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Abstract

The research and development of space exploration such as the moon, mars and other planets or comets, and so
on have been emphasized recently. One of the key technologies to operate missions successively is the energy stor-
age and its supply. The research and development of the high energy density lithium-ion battery is indispensable
to realize the stay on the moon overnight for the unmanned first step lunar exploration. In this paper, we will pres-

ent the cycle-life performance of the high-energy density lithium-ion cells for the lunar exploration.
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Fig. 2 Image of operating condition on lunar surface
compared with satellite.
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Fig. 3 Temperature profile on lunar surface at low
latitude.

Table 1

Power source for night survival on lunar surface.
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Power Source for Night Survival on Lunar Surface

N/A ~ Primary Cell  Solar Cell and Energy Strage  Nuclear Power
(Hibernation) Li-ion RFC RHU RTG FPS
Application on Surveyor Penetrator  None None Lunokhot ALSEP None
Lunar Surface
(Heritage)
Electric Power 0 <1W 10W-100W  100W-10kW 1W 100 W-1 kW 10 kW-100 kW
Place All Area Low-Mid All Area All Area All Area All Area All Area
Latitude
Life (Year) - <1 >1 >3 >10 >10 >10
Technical Issue Reliability None > 200 Wh/ kg, Lightweight  Safety Safety, Safet?/,
Wide temp. = >480Wh/kg Converter ~ Small Size
rang furnace

RFC: Regenerative Fuel Cell
Lunokhot: Russien Lunar Surface Experiment Program
ALSEP: Apollo Lunar Surface Experiments Package

RHU: Radioisotope Heater Unit
RTG: Radioisotope Thermoelectric Generator
FPS: Fission Power Source
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Fig.4 Desirable temperature range for lunar explora-
tion.
(ref. Temperature range of COTS cell and cell for satel-
lite)
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Fig.5 Regenerative Fuel Cell (RFC) system.
(Left: RFC image, Right: Small size demonstration
model (100 W))
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Table 2 Specification of Lithium ion Cell (LIB) designed
for lunar exploration.

[tem LIB for Lunar  LIB for Satellite
Exploration

Cathode host material LiCoO2

Anode host material Graphite

Nominal Capacity/Ah 59 @44V 46@41V

Voltage / V 3.88 3.70

max.Charge rate 0.1C 05C

(continuous)

max. Discharge rate 03C 10C

(continuous)

Dimension / mm W98 xD37xH159

Mass / kg 1.07 1.10

Energy Density / Wh/kg 213 151
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Fig. 6 Prototype model of High-energy density Lith-
ium ion cell for lunar exploration.
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Fig.7 Operating condition.
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Table 3 Operating condition for prototype cell for

lunar exploration.

[tem

Condition

Operation

Test @, Test @

Temperature (Sunshine)

+50°C, +40°C

Temperature (Night) -20°C, -30°C,-40°C
Charge V (Initial, upper limit) 43V, 44V
Discharge Capacity 49.2 Ah

Lower limit Voltage 27V

Test 1) C 25cyc~|
Chg.4.35V

38 [’End of Discharge Voltage
2 T i e fetC ] T
% 3.4 Y (20 cycle™)
S 32
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Fig.8 End of discharge voltage and average discharge
voltage trend.
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(b) Temp condition A, B and C (Test )
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Fig. 10  dQ/dV profile of Test ® B (16 cycle) and C (20
cycle).
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