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Wireless Power Transfer System for Electric Vehicle via magnetic Resonance in MHz Frequency Band

Takuya Koyanagi®, Studen Member, Takehiro Imura™, Member, Yoichi Hori*

, Senior-member

This paper presents wireless power transfer system for electric vehicle via magnetic resonance in MHz frequency band. First,

we design helical antennas for magnetic resonance in 13.56MHz. By using different size antennas, we can set up a pair of

antennas which is robust over antenna displacement. Second, wireless power transfer system with matching circuit which

compensate relative change of antennas is introduced from equivalent circuit.
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Fig. 1 Concept of Wireless Power Transfer to Electric Vehicle
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(b) Picture, Helical Antenna

(a) Simulation model
Fig. 2 Appearance of Helical Antenna
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(a) Antenna Parameters (b) Equivalent Circuit

Fig. 3 Parameters and Equivalent circuit of Helical Antenna
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Fig. 4 13.56MHz Antenna Parameters(coil turns , antenna radius)
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Fig. 6 Experimental Apparatus
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Shape Size [mm] Coil Turns [turn] R[Q] L[nH] C[pF]
Transmitting Antenna 1 Circle r =482 2 1.61 11120.8 12.4
Transmitting Antenna 2 | Ellipsoid rx =300, ry =150 2 0.96 4320.4 32.1
Receiving Antenna Circle r=189 5 1.12 41319 335
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Fig. 7 Experimental Result (Transmitting antenna 1 to Receiving antenna)
K7 F#E77F1 (RERMAE) 2HWHGEOEEDHE (LB Xy v 708, TEB : METNIZE D%
100 ‘ 100 100 ] 100 ]
80 T 80 2\ 7 80 // 80 \ 4
= N = ey = \ = \/
% 60 i / % 60 \,- / % 60 \ z 60 —
=] 4 <] - . =] <]
] / & \ . ° N I I A E I PFPPPPPS n21
& 40 : ; g 40 H g 40 : g 40
20 g \ 20 i 20 20
....... 0 P 0 Lile [ 0
11 12 13 14 15 16 11 12 13 14 15 16 11 12 13 14 15 16 11 12 13 14 15 16
Frequency [MHz] Frequency [MHz] Frequency [MHz] requency [MHz]
(a) gap=100[mm] (b) gap=150[mm] (¢) gap=200[mm] (dlg gap:2%0¥mm]
100 100 100 100
[ i T ——
_ 80 ) 7/ _ 80 -\ 7/ — 80 N / 80 \\ /
g 60 Vo g 60 v g 60 Vo 5 60 (Y —
g i g ! : ) :
S A 8 A 8 A 5 L
g 40 Al & 40 : S 40 : £ 40 P n
= \ = AY £ : \V £ S\
20 ? 20 g 20 i 20
...... - . 0 et 0 I
11 12 13 14 15 16 11 12 13 14 15 16 11 12 13 14 15 16 1 12 13 14 15 16
Frequency [MHz] Frequency [MHz] Frequency [MHz] Frequency [MHz]
(a) dx=0[mm] (b) dx=150[mm] (©) dx=300[mm] (@) dx=450[mml]
Fig. 8 Experimental Result (Transmitting antenna 2 to Receiving antenna)
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Fig, 9 Equlvalent Circuit of magnetic resonance
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Fig. 10 Wireless Power Transfer System for EV with Matching
Circuit
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