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Digital Twin System for Space Power-Sources
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Abstract: The digital twin system is a digital simulation system that describes the real system in detail. Based on
the model understanding, prediction, optimization and control of the real system in the virtual space, it has real-time,
synchronous evolution and interactivity with the real system. In order to meet the characteristics of intellectualization,
high maneuverability, and multi-target missions of spacecraft in the future, it is necessary to improve the intelligent
monitoring and management capabilities of the space power-source system. In this paper, the constituent elements of
the digital twin system for space power-sources are analyzed, and the digital twin system is constructed based on the
construction of the digital twin model, new sensing technology, and data-driven principles. According to the principle
that there should be one independent set of power-source system in the sky, the ground, and the digital space, it
realizes accurate state diagnosis and prediction of the space power state of charge (SOC), state of health (SOH), and
other performance, optimizes the control strategy, and improves the power system under the premise of ensuring the
realization of aircraft missions.
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Fig.1 P2D model of lithium-ion battery'™
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Fig.2 Single particle model of lithium-ion battery"’
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Fig.3 3D electro-thermal coupling model of lithium-ion battery
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Fig.5 Joint estimations of battery under multiple states
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Fig.6 New sensors for lithium-ion battery
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Fig.8 Degradation mechanism of lithium-ion battery"’
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