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Figure 1 shows a voltage-source inverter, supplying a reactive load, and associate waveforms.
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Figure 1
{a) Derive an expression for the fundamental of v, in terms of V. and 3. [3 marks]
(b)  Derive an expression for the fundamental of ig in terms of Va1, 0, Land R, [3 marks]
(¢}  Derive an expression for the average power delivered to the foad. {3 marks]
{d)  For v, =48 V,L=20ml, R =10 calculate the average power delivered to
the load at 50 Hz operation, Assume & =15°, [8 marks]

(a}  Explain the terms amplitude modulation ratio (depth of modulation) and frequency

modulation ratio as they apply to a PWM bridge inverter. [4marks]
(b)  Sketch the output voltage V. for the PWM bridge inverter in Figure 2 and show the switching
sequence. [5 marks]

{c) A PWM inverter similar to that shown in Figure 2 operates with an amplitude modulation ratic
of 0.9, and input voitage of 100 V. Calculate the r.m.s. value of the output voltage pulse train,
the r.m.s. of the fundamental of the a.c. waveform and the THD of output voltage waveform.

[8 marks]
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Figure 2



Derive an expression for the commutation angle in a half wave rectifier with a highly inductive load
and a free wheeling diode in terms of the source reactance. [5 marks]

A half-wave rectifier with free wheeling diode has 2 240 V rms 50 Hz ac source. The source
inductance is 3.0 mH and the load is constant at 5 A.

{a)  Calculate the commutation angle, [4 marks]
(b)  Calculate the output voltage. {4 marks]
{c}  Sketch the regulation curve for the output. [4 marks]

Show that the average output voltage in a phase controlled q-pulse converter is

<vy >=V, Cosa
v, =2V, LsinZ
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Where V, is the RMS value of the pulsed waveform and g is the firing angle. [3 marks)

A 3-phase full converter is used to control the speed of a 200 hp, 600 V, 1500 rpm separately excited
dc motor. The converter is operated from a 3-phase 480 V, 50 Hz supply. The motor parameters are

R~0.1 Q, L;=5 mH and K'=0.35 V/rpm. The machine draws rated current and runs at 1500 rpm.
Assume the motor current is ripple free, calculate

(a) the firing angle of the SCR's [8marks]
(b)  the power factor of the supply.
1hp=746 W [6 marks]



