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INTRODUCTION

The three phase induction motor runs on three phase AC supply. It is an ac motor. The power
is transferred by means of induction. So it is also called as rotating transformer.

Advantages:
1. Ithas very simple and extremely rugged, almost unbreakable construction (especially squirrel-
cage type).

2. Its costis low and it is very reliable.

3. It has sufficiently high efficiency. In normal running condition, no brushes are needed,
hence frictional losses are reduced. It has a reasonably good power factor.

4. Itrequires minimum of maintenance.

5. It starts up from rest and needs no extra starting motor and has not to be synchronised. Its
starting arrangement is simple especially for squirrel-cage type motor.
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Types and Construction of Three Phase Induction Motor

Three phase induction motors are constructed into two major types:
1. Squirrel cage Induction Motors

2. Slip ring Induction Motors
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Squirrel cage Induction Motors

(a) Stator Construction

Theinductionmotorstatorresembleshe statorof arevolvingfield, threephasealternator The stator
or the stationarypart consistsof threephasewinding held in placein the slotsof a laminatedsteel
corewhichis enclosedandsupportedy a castiron or a steelframeasshownin Fig

The phasewindingsare placed120 electricaldegrees
apart and may be connectedin either star or delta
externally, for which six leadsare broughtout to a

terminal box mountedon the frame of the motor.

When the stator is energizedfrom a three phase
voltageit will producea rotatingmagneticfield in the

statorcore

Stator
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(b) Rotor Construction

The rotor of the squirrel cage motor shownin Fig containsno windings Insteadit is a
cylindrical coreconstructedf steellaminationswith conductorbarsmountedparallelto the
shaft and embeddednear the surfaceof the rotor core Theseconductorbars are short
circuited by an endrings at both end of the rotor core In large machinestheseconductor
barsandthe endringsaremadeup of copperwith the barsbrazedor weldedto the endrings
shownin Fig. In small machineshe conductorbarsand endrings are sometimesnadeof

aluminumwith the bars and rings castin as part of the rotor core Actually the entire
constructionbarsandendrings)resembles squirrelcage from which the nameis derived

=l=——— |k

Sguirrel Case Rotor

Department of EEE, NSCET, Theni Page-04

Engineering & Technology



(c) End Shields
Thefunctionof thetwo endshieldsis to supporttherotor shaft Theyarefitted with bearings
andattachedo the statorframewith the help of studsor boltsattention

Slip ring Induction Motors

(a) Stator Construction

The construction of the slip ring induction motor is exactly similar to the construction of
squirrel cage induction motor. There is no difference between squirrel cage and slip ring
motors.

Department of EEE, NSCET, Theni Page-05

lhrla-l" Saraswathi EIJ”;QE: of
Engineering & Technology



(b) Rotor Construction

The rotor of the slip ring inductionmotor is also cylindrical or constructedf lamination
Squirrelcagemotorshavea rotor with shortcircuited barswhereasslip ring motorshave
wound rotors having "three windings" eachconnectedn star The winding is made of
copperwire. The terminalsof the rotor windings of the slip ring motorsare broughtout
throughslip ringswhich arein contactwith stationarybrushesasshownin Fig
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PRINCIPLE OF OPERATION

When the 3-phase stator windings, are fed by a 3-phase supply then, as seen from above,
amagnetic flux of constant magnitude, but rotating at synchronous speed, is set up.

The flux passes through the air-gap, sweeps past the rotor surtace and so cuts the rotor
conductors which, as yet, are stationary. =~

Due to the relative speed between the rotating flux and the stationary conductors,
an e.m.f. is induced in the latter, according to Faraday's laws of electro-magnetic induction.
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The frequency of the induced e.m.f. is the same as the supply frequency.

[ts magnitude is proportional to the relative velocity between the flux and the
conductors and its direction is given by Fleming’s Right-hand rule. Since the rotor bars or conductors

form a closed circuit, rotor current is produced whose direction, as given by Lenz's law, is such as

to oppose the very cause producing it.

In this case, the cause which
produces the rotor current 1s the relative velocity between the rotating flux of the stator and the
stationary rotor conductors. Hence, to reduce the relative speed, the rotor starts running in the same
direction as that of the flux and tries to catch up with the rotating flux.

The setting up of the torque for rotating the rotor is explained below :
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In Fig (@) is shown the stator field which is assumed to be rotating clockwise. The relative
motion of the rotor with respect to the stator is anticlockwise. By applying Right-hand rule, the
direction of the induced e.m.f. in the rotor is found to be outwards. Hence, the direction of the flux due
to rotor current alone, is as shown in Fig. (b). Now, by applying the Left-hand rule, or by the
effect of combined field [Fig. (€)] it is clear that the rotor conductors experience a force tending
to rotate them in clockwise direction. Hence, the rotor is set into rotation in the same direction as that
of the stator flux (or field).

| Stator M‘

=
iz =)

Motion °
_ (a) * _ (b)- ()

Fig.
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SLIP

We haveseenabovethatrotor rapidly accelerates the directionof rotatingfield. In

practice therotor canneverreachthe speedf statorflux. If it did, therewould beno
relativespeedbetweerthe statorfield androtor conductorsno inducedrotor currents
and, therefore, no torque to drive the rotor. The friction and windage would

immediatelycausethe rotor to slow down Hence,the rotor speed(N) is alwaysless
thanthe suitor field speed(Ns). This differencein speeddependsuponload on the
motor. The differencebetweenthe synchronouspeedNs of the rotating statorfield

andthe actualrotor speedN is calledslip. It is usuallyexpressedsa percentag®f

synchronouspeed.e.

% age slip, s=—3 = x 100
N:
(1) The quantity N, — N 1s sometimes called slip speed.
(1) When the rotor 1s stationary (1.e., N = 0), slip, s = 1 or 100 %.
(1) In an induction motor, the change in slip from no-load to full-load is
hardly 0.1% to 3% so that 1t 1s essentially a constant-speed motor.
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Rotor Current Frequency
The frequency of a voltage or current induced due to the relative speed between a vending
and a magnetic field is given by the general formula;

Frequency = ] 5
*qUeCY =120

where N = Relative speed between magnetic field and the winding
P = Number of poles

For a rotor speed N, the relative speed between the rotating flux and the rotor 1s
N, — N. Consequently, the rotor current frequency f is given by:

f':(Ng_N)P
120
_sSN,P [ o By = 8
T 120 " N, J
y (/” ._N\P‘
=sf [ f= 120

\
1.c.. Rotor current frequency = Iractional slip x Supply frequency
(i) When the rotor is at standstill or stationary (ie., s = 1), the frequency of
rotor current 1s the same as that of supply frequency (f = sf— 1x £ f).
(i) As the rotor picks up speed. the relative speed between the rotating flux and the rotor

decreases. Consequently. the slip s and hence rotor current frequency decreases.
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Equivalent Circuit of Three Phase Induction Motor

s E,
VRZ + (s X,)?

I’ =

Mathematically. this value is unaltered by wrniting it as:

F.‘
\’I(R: '5): +(.‘(:):

I's =

As shown in Fig 3.10 (i1). we now have a rotor circuit that has a fixed reactance X, connected in
series with a variable resistance R2/s and supplied with constant voitage E; Note that Fig. 3.10
(11) transfers the vanable to the resistance without altering power or power factor conditions.

1, X | 1, R, x
€, 22 . L WA
1 I

(1) (i) i)
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The circuit shown in Fig 3.11 is similar to the equivalent circuit of a transformer with secondary
load equal to R, given by eq. (1). The rotor e.m £ in the equivalent circuit now depends only on
the transformation ratio K (= E,/E)).

i, & X, 1 L R X
g P AN G "o —
1. IR
V, A, x. & “ E, R =R, f% -1’;
) S X Y
hy
Fig3.11
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Therefore induction motor canbe representeds an equivalenttransformerconnectedo a
variableresistancdoad RL givenby eq (i). The powerdeliveredto RL representshe total
mechanicapowerdevelopedn therotor. Sincethe equivalentircuit of Fig. 3.11is thatof a
transformer,the secondary(i.e., rotor) valuescan be transferredto primary (i.e., stator)
through the appropriate use of transformationratio K. Recall that when shifting
resistance/reactané®m secondaryto primary,it shouldbe divided by K2 whereascurrent

shouldbe multiplied by K. The equivalentcircuit of aninductionmotor referredto primary
is shownin Fig. 3.12.

S

o .
Az % Xa=-%

‘ 4
1A= (L - o)

,-

Lad®
- B
‘—‘.."‘"4"“"?
:."
z
!
Sy

‘LPower convertad
to mechanical
power
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Crawling of induction motor

U Sometimessquirrelcageinduction motorsexhibitsa tendencyto run at very slow
speedgas low as oneseventhof their synchronousspeed) This phenomenons
calledascrawling of aninductionmotor.

U This actionis dueto the fact that, flux wave producedby a statorwinding is not
purely sinewave Instead|t is a complexwaveconsistinga fundamentalvaveand
oddharmonicdike 3rd, 5th, 7th etc

U The fundamentalwave revolvessynchronouslyat synchronouspeedNs whereas
3rd, 5th, 7th harmonicsmay rotatein forward or backwarddirectionat Ns/3, Ns/5,
Ns/7 speedsespectively

U Hence,harmonictorquesare also developedn additionwith fundamentakorque
3rd harmonicsareabsentn a balanced3-phasesystem Hence3rdd harmonicsdo
not producerotatingfield andtorque
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Thetotal motortorquenow consistthreecomponentsas (i) the fundamentatorquewith
synchronousspeedNs, (i) 5th harmonictorquewith synchronousspeedNs/5, (iv) 7th
harmonic torque with synchronousspeedNs/7 (provided that higher harmonicsare
neglected)

Now, 5th harmoniccurrentswill havephasedifferenceof 5 X 120= 600A=2 X 360- 120
=-120A

Hencetherevolvingspeedsetup will bein reversedirectionwith speed\s/5. The small
amountof 5th harmonictorqueproducesbreakingactionandcanbe neglected The 7th
harmoniccurrentswill havephasedifferenceof 7 X 120= 840A= 2 X 360+120= +
120A

Hencethey will setup rotatingfield in forward directionwith synchronouspeedequal
to Ns/7. If we neglectall the higherharmonicsthe resultanttorquewill be equalto sum
of fundamentatorqueand7th harmonictorque
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7th harmonictorque reachests maximum positive value just beforel/7th of Ns. If the
mechanicaload on the shaftinvolves constantioad torque,the torque developedby the
motor may fall below this load torque In this case,motor will not accelerateup to its
normalspeedputit will run ata speedwhich is nearly 1/7th of its normalspeedasshown
in Fig: Thisphenomenors calledascrawling of inductionmotors

stable }(—

Stable

Torque —>

- e
|
i
L -1
A+ A Constant Load Torgue _ _ _1 |
/ " ¥~ Crawiling speed V
\ 1 5. 1 )
).8 0

1
0
1.0 K\‘ 0.6 04y 02

[ I 1 1 | {
0 0.2 0.4 0.6 0.8 1.0

Syncronous speed N§ - s
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Cogging (Magnetic Locking or Teeth Locking) of induction motor

Sometimesthe rotor of a squirrelcageinduction motor refusesto startat all, particularly
if the supplyvoltageis low. This happensespeciallywhennumberof rotor teethis equal
to numberof statorteeth,becausenf magneticlocking betweenthe statorteethandthe
rotor teeth When the rotor teeth and statorteethface eachother, the reluctanceof the
magneticpathis minimumthatis why the rotor tendsto remainfixed. This phenomenon
is calledcoggingor magneticlocking of inductionmotor.
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SLIP-TORQUE CHARACTERISTICS

The curve Ssooawon betrween towoue ard siip
From S= 1 {at sS4ark) o s=60o (synchrormows Spesdl D)
15 e=alled MOyEuae - =Lie charocteri s ries OF e i e e = oy
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Torque Equations

The gross torquég developed by an induction motor is given by;

1 3 T -
I, — R‘)Z-T.: jl\'_':“. IS -, S o o3y » Yie .
SO - 1 -
— - I;;l;f‘xnpul i N SN I
- R 5 S S B
Now Rotor imput = otor Cu loss __ rz) - 1)
s s

As shown in Sec. .16, under rurnmimg conditions,
aEs s K E;

I = - — — — = — —
= R s TS VRZ + (s X,)2

; = " Rotor turns-‘phasc

wherce K — Transforrmationratio— ——M————
Stator turns/phasec

> >

= s ES R,

sZ EZ2R . 1
— - ><

]

2

=2 Rotor imput — 3 >< - S — — = - < =
R3 +— (s X5~ s R3S + (s X5~
(Putting < valuc of T'> in cg.(i))
i sz 2 B2 - = zZ EZ o
Aldso Rotor input — 3 x = ,,,l\ E3 R_,; . = = R,—_ﬂ
RS +(s X5 = RIS + (s X))
(Putting me value of T2 in eq.(i))
o T, = R¢:l)ur input . 3 _ - AS ESR > _ R O
= 27 N 27 N RZ2 + (s Xo)7
3 K ES R s
= = L =_ ...aan terms ol b,
27t W R 3 s XoD>™

Note that 1n the above expressions of 1. the values E;. Ex. R: and X represent
the phase values.
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Rotor Torque

The torque T developed by the rotor is directly proportional to:
(1) rotor current
(1) rotor e.m.f.
(ui) power factor of the rotor circuit

T‘IEIIJ COS¢3
or T=KE, I, cosp,

where I, = rotor current at standstill
E> =rotor e.m.f. at standstill
cos ¢, = rotor p.f. at standstill

Note. The values of rotor e.m.f,, rotor current and rotor power factor are taken
for the given conditions.
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Starting Torque (Ts)

Let

E> = rotor e.m.f. per phase at standstill
X, = rotor reactance per phase at standstill

R, = rotor resistance per phase

P—
Rotor impedance/phase. Z, =/ R% — Xg ...at standsull

E> E, g
————— ...at standstill

Rotor current/phase, I, =

Rotor p.f., cos ¢, = ...at standstill

Starting torque, T, =K E,I, cos¢,

=KEEX | ':E: > > f 3{2 S

\/RE -+ XE \/RE +X5
_KE3IR,
R3 + X3

Generally. the stator supply voltage V is constant so that flux per pole ¢ set up by the stator is also
fixed. This in turn means that e.m.f. E> induced in the rotor will be constant.
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1 - KiRs _KiR,
" RI+X] Z3

where K, is another constant.

It is clear that the magnitude of starting torque would depend upon the relative
values of R; and X, ie., rotor resistance/phase and standstill rotor
reactance/phase.

It can be shown that K = 3/2 n N,.

__ 3 E3R,
—2Tth R%'*‘X*z;

S

Note that here N, 1s inr.p.s.
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Condition for Maximum Starting Torque

It can be proved that starting torque will be maximum when rotor resistance/phase is equal to
standstill rotor reactance/phase.

Now A= ———k' o

*=RZ+x2 o

Differentiating eq. (i) w.r.t. R, and equating the result to zero. we get,

=
dT, =K.[ I _ R,(2R,)

dR, R3 +X3 (’Rg +X:f
or R3 + X3 =2R3
or R, =X,

Hence starting torque will be maximum when:

Rotor resistance/phase = Standstill rotor reactance/phase

Under the condition of maximum starting torque. ¢» =45 and rotor power factor is 0.707 lagging.
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LOSSES AND EFFICIENCY

1. LOSSES

The various power losses in an induction motor can be classified as,
i) Constant losses -
ii} Variable losses

i) Constant losses )

These can be further classified as core losses and mechanical losses,

Core losses occur in stator core and rotor core. These are also called iron losses.
These losses include eddy current losses and hysterisis losses. The eddy current losses

are minimised by using laminated construction while hysterisis losses are minimised
by selecting high grade silicon steel as the material for stator and rotor.

Department of EEE, NSCET, Theni Page-26




,.5. Department of EEE, NSCET, Theni Page-27



