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Circuit Analysis on Wireless Power Transfer and Application to

Control Method for Wireless In-Wheel Motor

Daisuke Gunji

Takehiro Imura

Hiroshi Fujimoto

In recent years, Wireless Power Transfer (WPT) technology via magnetic resonance coupling has received broad attention

on automotive applications, for example, wireless power charging to electric vehicles (EVs) while driving and while parking.

Wireless In-wheel Motor (W-IWM) is another application. In order to control transmitting power to a load, understand-

ing of transient response characteristics and control of power conversion circuits are necessary. In this research, we did a

transient analysis and stability analysis of SS-compensated WPT circuit with a constant voltage load and a constant power

load. We propose a load voltage control method for a constant power load using the secondary converter. The effectiveness

of the proposed method is verified by simulation and experiment.
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(a) Experimental vehicle. (b) First trial unit of the W-IWM.

Fig. 1 Experimental vehicle and first trial unit.
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Fig. 2 T-type equivalent circuit of a
SS-compensated WPT circuit.
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Fig. 3 Frequency characteristics of Pja (s).

A AR E D, [EIEAE RS — R « kBT cdh B
e OB MEIEEICHE L TN D.

2.2, EAWEIFEIZ X D fiEHT

SS HFRDEE O Tk L L TiE Fig. 2 (273 T BIEAR
FRSIC X B HEDRM LN TNE O, [ HEREMLS 2 Lick
D, —MEE vr 225 ZRMER iz ~OEBEEREE Pio(s) 1%
WHXDBEY KD BN D.

b383
s = 1
Pz () st 4+ azs3 + a282 +ai1s + ao @)
an = L1 (R2 + Rac) + R1L2
3 LiLy — L2
o — R1C1C2 (R2 + Rac) + C1L1 + Ca Ly
? C1C2 (L1Lz — L)
a = R]_Cl + 02 (RZ + Rac)
YT GG (LiLe — Ly?)
4o — 1
"7 10 (IiLz — L)
Ly,
by = ——"
T LiLy — L2

ZIZ TRy, RiXEhENEZEIANONEEST, L1, Lo
EENENEZEIASANVORCA VX7 XA, Cr, Col%E
nEN—EM, —kMoER= T oY, Ly, XE%E= AL
OHEALE I HZ L ATHD. 72 Rae WIHHEHTCII72 < S
RIZ2 S RARHEII TH 5. Fig. 3 1RO EREE DK T
A—=RIZBITD P (s) O EBREL R, LIRE A
TR A FF o/ KRR T p VAR L TN D,
2.3, IIEISE RO MEHT

AR TE SR 2 DOIBIES BRSOV TIRIT S 5 7250, (RiER
35 Pio (s) OMUZHEHR Lz, %o FZHREE O[T X —H
ICBWCHEMAREN Rae 2L I L EOM - FR~ v
% Fig. 4127 F. P (s) IZ4 ROV AT L TH Y MIT 2 flod
BFIE Lo TN D, —HFOMITAFHIPIOM & & I
OTHLS 22O EHTE, &5 —FHFOMPIEEILEIZIBUNT
X THD. EMITATTHRIIOB R E L BB 2D 2 &
DoTH5.

Fig. 5(a) , (b) IZZNENAMES, FHEREELEx-L
X OBOEMOLELE 7T, Fig. 5(a) TORMEHREKIT 0.132,
(b) TOARHEHIL 50 Q THD. Fig. 5(a) » b bARHKIO

800 200
600 e g
@
§ 400 : 1505
= 200 §
L
& 0 ° 2
> 100°Q
£ -200 =
j=)] @
g -400 pe]
-600 e &

-80
—800 -150  -100 -50
real axis [krad/s]

Fig. 4 Pole zero map of Pia(s).
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Fig. 5 Variation of real part of poles.
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Fig. 6 SS-compensated WPT circuit model with
constant voltage load.
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Table 1 Circuit parameters.

Primary Secondary
Coil resistance Ri 2 0.547 Q 0.535 Q
Coil inductance L1 2 166 pH 167 pH
Resonance capacitor C 2 19.9 nF 19.9 nF
Coll size 200 x 200 mm
Coil gap 100 mm
Mutual inductance L, 21.8 uH
coupling coefficient k 0.132
Resonance frequency 87.6 kHz
Smoothing capacitor Cs 1000 pF

Table 2 Simulation condotions.
Condition Value
Load power 15 W
Initial load voltage 15V
Initial load current 1.0 A
Operating frequency | 87.6 kHz
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Fig. 8 Circuit simulation results.
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Table 3 Simulation conditions.

Parameter Value
Operation modes time period | 2 ms
Load power Pp, 2 W

Load voltage reference Vi 0oV
Conversion ratio reference o, | 0.7
Closed loop pole placement | 8 Hz
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