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Technological Development of High Power
Lithium-lon Battery for FCVs and HEVs
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Abstract

Battery is one of the most important component for electric propulsion vehicles. GS Yuasa Corporation has been
developing high power and high energy lithium-ion batteries under the national "PEFCs/Hydrogen Energy Utili-
zation Program" collaborating with the New Energy and Industrial Technology Development Organization (NEDO)
of Japan since FY 2002. The goal of this project is the development of lithium batteries with high specific power
to provide good power assist for fuel cell vehicles (FCV) and hybrid electric vehicles (HEV). In the part of R&D
on positive active materials in the program, GS Yuasa Corporation has taken charge of the development of Ni-
Mn-M (M : transition metal) composite oxide system that satisfies both advantages of cost-favorable Mn oxide
system and power-favorable Ni oxide system. In FY 2004, a 1kWh-class prototype battery pack with high
power of 1,800 W kg™ and an energy density of 78 Wh kg™ using Ni-Mn-Co composite oxide was developed. In
FY 2005, new Ni-Mn-M composite oxide as the positive active material was developed for new 10 Ah-class pro-
totype battery and a 0.3 kWh-class prototype battery module having specific power of higher than 2,340 W kg™
and specific energy of 80 Wh kg™
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Table 1 Target values of the Li—-ion battery by
NEDO's development-project.

Iltems Target value
Specific power / W kg™ 1,800
Specific energy / Wh kg™' 70

Life / year 15
Energy efficiency / % 96
Cost Perspective not higher than 10%

of vehicle-cost premium by hy-
bridization at initial introduction:
Fifty thousand yen/kWh

To endure on-board abuse and
environmental conditions

Safety and reliability
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Fig. 1 Capacity retention for prototype small lith-
ium cells with various lithium-contained metal ox-
ides as a positive active material after pulse charge-
discharge cycles of 2.4 CA for A SOC 4% at SOC
50% at 45 C.
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Fig. 2 Power retention for prototype small lithium cells with various lithium-contained metal oxides as a posi-
tive active material after charge-discharge cycles of 2.4 CA for A SOC 4% at SOC 50% at 45C.

(a) Output power retention, (b) Input power retention
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Fig. 3 External appearance of 1 kWh-class proto-
type lithium-ion battery pack with new arrangement
of single cells for uniformity air-cooling system.
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Table 2 Initial specifications of 10 Ah-class proto-
type lithium-ion battery.

Nominal capacity / Ah 10
Nominal voltage / V 3.65
Dimensions / mm 77 W, 20D, 132 H

Mass / g 365
Output specific power / W kg™ 2,820 at 50% SOC
Input specific power / W kg™ 3,230 at 50% SOC
Specific energy / Wh kg™ 100

Fig. 4 External appearance of 10 Ah-class proto-
type lithium=-ion single cell with ellipse-shape case.

Fig. 5 External appearance of 0.3 kWh-class pro-
totype lithium-ion battery module.
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Fig. 6 Charge and discharge curves of 0.3 kWh-
class prototype lithium-ion battery module.

Charge: 10 A to 34.0 V followed by constant voltage
for 3 hours total at 25 C.

Discharge: 10 A to 20.0 V at 25 C.
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Table 3 Initial specifications of 0.3 kWh-class pro-
totype lithium-ion battery.

Nominal capacity / Ah 10

Nominal voltage / V 29.2

Dimensions / mm 219 W, 83D, 142 H
Mass / kg 3.5

Output specific power / W kg™ > 2,340 at 50% SOC
Specific energy / Wh kg™ 80
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