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Fig.1 Geometry configuration of stiffened conical shell
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Tab. 1 Structure parameters table of the stiffened conical shell

A HIER 1 A LI AR PR
Variable Initial value | Variable Initial value | Variable Initial value
R /mm 4750.0 0, /() 4.0 hy/mm 40.0
R,/mm 3750.0 a,,/mm 25.0 1p,/mm 8.0
0/(°) 11.3 b, /mm 80.0 w, /mm 80.0
ap/mm 46.0 ty/mm 2.0 t,,/mm 15.0
by /mm 75.0 Lyz/mm 2.0 t,,/mm 1.5
Cp/mm 6.0 wy/mm 50.0 Ny 40
dyy /mm 2.0 Iyp/mm 6.0 — —
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Fig. 3 Load displacement curves of different scale grids
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Tab.2 Calculation results of different scale grids in the

reinforcement

TR Fike P9 A% EX Number of grids in the reinforcement
Calculation result ~ 5x10 10x10 10x20  15%20  15x30

B H\

1+ﬁ%% T 0.58 0.61 0.74 0.92 1.03
Computing time/h

FEMT 1L
Time consuming 0.56 0.59 0.72 0.89 1
ratio

T&Fﬁﬁﬁ? 4.07x107  3.39x10" 2.28x107 2.15x107 2.04x10’
Ultimate load/N

AT R

99.51 66.18 11.76 5.39 0

Load error/%
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Tab.3 Value range of the reinforced conical shell structure

parameters
7AF B Variable -FR Upper limit T FR Lower limit

@y /mm 45.0 80.0
by /mm 60.0 90.0
Cpg/mm 3.0 10.0
d i /mm 3.0 10.0

O/ (*) 4.0 5.0
@ /mm 20.0 40.0
b /mm 75.0 100.0
Ny 40 100
t1x/mm 3.0 10.0
fyyx/mm 3.0 10.0
wp/mm 30.0 60.0
Lyp/mm 3.0 15.0
hg,/mm 30.0 100.0
tg,/mm 3.0 15.0
w, /mm 50.0 100.0
L, /mm 3.0 15.0

t,,/mm 12 15
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Fig. 4 Diagram of the nearest neighbor sampling method
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and Co-Kriging approximation model
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Fig.9 Mass iteration history and displacement nebulogram of

reinforced conical shell structure
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Tab.4 Optimization results of reinforced conical shell structure

ap/mm 71.32 62.20 61.93 62.37
by /mm 82.71 78.49 72.96 78.66
¢ /mm 4.63 4.93 3.00 4.99
dpy/mm 4.33 3.86 6.26 3.85
00/ () 4.06 4.58 4.44 4.57
ap/mm 30.88 33.27 28.10 32.82
by /mm 92.29 91.91 83.61 91.71
- 68 44 70 43
{1 /mm 3.56 3.03 483 3.03
Ly /mm 5.32 6.81 5.75 6.87
0 p/mm 34.51 48.37 41.66 4775
typ/mm 5.38 7.30 6.78 7.31
hg,/mm 75.09 97.46 77.84 97.05
t;,/mm 3.51 4.85 4.14 4.88
w, /mm 81.70 74.33 70.95 74.29
t,,/mm 11.15 14.75 9.12 14.43
£, /mm 1.48 1.23 1.31 1.23
Mikg 3270.84 2963.37 3149.87 289299
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Data driven multi-fidelity approximate modeling optimization of stiffened

conical shell for large launch vehicle

CHEN Chaolei'

WANG Zhixiang” LEI Yongjun®’

WANG Jie'

(1. Unit 63768 of the People’s Liberation Army of China, Xi’an 710600, China)

(2. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

(3. Hunan Key Laboratory of Intelligent Planning and Simulation for Aerospace Missions, Changsha 410073, China)

(4. Beijing Institute of Aerospace Systems Engineering, Beijing 100076, China)

Abstract: In order to improve the load-bearing efficiency of the stiffened conical shell in large launch vehicle, the

lightweight design of the stiffened conical shell was carried out via a data-driven multi-fidelity approximate modeling

optimization method. Aiming at the problems such as low efficiency and insufficient accuracy of the single fidelity

approximate modeling optimization method, a data-driven multi-fidelity approximate modeling optimization framework was

built based on variable-fidelity expected improvement (VF-EI) point criterion, and accordingly the optimization design of

stiffened conical shell structure was carried out. Based on the finite element models of stiffened conical shells with different

mesh sizes, a Co-Kriging multi-fidelity approximate model for the collapse load of stiffened conical shells was established. In

the optimization iteration, multi-fidelity sampling points were generated by using VF-EI point criterion, and the global and

local approximation accuracy of Co-Kriging multi-fidelity approximation model was improved sequently. Moreover, the

optimization efficiency and accuracy of the proposed method were demonstrated by comparing with radial basis function

approximation model and Kriging model. Besides, 11. 5% weight reduction of the optimized stiffened conical shell structure

is obtained compared with the initial design, which has certain engineering application value.

Key words: Stiffened conical shell; Multi-fidelity approximate modeling; Sequence approximate optimization method,;

Lightweight design; VF-EI point criterion
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