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Power Condition Analysis of Dynamic Wireless Power Transfer Systems Considering the Coexistence of
Passenger Cars and Heavy-Duty Vehicles
Yue Li*, Takehiro Imura, (Tokyo University of Science)

The adoption of heavy-duty electric vehicles requires higher power in dynamic wireless power transfer (DWPT), causing

over-specification for passenger cars. This study investigates a multi-receiver coil approach for heavy vehicles and evaluates

power conditions considering coil installation rate, road gradient, and vehicle speed to enable coexistence of both vehicle types.
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Fig. 1. Circuit configuration of the DWPT system.
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Table 1. Average power for each installation ratio.

Installation Average power of 3 Average power of 1
rate [%] receiving coils [kW] receiving coil [kW]
100 94.0 313
67 63.8 21.3
50 47.8 16.0
40 38.2 12.7
30 28.6 9.5
20 18.9 6.3
10 9.6 3.2

72¥5. BERER 50% & 100%DHE 5% el 3 2 & JfiE A3 BiAd
W25 L1372 > TRV, ZHITER RO i
ARBOEIIC L > T, SBEEIDBIGITEHE LD
Thb,

(2:2) HBEAN HEOMEBNILLTOL I ICHE
H 5, RAMRETERIZIX 2) TEX6N%, Fig2
VR T E IR T 2 INEHEPIF . 8553 0 KPUF,.. AL
B Fgraan ZZRIEPF, 132020 3) ~ (6) DX I

2 HEOITASIA
Fig. 2. Vehicle traction force.
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Fig. 3. Energy conversion flow in DWPT systems.
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Table 2. Energy conversion efficiency.

Hmec[%0] Moaers[0] | N [%] | Mmoo %] | 11pwer{ %]
97 98 98 90 88
x3 Hlm#ET
Table 3. Vehicle specifications.
Car model NISSAN Volvo )
Leaf S FL Electric
Weight [kg] 1765 16700
Battery capacity [kWh] 40 565
Air resistance coefficient 0.28 0.6
Front projected area [m?] 2.5 6.2
Rolling resistance coefficient 0.005 0.005
Number of receiving coils 1 3

TRLF —EHFEL LOE@EFE ORI, EE
AU Table 2 38 L W' Table 3 OF — & & AV 5, HEEE#RE LT
X, HAER L OHREICKE T 2 7R~ KM R x4
RETD) FEETEAREL, AT —ZIZIZE ) T
—&artk o Navi) LVESG LT ERIEST —4 %
AT 2, BEEHEL, SHEETE ICHEROEEREIC
HESWTRET 5,

3. BARIX

<3 1) FHE (NISSAN Leaf S) NISSAN Leaf S
BT DEERE 70%. 90%D %54 TOMIGES - HEE

773’0 FOBEHENEOFEREZH & L, £ E 4 Table 4, Table
51T, E7o, ETHBEZT 5 SoC (State of Charge) O
24t % Figd |27,

IR B DOFE RS, NISSAN Leaf S 13/ RIEIC R THA
BOFPHEBNENRREN ENSND, T, ®4
ECIEERAEOEERAHEENFRIELY bEIRESIN

VT-25-037,ITS-25-028,TER-25-104

Thh, TOMPEL L CEKIBRIIC L D& E AT
527D THDHEEZLND,

—J7, FROE CIEITHEES R < . 20 BB T A
Bz, faEINE RSN D, TOM/ER, HERFE
75%&<T%>?E€BZT ECHDL I ENMRTES, ffaE &
HEE S OR/PBHRICE BT 5 & HAE TIIBEGEREE 50%
DLUF OWA I HAG<EE: & 720 BEE R 30% LA T TRz
ED, FHRIE TIEEEEE 30% L T A< L 720 | m%
UTTERERD, Flz. BEENEmREI NS
m\ﬁ%ﬁ-¢%ﬁ@wfm;hwf%swﬁwm%%%
WL XEBREL D,

S 6T, BIAEEOEBNCLDEELEET D L, flx
A5 90% D F%%m%&m&btﬁm\ﬁ%Lﬁ@
HEENL49%DOEBICE 5 —FH T, FHETIE74%
DOHEAE LN D, Tk, FREOEHEDICALND
EOBREL SR TVRICEWT, BAEHRKRDM LI ﬁw@
INFTREZR = R A F— BRI 5720 Th b, Zhick
ﬁ%%ﬁ@ﬁﬁmiof&ﬂ@%%ﬁéih\¢%EK%
mfi@é%ﬁm%* %k&&ot%§$m%@%@

. BRI 90% D TITEMFTRE & 72 D 2 & DSHERR
hto
(3-2) KFIHL (Volvo FL Electric) B 4% 70% .

90%(Z 31 % Volvo FL Electric DtFAES) - HEE B L O
EBHENZOERE, N E Table 6, Table 7 (27”8 d, F
7. SoC OHER % Fig.5 1T,

NISSAN Leaf S DR TIXHAED TP HEBIENK
X o 7=DIZx L. Volvo FL Electric Tl o iE 0 J7 574 &
BABNRKEL D LV IWOMEABALNE, ZHEK
MBS, MERIZBT DIEEEENFE—THDID
ETHEHERE <. 2 2OUGERE N Z W IGEIC BN TR
AR L O ) B OB A2 A B L 0 bR 2T
LT ENHERTHD EEZLND,

HAGE ) BB OLBICEE T2 &, BAETIIH
PRE6T%LL T CHE<HEDIRAEL 72V . 10% LA FCTIXE
B D, —F, PIGE TITEGRE 67% L F CHtfa<ii & 7o
D, 20%LL FCEXRERD, o, HAE - FREOWT
FUTBN T HEER R 67% 2L E T SoC 2% 100% & i+ %
X ET 5,

NISSAN Leaf S & tifz9°% & | Volvo FL Electric I3 TE &
FTENKIEIZEEINT 5 DD, Table 3 1ZRT L5123 HD
ZEIANEBHL WD LT, BRAEIY & ET
HEMEWZ 0, BREICHZ-oTLEV L OB EZE
Tx 5, TOME, EEIA NVHERFOREIKT 2HH
FPHANE < . WIE R IZI VT NISSAN Leaf S & 0 AEflPEAN
BWZ ERP SN E o7z, BEIERIEDR 90% D Fih Tk
TR & 725 DI IIBEIZIT 2 BERE 10% L FOHE DI



VT-25-037,ITS-25-028,TER-25-104

4 NISSAN Leaf S BABIK (BAEIE 70%)
Table 4. The energy balance of NISSAN Leaf S (Regeneration efficiency 70%).

Tomei Expressway Chuo Expressway
Installation rate Power Power‘ Energy State of Power PowerA Energy State of
[%] supply consumption balance charge(SoC) supply | consumption balance charge(SoC)
[kWh] [kWh] [kWh] [%] [kWh] [kWh] [kWh] [%]
100 296 +152 481 399 +277 793
67 202 +58 244 272 +150 474
50 151 +8 119 204 +82 305
40 120 144 24 41 162 122 +40 199
30 90 -54 -35 122 -1 98
20 60 -84 -111 80 -42 -5
10 30 -114 -184 41 -82 -104
&5 NISSAN Leaf S BNEIRK (BEZIE 90%)
Table 5. The energy balance of NISSAN Leaf S (Regeneration efficiency 90%).
Tomei Expressway Chuo Expressway
Installation rate Power Power_ Energy State of Power Power. Energy State of
[%] supply consumption balance charge(SoC) supply consumption balance charge(SoC)
[kWh] [kWh] [kWh] [%] [kWh] [kWh] [kWh] [%]
100 296 +160 499 399 +287 817
67 202 +65 262 272 +159 498
50 151 +15 137 204 +91 328
40 120 137 -17 59 162 113 +49 223
30 90 -47 -17 122 +9 122
20 60 =77 -93 80 -32 19
10 30 -107 -166 41 =72 -80
# 6 Volvo FL Electric EHEUNZ (BAEZIE 70%)
Table 6. The energy balance of Volvo FL Electric (Regeneration efficiency 70%).
Tomei Expressway Chuo Expressway
Installation rate Power Power. Energy State of Power Power_ Energy State of
(%] supply consumption balance charge(SoC) supply consumption balance charge(SoC)
[kWh] [kWh] [kWh] [%] [kWh] [kWh] [kWh] [%]
100 1112 +418 174 1249 +458 181
67 755 +61 111 848 +57 110
50 566 -129 77 635 -156 72
40 452 694 242 57 507 791 -283 50
30 338 -356 37 380 -411 27
20 224 -470 17 251 -539 5
10 113 -581 -3 127 -663 -17
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& 7 Volvo FL Electric B HEIRXZ (BAEIE 90%)
Table 7. The energy balance of Volvo FL Electric (Regeneration efficiency 90%).

Tomei Expressway Chuo Expressway
. Power Power Energy State of Power Power Energy State of
Installation rate . ;
[%] supply consumption balance charge(SoC) supply | consumption balance charge(SoC)
’ [kWh] [kWh] [kWh] [%] [kWh] [kWh] [kWh] [%]
100 1112 +486 186 1249 +548 197
67 755 +129 123 848 +147 126
50 566 -61 85 635 -66 88
40 452 626 -174 69 507 701 -193 66
30 338 -288 49 380 -321 43
20 224 -403 29 251 -450 20
10 113 -513 9 127 -573 -1
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Fig. 4. SoC profile of NISSAN Leaf S.
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Table 8. Pass/fail of full-route travel.
. Regeneration efficiency 70% Regeneration efficiency 80% Regeneration efficiency 90%
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