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A New PWM Power Control Scheme of Class-D Inverter for Induction
Heating Jar Application.
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Department of Electrical Engeering HanYang University

ABSTRACT

In this paper, a simple power control scheme of
Class-D inverter, which is varied duty cycle of fixed
frequency to desired output power. It is more
suitable and acceptable for high-frequency induction
heating (IH) jar applications. The proposed control
scheme has the advantages of not only wide power
regulation range but also ease to control output
power. Also it can achieve the stable and efficient
Zero—Voltage-Switching (ZVS) in whole load range.
The control principles of proposed method are described
in detail and its validity is verified trough simulations
results on 385kHz IGBT for induction heating rated
on 1.6kW with constant frequency variable power.
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Fig. 2 Equivalent circuit of Class-D inverter
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Table 1 Parameter of the Class-D inverter

Va Input voltage 311 VDC
Prated Rated output power 1.6kW
Is Switching frequency 38.5kHz
I Power control frequency 1kHz
Ir Resonant frequency 37.4kHz
Leg Equivalent inductor 114#H
R, Equivalent resistor 7.3Q
C, Resonant capacitor 160 nF

Agre 71YL o] &3 Class-D UM E 9 Al g
A ZAL 10%-100%%38HE 71Rste d@ss
ARsA] AEHS 16kWE 87 98 =
-’F‘ F+ 385kHzZ AMASAR EHAE
& 41:0:94 %J}fr 1kHzolth 2¥ 10(a)e Al
% —Aﬂo‘]7]t\'ﬂjg o]%tﬂ' IOOOOTO]’}‘](Dpower: 1) ié
= 3y JeEbdth 29 10(b)= w9
3] g& YEtdo. 28 10 & F
] E‘E}d% ILeq7}' oﬂd\"aoi B‘EL‘ 740
:11313 ll(a)v‘:‘ 10/)’!‘01'1‘] ](Dpower:
1230 L OWH R R
0.16kWeltt.29 11(b)E OMM &
yelhdoh a2 1lb)l & + %%01 Z2€ A
X?—l-# 259 FEU DowerE HEAZD T

012) HEAS

Tr‘ ILeqt E’Oﬂioi -3-27“ Q'E‘ 7)-3
o oebq Rere] HEARE RolAn ol
228 ®E GolxA) BT £8 FRA
 Assl §Ad2 A3 s
A% 2sol2st AA B AL T F
ll(c) 10% #-3tA1 9 *Hﬂﬂ M ekt
HEaT YA ¢ )
Ag 29A(2ZVS)el 2F H
LB ERAA ASE SEA 7HE o&
Class-D W EHE EE ¥ HHdA Fd¢d
‘ﬂio](ZVS)ﬂ' E.;g'%q' :L% 12(3)1_‘ Dpower% 0.5
A4 12 HANES wWe 2APAF} Redw
ILeq-’} J'}'ﬁ —133—0:}‘7"‘11 1%’ 12(b)b Dpowera 1°ﬂ
A 052 AhEAze Wel sRRA% YA
Irep® #B& RAFT AlEHolA do] met
Arst 2HAAA7E S ©]E€F Class-DE EE P
3 9 (10%~100%) 4 EH A Ho] Ao He A

o -y o yo O

O i
fo
|

2

rziigr
£t

Y
>
It
il
1> oty 3 -

B,
M3
o, 2
and 0[4
-

30 2 K K32
gm%wzm

000 w0 w0 2060 @ sasa

(a) é?i."‘.f—? Pouc
(a) Output power P,

2e00 00 2200 000

(b) REIERF Iieg

a2l 10 100x 5} oty

(b) Load current Iieq

Fig. 10 Waveforms in case of 100x% load

200 -
;00

- 522 -



o
om0

. w00 >0 ) wm

(a) BN Pop
(a) Output power Pou

(b) SBIHR I o
(b) Load current Ii.

pru voms
00

LTy S,

(c) ASIR| Mgt M=

3 11 10x 5t oty

(c¢) Switch voltage and current

Fig. 11 Waveforms in case of 10% load

mperes

—

(a) Dpower 10’“A'| 0.52 7"?_1A| E'Ejlxljgl Pout ‘?“ﬁl’ﬁ% ILeq
(a) Poyt and Ireq (from 1 t0 0.5 Dooyer)

it

peedbplill

a0 = C o 3

(b) Deower 0.500A] 12 JIHA| &2IXF p,,. 5}
32! 12 Dpower JHHA| Tfg

(b) Poyr and I (from 0.5 to 1 Drower)

Fig. 12 Waveforms at variation of Dpower (at 100ms)

> osh

=
T ILeq

52 B

I
Mo

AME FE7ld 7Y e AFE
¥ Induction heating(IH) jar® Class-D¢]
CFVP(Constant Frequency Variable Power)
71H-E AAFAL A7 el ] zA) S
ik A AojZ|He] M 2 AHL 7HdEHA
A N5 FEHH Dpwers 7FHATC
Holol A EEHE Ao i 293
Aok, Z#EA o7t A
@?%‘E F3l FHs)

U
e

Y2 2, po
£

rN
1
gl_',

¥ Mol ol
X
2

VYV 32 90Nt b o e L ol

A3k Al e REH
AR WY YA e

ARa oo e gt AnE 2903 (ZVS)o| BA
Ajoje) 8o}

297 &4, EM 2B~ T2

T

[1] M. K Kazimierzuk, et al. "Class-D Voltage-switching
MOSFET power Amplifier”, Proc. Inst. Elect. Eng.,
Nov, 1991. Vol. 138, No. 6, pp.285-296.

[21 M. K. Kazimierzuk, et al. "Class-D Zero-Voltage-
Switching Inverter with only One shut Capacitor”, Proc.
Inst. Elect. Eng., Sep, 1992, Vol. 139, No. 5, pp.449-456.

[3] D. W. Tebb, "An induction heating power supply using high
voltage MOSFET", in PIC Proceedings., 1987, pp.236-244.

[4] TUDBURY, C.A, "Basics of Induction Heating”, ED.
John F. Rider, New York, U.S.A 1960.

[5] Henry W. Koertzen, Jacobus D. van Wyk and Jan A.
Ferreira. "Design of the Half-Bridge Senes Resonant
Converter for Induction Cooking”, in Proceedings of
thel995 Power Electronics Specialist conference,
95CH35818, pp.729-735.

[6] M. K. Kazimierzuk, T. Nandakumar and Shang Wang,.
"Anlysis of series-parallel resonant converter”, IEEE
Transaction of AES, Vol. 29, Nol, Jan 1992, pp. 88-97.

(7] Izaki, Y. Hirota, H. Yamashita, M. Kamli, H Omori and
M. Nakaoka, "New Constant-Frequency variable powered
quasi-resonant inverter topology using soft switched
type IGBTs for induction-heated cooking appliance with
active power filter”, in Proceedings of thel995 European
Power Electronics conference, pp.129-134.

[8] F.S Tsai, PMateru, F.C Lee, "Constant Frequency-
clamped Mode Resonant Converters”, in Proceedings of
PESC’'87 Record, June 1987, pp.557-566.

[9] P.Savary, MNakaoka, T.Maruhashi, "Resonant Vector
Control Based High-Frequency Inverter”, in Proceedings
of PESC’85 Record, June 1985, pp.204-213.

[10] W.J.Gu, KHarada, "A New method to Regulate
Resonant Converters”, [EEE Trans. On Power
Electronics Vol.3, No.4, Oct 1988, pp430-439.

(111 J-H . Cheng and A. F. Witulski, "A Generalized DC
Model and Low Frequency Dynamic Analysis for the
Class-D converter at Fixed Frequency”, IEEE Power
Electronic Specialist Conference Record. 1997, pp.217-223.

[12] AKS Bhat, "Fixed Frequency PWM series-parallel
resonant converter”, IEEE Trans. Industrial Application,
Vol. 28, No. 5, 1992, pp:10021009.

[13] KD.T. Ngo, "Analysis of a series resonant converter
pulsewidth modulated or current controlled for low
switching loss”, IEEE Trans. Power Electronics, Vol. 3,
1988, pp:5563.

[14] Wu, T.-F.. Yang, H-P; Pan, C.-M, "Analvsis and
design of variable frequency and phase-shift controlled
series resonant converter applied for electric arc
welding machines”, Proceedings of the 1995 IEEE IECON
21st International Conference, Vol 1, 1995, pp:656661.

- 523 -



