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Shape parameters optimization of hypersonic vehicle based
on surrogate model
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Abstract: In view of the complexity and difficulty of hypersonic vehicle analysis, a sur-
rogate model was proposed to approximate the true model with complex disciplinary coupling
in the process of performance analysis and optimization. According to the requirements of
cruise mission, the objective of optimization was to optimize the static and dynamic perform-
ance and minimize the model difference. By means of sensitivity analysis, the surrogate mod-
el was established. The static and dynamic performance analysis of the surrogate model was
carried out, and the results of the true model were compared to verify the accuracy of the

surrogate model. It was found that the trend of the trimming characteristics of the two mod-
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els was completely consistent, the difference of angle of attack was less than 3% . and the

difference of elevator deflection angle was only about 20% when the lower angle of the front

body was large. Based on the surrogate model and optimized performance index, the trim-

ming performance optimization and gap metric optimization of the surrogate model’s shape

parameters were compared with the optimization results of the true model and the optimiza-

tion efficiency. It was found that the difference between the two results was less than 2%,

but the optimization efficiency using surrogate model was improved by 456 %. It was proved

that the optimization based on the surrogate model can improve the optimization efficiency

without compromise of the accuracy.
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true model and surrogate model
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Table 7 Single-objective trimming optimization results
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Table 8 Shape parameters corresponding to optimized objectives
(RiAER 7 THRESE A/ m* HIA R B/ O (REAEE THEEREE A/ m* FR T B/ C)
P - W A m /N 1. 02 7.8 i SF T B Fb B R 2.32 4.2
E ¥ A2 1 3¢ /)N 2.32 4.2 AR F WA LR R 2.32 4.2
HE PS8 3 =4 2k B /) 2.32 4.2 PRARME 1.58 6.2
R9 MBI ERE N F
Table 9 Dynamics characteristics corresponding to optimized objectives
e B4 AFRE AL THEE Z 1, AEE T T
T P 25 £ f /S 1.8827 3.6901 1. 9600
TE S 18 i B /) 1.1929 3.3426 2.8021
PEF S8 3 24 2 B i/ 1.1929 3.3426 2.8021
HC S T BH Fe B ok 1.1929 3.3426 2. 8021
AR T R 1.1929 3.3426 2.8021
PRFR(E 1.5745 3.5075 2.2277
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Fig. 8 Gap metrics corresponding to shape parameters

(surrogate model)

10 EREEAUHRMAE
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