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Air Gap Design of in-Tire Repeater Coil for Dynamic Wireless Power Transfer System

Considering Tire Deformation

Shota Yamada Hayato Sumiya Tatsuya Yanagi Osamu Shimizu Hiroshi Fujimoto

Isao Kuwayama Wakao Yasumichi Takahiro Ohyama

Wireless power transfer (WPT) to in-motion electric vehicles can extend the cruising range without additional batteries. Our group
has already proposed a novel dynamic WPT system using in-tire and in-wheel repeater coil, which can shorten the air gap between the
coils on the road and tire sides. In WPT system, the air gap should be as small as possible from the viewpoint of efficiency and leakage
electromagnetic field. However, it is necessary to have a sufficient air gap to avoid coil damage by tire deformation. The maximum tire
deformation when overcoming bumps of various heights at different vehicle speeds is experimentally measured with two different tires,

normal tire and self supporting runflat (SSR) tire. The measured results show advantages of using SSR tire for the proposed WPT system.

KEY WORDS: EV and HV systems, Dynamic wireless power transfer, Tire deformation, Air gap (A3)
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Fig. 1 In-tire and in-wheel repeater DWPT system.
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Fig. 2 Experimental setup for in-tire and in-wheel
repeater DWPT system.

Table 1 DWPT setup specifications.
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Tread thickness, Ty
Air gap between receiver coil and wheel repeater coil | 10 mm
Burial depth of ground coil, Dg 20 mm
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(a) Ground coil voltage and current. ~ (b) Receiving coil voltage and current.

Fig. 3 Experimental results of in-tire and in-wheel
repeater DWPT system.
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Fig. 4 Quarter-car model and parameter definitions.
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Fig. 5 Comparison of frequency characteristics from
road disturbancez to tire deformation(zg — z;) between
normal tire and SSR tire.
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Fig. 6 Experimental setup for the riding over
experiments.
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(a) Normal tire (50.0 mm height, 15 km/h).

(b) SSR tire (50.0 mm height, 15 km/h).
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(c) Comparison of tire maximum deformation.

Fig. 7 Experimental results of tire maximum deformation when riding over bumps.

Table 2 Parameters for air gap design of normal tire

and SSR tire.
Normal [mm] | SSR [mm)]

Static def. (WLTC):Dstyyrrc 10.0 8.3
Static def. (max):Dygy,, . 16.3 13.5
Dynamic def. (max):Dgy,,... 23.2 18.9
Designed height:H ;. 41.0 33.9
Height (WLTC):Hw r7C 31.0 25.6
Air gap (WLTCO):Gw T 64.0 58.6
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Table 3 Comparison of DWPT parameters between
normal tire air gap and SSR tire air gap.

Simulation Experiment

Normal | SSR | Normal | SSR

Air gap [mm] 64.0 58.6 64.0 58.6

Lpa [pH] 1149 | 1157 | 1094 | 110.0

Ly [p1H] 24.69 | 24.85 | 23.29 | 23.46

Mpos [uH] 12.45 | 13.82 | 9.196 | 10.35
kpori 0.2337 [ 0.2577 | 0.1818 | 0.2037

Improved ratio of k ;55,1 [%] - 10.27 - 12.05
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