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A study on a dielectric heating system for amplifying the resonant gain

using the capacitance of electrodes
Shin-Hyo Kim'" Chang-Woo Lee> Han-Nah Bae® Dae-Kweon Cho'
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Abstract: In this paper, we study a method that amplifies the output gain of a high voltage pulse using 300 kHz or higher
frequency. We conducted a study on a method for amplifying the output gain using the resonance between the capacitance
components of the load and the parasitic components of the circuit, instead of the conservative method for amplifying the
pulse-amplitude by raising the voltage of the power stage. In particular, the method simplifies the circuit configuration through-
out the appliance of flyback-type topology instead of the bridge-type. There are advantages that prevent damage from overload
and the heat in the output circuit through the hard switching by amplifying the gain of the output voltage applying to the load
as given by the capacitance component of the output electrode to the output pulse waveform. This study proposed a method to
enhance the spatial and electrical efficiency of the contact-type heating device through the dielectric heating method applied to
the field of medical and industrial heating.
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power to push pull topology

Figure 4: Self-resonant winding method
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Figure 6: Contact and press type dielectric heating system

that is applied to the industrial heating field (adhesion of a
rubber and resin plate)
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943



Electrode
S ,

Insulator

Dielectric

I

Generator

Electrode
Figure 11: Dielectric load equivalence in state of isolated in-
terelectrode (Both Insulation)

upebA, 7R e Ttd g s S
AN AR FAl A
33 FBT] 71487371 %XJ
=g ako] Adol5s S o Uk

Figure 11, 1204 Z2] 3}k 4»} 7ro]
of whebA] 7tEA 9 QlEE 27t AR K A4S
Ae Ao et =9 7FAA =T A
ol A= @do R wkd 4= 9l o Figure 132 &
ol whet B HTE e d4S AA RS
3lst = 9t

[e)
=
L
-

J

Electrode

I )
+++++++++

Insulator

I

Generator

Electrode

Figure 12: Dielectric load equivalence in state of isolated

interelectrode (Partial Insulation)

AA°5 0

Electrode

Hot spot

Figure 13: Extension of the exothermic range according to
semi-insulated electrode

Sauld Az o] ea A #3987 A|9&(2015.11)

EEE

LN

>
)

II_-| = - O -

oje} o] M=A ] AAfFet A5 A 1k
Sl mE 7FAEA ] Aeldhs Sty i A
g A=A Aboldl 97 AAIE A Al A=, F7EEAIRE &
F S35 2] Hf AdH®¥l X(stray inductance)Z 135}
Sxlo] AT o] ol mekA M= 7 HYgolSo] F
& o] WG 58] obA AR e viol o] i
Y 4dn FE3EE A&t &L, Flyback topology ]
AE&E FAAE ATl 77 ST dgel59

SEE FET F de 5] Ak
Figure 142] =A%+ 571829} 7+o] Flyback topology2]
Q skar d=Atelol 47]'“ A

2 & STHE
W 2o 3t 7he sttt webA Figure 129] 4= 3

5 S7HERR Aol 7hest, w7t Al 7l
A9F2 Rac Foll 7haiA= Akt 57k meb A

Agel 5ol 252 fA7HY ase Ak

2 electrods
Flyback 7 ¢ By =
[ [
V8 () 6 % €1 -
NINZ Dielectric
= 0
1 e 2 2 1 2
Llk & —
2 £ Cs
7 4
Lm ¢ 5| |¢ oad
vae () ; 6 % pou |
|
J 1 N1N2
)
Rac 1 2
"'-."'-.l"'\- L
1 2 Lp=Lm + Lk
]l
Cs
Var @ " §}Gpp&t
=0

Figure 14: Output circuit in state of insulating single elec-
trode — equivalent circuit

944



Aol gL

o

o &g &l
Figure 159} o] AA® =S Al#bebr] fste] 549t Q e AS SEdd HEE &3

Ut SAE 4ol AsAIE ol gste] d=as At Peak %2 600VE dto] 9|7FAAE i

Figure 167} o] T4d 779 He& =g o]t

AAd=9 FAE Imm= A&kl

e 2
o= A

Silicon resin Pad

Figure 15: Structure of insulated electrode

|7t Aol Z}zke] =3 Fataro] st
=7} Peak Voltage(Vpp)E Figure 199} 2

R
N
S
12
b

N

_I}L 44

00kHz 77kl A 20mm 2 =0l A4 1.4kV, 50mm &
2kV, 80mm A =rollA 800V W&l 2 AHd-gRle] &
3] doje solaldnt

A9 A3} Figure 2037+ o] A8 S7ho] w2 #gto]
9
1

rns
Figure 16: Manufacturing of the insulated earth plate

Figwe 179 A& 2ejole] s 28 ALgstgon,
HENHE QS FA] Astel AFe) PE F2
Al 2 e 4s 9k 44 20mm, Somm,
somm AZfekeleh. ASwh AAS he] §FL 20mm
Aol A o} 19pF, S0mmoll Al 2F 25pF, 80mmol Al F 20pF
2 IMHz 7% 29 27604 27 grolt.

885
*

,;ﬁ: s LN R e : _ Figure 19: Apply heat to dough
Ef ety x 2
1400 | —=— 20mm
—e— 50mm
—a&— 80mm
1200
E
= 1000 |
H
s
~ % 800 4
kS
Figure 17: Manufacturing of the insulated electrode
600
AlH
3' é j= 400 T T T T v T T — T T T T T T .
o . ) ' 4 ) ! | : ; 1
2.39l| 4] A A3 High Voltage Flyback GeneratorE Figure 18 oo e e oe F“gjmy (_\11,‘2) T ¢

9} o] A&slal, w2 o)X Y-S 24VE mAsF] A Figure 20: Voltage curve according to frequency increasing (Vpp)
= 1+ Aol 59 Wl FHAY HEHLEE STk

=7 PR e el oja}el 20mm, Somm, Somm W EE Al Sl wE mrldAel ewzvhe
Do wAd o AAw Aol ulste]  Figwe 213} o] WA 343 o] dene) 5

300kHzZ-1.6MHz7H A 3155 7hste] Z4siglon ok Aol Waee dld & v,

oA d A Yoy sks] A A|398W A9&(2015.11) 945



AN -

—&— 20mm
—e—50mm

80+ —&— 80mm

70 o

40 |

30

T T T T T

T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Freqeuncy (MHz)

Figure 21: Exothermic curve according to frequency increasing

Figure 22 50mm A5-& 283l &u|dd9] 2ol & 4
T EH 900kHzo A AAh=2] 49 Hd 145W H]E <A of
=] B 250We] anldHES] Aol Bt

1400 Electrode S0mm

—&— Insulation
—&— Non insulation

1200 <
1000

800

600 -

Peak Voltage (Vpp)

400

200

T T
0.0 0.6
Freqeuncy (MHz)
Figure 22: Exothermic curve according to frequency increas-

ing at insulation Vs. Non Insulation electrodes

4. 24 &

RS Fatel, AT FFHRE olgd 54 Fab
ol Aol Aol 5ol Auk AFAE A gate] o]
A HAAE DS A 45 Fe AL Y 5
glow, AEEN wd BATAS £ Amol ojste] of
3o% A7 Hglon A §FHE Fuzt szt
el AR AGET A Teleks AL el
o okgel, fralAlel FHlAE Agkel Z7bl Hlelste] o
ARl LERSS fuee AS BEE Y 5 9

Ho|E Flyback
AFTAE A48 &83tH, F
o) 1-

o Bga gz

@
=,

ZulA Qo] eta] 1] #3987 A9E(2015.11)

oo .

wg - 2o

References
[1] S. H. Lee and D. K. Cho, “High voltage transformer

design using self-resonant characteristics of trans-
former,” Journal of IKEEE, vol. 18, no. 1, pp. 31-36,
2014.

[2] S. H. Kim and D. K. Cho, “Design of the self-oscil-
lation UV flash lamp power supply and the character-
istic of its operation using self-resonance of the trans-
former,” Journal of the Korean Society of Marine
Engineering, vol. 38, no. 1, pp. 48-55, 2014.

[3] J. H. Jeong, H. J. Kim, and S. W. Kim, “Dielectric
heating using high voltage generation of self LC reso-
nance of transformer,” Journal of Korean institute of
Electrical Engineers, vol. 61, no.12, pp. 1877-1879,
2012.

[4] I. H. Oh, Analysis of a Resonant Type High Voltage
Fly-back Converter in a CRT Horizontal Deflection
Circuit High Voltage BJT
Guide-Line, AN9009, Fairchild Korea Semiconductor
Inc. Available: http://www.fairchildsemi.comyan/AN/AN-9009.pdf,

Accessed September 19, 2000.

and its Selection

946



	전극의 용량성분을 이용한 공진이득 증폭형 유전가열장치에 관한 연구
	요약
	Abstract
	1. 서론
	2. 본론
	3. 실험
	4. 결론
	References


