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. CONFIDENTIAL
INSTRUCTION: Answer FOUR (4) questions only

Please use the answer booklet provided

Question 1

&) The basic element of Power Electronic Technology is the power processor, which can
be seen to provide a number of different conversions. Define power electronics.

Give ONE application of power electronics and a list of THREE examples.

(5 marks)

b) Describe the principle of power diodes and thyristors, then sketch the symbol on each
component.

(8 marks)

¢) The controlled single-phase full-wave rectifier circuit of Figure 1 has a resistive load

with R = 20Q and. The AC source is 120 Vims at 60 H. and delay angle is 45°

Calculate:
i) The average load current
i) The rms load voltage
iii) The rms load current
(12 marks)
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Figure 1
Question 2

a) Input to the step-up chopper is 200V. The output required is 600V. If the conducting
time of the thyristor is 200 pusec, compute the chopping frequency.
(6 marks)
b) If the pulse width is halved for a constant frequency of operation, determine the new

output voltage.

(6 marks)
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CONFIDENTIAL

b) DC chopper works on DC voltage as a step-up and step-down transformer. Briefly
explain the principle of step-up and step-down DC choppers with R-L load of the
transformer. [hint: Include together with the chopper circuit in answer]

(13 marks)
Question 3
a) List 5 characteristics of a good inverter and 5 applications of the inverter.
(5 marks)

b)  Briefly explain the operation of a single-phase full-bridge inverter and sketch the
waveform produced.
(12 marks)

c)  The single-phase inverter is characterized by two distinct types of sources: the voltage

source and the current source.

i) Draw the circuit of a single-phase half-bridge inverter, which includes a voltage

source, two diodes, and two thyristors using a suitable circuit.

(4 marks)
i) Draw the circuit of the single -phase full bridge inverter, which consists of four
diodes and 4 thyristors by using a suitable circuit.
(4 marks)
Question 4
a) Explain:
i) the function of the buck-boost converter
(5 marks)
ii) the working principle of the buck converter
(5 marks)
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b) The buck-boost converter has the following parameters

Vs =24V, D =0.4, R =10Q, L 100uH, C = 400uF, F = 25kHz
Assuming ideal components, calculate;

i.  The output voltage Vo

(4 marks)
ii.  The maximum and minimum inductor current
(6 marks)
ili.  The output voltage ripple.
(5 marks)
Question 5
a) i) State the FOUR components of Power System that need to be protected.
(2 marks)
i) List FOUR devices in the power protection system.
(2 marks)
i) Briefly explain any TWO protective devices in the power system.
(8 marks)

b) A DC chopper has a resistive load of 20Q and input voltage VS = 220V. When
chopper is ON, its voltage drop is 1.5 volts and chopping frequency is 10KHz. If the
duty cycle is 80%, determine the average output voltage and the chopper on time.

(7 marks)

c) If the chopper circuit is operating on TRC at a frequency of 2KH on a 460V supply

and the load voltage is 350V, calculate the conduction period of the thyristor in each
cycle.

(6 marks)

END OF EXAMINATION PAPER
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FORMULAS -LEB 31003

FUNDAMENTALS OF AC

I =Iysinwt
V =V,sinwt

Tams = % =0.7071,

v
Vrus = —= = 0.707V,
V2

_Vewus _Vo _

= = =R
Ieys 1y

PURELY INDUCTIVE, L

Ap = (wt+§)—wt

A
Ap = >rad = 90°
X, =2nfL

RCL SERIES

V=1z
T=7= R+ (X, - X

Vi-V¢

tan¢ ===

POWER OF PURELY RESISTIVE SERIES, R
P = (Iysinwt)(V, sin wt)
P = 10V0 Sinz wt

p= IVo  1gVycos2wt

2 2
= (%%) — (%-%-cos Zwt)

POWER OF PURELY CAPACITIVE SERIES, C

P=1v
P = (I cos wt)(V, sin wt)

IV,

P= sin 2wt
POWER OF R, RC, RL AND RCL

Poy = IrusVrpus

Vi
cos ¢ =V
Ve =Vcos¢

Poy = IpmsVrus cos ¢

PURELY RESISTIVE, R

14 |4
g = Zrus _ Vo _

R

Iws 1o

PURELY CAPACITIVE, C
T
Ap = wt — (wt +§)

s
Ap =— E?'ad =-90°
P 1
¢ 2nfC

BOTH RC AND RL SERIES

vV
[C/L]
tan¢ = 7S

RESONANCE FREQUENCY

1

fr= 2mVLC

POWER
P=1V
Pr=cos¢
Poy =P-P;=1[Vcos¢

P = (IgysVrus) — (IrusVruscos 2wt)

IV,
Py = = IrmsVrms

POWER OF PURELY INDUCTIVE SERIES, L

P = (Iysin wt)(V, cos wt)

IV :
P= %sin 2wt

Po =0
POWER FACTOR OF R, RC, RL AND RCL
Pp
Pf= cos ¢ =ITZ-
o Vi IR _R
(=S¢ =Y==7

P, = Average Real Power, P,, =1*Zcos¢ =P,



HALF.WAVE RECTIFIER

2V
Vi o= —2
p:3
Vo _ 2V
Iy = B 2
R aR

V., =z§-(lé~wsa)

v, V.
I, = }?— 5= —n—;:{l+cos a)

{ it
_Vo [I_a  sin(2a)
RYN2 2# 4
Igpnes = Ia,,ms

'!RMS

i, ({m‘):: I;’; [Sia(ﬁ){ . {))_. sin(a _ 9)e~{ax~-a}xm]

Z = «f}ﬁ + ('wLa)zv

6 = mn"l( ff‘)‘é]
LR

T = v

R

»~ On-Off control
s Output load voltage

’ it
Vo—rms=Vs =Vsvk
m-+n

*K is duty cycle

# Phase control
e rms value output voltage

1 sinZa__
Vo=Vs[—(Q2r -« +—2—-).}1/2

e average value output voitage

Vo = V2Vs | 1
o= - {cosa )

BUCK AND BOOST CONVERTER

VO e U |1 .

# et
2V = 2z
¥V, e
Ly s = ﬁ;m
of = §,1wg+sm(2a)
V' 2=
Va
Isn g = EEQ +eosa)
1 =tems
ks sor »\fi
2
I =___.’_/-i -
“ {1-DYR
; v, ¥, DT
= {t-DfR 2L
roo_ Y% VDT
(- DYR 2L
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¥V, RCF
y
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= RMS OUPUT VOLTAGE

-

Vi | o« sin{2a)
Vorms = em— |1 — — 4 ———-=

vZ J b4 2
Vorms = vPR

Vorms

Frinsg =
s )

s POWER FACTOR OF THE LOAD

PF =2
s

e RMS SCR CURRENT

la.rms

vZ

Iscer, rinsg =

s  AVERAGE SCR CURRENT

Vi

Iscr.aug = {1 + cosa)}






