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Development of Next Generation Large-sized
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Abstract

The prototype 110 Ah class next generation lithium-ion cells for satellite application have been developed in
order to meet the requirements of higher energy density and longer life performances for future satellite appli-
cations. The cells were then subjected to cycle life and safety tests. The cells show extremely small discharge
capacity loss ratio of 13% after long term cycling of 1500 cycles. The ratio is only about half of that of the exist-
ing cells. Furthermore, the cells show the superior safety against external short circuit, overcharge, and over-

discharge tests though the energy density is increased by 10% compared with that of the existing cells.

Key words : Large-sized lithium-ion cells; Satellite; Long life; Safety

1 BE 723274 X2 L— g VERDP TS ST
e (JAXA) (2@ <EEMi & T, 2008 4EFELZ, 50 Ah

LAIINLEREHARIEY 79 54 F CEIBORIE % B LO100 Ah #hAs, ANLEEHOBEER) F o L4

HEFRUZSEERVT T 1997 £ 12z L, 100 Ah SOR%E %
1998 4F (5 —1MFREN) B L 0V 1999 45 (55 ik
) CET LR 20k 427 v 7250 AR B
LO175 Ah Nz <, W ~OMFE 2 ikfit L T
L. F7, BRI H 5 FGRHIERB L OZE L

* () V-2 A7 Ty oaY— FHEHEREL
o (B V—TA-2T7H Fr a0y —

RID) F 77 b A F > HAfTEB
wrx (ff) V-T2 - 27 70—

BBk ) F v ABIBAT
sk FHTATZERTZE RS IFZERA A

FrEME LTIy R—Fy MNEESN Lo
T, THSHIESHLRA 2 THARGROERE LR
BIsboLWIfFEsNL. 20—, ko N T#E
W2iE, FT EFEAORIME L ONERH o B )55 <
PIENTWE, ZITHHE, JAXA OFEEE H T T,
EREAFE D LIS, E5RIEmIANT-HEL
BLUOEFHMILEEKT 2 KRB OBF D) M
ATWAG. A, #ELZ 110 Ah o Fa s &
DR ZEFE L 720T, ZOMREEHET S

© 2010 GS Yuasa International Ltd., All rights reserved.



GS Yuasa Technical Report

2 KB

2.1 JHORE

WRIREMIL, MELRLCI NV NEY T4/ 7
ST7 4 NRE L. ZOEEE, HREERIS
BHEEOBEVE—REERHT LI LICXY, M FEA
OHEGFUWETN > 2@HTELDLLTHL. 1272
L, BIAVF—FELB L OEEMLEERT 57
WIZ, Table LIZRTE#OMBZZL 2 bBLO
BARICERA L7z, A EEE L 72 110 Ah Mk IAUE
oA % Table 2 12"

22 HE&

FAEERE 2 > EORBRIHE 12 X o CEFii L 72, %2 35,
KRB X OPEAE#RO 1 CAX, ZREN110B &
F100 A & L7-.

221 #EMERER
DENIRTEMT, MEMEERAEL .
FoE ¢ JEPHEE 15 T2 T, 02 CA OEERT 410

Table 1 Features of materials applied for prototype
next generation lithium-ion cells.

Features

Use of newly developed LiCoO,
with very stable crystalline struc-
ture

Use of thinner aluminum foil

Use of newly developed graphite
with lower specific surface area re-
sulting in smaller SEI growth on its
surface

Use of thinner copper foil

Use of thinner polyolefin film

Addition of effective organic addi-
tives suppressing SEI growth on
negative active material

Components
Positive electrode

Negative electrode

Separator
Electrolyte

Table 2 Specifications of prototype 110 Ah class
next generation and 100 Ah class existing lithium-
ion cells.

Model Next Existing
generation

Initial maximum end-of-charging 4.10 3.98

voltage / V

Nominal capacity / Ah 122 110

Rated capacity / Ah 110 100

Nominal voltage / V 3.7 3.7

Dimensions / mm H* 208 208
W 130 130
T 50 50

Mass / kg * 2.77 2.79

Energy density / Wh/L * 334 301

/ Wh/kg * 163 146

*Without terminal bolts
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Fig. 1 Representative discharge performance of

prototype 110 Ah class next generation lithium—-ion
cells at 0.2 (O) and 0.5 CA (A) to 2.75 V at 15
‘C. Charge: 0.2 CA to 4.10 V followed by constant
voltage for 8 hours in total at 15 °C.

20105128 $7% H25]

02 B L0005 CAKEICE D %) BERETIL,
HETHDLI EDVbND,

3.2 FHenlthE

3.2.1 DOD100% DFEHME Y 1 7 ILiKER

FantEse 2 MEEEEA§ % 720 12 L 72 DOD100%
DFEMES A 7 VillgiE R % Fig 3128”3, KXV,
1500 H A 27 )V B @ WA AR TE ith o> U 7 5 A R
7% THHDIIK LT, BMFEDOZNILTE% THDHZ
EWDHD. WrzbE, BIEOEMOFRELTE
X, BEOBLZ /212052 E8bRrb. Z0L)
AR TAKE CUES N HANE, MixdEL
7-ERI B L OCRERO/NS R T T 7 714 N %A
WIS 222128, ZOREEEDKED
RSN THLLEEZLNS.

KB L OB EROREEROMER L, e
NFig 4 BLXUS5IIRT. KLY, AiEoEOET
EAE, BELREL TN, 2O/R, LhEw
WMEETE M TEL bbb, 20X ) 12K
LA S NS 0L, EBEY R EE L7
TNV MR F 7 A DFERHEEPLETH Y, FTIE
PA 7MW E S ) RIEELD A b L AT LTl
CEDPHBTHELELEEZONS. DEORRELD, K
HAERIE, chFTl) SRPEOERICHI->T
B EATHREICHHETEL L VWD,

EYEYE]

4.5

s
770 o
74 s L
'A‘*A’AVA'A‘-(A(S«««(((
ERAAAATLA
by~
/ Z

Cell voltage / V
w
(&)

w
o
T

2'50 20 40 60

80 100 120 140

Discharge capacity / Ah

Fig. 2 Representative discharge performance of
100 Ah class existing lithium-ion cells at 0.2 (QO)
and 0.5 CA (&) to 2.75 V at 15 C. Charge: 0.2
CA to 3.98 V followed by constant voltage for 8
hours in total at 15 C.
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Fig. 3 Cycle life performances of prototype 110 Ah
class next generation (O) and 100 Ah class existing
() lithium=-ion cells at 25 ‘C. The next generation
cells were discharged at 0.91 CA to 2.75 V after
charged at 0.5 CA to 4.10 V followed by constant
voltage for 4 hours in total. The existing cells were
discharged at 1 CA to 2.75 V after charged at 0.5
CA to 3.98 V followed by constant voltage for 4
hours in total.
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Fig. 4 Change in discharge performance during
DOD 100% cycle life test for prototype 110 Ah
class next generation lithium-ion cells. Charge: 0.5
CA to 4.10 V followed by constant voltage for 4
hours in total at 25 °C; Discharge: 0.91 CA to 2.75
V at 25 C.
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Fig. 5 Change in discharge performance during
DOD 100% cycle life test for 100 Ah class existing
lithium-ion cells. Charge: 0.5 CA to 3.98 V fol-
lowed by constant voltage for 4 hours in total at 25
°C ; Discharge: 1 CAto 2.75V at 25 C.
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Fig. 6 Changes in end of discharge voltage dur-
ing DOD 80% cycle life tests for prototype 110 Ah
class next generation and 100 Ah class existing
lithium-ion cells. The next generation cells were dis-
charged at 0.67 CA for 1.2 hours after charged at
0.2 CA to 4.10 V followed by constant voltage for
11.4 hours in total at 0 (O), 15 (&), and 40 °C (L))
The existing cells were discharged at 0.5 CA for 1.6
hours after charged at 0.5 CA to 3.98 V followed by
constant voltage for 3.6 hours in total at O (@), 15
(a), and 35 °C (W).
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Fig. 7 Changes in amount of electricity and end
of discharge votage prediction lines during DOD
80% cycle life test at 15 “C for prototype 110 Ah
class next generation lithium=-ion cells. Each symbol
shows actual test result of amount of electricity fully
charged (O), amount of electricity charged under or-
bit condition (£), and end of discharge voltage ([]).
Each amount of electricity is periodically confirmed
by the following conditions : Amount of electricity
fully charged: discharge at 0.2 CA to 2.75 V after
charging at 0.2 CA to 4.10 V followed by constant
voltage for 8 hours in total at 15 °C; Amount of
electricity charged under orbit condition : discharge
at 0.2 CA to 2.75 V after the charge process of
DOD 80% cycle life test at 15 C.
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Fig. 8 Changes in end of discharge voltage dur-
ing DOD 25% cycle life tests for prototype 110 Ah
class next generation and 100 Ah class existing
lithium=-ion cells. The next generation cells were
discharged at 0.5 CA for 0.5 hours after charged
at 0.3 CA to 4.10 V followed by constant voltage
for 1 hour in total at 0 (O), 15 (£), and 40 C (L)
The existing cells were discharged at 0.5 CA for 0.5
hours after charged at 0.5 CA to 3.98 V followed by
constant voltage for 0.55 hours in total at O (@), 15
(&), and 35 C (H).
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Fig. 9 Changes in amount of electricity and end
of discharge voltage prediction lines during DOD
25% cycle life test at 15 C for prototype 110 Ah
class next generation lithium=-ion cells. Each symbol
shows actual test result of amount of electricity fully
charged (O), amount of electricity charged under or-
bit condition (&), and end of discharge voltage ([]).
Each amount of electricity is periodically confirmed
by the following conditions : Amount of electricity
fully charged: discharge at 0.2 CA to 2.75 V after
charging at 0.2 CA to 4.10 V followed by constant
voltage for 8 hours in total at 15 ‘C ; Amount of
electricity charged under orbit condition : discharge
at 0.2 CA to 2.75 V after the charge process of
DOD 25% cycle life test at 15 C.
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Fig. 10 Changes in voltage, current, and tempera-
ture during external short circuit test with a resist-
ance of 5 mQ for prototype 110 Ah class next gen-
eration (O) and 100 Ah class existing (2) lithium-
ion cells after fully charged.
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Fig. 11 Changes in voltage and temperature during
overcharge test of 2 hours at 0.5 CA for prototype
110 Ah class next generation (O) and 100 Ah class
existing (2) lithium-ion cells after fully charged.
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Fig. 12 Changes in voltage and temperature during
overdischarge test of 1 hour at 1 CA for prototype
110 Ah class next generation (O) and 100 Ah class
existing (2) lithium-ion cells after fully discharged.
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