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SULIT DET40073: POWER ELECTRONICS

SECTION A: 60 MARKS
BAHAGIAN A: 60 MARKAH

INSTRUCTION:

This section consists of THREE (3) subjektif questions. Answer ALL questions.

ARAHAN:

Bahagian ini mengandungi TIGA (3) soalan subjektif. Jawab SEMUA soalan.

QUESTION 1
SOALAN 1

(a) Figure Al(a) shows two devices from the family of THYRISTOR. Compare
TWO (2) differences between both of the devices.

Rajah Al(a) menunjukkan dua peranti dari keluarga THYRISTOR. Bandingkan
DUA (2) perbezaan antara kedua-dua peranti tersebut.

o

Q
DEVICE A DEVICE B
PERANTI A PERANTI B

Figure Al(a) / Rajah Al(a)

[ 5 marks]
[5 markah]
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(b) Visualize the characteristic of I-V curve for TRIAC with complete label.

Gambarkan lengkuk ciri I-V bagi TRIAC dengan label yang lengkap.

[ 5 marks]
[5 markah]

(c) A Single-Phase Half Wave Controlled Rectifier is used to control 10 Q resistive
load with o = 7/6 and Vs (t) = 120 sin ot (t). Draw the input voltage waveform,
output voltage waveform, and output current waveform. The answer should
include the calculation value of the average output voltage and average output

current.

Penerus Terkawal Separuh Gelombang Satu Fasa digunakan untuk mengawal
beban 10 Q dengan with o =7n/6 and Vs (t) = 120 sin wt (t). Lukiskan gelombang

voltan masukan, gelombang voltan keluaran dan gelombang arus keluaran.

Jawapan hendaklah merangkumi kiraan nilai purata voltan keluaran dan arus

keluaran.
[ 10 marks]
[10 markah]
QUESTION 2
SOALAN 2

(a) Discuss the difference between a step-down and a step-up in DC to DC converter.
Bincangkan perbezaan antara pemenggal langkah turun dan pemenggal langkah
naik dalam pengubah AT ke AT.

[5 marks]
[5 markah]

(b) A waveform of a step-down converter is shown in Figure A2 (b). If the input
voltage is 125V, resistive and inductive load is R= 10Q and L=200uH respectively,

calculate the blocking time (Tofr), the maximum and minimum inductor current.
3 SULIT
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Gelombang bagi pemenggal langkah turun di tunjukan pada Rajah A2 (c). Jika
voltan masukan adalah 125V, rintangan dan aruhan adalah masing-masing R=
10Q and L=200uH, kirakan masa sekatan (Torr) , arus inductor maksimum dan

minimum.

Imax

Imin

20us 50us
Ton T

Figure A2 (b) / Rajah A2 (b)

[5 marks]
[5 markah]

(c) A buck converter is supplied from a 50V battery source. Given L=7.5mH,
C=100pF, R=10Q, f=1kHz and Ton=400us. Calculate the average output voltage,
Vo , maximum inductor current, Ir, max, minimum inductor current, I min and the
peak-to-peak ripple voltage, AVo.
Sebuah pemenggal Langkah turun dibekalkan 220V dari punca bateri. Diberi
L=7.5mH, C=100uF, R=10Q, f=1kHz dan Ton=400us. Kirakan voltan keluaran
purata Vo, Arus maksimum induktor Ip max , arus minimum induktor, I, min dan
Voltan riak puncak ke puncak, AVo
[10 marks]
[10 markah]

4 SULIT



CLO1

CLOl1

CLOl1

SULIT DET40073: POWER ELECTRONICS

QUESTION 3
SOALAN 3

(a)

(b)

(©

The inverters can be classified according to the type of output voltage waveform.
Compare between the basic concept of switching scheme in the Voltage Source
Inverter (VSI) and Current Source Inverters (CSI)

Penyongsang boleh diklasifikasikan mengikut jenis gelombang voltan keluaran.
Bandingkan antara konsep asas skema pensuisan dalam Penyongsang Bekalan

Voltan (VSI) and Penyongsang Bekalan Arus (CSI).

[4 marks]
[4 markah)

A 240V inverter is using two IGBT as a switch and having a resistive load, R=100
Q. With the aids of a suitable circuit diagram calculate the output voltage (Vo)
and output current (L,).

Sebuah penyongsang 240V menggunakan dua biji IGBT sebagai suis dan
mempunyai beban rintangan R=100 Q. Dengan bantuan gambarajah litar yang

sesuai,kirakan voltan keluaran (V,) dan arus keluaran (1.

[8 marks]
[8 markah]

Three phase bridge inverter as being shown in Figure A3(c) is a combination of
three single-phase inverters. Table A3(c) shows the operation of switches for
three phase VSI 180° conduction mode. Complete the table by writing the value
of Van, Ven, Ven, Vag, Vee and Vea. Sketch the output waveform of Van and

VaB.
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Penyongsang tetimbang tiga fasa seperti yang ditunjukkan dalam Rajah A3(c)

adalah gabungan tiga penyongsang fasa Tunggal. Jadual A3(c) menunjukkan

operasi suis bagi mod pengaliran 180° VSI tiga fasa. Lengkapkan jadual

tersebut dengan menuliskan nilai bagi Van, VBN, Vcn, Vag, Vee and Vca.

Lakarkan gelombang keluaran bagi Vi dan V 4s.

v®
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fos [fe
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Figure A3 (c) / Rajah A3 (c)

PERIOD

S1

S2

S3

S4

S5

S6 | VAN | VBN | VCN

VAB | VBC | VCA

0-60

ON

OFF

OFF

OFF

ON

ON

60-120

ON

ON

OFF

OFF

OFF |ON

120-180

ON

ON

ON

OFF

OFF |OFF

180-240

OFF

ON

ON

ON

OFF |OFF

240-300

OFF

OFF

ON

ON

ON

OFF

300-360

OFF

OFF

OFF

ON

ON

ON

Table A3(c) /Jadual A3(c)

[8 marks]
[8 markah]
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SECTION B : 40 MARKS
BAHAGIAN B : 40 MARKAH

INSTRUCTION:

This section consists of TWO (2) essay question. Answer ALL questions.
ARAHAN:

Bahagian ini mengandungi DUA (2) soalan esei. Jawab SEMUA soalan.

QUESTION 1
SOALAN 1

The Average Output Voltage, Voavg waveform for a Single-Phase Half Wave
Controlled Rectifier with resistive and inductive load shown in Figure B1. Given the
triggering angle, o is at w/6 and the extinction angle,  is at /3, illustrate the circuit
diagram. The answer should include the derivation of an expression average output
voltage, Vo avg), and the calculation value of the average output voltage, Vogavg) if the
input voltage is 120V. The existence of inductance in the circuit load gives the effect
that needs to overcome with added appropriate component. The result should include

a method used to overcome a new circuit diagram and the output voltage waveform, Vo,

Bentuk gelombang Voltan Keluaran Purata, Vog) untuk Penerus Terkawal Separuh
Gelombang Fasa Tunggal dengan beban perintang dan induktif ditunjukkan dalam
Rajah Bl. Diberi sudut pencetus, « berada pada 7/6 dan sudut kepupusan, f berada
pada ©/3, gambarkan gambarajah litar. Jawapan perlu disertakan dengan terbitan
ungkapan voltan keluaran purata, Vouvg dan nilai kiraan purata voltan keluaran, Vovg)
Jika voltan masukan ialah 120V. Kewujudan aruhan dalam beban litar memberi kesan
vang perlu diatasi dengan menambah komponen yang sesuai. Jawapan perlu
merangkumi kaedah untuk mengatasi, gambarajah litar yang baru dan bentuk

gelombang voltan keluaran, V.,
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Vo
N, b
N N
| ot n *tJ n+o
Figure B1/Rajah Bl
[20 marks]
[20 markah]
QUESTION 2
SOALAN 2

A single-phase bidirectional AC voltage controller with a resistive load of 80Q uses
phase angle control in its operation. With the aid of a circuit diagram, waveform of
input voltage, gate and output voltage, write the operation of the AC voltage controller.
If the thyristors are triggered at al=02= m/3 with a supply source of 240V, 60 Hz,

calculate the output power of the load.

Pengawal voltan AC dwiarah fasa tunggal dengan beban rintangan 80Q menggunakan
kawalan sudut fasa dalam operasinya. Dengan bantuan gambar rajah litar, bentuk
gelombang voltan masukan, get dan voltan keluaran, tulis operasi pengawal voltan AC.
Jika tiristor dicetuskan pada al=a2= n/3 dengan sumber bekalan 240V, 60 Hz, hitung

kuasa keluaran beban.
[20 marks]
[20 markah)

SOALAN TAMAT
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FORMULA
4 4
Vo(avg) = ?m Voirms) = Tm
v v Vim /B sin2f
Vo(ang) = 5= (1 = cosp) oy = 7 |7 2)

Vi
Votavg) = ﬂ(l + cosa)

S
o(avg) = E(cns o —cosf3)

T T 2T 2T

Vm‘l 8 a sin(2B) sin(2a)
(rms) = ? - +

V;
VO (rms) = %

Vn
Vo(avg) = ?(1 + cos a)

1 a sin(Za)
Va(rms) = Vm E_E'I' A

Vi
VGMWJ = ?(cos @ —cosfl)

2V, cosa
Va(ﬂvg} = -

33 V2 sin(28)  sin(2a)
Va[avgj = E m VU(T’“5) = ‘IE ﬁ —a- 2 + 2
3vV3V, cosa
Vaangy = S COS L Z= R+ Ly
1 (1-D) 1 (1-D)
jrLm.:uc = Vo E"’ ZLf ILm.L'n = VG |:E_ ZLf
I _ Vs + Vs DT] I _ Vs [Vs DT]
Lmax = (1 _ D)ZR 2L Lmin — (1 _D)ZR .ZL
, _(a-Dr Ay = Vo (1-D)
min — Zf a = BLsz
L _Dba-D)yRr Ay = P
min — 2f [~ RCf

1 sinZa
Vn[rm) =V E[Zﬂ—_ a+ 2
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