60 mms = 3 cycle/sec = 3 Hz

By fir=87. S=fi/f=3/50=006 => % Slip=0.06x 100% = 6%

{1} Synchronous speed, Ns —6Q{~ 99?“9—.[000 rev/min
P :
Speed of motor, Nr=Ns (1 - 8) *( -S):«" 1000 = 940 rev/min
(iii) Given Rotor mput power /ph, Protor = 111.9kW = 1, / 2 71 (see ppt Slide 52)
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Rotor copper loss = [a7 Fefagy Byt | =S xProtor=006x111.9 kW= 6715 W

A 4-pole, 3-phase induction motor is energized from a 60 Hz supply, and 15 running at a load condition
101 which the slip 1s 0.03. Deternmine

a)rolorspeed,  b) rotor current frequency,

o) speed of the rotor rotating fieid reiabive to the stator frame in rev/min

d) speed of the rotor magnetic field with respect to the stator rotating magnetic field, m rev/imin

Ans, Given {=60Hz, p=4/2 =72 pole-pair . & =003

60/ 60=60 .
60 f L OV DL = [800rev/ min
I3 2

a) Rotorspeed, Nr= Ns (1 - &) m(_ {3 m)ﬂ‘%OO-— 1764 rev/min

Synchronous speed Ns =

b) Roter current frequency, fir= 5/ =003 x 60 =18 Hz

¢) The 4-pole stator winding also mduced 4-pole magnetic field on the rotor winding. Induced current m the
rotor circiit is a 3 phase current, therefore the magnetic field produced by the rotor induced current 1s also
rotating. The speed of the rotor rotating field relative to the rotor s equal to (Ns — Nr ) = 8Ns. The rotor
is rotating at a speed Mr = ( 1 - 8 ) Ns. Therefore, the speed of the magnetic field which is rotating on the
rotor surface is rotating at a speed = SNs + (| - § ) Ns = Ns = 1800 rev/min relative to the stator winding,
(i.e. Speed (not frequency) of the rotor rotating field relative to the stator frame also equal to Ns)

d) Since the stator magnetic {ield is also travelling at Ns = 1,800 rev/min. Therefore the stator field 15
travetling at the same speed of the rotor rotating field relative to the stator winding,.

Relative speed between the stator field and the votor field = 0 rpm
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3. A 40 kW, 3 phase, 4 pole, 30 Hz induction motor has a full fead efficiency of 85%. The friction and
windage losses are one third of the no-load losses and the rotor copper loss equals the iron loss at
full load. The stator resistance may be neglected and assume that the friction, windage and core [osses
are constant, Find the full load speed. {1.e Nr=17)

Ans. , . - -
Given full load net output of the motor, Pout =40 kW and  efficiency = 85% = 0.85

Input power Lo the motor Pini = Pout/efficiency = 40/0.85 = 47.0588 kW

Total losses of the motor at full load Pioes= Pin - Pout <47 0588 10 - a0 1 o7 = 7058 8
These losses can be classified into:

1} Stator copper loss Peuy. this. 18 neghigible since ry = 0 (Given stator resistance neglected)
2} Rotor copper loss Peua,

3} Stator Core loss PO, }}

4) Rotor Corve loss, PCa /’éegiigihie due to rotor circuit frequency is low {only few Hz)

LA

) Mechanical losses suci} as friction and windage: Pmech
B %@{i@fgiga&rmal loss P = Pouy + Peua + PCy+ PGy + Pmech = 70588 W

{ For rotor cu loss Peus =0 at no load)

. ?@L%?;@
T P = 00 PCy 0 Pmech=7.0388W. .. (1)
?ﬁg&vg ﬁﬁgi &aé U 'f ‘}
From (1} No- load losses Pjoss = PCy + Pmech =+ { F{ N ey low (@“
. Grendl 5“"‘??@%{% oo
Given the friction and windage losses are one third of the no-load losses S ¢
Peus =0 l’ gﬁ;iﬁﬁﬁﬁ

¥ Pmech=1/3(PC,+Pmech) ... .....(2) tofor i‘g‘ﬁgmﬁ {ike &

v
I , : _ open ¢ creart;
# Given PCH') = P at full load (Given rotor cu equals the iron loss at full load) ....(3)

x

From (2 )‘g Pmech — 173 Pmech = 173 PC, = PC, =2 Pmech
5 .
#*  From(3) PC,=Pcur =2 Pmech =» Pmech=1/2Pcu> .............(4)

Put (4)ymto ( 1) 70588 = Peup +Pouy +1/2 Peus = 372 Peun => Peur=2823.52W
LB
i

.
Since Peu = 3 ] 1'— 7o (seepptslide 52) N
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Gross mechanical power output = Pout + Prech =§£ ¢ f‘;;/.l -

. ‘ — a\wwﬁ £ %éjﬁ&f“ sy
T N ) -
3 [~ Iz ( ) = 40 % 10" + Pmech = 40 « ]()3 + .5« '}8?” 572 . 41411 .76

— %5& & Fech, = = 5’%%
|
But from (5) 3]? = 2823.52 = Rotor copper loss

g

Therefore 2823 32 (i . 8) = 41411 .76

Or 282352 -2823528=41411.76 S=m= 8§ = (0.06383
60 % 50 <§\§“ =

Since synchronous Speed, Ns = — = 1500 PHI

i

Rotor speed at full load, Ny = Ng {1 —~ 8) =1500 (1 ~ §)= 1500 (1 - 0.06383) = 1404 rpm ”;ii& T

A 200 kW, 4 pole, 415V 3 phase, 50 Hz, star connected ship-ring induction motor gave the
following results on test:

Line Voltage Line Cumrent Innutoower i Senbase
Wo-load test 41 S A 2400 W
Lacked rotar rest XY 1s0 A GEOO Y

be 100 AL

With a d.o, voltage of 10 3Vols applisd ro anv rwao renminals of the stator windings, the cuyrern
stoundrob

inoty

The motoris delivering full lead surpurand connecred up to a 415 Valr supple. Use the
approximate equivalenyeire it derived fram the above rest ta find:

iy The tull load currens i the il load 0.8 and etticiency ot the merorare 0.8 and 0,62

respeotively
it The rario of starting rorque o the full load rorque

. - o . 0 . - =Y
Ans i 0 C7 (v fg‘f'c)'g i , = c72 ; V= e v, fout =200k
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A 224 kW, 400V, three phase, 50 Hz, six-pole induction motor has a delta-connected stator
{primary) winding and the following impedances, all referred to the primary, per phase:

Ry = 0.5 R;=0.39Q, total leakage reactance X = X; +X," = 4.920Q,
No-lpad (nmgnetizing current (line) = 10 A at 0.2 power factor.

Determine the full load line current, power factor, speed and torque, also the maximumtorque and
the starting torque and current, Neglect friction and windage.
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6

A 6-pole, 50 Hz. three phase induction motor running on full load develops a useful torque of 160
Nm when the rotor em{ makes 120 complete cycles per minute. Calcuiate the shaft power outpul.
If the mechanical torque lost in friction is 10 Nm, compute:

(a) The copper loss in the rotor windings ans. 712 W
(b)) Powerinpul to the motor, and 18.602 kW
(¢} The efficiency 86.47%

. - e
Given the Total stator copper loss and core loss = 800 W (-2, Teuy 4 e )
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7 A 3 phase, 3¢ Hz induction motar with its rotor star connected gives 400 volts (mms. line voll) at
standstill between the slip rings. Vi

(i) Calculate the current and the power factor in cach phase of the rotor winding at standstill
when joined to a star connecled 2xtemmal @=L &rcul Eacd AWk Ay Fon visister X
inductance of 0,025 H. The resistance per phase of rotor winding is 0,15 Qand the inductance
0.025 H. ans. 13.05A 046

(i1) Calculate the eurrent and power factor in each rotor phase when the slip rings are short
circuited and the motor is running with a slip of 4 per cent. Neglect impedance of stator

winding.
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8 A 6 pole, 3 phase, 50 Hz induction motor has negligible stator impedance and have rotor
resistance and rotor reactance of 0.021 Qand 0.1 ) respectively per phase. What speed waill give
maximumtorque?  What external resistance is necessary to give 1/2 maximumtorgue at starting?
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