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Examiner: Dr. Abdelnasser Nafeh  Subject         : Electrical Machines II                   

  

Answer the Following Questions 

 

Question 1: [20 Marks]  

 

1. A 6-pole, 230-V, 60-Hz, Y-connected, three-phase induction motor has the following parameters on a 

per-phase basis: R1 = 0.5-Ω, R2 = 0.25-Ω, X1 = 0.75-Ω, X2 = 0.5-Ω, XM = 100-Ω, and Rfe, = 500-Ω. The 

friction and windage loss are 150-W. Determine the efficiency and shaft torque of the motor at its rated 

slip of 2.5%. 

  

2. A 10-hp, 4-pole, 25-Hz, three-phase, wound rotor induction motor is taking 9100 W from the line. Core 

loss is 290 W, stator copper loss is 568 W, rotor copper loss in 445 W, friction and windage losses are 

100 W. Determine (a) power transferred across air gap; (b) mechanical power in watt developed by 

rotor; (c) mechanical power output in watt; (d) efficiency; (e) slip.    

 

Question 2: [20 Marks] 

 

3. The following data were obtained from no-load, and DC tests of a three phase, wye-connected, 40-hp, 60-

Hz, 460-V, design B induction motor whose full load current is 57.8-A. the blocked rotor test was made 

at 15-Hz. 

Blocked Rotor Test No-Load Test DC-Test 

VL = 36.2 V VL = 460 V VDC = 12 V 

IL = 58 A IL = 32.7 A IDC = 59 A 

P3-Phase = 2573.4 W P3-Phase = 4664.4 W  

Determine (a) the machine parameters in ohms/phase, and the combined core, friction, and windage loss. 

  (b) Express the no-load current as a percent of rated current. 

4. The rotor of a 3-phase, 60-Hz, 4-pole induction motor takes 120 kW at 3 Hz. Determine (a) the rotor 

speed and (b) the rotor copper losses. (c) If this motor has a stator copper loss of 3 kW, a mechanical loss 

of 2 kW, and a stator core loss of 1.7 kW. Calculate the motor output at the shaft and the efficiency. 

Neglect rotor core loss. 

 

Question 3: [20 Marks] 

 

5. A 100-hp, three-phase, wye-connected, 60-Hz, 460-V, four-pole, cylindrical-rotor synchronous motor is 

operating at rated conditions and 80 percent power-factor leading. The efficiency, excluding field and 

stator losses, is 96 percent, and the synchronous reactance is 2.72 Ω/phase. Determine (a) developed 

torque; (b) armature current; (c) excitation voltage; (d) power angle; (e) maximum torque. 

 

6. A 400-V, 10 hp (7.46 kW), 3-phase synchronous motor has negligible armature resistance and a 

synchronous reactance of 10 Ω/phase. Determine the minimum current and the corresponding induced 

emf for full-load conditions. Assume an efficiency of 85%. 
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Question 4: [20 Marks] ……. Short Answer Required.  

1.   How does the name of an induction motors is derived?  

2. Classify 3-phase induction motors on the basis of their construction. Which one is generally preferred and why?  

3. Usually, semi-closed slots are preferred is small motors, why? 

4. Why the rotor slots of an induction motor are skewed? 

5. Why the rotor conductors of the squirrel cage rotor are short-circuited in the case of slip-ring induction motors, 

the rotor circuit is closed through resistors? 

6. What is slip in an induction motor? 

7. What is the value of slip at start in an induction motor? 

8. If the full load speed of a 3-phase, 50 Hz induction motor is 1460 rpm, what will be its synchronous speed? 

9. How does the supply voltage affect the torque developed by an induction motor? 

10. What is the effect on the slip when the load on an induction motor increases? 

11. Why the rotor conductors are placed at the outermost periphery of the rotor? 

12. Why the synchronous motor is not self-starting? Or why can’t a synchronous motor start by itself? 

13. What is the speed regulation of a synchronous motor? 

14. What is pull-out torque? 

15. Why a synchronous motor runs only at synchronous speed? 

16. Compare between three-phase induction motors and synchronous motors. 

17. How a synchronous motor can be used as a synchronous condenser? 

18. Why dampers are used in a synchronous motor? 

19. How is a synchronous motor started? Or how a synchronous motor is made self-starting? 

20. Define the term over-excitation and under-excitation with reference to synchronous machines. 

 

  Question 5: [10 Marks] ……Chose the correct answer, and please, Draw Answer Table only for this Part. 
[1]    A synchronous machine is called as doubly excited machine because 

 A. It can be over excited B. It has two sets of rotor poles C. Both its rotor and stator are excited D. It needs twice 

the normal exciting current 

[2]    If the field of a synchronous motor is under excited, the power factor will be 

         A. Lagging B. Leading C. Unity D. More than unity 

[3]     A synchronous motor connected to infinite bus-bars has at constant full-load, 100 % excitation and unity pf.  

 On changing the excitation only, the armature current will have 

 A. Leading pf with under-excitation B. Leading pf with over excitation C. Lagging pf with over excitation D. No 

change of pf 

[4]    The maximum value of torque angle in a synchronous motor is.......degrees electrical 

 A. 45 B. 90 C. Between 45 and 90 D. Below 60. 

[5] The angle between the synchronous rotating stator flux and rotor poles of a synchronous motor is  

A. Synchronizing angle B. Torque angle C. Power factor angle D. Slip angle 

[6]   In a synchronous machine when the rotor speed becomes more than the synchronous speed during hunting, the 

damping bars develop 

 A. Synchronous motor torque B. DC motor torque C. Induction motor torque D. Induction generator torque 

[7]  When load on a synchronous motor is increased its armature current is increased provided it is 

 A. Normally excited B. Over excited C. Under-excited D. All of the above 

[8]     Which of the following statements about a three-phase induction motor are false? 

(A) The speed of rotation of the magnetic field is called the synchronous speed (B) A three-phase supply 

connected to the rotor produces a rotating magnetic field (C) The rotating magnetic field has a constant speed 

and constant magnitude (D) It is essentially a constant speed type machine  

(1) C only (2) B only (3) A only (4) All of the above (5) A and C only. 
[9]  Which of the following statements is false when referring to a three-phase induction motor? 

(A) The synchronous speed is half the supply frequency when it has four poles (B) In a 2-pole machine, the 

synchronous speed is equal to the supply frequency (C) If the number of poles is increased, the synchronous 

speed is reduced (D) The synchronous speed is inversely proportional to the number of poles  

(1) All of the above (2) D only (3) B only (4) None of the above (5) A and C only. 
[10] In a three-phase induction motor. Which of the following statements are false? 

 (A) If the rotor is running at synchronous speed, there is no torque on the rotor (B) If the number of poles on the 

stator is doubled, the synchronous speed is halved (C) At no-load, the rotor speed is very nearly equal to the 

synchronous speed (D) The direction of rotation of the rotor is opposite to the direction of rotation of the 

magnetic field to give maximum current induced in the rotor bars.      

          (1) A, B, C (2) C only (3) B only (4) A and C only (5) D only.  
Best wishes, 
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Question 1: [20  Marks]  

1. A 6-pole, 230-V, 60-Hz, Y-connected, three-phase induction motor has the following parameters on a 

per-phase basis: R1 = 0.5-Ω, R2 = 0.25-Ω, X1 = 0.75-Ω, X2 = 0.5-Ω, XM = 100-Ω, and Rfe, = 500-Ω. 

The friction and windage loss is 150-W. Determine the efficiency and shaft torque of the motor at its 

rated slip of 2.5%. 
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Question 2: [20 Marks] 

3. 
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4. The rotor of a 3-phase, 60-Hz, 4-pole induction motor takes 120 kW at 3 Hz. Determine (a) the 

rotor speed and (b) the rotor copper losses. (c) If this motor has a stator copper loss of 3 kW, a 

mechanical loss of 2 kW, and a stator core loss of 1.7 kW. Calculate the motor output at the shaft 

and the efficiency. Neglect rotor core loss. 

 

 
Question 3: [20 Marks] 

5.  
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6.  

A 400-V, 10 h.p. (7.46 kW), 3-phase synchronous motor has negligible armature resistance and a 

synchronous reactance of 10 Ω/phase. Determine the minimum current and the corresponding induced 

e.m.f. for full-load conditions. Assume an efficiency of 85%. 

 

 

 
Question 4: [20 Marks] 

 (see text book and lecture notes) 
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Question 5: [10 Marks] ……. Chose the correct answer. 

 [1]    A synchronous machine is called as doubly excited machine because A. It can be over excited B. It has two 

sets of rotor poles C. Both its rotor and stator are excited D. It needs twice the normal exciting current 

Ans: C 
[2]    If the field of a synchronous motor is under excited, the power factor will be 

        A. Lagging B. Leading C. Unity D. More than unity 

Ans: A 
[3]     A synchronous motor connected to infinite bus-bars has at constant full-load, 100 % excitation and unity pf. On 

changing the excitation only, the armature current will have A. Leading pf with under-excitation B. 

Leading pf with over excitation C. Lagging pf with over excitation D. No change of pf 

Ans: B 
[4]    The maximum value of torque angle in a synchronous motor is.......degrees electrical 

 A. 45 B. 90 C. Between 45 and 90 D. Below 60. 

Ans: B 
[5]  The angle between the synchronous rotating stator flux and rotor poles of a synchronous motor is  

A. Synchronizing angle B. Torque angle C. Power factor angle D. Slip angle 

Ans:B 
[6]     In a synchronous machine when the rotor speed becomes more than the synchronous speed during hunting, the 

damping bars develop 

 A. Synchronous motor torque B. DC motor torque C. Induction motor torque D. Induction generator torque 

Ans: D 
[7]  When load on a synchronous motor is increased its armature current is increased provided it is 

A. Normally excited B. Over excited C. Under excited D. All of the above 

Ans:D 
[8]     Which of the following statements about a three-phase induction motor are false? 

(a) The speed of rotation of the magnetic field is called the synchronous speed (b) A three-phase supply 

connected to the rotor produces a rotating magnetic field (c) The rotating magnetic field has a constant speed and 

constant magnitude (d) It is essentially a constant speed type machine  

(1) C only (2) B only (3) A only (4) All of the above (5) A and C only. 
Ans: 2 
[9]     Which of the following statements is false when referring to a three-phase induction motor? 

(a) The synchronous speed is half the supply frequency when it has four poles (b) In a 2-pole machine, the 

synchronous speed is equal to the supply frequency (c) If the number of poles is increased, the synchronous 

speed is reduced (d) The synchronous speed is inversely proportional to the number of poles  

(1) All of the above (2) D only (3) B only (4) None of the above (5) A and C only. 
Ans: 3 
[10]   In a three-phase induction motor. Which of the following statements are false? 

(a) If the rotor is running at synchronous speed, there is no torque on the rotor (b) If the number of poles on the 

stator is doubled, the synchronous speed is halved (c) At no-load, the rotor speed is very nearly equal to the 

synchronous speed (d) The direction of rotation of the rotor is opposite to the direction of rotation of the 

magnetic field to give maximum current induced in the rotor bars.      

          (1) A, B , C (2) C only (3) B only (4) A and C only (5) D only.  
Ans: 5 
 

 

1-C 2-A 3-B 4-B 5-B 

6-D 7-D 8-2 9-3 10-5 

 

  

Best wishes, 


