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A New Hybrid Control Scheme with Active-Clamped Class-E Inverter system of
Induction Heating Jar for High Power Applications

Lee Dong-Yun, Lee Min-Kwang, Hyun Dong-Seok, Kim Jung-Chul and Choi lck

HanYang Univ

Abstract - This paper presents a new hybrid
control scheme using Active-Clamped Class-E
(ACCE) inverter of induction heating(IH) jar for
high power applications. The proposed hybrid control
scheme has characteristics, which act as class-E
inverter at lower switch voltage and ACCE inverter
at higher switch voltage than reference voltage of
the main switch by feeding back voltage one as well
as advantages of conventional ACCE inverter such as
zero-voltage switching(ZVS8) of the main switch and
the reduced switch voltage due to the clamping
circuit. Moreover, the proposed control method
makes higher output power than conventional ACCE
inverter control one since ACCE inverter is operated
like class-E inverter at low voltage condition. The
principle of the proposed control are explained in
detail and the wvalidity of the proposed control
scheme is verified through the several interesting
simulated and experimental results.

1.M £

= tE (Induction Heating)2 18311 Michael
Faraday9 Azl #%= @4L o]&3ts Aoz 719 =
Aol nFEL B[ AR/} o dAstE 15 BF
A Fol ‘EX“*-J & E’é% AN F& %’él
9] FHo £ = 94AF (Eddy Current)7} EAdsle] &
9 ¥4 7(13&'31] 2% Joule® °l LA A e °l?4°11?}.
o8 FE/ELANLE dio 9T 2L nwelod o}
34 2 43 AFE AYx A
o IR S| &y T (Ftx7)7): 70%, FEIE:
90%°]4) A A A o]},
o N&3F 71L& Z3e] Waming Up & $isld &
B]E]‘— 1\/03 Z Q) 2= lr,].'
e 23 9 259 Aoyt Lo|ste Aol Halsir}
o};&]/\%o] _r]o}],}r,}
o WE7tA 59 2 29
A Azt
olgigt fFx7td 7&L A AgE 2 S &8
ot Z WA AlEHR I loem ol the T o
T7F 43 olR oA ot (-]
o]Foi IH Jarg 98 F =+ FE (Class-E 94
BE o433ty FAH gdon 13y 1€ Class-E 9H
B Az AA HEE mAFn gtk oY@
Class-E UBIE Al2€L & AWE A2"d 24
Bhuhe] ARG o] §3t] FFo] o)FAAXER A7}
9o A2dg FHY + v FHE MAD Yo B
Tk ootyel B-2 Al IR o 29X FAY 29

A& o)FE A3E AU

3 B2
55
T

2Ago) glo] fAH ol

kd

.. LG Digital Appliance, KIST

., R
S 3

V(#_ G Gl £

F O Y ’{

2% 1 IH Jar® Class-E U¥H

AT, W-0= A B 9% 29N A 2Ed
zol g gHoT A8 EFEAY 37 % 29A9

o] R Fo] Fade FAHE Iz g
olg1dt FAA-E A3y ¥ ACCE °1ﬁ1517} A| ot 5]
o] dF7t o]Fojx 3 Utk ACCE W EE Class-E
AWE R F 2K Hete] FREYP g3 E}E T A
AR "G 2EH2Y FZAa Zdd g3 dA)
DC-Link SIWEo] %ol &&5xx Aok [I-[1
A9t ACCE UWiE & AA 37 Age g9 98
2 B9 T*@?‘S}ﬂl Heg Fdg AE3d2 L A5
st A4S Class-E QW E Al2d Wt} 348 o)
2R o @A HE 4L AU g F 3 oz
o ZAAE HA 2¥AHo] #ATE ot} uals
ACCE QBB E o] &3l 5d3 L 97 Halxe
Class-E QW EA2=9 B 4 ¢ & i" 29 AR
*Ei’/ﬂ"i R:ﬁﬁ}ﬂ 4. ¥y O}qa‘r = AdE A

T AR EAME AR

wheba o] 2l g “dxé% H’éﬁ}ﬂ 18 ACCE ¥ H
Mg 128 4T MEE Ao RS AAEaat
ok At Aoz —8— ACCE 9HE Al&2dE o §
&te Class-E Q¥ Al299] 523 ACCE A E A
299 F4& FAY FHIEF e 13?‘/]5
(Hybrid) #Ateizleln ol& %A AFE EAGE Fa
ANAA Bk ML Aol dE AMGA AT
ANEdHoIE 2 A8E Fste] At A IEY B4
& AFstnz g

).

2.2 B

2.1 AACE QIH{E| AlAH
239 2& f= 71E Jarg ACCE °“ﬂ"3—4 AA A
SUE e 32 A A8 dage 3 a2 7
£} Class EQMH N293}h 59 32 A4
S e e AAeAe 808 a4 5o
AYE Lo 571 AY Rz FAHe slon vis
2 % nz 292 S, 2RE AAAY Gt 278
#4 Holgie

- 1009 -



Chax L 52

3% 2 IH Jar$ ACCE QIBE9 Al2d s2x
2.2 ActA Hof |¥ol |3t AACE CIH{E| A|lAH
o Z= #al
AEE A7 HE& F718% ACCE °ME) Al2d g
& EEE HoFan 9. & R T bx #dH
2 A FEHARY 294 AYge] Y= AGEG
e ZAE 1™ 3a)d¥ ACCE Uvlg Alage
Class-E W A3 59 522 ofFA =y
o 29X Ago]l EFWE AU 7L A%
ACCE IHWE Az®e I3 3b)xYE Bz J29
%2% E3lo Active Clamped Class-E QW E A€

o2 F&E o|FA 9
Ch A
DIODE
RrECTIFIER L Leg Reg
f 3 x
+_‘ ér
¥ folt 3 - 51
Y 3 x j]
(a) 2¥F Y B ¥ ZF$(Class-E U E)

Ch 2= g }
DIODE b 52
RECTIFIER L Le: Req

x x

(b) 2383 A ¥} ¥ 2 $(Active Clamped Class-E)
23 3 AEE Ao7IgE F718 ACCE A¥EH Ax"g) %
Z BE
I 4= ACCE AWEY £ 294 % BE 4%
9] FE ¢ d=edde] g5 53 FWFZ A (KVs)o)
A E BANE 1HE 5"11 YeEliD ok F 2
AR At dAFF 9P ddAAXN F/EA €94
ACCE 9HE9Y 2z 29X9 949y o]y EF
stAl 3 o]Z13td FYE AAEE £ TR0
et A Hol ARG APz F A9 Age F
#33 A

¥ 4 £95 894
ACCE Q®HZ $2% 299 5 2929 2dq4Y
o 4 ()7 o] 7 5 Yok

Vsz—é 1, XKVt t,x KVg+ —5 t,xKVs (1)
21,
e T

2.3 Heta Hojoiy

Switch_Vol
Input Source e _m__[
E * | T o_lq Load_Cwr
Diode Rectier Toput Fiter  Active Clamped
Chiss-E wester

28 5 N2E Ao71HE& F71% Active clamped class-E ¢!
BE Aadde BEE

23 59 AR Arige RaAFY FAF HAE:
(Zero-Crossing-Detector)¥ i"—f]"] AGE Hol=
(Feedback)dtd Class-E <218 Ej¢}  Active-Clamped
Class-E 988} A" Ba& AASA o 2R
*-4314 2 898 2Astd F 299 AL 4F
SUE AL AVZ A3 A ok waEkA Alxd"
Z¥E XL 23 329 53 AR ut ZAH
& £ 9o
23 5 MAYE ANF Aerigy 2= ZA 2t
HolgZZ FAH ok 1 F e AE UE
37 FA52 FRAHE AR F 2943 A G &
93 (Zero-Voltage-Switching)& 233t71 918 AF Al

Fxg Bx 329 FFo] o|FAAA AL AL
Class-E  ¢WE Axdoz FasiA =HT ol
Class-E W] A 2" g2 33 FuF fxv 4 (2)
I zom Hz 329 B3] oFAE AL F
Active Clamped Class-E ¢IWE A& F Fog
fae 4 3)9 Zh

foe= 1 @)
=T onl L. C,

oj714, f,p Class-E Ivjgjel F3 F3}

mlo o rsL

A

B

Fra= !
AT ol L,(C,+ Cp)

o714, f,a ACCE 9¥EHY A Fu
webd, 529 Y Fa4 AT e F 293
o] etAAe ARG A BAEI YHNE BaA
9 AARZ A2sld B2 Z Wz 7Ho o F

2949 FHY 299 -2 vAA "ot
E ge shue Aol Fx: 3 29X Age &
= 37 9% WY Aol =z FAs0 Ytk AL A
ojxg FAe F 299 AYE AEY F 43 4
Foz EAY 4 Y=F wz 2929 53 L 52
Ao g-e Ne FASE oY AWES Fae

ACCE QI¥HEZ $astd 3 2929 A¢¢ 94 4
goz 292 & & UEF FA3A €t
29 62 dARG wE ALY AP @

ACCE 29WE X 2"9 Class-E ¢IBlEl9} ACCE 94
8o 57 73¢ Yez gl

Vv,

s

t

a8 6 YFAY 2% Class-E9} Active Clamped Class-E
A e A3t

-1010 -



2.4 AN2ejold % MY Ha

ALE Ao 7]‘%34 EBEA-E gyl s Mg
o] 3 4¥E FAAt NEHIM L AEE £
37 3 4% setdeE Agagen A7ty e
dete ¥ 17 %o

® 1A EHH =7

eq cb Fs Fr

value (127.3uH| 160nF | 582 | 800uF | 20kHz |32.25kHz

¥ 7& ’\]%3“0]"4— 3 71&9 ACCE 9¥H

o Ak Ar|HY £ %i"s"’y% ]gﬁﬂ] AE 53y
o

vl wstdct. AL xiMﬂ‘?..ﬂ £31ge AL AA
Aol o 27%H = /1S & } o},

o)

parameter| L, C,

AR R

(a)ACCE 9By 2% (b)ATE Aolsyel A
28 7. ANEHoIEE BT %"4{ 9 ¥l
23 82 AL Ao /Y& HE&F ACCE UAMH
9 44 238 ez o
1% 8a)-HEe F 29X 2 =z A9x]9 Ad Az}
g Yehlz 9;1‘4 Ztzte] B8 EF B 329 F3
o] ¢l&} Class-E 2¥& 2 Active Clamped Class-E
QB AAHEoT Ezpo] o]2ojA T YL & &= 9
o a9 (g-(hE 33 B39 Ags AHS Jeln
At

(250V/div., time: Sms) (250V/div., 5V/div.. time: 3ms)
(@) F 292 HYAEA F7]) (b) B2 29K Y B AE NI (AMF)

T
|
T
I

2L v;; L - .
VDN o :
1 : Wlf ‘ St

:

{230V /div., 10A/div., time: 10us) (250V/div.. 10A/div., time: 10us)
() F 292 dg}, dFlow voltage) (d) BZ 292 A, AF(low voltage)

A N 1s: oy

A i : 3
T/ H— \\\ | s
4 1/ }\ \ L — /-

{3

f ‘ ]
f T Vﬁ

i
(250V/div., 10A/div., time: 10us) 250V ‘div.. 10A/div.. time: 10us)

(e) F 2Hx AL, BH(high voltage)(f) 2= 2 AL, AF(high voltage)

S

: A Al
7 A
e L . I AR
AV i i
| = 1 T\ H

i

(250V/div., 10A/div., time! 10us) (250V/div., 10A/div., time: 10us)
(g) TQ ©a A, A Fow voitage) (h) T B3 AL, WFH(low voltage)
18 8 Aze Al EE §83% ACCE U8H 4 ¥ 4%

2w #3y
3. & g2
B =Lox & Active Clamped Class-E(ACCE) ¢I#
H AAgE o848 NZ nEFH Ao IARE AAG
Ao Zzie F2o g AlEHH Z "’ﬁda T3
st o o) EA €IS HEIAh :LE] aT
o At ML Aol MWL BEFI HR “51&7} 1
o] ACCE W E A2ty 7tets] o] 88 = e 5§

Aol gtk
ke Ao} e e Be FHE I £

.

32

=940 A 2Ed~ 7
ACCE Qw8 Al=d] 152
vz 29xe] A9% Baz 294 &4 P&
Aawlel 2915 o) §89 F

. EMI #H4

e B pdd Aed delLds Asrge
H jorg 9E A2® 2 AWd AuEe) A 4%
Aog AR E# 5§ AR FAA% gL
3 pols Agst Aue Axdd ¢& st

oL W N

a8

{11M. K. Kazimierzuk. et al., "Class-D Voltage-Switching
MOSFET Power Amplifier”. IEE Proc., Vol. 139, No. 5.
pp. 449-456, September, 1992.

(2)S. Nagai, et al.., “A New Phase-Shifting PWM
Regulated-Mode Resonant Inverter Using Staie
Induction Power Devices for Induction-Heating and
Melting Application”, EPE Conf. Rec.., pp. 347-352,
1989.

(3 M. K. Kazimierzuk, et al., “Class-D
Zero-Voltage-Switching Inverter with only One Shunt
Capacitor”, IEE Proc.., Vol. 139, No. 5. pp. 449-456,
September, 1992.

{(4JH. Omori, H. Yamashita. M. Nakaoka, T. Maruhashi..
"A Novel Type Induction-Heation Single-Ended
Resonant Inverter Using New bipolar
Dalrington-Transistor”. [EEE PESC Conf. Rec.. pp.
590-599, 1985.

[5] DEEPAKRAJ M. Divan, and GARY SKIBINSKI.
"Zero-Switching-Loss Inverters for High-Power
Applications”., IEEE Trans. on Industry Applications,
Vol. 25 no. 4. July/Auguest, 1989.

(6)JH. J. Kim, C. S. Leu, R. Farrington, and F. C. Lee,
“Clamp Mode Zero-Voltage-Switched
Multi-Resonant Converters”, IEEE PESC Conf. Rec., pp
18-24. 1992.

{(71Ying, Jianping and Heumann. Klemens,
Application of Class-E
IEEE-IPEC Conf. Rec., pp. 1191-1196, 1995.

[8]JB. Grzesik. W. Burlikowski, J. Junak and Z.
Kaczmarczyk “Levitation System for Melting with
Class-E Inverter”. EPE Conf. Rec., Vol. 2, pp. 262-267,
1997.

"Design and
Amplifier”’

- 1011 -



