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Abstract

The spacecraft solar array is a crucial energy supply system for spacecraft, and its performance di-
rectly affects the on-orbit operational life and mission execution capabilities of the spacecraft. To
accurately evaluate and manage the on-orbit performance of solar arrays, this paper proposes a
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method for constructing a mechanistic model of spacecraft solar arrays based on the Particle Swarm
Optimization (PSO) algorithm. Firstly, a preliminary mechanistic model of the solar array is estab-
lished, which can reflect the electrical characteristics of the array. Secondly, the basic principles of
the PSO algorithm and its application in model parameter identification are elaborated. By combin-
ing the PSO algorithm with the mechanistic model, efficient and accurate identification of key model
parameters is achieved, effectively overcoming the drawback of traditional identification methods
easily falling into local optima. Finally, through simulation verification and actual data analysis, the
parameter identification results of the constructed model are analyzed, and the accuracy and effec-
tiveness of the model are verified. The research results indicate that this method can provide relia-
ble theoretical basis and technical support for on-orbit performance evaluation, fault diagnosis, and
health management of spacecraft solar arrays.
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Figure 1. Characteristic curves of I-V and P-V of solar cells
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Figure 2. The equivalent circuit model of a single diode in solar cells
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Table 1. Parameter description of the solar cell array mechanism model
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Figure 3. The calculated and measured current values before and after the correction of
the period number 50, as well as the error
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Figure 4. The calculated and measured current values before and after the correction of the period
number 25, as well as the error
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