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Basic Study for Theorizing Heat Generation in Cylindrical Metal in Wireless Power Transfer
Using Magnetic Field Resonance
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Wireless power transfer (WPT) using magnetic resonance is currently being considered as a possible power supply method for various
types of facilities. In 2007, the Massachusetts Institute of Technology (MIT) announced the possibility of high-efficiency and high-power
transmission using this method. Since then, this has been used in various applications, including dynamic power supply for electric vehicles
(EVs). However, since there is often metal in the vicinity of these facilities, it is necessary to understand the effect of the presence of metal
while supplying power, and to select the optimum frequency for each system. It is known that when metal is present in the vicinity of the
coil, the heat generated by the eddy currents induced in the metal causes a decrease in transmission efficiency and transmission power, as
well as a shift in resonance frequency. However, the mechanism has not yet been formulated today. Theorizing metal heating in WPTs is
believed to facilitate the selection of frequencies and metal materials for various types of equipment, taking the heat generation into account.
As a basic step, this paper proposes an equation to calculate the eddy currents generated in a piece of metal of finite size. As a conclusion,

the comparison of calculations and simulations using the magnetic field analysis software JMAG confirmed the validity of the equation.

F—DO—F: UL VL RENBE, SREFE, HEHEER, —HERA
Keywords : Wireless Power Transfer, Metal Heating, Cylindrical Metal, Uniform Magnetic Fields

ISR LB AT LR, a2 Ba—2 AN THE

1. #E IENTT A Z L IXFRETH A DO D[T], WPT DBLEID
BRI T KA N2 U A ¥ L AE BB (WPT)ITEE 4 EBRRB IR A =X 20 ERAIC i%ofw@w
RHRT 7 r—3 a VTR BAIT O FiEE L CRER [8]. WPTIZEIT 28R BEOMRILEITH) 2 & T, kel

HINTWA[L]. T TICASELLTWSIAY— T+
OFMIGER]Z I T, BR A BF(EV)ORL B LB i
FHBITCOE=F Y TP, ATHENHOMIER L
[4], BEx R bLORRBRITRD 2055, LLInbo®

D% NTITFIZERBEZMATWHWD Z ENEN=D, &8
DARBIZRIETHEBEEE LI- ) A T AT MK E
WHARETHILENDD. EBVBRAOTIHET S L
X, BEINDMERIC L DEENFEIN L 2o TREDD
R, BEBENHORFLMEREHOThRSIERIEIND
ZEBELENTWDIS]6]. Lo LHEE I, #ES %

FAFIZOVWTRAL ZE L= L TOREK - @BFEM O
Wi EMAL—RATZAD LI RBEEBEZLND. Kin
ST DR & LT, ARARKE ZIOHFNITEL DR
EE RO LA ERE LT,

AT DORALH 70 BAEIX, #x Ik, EMO&RM
WPT VAT LIl OfE < el (a4 vo k, F, M, #%
08) CBWTA L BEAZHGBILTL2ZETHD. T



H Field B

(a) Thin metal (b) Thick metal

Fig.1 Behavior of magnetic fields near nonmagnetic materials
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Table.l Parameters used in the simulations and calculations

Be [uT]  f[kHz] @ [rad/sec] o [S/m] # [nH/m]

534070.751 59772863.1 1.25663706
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Fig.2 Model used in the simulations and calculations



Fig4 Current density induced in the conductor obtained using
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