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ABSTRACT

The thesis presents the design, analysis and implementation of a Quasi-Parallel
Resonant ZVS-PWM inverter for Induction Cooking with constant frequency and variable
output power. The additional switch and series capacitor are used across the quasi-resonant load.
This topology is used for reducing voltage across the main switch resulting in a reduction in
IGBTs switch rating, Morever turn-off switching loss is reduced due to high voltage across the
switch. The control of the circuit operation is based on the transformation of the circuit operation

in Simulink on dsPIC microcontroller.
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nngUii 2.11 evsauyaifisumimifeuas i finsanlas KVL Loop Wewiiy

aum31ug1veq phasor

Loopl (R, + joL,)I, —joMI, =V,
[, —dold =,
JjoM
Loop2 - joMI, +(joL, +R,)I, =0
JjoMI,

>~ (oL, +R,)
910 (2.17) waz (2.19) 9214

JoL I, -V, JoMI,

JjoM —(jWLz “Rz)

v
v @

AWl R, L, m1d0n

eq?

2 2
z #:[M (oM)’ &, }rjw[,ﬂ (M), }
1

w R, +(aL, )’ Ry +(aL,)

1) Z, =R, +joL,,

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)
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oM)* R
=R+ (2422 =R, +A’R, (2.24)
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P S .y (2.25)
R +(aL,) L '
P M
s T (2.26)
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L, : Leakage Inductance mw’fmﬂguqﬁ

L, : Leakage Inductance meﬁmnﬁugﬁ

M : Mutual Inductance 55114 L way L,

k : Electromagnetic coupling coefficient
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0= .
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R, =L= *,,/ 2.28
2 5 4”2 x10_7 pﬂrf ( )
I, = NI, (2.29)
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P, =(I,)R, (2.31)
1
UED) Py=\———=.NL,) - \Jou,f (2.32)
4r° %10

UszAninmves Tnaamyuzyady

Ry (2.33)
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Mt mmfﬂummmmaﬂﬁuwm

0.8 -
0.6
0.4 -

0.2 1

0 - : X |

0 1 2 3
o(mm)

Normalized current density (A/mm?)

{ ¥ o ' 1 [ a
31.]‘?] 2.13 ﬂ')'lllﬁﬁwuﬁigﬂ'JNﬂ'JnJ‘Hu'ILL‘Ll‘L!ﬂ5$LLﬁﬂUi%UZWN‘UBQN'Jﬂ]ﬂ\iﬂ'l‘lfuzﬂﬂéllll

m1ah 2.2 gaiasiama lufhvesSagaien AFlunmsuryaduiinnud 20 kiz

Material Iron stainless Aluminum Copper
Resistivity( Q -m): p 9.8 x10-8 60 x10-8 2.8x10-8 1.7x10-8
Relative permeability : 1, 100 100 1 1
Skin depth (mm) : & 0.11 0.28 0.60 0.46
Surface resistivity (Q) : R, 8.8x10-4 22x10-4 0.47x10-4 0.37x10-4
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32 805 3.69 220 0.99 0.48 3.09 759 94.24
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V. Input Voltage 220,50 Vi Hz
1 Switching frequency 20 kHz
f, Resonant frequency 42 kHz
L, Input filter 450 uH
C, Input filter 5 UF
L, Equivalent inductor 84.25 uH
R Equivalent resistor 3.8 Q

C Resonant capacitor 173 nF
C, Clamping capacitor 3 UF
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Tau14 Power Quality Analyzer 11 43B as293amaa Inlflimadue1inndau Power Analyzer
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HARMOHICS POWER 18

155w
157 wa
U,E 4var

111

15 9 131721252933 37414549

VOLTS @ AMPS

o e a o e = L o L
() fae Inihduyn (1) Mas Ihdunnuazdlszneumas
YOKOGAUWA 4 Uover:m m m = 40ns 2.5MS/s
€\ ,CHL 1200Upk Iover:s = m = q0ons 2.5MS/s Display
Elementl ElementZz Element3 Element4 =A “Format

Urms[V 1 0.2611k 0.0000k 0.0000k 0.0000k 0.2611k

Um [V 1 0.2483k 0.0000k 0.0000k 0.0000k 0.2483k Numeric
Udc [V 1 -0.0007k 0.0005k -0.0001k -0.0004k -0.0007k

Uac [V 1 0.2611k 0.0000k 0.0000k 0.0000k 0.2611k {4 Item Amount
Irmsfld 1 19.74 0.00 0.000 0.000 19.74

Imm[A 1 16.50 0.00 0.000 0.000 16.50 Aall
ldc A 1 -6.49 0.02 0.001 0.001 -6.49

lac [A 1 18.65 0.00 0.000 0.000 18.65

P W 1 1.49k 0.00k -0.000k -0.000k 1.49k

S va 1 5.15k 0.00k 0.000k 0.000k 5.15k

Q [var 1 4.93k 0.00k 0.000k 0.000k 4.93k

A i 1 0.2895 Error Error Error 0.2895 ii Function
o I° 16 ?73.17 Error Error Error 73.17

fUu [Hz 1 18.551k Error Error Error ——m—— Cfl

fI [Hz 1 18.301k Error Error Errr ———

Us+pklV 1 ©.5388k 0.0064k 0.06048k 0.0048k ——————

U-pkIV 1 -0.3652k -0.0044k -0.0048k -0.0048k --—————

I+pklA 1 35.74 0.26 0.023 .28 ——

I-pklA 1 -56.54 -0.22 -0.025 -9.025 ——

CfU [ 1 2.06 Error Error Error ———m—

CFI [ 1 2.86 Error Error Error ——————

FfU [ 1 1.17 Error Error Error ——m—————

FFI [ 1 1.33 Error Error Errar —m——

2 [ 1 13.223 Error Error Error 13.223

Rs [ 1 3.8278 Error Error Error 3.8278
Stopped 106 111 2008,10,25 15:30:57|

v a @ L3
Q) fﬂiWS’J"l)’)ﬂl‘]Nﬂ’JLﬁ‘Uﬂ'NﬁWuLﬂ'lWV!ﬂ
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nnmsasiaimaiames 0.6 fagUii 5.2 ddeIdfhimedudunme i ld
1.55 kW uaasdagild 5.12 (a) uazinds Ithdueninne e 1d 1.49 kw uaasdagalii 5.12
@) fatummnsomlszaniamma i Idnnaunsi .1) wait1dde 96% ndunsy
Haduih linageurnlszansamma Wihuagsatufinrasssdszneuma Infhiiaiausa

MBI AN 0.34-0.6 Laraalua1sed 5.1

M3 5.1 Msnaasutaziunaalszansnimwma luih

Flzlcltt)o)r Pin(W) | Iin (A) | Vin(V) PF | %THDv | %THDi | Pout(W) | %nelec
0.34 530 2.48 220 0.95 1.3 2.9 510 96.23
0.36 600 2.79 220 0.96 1.4 2.8 580 96.67
0.41 660 3.1 220 0.96 12 29 640 96.97
0.43 740 3.45 220 0.97 12 24 720 97.29
0.45 820 3.78 220 0.97 1.2 24 790 96.34
0.48 900 4.18 220 0.98 1.3 2.7 870 96.67
0.49 987 | 458 | 220 | oog 1.2 2.5 950 | 96.21
0.51 1,100 5.09 220 0.98 1.2 2.9 1,060 96.36
0.53 1,200 5.55 220 0.98 1.3 2.8 1,160 96.67
0.56 1,320 6.13 220 0.98 1.2 3.1 1,270 96.21
0.57 1,420 | 6.62 220 0.98 1.2 3.3 1,370 96.48
0.6 1,550 7.11 220 0.99 1.3 3.6 1,490 96.13
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t 4
s

=] 4
AuNAKDS 0.34-0.6

nggr i"%;;%ﬂ Eg;%gg (m inflme (sec) (P;% Po%;)oml Yontotal
0.34 28 90 15.00 | 900 530 287.96 54.33
0.36 28.2 100 11.10 | 670 600 447.95 74.66
0.41 28 100 9.40 | 580 660 518.90 78.62
0.43 274 100 830 | 510 740 595.04 80.41
0.45 28.2 100 7.30 | 450 820 666.94 81.33
0.48 27.9 100 6.47 | 407 900 740.49 82.28
0.49 27.5 100 6.18 | 378 987 801.72 81.23
0.51 272 100 534 | 334 | 1100 911.09 82.83
0.53 28.7 100 456 | 296 | 1200 1006.87 83.91
0.56 28.6 100 438 | 278 | 1320 1073.57 81.33
0.57 27 100 422 | 262 | 1420 1164.66 82.02
0.6 27 100 406 | 246 | 1550 124041 80.03

M 5.3 qaantaneiifhveunyedumiionim

a o

fa fde Ifheniym 1.5kw

110

f, (kHz) 20
Duty Factor 0.6
OV peat /1 peat) 780/60
Qs ¥ pear / 1 peat) 800/36
Vo Vows ) 220
I, (4,,) 7.11
%THD, 1.3
%THD; 3.6
S, (kV) 1.57
P, (kW) 1.55

PF 0.99
P (kW) 1.5
%7 s1ec 96.12
%7 ol 80.03
Heating Time (min) 4.06
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HAASN Power Analyzer (YAKOGAWA)

4 PZ4000

=
Fgazivn

Wide Measurement Bandwidth

(DC to 2 MHz)

Accurately Sampling 5 MS/s

Harmonic Analysis (up to 500" Order)

WanSum Digital Oscilloscope (YOKOGA)

U

a
eazIdHnN

DL1540 /DL (4 Channel)

150 MHz Analog Bandwidth
200 MS/s on two channel

8 bit vertical resolution

DC to 30 MHz, 850V

(DC+AC peak)2% DC accuracy,

Internal low pass filter

G
gaziosn

i Power Quality Analyzer (FLUKE)

FLUKE 43B

5 to 600 Vrms. 1.00 to 1000 Arms

Up to 600 kw., 6 Hz to 99.9 Hz.

8 bit vertical resolution

Indicates fundamental to 13" harmonics
Measures crest factor, PF, DPF, K-factor

%THDi, %THD-R
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A w d
Hannumn
v
3u
=
gazioan

Multi Meter (Hewlett Packard)
973 A

True RMS 20 kHz

Accuracy = 0.1 %

Vac or Vdc : 0 to 1000 Volts
IacorIdc : O to 10 Amp

a o d

HAANUN
1

M

=y
Jyaioun

Current Probe (FLUKE)

80i-110s AC/DC

10mV/A, 100mV/A

Input 100A peak Max

Frequency: DC to 100 kHz .(@3 db)
Output 10 mV/A, 100 mV/A CAT III

o
Jyasioun

i Differential Probe (YOKOGA)

700925
1/10V, 1/100V
500V Peak Max
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#5175 Anivlne 397 Nause
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Abstract

The paper presents the design, analysis and implementation of
a Quasi-Paraiiel Resonant ZVS-PWM inverter for Induction Cooking
with constant frequency and varisble output power. The additional
switch and series capacitor are used across the quasi-resonant load. This
opology is used for reducing voitage across the main switch resulting
in a reduction in IGBTs switch rating. Morever tum-off switching loss
is reduced due to high voltage across the switch. The control of the
circuit operation is based on the transformation of the circuit operation

in Simulink on dsPIC mi i
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