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Torque of Induction Motor under Running Condition (Tr)
It is the torque developed by the motor under
running condition (i.e., at slip s). From figure, the
rotor circuit/phase at slip s.
Let,
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Torque of Induction Motor under Running Condition (Tr) …
Since, the motor torque/phase at slip s (or under running conditions) is:
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Torque of Induction Motor under Running Condition (Tr) …
If the stator (or supply) voltage V is constant, then stator flux and hence E2

will be constants.
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  K1=K E2
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It may be seen that the running torque is:
i- Directly proportional to the slip. If the slip increases (i.e., motor speed

decreases), the torque will increase and vice-versa.
ii- Directly proportional to square of supply voltage, because VE2
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EExxaammppllee 55:: AA YY--ccoonnnneecctteedd rroottoorr ooff aann iinndduuccttiioonn mmoottoorr hhaass
ssttaannddssttiillll iimmppeeddaannccee ooff ((00..44++jj44)) oohhmm ppeerr pphhaassee aanndd
tthhee rrhheeoossttaatt iimmppeeddaannccee ppeerr pphhaassee iiss ((66++jj22)) oohhmm.. TThhee
mmoottoorr hhaass aann iinndduucceedd eemmff ooff 8800VV bbeettwweeeenn sslliipp--rriinnggss
aatt ssttaannddssttiillll wwhheenn ccoonnnneecctteedd ttoo iittss nnoorrmmaall ssuuppppllyy
vvoollttaaggee.. FFiinndd::

((ii)) rroottoorr ccuurrrreenntt aatt ssttaannddssttiillll wwhheenn tthhee rrhheeoossttaatt iiss iinn tthhee cciirrccuuiitt..
((iiii)) rroottoorr ccuurrrreenntt aatt sslliipp 33%% wwhheenn tthhee sslliipp--rriinnggss aarree sshhoorrtt--cciirrccuuiitteedd..

AAnnsswweerr
                       [Ans.: 5.265A  -  3.32A]
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Maximum Torque under Running Conditions (Tr(max))
Assuming the supply voltage is constant, to get the maximum value of the
running torque, take a derivative for it w.r.t the constant R2 and equating
the result with zero as follows:
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Hence, the running torque will be maximum when:
         Rotor resistance/phase = slip * Standstill rotor reactance/phase
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Maximum Torque under Running Conditions (Tr(max))
Also:
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Notes:
- The maximum running torque is independent on the rotor resistance

(because the rotor resistance is constant for the motor).
- The maximum running torque varies inversely with the standstill reactance.

Hence, it should be kept as small as possible.
- The maximum running torque varies directly with the square of the applied

voltage.
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EExxaammppllee 66:: 33--pphh,, sslliipp--rriinngg,, iinndduuccttiioonn mmoottoorr wwiitthh YY--ccoonnnneecctteedd
rroottoorr hhaass aann iinndduucceedd eemmff ooff 112200VV bbeettwweeeenn sslliipp--rriinnggss
aatt ssttaannddssttiillll wwiitthh nnoorrmmaall vvoollttaaggee aapppplliieedd ttoo tthhee ssttaattoorr..
TThhee rroottoorr wwiinnddiinngg hhaass aa rreessiissttaannccee ppeerr pphhaassee 00..33 oohhmm
aanndd ssttaannddssttiillll lleeaakkaaggee rreeaaccttaannccee ppeerr pphhaassee iiss 11..55 oohhmm..
ccaallccuullaattee::

((ii)) rroottoorr ccuurrrreenntt//pphhaassee wwhheenn rruunnnniinngg sshhoorrtt--cciirrccuuiitteedd wwiitthh 44%% sslliipp..
((iiii)) SSlliipp aanndd rroottoorr ccuurrrreenntt//pphhaassee wwhheenn tthhee rroottoorr iiss ddeevveellooppiinngg

mmaaxxiimmuumm ttoorrqquuee..
AAnnsswweerr

                       [Ans.: 9A  -  0.2 - 33A]
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EExxaammppllee 77:: AA 33--pphh,, iinndduuccttiioonn mmoottoorr hhaavviinngg 66--ppoollee,, YY--ccoonnnneecctteedd
ssttaattoorr wwiinnddiinngg rruunnss oonn 224400VV,, 5500HHzz ssuuppppllyy.. TThhee rroottoorr
iiss ccoonnnneecctteedd aass YY--ccoonnnneeccttiioonn.. TThhee rroottoorr rreessiissttaannccee
aanndd ssttaannddssttiillll rreeaaccttaannccee aarree 00..1122 oohhmm aanndd 00..8855 oohhmm
ppeerr pphhaassee.. TThhee rraattiioo ooff ssttaattoorr ttoo rroottoorr ttuurrnnss iiss 11..88..
FFuullll--llooaadd sslliipp iiss 44%%.. ccaallccuullaattee::

((ii)) DDeevveellooppeedd ttoorrqquuee aatt ffuullll--llooaadd..
((iiii)) MMaaxxiimmuumm ttoorrqquuee aanndd ssppeeeedd aatt tthhaatt mmaaxxiimmuumm ttoorrqquuee..

AAnnsswweerr
                       [Ans.: 52.4Nm  -  99Nm  - 860rpm]
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Torque-Slip Characteristics
The motor torque under running conditions is given by:
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If a curve is drawn between the
torque and slip for a particular
value of rotor resistance R2; the
graph thus obtained is called
torque-slip characteristic.  Fig.
shows a family of torque-slip
characteristics for a slip-range
from s =  0  to s = 1 for various
values of rotor resistance.
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Torque-Slip Characteristics …
The following points may be noted carefully:
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(i) At s = 0, Tr = 0 so that torque-slip curve starts from the origin.
(ii) As slip increses beyond zero value (i.e., slip is small but larger than zero…

the case of normal speed that close to synchronism) so that sX2 is negligible
as compared to R2.

sT
R
sT rr

2
 … linear relation between Tr & s

Hence torque-slip curve is a straight line from  zero  slip  to  a  slip  that
corresponds to full-load (the shaded region at using the surve of R2)
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Torque-Slip Characteristics …
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(iii) As slip increases beyond full-load slip (for
increasing load of the motor), the torque
increases and becomes maximum at s  = R2/X2.
This  maximum torque  in an induction motor  is
called pull-out or breakdown torque. Its value is
at least twice the full-load value when the motor
is operated at rated voltage and frequency.

(iv) As the slip further increses (i.e., motor speed
falls) with further increase in motor load, then R2
becomes neglegible compared to sX2. Therfore, the motor slows down and
eventually stops.

s
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sT rr

1
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2

In fact, the stable operation of  the  motor  lies  between  the  values  of s = 0 and that
corresponding to maximum torque.( is operating range shown shaded in the figure)
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Torque-Slip Characteristics …

(v) Because the maximum running torque is
independent of the value of  rotor  resistance, so,
it is remains the same.  Therefore,  the  addition
of  resistance  to  the  rotor circuit does not
change the value of maximum running torque but
it is only changes the value of slip at which
maximum torque occurs.
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Torque-Speed Characteristics
The torque developed by a 3-ph induction motor depends on its speed but the
relation cannot be represented by a simple equation. As shown in figure,

T   : represents nominal full-load torque at full-load speed N.
1.5T : represents starting (or locked rotor) torque at (N= 0 … at s=1).
2.5T : represents the maximum (or breakdown) torque at (s = R2/X2).
If the load torque exceeds breakdown torque, the motor will suddenly stop.
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Speed Regulation of Induction Motors
It is the difference between no-load speed and full-load speed. It is
an indication for motor performance, as the value of speed regulation
decreases, the motor will have a bad performance

100%
fl

flnl

N
NN

regulationSpeed

Where;
Nnl  : no-load speed of the motor.
Nfl  : full-load speed of the motor.

 If the no-load speed of the motor is 800r.p.m. and its full-load speed is
780r.p.m, then change in speed is 800 780=20r.p.m. and %speed
regulation =20×100/780 = 2.56%.
 The speed regulation of an induction motor is 3% to 5%.  This value is

low enough. So, the induction motor is classed as a constant-speed motor.
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Speed Control of 3-Phase Induction Motors

P
fsNsN s

120)1()1(

The speed of induction motor (N) can be varied by changing:
(i) Supply frequency, f.
(ii) No. of stator poles, P.
(iii) The slip, s.

The  change  of f  is  generally  not  possible  because  the commercial
supplies  have  constant  frequency.  Therefore,  the  practical methods of
speed control are either to change P or s.
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Speed Control of 3-Phase Induction Motors …
1.  Squirrel Cage Motors
Its speed changed by changing number of stator poles (only two or four
speeds are possible by this method). Two-speed motor has one stator
winding provides two speeds (For instance, the winding may be connected
for either 4 or 8 poles, giving Ns of 1500 or 750r.p.m. Four-speed motors
are equipped with two separate stator windings each of which provides two
speeds.

2.  Wound rotor motors
The speed of wound rotor motors is changed by changing the motor slip.
This can be achieved by;

Varying the stator line voltage.
Varying the resistance of the rotor circuit.


