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Development of Large-sized Lithium-ion Cell
"LEV50" and Its Battery Module "LEV50-4"
for Electric Vehicle
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Abstract

We have developed a new large-sized lithium-ion cell and its battery module for electric vehicle (EV)
applications. They are based on the advanced technologies inheriting basic features from "LIM series" of
large-sized lithium-ion batteries already manufactured so far; therefore, the construction and electrode
materials are similar to those of the latter series ones. These new cell and battery module have nominal capacity
of 50 Ah and the specific energy is 109 Wh kg™ and 99 Wh kg™ for cell and battery module, respectively. This
cell is capable to accept quick charge up to about 80% of state of charge (SOC) within 30 minutes at 25 C. The
specific power of the cell is higher than or equal to 550 W kg™ at 50% SOC at 25 C. Furthermore, regarding
the calendar life, capacity retention of 65% is anticipated after 10 years storage at 25 C from our life prediction
formula. The cycle life test at 25 C after 1000 cycles showed capacity retention of 85%. These battery modules
will be mass-produced in 2009 by newly established joint venture "Lithium Energy Japan" through the stage of

in-vehicle verification field tests in 2008.
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Fig. 1 External appearance of LEV50 type lithium-
ion cells for electric vehicle.

Table 1 Specifications of newly developed LEV50
type lithium-ion cells.

Model LEV50

Nominal capacity / Ah 50

Nominal voltage / V 3.7

Dimension (H x W x L) / mm 113.5x43.8x 171
Mass / kg 1.7

Specific energy / Wh kg™’ 109

Energy density / Wh L™ 218

2008468 H5% £15]

O/NE - Al B LUK 25% OEE =L a ER L
Twh, ZhIZE->T, HEIAVEF-FETI09
Wh kg, RT3V F—%ET 218 Wh L™ %3E5K
LCWwh, T/, T OEMIIERIZEAMEE WA
L7 4REAR LT & R A R RE TR L o 2 R
L, SEEMEEIAMIC X 2RI Z R/RICEZ 5 2
ENTE L0, KERMEEEICT TS, &
L2, By —ZIEARRIKOA T Y VA r— A%
fEHLTWwWAD, BBOEKRmEITKE LY, Hidk
HEIZTNTN G, TSR —ATHWL I LIC K
n, EhOEEL L ORIMEHEOFEMEIZL T
72bDE % oTWnA,

3 KFEUFILAFELEVS0 DR

EtRE

ABEFE L 72K F 7 44 4 »&ith LEV50 78,
EAHBHEHED S L CER SN LRFEEZ T 5
MPEIDPERIET B0, ZOERLERETDH BTl
BHREYFMLZ. /-, BEXEBEISFIE4%E
BT TR S A7z, RIRERE R E R T OF ik
REDEBE L 25, &512, KV CHELOFEEE S
5120, FERECHABETE 2 0 AE MRS EREL 2
L7212, TNHDOWFEICOWTHEMIT L 72, 2Dk
BOREIZONWTDORE.

31 EEHIWEEMEMEE

LEV50 &ith# 50 A (1 LA) T41V FTHEEL,
OEOD R LEECTEE SHFMERLELELZOL
12, 10, 50, 100, 200 3B X 0°300 A O EFAE T 275
VE CIE LS EONENRY Fig 2187, 2B
ABPOBRBEREIX 2 CL L. Bk EL R
5 L BOBKRIC L 2 EWEEDKTREBD NS
25, 300 A (6 LA) I2BWTH 10 A DO 90% & \»

IEWERDPELND Z bbb, DEIL, BEER
JED 5B % BB 72012, LEVS0 Eith & 5 & [F U4tk

THRELZOL, REEREL -25 -10, 0B XU 25
Ce»z2T, 50A (1LA) OERMT275 V T
WL, oL ZoONEERES Fig 3187, BRER
FEDMKC 2 5138, BMEEB L ORESEK TS
LH00, =25 TIZBWTH 25 CTOREEREON
8% DEVHEENMGFONDLZ bbb, Thbb,
LEV50 Eithix, 300 A O KEjLd L U -25 T Ok
I COMBEEREIZT N TVD LWV 5.

32 WHHEE

25 CIZBIT 5 LEVS0 Bith o iR A2 B 2 % o

22



GS Yuasa Technical Report

@
o

@
o

Voltage / V

N
)
T

o
o

o

10 20 30 40

Discharge capacity / Ah

50 60

Fig. 2 Discharge characteristics at various currents
at 25 °C for LEV50 type lithium-ion cells. The cell
was discharged to 2.75 V after charged at 50 A to
4.10 V for 3 hours in total at 25 °C.
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Fig. 3 Discharge characteristics at a current of
50 A under various temperatures for LEV50 type
lithium—-ion cells. The cell was discharged to 2.75 V
after charged at 50 A to 4.10 V for 3 hours in total
at25C.

7. COBMENEOFLBIRE (SOC) FTHEL
72DBIZ, 5lEHEE 10 A5 300 A OE A THrE R
BREL T, 2h2ho SOC TORKHIIEZ KD
72. TOLEOTRERIZ25 V&L, &AEEIR
12300 A & L7z F7z, WERHRE 10, 30 B L U°60
BHomhxZzhzhSEH L7z Chootifiz
SOCIZHLT7ay bLzb D% Fig 412777, 60
BizizBv»Tdh, 50% SOC T 550 W kg™ BLEDHT)
HEFFLCB Y, LEVS0 Bitho RIS ST
WBZENbhL. F72, 30% £ L EWSOC T,
WERESEWGEIZBWTHHIOETAVII WS
ENbhb. —F, 30% SOC LLFTIE, 300 A ® X

2008468 H5% £15]
700
_ 10 sec.
o 600 |
v
< 500 +
g 400 +
S 300 30 sec.
o 60 sec.
= 200
2100t
0o 20 40 60 80 100
SOC /%

Fig. 4 Maximum output power as a function of
SOC for LEV50 type lithium-ion cells at ambient
temperature of 25 °C. The maximum output power
was calculated from the 10, 30, and 60 second V-I
characteristics. The maximum allowable current and
voltage are 300 A and 2.5V, respectively.
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Fig. 5 Representative charging characteristics of
LEV50 type lithium-ion cells at 10 (—) and 100 (—)
A at 25 °C. The cells were charged at 10 and 100
A to 4.10 V for 3 and 8 hours in total, respectively
at 25 C.
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Fig. 6 Constant voltage charge calendar life per-
formance of LEV50 type lithium-ion cells at 25 and
45 °C. The cells were charged at 50 A to 4.10 V
for 30 days in total at 25 and 45 C. Monthly ca-
pacity check was performed every month to confirm
the retained cell capacity at the condition of a 10 A
to2.75V at 25 C.
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Fig. 7 Interface model at the boundary of negative
electrode and electrolyte during long term constant
voltage-charging for analysis on capacity deteriora-
tion of lithium—-ion cells. X is thickness of solid elec-
trolyte interface (SEl) and k is rate constant.
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Fig. 8 Change in capacity retention as a func-
tion of the square root of floating—charge period for
LEV50 type lithium—-ion cells.
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Fig. 9 Charge and discharge cycle life perfor-
mance of LEV50 type lithium-ion cells at 25 and
45 °C . The cells were discharged to 2.75 V after
charged at 50 A to 4.10 V for 3 hours in total at 25
and 45 C.

PEREIL, INVCREHPI T SN2 D THL LV 5.

4 KEVFILAFELES 2—L
[LEV50-4] D4R & S UHEMRE

BREHBEH)F 744 F BEY 22—V
[LEV50-4] OHBEEB LT ofhikx ThEh
Fig. 10 B X UF Table 2 12/R¥. LEV50-4 €Y 2 — )b
DAMERIZS0 AhTHLH, ZOEY2—)Vid, E
TN Hede L 72 4 2V @ LEVS0 fEith & b )V EE % &
(CMU) & bfsnsd. CMUICIE, wVEELE
MEEEE=Y —T 2 TNOOT—5 %Ny T

2008468 H5% £15]

Fig. 10 External appearance of LEV50-4 type
lithium-ion battery module for electric vehicles.

Table 2 Specifications of newly developed
LEV50-4 type lithium-ion battery module.

Model LEV50-4
Nominal capacity / Ah 50

Nominal voltage / V 14.8

Dimension (H X W X L) / mm 116 X194 X175
Mass / kg 7.5

Specific energy / Wh kg™ 99

Energy density / Wh L™ 188
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Fig. 11 Representative discharge characteristics

of LEV50-4 type lithium-ion battery module at vari-
ous currents at 25 ‘C. The module was discharged
to 11.0 V at 10, 50, 100, 200, and 300 A after
charged at 50 A to 16.4 V for 3 hours in total at 25
C.
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Fig. 12 Representative discharge characteristics of
LEV50-4 type lithium-ion battery module at a cur-
rent of 50 A under various temperatures. The mod-
ule was discharged to 11.0 V at -25, -10, 0, and
25 °C after charged at 50 A to 16.4 V for 3 hours in
total at 25 C.
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