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Fundamental Investigation on Induction Heating of Metal Objects in Dynamic Wireless Power Transfer

Yuya Deguchi, Sakahisa Nagai, Toshiyuki Fujita, Hiroshi Fujimoto, Yoichi Hori (The University of Tokyo)

Abstract

In the static wireless power transfer (WPT) for electric vehicles, the temperature of metal objects between two coils rise

by induction heating. However, in the dynamic WPT, the objects’ temperature may not rise because of short supply time

and long waiting time. We investigated metals’ temperature rise using simulation model and WPT test bench. In the static

WPT, ferromagnetic objects quickly generate heat by induction heating; nevertheless, they did not significant raise their

temperature in the dynamic WPT at 30 km/h. This results show that high-precision detection equipment used in static WPT

may not be necessary for dynamic WPT when supply time is limited.
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Fig. 1. The temperature of a steel sheet between two coils after a

few seconds. (1 kW power scale)
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Fig.2. Equivalent circuit of primary/secondary coil. (Series-
Series)

AR ERT, £, I113ER, VEIEREZERT,
K2 &b, EEDZTHNIRA) DLSCEKE S,

Z= ()

Ry +j(wLi - -5) JjoMy }
_](UMIZ Rz + ]((A)Lz - ;)

wCy

XD Eb, BEV =V, ERI=[(1,L]" 12O\VWT

Ri+j(wLli - 5&) joM ]I
]lez Ry +](wL2 - L)

wCy

DL T B, ZZTREMERICOVWTK 2D XS5 7%
EHiaR R, ZET 258, LBMBEL VL, 12OV T

V=

.2

V2 = —IzRL

DERALL, Q) RAQ) 2 2 TEZEERES
JUOZEBETMENIR @D B 6) L LTRDBEND,

— R2+RL+](wL27@)
I = {R|+/(wL| ot )][R2+RL+/(wL2_7 }+(wOM]2)2 @
= JwoMyp
L= {R|+j(mL|7—)}{R2+RL+1(mL2,7)}+(MOM12)2 .. (5
" e Vi .

{Rl +j(zuL] - ﬁ )}{Rz +RL+j(mL2— ﬁ)}Jr(moMlz)z

EENBEIIEXBEN EZXEBENOLLTHATE,
A DEH1TREIN S,
(wWM12)*Ry,

]7:
{Re 4 R+ (0 - 5k )} + @M2 (R + R

FETIZ I EA B w 133X (8) 12§ HAlR A Ja]
B owo Ziifi7z 3 & 5 IG5,

)

| |
- i 8
NEVLG VLG ®)

A @) 27T L5 ICEERIEEZED 5 Z & TH
BHAHEIREL, RO ICBWTA Y =&Y ADMEERD
W02k 3,

(2:2) EEREYWH WPTICEZXBZHE SREEYN
EZEIAALNEIRALESEOREEEX 312K,
@ BZYNIEMERE Y LT RLEA|EETRINS O,

COGERZaf B raRhy ) v I REE
TR2RHEND BT, 72175 (9) D 3x31THE 7%

01 02

I M I
T P =
Vi Llﬂ¢ @% Lo Ry |Va
R m Ro
I Ls Wi
Vim

3 ERZE A L& e B o A
Fig.3. Equivalent circuit of primary/secondary coil and foreign
metal object.
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Fig.4. Equivalent circuit of primary coil and foreign metal object.
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Table 1. Parameters to calculate heat generation.

‘ Definition ‘ Parameters ‘ Value ‘
6 Skin depth (85 kHz) 0.104 um
Ho Vacuum permeability 1.257 x 107 H/m
u Permeability 6.3x 107> H/m
Hy Magnetic field at surface 1.19 A/m
w Angular frequency of Hy | 85000 X 27 rad/s
o Electrical conductivity | 5.544 x 10° /Qm

#2 WMBARFHEICHEH LT X =%

Table 2. Parameters to calculate heat release.

‘ Definition ‘ Parameters ‘ Value ‘

P, Prandtl number 0.71

P Thermal Conductivity of Air 0.0256 W/mK

g Gravitational Acceleration 9.80665 m/s?

B Coefficient of thermal expansion 3.4x1073 /K

\ Kinematic viscosity 15.4x107% m2/s
o Stefan-Boltzmann constant 5.67x1078 W/m2K*
€ Emissivity of metal 0.71

c Specific heat of metal 4617J/(kg - K)

P Density of metal 7800 kg/m>

To Initial temperature 293K
T Air temperature 293K

£3 MERMICHET 285 X -4

Table 3. Parameters of power transfer.

‘ Parameters ‘ Value ‘

Length of primary coil | 69.9cm

Length of secondary coil | 18.2cm

Length of a car 4.8 m

Operating Frequency 85kHz

Current of primary coil 40A
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Comparison of Driving Situations
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Fig.5. Comparison of Different Driving Situations.

Comparison of Metal Sizes
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Fig.6. Comparison of Different Metal Sizes.
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