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Consideration of Double-LCC Circuit for Charging Power to Heavy-duty and Light-duty Vehicles

in Dynamic Wireless Power Transfer

Yuto Yamada®, Takehiro Imura, Yoichi Hori, (Tokyo University of Science)

Dynamic Wireless Power Transfer is attracting attention as a solution to decarbonization because it provides power wirelessly

while driving. This study presents the characteristics of Double-LCC circuits in the patterns of heavy-duty vehicles and passenger

cars, and proposes a design method that makes the most of the power transmission system to be introduced. It was confirmed that

the proposed system would satisfy the cruising range of each vehicle.
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Fig3 Coupling coefficient characteristics of Double-LCC circuit
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Fig 6 Relationship of current value, voltage value, efficiency, and

power to misalignment in heavy-duty vehicles.
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Fig 7 Relationship of current value, voltage value, efficiency, and power

to misalignment in Light-duty vehicles (Coil size: 420x420mm).
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Table 2 Average power transmission by each coil condition.

Tx Rx(Truck)  Rx(Light)® Rx(Light)®
Coil size [mm] 1700 X600 1700 X600 420X420 800X 600
Turns 8 7 15 10
Pitch p [mm] 14.85 14.85 10.85 10.85
Inductance[pH] 136.2 112.1 62.4 114.8
Resistance[mQ] 73.7 65.4 36.3 52.8
Transmission
distance [mm] 250 220 220
Pyve [kW] 22.9 9 18.3
Resonance
Inductor [ H] 30 50 40 40
Nave 98.2 97.4 98.3
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Table 3 Conditions for each vehicle.

Class8 truck Light duty vehicle
Battery Capacit;
yap Y 350 40
[kWh]
Number of coils 3 1
Ener
8y 110 10

consumption [kW]
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Fig9 Relationship between driving range and the level of battery of Class8

truck.
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Fig 10 Relationship between driving range and the level of battery of

Light duty vehicle(Coil size:420x420mm).

V—REFHKOLDOZZOE EHEH L2, & 5 ITHIE
THZELEETHD, Lo LEMAEIX 100km/nh CTEITT
52 H%L, FEEWICHEBER L2 ET T I LIEB I
WOy T ) —FEOEREIIEEITITO NERD D,



1000 120
110
800 100
90 —
g 80 =
2 600 70 =
) 60 =
£ 400 28 3
~ =
200 o0 =
10
0 0
0 2 4 6 8 10 12
Time [h] Range Battery
11 RAEONy T U =& L MERGE A VA X
800x600mm)
Fig 11 Relationship between driving range and the level of battery of Light

duty vehicle(Coil size:800x600mm).

—J5 SAE J2954 OBUE # 4 , ZEaA VA X% 800X
600mm & L7=HE0RMBIZEAL T, MEKEETTS
fIEAN TV —% BT HZ L 72<, SOC 2™MEHE EERY
BT D Enbhd,

Aﬁmﬁbtk I A VT I o T A B O fod BR B A T
LLBEZ R oA L O%0E 1km 4720 192 EICIZ 5 Z &3

T%KOI%LM T 254 HD A VNKETHDLELTE
D, REHBT DI EMTET,

5. &R

ABF5E T Double-LCC B DHEE AR~ ETFHU A ¥
L AHE L DBWAMEICOW TR L, AL KT
Fle TN ENOZ BRI Z 3G L, R CHRERI 72 il %
To287<, BRI LI BEREN ARETEH L %
RUTe, ERMEICHAL TRIZHE#H A LA XK &
KEpznTENE, EHELO DWPT OFfMEIZE S
W kT 5, S%OABFES TSI v — L HiENEETH
5, SS [HIEE LR L, BB THY AL, LERa
ANOKEMZDZ ENTER, HiktEREOR HIZE L T
i, AT LAMA L TWAA, MEEHOE BT
L<4T>THEYH . DWPT v AT LADHFHE1T 5 IIE+4 T
HbHEEZD, SHROBELE L UIaA VbV OEN%E
L, HMEREE T H8t2MoCnd Z izt L, W
BEROBRFN TE TN, IARB/LETH D,

[10]

[11]

Z# 3CHk

WA g, KIE SR, BRH fo, AR TEE, BB K, AR %

A, BfE A, 0 'BA, A g, s - ééL* EATEEE
7o EATHAREIC L DIREE S XA ORI, BRI ESWmIGED (FE

SIS AEMEE) | Vol.142, No.10, pp.736-743, 2022.

L. Yang, B. Yu, B. Yang, H. Chen, G. Malima and Y. Wei, "Life cycle
environmental assessment of electric and internal combustion
engine vehicles in China," Journal of Cleaner Production, Volume
285,2021..

JERMEIR, 11;/; ARTK, WA, 5, B R, BRI & 2
ToREERICBIT D EITH VA Y L ARE Y AT AORF", B
fif<> 2022 FFZF RS, May. 2022..

Y. Yamada, K. Sasaki, T. Imura and Y. Hori, "Design Method of Coils
for Dynamic Wireless Power Transfer Considering Average
Transmission Power and Installation Rate," IEEE 6th Southern
Power Electronics Conference (SPEC 2021), Kigali Rwanda.

N, JBEFEIR, "ETHR DA ¥ L AREICIS T D i 2k E /)
e /7‘)““??&77%%//1:&7_/1/ " HEhE/ASE - EREE A RS,
Sep.24, 2021..

A. Shekhar, M. Bolech, V. Prasanth and P. Bauer, "Economic
considerations for on-road wireless charging systems - A case study,"
2015 IEEE PELS Workshop on Emerging Technologies: Wireless
Power (2015 WoW), 2015, pp. 1-5, doi: 10.1109/WoW.2015.7132804..

S. Jeong, Y. d. Jang and D. Kum, "Economic Analysis of the Dynamic
Charging Electric Vehicle," in IEEE Transactions on Power
Electronics, vol. 30, no. 11, pp. 6368-6377, Nov. 2015, doi:
10.1109/TPEL.2015.2424712..

B. J. Limb et al., "Economic Viability and Environmental Impact of
In-Motion Wireless Power Transfer," in IEEE Transactions on
Transportation Electrification, vol. 5, no. 1, pp. 135-146, March
2019.

Y. Yamada, T. Imura and Y. Hori, "A Method for Determining
Resonant Elements Considering the Requirements of Double-LCC
Circuits in Dynamic Wireless Power Transfer," IEEE Wireless Power
Week Conference (WPW 2022), France, Bordeaux, Jury2022..

Y. Yamada and T. Imura, "An Efficiency Optimization Method of
Static Wireless Power Transfer Coreless Coils for Electric Vehicles
in the 85 kHz Band Using Numerical Analysis," IEEJ, Transactions
on Electrical and Electronic Engineering, Vol.17No.10, 2022.

“SAE International, “Wireless Power Transfer for Light-Duty

Plug-in/Electric Vehicles and Alignment Methodology J2954,”
Issued2016-05, Revised2020-10” .



