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Basic Study on System Control Method for Wireless In-Wheel Motor with Dynamic Wireless Power Transfer
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Abstract

In-Wheel Motor (IWM) which is a driving system of Electric Vehicles (EVs) is effective for expanding driving

range and improving vehicle stability. However, IWM has not been put in practical use because of a possibility of

power lines disconnection. Therefore, we have proposed Wireless In-Wheel Motor (W-IWM) in which Wireless Power

Transfer (WPT) is used to remove these lines and to enhance practicability of IWM. Moreover, we have proposed the

advanced system of W-IWM which has Lithium-ion Capacitor (LiC) and circuit for Dynamic Wireless Power Transfer

(DWPT) on its wheel-side. In this paper, wheel-side power management control by a State of Charge (SOC) control

of LiC is proposed. By applying the proposed control, DWPT can be applicable for the advanced system and power

management on the wheel-side can be achieved. The proposed control is verified by simulations and experiments.
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1 The first trial unit of W-IWM and experimental
vehicle
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2. Wireless In-Wheel Motor
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2 Conventional system configuration of W-IWM.
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3 System configuration of W-IWM2.
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4 Circuit model of the wheel-side DC/DC converter.
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5 Operation mode of 2mode control.
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6 Circuit model of wheel-side on W-IWM2.
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7 Block diagram of W-IWM2.
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7 1 Simulation and experimental parameters.

Sim. Exp.
Resonance frequency 85 kHz 85 kHz
Switching frequency of DC/DC converter | 40 kHz 40 kHz
Switching frequency of two-mode control 500 Hz 500 Hz
Chassis-side DC-link voltage reference v 600 V 300V
Road-side DC-link voltage reference vy 500 V 150V
Wheel-side DC-link voltage reference v 600 V 200V
Maximum output 12.0 kW 1.2 kW
LiC capacitance 93.8F 95.8F
LiC nominal voltage 48V 50V
Chassis-side coil resistance R¢ 400.0 m€2 | 558.09 m2
Chassis-side coil inductance L. 270.0 pH | 269.63uH
Chassis to wheel coil resistance Rcw 300.0 mS2 | 361.81 mf2
Chassis to wheel coil inductance Lcw 250.0 pH | 224.51puH
Road-side coil resistance R, 400.0 m€2 | 867.10 mQ
Road-side coil inductance Ly 450.0 pH | 291.96uH
Road to wheel coil resistance Ryw 300.0 mS2 | 361.81 mS2
Road to wheel coil inductance Ly 250.0 uH | 223.85uH
Coil gap 100 mm 100 mm
Chassis-wheel mutual inductance Limcw 52.0 uH 51.67 uH
Road-wheel mutual inductance Lmrw 35.0 uH 34.51 uH
DC-link capacitor C' 2200 uF 2145 uF
Inductance of DC/DC converter L 60.8 pH 60.8 pH
ESR of inductance and LiC r 31.4 mQ2 41.0 m$2
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ISAT 4V B LT,

(5:2) BRBHRTFYILEH £
5 0.2kW, 1.2kW &EGHICAT
WTCEREITH T,

FEEAEREZ X 11 IRT, K 11(a) Ao —AlloKE S
ZRLTEY, P, OEE Pric BNEMBIZRET 5 Z & Cff
BLTWD Z L ERLRD, 22T, vIalb—varo
WATxT LT Pwpr DISERBENTHOEN, Ziuiy =
L—3 3 A LT Pwpr DR/ W2, SOC
WO A BEOEBEIC L2 SISt S, #-T, Pwer

+"'a;ﬂ7'j75§ 1.2 kW n
EHL7=gEICD

4/6



—n
---Pyrr

== Pric

o P + Papr

]
7
|

Power [kW]
(S
i
link voltage [V]
(2] (2] 9
S & o
LiC voltage [V]
&

3]
©
o

49

i
et vF
Ubc o]

IS
o
3}

? O 590 475
i 585
SR 2 4 6 8 80— 2 4 6 8 M 2 4 6 8
Time [s] Time [s] Time [s]
(a) Power (b) DC-link voltage vpc (¢) LiC voltage vric

8 Simulation result of stepwise load power fluctuation.

20 620 49
—7UpC
15 615 ot
e
10 <610 48.5
= ® =
i 5r 5605 Py
3 0 — 2600 £ 48
3 £ s
& 5f <595 o
p—ry i 8 3
10 F|- - - Pyer i 590 475
————— Puic '
-15+ Powpr 585
s Pric 4+ Pwpr + Powpt
-20 580 47
-1 0.5 0 05 1 -1 0.5 0 0.5 1 -1 0.5 0 05 1
Time [s] Time [s] Time [s]
(a) Power (b) DC-link voltage vpc (c) LiC voltage vric

X 9 Simulation result of DWPT.
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11 Experimental result of load power fluctuation.
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