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Optimal Design Technique for the Shape of Induction Heating Electric
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Induction heating is a technology that uses heat generated by resistance when a high-frequency current is applied to a coil.
An electric range using this is called an Induction Heating (IH) electric range. IH electric ranges are being widely applied in
commercial products recently because they have higher thermal efficiency performances than other methods. The
performance of a heating coil of an IH electric range greatly varies depending on the shape and number of coils. Thus,
research on optimal coil shape and number according to product shape is required. Therefore, this study aimed to design
an optimal heating coil at the set temperature of an electric range product. Target temperature was set to the temperature
that a commercial stainless-steel container could withstand. The thickness of the coil copper wire, the number of windings,
the applied voltage, and the frequency were set as design variables. A sensitivity analysis was performed to check the
influence of each design variable on coil temperature. Based on this, optimal design was performed using the response
surface method. Electromagnetic field-thermal analysis was performed with the designed coil and a very approximate result
was obtained with a 0.07% error from the set target temperature.
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1. N2
NOMENCLATURE
A = Magnetic Vector Potential [Tm] Aol nFut ARE 7S W X717 27|17} WElstA
B = Magnetic Flux Density [A/m?] A e AR AT o] ebdRefal qit). ojuf Aol 9f
D = Electric Flux Density [C] AF7F 524 9 A Aoz Qe wdo| A7A drt. E3L
E = Electric Field Intensity [V/m] A7) o g Qe Aut Wi A4 59 Weko] A A=
H = Magnetic Field Intensity [AT/m] npztE B4 o] WS Hi=t| o] & d|AH| AL &olzt gttt
J = Current Density [A/m?] = 7tgolgt S|AH AL &1t opF £o= °]3H Bt
V = Scalar Potential [V] SAE o] BAIE 7HEskE TeolH f& 7HES A
p = Magnetic Permeability [H/m] Ao A-g3t A& F% 7HE 4] (Induction Heating, IH) A7
o = Conductivity [A/V] Q1A EkaL gheh AR A-8-EAL Qe TH A7 Q1A= A7
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Table 1 Material properties of FE simulation

Table 2 Objective function and design variables

Copper Ferrite STS 430 Object
o <
Bulk conductivity 6E+07 0.01 1E+06 function Max temperature of pot [*C] Y1<300
Relative permeability 0.999 12 1 Coil thickness [mm] = X1 2.5<X1<10
Mass density [ W/m”C] 400 4,600 8,055 Design Number of turns [-] = X2 6<X2<11
Thermal conductivity [kg/m’] 8,933 4 13.8 variables Current [A] = X3 40 < X3 < 160
Specific heat [J/kg°C] 385 750 480 —
Th | . fFicient Adaptive frequency [kHz] = X4 40 < X4 <200
erma e"pf“lljflc"]n COCHnCIent y 77E.05  1.00E-05  1.08E-05
Table 3 Design of experiment (DOE)
. . B Object
Design variable = X1,X2,X3,X4 function = Y1
X1 X2 X3 X4 Y1
<«— Pot - . ;
Norma%hzed Normalized Normalized Normalhlzed Normalized
coil adaptive max.
No. . no. of turns  current
(a) 0.lmm thickness [ A] frequency temperature
[mm] [kHz] [-]
T 0.05mm 1 0.25 0.55 0.25 0.2 0.06
2 1 0.55 0.25 0.2 0.05
. A |® 3025 1 0.25 02 0.09
'D' PR 1 025 02 0.07
} § 5 025 0.55 1 02 03
O — ¥ 6 1 0.55 1 0.2 0.24
el N 7 Heating Coil 7 025 1 1 02 037
Fig. 1 Assembly of IH Electric Stove (a)Skin effect modeling 8 ! ! ! 02 0.35
(b)Copper wire modeling 9 0.25 0.55 0.25 1 0.1
10 1 0.55 0.25 1 0.09
9| avk(Skin Effect)= It A3} E4S Haslslr] 9lsto] 1025 1 0.25 1 0.15
o Ado] obd Al FEiE ARRETH9]. At wFAR 12 1 1 0.25 1 0.11
£ o8 uj Fukprt S7kshE AR HEr =A19 2 =9 13 025 0.55 1 1 0.58
of Z2|A =L ojuf] =49 fFEHA 0] sl HE &4l 14 1 0.55 1 1 0.37
Z7V5H= FARS oJu|gttl{10]. 15 025 1 1 1 1
2 Aol AR mdle A4y kel mnd o= wet 16 1 1 1 1 0.63
gjo] Fig. 12] (B)e} go] ofg] Aoz #3 243t Fes o
Aoz dedlgion Fig 29| sihiol Ring FEE o2 7l
uast Feje magsiley 52 % gk AEQl Fol & UERE = Qlek ol 2 W] A7t 255 BA Rl 714
o gt du gEE wdgsielon, 8719 4% Fig. 19 © FFol Atz 2e SuiRitH11]. Jl71«] 227 A 5= Q=
e} o] g 2H|QlE A 8719 AR FEIE 3 mm HE 25221 300°CE HE2 AARSE sl dAM =

AZ 74 Fgol Tl AFFoR =

_]
= E [e}
Ao Wz 7Pk Fehel 0.1 mm 714G T WALt

7t
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Pareto Chart (6=0.05) Table 4 Comparison of simulation and RSM

z A —— Design variable = X1,X2,X3,X4 opleet
I X1 X2 X3 X4 Y1

X — Normalized . . Normalized Normalized
- coil Normalized Normalized adaptive max.

' No. thickness " of turns  current frequency temperature
R s [mm] ] [A] [kHz] °C]
X1 — 1 0.25 0.55 0.25 0.20 0.06
X1*X3 _: 2 1.00 0.55 0.25 0.20 0.04
XI1*X4 - | 3 0.25 1.00 0.25 0.20 0.09
X2*X4 N i W Used variable 4 100 1.00 0.25 0.20 0.08
X | 2018 M: Unused variable 5 025 0.55 1.00 020 032
. 6 1.00 0.55 1.00 0.20 0.10

0 5 10

7 0.25 1.00 1.00 0.20 0.59
Fig. 2 Sensitivity analysis — Pareto chart g 100 100 100 020 045
71ZEAo R Yz Bl ghe EARog ooju|ska] 3k gk 9 0.25 0.55 0.25 1.00 0.17
o5 gheksto] A=e]y (Screening)e £ A7 T RO 10 1.00 0.55 025 1.00 0.02
o AYshgT). wizE BA Ak AA S X39] gdko] 31.6% 11 025 1.00 0.25 1.00 021
2 7P 3A yveEldon, X1xX2, X1xX3, XIxX4 183 12 1.00 1.00 0.25 1.00 0.07
X2xX4o] W7h Fofu|et V1S WEESHAl SLokRinh uhEkA 13 025 0.55 1.00 1.00 0.65
A 471A] WS A|ASEL R EHHS M 14 1.00 0.55 1.00 1.00 0.51
_ 15 0.25 1.00 1.00 1.00 1.00
2413?;}?&5}?0 RO & Al o] BlEo] ol5e. 16 1.00 1.00 1.00 1.00 0.85
I Ik L L o K T B e
L2 (Regression Analysis)o]ghl 3}, o]ajat 3)7] HAS = 19 0.63 0.82 0.63 0.60 0.07
S AE] AA s el o] BRI AGES o) =3t 2= 9l 20 0.63 0.82 0.63 0.60 0.07
t}. ¥H3-EHH (Response Surface Method, RSM)2 &lHFA Q] A 21 025 0.82 0.63 0.60 0.34
3 37 mdHc} o 2L HE2o] IAXE W] 9F) A & 22 1.00 0.82 0.63 0.60 0.26
go] BPRDL T2 A2 2o 4 Qi 3 FEA wHo] 23 063 0.5 0.63 0.60 0.20
tH12]. & Ao A= ok A5 AAHSE ZF X1, X2, X3 24 0.63 1.00 0.63 0.60 0.33
X42 UERHT o]= 34 $HAEWL £3)] Full Factorial® 25 0.63 0.82 0.25 0.60 0.09
ARl O Table 4o YepHt). o]5 Folf 92 vt 26 0.63 0.82 1.00 0.60 0.45
SIUH 29 2 A0S HE- 27 063 0.82 0.63 0.20 0.20
Y=1.049—0.798(X1)— 1.802(X2)— 0.734(X3) - 0.378(X4) 28 0.63 0.82 0.63 1.00 033
29 0.63 0.82 0.63 0.60 0.07
+0.512(X1* X1)+ 1.082(X2* X2)+0.288(X3*X3) (10) 30 0.63 0.82 0.63 0.60 0.07

+0.243 (X4 * X4) + 0.830(X2 * X3) +0.557(X3 * X4)
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Table 5 Optimized design variables

Design variable Value
Coil thickness = X1 [mm)] 8.5
No. of turns = X2 [-] 6.4
Current = X3 [A] 99.5
Adaptive frequency = X4 [kHz] 119.8
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