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Section A

Qu.estion 1

(a)

(b)

With the aid of a diagram, define the following diode’s parameters:-
(1)  sofiness factor

(ii)  reverse recovery time

(i1) peak reverse current

(iv) storage charge

A BJT is operated as chopper switch at a frequency of f=100KHz.

The circuit arrangement  is shown below. The dc input voltage of

the chopper is V=100V and the load current is I;=350A. The

switching times are t,=40ns and t=15ns. Determine the value of

o L

) G

(i)  power loss due to the RC snubber, P;. Neglecting the effect
of inductor L on the voltage of snubber capacitor, C..
Assume the Vg (g =0. '

N
/

Fig.Ql

[25 marks]



Question 2

(a) Define the following terms:

S (i)  displacement factor,
.y (1)  form factor,
i (i) ripple factor.

(b) A single phase half-wave converter in Fig. Q2 is operated from a
Va=200V, 50Hz supply. If the resistive load R=5Q and the firing
angle, a=30°,

(1)  Express the DC voltage, V4. and root-mean-square voltage,
Vs output of the load in term of firing angle, c.

(i)  Determine the form factor and ripple factor for the output of
the load.

A V,=V_sin(wt) . R v

Fig. Q2

!

(¢) If the voltage source in Fig. Q2 is replaced by 2 200V DC source. The
junction capacitance of the thyristor is C;=10pf and can be assumed to
be independent of the off-state voltage. The limiting value of charging
CUITEN 10 turn on the thyristor is SmA and the critical value of dv/dt is
100V/us. Determine the value of capacitance C; which must be added
in paralle| with the SCR so that the thyristor will not be turned on due
to dv/dt when the source voltage is first applied.

[25 marks]



Question 3

(2)

(b)

What is/are the advantage(s) of using a switched-mode power
supplies in comparing to a linear power supplies.

With reference to the basic configuration of a buck-type de-to-dc

converter as shown in Fig. Q3 operating in continuous conduction
mode, briefly describes its operation.

switching frequency = fs

duty cycle = k
S. L a
VL
— Y 2 D, c —
Load
R

Fig. Q3

The required average output voltage of the above regulator is 6V
and the peak-to-peak output voltage is 10mV. The switching
frequency is 20KHz and the duty cycle is 0.5. If the peak-to-peak
ripple current of inductor is to be limited to 0.4A, determine

(i)  required average input voltage, V,

(i)  filter inductance, L, and

(i)  filter capacitor, C.

Derive any equations used.

[25 marks]



Section B

Question 4

The speed of a 7.46 KW, 230 V, 1200 rpm separately excited dc motor is
controlled by a single-phase full-converter as shown in Fig.Q4. The rated
motor armature current is 38A, and the armature resistance is R, = 0.3 Q.
The ac supply voltage is 220V. The motor voltage constant is K,$=0.182

V/rpm. Assume that sufficient inductance is present in the armature circuit
to make the motor current continuous and ripple free.

(a) In rectifier operation (motoring action), for a firing angle o = 30° and
rated motor current, calculate

i) The motor torque ; [4 marks] -
ii) The speed of the motor ; [6 marks]
ii1) The supply power factor. [7 marks]

(b) In inverter operation (regenerating action), the polarity of the motor
back emf, E, is reversed by reversing the field excitation. Calculate

1) The firing angle to keep the motor current at its rated value.

[S marks]
11) The power fed back to the supply. [3 marks]
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Question 5

A three-phase 30 KW, 880 rpm, 460 V, 160 Hz eight-pole Y-connected
induction motor has the following parameters :

stator resistance, Ry,=0.19 Q ;

rotor resistance, R, =0.22 Q ;

stator reactance, X, = 1.2 Q ;

rotor leakage reactance, X, = 1.8 Q ;
motor reactance, X, = 13 Q ;

The no-load loss is negligible. The motor is controlled by a current-source
inverter and the input current is maintained constant at 50A. If the
frequency is 80 Hz and the developed torque is 200 Nm, determine the

(a) slip for maximum torque, s, and maximum torque, T, ; [6 marks]
(b) slip,s; [5 marks]
(¢) rotor speed, o, ; [2 marks]
(d) terminal voltage per phase, V, ; [10 marks]

(e) power factor, PF_, . [2 marks]



Question 6

(a) Consider a separately excited DC motor shown in Fig.Q6, derive from

first principle, the transfer function 0(s)/V,(s) and draw the block
diagram for field control. [17 marks]

(b) Briefly describe the factors in choosing motion transducers.
[8 marks]
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