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Abstract

In spacecraft, batteries are used for the electrical power subsystem. In the case of a satellite, solar cells gener-
ate energy during the sun-shine period and can charge the batteries to supply electricity during the eclipse time.
Ni-Cd batteries are most often used for space applications. For the scientific satellite ‘SUZAKU" launched in the
summer of 2005, we used 30 Ah Ni-Cd batteries. To enhance the energy density, JAXA has also developed Ni-
MH and Ni-H, batteries, and has applied these to communication test satellites and interplanetary spacecrafts.
Lithium-ion batteries are currently receiving significant attention because they offer higher energy densities
compared to Ni-Cd, Ni-MH, and Ni-H, batteries. A number of current efforts are focused on applying them to
spacecraft. One example is the STENTOR program, which attempted to apply a SAFT 40 Ah lithium-ion bat-
tery system to a satellite in a geo-stationary orbit. The European piggy-back satellite PROBA uses lithium-ion
batteries produced by AEA based on off-the-shelf lithium-ion cells from SONY. The same technology was also
applied to European planetary missions such as ROSETTA and Mars Express. The Japanese Aerospace Explora-
tion Agency (JAXA) is also developing lithium-ion batteries for spacecrafts in earth orbit and for interplanetary
missions. For the H-II Transfer Vehicle (HTV), a 100 Ah lithium-ion battery has been selected. In the case of in-
terplanetary missions especially, a light-weight and compact battery is critical, and thus lithium-ion batteries are
considered. The HAYABUSA satellite is currently using a 13.2 Ah lithium-ion battery system. The performance
of the battery was confirmed under micro-gravitational conditions in an interplanetary orbit. The satellite RE-
IMET uses 3 Ah lithium-ion pouch cells for the battery system. The M-V launch vehicle has also started to use
HEV lithium-ion cells to control its thrusting system. Based on these applications, it is clear that lighter mass

battery systems are now being realized for space missions.
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Fig. 1 Ni-Cd and Ni-MH cells for space applica-
tions.
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Fig. 2 100 Ah Ni-H, assembly for the ETS-VIII.
The photograph shows half unit of the battery.
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Fig. 3 Ni-Cd batteries installed for the first stage of
the M-V launch vehicle.
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Fig. 4 Thermal battery for the M-V launch vehicle.
The battery is used to control the thrusting vector of
the M-V launch vehicle.

a) Photograph of the out-looking of the battery.

b) One string of the cells in series.
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Fig. 5 H-Il Transfer Vehicle (HTV) and the lithium-

ion cell for the spacecraft.

a) Flight image of the H-Il Transfer Vehicle (HTV).

b) HTV docked by robotic arm to the International
Space Station (ISS).

c) Lithium-ion cell applied to the HTV battery.
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Fig. 6 Discharge curves of the flight battery during
the on-orbit capacity measurement.
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Fig. 7 Trend of the discharge voltage under the vacuum condition. The charge conditions were constant current
constant voltage control at 1.5 A up to 4.1 V for 65 min. The discharge conditions were constant current con-
trol at 1.0 A for 35 min. The depth of discharge was 20%. Temperature was controlled between 0 and 25°C
inside the vacuum chamber. The cells were potted inside the aluminum case using epoxy resin as used for the
flight battery.
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Fig. 8 Discharge performance of the HEV lithium-
ion cell during simulation testing for a M-V third-
stage thrust vector control.
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