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INSTRUCTION: Answer FOUR (4) questions only.
Please use the answer booklet provided.
Question 1
(a) Define period, cycle and frequency in sinusoidal waveform.
(b) With reference to the series-parallel RLC circuit in Figure 1:
i. Calculate the total impedance, Zr.
ii. Calculate the currents |, |, and 12,
iii. Draw the phasor diagram for Vs, |, Iy and I».

Give your answers in two decimal points.
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Figure 1
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(6 marks)

(7 marks)

(8 marks)

(4 marks)
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Question 2

@) Determine THREE (3) advantages of three-phase system over single-phase system.
(6 marks)

(b) Each transmission line of the three-wire, three-phase system in Figure 2 has an
impedance of 20 + j30 Q. The system delivers a total power of 200 kW at 12,000 V to a

balanced three-phase load with a lagging power factor of 0.75. Calculate:

i. the magnitude of the line voltage Eae of the generator.

(9 marks)
ii. the power factor of the total load applied to the generator.
(6 marks)
iii. the efficiency of the system.
(4 marks)
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Figure 2
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Question 3
(a) Describe THREE (3) effects of harmonics in electrical systems.
(6 marks)
(b) A single-phase, nonlinear load was found to have the data shown in Table 1.
Calculate:
i. the rms current drawn by the load.
(3 marks)
ii. the THDr and THDk of the current.
(8 marks)
Table 1
Harmonic order 1 3 5 7 9 11 13 15 17
Frequency (Hz) 60 180 300 420 540 660 780 900 | 1020
rms Voltage (V) | 118 0 0 0 0 0 0 0 0
Voltage phase
angle () 0 0 0 0 0 0 0 0 0
rms Current (A) | 118 60 20 19 12 12 9 9 6
Current phase
-28 91 -84 92 =77 97 -75 101 -71
angle (%
Power (kW) 10.0 0 0 0 0 0 0 0 0

(c) Three single-phase loads are placed on the 3-phase, Y-connected system. The loads

have currents containing the harmonic values given in Table 2. Calculate:

i. the rms current in the phases.

i the rms current on triplen harmonics in the neutral conductor.

harmonics effect in the neutral conductor.
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(3 marks)

(2 marks)

iii. the percentage of differences between rms current in the phases and triplen

(3 marks)
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Table 2

h 1 3 5 7 9 11 13 15

In(rms) A 48 45 | 42 38 33 | 28 23 18

Question 4

(a)

(b)

(©

Define an electrical machine and state the differences between a motor and a generator.
(6 marks)

A DC shunt generator in Figure 3 has shunt field winding resistance of 50 Q. It supplies a
load of 8 kW at a voltage of 240 V. If its armature resistance is 0.5 Q, calculate the induced
e.m.f. of the generator.

(8 marks)
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Figure 3
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A separate excited DC generator in Figure 4 turning at 1200 r/min produces an induced
voltage of 138 V. The armature resistance is 4 Q and the machine delivers a current of
20 A. Calculate:

i. the terminal voltage, Vr.

(3 marks)
ii. the heat dissipated in the armature (W).

(2 marks)
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Figure 4

(d) Figure 5 shows a DC series motor running with a speed of 1100 r/min while taking a
current of 15 A from the supply. The armature and series field winding resistances are
0.3 O and 0.5 Q respectively. The supply voltage is 240 V. Calculate the speed of the
motor if the load is changed such that the current drawn by the motor is increased to
30 A. Assume the flux produced is proportional to the current.
(6 marks)

Vr =240V

Figure 5
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Question 5

(a) Describe the reliability and economy of interconnected power systems.
(6 marks)

(b) Figure 6 shows a generator supplying a load. A second load is to be connected in parallel
with the first one. The generator has a no-load frequency of 51.1 Hz and a slope S, of 1
MW/Hz. Load 1 consumes a real power of 1100 kW at 0.8 PF lagging, while load 2
consumes a real power of 800 kW at 0.85 PF lagging.

i. Calculate the operating frequency of the system before the switch is closed.
(3 marks)
ii. Calculate the operating frequency of the system after load 2 is connected.
(3 marks)
iii. Explain the action that could be taken by the operator to restore the system
frequency to 50 Hz after load 2 is connected.
(3 marks)
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Load 2
Figure 6
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(c) Two generators supplying a load. Generator 1 has a no-load frequency of 61.5 HZ and a
slope SP, of 1 MW/Hz. Generator 2 has a no-load frequency of 61.0 Hz and a slope SP2

of 1 MW/Hz. The two generators are supplying a real load totaling 2.5 MW at 0.8 PF

lagging. The resulting system power-frequency or house diagrams are shown in Figure 7

below.
i. Calculate the frequency the system is operating and the power supplied by each
of the two generators.
(4 marks)
ii. Suppose an additional 1 MW [oad was attached to this power system. Calculate
the new system frequency be and the power would G1 and G2 supply.
(6 marks)
Generatorl f.
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Figure 7

END OF EXAMINATION PAPER
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.+ + FORMULA SHEET
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