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Design Methodology of Series Resonant Converter and Coil of Induction
Heating Applications for Heating Low Resistance IH-Only Container

Si-Hoon Jeong!, Hwa-Pyoeng Park!, and Jee-Hoon ]ungJr

Abstract

An induction heating (IH) resonant converter, as well as its coil design method, is proposed in this study to
improve the heat capability of low— and high-resistance IH vessels. Conventional IH resonant converters have
been designed only for heating high-resistance containers designed for IH application. Thus, the primary current
in the resonant tank becomes extremely high to transfer the rated power when the converter heats the
low-resistance vessel. As a result, the rated power cannot be transferred due to overcurrent flows against the
rated switch current. Hence, the optimal number of coil turns and proper operating frequency to heat high— and
low-resistance vessels are proposed in this study by analyzing an IH load model. Simulation and experimental
results using a 2.4 kW prototype resonant converter and its IH coil validate the proposed design.
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TABLE 1
TARGET SPECIFICATIONS
Parameter Mark Value Unit
Input voltage(AC) Vi 220 V(RMS)
Switch maximum current I 40 A (RMS)
Rated power Pranster 2,400 W
TABLE I
CONVENTIONAL DESIGN SPECIFICATIONS
Parameter Mark Value Unit
Coil turn numbers n 16 turns
Resonant capacitance Cre 740 nkF
Resonant inductance
La 21.
(All-Clad) ! 7 utt
Resona.nt inductance L 1374 Wi
(Kingsense)
Resonant frequency
fra 64
(All-Clad) 6 Witz
Operating frequency
f%W*a 45
(All-Clad) el ki
f
Reson@t requency foing 4991 e
(Kingsense)
Operating frequency
fSW’ in,
(Kingsense) swking 66 kHz
CoilAll"Clad Rew 166 Q
equivalent resistance
i1+Ki
Coil+Kingsense R 078 Q
equivalent resistance
TABLE III
CONVENTIONAL IH SYSTEM PERFORMANCE
Parameter Value Unit
All-Clad input power 2,340 w
All-Clad switch current 3451 A (RMS)
Kingsense input power 1,640 w
Kingsense switch current 38.3 A (RMS)
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Fig. 2. Equivalent circuit of resonant tank at resonant

frequency.
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Fig. 3. Resonant tank current waveform at resonant
frequency.
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Fig. 4. Power transmission issue of various load conditions.
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Fig. 6. Variation of container resistance according to
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TABLE IV
PROPOSED DESIGN SPECIFICATIONS
Parameter Mark Value Unit
Coil turn numbers n 22 -
Resonant capacitance
(A]]—C]ad) Cre*all 940 TLF
Reson@t capacitance Cotine 164 nF
(Kingsense)
Resonant inductance
(Al-Clad) Lan 45.80 uH
Resonavnt inductance L 274 wH
(Kingsense)
Resonant frequency
(All-Clad) a5 kA=
Operating frequency
fS\\”a i
(All-Clad) n 20 Witz
Resonant frequency
(Kingsense) frang o kI
Operati.ng frequency fovting 2 L
(Kingsense)
AT
Coﬂ All C'lad R 1% 0
equivalent resistance
Coil+Kingsense R 143 0
equivalent resistance
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TABLE V B
SIMULATION RESULTS ig: Swﬁ:ch current {A} Draln sSource \.rolt,age m
e ﬂ/ﬂ;ﬂﬂﬂﬂﬂf
Switch 100
All-Clad Current 35.87 ARMS) L
16 Power 298 W e 0.0200781 = c.oim::ﬂ?z 0.0201662
SWltCh Eme (s
Kingsense Current 3915 ARMS) ()
Power 1,766 W v, A

400 | Switch current {A) Drain source voltage (W)

Switch
All-Clad Current 259  ARMS) - \ :
Power 2,654 W o :
22 v | | |

Switch
. 31.65 A(RMS) -100 | g
Klngsense Current 0.0200781 00201172 0.0201662
Power 2,649 W Time (s}
Switch (b)
All-Clad Current 23.60 ARMS) _—
2 Power 2,330 W 400 | Switch current (A) Drain source voltage (V)
Switch yor
3853 ARM
Kingsense Current : (RMS) fz:
Power 2513 W o
100
00200781 m?.ﬁof?ﬁ?z 00201662
TABLE VI 5!
EXPERIMENTAL RESULTS (c)
Turns Vessel Parameter Value Unit V. A

400 | Switch current (A} Drain source vogltage (W)

r\

Switch
51 A 306
All-Clad Current - (RMS) 200 :
Power 2,840 W b :
16 0

Switch 00
Kingsense Current B ARMS) 0.0200781 00201172 0.0201562
Power 1,640 W (d)"“’ -
Switch
Al-Clad Current 24.00 ARMS) id
- Power 2,422 W ‘;x Switch current (A) Drain source voltage (V)
Switch 2 \.
. 30.50 ARMS) 100 )
Kingsense Current a
Power 2,420 W 00 v 4 e :
Switch 0.0200781 0.0201172 0.0201562
All—clad Currel’lt 2260 A(RMS) Time (s)
Power 2,000 W (e)
24 Switch Fig. 8. Simulation results.
Kingsense Current 3670 ARMS)  (2) 16 turns coil Kingsense (b) 22 turns coil All-Clad

Power 2,310 W (c) 22 turns coil Kingsense (d) 24 turns coil All-Clad
(e) 24 turns coil Kingsense
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(c)
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Drain source voltage. 200 V/div
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Fig. 9. Experimental results.
(a) 16 turns coil Kingsense (b) 22 turns coil All-Clad
(c) 22 turns coil Kingsense (d) 24 turns coil All-Clad
(e) 24 turns coil Kingsense
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