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Affine partial least squares-based method for electrical weight estimation in rockets

ZHOU Hao, WANG Aping, YUE Mengyun

(Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: Aiming at the problems of current launch vehicle electrical system weight estimation relying on manual experience and
collaborative design, such as long coordination chains, prolonged work cycles, and large result deviations, as well as the complex
characteristics of this weight estimation problem including strongly coupled and small-sample data in special model prediction, this paper
intends to provide a high-precision intelligent weight estimation scheme. Firstly, key influencing parameters such as engine quantity,
measuring point quantity, and sub-stage size are clarified from a mechanism perspective. Subsequently, model prediction methods are
introduced into this field, and a prediction method based on affine partial least squares regression ( Affine-PLS) is proposed by combining
affine transformation theory from computational graphics. Through data preprocessing, the correlation between variables is enhanced and the
sample space is expanded, solving the defects of incomplete coupling decomposition and easy overfitting of traditional methods. Simulations
are conducted using electrical system quality parameter data as samples, with comparative verification among multiple linear regression,
traditional PLS method and the proposed method. The results show that the prediction results are stable within the range of +15%, and the
accuracy is improved by 40% compared with existing methods, providing an efficient and reliable solution for the electrical system weight
estimation in the overall design stage of launch vehicles.
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Tab. 1 Cross-validation of diverse electrical weight
estimations methods
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Fig. 1 Comparative effectiveness of cross-validation of diverse methods of electrical weight estimations
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