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INTT INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)
EEE2102: INTRODUCTION TO POWER ELECTRONICS
FINAL EXAMINATIONS: AUGUST 2016 SESSION

Instructions; This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the answer
‘booklet provided. All questions carry equal marks. The marks allocated to each sub-
question are shown in square brackets at the right-hand margin. The assessor reserves the
rights to ignore your answers if they are ambiguous.

Question 1
a; i. Explain the reason power electronics is primarily based on high frequency switching
scheme to control and convert electric power delivered to a load. [4]
ii.  State four application areas of power electronics. [4]
iii.  State four power electronic components. [4]

b. -Figure-Q1(b) shows the voltage and current timing diagrams for a power device.
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i. Sketch the timing diagram of the power delivered to the load in "Worksheet-Q1". [3]

ii.  Determine the duration within the first period where the device is switched on. [2]

iii. Determine the energy delivered to the device in one period. [4]

iv. Determine the average power delivered to the device in one period. [4]
Question 2

a.  State the function of a rectifier and explain the differences between a controlled rectifier and
an uncontrolled rectifier. : [6]

b.  Figure-Q2(b) shows power electronic circuit in which switch § models an ideal switching
device, which closes at t = 0 s, and the initial voltage of the capacitor € ,1,(0) = 0V and the
initial current i(0) = 0 A. Diode D is assumed ideal.
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Figure-Q2(b)
i. Derive the current expression of i(t) when switch S is turned onat t = 0s. [6]
ii.  Determine the conduction time of the diode. [4]

{ii. Ploti(t) for the first 50 us on the graph paper provided. [9]
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Question 3
a i State one advantage and one disadvantage of power transistors as compared to
thyristors in power electronic applications. [4]

ii.  Explain the requirement(s) to drive a bipolar junction transistor (BJT) into saturation,
and state the characteristic of a saturated BJT. [ 4]

iii.  Draw the large signal DC operation model of a power NPN transistor which includes a
current dependent current source, the junction diodes and the collector leakage current. [ 4]

b.  Figure-Q3(b) shows a BJT switching circuit. The transistor is characterized as follows:

f3 = varies from 12 to 75

Veg,,, =12V
VBEsat = 16 V
VCC =40V
Rload
1.50
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Vgg =6V WA{::}—E/@
0769 %
Figure-Q3(b)
Determine,
i the overdrive factor, ODF [3]
iil.  the forced factor, i [3]
iii. the power loss in the transistor, Py | [3]

iv.  the power efficiency of the circuit. [4]
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{Juestion 4
a.  State four advantages and two disadvantages of power MOSFET over power B)T. [6]
h.  Sketch and clearly label a linearized transfer curve (ip, vs vgg) of an enhancement type n-

channel power MOSFET, [3]

Draw the steady-state model of an enhancement type n-channel power MOSFET and define all
the parameters used in the model. L [6]

Figure-Q4(d) (i) shows a simple MOSFET based switching circuit. The wave shape of ¥, is
show in Figure-Q4(d)(ii).
The MOSFET has the following specifications:

Drain current rise time, t, = 2us

Drain cwrent fall time, ¢y = 3 us

Rpsion) = 58
Drain-source leakage current, Ipgs = 3 mA
VDD = 240V
H ip(t)
D R load ‘
{400 107
| k< i vps(t)
Ve i !j— oV ! ! = Time (us)
G . 24 16
1 MQ
(i) MOSFET switching circuit. (if) Wave shape of V.
Figure-Q4(d)
i Calculate the steady-state load current, Ipnqy) during ON state. [2]
ii.  Calculate the saturated voltage across the drajn and source terminals, Vpiear.- [2]

ili.  Assume piecewise linear operation, sketch the respective timing diagram for i (t) and
vps(t), synchronized with the waveform of V;. - [6]
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Question 5

Figure-Q5(i) shows a controlled half-wave rectifier circuit with RL load, while Figure-Q5(ii) shows
the timing diagram of v, (t) and v (t) respectively.
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Figure-Q5
a.  Approximate the {iring angle, a, of thyristor T;. [3]
b.  Approximate the extinction angle, §, of thyristor T;. 3]

c.  Based on the answers obtained in part (a) and (b), determine the conduction angle, y, of
thyristor Ty, [2]




d.
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Sketch the timing diagrams as accurate as possible for v, (¢) and v, (¢) respectively, on the
given "Worksheet-(Q5". Assume ideal thyristor operation.

For the circuit in Figure-Q5(i), the instantaneous current, {(f), withina < wt £ f,is
expressed as,

i(t) = ﬁ [Sin (a)t —tan~! (%L)) — sin (cx ~tan~t (%L)) e"%(“t_a)]
Where,
V, = amplitude of the input sinewave
a = firing angle of thyristor T} in radians
B = extinction angle of thyristor Ty in radians

~ w = input frequency in rad/s

Determine the average current, I that flows through the circuit if R = 20 and L = 0.04 H.

(Question 6

d.

i. Whatisa DC chopper circuit?
ii.  Whatis the difference between buck chopper and boost chopper?

iii.  State one advantage of DC Chbpper circuits.

b. . Figure-Q6(b) shows a chopper circuit.
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iii.
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Comment on the characteristic of the circuit in relation to the duty cycle, D. _ [4]

Quantitatively show that the voltage across resistor R is given as,
—~ 1;['?1
1-D
where D is the duty cycle of the switching action. Show all workings clearly and state the
assumption made. [8]

Ve

For a specific value of D, derive an expression to calculate the minimum value of
inductance, L in terms of R, D and the period of switching action, T where the input
current is continuous. Assume power loss is negligible. [8]

~ The End ~
EEE2102(aug2016




