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Development of Second Generation Wireless In-Wheel Motor with Dynamic Wireless Power Transfer

Hiroshi Fujimoto Takuma Takeuchi
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The authors have developed Wireless In-Wheel Motor (W-IWM) to solve power-lines disconnection problem of In-Wheel
Motor (IWM) radically. In this paper, the advanced system of W-IWM (W-IWM?2) is proposed. This system has capability
of Dynamic Wireless Power Transfer (D-WPT) on its wheel-side. D-WPT technology can drastically extend driving range
of electric vehicles. In addition, Lithium-ion Capacitor (LiC) is installed in wheel-side of the W-IWM2. LiC can effectively
charge regenerative breaking energy. This paper discussed the development of the W-IWM2. The experimental results

show the effectiveness of W-IWM2.
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Fig. 1 Test vehicle with W-IWM2.
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Table 1 Specification of the test vehicle

Max. motor power 12 kW
Max. motor torque 76.4 Nm
Reduction ratio 4.407
Number of motors 2 (4)
Total power 24 kW (48 kW)
Total wheel torque | 672 Nm (1344 Nm)

Electric motor

Coil

Reduction gear integrated
HUB bearing unit

Energy storage (LiC)
Coil for dynamic WPT

Road coil

Fig. 2 Configuration of the W-IWM2.
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Fig. 3 Circuit configuration of the W-IWM2.

Table 2 Target specification of the W-IWM2
circuit (designed value).

WPT power from Road to IWM 9 kW
WPT power between Chassis and IWM | > 12 kW
Number of LiCs 12 series

Total capacitance of LiCs 125 F

Operation voltage of LiCs 28.8-432V
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Fig. 4 Configuration of dynamic WPT.
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Fig. 5 Vehicle detection operation.
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Fig. 6 Road coil.

= Running direction
Coil Coil

1.23m

o |

1.5m

Fig. 7 Arrangement of the road coils.
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Fig. 8 Block diagram of W-IWM2.
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Fig. 9 Typical operation of the W-IWM2.
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Fig. 11 Efficiency measurement results.

Table 3 Efficiency measurement result on the
test bench (from Road to IWM).

IWM-side coil position Position 1
Operation frequency 89 kHz
Estimated mutual inductance 37.0 uH
Road-side DC input voltage 448.7V
IWM-side DC-link voltage 451.6 V
Road-side DC input 8.196 kW
IWM-side DC-link input 7.396 kW
DC to DC transmission efficiency | 90.24 %
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Fig. 12 Vehicle test results.
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