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Development status in JAPAN

Manufacturer Cell Spacecraft Note

GYT(JSB),
GYT/Melco,

10 - 190 Ah SERVIS-1, 
Thaicom-4,

(SERVIS-2,H-IIA)

Balancing 
circuit. GEO 

satellite

MHI 15Ah Commercial use

IA (HVE) 6.5 - 90 Ah M-V
(SERVIS-2)

Commercial use

Furukawa 13.2Ah Hayabusa Science Mission
COTS* 1-3Ah Reimei, 

(Piggyback)
Small Satellite

Commercial use

*Commercial off-the-shelf
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History of large lithiumHistory of large lithium--ion cells at JAXAion cells at JAXA

Fiscal yearFiscal year 1919
9494 9696 9898

2020
0000 0404 0808 12120202 0606 1010

Flexibility Flexibility 
investigationinvestigation

1.0 Ah1.0 Ah--class commercial cellsclass commercial cells
Max. cycle life: LEO 23,000Max. cycle life: LEO 23,000

DevelopmentDevelopment 1010--100 Ah100 Ah--class space cellsclass space cells
Max. cycle life: LEO 30,000, GEO 1,800Max. cycle life: LEO 30,000, GEO 1,800

ApplicationApplication LEO satellite, LEO satellite, 
HTV, RocketHTV, Rocket

HTV: HHTV: H--IIA transfer vehicleIIA transfer vehicle
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Development purposeDevelopment purpose

1)1) Develop lightweight large lithiumDevelop lightweight large lithium--ion cells with high energy ion cells with high energy 
density of above 100 Wh/kg at a battery leveldensity of above 100 Wh/kg at a battery level

2)2) Produce prototypes of highProduce prototypes of high--capacity lithiumcapacity lithium--ion cells with ion cells with 
different designs and materials different designs and materials 

3)3) Conduct cycleConduct cycle--life testing of highlife testing of high--capacity lithiumcapacity lithium--ion cells ion cells 
simulated LEO and GEO operationssimulated LEO and GEO operations

4)4) Find the optimum operation conditions (taper voltage, charge Find the optimum operation conditions (taper voltage, charge 
current, temperature, storage duration)current, temperature, storage duration)

5)5) Improve safety and reliability in a space environment (vacuum, Improve safety and reliability in a space environment (vacuum, 
radiation, vibration)radiation, vibration)
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Design principleDesign principle

Active materialActive material TypeType ParameterParameter

Cathode Cathode LiCoOLiCoO22, LiMn, LiMn22OO44, , 
LiNiLiNi11--xx--yyCoCoxxAlAlyyOO22

ThicknessThickness

AnodeAnode Graphite,            Graphite,            
(non(non--graphite)graphite)

ThicknessThickness

ElectrolyteElectrolyte Alkyl carbonate Alkyl carbonate 
mixed solventmixed solvent

Additives, Additives, 
compositioncomposition

Cell DesignCell Design Mechanical Mechanical 
modificationmodification

Safety vent, welding Safety vent, welding 
ProcessProcess
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Main samples evaluated at JAXAMain samples evaluated at JAXA

Sample typeSample type Testing conditionTesting condition StatusStatus

10 Ah cell10 Ah cell LEO, DOD: 25%, 40%, 15LEO, DOD: 25%, 40%, 15ººCC 10,00010,000

40 Ah cell 40 Ah cell LEO, DOD: 40%, 15LEO, DOD: 40%, 15ººCC 3,0003,000

100 Ah cell 100 Ah cell LEO, DOD: 25%, 40%, 15LEO, DOD: 25%, 40%, 15ººCC
GEO, DOD: 80%, 15GEO, DOD: 80%, 15ººC C 
HTV, DOD: 40%, 35HTV, DOD: 40%, 35ººCC

30,00030,000
1,8001,800

3,300 end3,300 end

100 Ah battery100 Ah battery GEO, DOD: 40GEO, DOD: 40--70%, 1570%, 15ººCC 21 seasons21 seasons

Graphite/ Graphite/ 
LiNiLiNi11--xx--y y CoCoxxAlAlyyOO22

50 Ah cell50 Ah cell GEO, DOD: 80%, 15GEO, DOD: 80%, 15ººCC 4 Season4 Season

NonNon--graphite/graphite/
LiMnLiMn22OO44

9.5 Ah cell9.5 Ah cell LEO, DOD: 25%, 15LEO, DOD: 25%, 15ººCC 6,0006,000

Graphite/Graphite/
LiMnLiMn22OO44

14.6 Ah cell14.6 Ah cell LEO, DOD: 25%, 15LEO, DOD: 25%, 15ººCC 6,0006,000

Graphite/Graphite/
LiCoOLiCoO22

(Tsukuba Space Center)
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Topics in this presentationTopics in this presentation

(1) Progress in long(1) Progress in long--term cycleterm cycle--life testing of life testing of 
lithiumlithium--ion cells (batteries) simulated spacecraft ion cells (batteries) simulated spacecraft 
operationoperation

(2) High(2) High--rate design with thin electrode layer for rate design with thin electrode layer for 
LEO applicationsLEO applications

(3) Performance comparison of lithium(3) Performance comparison of lithium--ion cells ion cells 
with different electrolyte materialswith different electrolyte materials
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(1) Typical life performance(1) Typical life performance

Cell typeCell type Elliptic cylinderElliptic cylinder

RatedRated 100100

NominalNominal 110110
CapacityCapacity

CathodeCathode LiCoOLiCoO22

AnodeAnode GraphiteGraphite

Nominal voltage, VNominal voltage, V 3.73.7

Weight, gWeight, g 2,8002,800

WidthWidth 5050

LengthLength 130130

HeightHeight 208208

Wh/kgWh/kg 145145

Wh/lWh/l 328328
Energy Energy 
densitydensity

Dimensions, Dimensions, 
mmmm

Manufactured by Manufactured by 
GSGS--Yuasa Technology Ltd.Yuasa Technology Ltd.

100100--Ah cell with graphite anode and LiCoOAh cell with graphite anode and LiCoO22 cathodecathode
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(1) Typical life performance(1) Typical life performance

LEO simulation testing: 40% DODLEO simulation testing: 40% DOD

End of chargeEnd of charge

End of dischargeEnd of discharge

Taper voltage Taper voltage risedrised
from 3.95 V to 4.0 Vfrom 3.95 V to 4.0 V

Ambient temp. 15Ambient temp. 15ººC, C, 5 cells in series5 cells in series
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(1) Typical life performance(1) Typical life performance

LEO simulation testing: 25% DODLEO simulation testing: 25% DOD

40% DOD40% DOD
temporallytemporally

End of chargeEnd of charge

End of dischargeEnd of discharge
58 mV58 mV

44 mV44 mV

Ambient temp. 15Ambient temp. 15ººC, C, 5 cells in series5 cells in series
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(1) Typical life performance(1) Typical life performance

GEO simulation testing: 80% DODGEO simulation testing: 80% DOD

End of chargeEnd of charge

End of dischargeEnd of discharge

Taper voltage raised Taper voltage raised 
from 3.95 V to 4.0 Vfrom 3.95 V to 4.0 V

To 4.05 VTo 4.05 V To 4.1 VTo 4.1 V

Ambient temp. 15Ambient temp. 15ººC, C, 5 cells in series5 cells in series
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(1) Typical life performance(1) Typical life performance

GEO simulation testing: max. 70% DODGEO simulation testing: max. 70% DOD

End of chargeEnd of charge

End of dischargeEnd of discharge

Taper voltage risingTaper voltage rising

10 cells in series10 cells in series

Eclipse periodEclipse period
RealReal--time testing with 40%, 60%, time testing with 40%, 60%, 
70% DOD (total 45 days).70% DOD (total 45 days).
Ambient Temp. 15Ambient Temp. 15ººCC

SunSun--shine periodshine period
ThermallyThermally--accelerated simulation accelerated simulation 
for fullfor full--charge storage: 10 days at 25charge storage: 10 days at 25ººC C 
to simulate a half of year at 0to simulate a half of year at 0ººCC

32 mV

48 mV

(Correspond to 10 years operation)
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Temperature history

Cell temperature in eclipse period

Max. temperature

Incubator 
temperature

583rd cycle
Incubator maintenance

Max. dispersion: 4OC

Showing only cyclic 
change in eclipse 
period
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(1) Typical life performance(1) Typical life performance

SummarySummary

Large LithiumLarge Lithium--ion cells evaluated at JAXAion cells evaluated at JAXA
with with LiCoOLiCoO22 cathodecathode and and graphite anodegraphite anode

Meet the general requirements for LEO and GEO missionsMeet the general requirements for LEO and GEO missions

1) high voltage retention1) high voltage retention
2) small cell voltage dispersion2) small cell voltage dispersion
3) low cell3) low cell--temperature risingtemperature rising
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(2) High(2) High--rate designrate design

Design conceptDesign concept

Impedance increase with cycling is responsible for performance Impedance increase with cycling is responsible for performance 
fading of a lithiumfading of a lithium--ion cell with LiCoOion cell with LiCoO22 cathode in our knowcathode in our know--
ledge. To improve cycleledge. To improve cycle--life performance of the cell, we should life performance of the cell, we should 
suppress cell impedance bysuppress cell impedance by

●● increasing electrode surface areaincreasing electrode surface area
decreasing electrode thickness.decreasing electrode thickness.
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(2) High(2) High--rate designrate design

Manufactured by Manufactured by 
GSGS--Yuasa Technology Ltd.Yuasa Technology Ltd.

4040--Ah cell with graphite anode and LiCoOAh cell with graphite anode and LiCoO22 cathode: cathode: 
thinner electrode layer than that of 100thinner electrode layer than that of 100--Ah cellAh cell

Cell typeCell type Elliptic cylinderElliptic cylinder

RatedRated 4040

NominalNominal 4545
CapacityCapacity

CathodeCathode LiCoOLiCoO22

AnodeAnode GraphiteGraphite

Nominal voltage, VNominal voltage, V 3.73.7

Weight, gWeight, g 1,5001,500

WidthWidth 5050

LengthLength 130130

HeightHeight 123123

Wh/kgWh/kg 111111

Wh/lWh/l
Energy Energy 
densitydensity

Dimensions, Dimensions, 
mmmm
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(2) High(2) High--rate designrate design

LEO simulation testing: 40% DODLEO simulation testing: 40% DOD

Five 100Five 100--Ah cells in seriesAh cells in series

Voltage comparison at end of dischargeVoltage comparison at end of discharge

Ambient temp. 15Ambient temp. 15ººC, C, taper voltage 3.95 Vtaper voltage 3.95 V

Five 40Five 40--Ah cells in seriesAh cells in series
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Five 100Five 100--Ah cells in seriesAh cells in series
Ambient temp. 15Ambient temp. 15ººCC

Five 40Five 40--Ah cells in seriesAh cells in series

(2) High(2) High--rate designrate design

LEO simulation testing: 40% DODLEO simulation testing: 40% DOD

Comparison of charge curves (cycle 500)Comparison of charge curves (cycle 500)
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(2) High(2) High--rate designrate design

SummarySummary

HighHigh--rate designedrate designed lithiumlithium--ion cellsion cells
with LiCoOwith LiCoO22 cathode and graphite anodecathode and graphite anode

Promising for LEO  operation Promising for LEO  operation 
due to slow impedance increase with cyclingdue to slow impedance increase with cycling
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(3) Alternative cathode materials(3) Alternative cathode materials

Cell typeCell type Elliptic cylinderElliptic cylinder

RatedRated 5050

NominalNominal 5353
CapacityCapacity

CathodeCathode LiNiLiNi11--xx--yyCoCoxxAlAlyyOO22

AnodeAnode GraphiteGraphite

Nominal voltage, VNominal voltage, V 3.63.6

Weight, gWeight, g 1,4001,400

WidthWidth 5252

LengthLength 130130

HeightHeight 123123

Wh/kgWh/kg 136136

Wh/lWh/l 254254
Energy Energy 
densitydensity

Dimensions, Dimensions, 
mmmm

Manufactured by Manufactured by 
GSGS--Yuasa Technology Ltd.Yuasa Technology Ltd.

5050--Ah cell with graphite anode and Ah cell with graphite anode and LiNiLiNi11--xx--yyCoCoxxAlAlyyOO22 cathodecathode
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(3) Alternative cathode materials(3) Alternative cathode materials

GEO simulation testing: GEO simulation testing: 80%80% DODDOD

Five 100Five 100--Ah cells with LiCoOAh cells with LiCoO22 cathode in seriescathode in series

Voltage comparison at end of dischargeVoltage comparison at end of discharge

Ambient temp. 15Ambient temp. 15ººC, C, taper voltage 3.95 Vtaper voltage 3.95 V

Five 50Five 50--Ah cells with Ah cells with LiNiLiNi11--xx--yyCoCoxxAlAlyyOO22 cathode in seriescathode in series
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(3) Alternative cathode materials(3) Alternative cathode materials

GEO simulation testing: GEO simulation testing: 80%80% DODDOD

CapacityCapacity--retention comparisonretention comparison

Five 50Five 50--Ah cells with Ah cells with LiNiLiNi11--xx--yyCoCoxxAlAlyyOO22 cathode in seriescathode in series

Five 100Five 100--Ah cells with LiCoOAh cells with LiCoO22 cathode in seriescathode in series
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(3) Alternative cathode materials(3) Alternative cathode materials

Cell typeCell type PrismaticPrismatic

RatedRated 14.614.6

NominalNominal 15.515.5
CapacityCapacity

CathodeCathode LiMnLiMn22OO44

AnodeAnode GraphiteGraphite

Nominal voltage, VNominal voltage, V 3.873.87

Weight, gWeight, g 570570

WidthWidth 30.530.5

LengthLength 73.573.5

HeightHeight 115115

Wh/kgWh/kg 105105

Wh/lWh/l 233233
Energy Energy 
densitydensity

Dimensions, Dimensions, 
mmmm

Manufactured by Manufactured by 
Mitsubishi Heavy Industries, LTD.Mitsubishi Heavy Industries, LTD.

14.614.6--Ah cell with graphite anode and Ah cell with graphite anode and LiMnLiMn22OO44 cathodecathode

Aluminum case Aluminum case 



24

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

0 1000 2000 3000 4000 5000 6000

Ce
ll 

vo
lta

ge
 / 

V

Cycle number

(3) Alternative cathode materials(3) Alternative cathode materials

LEO simulation testing: 25% DODLEO simulation testing: 25% DOD

Voltage comparisonVoltage comparison

Four 14.6Four 14.6--Ah cells with Ah cells with LiMnLiMn22OO44 cathode in seriescathode in series
Ambient temp. 15Ambient temp. 15ººC, taper voltage 4.15 VC, taper voltage 4.15 V

Voltage decline Voltage decline 
46 mV46 mV40% DOD40% DOD

temporallytemporally
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(3) Alternative cathode materials(3) Alternative cathode materials

LEO simulation testing: 25% DODLEO simulation testing: 25% DOD

ChargeCharge--discharge curvesdischarge curves

Cycle 5600Cycle 5600
Cycle 150Cycle 150

Four 14.6Four 14.6--Ah cells with Ah cells with LiMnLiMn22OO44 cathode in seriescathode in series
Ambient temp. 15Ambient temp. 15ººC, taper voltage 4.15 VC, taper voltage 4.15 V
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(3) Alternative cathode materials(3) Alternative cathode materials

SummarySummary

LithiumLithium--ion cellsion cells
with with LiNiLiNi11--xx--yyCoCoxxAlAlyyOO22 (LiMnLiMn22OO44) cathode) cathode materialmaterial

Expected to be a candidate for one of the alternative of Expected to be a candidate for one of the alternative of 
LiCoOLiCoO22 cathode for GEO (LEO) mission cathode for GEO (LEO) mission 
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ProspectProspect

Large capacity LithiumLarge capacity Lithium--ion cellsion cells

Under qualification for a few satelliteUnder qualification for a few satellite-- and and 
rocketrocket--projects at JAXA projects at JAXA 

(1) Continue on(1) Continue on--ground real time cycleground real time cycle--life testinglife testing
(2) Optimize the operation conditions in a space environmen(2) Optimize the operation conditions in a space environmentt
(3) Establish database with different electrode materials(3) Establish database with different electrode materials
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