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Abstract :

Li-ion battery, which has the advantage of high energy density, is coming into space usage
in recent years. Furukawa Battery Co. Ltd. developed world's first Li-ion batteries for the
asteroid explorer "HAYABUSA" of JAXA, which was launched in 2003. The batteries had rated
capacity of 13.2 Ah, and continued to function normally for 3.5 years in space. Based on the
fundamental technologies of these batteries, we developed 23.5-Ah Li-ion batteries for the Venus
probe "AKATSUKI", energy density and life performance of which were improved according to
the mission requirement.

"AKATSUKI" was successfully launched in May, 2010. In order to keep capacity retention
as high possible, the batteries has been operated at a minimum state-of-charge (SOC), which
corresponds to the required power to restore from the safe hold mode. The batteries have
functioned as expected in the launch operation, eclipse periods, and the Venus orbit insertion
operation so far.

After the Venus orbit insertion failed December, 2010, the spacecraft entered a new
trajectory to reach at Venus five years later. To satisfy the required performance until an
extended mission is completed, we designed the optimum operation plan of the batteries by a
capacity deterioration simulation and planned for restraint of aging deterioration. The
degradation trend of the onboard batteries agreed well with that of the monitor batteries on the
ground and the prediction by a capacity deterioration simulation. The status of the onboard
batteries have been evaluated by the telemetry data of the reset operations, in which all battery
cells are charged to 4.1 V(108% SOC) then discharged to the former SOC (currently 30%) to
mitigate the variation of the battery cell voltages.

"AKATSUKI" succeeded in the Venus orbit insertion operation in December, 2015. The

onboard batteries started operation in the Venus orbit.
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