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The garden variety of induction motor used in industry is the squirrel cage induction motor. Many of the 
characteristics of these motors, such as starting inrush current, starting torque, and slip, are fixed. 
Although a motor designer can vary these characteristics at the design stage, once the motor is 
manufactured these characteristics are fixed. 
 
The wound rotor induction motor has a rotor winding that is not short-circuited on the rotor, like a squirrel 
cage motor, but is brought to slip rings so that the rotor circuit can be modified by inserting external 
resistance. This added resistance can accomplish two things: 

• Since the starting torque developed in an induction motor by a given starting current is 
proportional to the rotor resistance, adding resistance during the starting cycle can increase the 
starting torque, or lower the starting current for the same torque. By decreasing the rotor 
resistance as the motor accelerates, the torque can be controlled to provide a smooth 
acceleration of the load, sometimes called a "soft start". This can be very helpful for loads such 
as cranes, hoists, and loaded conveyors. 

• Since the slip of an induction motor increases as the rotor resistance increases, some speed 
control is possible using a wound rotor motor and varying the rotor resistance while running. 

 
Controllers for wound rotor motors include for the stator the same protection and switching functions that 
are used for squirrel cage motors. For the rotor, a multi-step resistor and switching means for that 
resistor are required. For a soft start application, the resistor is switched out of the circuit step by step as 
the motor accelerates. Once it reaches full speed, the resistor is completely shorted out, and the motor 
runs like a squirrel cage motor. The number of steps varies, depending on the motor size and the starting 
characteristics desired, but generally falls in the range of 3 to 7 steps. The switching may be done by a 
manual drum switch or by a series of contactors activated by timers. For speed control, some resistance 
remains in the rotor circuit for all speeds except maximum speed. The running resistor may be further 
steps of fixed resistance, like the starting resistors, or a continuously variable resistance, like a liquid 
rheostat. 
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Wound rotor motors have some drawbacks. Both the motor and the controller are more complex and 
cost more than a similar squirrel cage motor and its controller. The added running resistance in the rotor 
circuit of the motor on speed control increases losses, and thus operating costs, and the maximum 
speed is limited to something less than synchronous speed for the number of poles in the motor. 
Because of these limitations, many users now turn to squirrel cage motors and variable frequency drives 
to meet their needs for both soft start and speed control. 
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