EXPERIMENT 5. WOUND-ROTOR INDUCTION MOTOR 

OBJECT :

1. To examine the construction of the three-phase wound rotor induction motor.

2.   To observe the characteristics of the wound rotor induction motor at no load and at full load.

3.   To observe speed control using an external variable resistance.

DISCUSSION

The three ends of the three-phase rotor windings are brought out to three slip rings mounted on the rotor shaft. The brushes bearing on the slip rings play an important role in realizing maximum advantage from the wound rotor motor. By connecting the brushes through rheostats, it becomes possible to develop a higher starting torque than is possible with a squirrel cage motor. On starting, the full resistance of the rheostats is maintained in the rotor circuit, thus providing the very maximum starting torque.

As the motor approaches normal operating speed, the rheostat resistance is gradually reduced until it is out of the circuit entirely at full speed. Although the starting torque of the wound rotor motor is higher, it is not as efficient as the squirrel cage motor at full speed, because the resistance of the rotor windings is always more than that of a squirrel cage motor.

INSTRUMENTS AND COMPONENTS :

Power Supply Module (208 V, 3(, 0-120V dc, 120 Vdc)                           EMS  8821

Wound Rotor Induction Motor Module                                                       EMS  8231

Electrodynamometer Module                                                                       EMS  8911
Speed Control Rheostat Module                                                                   EMS  8731
Three-Phase Wattmeter Module                                                                   EMS  8441

AC Metering Module (250/250 V )                                                              EMS  8426

AC Metering Module (2.5/2.5 / 2.5 A)                                                         EMS  8425

Hand Tachometer                                                                                          EMS  8920

Connection Leads                                                                                         EMS  8941

Timing Belt                                                                                                   EMS 8942




PROCEDURE :

Caution: High voltages are present in this Laboratory Experiment! Do not make any connections with the power on! The power should be turned off after completing each individual measurement!

1. Examine the construction of the Wound Rotor Induction Motor Module EMS 8231, paying particular attention to the motor, slip rings, connection terminals and wiring.

2.    Viewing the motor from the rear of the module:

          a) Identify the three rotor slip rings and brushes.

          b) Can the brushes be moved?

          c) Note that the three rotor windings are brought out to the three slip rings via a slot in the rotor shaft.

          d) Identify the stator windings. Note that they consist of many turns of small diameter wire evenly spaced around the stator.   

          e) Identify the rotor windings. Note that they consist of slightly larger diameter wire evenly spaced around the rotor.   

f) Note the spacing of the air gap between the rotor and the stator.

3. Viewing front face of the module:
         a) The three separate stator windings are connected to terminals ………..and……..,

         ………..and……….., …………………..and……………….

b) What is the rated current and rated voltage of the stator windings?

         c) The three rotor windings are (wye, delta)……………. connected?

d) What is the rated voltage and rated current of the rotor windings?
e) What is the rated speed and horsepower of the motor?

4.   a) Examine the construction of the Speed Rheostat Module EMS 8731, paying particular attention to the circuit schematic diagrammed on the face of the module.
         b) Note that the arms of the three rheostats are separately brought out to terminals 1, 2 and 3. The remaining ends of the rheostats are wired together internally and brought out to N terminal.
         c) Note that the three rheostats are ganged together and that their individual resistance can be varied simultaneously by turning the single control knob.
[image: image1.png]0-25Aac WOUND —ROTOR EMS 8731
0-250 INDUCTION MOTOR
Vac WATTMETER

o6

nA N
Toll@elY] O
Sl ol e
0-208V l,@_i : :

ELECTRO-
DYNAMOMETER

®

L)

Fig 72



         d) When the control knob is fully ccw the resistance of each rheostat is zero ohms. When the control knob is fully cw the resistance of each rheostat is 16 ohms.
5.   Using your Wound Rotor Motor, Electrodynamometer, Wattmeter, Speed Control Rheostat, Power Supply, and AC Metering Modules, connect the circuit shown in Fig. 7-2. Do not couple the motor to the electrodynamometer at this time!

 6.     a) Set the speed control rheostat knob at its full ccw position for zero resistance.
         b) Turn on the power supply and adjust E1 to 208 Vac. The motor should be running.
         c) Record the three line currents (I 1, I 2,  I 3), the two wattmeter indications (W1,  W 2. remember, to observe the polarities), and the motor speed.
         d) Return the voltage to zero and turn off the power supply.
7.      a) Couple the motor to the electrodynamometer with the timing belt.
         b) Set the dynamometer control knob at its full ccw position.
         c) Repeat procedure 3 for each of the torques (0,3,6,9,12 lbf-in), maintaining the input voltage at 208 Vac and record I 1, I 2,  I 3,  W1,  W 2.and speed.

         d) Return the voltage to zero and turn off the power supply. 

8.     a) Set the speed control rheostat knob at its full cw position for maximum resistance.
        b) Uncouple the motor from the electrodynamometer.
9.     a) Turn on  the power supply and adjust E1 to 208 Vac. The motor should be running.
        b) Measure and record the values same as in procedure 6, the three line currents, the two 

            wattmeter indications and the motor speed.
        c) Return the voltage to zero and turn off the power supply.
10.    a) Couple the motor to the electrodynamometer with the timing belt.
         b) Set the dynamometer control knob at its full ccw position.
         c) Repeat procedure 6 for each of the torques as in procedure 7,maintaning the input voltage at 208 Vac.
         d) With a developed torque of 9 lbf.in, rotate the speed control rheostat knob from full cw to full ccw. 

         e) Does the motor speed change?

         f) Does the developed torque change?

         g) Return the voltage zero and turn off the power supply.

11.  a) Connect the circuit shown in Fig. 7-3. Note that the fixed 3( output of the power supply, terminals 1, 2, and 3 are now being used.
        b) Set the dynamometer control knob at its full cw position (to provide a maximum starting load for the motor).
 c) Set the speed control rheostat knob at its full cw position (to provide maximum resistance).

12.   a) Turn on the power supply and quickly measure E 1, I 1, I 2 and the developed starting 

    torque.    Turn off the power supply...

        b) Calculate the apparent power to the motor at starting torque
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TEST YOUR KNOWLEDGE :

1.  Knowing that the voltage induced in the rotor winding is zero when it is turning at synchronous speed, what is the synchronous speed of your motor?

2.   Determine the number of poles (P) in your motor.

3.  Using the results of procedure 6, calculate the no-load characteristics [average current, apparent power, real power, reactive power and power factor] of the wound rotor motor?
4.  Using the results of procedure 7, calculate the 9 lbf.in characteristics [average current, apparent power, real power, reactive power and power factor, horsepower, efficiency] of the wound rotor motor

(with zero ohms external rotor resistance)

5.  Using the results of procedure 10, calculate the 9 lbf.in characteristics of the wound rotor motor 

(with 16 ohms external rotor resistance)
6.  Using the results of Procedure 12 and Procedure 10, make the following ratio calculations 

       (Use the 9-lbf.in characteristics for the full load values)

a) Starting current to full load current

b) Starting torque to full load torque

c) Full load current to no load current

7. The efficiency of the motor is much lower when the external resistance is in the motor circuit. Explain.

8. The power factor improves with loading. Explain.
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