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QUESTION ONE (25 marks) 

(a) 	 A switch in a power converter is a BIT having the following parameters. 

trl = tfl = 200ns trv = tft! = lOOns td(on) ;:;: td(ofn = lOOns 

VCE(sat) = l.5V 8ja ;:;: 1° ~ 1j(max) ;:;: 170°C 

Tamb ;:;: 25°C 


You may assume usual notation. 


The load current in the BIT is 30A and the transistor is driven by a square wave signal 


with 50% duty cycle. The collector voltage is lsOV. 


(i) 	 Draw the voltage and current waveforms (linearised) for one switching cycle and 

mark the relevant parameters. 

(5 marks) 

(ii) 	 Find the device power dissipation in terms offrequency~ 

(8 marks) 

(iii) 	 Determine the maximum switching frequency ifthe device is operating in free air. 

(6 marks) 

(b) 	 The base drive circuit ofa BIT consists with a source providing a voltage signal of 

-av to + av. This source is connected to the base in series with a son resistance. Find 

the tum on delay time. 

VBE = 	0.7V CBE = 3nF CeB ;:;: 1.snF 

(6 marks) 
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QUESTION TWO (25 marks) 

Consider the fully controlled bridge rectifier shown in Figure-Q2. The supply voltage 

Vs =220V at 50Hz, R = lOn, L = lOOmH and the delay angle a = 45°.rms 

• 

T3 

R 

L 

T2 

Figyre - Q2 

(a) 	 Show that ifthe delay angle S tan-1(~L) ,then the current in the load is continuous. 

(3 marks) 

(b) 	 Verify whether the load current is continuous for the given data. Draw the following 

waveforms with reference to Vs. 

(i) Load current io. (ii) Load voltage vo. 

(iii) Currents in the thyristors. (iv) Source current is. 

(5 marks) 

m(c) 	 Show that the average load voltage is given by Vdc = 2V cosa , where 
TC 

a = delay angle and Vm =max. value of Vs. 	 (5 marks) 

(d) Determine the average load voltage and average load current. 	 (2 marks) 

(e) 	 Find the power absorbed by the load and the power factor seen by the source. Consider 

the effects up to 2nd harmonic. (10 marks) 

Note: From the Fourier series expansion, 

vo(wt) = Vo +:E: Vncos(nwot + On); 

_ 2Vm [COS(n+l)a COS(n-l)a] 
an - -;;- (n+l) - (n-l) 

b = 2Vm [Sin(n+l)a _ Sin(n-l)a] n = 2,4,6, ...... . 
n TC. ~+~ ~_~ 
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c 

Figure - 03 

QUESTION THREE (25 marks) 

A three phase uncontrolled half wave rectifier is shown in Figure-Q3. The rectifier is supplied 

from a 400V 50Hz three phase supply and feeds a resistive load of 5.G. Assume the rms , 

phase sequence as a, b, c.. Use the sheets provided at the end of the paper for drawing the 

waveforms. 

a 01 

02 
I 

R 

(a) 	 Draw the following waveforms. 

(i) 	 The output voltage Va and the output current ia for one input period showing 

important values. (2 marks) 

(ii) 	 The phase voltage and phase current ofphase 'c' for one input period. 

(4 marks) 

.(iii) The diode voltage vD3and the current iD3 • (4 marks) 

(b) 	 Determine the following. 

(i) 	 Frequency ofthe harmonic current having highest amplitude 

(ii) 	 Average dc output voltage and the average dc output current. 

(5 marks) 

(c) 	 Find the value of inductor which can be used to limit the p-p ripple current to less than 

5% of the Ide' State your assumptions. 

(10 marks) 

3 . '" 2 (n1l:) )11: (Note: Va =Vm -sm- 1- L..~-2-COS - cos nwt 
11: 3 n -1 3 

Where n = 3, 6, 12, ..... 
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OUESTION FOUR (25 marks) 

A dc to dc buck converter is shown in Figure-Q4, in which the switching frequency is f and 

the duty ratio is D. 

VL 

51 iL 
iRL 

ic
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DC R IVo 

C 

Figure-Q4 

(a) 	 (i) Draw the waveforms ofvLand iL assuming that the C is large. 

(2 marks) 

(ii) Show that the peak to peak variation of the inductor current is given by Vo(1-D)
Lf 

assuming that the Vois constant. 

(5 marks) 

(iii) 	 Find an expression for the amplitude ofthe ripple voltage at the output. 

(5 marks) 

(iv) 	 Assume the following data for this converter. 


Vs = SOV D = 0.6 L =4S0llH C = 100llF 


f=2SKHz R=2Sfi 


Calculate the following using the above data. 

(i) 	 The output voltage. 

(ii) 	 Maximum and Minimum inductor currents. 

(iii) 	 The output ripple amplitude. 

(8 marks) 

(b) 	 In a dc to dc boost converter, the supply voltage is lSV. lithe load voltage is 24V for a 

load resistance of Sfi, find 

(i) 	 the required duty ratio, 

(ii) 	 the average current drawn from the power supply. 

(5 marks) 
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QUESTION FIVE (25 marks) 

The switching arrangement for a full bridge IGBT inverter producing a square wave output 

voltage is shown in Figure·Q5. 

*
Vo 

1 	 . 
'0 

• 
DC + Vrx; 3 4 

(a) 	 Draw the following waveforms assuming that the components alP ideal and the load 

consists of R and L in series. Mark and identify the critical points of the waveforms. 

(i) 	 Load voltage vo. 

(ii) 	 Load current io. 

(iii) 	 Current through Ql/Dl and Qz/Dz. 

(iv) 	 Current through Q3/Q3 and Q4/D4' 

(v) 	 Current through the supply, is. 

(10 marks) 

(b) 	 On a drawing of a complete output voltage cycle and with the corresponding output 

current, mark the devices which are ON in each sub~interval of the cycle specifying the 

relevant quadrant of operation. 

(5 marks) 

(c) 	 Assume that the switching frequency of this inverter is 50Hz, VDC = 200V, R = 20n, 

and L = 40mH. The load current for the period 0 < t < i where T is the cycle time, is 

Li 	(t) = V DC + (I . _ vDC) e-igiven by 	 T =-.o R mm R R 

Determine the answers to the following. 

(i) 	 Maximum and minimum load current values. 

(ii) 	 Power absorbed by the load. 

(iii) 	 Average current in the dc source. 

(10 marks) 

Figure-QS 



\i/\YA.f\tl )". f\ \:: ¥ 

1. .r ·i..t ......:.:.: :'...:.~.~.~.~.;.::::. .,.~.:.:.~:~:.:....:.~.~.:.~.~.;...:":~: .', 

Name: Reg. No: 


For question three: 


Waveform vo2 
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Name: Reg. No: 


For question three: 
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