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QUESTION ONE (25 marks)

(@) A power BJT used as a switch has the following parameters. You may assume usual
notation.
Vee(sary = 1.5V tr =ty = 150ns ty = tpy, = 100ns
tagon) = tacors) = 100ns
In this application, the collector voltage at the OFF state is 200V and the load current is
50A. The duty cycle is 50% and the transistor is driven by a square wave signal of
20kHz.
(i) Draw the linearised voltage and current waveforms of the switch for one switching
cycle marking the relevant parameters.
(5 marks)
(ii) Calculate the energy dissipated in the switch during each of the transient and steady °
state phases in one switching cycle. Hence determine the device power loss.
(10 marks)
(b) A converter uses a BJT as the switch. The BJT dissipates a50W of power and is mounted

on a heat sink. You may assume the following data.

B =1°= Tymax) = 125°C Tymp = 50°C

(i) Find the optimum thermal specification of the heat sink required, if the thermal
resistance of the mounting insulator is 0.3° %
(6 marks)
(ii) Calculate the temperature of the case and the heat sink under the steady state of
operation.
' (4 marks)
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QUESTION TWO (25 marks)
A single phase fully controlled bridge rectifier is shown in Figure-Q2 and the data given

below can be used.
Vi = 230V, at50Hz, R = 150, L = 150mH and the delay angle = a.

z

83

Vo

S2

Figure - Q2 .
(a) Derive an relationship between the delay angle a, w, L, and R to have the load current to
be non zero. What is the limiting value of a in this case? (3 marks)

(b) Draw the following waveforms with reference to Vs, assuming that the @ = 50°.

(i) Load current iyp. (ii) Load voltage v,.
(iii) Currents in the thyristors. (iv) Source current i .
(v) Voltage V gof thyristor S;. (6 marks)

(c) Show that the average value of the load voltage is given by V,(qy) = 0.9Vscosa .
(5 marks)
(d) If @ = 509, calculate the average load voltage and the average load current. (2 marks)

(e) Calculate the power dissipation in the load and the power factor seen by the source when

a = 50°. You may consider the effects up to 2™ harmonic. (9 marks)
Note:
vo(wt) = Vp + X3 Vycos(nwpt + 6,) ; V, = a3 + b2
@ = 2V, [cos(n+1)a _ cos(n—l)a]
nT o (n+1) (n-1)
_ 2Vm [sin(n+1)a _ sin(n—l)a] _
n - T (n+1) (n—l) Tl - 2, 4, 6, ------

(wt—a)

“i(wt) =K [sin(wt —8)—sin(a—8)e” wr ] K = constant, 6 =tan™! (“’—"),

R

L
T==,
and -
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UESTION THREE (25 marks,

A half wave three phase uncontrolled rectifier driving a L, R load is shown in Figure-Q3. The

line to line voltage is 380V, at 50Hz. Assume that the phase sequence is a,b,c and R = 10Q

Figure - Q3

(a) Draw the following waveforms using the sheets provided at the end of the question paper.

Drawings should cover more than one input period.

(i)  The output voltage v, and the output current i,. (2 marks)
(ii) The phase voltage and the phase current of phase 'b’. (4 marks)
(iii) The diode voltage vp,. (4 marks)

(b) Derive the following voltages and currents.

(i)  The average output voltage V,and the average output current /. (3 marks)

(ii) The average current in a diode. (2 marks)

(c) Find the value of L, which will limit the p-p ripple current at the output to be less than 3%

of the I . State your assumptions. (10 marks)

3 . 7 2 nr
Note: UV = Vm;smg (1 - ~— C0S (T) cos nwt)

Wheren = 3,6,12, .....
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QUESTION FOUR (25 marks )

A dc to dc boost converter circuit is shown in Figure-Q4. The switching frequency is fs and the

duty ratio is D.
e
AT Ip
L e i i,
DC V, 81_‘ — R T"o
o
Figure-Q4
»
(@) (i) Draw the waveforms of v, i;, ip and i to a common time scale assuming that the
C is large.
(4 marks)
(i) Show that the maximum inductor current is given by Vs [}cﬁiT)z + 5%5] .
(6 marks)
(iii) Derive an expression for the amplitude of the ripple voltage at the output in terms of
Vs,D,R,Cand f .
(5 marks)
(iv) It is required to design this circuit to operate under continuous inductor current for

the following specifications.

Vs =5V V, =15V R =200 fs =40 kHz
Output ripple amplitude < 1% of V),

Inductor peak current = 3.754

Calculate the following design values.

(i) Duty ratio. (2 marks)
(i) Minimum value of L and a justification of continuous inductor current.
(5 marks)

(iii) Minimum value of C. (3 marks)
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QUESTION FIVE (25 marks)
An IGBT full bridge circuit is shown in Figure-QS5. The load consists with a R and a L in series.

5
i

!
D1 D3 [_C—J3
VO
F
DCC—) Voo ip  load
D4 2

!

D

“ ~

Figure-Q5

(a) Assume that the output voltage of the bridge is a low frequency square wave.

Draw a complete output voltage cycle with the correspondil;lg output current, marking the

devices which are ‘ON’ in each sub-interval of the cycle. (5 marks)
(b) Define the terms ‘amplitude modulation ratio’ and the ‘frequency modulation ratio’ with

respect to a bipolar PWM switching signal based on a sinusoidal reference. (4 marks)
(c) A bipolar PWM switching signal based on a sinusoidal reference is used to control the

bridge circuit shown above. Assume that the amplitude modulation ratio = 0.7, frequency

modulation ratio = 31, fundamental frequency of the output = 40Hz, Vp = 315V,

R =150 and L = 25mH.

(i) Find the rms value of the fundamental component in the output voltage. (2 marks)
(i) Find the amplitude of the fundamental component in the output current. (3 marks)

(ili) Calculate the power absorbed by the load. (8 marks)
(iv) Total harmonic distortion (THD) in the load current. (3 marks)

Normalized Fourier coefficients %‘c for bipolar PWM:

m,2=1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

n=1 100 090 080 070 060 050 040 030 020 0.10
n=ni, 060 071 082 092 101 L0’ 115 120 124 127
n=mf£2 032 027 022 017 013 009 006 0.03 002 000
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