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INSTRUCTIONS AND INFORMATION 
 
1. 
 
2. 
 
3. 
 
 
4. 
 
5. 

Answer ALL the questions. 
 
Read ALL the questions carefully. 
 
Number the answers according to the numbering system used in this question 
paper. 
 
Sketches must be large, neat and fully labelled. 
 
Write neatly and legibly. 
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QUESTION 1: DC MACHINES 
 
1.1 Name FOUR methods which may be used to control the speed of a DC 

motor. 
 

  (4) 
 
1.2 A 250 V, DC shunt motor has a shunt field resistance of 250 Ω and an 

armature resistance of 0,25 Ω.   
 
For a given load torque and no additional resistance included in the  
shunt field circuit, the motor runs at 1 500 r/min, drawing an armature current 
of  20 A.  
 
If a resistance of 250 Ω is inserted in series with the field, the load torque 
remains the same. 
 
Calculate the following: 

  

 
 1.2.1 The armature current drawn    (5) 
 
 1.2.2 The new speed    (3)   
 
1.3 Draw a neat diagram of a pair of two identical shunt motors mechanically 

coupled to the same load and connected in parallel. 
 

  (2) 
 
1.4 Draw the torque characteristic curve with respect to the armature current for 

the shunt motors described in QUESTION 1.3 above. 
   (1) 

[15] 
 
 
QUESTION 2: AC CIRCUIT THEORY  
 
A balanced 3-phase star-connected load of (8 + j6) ohms per phase is connected to a 
three-phase 230 V supply. 
 
Calculate the following: 

  

 
2.1 The line-current    (5) 
 
2.2 The power factor    (2) 
 
2.3 The active power    (2) 
 
2.4 The reactive power    (2) 
 
2.5 The total volt-amperes    (2) 

[13] 
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QUESTION 3: TRANSFORMERS  
 
3.1 Name TWO effects of harmonic currents in transformers.    (2) 
 
3.2 Define the term voltage regulation of a transformer.    (2) 
 
3.3 A 250 kVA, 2 500/250 V, single-phase transformer has a percentage 

impedance of (1,2 + 3,5)%. 
 
Calculate the following at a power factor of 0,8 lagging. 

  

 
 3.3.1 The full-load efficiency if the iron losses amount to 0,23 kW    (4) 
 
 3.3.2 The maximum efficiency    (2) 
 
 3.3.3 The applied primary voltage to circulate full-load current on short-

circuit 
 

  (3) 
 
 3.3.4 The percentage regulation    (2) 

[15] 
 
QUESTION 4: AC MACHINES - ALTERNATORS 
 
4.1 Calculate the power/load angle when a 1 500 kVA, 6,6 kV, three-phase,                    

Y-connected alternator having a resistance of 0,4 ohms and a reactance of                  
6 ohms per phase delivers full-load current at normal rated voltage and                     
0,8 power factor lagging. 

 

  (9) 
 
4.2 Explain the term armature reaction, as applied to alternators.    (2) 
 
4.3 Explain the term synchronous impedance of an alternator.    (2) 

[13] 
 
QUESTION 5: AC MACINES - SYNCHRONOUS MOTORS  
 
5.1 Explain what is meant by the term hunting of a synchronous motor, and how it 

may be minimised. 
 

  (4) 
 
5.2 A 380 V single-phase synchronous motor has an armature resistance of                  

0,2 ohms and a synchronous reactance of 3 ohms. The motor has an output 
of 36,5 kW at 0,8 power factor leading. The efficiency is 80%. 
 
Calculate the following: 

  

 
 5.2.1 The armature current    (3)   
 
 5.2.2 The EMF to which the machine is excited    (6) 
 
5.3 Name TWO methods of starting a three-phase synchronous motor.    (2) 

[15] 
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QUESTION 6: AC MACHINES - INDUCTION MOTORS 
 
6.1 A three-phase induction motor is wound for 4-poles and is supplied from a                

50 Hz system. 
 
Calculate the following: 

  

 
 6.1.1 The synchronous speed    (2) 
 
 6.1.2 The speed of the rotor when the slip is 4%    (3) 
 
 6.1.3 The rotor frequency when the speed of the rotor is 600 r/min    (3) 
 
6.2 Define the term synchronous watt.    (2) 
 
6.3 Name FOUR methods of starting an induction motor.    (4) 

[14] 
 
 
QUESTION 7: GENERATION AND DISTRIBUTION OF AC 
 
7.1 State TWO effects of a low power factor.    (2) 
 
7.2 State TWO advantages that power factor improvement may have for the 

consumer. 
 

  (2) 
 
7.3 A 3-phase, 50 Hz, transmission line having a resistance of 5 Ω per phase and 

an inductance of 30 mH per phase, supplies a load of 1000 kW at a power 
factor of 0,8 lagging and 11 kV at the receiving end. 
 
Calculate the following: 

  

 
 7.3.1 The sending end voltage    (6) 
 
 7.3.2 The power factor    (1) 
 
 7.3.3 The transmission efficiency    (2) 
 
 7.3.4 The regulation    (2) 

[15] 
 

TOTAL:  100 
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