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Question #1 
 
A 3000-hp, 6600-V, 60-Hz, 3-Phase, Y-connected synchronous motor operates at full-load at a 
leading PF of 0.8 and efficiency of 74.6%. If the synchronous reactance is 11 , calculate: 
a. the apparent power of the motor per phase, 
b. the ac line current, 
c. the value and phase of the induced EMF, 
d. draw the phasor diagram, 
e. determine the torque angle . 
 

Question #2 
 
A 3-phase, 4-pole, 60-Hz, Y-connected synchronous motor is connected to a 3980 V, 3-phase 
transmission line. The motor generates an induced EMF of 3100 V when the field current is 25 A. 
The synchronous reactance is Xs = 22  and the torque angle  = 30o. Calculate: 
a. the transmission line current, 
b. the power factor of the motor, 
c. the developed torque. 
 

Question #3 
 
A 3-phase, 400-V, Y-connected synchronous motor delivers 12 hp at the shaft and operates at 0.866 
lagging PF. The total core, friction, and field copper losses are 1200 W. If the armature resistance is 
Ra = 0.75  per phase, determine the efficiency of the motor. 
 

Question #4 
 
An overexcited synchronous motor is connected across a 150-kVA inductive load of 0.7 lagging PF. 
The motor takes 12 kW while running on no load. 
a. Calculate the kVA rating of the motor if it is desired to bring the overall PF of the motor-

inductive load combination to unity. 
b. What would be the kVA rating of the motor if the synchronous motor were used to supply a 

100-hp load at an efficiency of 90%. 
 

Question #5 
 
A 6600-V, 50-Hz, 6-pole, 3-phase, Y-connected synchronous motor takes 400 kW at 0.8 PF 
lagging. The synchronous reactance Xs = 2 /phase and a negligible armature resistance.  
I. Determine: 
a. The armature current, 
b. The induced EMF and torque angle , 
c. The maximum torque the motor can develop Tmax. 
 

II. If the induced voltage is increased by 25% and the power input to the motor remains the 
same, i.e. 400 kW, find: 

a. The new power angle , 
b. The new value of armature current, 
c. The new power factor, 
d. The new maximum developed power, 



 Question #6 
 
A 3.3 kV, 50-Hz, 2-pole, star-connected synchronous motor has Zs = 0 + j15 . The motor is 
connected to 3.3 kV, 3-phase supply and its excitation is set so that the internal generated voltage is 
3.3 kV. 
a. What is the maximum power, Pmax, and maximum torque, Tmax, the motor can develop? 
b. What are the motor current, Ia, PF, and reactive power, Q, at the load condition of part (a)? 
c. If the torque remains constant at this value and the excitation is increased by 20%, calculate the 

new torque angle, ,  armature current, Ia,  PF, and reactive power, Q. 
d. At the new excitation level as in part (c) the loads is increased by 10%, calculate the new power 

angle, , motor current, Ia, PF and reactive power, Q.   
 
Illustrate your analysis by showing the phasor diagrams and power angle curves at the various load 
conditions mentioned above 



University of Jordan              Faculty of Engineering & Technology              Electric Power Engineering Department 

EE471: Electrical Machines-II                                    Tutorial # 2: 3-ph Induction Motor 

 
Question #1 
 
The synchronous speed of a 60 Hz, three-phase induction motor is 1200 rpm.  What is the 
synchronous speed of the motor if it is used in 50 Hz system? 
 

 
 
Question #2 
 
A three-phase induction motor is rated at 50hp, 480V, 60Hz and 1150rpm.  If the motor operates at 
full load, compute the frequency of the rotor current. 
 
Solution: 

 
 
Question #3 
 
The output power of a 4-pole, three-phase induction motor is 100hp.  The motor operates at a slip of 
0.02 and efficiency of 90%.  Compute the following: a. The Input power of the motor in kW b. The 
shaft torque (output torque). 

 



Question #4 
 
A 100 hp, 60-Hz, three-phase induction motor has a slip of 0.03 at full load.  Compute the 
efficiency of the motor at full load when the friction and windage losses are 900W, the stator core 
loss is 4200W, and the stator copper loss is 2700W. 
 

  
 
 
Question #5 
 
A three-phase, 480-volt, 60-Hz, 12-pole, induction motor has the following parameters: 
R1= 1.0 Ω; R`2= 0.5 Ω; Xeq= 10. Ω; Xc= 100 Ω; Rc= 800 Ω Calculate the following: 
a. The slip at maximum torque. 
b. The current at maximum torque  
c. The speed at maximum torque  
d. The maximum torque. 
 

 

 
 



Question #6 
 
A three-phase, 30-hp, 480-V, 4-pole, 60-Hz induction motor has the following equivalent circuit 
parameters in  per phase referred to stator: 

R1 = 0.25  R2 = 0.20  X1 = 1.30  X2 = 1.20  Xm = 35 
The total core, friction, and windage losses may be assumed constant at 1250 W. The motor is 
connected directly to a 440-V source, and it runs at a slip of 3.5%. Compute the following: 
a) Motor speed, input current, and power factor and  
b) Power input, shaft output torque, and efficiency of the motor. 
 
Question #7 
 
A three-phase, 6-pole, 60-Hz induction motor is operating at a speed of 1152 rpm. The power input 
to the motor is 44 kW, the rotational losses are 500 W, and the stator copper loss is 1600 W. Find 
the following: 

a) Slip, airgap power, and rotor copper loss 
b) Developed torque, developed horsepower, output torque, and output horsepower 

 
Question #8 
 
A 3-phase, 10-hp, 230-V, 4-pole, 60-Hz, Y-connected induction motor develops its full-load torque 
at a slip of 4.5% when operating at 230 V and 60-Hz. The per-phase equivalent circuit impedances 
of the motor are  

R1 = 0.35  X1 = 0.5   X2 = 0.5   Xm = 15.0 
The mechanical and core losses are assumed to be negligible. Determine the following: 

a) Rotor resistance R2, and slip S,  
b) Starting torque, maximum torque, and rotor speed at maximum torque. 

 
Question #9 
 
A 3-phase, 20-hp, 440-V, 6-pole, 60-Hz, Y-connected induction motor has a starting torque of 98 
N-m and a full-load torque of 72 N-m. Calculate:  
a) The starting torque when the applied voltage is reduced to 300 V.  
b) The applied voltage in order to develop a starting torque equal to the full-load torque. 
  
Question #10 
 
A 3-phase, 440-V, 25-hp, 60-Hz, 1750-rpm, Y-connected, wound-rotor induction motor has the 
following equivalent circuit parameters. 

R1 = 0.20  R2 = 0.15  X1 = 1.0  X2 = 0.80  Xm = 30 
Determine the resistance of the rheostat in the rotor circuit such that the maximum torque occurs at 
starting. Calculate the starting torque before and after adding the resistance. 
 
 


