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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEET)
EEE2112: INTRODUCTION TO POWER ELECTRONICS AND DRIVES
' 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. Present your answers

‘neatly and clearly. The assessor reserves the rights to ignore your answers if they are
ambiguous.

Question 1

a.  Figure-Q1(a) shows a resistive power control circuit in which power is being delivered to

Rlaad-
Vin(DC} = 40V
Rcontrol
Rypaa
47 L
Figure-Ql(a)
1. If 10 W of power is to be delivered to Rj,qq4, determine the value of Regneror and the
power transfer efficiency of the circuit. - [8]
ii.  Comment on the power transfer performance of the circuit. - [3]

1. Explain in general, how modern power electronics technology improves the power transfer
performance of the circuit in Figure-Q1(a). . [ 4]

- ¢, Quantitatively show how power electronics technology produces the same power delivered
' to Ry qq in part (a}(i) but with a much higher efficiency. ' [10]
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(Juestion 2

a.  Figure-Q2(a) shows the IV characteristics of an SCR tested with its gate terminal open circuit.

+ L4k
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—lax
Figure-Q2(a)

i Complete the 1V characteristic graph by filling in all the blanks in the provided
Worksheet-Q2(a). [5]

ii.  Explainthe characteristics of the SCR. [7]

b.  Figure-Q2(b) shows the turn on characteristics of the same SCR in part (a).
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Figure-Q2(b)
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The three timing parameter shown inFigure-Q2(h) are,
e t,; = delay time
e [, =risetime
e foy = ONtime
While the current parameters are,
e [, = on-state current

o [, = steady-state gate current.

i Define the three timing parameters, delay time, rise time and ON time. [3]

ii.  Explain how does this turn-on characteristic graph aid the proper operation of the SCR. [ 2]

c.  Describe three major considerations in designing a gate control circuit for an SCR. [6]
d.  Draw the two-transistor model of an SCR. [2]
Question 3

Figure-Q3 shows a basic switchea—mode converter having the following assumptions:
o Diode D is ideal,
s All analysis is done in the steady-state condition.
e The capacitor is large enocugh to establish a constant output voltage across R,4.
o The switch is controlled with a 40 kHz pulse at 0.45 duty cycle (d).
s The total input power equals the total output power.
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Figure-Q3
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2. Identify the name of the switch-mode converter given in Figure-Q3(a). [ 2]
b.  Derive the expression of the load voltage, vy,44 in terms of d and Vi, Hence, calculate this
value based on the given switching parameters. [8]
c.  Derive the respective expression of I (nqx) and Iy gnan- Hence, calculate their respective
[10]
d.  Ifthe 400 pH inductor is to be replaced, determine the lowest inductance value to ensure
continuous flow of inductor current, i;. [5]
4
Explain the main function of an inverter. [4]
if.  State two industrial applications of inverters, [2]
b.  Figure-Q4(b) shows a basic configuration of a single-phase full-bridge inverter delivering
power to an resistive-inductive load.
; Q. /AD: D2 /i
e | RLload  §
VDC — A h | AR
z %23 i) DI
Figure-Q4(b)
Explain why it is more convenient to use phototransistors in the inverter instead of
ordinary NPN BJTs. [4]
Explain the need of the four diodes, D, to D, in the circuit. [4]
Sketch the timing diagram of v,5(¢), assuming the diagonal-pair of transistors are
triggered at equal time interval. [2]

iv.

State the RMS value of Vy 5.
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v, State the expression of v, (£). [2]
vi.  Calculate the peak current of the fundamental current flowing through the load if Vye =
20V, R=10Q,L =50mH and T = 20 ms. [5]
Question 5

Figure-Q5(i) shows a controlled half-wave rectifier circuit with RL load, while Fi gure-Q5(ii)
shows the timing diagram of v, (t) and vg (t) respectively.
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Figure-Q5
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Approximate the firing angle, a, of thyristor T;.

Approximate the extinction angle, f5, of thyristor 7.

c.  Based on the answers obtained in part (a) and (b), determine the conduction ang[e v, of
thyristor 7;.
d.  Sketch the timing diagrams as accurate as possible for v, (t) and v, (t) respectively, on
the given "Worksheet-Q5{d)". Assume ideal thyristor operation.
e.  Forthe circuitin Figure-Q5(i), the instantaneous current, i(t), within ¢ < wt < f8, is
expressed as, ‘
er ‘ wl ‘ wL R,
i(t)= —m——1sin | wt — tan™" (—)) — sin (a — tan™* (—)) e wilet “)}
(¢ ) VRZ 1 w?]? [ ( R R
Where,
V., = amplitude of the input sinewave
o = firing angle of thyristor Ty in radians
f = extinction angle of thyristor T; in radians
w = input frequency in rad/s
Determine the average current, I that flows through the circuitif R = 20 Q and L =
0.04 H.
(Question 6
a. Figure-Q6(a) shows a simple transistor switching circuit controlling energy delivered to

the inductive load.
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Figure-Q6(a)
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Quantitatively explain the consequences of turning off the switching element in Figure-
{36(a}) from its saturation state. [6]

1. Explain the two basic functions of a snubber circuit. ' ‘ [ 4]

ii.  Draw a RCD snubber circuit onto the circuit in Figure-Q6(a) that will improve the
performance of the circuit. [3]

iii.  Explain the operation of the RCD snubber circuit drawn in part (b)(ii} to improve

the performance of the circuit. [3]
. Explain the method Where power transistors increase the rate at which heat is

removed from the devices. 3]
il.  Sketch a power derating curve for a power transistor. Label the axes clearly. [2]

iti, A power transistor has a maximum collector dissipation of 4W for an ambient
temperature of 30°C. If the maximum junction temperature is 170°C and the
thermal resistance Ois between junction (device) and heat sink is 4°C/W, calculate
the maximum possible thermal resistance for the heat sink. [4]

~ The End ~
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