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Abstract

The time sharing tyvpe high frequency inverter using serial-parallel resonant to give VVVFEF
function in the inverter used as power source of induction heating at high frequency is
presenied in this paper. This proposed inverter can reduce distribution of the switching
current hecause of using the current of serial resonant circuit to the input current of the
paralle]l one. The analysis of the proposed circuit is generally described by using the
normalized parameters. Also, according to the calculated characteristics value, a method of the
circuut design and operating characteristics of the inverter is proposed. In addition, this paper
proves the wvalidity of theoretical analysizs through Simulation. This propesed inverter show
that it can be practically used In future as power source system for induction heating
application, DC-DC converter etc,
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I 1. PRE zteto et
Table 1. Normalized parameter

Reference MNormalized
Values Values
Voltage Ea v (z)=ve(t)/Eq
Current Th=Eo/Z1 i'(z)=1t)/Ty
Time Taw=1/fsw z=t/Taw
Frequency { f,= /2 L,Cy 1 =l %
Impedance Zg,: 2V Lbfl Cﬁ A =RL/Zb
Power Pv=Ea- b P z)=P(t)/Py
<Remarks>
fuw - Operating Frequency of Inverter
Teow - Operaling Pericd of Inverter
L1=L2=L3=L, C1=C2=C-3=C, C/Cp: a, Lpr= }5‘

Agd duiee FAL A (DY du 2
oz EEE £ 91, 2HA(S,~Selé ol
~Dg)e & -0 At 4 (2)~(9)
g go] gEAoz 879 A FFHdezE 4
Wy Tz Helx 28 37 o)
@0

eololedf

@0

@0
0X5 h

oRY)

o 3 FEEE
Fig3. Operating Mode

dx”

e =A" X +B U
V=c X (1)
A7l M, XK'= [0, i, ia,, i Vet Uy U Vel
=[00010000 1Tz, 4 25d A
B, C= d&9 2o
F=-AL po_dzd oy X
# #e

—174-



Mode a

!I

2 o0 0 2 oo C

—

B=[Q R QO0O0O0O0O0T
C=[000C 10000 ]

Mode b

Y
¢
0
0
0
N
0
M

n ¢ K 0
0 0o 0 K
oo 0 0
o L 0 0
0 0 o0 0
0 o0 ¢ 0
N 0 0 0
M r 0 0

A" = Mode a9 A'SE 9%
B={QRROCOOOO]T
C=[0 001000 0]

Mode ¢

A = Mode a8} A'9} 5%
B°=[Q @ @ 000 0 0
c=[{0001 00001}

Mode d

AT= Mode a®) A'S} 4%
B=[Q @ R0 00 0 o
c={0 001000 0)

Mode e

A = Mode a®] A's} §9%

BEE=[RRRODOOCOQT

c=[0c00D1 00 0 0]

Mode f

(@ ===

=[0 0O
Mode g

1

T = Mode 2 AT} BUE
s [RQROGOODO]

000 ¢l

A" = Mode a2 A's} B8
B={RQQO0O0COCCOCOY

C=[000
Mode b

1

000 0]

oo o o o R oo

oo o o ERRMA

(4}

(5}

(7

i8)

A’ = Mode a®] A 549
BE=[RRQo000 0 oI
C={0 00100001 (9
Zrze] R Gedse] HE TEH7] Ao
Runge-Kutta& o855, JA4adL A5 4=
Aee 22139 HEXNS Hoge 4 d7 A
A Fe W1ohE =9 F4RA L St 18
4 @B 9 e A=012 nAdz FALE F
F{ w =08, 10, 1HE FAelvez 4s F5 @
Welel ZF B AAEAAY o Ex8-E Jebf
Uk 2 ¢ = glKe], prh HESAE,
VRARE (") A8 g2E AHAF(L IET
aA veudn ged, 38 o¥x Adsdes
vtebts iS¢ 4 At 29 5 (@b 2 )
a9 4 @) 2 (0o a4 Agde ¥
z57 fete] & Al goolH E¢ PspiceE Al
23 ANEdel A8S Rd5 D gich Pspice™H
£ AHA g o8 Yy Ao Fdd A¥E
7iAa ol olZalMe] AuAdg REAstngrh
o253} Pspice #39 exs 243 Ax
£4 9 ojdE&d S 2§ Helgt ArdEn

e T IT = P een LR 2 BEY —— 1 Yt
&=2 @=3.2 Am( 1 n=D.BR

10,283,000 Yeps

e M e 1 — I — Vet
a=2 g=3.2 h=0,] =102

i1#,i2x,030 Lo Vepe

(b)

11,120 (30,0l ¥ops

a3 4 o2 #¥
Fig.4. Theoretical Waveforms

-175—-



/ ’ N y
- > -
[T - v —— —
{a)
.
S RN
N . . 3 £ \\ -
. ; L " A
Il iy 7 -\
._,/ N A
{b)
-~ e —
.
- / B ! .
. \ P
- S

{c)

13 5 Pspice

Fig.5 Pspice Waveforms

37 6% (p,2)8 wge] w2, 22X

of, i
go Hu

(1511.‘-)0" tﬂﬂ- l:]l‘ ]('%_‘IEF(IL )4] %i'%’ O.I';" &
(Current Gain) WERZ qlch
A% o5 BAe e 2o
Curvent Gamn=20log [ dB]
a9 68 BEACA 2 5 US]

godd 2FECIE 2

o W@ELo Hds 2L o+ U
alglel pelM 7 27

=2 Ad i B9 gz 7t Ued
2 12 4

Gurrent §oin —p

-0

¥

% 6 RS54

==o

Fig.6 Characteristics of current gain

£ 29 4

29 7= (A9 HEe E
E (P )d BB o TdAM & 5
fl%o] x=10, =01 APA HAREHE
dn ggs stz ddk A7k FETH
ZrAastn ged ole HEY
2 o AFAF FA87 o

2 advgE A7t HETE
z Hgg Ag F£ oy, 24144 2
Apx ZrEns H/WHez A4 F9
a o

=

=N
L=

=
=

a9 7o S4EAA ¢ F GF0l, FAL
B FAEE LOVEAA AAEA SA
Gedn gEd, o H4AsE Aol

1o qlp

# Hy FYSgold, Lo
So ofyl FEAYYEE Wol F¥/ AE
A4 #EsbdAe s o FRAME dNE

!'-L

2

g edsA B Aol F& F AREC F
o ATAse 2AE $5 PuHae] B

g zestr] o Eo] AdelA £ A Fa 4

driast 34 ez 9o FRFL FAe
A A

wg, 4E 7Y BaAd 28Y F¥ 24
daeet s FE ERHF(0OE 7 AR

Aolg 28R = 3L
o, st aeiel WEgd AEF TE FIT
%, 2% F3t5 2% Aojol od A dHE



prua&=

Oy 7 EHEY S

Fig.7. The output Characteristics

T RE (g, A)e wad wE AR A
729 HNA lame) 58S WEAIZ AT IH
o4 ot & %], a=10%TNA4 F4E #
AAle(Ce e )l g A FFHLE

ez Qied oE Agdd AF gnaz
5 usghe W, BRAA FHIE wked A

2 2t M—Euolc} e, AR 33 4
AR ~9A ARz FA@ve dvE ¥4
=i 27 %M’rc’% 293 AN AFRGR
Arg g,

%, 27t L0422 A% g gl d
#A A7t Frheel wheh 24% AF7E 2FH
=ran Qed, oz a7t FrEE K5 AF
Ay 2AEA Hel Bk gudazt Faskd
ol A% AFE FrEA 2

Oy R ~9E HUEREY
Fig 7. isw*max

el Wael mE AL, #EFA
£ ARARY i‘)tﬂ AY S v 1S YERARL

28 98 (g, 4

quk. aweld o 4 gxel, HE FTA) 4% 3
4 BREY wol0 $EdA 348 AWNH A

:

FE M ppma 0] B27F B& & 5 ATh
wazas A FdHE Oome 2 AE
g 2rd nEd dwHe 293 dR
AWHNE BE T RAZR 2HY A 2=
= Mgl HEF Foz FoAd, o &
Ay WAA HEITLE A s AL (Do) €]

q;

gt g ARz g g E AR ET

Wgpmars

TRl g BEE HYAEH HGHESY
Fig.9. Characteristics of peak resonant capacifor voltage

23 108 (g, Ayl BE =94 AFd =
N o )E4e JERED stth 2¥dAA #
2 e)%o], p7b 065 127 % 109 B 2o A
~9Hd 52= 3F 2713 AH7E 49 A%
A e, p<075, p<127 R p>1028 ST
A9 AR 2rlA A7 90 EFA A
8, x>075, p>127 F p<1029] A5E 24
A Ape zAA Aut (Y FEE FHE
el gloh A7k E7hEel o g7 075,
197 2 1.02¢] 2264 afxd B2 dF
2715 AErt 234 FEd SRR FE T
mq

wep wFA Pa AHAA AdH AvEE
eAstele 2, AL GuiEHE 29K @2
N gelessl ds% A o Ades @

CE PR 3l

a0 o9 E HEY ZHA Y

Fig.10. The initial Characteristics of the switch current

5. B24an

sesde B sS4 A 42 dRE
22 @] MA Aoz LAY ELV), EHY
o pow), BEFEns flkHn7t Feld At 3
2 M4 7|ye 9 g vhehid ohFa 2Tk

77—



(A, o, Proad® B3 .
712 AT AE AHE

_ A0
Ef]Z,

- {_L_ﬁ
=72 z

a9 7 3R

P=20

E2 . P2
="y

f:i’E: 1

Toon 2ny L4C,

L, G 24

Step 5 | A% AF, AR AL 4E
I‘-g.u'rﬂt- 1% 8 ;"l"_'!L—;'L—
Vo - 23 9 F&

<A o>
[ A% EI00V) |, PoLOKW), farBKH) |

[(Steo1] 4= 01, p

= 102 P =127 AA

®1.27 _
[sepz] z,= —ﬂﬂ—~1 0 L2 1,45
(s3] =% = g0z

Y L,Cy=23.249x107"
Step 2 ~ Step 314
Le=1933( uH), CGRO05(uF), R=1245(2)
2813 AF, AAEH dt A4E
935A
213V

isw- HELX

L3
Usp max

ot
H
r
i)
b
2o
o
-
T
Iy
e
%
L

AV e F

(1} 8 Ay 372 Half-Bridge ¥4 L C
A2 HEage 21¢ 377 Ho] 29 523
HES FAaAE 5 ok

(2) F2lg 937 vio 2208 2z AEE 4
oz 7 4zt edd Ade MYdAghe) 122

g Gt Age gE dele=g 143

st o AgH

3) BT 2FE fy Yoeng FYFapE &

A3 S8 3 G

(4) $14a o)X %L Rog ¢ g VVVF
F1ee AHE JRdA EHFeE FHNZ + A

=3

(5) ANEEY ZFd o&] &Y FAF|e] FE4

susel 2749 ARRG T AWANE Bt 9

£

g5 HA dy 244 aaAz AMEEHA 8]
= Power-Tr, Power-MOSFET, IGBT 5 &
S A7 AFE 47 AREE TEIYE AHE
ste] ¥} Hl2o A9F L FUHAE F
%o, % 293 Fi¢ g ¥ Fo4+E
24 7R e REd nEy ddez 44 3
22 7YEg

F i |

(11 Mustanswr HEK ,
High-Fower High-Frequency Applications”, [E

EE TRANS cn PE. VOL 7. pn 5462, JANUARY,

1092.
[2) Bunal K Bose, “Evaluation of Modern Power Semi-

conductor Devices and Futre Trends of Converters”, [EEE
TRANS on TND, APP, VOL. 25, o 403~413, APHIL, 1922,
3] Thomas A Lipo, "High Frequency Series Resonant

dc Link Power Conversion”, [EEE TRANS on IND  APP.
VOL 28, No. 6, pp. 12771285, NOV/DEC, 1992,
[4] Budy Severns, “MOSPOWER Applications Hand-

book” , Siliconx, pp. 139~142, 1984
5] Alan H Weinberg, “A New Zero Voltage and  Zero

Current Power—Switching Technique’, IEEE TRANS on PE,
Vol 7, NO. 4 pp. 655665, OCT, 1982,
[6] Richard Redl, “A Novel Soft-Switching Full-Bridge

DC/DC Converter Experimental Results ab  1.5kW,
OKHZ, TEEE TRANS an PE, VOL. 6, NO3 pp 408418,
JULY, 1991,
{7] Romeo Letor, “Static and Dynamic Behawior of Far-

aleled 1GBTs", IEEE TRANS cn IND APP, VOL 28,
NO?2 pp 365402, MAR/APR, 1992
[8] LOUISE. E FRENZEL , “Comtvurucation  electronics

" McGRAW-HILL, pp 172~185, 1989

“Coaxially Wound Transformer for

=178~



