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Design of Control System for All-Metal Domestic Induction Heating
Considering Temperature and Quick—Response

Sang-Min Park!, Eun-Su Jang!, Dong-Myoung Joo!, and Byoung-Kuk Lee™

Abstract

In this paper, an all-metal domestic induction heating (IH) system that can quickly identify ferromagnetic and
non-ferromagnetic pots considering temperature changes in the working coil is designed. Load modeling is
performed after analyzing the parameters of the pot material and the central misalignment of the working coil.
To improve the performance and stability of the all-metal IH cooking heater, a power curve—fitting model is
used to design a control system that quickly responds to load parameter fluctuations. In addition, a power
control algorithm is established to compensate for the reference value by reflecting the increase in working coil
temperature during heating of the non—ferromagnetic pot. The validity of the proposed control algorithm for the
all-metal IH is verified by experiments using a 3.2 kW all-metal IH cooking heater.
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Non—ferromagnetic pans
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Fig. 1. Equivalent circuit of induction heating system.

TABLE 1
CHARACTERISTICS BY METAL MATERIAL
Parameter Fe, High Al, Low
Resistivity | Resistivity
Resistivity [p(uom)] 0.17 0.027
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Remarks; O applicable x Not applicable
(wM)? « L
L,=L—————>=L—A"L, @)
R;+ (wL,)
(WM )2 R
R,=r+—————>& =r+A’R, 3)
R;+ (wL,)
M M
AN, A= e = T, why > Ry
R+ (wL)? 2

(3)3} o] FAEYE, d4, o] S5t ety L,
tg wate] av]eh 1A, 7hd 2 F5) Aol

Regi= 7
o Ag, Rale] EA&Y FAE, 2 Sy ol 9
af WA wvh EIF W] 235 A R Eddy

3 AR FH A8 AR AR BAel
2 (@), G)9F o] mAAY
p()f =k \ PH, 27T IQ NII (4)

P=k« (NL)*

o W pu,2rf 6)

u}sz} 2 o

B 4=t 28 A8 2790 9l

=P
=
E = Z]-}\(-)]
Se AYEY HEAES 2 e
2%
29
o | o} 94 95 FAAAE At} S o)d

E
=
A x
A 7}@1 346}; HAg A 8718 48 A,
2 o]



The Transactions of the Korean Institute of Power Electronics, Vol. 23, No. 3, June 2018 201

Half-Bridge SRC

ol Resonant Cap. R.

Fig. 2. Half-bridge resonant converter for all metal IH cooker.
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Fig. 3. Parameters of pot according to frequency variation.
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TABLE II
SPECIFICATION OF ALL METAL IH SYSTEM

All Metal IH Spec. Resonant Network
Value [Unit]
Parameters High Resistivity Low Resistivity Parameters Value [Unit]
(Fe) (AD)

Operating Power 400 - 3200 [W1] 400 - 2600 [W] Working Coil Layer 3 [Layer]
Operating Frequency 25 - 51 [kHz] 105 - 110 [kHz] Working Coil Turns 39 [turn]
Maximum Coil Current 19 [Amsl 48 [Armsl Capacitance for Fe 300 [nF]
Maximum Coil Voltage 490 [V pear 2500 [V jear Capacitance for Al 22 [nF]

TABLE III

POT TYPE AND AMOUNT OF WATER FOR ALL METAL IH SYSTEM LOAD

Picture
a) . VN L O v
Pot Standard Standard Double Standard Mini Standard Stick
Cast-iron Pot Aluminum Pot Bottom Pot Cast-iron Pot or No-load
Diameter of
e ot 210 [mm] 160 [mml] 180 [mml] 90 [mml] 70 [mm]
Quantity of _
Water 2 [L] 15 [L] 15 [L] 1 [L]
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Fig. 4. Input power-curve according to pot type and frequency.

Double Bottom Pot
(Non-magnetic Mode)

All Metal TH Al2=gle] H&}= 7hgdol] RgHo] &
zd 4712 QAL A 74, dFE £719 v

ANFE XY TP FEE Y & Aok oF
=
=

&7 HAAA 8718 A

717 §le T8 dEer 8] o)) &ty e
B4 5& agslor gk weEbA All Metal IH Al2-¥)
o] Bl & 57k Ao|AZ Heshy, ¥ 3L 5714
Aojze] &7 AHH wie WA [EC  standard
60335-2-9 A4S EdE2d fFrertd Ao 4 F3)
S et 29 4% 7 Laltele] s e gk

EUYE matlab A EHAS

Folo] EEEH T

A UEIT, agel A B 5 gl%o] o] F g%
AR REAAE FHo] ssteh Hojde 2do)A

T2 FAE 7] dEel HAAgA

2 A7 4
8712 Adst= Aol Felsith. 3 9em AGAH 87
T ZVS 9994 Hdg 32kWE ol 4 glon
2 47] v dHs skl A Alojsiof vk w
A 2 m=ReMe o]F8E HAAl &1 ad
8tal 9em AHIAl &71¢] AHS 1100W= Algtstar 2
S Fgsich e All Metal IH Al=5le] A5 9 <t
A Ak o]

o
o,
N
N
o|
o
2
2
12
=
i)
N
o
e
o
rot
i)

All Metal TH 7}€& F383sl7] 93 37 ATAE
AA2 o] Half-Bridge 238 73 2H

B EZ=ZX
£ 87 Aol AgAAA MAPAAA ksl 7
470 @ ne Fastolok &y of 7] 47

=g
Run
W duelFel Bast wd G F 8718

2] = 8 12 &9
LAY AT TGl Blold Al d™o] Ay
ofof atn|, thE A He] &7]E WAg} slo . A AdA
oF Bt WA ¥ 7tE FFstofor gl mepA =
woll A FuEd HA dE3AS okdolx A
Matlab AlEd o]zt AA 719 AFAIe HAHEAS
EU2 Curvefitting R2H & o] &3to] Ao dagl5s



The Transactions of the Korean Institute of Power Electronics, Vol. 23, No. 3, June 2018 203

A
3.0 1 .-
' é Power Limit
254+ & :
t\ Power Curve of '
= 21 \ Aluminum Pot !
§. 2.0+ E E é Foreign Metal &
= 5‘: ¢ Material Change
g 151 214 :
[+ [°H .
o S H
1.0+ 3¢ H
i .
s Pot Position H
05T & Material Change
1 1 1 1 1 1 ) ) 1 I
T T T T T T ( ( T L
104 105 106 107 108 109 110 115 ~ 140
Frequency [kHz]
(a) Conventional control method
A
3.0 1 £-r-y
v\ Power Curve of
254 Y\ % Aluminum Pot
[
g 20T 5 X Curve-fitting Limit
b N kY Pot Material & Size
g 1.5 T Ny Distinct Area
o Ly
o
1.0+ M
05 Pot Posmon"nt;_- .................
& Material Change ~~~~=saa._
' ! L | "':"'-) -

l
T T T T
104 105 106 107 108 109 110( 115 ~ 140
Frequency [kHz]

(b) Proposed control method
Fig. 5. Comparison of pot identification using curve fitting.
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Fig. 8. Experimental waveform of standard cast-iron pot identification algorithm using curve-fitting.
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(a) Ferromagnetic pot heating mode

(b) Non-ferromagnetic pot heating mode

Fig. 10. Working coil temperature according to the pot
material during induction heating.
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Fig. 11. Power curve variation due to rising working
coil temperature.
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