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A Simplified Model of The Power Requirement and Battery Level
for Dynamic Wireless Power Transfer by Various Vehicles

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

There are several papers that consider the power requirements for wireless power transfer while driving, but

none that compare all vehicles. In this paper, we have calculated the power consumption at high speed for major

vehicles used in Japan and simplified the relationship between battery power and driving distance. A simple

driving pattern was used, but with strict requirements. As a result, it was found that a Heavy-duty truck (25 t)

can be operated for 800 km, and a Light-duty vehicle can be operated without the need to consider range.
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Fig. 1 Resistance force applied to the driving vehicle.
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Fig. 2 The main losses of electric vehicles with wireless power
transfer.
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Table 1 Loss generated by each element

Ninv Nwpt Nrec Nbattery  Mmotor Nmec

Efficiency 0.98 0.95 0.95 0.98 0.90 0.97
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Table 2 Specifications of the verified vehicle

Light duty vehicle Class3 truck Class5 truck Coach Class8 truck
FeE NN Ty s FR Z s N A KL F v
ik Nissan leaf S ISUZU ELF ISUZU FORWARD HINO SELEGA ISUZU GIGA
Gross Vehicle Weight (GVW): m [kg] 1,765 4,775 7,900 15,715 24,820
Length: L [mm] 4,480 4,990 8,485 11,990 11,950
Hight: H [mm] 1,540 3,055 2,550 3,750 2,490
Width: B [mm] 1,790 1,890 2,260 2,490 3,035
Air drag coefficient: Cy 0.28 0.6 0.6 0.55 0.6
Front surface area: A [m?] 2.5 5.7 5.7 9.3 7.5
Battery capacity : C» [kWh] 40 75 120 250 400
Rolling resistance coefficient: 7, 0.01 0.01 0.01 0.01 0.01
Vehicle speed: v(t) [km/h, (mph)] 80(50) 80(50) 80(50) 80(50) 80(50)
Vehicle acceleration: v(t) [m/s?] 0 0 0 0 0
Air density: p [kg/m?] 1.2 1.2 1.2 12 1.2
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Fig. 3 Relationship between driving speed and power consumed.

3 1% Class8 truck DEMDI#H > TWR WIS BRI R L
TW5, ZRIEPIUC L 2HEENIEED “FOMBRICH D
728, BEE 80km & B 60km Tl 40%FEFEVHEE S 0SB
5 ENDND, E£72 Class8 truck TIIM &S & Hk
80km DFF, #) 50kW FHfREHEBENEZMZ oML L0db
D, IED, EESSHEHEENSEFRICEECTHDL Z MDD
ND, # 3ICHHE 80km TEIT LD HMDO/N T Y —
DHBETHENEE LD, KEHIEEIHEFITHBBINK
ENWZLERDOPDHATIIBRAFEL L O =T BbH 5D
DREAELD I HICHEBNIN/ NI NE LTAEIFE L
Tn5,
% 3 B L OWBES

Table 3 Power consumption per each vehicle.

Light duty Class3 Class5 Coach Class8
vehicle truck truck truck
10kW 39kW 47kW 80kW 100kW
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Fig. 4 Relationship between driving distance and the level of battery power
of a light duty vehicle. (One power receiving coil installed, no power supply
while stationary).
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Fig. 5 Relationship between driving distance and the level of battery power
of a Class3 truck. (One power receiving coil installed.)
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Fig. 6 Relationship between driving distance and the level of battery power
of Class5 truck. (Two power receiving coil installed, power supply while
stationary).
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Fig. 7 Relationship between driving distance and the level of battery power
of Coach. (Three power receiving coil installed, power supply while
stationary).
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Fig. 8 Relationship between driving distance and the level of battery power
of Class8 truck. (Three power receiving coil installed, power supply while
stationary).
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