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2. 
 
3. 
 
 
4. 
 
5. 
 
6. 

Answer all the questions. 
 
Read all the questions carefully. 
 
Number the answers according to the numbering system used in this 
question paper. 
 
Start each question on a new page. 
 
Only use a black or blue pen. 
 
Write neatly and legibly. 
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QUESTION 1: DC MACHINES 
 
1.1 A three-wire DC-system has two operating voltages of 440 V and 220 V. 

 
Show, by means of a neat diagram, how the armatures of two shunt motors 
are connected to this three-wire system so that the speed of one motor is 
twice the speed of the other. 

 

  (4) 
 
1.2 An 8 kW shunt-wound motor takes a current of 20 A from a 450 V mains at 

full load. The armature has a resistance of 0,3 Ω and the field circuit 
resistance is 250 Ω. 
 
Calculate: 

  

 
 1.2.1 The combined iron and friction losses    (8) 
 
 1.2.2 The efficiency at full load    (2) 
    [14] 

 
 
QUESTION 2: AC CIRCUIT THEORY 
 
2.1 Differentiate between the electrical quantities active power and                           

reactive power. 
 

  (2) 
 
2.2 A 400 V, unbalanced, three-phase, delta-connected load consists of the 

phase currents: 
 
IRY = 30 A at a power factor of 0,8 lagging 

IYB = 35 A at a power factor of 0,8 leading 

IBR = 25 A at unity power factor 
 
Take VRY as phasor reference and R-Y-B as phase rotation. 
 
Calculate the resistance and reactance in each phase of the load. 

 

(12) 
   [14] 
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QUESTION 3: TRANSFORMERS 
 
3.1 Explain, with the aid of diagrams, how the efficiency of a single-phase 

transformer can be calculated from the results obtained from open-circuit and 
short-circuit tests. 

 

  (7) 
 
3.2 A 12 kVA transformer has an iron loss of 240 W and a full-load copper loss                   

of 340 W. 
 
Calculate: 

  

 
 3.2.1 The efficiency at 25% of the full load and unity power factor    (2) 
 
 3.2.2 The efficiency at 75% of full load and 0,8 lagging power factor    (2) 
 
 3.2.3 The kVA load at which the efficiency will be maximum and the 

value of this efficiency at a power factor of 0,8 lagging 
 

  (4) 
    [15] 

 
 
QUESTION 4: AC MACHINES – GENERATORS 
 
4.1 Explain, with the aid of a neat diagram, how a short-circuit test is carried out 

on a three-phase, star-connected alternator. 
 

  (5) 
 
4.2 A 12 kV, three-phase, 2 MVA, star-connected alternator operates at a power 

factor of 0,85 lagging and has a synchronous impedance of (6 + j30) Ω. 
 
Calculate: 

  

 
 4.2.1 The open-circuit line voltage to which the machine must be excited 

to deliver full load 
 

  (7) 
 
 4.2.2 The percentage voltage regulation of the alternator    (2) 
 
 4.2.3 The load angle at which the machine operates    (1) 
    [15] 
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QUESTION 5: AC MACHINES – SYNCHRONOUS MOTORS  
 
5.1 Give TWO uses of synchronous motors.    (2) 
 

5.2 A 750 kVA, 3,5 kV, three-phase, star-connected synchronous motor is fully 
loaded and takes 600 kW at leading power factor. The machine has a 
percentage impedance of (5 + j60) percent. 
 
Calculate: 

  

 

 5.2.1 The power factor    (1) 
 

 5.2.2 The resistive and reactive volt drops    (6) 
 

 5.2.3 The emf to which the machine is excited    (4) 
 

 5.2.4 The load angle in electrical degrees    (1) 
    [14] 

 
 
QUESTION 6: AC MACHINES – INDUCTION MOTORS  
 
6.1 Define the term slip as it is used in induction motors.    (2) 
 

6.2 Name the TWO main parts of an AC motor.    (2) 
 

6.3 The input of a six-pole, three-phase, 50 Hz induction motor is 42 kW at a 
speed of 900 r/min. The stator losses of the motor are 2 kW and the friction 
and windage losses are 2,5 kW. 
 
Calculate: 

  

 

 6.3.1 The slip    (3) 
 

 6.3.2 The rotor copper loss    (4) 
 

 6.3.3 The output of the motor    (2) 
 

 6.3.4 The full-load efficiency    (1) 
    [14] 
 
 
QUESTION 7: GENERATION AND SUPPLY OF AC 

 

Use the  method to calculate the voltage, current and power factor at the sending end 
of a long transmission line. The line delivers 40 MVA at 0,8 power factor lagging and at 
132 kV, 50 Hz, three-phase. Each conductor has a resistance of 18 Ω, an inductance 
of 0,15 H and a capacitance to neutral of 1,2 μf. 
 

HINT: Draw the -method circuit diagram. 

 

[14] 

 
TOTAL:  100 
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