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Abstract

The real-time estimation of the state of health (SOH) for lithium ion batteries is extremely important
for the maintenance of spacecraft. It will support the mission planning of loads, de-orbit of the whole
spacecraft and on-orbit replacement of the batteries in the future. In order to solve the problem of SOH
estimation of lithium battery under dynamic operating conditions in orbit, a SOH estimation method
based on artificial intelligence was designed. First this paper introduces application solution of Li-ion
batteries applied on the large, long life and high reliability GEO satellite platform. By analyzing in-
orbit telemetries from the first flight satellite from 12th, October 2015, Li-ion batteries thermal behavior,
battery management results, battery flight performance, cell voltage consistency and balance function are
verified. Then, this paper analyzes the battery charge and discharge cycle data at different life stages
based on the flight experience of lithium ion batteries on China GEO satellites. For the problem of the
limited number of on-orbit telemetry parameters, we first studied the feasibility of SOH evaluation based
on charging capacity, calendar aging and the time of tapering. The output voltage, current, temperature
and state of charge which can be monitored while the battery is working were extracted and compound
into a new health factor. Based on the first-order resistance-capacity (RC) equivalent circuit model, two
state-space battery models are built. Besides, artificial intelligence based Li-ion battery life assessment and
prediction models were established to solve the estimation problem of SOH and to improve the calculation
efficiency and accuracy. Besides, this paper evaluated the impact on SOH results from different state of
charge (SOC) estimation methods. Finally, through simulation of the end of discharge voltage, it is proved
that this method is pertinent and effective in the evaluation of the SOH of lithium ion batteries in orbit.
More details will be proposed in the full paper.
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