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Eddy Current and Heat Conduction Analysis of Induction Heating Device by Using Permanent Magnet
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Takashi WATANABE (Mem.), Takashi TODAKA (Mem.), Masato ENOKIZONO (Mem.)

This paper presents a finite element method by using overlap grid coordinate system, which is developed in
designing an induction-heating device by using the permanent magnets. This method is very useful to solve eddy current
problems that consist of several conductive objects moving in magnetic field in any directions. In this paper, the
analyzed results of the heat conduction properties are compared with the measured one. The result makes the heat
generation characteristic clear and shows the usefulness of this method.
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Fig.1 Structure of the heating device
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Table 1 Designing factor

Magnet side Conductor side
1.Rotating speed of magnets 1.Distance between magnets
2.Arrangement of magnets and conductor
3.Magnetization of magnets 2.Shape

3.Thickness
4.Conductivity
5.Permeability
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Fig.2 Temperature (Measurement)
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Fig. 5 Distribution of heating rate
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Table 2 Properties

Temperature Electriccon;iuctivity Specific heat Heat conductivity

(degrees] [X10"S] [kI/kg K] [W/m"K]

: ALS5052 | SUS304 | AL5052 | SUS304 | AL5052 | SUS304
0 2141 | 0142 | 0826 | 0509 | 1333 15.0
100 1.681 | 0129 | 0.895 | 0511 1470 | . 163
200 1383 | 0.118 | 0947 | 0532 | 160.0 17.6
300 1175 | 0109 | 1.011 | 0545 | 1720 18.9
400 1.021 | 0102 | 1.137 | 0.569 | 1830 20.2
500 0.903 | 0.095 1253 | 0.608 | 193.0 21.6
600 0.810 | 0.089 | 1389 | 0.649 | 202.0 229
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Fig. 6 Distribution of magnetic flux
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O 100 ——— Measurement o 160 ——— Measurement
. Q .
§ 80 —e— Calculation % 120 -—e— Calculation
= & =
40 1
g 2 40
[ 20 5]
2 ol . . ) . 2 0 - - : -
& 0 50 100 150 200 = 0 50 100 150 200
Time [minutes] Time [minutes]
(a) Aluminum, 2700rpm (a) SUS304, 2700rpm
%) 100 Measurement o 80 ~——— Measurement
Q . [ .
gb 80 ——o— Calculation ;,E" 60 —e&~— Calculation
= 60 S g
E 40 “‘;: 20
] 20 s
2 . . ) . 2 o - - , -
= 0 50 100 150 200 = 0 50 100 150 200
Time [minutes] Time [minutes]
(b) Aluminum, 1800rpm (b) SUS304, 1800rpm
5} 100 —a—— Measurement =) 40 Measurement
Q . (] .
a 80 = Calculation a 30 —e—— Calculation
R 3
g 40 g 20
2 ]
g 20 g 10
& 0 1 L L : g. 0 " 2 N .
& 0 50 100 150 200 Pt 0 50 100 150 200
Time [minutes] Time {minutes]
(¢) Aluminum, 900rpm (c) SUS304, 9500rpm
[ 100 Measurement o 20 Measurement
8 80 —e— Calculation 8 —— Calculation
£ 2 P
s 2 10
= 40 g
E’ (U 4 4 4 ] § 0 L : " :
= 0 50 100 150 200 !E’ 0 50 100 150 200
Time [minutes] Time [minutes]
(d) Aluminum, 450rpm (d) SUS304, 450rpm
Fig. 9 Temperature (Aluminum) Fig. 10 Temperature (Stainless steel SUS304)
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