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Fig. 1 Schematic of composite cylindrical shell structures with three typical stiffened configurations
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Table 1 Initial design parameters of composite-stiffened

cylindrical shell structures
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composite material
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Fig. 2 Axial compression load curve of horizontally
placed hexagonally stiffened cylindrical shells under

different mesh sizes
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Fig.3 Variation curves of kinetic energy/internal energy
with loading displacement of a horizontally placed
hexagonally stiffened cylindrical shell under different

loading rates
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Fig.4 Load-displacement curves of a composite horizontally placed hexagonally stiffened cylindrical shell structure
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Fig. 5 Influence law of skin layup sequence on the
ultimate load of composite cylindrical shell structures with

three typical stiffened configurations
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Fig. 6 Damage patterns of composite horizontally placed hexagonally stiffened cylindrical shell structures

under different skin layup sequences



2026 4%

LW, A RTINS A A RN A T S e e A i

27

VIR A 5
it [wban) i)

f ................................................ I ..... :

PIZRREA

T, L 1
B 1 07 A
A i
BROCERL FE| | HFTMIGA+NLPQLP o
pa— P ARy | I PaL?] Iz
— — || FIRERAE T
s = =Eed)
lm@mﬁﬁﬁﬁﬂ | IR swanntes | o
l N ]
|| B [P U O
e 4of) R IR

E7

FFILBEMME L 5% R

Fig. 7 Process of sequential approximation optimization method

A BRICTH RS R AN GREAR SES, RliE
BT RIAAS,  E YL
[|f(xi+]>7f(xl>| <

<A
% s (1)
f(xz)

e f () NABRITIFEAE; f (x) AR BEAR AR
AE s A MISERIE, RIZNF0.1%.
33 HUERELR

K 3.2 77 BT i 14 7 83 AL Ak 2 %o i =X
(10> JIr 7R 0526 B 7 153 A 56 45 44 110 Ak ) T ik
iR, I LA R 53 )5 R iR 22 RMSE
B by R 56 1 BRASE FRORS B2 () b o, %0 Rk S T
10K, THAZRME S Fin. ME AN, 35ty
(1 52 G M Ak I A5 0 A 5 245 A e P 3 7 1 R 38 K
T0.91, RMSE®I/NT0.11, % B A4 2 it £ J AL 7Y
HAR WA R/ REEpae ), THTE 8k
T g (B k52 S5 R e Ak e o

&9 3R R R AR ALk AR 4L, R4 Mtk
TRV ZE R SR A FRIT A i a5 5 . BB 9 T LU
W, PSR RILIL)E , R0 3 R R
AL I R B TS, it 10 ARk
FRJ5 3 R AL Y ) 52 G b4 RE B EE 72 45 48 Y LAk
SRR BICSCIRA o W ARIE DAL 5 R 3 0 1Y
AL, DL 3 R 7 A 52 A A Rk B A 5T 6 A Xt
NP AR EAE D B, WItRit S8R, K
10 4350 25 0 T DA S B9 26 R Rk i [ A 76 25 74
e R 2 fer AR AR R THIR . WTLLE S, B
B OB B 7S 30 T8 A7 [ 7 25 4 1 A B 24
RO BCR R TR R Y R K, 4 i Dk 37.5% A

31.8%, KWLl BYAEfih e 38 fr B 42 TH 5 4 RHE
FETE A AR A RE O ROCR AR X e

1.00 0.11
0.99- 40.10
10.09
0.98f 1o0s
0.97r O\ 007
0.96f / 0.06 o
B 10.05
= 0.95} A’ lo.04
0.941 Jo.03
0.93+ 40.02
L 0.01
0.92 CIN=H-R —v—aS R RMSE
0.91- e HEABE R e SEAMERMSE | o)
A B ANUH R e BEAMMRMSE |
09 3 6 8 10 002
ISR E
B8 FIZEmERMREENIANEE

Fig. 8 Approximation accuracy of sequential radial basis

function surrogate models

R4 ERBGHIMESHENGERSSH
B 5 R
Table 4 Optimization results of the three composite-
stiffened cylindrical shell structures with

damage considered
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Fig. 9 Optimization iteration results of

the three configurations
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Fig. 11 Load-displacement curves and damage patterns of composite-stiffened cylindrical shell structures
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Post-Buckling Optimization of Composite-Stiffened Cylindrical Shells

Incorporating Progressive Damage

WANG Yue"?, WANG Zhixiang', LI Daokui"?
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha
410073, China;
2. Hunan Key Laboratory of Intelligent Planning and Simulation for Aerospace Missions, National University
of Defense Technology, Changsha 410073, China)

ABSTRACT: To explore the load-bearing potential and failure modes of composite—stiffened cylindrical
shells under axial compression, post—buckling analysis and optimization design were conducted by incorpo-
rating progressive damage. The ultimate load and failure modes were analyzed using the explicit dynamics
method and Hashin failure criterion. On this basis, the influence of skin layup sequence on the ultimate
load of three typical composite stiffened cylindrical shells was investigated. Furthermore, the sequential ap-
proximate optimization method was adopted to obtain the optimized structures of the three typical compos-
ite—stiffened cylindrical shells. The results demonstrate that under axial compression, the composite trans-
verse hexagonal stiffened cylindrical shell structure shows significant advantages in both load-bearing ca-
pacity and efficiency, with improvements of 37.5% and 31.8%, respectively, compared with the initial de-
sign, and an increase in ultimate load by 10.6% and 4.4%, respectively, with respect to the other two con-
figurations. Under axial compression, the sequential damage and failure of fibers and matrices are the main
mechanisms of crushing failure of stiffened cylindrical shells. Therefore, post—buckling analysis should be
carried out by comprehensively considering material damage and structural stability to obtain the ultimate
load of composite—stiffened cylindrical shells.

KEYWORDS: composite=stiffened cylindrical shell; progressive damage analysis; post-buckling design;

sequential approximate optimization method
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