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Lightweight optimization of skinned purlin structure in launch

vehicle based on sequential radial basis function

WANG Zhixiang' , OUYANG Xing® , WANG Bin® , ZHANG Dapeng' , LEI Yongjun'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;

2. Beijing Institute of Aerospace Systems Engineering, Beijing 100076, China)

Abstract; Taking the lightweight optimization of skinned purlin structure in large-scale launch vehicle as the research background, the post-

buckling lightweight optimization of large-diameter and large-loaded skinned purlin structure was carried out. In order to achieve ultimate bearing

capacity of the structure, the post-buckling behavior of skinned purlin structure was analyzed based on the parametric model established by Python

code. Considering that discrete topology and continuous size variables were involved in the lightweight optimization of skinned purlin structure,

sequence approximate optimization method based on the surrogate model and combinatorial optimization algorithm was proposed. What's more,

approximate optimal solution was used to accelerate algorithm convergence, which can obtain the final design scheme of skinned purlin structure.

The results of engineering examples show that the sequence approximate optimization method propose in this paper make the weight loss effect of

skinned purlin structure obvious, and verifies the effectiveness of the method.
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Fig.1 Schematic of load versus end-shortening curve for

typical stiffened shell
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skinned purlin structure
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Tab.1 Initial design parameters of skinned purlin structure
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O/ (°) 4.01 tyx/ MM 3.33
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t,,/mm 5.84
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Fig.3 Load-displacement curves and curve of the
radio between kinetic-energy and internal-energy

varying with displacement in different loading speed
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Tab.3 Design spaces of design variables

AR hE TR ER
ap/ mm 45 80
b/ mm 75 120
Cpg/ mm 5 15
dp/mm 5 10
0o/ (%) 4 5
w,,/mm 50 100
t,,/mm 2 15
w,,/ mm 20 50
t,,/mm 2 15
hgy,/mm 50 150
ty,/ mm 2 15

Ny 85 105
typ/ MM 1.2 1.5
A/ Mm 22 50
L1/ Mm 2 10
b/ mm 80 200
Lygy/ M 2 10
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