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EE3124 Test 2 with Solutions 

 

Name:       Student No.: 

------------------------------------------------------------------------------------------------------------ 

Q1 – – What is armature reaction? 

–  Compare the motor windings in Synchronous Motors? 

–  What is the relationship between electrical frequency and mechanical rotation speed 

for a synchronous ac machine? (15 pts) 

Solution 

1. Armature reaction: The distortion of the air-gap magnetic field by the current flowing 

in the stator. 

2.  

3. It is possible to relate the electrical frequency in hertz to the resulting mechanical 

speed of the magnetic fields in revolutions per minute (rpm). This relationship is  

 

 

Q2 – A 6-kV 3-phase Y-connected turbo-synchronous generator, of synchronous reactance 

of 0.6 Ω/phase, is supplying 30 MVA at 0.9 p.f. lagging to a large power system.  

(a) Calculate the phase voltage and current of the generator, plot phasor diagram. (15 pts) 

(b) If the steam supply is cutoff, explain what takes place, and determine the current the 

generator will then carry assuming negligible losses? Plot phasor diagram. (15 pts) 
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Solution 
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Q3 – A 380-V, 60 Hz, two pole pair synchronous motor draws 30 A from the line at unity 

power factor and full load. Assuming that the motor is lossless, answer the following 

questions: 

(a) What is the output torque of this motor? Express the answer in newton-meters. (10 pts) 

(b) What must be done to change the power factor to 0.8 leading? Explain your answer, using 

phasor diagrams. (5 pts) 

(c) What will the magnitude of the line current be if the power factor is adjusted to 0.8 leading? 

(5 pts) 

Solution 

(a) If this motor is assumed lossless, then the input power is equal to the output power. The 

input power to this motor is 

( )( )( )IN 3 cos 3 380V 30A 1.0 19.75 kWT LP V I = = =   

The rotational speed of the motor is  

( )120 60Hz120
1800 rpm
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The output torque would be  
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(b) To change the motor's power factor to 0.8 leading, its field current must be increased. 

Since the power supplied to the load is independent of the field current level, an increase in 

field current increases EA while keeping the distance EAsinϐ constant. This increase in EA 

changes the angle of the current IA, eventually causing it to reach a power factor of 0.8 

leading. 

 
(c) The magnitude of the line current will be 
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Q4 - A 380-V four-pole 50-Hz Y-connected wound-rotor induction motor is rated at 80 hp. 

Its equivalent circuit components are 

R1 = 0.100  R2 = 0.070   XM = 10.0  

X1 = 0.210   X2 = 0.210   

Pmech = 1500 W   Pcore = 1000 W  Pmisc ≈0   

For a slip of 0.1, find 

(a) The line current IL (5 pts) 

(b) The stator copper losses PSCL (5 pts) 

(c) The air-gap power PAG (5 pts) 

(d) The power converted from electrical to mechanical form Pconv (5 pts) 

(e) The induced torque τind  (5 pts) 

(f) The load torque τload (5 pts) 

(g) The overall machine efficiency (5 pts) 

(h) The motor speed in revolutions per minute and radians per second. (5 pts) 

(Any correct 7 answers will have full score)                        (35 pts) 

 

Solution 

The equivalent circuit of this induction motor is shown below: 

 

 

 
The equivalent impedance of the rotor circuit in parallel with jXM is: 
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( ) ( )
22

sCL 13 3 245.44 0.10 Ω 18.072 WAP I R A k= = =   

  (c)    The air-gap PAG  

 3 cos( 30.99) 18072 1000 119.412 kWAG in SCL core L LP P P P V I− −= =    − − − =    

 

( ) ( )conv AG1 1 0.1 119.412 kW 107.471 kWP s P= − = − =   
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  (f)    The output power of this motor is   

 POUT= Pconv- Pmech- Pmisc= 107.471 –1.5 – 0 kW= 105.971 kW 

 The output speed is 

 ( ) ( )( )sync1 1 0.1 1500r / min 1350 r / minmn s n= − = − =   

 Therefore the load torque is  
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(g) The overall efficiency is  
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(h) The motor speed in radians per second is  

( )
2 rad 1min

1350r / min 141.37 rad / s
1r 60s

m




  
= =  

  
  

 

 

 


