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1. Draw a phasor diagram to illustrate the relationship between phase voltages and line currents
for a balanced 3-phase, delta-connected load with lagging power factor. [6 marks]
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Fig. 1. Balanced 3-phase, delta-connected load

The balanced 3-phase delta-connected load shown in Fig. 1 has an impedance per phase of
Z=(155+j1.5)Q. The load is connected to a balanced 3-phase, 415 V supply.

Taking V,, =415230° :
(a) Calculate the phase currents. [6 marks]
(h) Calculate the line currents. [6 marks]
(c) Whatis the total power delivered to the load ? [6 marks]

(d) Determine the wattmeter readings, W and W;. [9 marks]

2. The magnetizing impedance of a 440 V, 50 Hz, 960 rpm, 3-phase induction motor is given as
R, =200 Q, X, =980 Q. Locked rotor tests on the motor gave the following results :

V=2435V, I=202A, T=468Nm, P=1102W
(a) Draw the approximate equivalent circuit model of the motor referred to the stator side.
[15 marks]

(b) Calculate the full load current drawn from the supply. Include the contribution of
magnetising current in this case. [10 marks]

(c) Given that mechanical losses of 1500 W were deduced from no-load tests, determine the
torque provided to a mechanical load running at rated speed. {8 marks]
3. Answer each of the following questions :

(a) Describe the construction and basic operation of a permanent magnet stepper motor. [11
marks]

(b) Derive an equation to describe the speed-torque characteristic of a universal motor
operated under AC conditions. [11 marks]

(c) Describe how a switched reluctance motor can be modeled as a variable inductor. [11
marks]



4. What is meant by voltage distortion in a power system ? Describe how such distortion is
caused. [5 marks]

The load shown in Fig. 4 is provided with a distorted voltage waveform, e(t), from a 50 Hz
supply, where :
e(t) = 200Sin(wt) + 50Sin (3wt + 25°)

(a) Write the corresponding equation for the current waveform drawn by the load. [10 marks])
(b) Calculate (i) the rms source voltage, (ii) the rms source current. {5 marks]

(c) Calculate the average power delivered to the load. [8 marks]

(d) What is the power factor of the source ? [5 marks]
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Fig. 4 : Linear RL load



