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UNIT 03 

 Three Phase Induction Motor  



ðALBERT EINSTEIN 

ñIntellectuals solve problems, geniuses 

prevent them.ò 
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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.  
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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  
The induction motor stator resembles the stator of a revolving field, three phase alternator. The stator 

or the stationary part consists of three phase winding held in place in the slots of a laminated steel 

core which is enclosed and supported by a cast iron or a steel frame as shown in Fig 

The phase windings are placed 120 electrical degrees 

apart and may be connected in either star or delta 

externally, for which six leads are brought out to a 

terminal box mounted on the frame of the motor. 

When the stator is energized from a three phase 

voltage it will  produce a rotating magnetic field in the 

stator core.  
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(b) Rotor Construction  
 

The rotor of the squirrel cage motor shown in Fig contains no windings. Instead it is a 

cylindrical core constructed of steel laminations with conductor bars mounted parallel to the 

shaft and embedded near the surface of the rotor core. These conductor bars are short 

circuited by an end rings at both end of the rotor core. In large machines, these conductor 

bars and the end rings are made up of copper with the bars brazed or welded to the end rings 

shown in Fig. In small machines the conductor bars and end rings are sometimes made of 

aluminum with the bars and rings cast in as part of the rotor core. Actually the entire 

construction (bars and end-rings) resembles a squirrel cage, from which the name is derived.  
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(c) End Shields  
The function of the two end shields is to support the rotor shaft. They are fitted with bearings 

and attached to the stator frame with the help of studs or bolts attention.  

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.  
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(b) Rotor Construction  
 

The rotor of the slip ring induction motor is also cylindrical or constructed of lamination. 

Squirrel cage motors have a rotor with short circuited bars whereas slip ring motors have 

wound rotors having "three windings" each connected in star. The winding is made of 

copper wire. The terminals of the rotor windings of the slip ring motors are brought out 

through slip rings which are in contact with stationary brushes as shown in Fig 
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PRINCIPLE  OF OPERATION   
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SLIP  

 

We have seen above that rotor rapidly accelerates in the direction of rotating field. In 

practice, the rotor can never reach the speed of stator flux. If  it did, there would be no 

relative speed between the stator field and rotor conductors, no induced rotor currents 

and, therefore, no torque to drive the rotor. The friction and windage would 

immediately cause the rotor to slow down. Hence, the rotor speed (N) is always less 

than the suitor field speed (Ns). This difference in speed depends upon load on the 

motor. The difference between the synchronous speed Ns of the rotating stator field 

and the actual rotor speed N is called slip. It is usually expressed as a percentage of 

synchronous speed i.e.  
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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;  
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Equivalent Circuit of Three Phase Induction Motor  
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Therefore; induction motor can be represented as an equivalent transformer connected to a 

variable-resistance load RL given by eq. (i). The power delivered to RL represents the total 

mechanical power developed in the rotor. Since the equivalent circuit of Fig. 3.11 is that of a 

transformer, the secondary (i.e., rotor) values can be transferred to primary (i.e., stator) 

through the appropriate use of transformation ratio K. Recall that when shifting 

resistance/reactance from secondary to primary, it should be divided by K2 whereas current 

should be multiplied by K. The equivalent circuit of an induction motor referred to primary 

is shown in Fig. 3.12.  
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Crawling of induction motor  

ü Sometimes, squirrel cage induction motors exhibits a tendency to run at very slow 

speeds (as low as one-seventh of their synchronous speed). This phenomenon is 

called as crawling of an induction motor.  

ü This action is due to the fact that, flux wave produced by a stator winding is not 

purely sine wave. Instead, it is a complex wave consisting a fundamental wave and 

odd harmonics like 3rd, 5th, 7th etc.  

ü The fundamental wave revolves synchronously at synchronous speed Ns whereas 

3rd, 5th, 7th harmonics may rotate in forward or backward direction at Ns/3, Ns/5, 

Ns/7 speeds respectively.  

ü Hence, harmonic torques are also developed in addition with fundamental torque. 

3rd harmonics are absent in a balanced 3-phase system. Hence 3rdd harmonics do 

not produce rotating field and torque.  
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The total motor torque now consist three components as: (i) the fundamental torque with 

synchronous speed Ns, (ii)  5th harmonic torque with synchronous speed Ns/5, (iv) 7th 

harmonic torque with synchronous speed Ns/7 (provided that higher harmonics are 

neglected).  

Now, 5th harmonic currents will  have phase difference of 5 X 120 = 600Á =2 X 360 - 120 

= -120Á. 

 Hence the revolving speed set up will  be in reverse direction with speed Ns/5. The small 

amount of 5th harmonic torque produces breaking action and can be neglected. The 7th 

harmonic currents will  have phase difference of 7 X 120 = 840Á = 2 X 360 +120 = + 

120Á.  

Hence they will  set up rotating field in forward direction with synchronous speed equal 

to Ns/7. If  we neglect all the higher harmonics, the resultant torque will  be equal to sum 

of fundamental torque and 7th harmonic torque.  
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7th harmonic torque reaches its maximum positive value just before1/7th of Ns. If  the 

mechanical load on the shaft involves constant load torque, the torque developed by the 

motor may fall below this load torque. In this case, motor will  not accelerate up to its 

normal speed, but it will  run at a speed which is nearly 1/7th of its normal speed as shown 

in Fig: This phenomenon is called as crawling of induction motors.  
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Cogging (Magnetic Locking or Teeth Locking) of induction motor  
 

Sometimes, the rotor of a squirrel cage induction motor refuses to start at all, particularly 

if  the supply voltage is low. This happens especially when number of rotor teeth is equal 

to number of stator teeth, because of magnetic locking between the stator teeth and the 

rotor teeth. When the rotor teeth and stator teeth face each other, the reluctance of the 

magnetic path is minimum that is why the rotor tends to remain fixed. This phenomenon 

is called cogging or magnetic locking of induction motor.  
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SLIP-TORQUE CHARACTERISTICS  
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Torque Equations  

The gross torque Tg developed by an induction motor is given by;  
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Rotor Torque  
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Starting Torque (Ts)  
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Condition for Maximum Starting Torque  
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LOSSES AND EFFICIENCY  

 

1. LOSSES  
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