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Development of the Short-range/Frequent-charging
Concept Electric Mini Bus “WEB” Equipped with Li-ion
Batteries and Its Environmental-harmony Evaluation
by On-road Performance Test
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Abstract

The limited range, high cost, and long charging time of electric vehicles continue to stand in the way of their wide-
spread adoption. In response to this, our research group has created the “Waseda electric-micro bus (WEB)” series

of vehicles based on a short-range/frequent-charging concept that minimises the weight and cost of batteries com-

pared to other electric vehicles. The bus features a non-contact inductive power supply (IPS) system to enable rap-

id, safe, and convenient charging. On-road tests were carried out to verify the practicality of the short-range/

rapid-charging concept and determine improvements in environmental performance over a conventional bus.

Across different road tests, significant improvements of CO, emissions were found.
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Table 1 Specifications of WEB series and their base vehicle.
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Base vehicle WEB-0 WEB-1 WEB-2 WEB-1Ad.
(2004) (2005) (2005) (2009)
Weight (Net) 2805 kg 3000 kg 3175 kg 3040 kg 3225 kg
Power plant Type Diesel engine  Brush less IPMSM IPMSM IPMSM
DC Motor
Max. output 93 kW 75 kw 50 kW 50 kW 50 kW
@3600 rpm
Max. torque 294 Nm 240 Nm 240 Nm 240 Nm 240 Nm
@1800 rpm
Zebra Energy density  — 105 Wh/kg 105 Wh/kg 118 Wh/kg —
battery Power density ~ — 180 W/kg 180 W/kg 180 W/kg -
Nominal voltage — 278V 278V 278V —
Max. output — 32 kw 32 kW 32 kW —
Capacity — 18.9 kWh 18.9 kWh 21.2 kWh —
Weight - 180 kg 180 kg 180 kg -
Super Max. output — — 55.7 kW — -
capacitor Nominal voltage — — 300V — —
Capacity — — 0.14 kWh — —
Weight - — 64 kg — -
Li-ion Max. output — — — 54 kW 63 kW
battery Nominal voltage — — — 259V 316V
Capacity — - - 1.1 kWh 13 kWh
Weight — - — 29 kg 198 kg
IPS Max. output — — 30 kW 30 kW
Frequency — — 20 kHz 20 kHz
Dimensions — - 88 X 103 X 6cm 85X 85X33cm
(Vehicle side)
Weight - - 70k 35k
(Vek?icle side) ? §

Coil to coil air-gap

50 mm 100 mm
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Fig. 1 Outer view of WEB-1 and IPS wireless charging
system.
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Table 2 Results of fuel efficiency under different driving modes for WEB.

Driving modes M15 Modified JEO5
WEB-1 Travel distance 2.88 km 54 km
(11 persons : 605 kg) Ener(k;y consumption 805 Wh 1160 Wh
Tank to wheel)
Electricity economy 3.48 km/kWh 4.66 km/kWh
(Tank to wheel)
CO, emission 368 ¢ 530¢g
(Well to tank (= Well to wheel))*
Base vehicle Fuel economy 742 km/ L 9.09 km/ L
(11 persons : 605 kg) (Tank to wheel)
CO, emission 10109 15509
(Tank to wheel)
CO, emission 75049 1159
(Well to tank) **
CO, emission 10859 16659

(Well to wheel)

* 0.375 kg-CO,/kWh, IPS efficiency X Batter l\/%/ charge / discharge efficiency: 0.86X0.95

*x Diesel fuel (LHV) 355MJ/ L, 5.45g-CO,/MJ
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Fig. 2 Nara test route for on-load performance eval-
uation of WEB.
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Fig. 3 Nara test results (test No. 3 in table 3) for on-
load performance evaluation of WEB.

Table 3  Degree of battery temperature rise during on-road evaluation test of WEB.

Test A/C Chargingtime ~ Run IPS

No. ﬂtasu ashrine Temperature / °C Time / sec. Temperature / °C Time / sec.
tooug Stat  End 4 Sat  End AT

1 OFF — 19* 20 1 2646 20 22 2 413.0

2 ON — 24 26 2 2309 26 28 2 494.6

3 OFF 60 29 30 1 1856 30 32 2 3125

4 ON 60 32 33 1 2227 33 37 4 752.3

5 OFF 120 37 38 1 2134 38 39 1 227.9

6 ON 120 39 40 1 2176 40 42 2 388.1

*

Outside temperature: 17 °C
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Fig. 4 Outer view of WEB series and IPS wireless charging system.
(a) Previous model (WEB-1 Advanced) and charger (left), (b) WEB-3 and new charging system (right).




GS Yuasa Technical Report

(3) EEE i T EE 2 Tz U T2 aRET
OYVR—=HY AT T MCHTD, FHAN
— ADWER LR 24 FFE X D fifTE N2 EE)H
mAFT Ao C b B E L, T
LT (3 P K EE I D PR TE 17 5% -2 HITR
110 £ 111 TEHLENTWA. Bk 1108
R (FENEENEROO VUL ETH 2 ZHET
28R BRUOAEREM S AT LOKEND
DIRFEICHET Z2HETHS. TONRIE, THEES
BEEEMTERVWXI S RET S &, KER
HEORDOEER TR L] FThHb. ik
111 EERE AZEM Sy 774 5 CICEBAEE (F
FELNER 60 VUL LETH2H 0 2ET 2877
R) OHWNMNAIBICEET 2HETHS. HENEE
& 800 mm DL F DO E At 5 420 mm, Hj
HimERn 5 300 mm OALEICIZE D IR &
HMELTWS., REGTENNYy T —BXUE—
Lo fVIN=EAPTNBICKYT S8, Fig 6
DEIKE, TUIVIV—LNITE—H - A 23—
Kz, Ny T —ICB U CIEEENBIBICENL
TRET S THIGLE. £y 71U =%
BECERIChRBE L, REHEMEDROD B LZ2MICE
W Uleeket & Lz, WEB-3I12HBWTE, WEB-1
Advanced & [AFRIC G S A7 FHDIINy 7 U —7
BRA U7z (‘LIM40-7" 7% 14 1845 3 W5 CERAD.
DL E OGS & b 8FE N7z WEB-3 DFELZ Ta-
ble 4 1/R9. &z, H¥ERTS NAN—ZIEER, HE
EARETNORNEBICTT « —EIWNZ EDEEETZ L
TeAER, Well to Wheel FLEROD CO, HEHI EHITRRN R 1
(6% LofbamicixoTz

20125128 9% $25]

4 E+HAEYEHHPE/NADORME (WEB
for Suntory)

ARETIE, TNETORMFEHMN & L CREES
ZHFE S B T & HINICHTRIEGET « BE L7z 55 A3E
0 FEEHRLNZ “WEB for Suntory” I DWW TN 5.
SME7Z Fig. 7TITRY. AL, TN TORFEHM
R, aX MOz ISR E S AT
LIFHEH L Thizwn. REAE U THEiEEmEY
AT LB A Ul VEEEEEE T - @HEAE] oVt
TRZERHALTWS. fiiliiEEE R 721 FRmEEE
I B, FEEMND O FEMED E L CHAdeMO
HROBHEAEY AT L2 % T & TAMEIC
Mg B bl Uiz, "— R i3 HE EEERRTR S 2T X
W77 ThHs. HFEHEMODFELZ Table 5 1R
AREHM ORI H Tz D, WEB-3 & [ KiEER T A
R T & To B IRV CalssEl o E M & 2 Al
BEZBROHIE T 5 C & 2 B EAHEEE Lie. Thzsk
P B7olc, N—=XH@MNS5DI /= hDEE, A
Hix v FRTIARA—), EBIKEFIvyay
HErEoNdTLE L.

JAVR—FXYMLATY MCHIzo T, HEZERW
DR BB TilEh Tz, HNORET7 Fig. 8 1</RT.
ChzFHT B 72dic, WEHE—2E, FEEtL
TN EDE—2—KBIF T Ry 7 AN LT, T
A4 77 LYV IVETICESE S £, AV N—
RFT IV — LA, Ny TV —ICBL TIdH=
WEHICEN L TRET 2 b L. &k, Ny T
U —ERRICER L, = & OFREEO—Z A7)V b b
TETBHTET, FTHIOH LU THEMICESEEE)IS X

Fig.5 Latest IPS wireless charging system model: (a) Primary side and (b) Secondary side.
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Table 4 Specifications of WEB-3.

Base vehicle WEB-3

Capacity 31 persons 25 persons

Weight (Net) 5730 kg 6430 kg

Power plant Type Diesel engine Brush less motor
Manufacturer Hino Motors UQM Technologies
Max. output 132 kW 145 kW
Max. torque 490 Nm 400 Nm

Battery Type - Mn-Li-ion
Manufacturer — GS YUASA"LIM40-7"
Connection — 14 series X 3 parallel
Nominal voltage — 372V
Capacity — 44 KWh
Max. charge current — 600 A (50)
Max. discharge current — 360 A (3C)
Weight — 756 kg

IPS Weight / Dimensions - 60 kg /120 X 120 mm
(Vehicle side)
Max. output — 30 kW
Mechanical air-gap - 110 mm
Coil to coil air-gap — 140 mm

(a) Side view (b) Rear view

Motor c
etc.

ontroller
¥

Inveter Inverter

Radiator
fan

=300 mm =800 mm

Fig.6 Components layout of WEB-3.
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Fig.7 Outer view of WEB for Suntory. Fig.8 Inner view of WEB for Suntory.




GS Yuasa Technical Report

0125128 $£9% $25]

Table 5 Specifications of WEB for Suntory.

Base vehicle WEB for Suntory

Capacity 60 persons 55 persons

Weight (Net) 6890 kg 6780 kg

Power plant Type Diesel engine Brush less motor
Manufacturer Hino Motors UQM Technologies
Max. output 165 kW 200 kW
Max. torque 600 Nm 900 Nm

Battery Type Mn-Li-ion
Manufacturer GS YUASA“LIM50E-8"
Connection 12 series X 2 parallel
Nominal voltage 355.2V
Capacity 35.5kWh
Max. charge current 600 A (6C)
Max. discharge current 250 A (2.50)
Weight 420 kg

Heater Type Electric air heater
Max. output 4 kW

Charger Type CHAdeMO
Manufacturer TAKASAGO LTD.
Max. output 50 kW

Discharger Manufacturer POWERTITE
Max. output 1.5 kW (AC100 V)
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