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Real-time Maximum Efficiency Control in Dynamic Wireless Power Transfer System

Daita Kobayashi®, Student Member, Takehiro Imura*, Member, Yoichi Hori*, Fellow

Transmitting efficiency is one of the most important characteristics in dynamic wireless power transfer for electric

vehicles. In this paper, a simple and efficient topology for a transmitting system called the DC bus system is introduced.

Its simplicity maximizes the potential transmitting efficiency. Moreover, a receiving circuit topology and a maximum

efficiency control, which is a method to maximize the transmitting efficiency by controlling the secondary voltage, are

proposed. A real-time coupling coefficient estimation method is necessary to calculate the secondary voltage command

for the control. A simulation and experimental evaluation of the maximum efficiency control was performed using an

experimental setup. The results indicate that it provides a large improvement in efficiency and its implementation in a

real dynamic power transfer system for electric vehicles is feasible.
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Fig. 1. Model of magnetic resonance coupling circuit
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Fig.2. Transmitting efficiency at different R,
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Fig.3. Model of WPT with a constant voltage load
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Fig.4. Transmitting efficiency at different V, (V=100
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Fig.5. Transmitting efficiency at different V, (1;=20 A)
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Fig.6. Transmitting side (DC bus system)
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Table 1. Parameters of experimental setup

Parameter ‘ Meaning ‘ Value
fo Operating frequency 100 kHz
Vs AC voltage source amplitude | 18 V
L, Transmitter inductance 417.1 uH
Cy Transmitter capacitance 6.03 nF
R; Transmitter resistance 1.83Q
L, Receiver inductance 208.5 uH
Cy Receiver capacitance 12.15 nF
Ry Receiver resistance 1.28Q
L DC-DC converter inductance | 1000 uH
C DC-DC converter capacitance | 1000 uF
R DC-DC converter resistance 02Q
fs DC-DC converter frequency 10 kHz
E Battery voltage 6V

WEFERAERE L d(r) = 0.95 TFEE L, MAEZ AT 2 LRI
2k HEE, RERE ARG T 5, RLS 7 1 VX O SHIERE
A 095 ZFEL, 74— RNy 7)b— TOMIZ4T-500
rad/sec IZ 4 EMREE L 7z, ZRMIERE ¥, EER2 Y
OV TV TEMIE 20 us TH B, L - EBREE I
FEEEOM 13 Ar— LV EBELTEY, 20 km/h TOEER
FERITEBD Y AT L2815 60 km/h TOETHORE
REEE 2 BHE L T\ 5,

(6-2) EERFER  Fig. 13 L Fig. bizzhFnyIa
L=y a VROEREREZRT, YIalb—va v e ER
T3 0.02s CHREZFEBL, 0.08si8b THREZELLE,

Fig. 13(a) & Fig. 14(a) I3#5EHRE kK HEE DR 2R T,
HIRRA 7 514 VCHIE U kK DEEE RS, FEHEE
IZHWT, HAEDRLS 7 1 VR &2 H W WHEEREE, K
MR RLS 7 4 WX W EHREE2RT, YIalb—
vay, EREROMAIZIBWT, #HEICKERENLRY
RONT, kDEHIZELS —BLTWBZ 22 on5b, F
72, HEEMEOPERE 0.01 s MNTHRTLTE Y FaRne
WX 5, NIRRT k #fEEEPELREEEAOE T
TAYVAREYATLIBWTIRTORL, FHTHD
ZeERLUTWSD, 72, RLS 7 1 VA H IS ez B A
Rons,

Fig. 13(b) & Fig. 14(b) i DC/DC I >N — & D Efli| A
AV FTFa—T1lbdlr) OFLERT, ZDODOX%E KT
2rvIalb—Ya v eERBERMEEIZLIS-HLTL
2 nnd, GG O5E, MERE L FRRC d@7)
RIFBZ2TDCY Y IEFEEZNY T —BEDISFHE
TEHRICEHELTWB Z B9 5,

Fig. 13(c) & Fig. 14(c) 1x DC V > 7 &JE vy DEALZ R
T, YIalb—Ya v ERGAIIEWT, HIEEL DS
Eldvge BNy TV —BEMEIZES N TWDDIZHL, il
A GG, faERE & FRHIER U 72 vaomax 1 vae %
EOEIATVWEZ NN, £z, FEEFEROTGHD
UNRIZKEE R 2D o TED, BBV ITRRENI &N
DhB, THIFETIEEEDRNZ L E 2 5050, DC
VY 7aAVT U ORERHET S LT g OWEND

BENED L EEZ NG,

Fig. 13(d) & Fig. 14(d) IX{z%51= (DC to DC) DZ{b%
R, HFRERIZHIBEOHEIHTLE->TWVEIDIE
YDA Ty MZEBBEDTHYD, MBBIXfTF-o> TV
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