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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME
EEE 2102: INTORDUCTION TO POWER ELECTRONICS '
FINAL EXAMINATION : APRIL 2013 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 brackets at the right-hand margin.

Question 1 |
a. A DC source(E) of 20V is supplying power to a 20Q resistive load(Ry) through a switch like
Figure Q1(a). Find the average power to the load, if the switch is: :

i. Closed (2 marks)
ii. Open (2 marks)
iii. Open 40% of the time (3 marks)
iv. Closed 20% of the time (3 marks)
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Figure Q1(a)

b. For the circuit shown in Figure Q1(b), find I;, I, and Ip. Assume the diode is silicon diode

with 0.8V voltage drop. Hence, find the power consume by the diode. (8 marks)
AN
R = 150 l’z
20V D, I % R, = 10Q
Figure Ql(ﬁ?)

¢. In power converter circuit, power bipolar junction transistor is used as a switch. Which TWO
(2) regions in the transistor output characteristics is used in switching applications. Sketch the
output characteristics curve of practical transistor. {7 marks)
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Question 2

a. A transistor bias as shown in Figure Q2(a) is switching at 20kHz. The transistor rise time is
1ps and fall time is 2us. Sketch the waveform of collector current and collector-emitter
voltage when switching(at least 1 cycle), Find the energy loss for rise time and loss time

respectively. Assume ideal components. (15 marks)
50V
R, =20Q2
R, = 3002
-25V
Figure Q2(a)

b. The circuit in Figure Q2(b), the switch controls power to a resistive load from a 460Vrums ,

sinusoid 60Hz source by using phase control method. The load resistance is 2002 and o is 35°.
Find :

i, Minimum switch current rating (3 marks)

ii. Minimum switch voltage rating (3 marks)

iii. Average load power . {4 marks)
—

@ ”} | Load

Figure Q2(b)

Question 3

a. A full wave rectifier with resistive load as shown in Figure Q3(a) has a load of 102 and a source
voltage of 240Vgums ,50Hz. Find :

i. peak load voltage(Vy) (2 marks)
ii. average load voltage : (3 marks)
ili, average load current (2 marks}
iv. RMS load current (3 marks)

v. average power to the load (2 marks)
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Figure Q3(a)

b. A 3-phase diode half wave rectifier is supplied by a line voliage 480Vgms 60Hz sihusoid;
source as shown in Figure Q3(b). The load is a 25Q resistance. Find:

i, Average load current (3 marks)
i, Peak diode current (2 marks)
iii. Average diode current (2 marks)
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Figure Q3(b)

¢. Explain the role of snubber circuit in power electronic converter, the design of snubber circuit
and how it work. (6 marks)

Question 4
a. A circuit consisting of two diodes connected in series with current sharing resistors as shown
in Figure Q4(a). Figure Q4(b) shows the characteristics of the two diodes. The total reverse
voltage is 4700V of which 60% of voltage appears across diode 1. Compute
i. The reverse voltage for each diode and resistance value connected in parallel with each
diode to limit the reverse voltage. (5 marks)
ii. The total reverse current and the power consumed in the voltage sharing resistors. (4 marks)
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Figure Q4(a)
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Figure Q4(b)

{{mA)

b. A single phase full wave controlled rectifier with an infinite inductive load has the resistive
part of the load equal to 10€2 and a source voltage of 250Vrms 60Hz sinusoid. The firing angle

is 30°.Find :

i. Average load current

ii. RMS load current

iii. Power to the Joad

iv. Average current in each SCR

v. Sketch the output voltage and current waveform for at least one cycle.

(3 marks)
(3 marks)
(3 marks)
(3 marks)
(4 marks)
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Question 5
a. A chopper circuit shown in ﬁgure Q5(a) supplies 24V to a resistive load of 120 from 6OV
source. The inductor current is continuous and chopping frequency is SkHz.

i. What type of chopper is this? (2 marks)
it. Sketch the waveforms of i, is, ip, ic, Vi and Vo. (12 marks)
iil. Find the value of duty cycle. (2 marks)
iv. Find the minimum value of L required. (2 marks)
v. Find the minimum and maximum value of iy, if L is 1.5mH. (4 marks)
vi. Calculate the power from the source. (3 marks)
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Figure Q5(a)
Question 6
a. The output voltage for a buck regulator is 200V and the input voltage is 350V, The swztchmg
off time is 100pus. Calculate the switching frequency of the buck regulator. (8 marks)

b. What is the minimum gate pulse width required to successfully turn ON a SCR in Figure:
Q6(b) if the latching current is 100mA. Assume V=200V and zero forward voltage drops

across SCR and inductor initial current is zero. (7 marks)
0.2H
114
Vi——
Figure Q6(b)
¢. Repeat part b if the inductor is in series with a 20Q resistor. Assume inductor initial current
equal to zero. : (7 marks)
d. State two methods to turn off a SCR. (3 marks)
--THE END--
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Appendix A: Table of Laplace Transform

Remember that we consider all functions (signals) as defined only ont > 0.
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Appendix B : Trigonometry Identities

Sum or difference of two angles:

sinfat b)=sinacos b Tcosasinb
cos{a+h)y=cosacosbFsinasind

tanag £tan b

tan{a £ b) =

T tanatand

Double angle formulas:

sin28 = 2smBcosd

P
cos26=1-2smn" 0

Pvthagorean Identities:

tart” B4 1= sec’ B

Half angle formulas:

sin’@ = %(1 —cos20)

2tan B
1—tan’ 8
cos28 = 2cos B -1

b P
cos 26 =cos B —sin” O

tan 26 =
sin” 8 +cos’ B =1
cot’ Grl=csc’ B

, 1
Cos G = 5(% +¢0328)
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