H36 H1W TR AR Vol.3 No.1
2019 4 1 1] Astronautical Systems Engineering Technology Jan. 2019

B T AE e 1% 5 BR 7T B Bt 77 75 B9 M 4% 0 A
2] 55 45 1) J B A B IE R R

gg@ﬁlb%a 9% ., Fh %i‘
(AL Tl K2R 2S 2288, PE2E 710072)

B OE: EEBRARAKATEFTERZZEHNRORAEFANEILTER, KM ZFT 2F2LATH
mA AR R R, BIREHIEL ifrﬁr%}ﬁiii\t%%ﬁﬂkz-—o AR — 25 #dE &) cUﬁTFEJuch
Wik, st Qe ERTER T RMAMGH cEMETT B0 REALZTEFEINT.

7 =¥ Koiter 45 )5 B 65 Newton IR K kA4 4, @it % k& H Koiter & 30 & Rk 3z
AMAER T RZ, AR T HAE R B A At R JUATIE & A 8 69 4F &M R W 34T 18
KR @ DN R AT AL M A dE AT KRBT, 50 T B8 t@ B s s X R 34T 69 % v HLAE
ERIET XM ARAER 7 =0 EGR B, @R F T %5 k£ 4 HIE LR 5
T e Tl BB Ve o AT P 8 A R AR A

KER: FAUARTEN Y & WG ET; Bd; LABRKEH

RESES: O.342 MEKFRERD: A XEHE: 2096-4080 (2019) 01-0017-06

Buckling Load-carrying Capability Analysis of Grid-
stiffened Cylinders Using a Nonlinear Finite
Element Reduced-order Method
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Abstract: The nonlinear finite element (FE) method is a traditional method to evaluate the buck-
ling performance of thin-wall structures. However, this method needs a fine FE grid and repeated
iterative solutions. Therefore, reducing the scale of nonlinear structural calculation is one of the
key issues. In this paper, a novel nonlinear finite element reduced-order method is used to analyze
the structural stability of a grid-stiffened cylinder under a uniform axial load. The method com-
bines Koiter’s initial post-buckling theory with Newton’s arc-length method and uses Koiter’s per-
turbation expansion several times to track the nonlinear equilibrium path of the structure. In this
paper, the buckling loads from structural linear eigenvalue analysis and from the nonlinear struc-
tural analysis with geometric nonlinear effects are calculated and compared. Then, the initial geo-
metric shape imperfections are simulated with lateral small perturbation load, and effects of the
imperfection amplitude on the critical buckling load are analyzed. The numerical accuracy of the
proposed method has been validated and its advantages in computational efficiency for nonlinear

buckling and imperfection sensitivity analysis have also been carefully tested.
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Fig. 1 Basic idea of the nonlinear finite element reduced-order method
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*x1 RNENFHRLEHRTSE (R4: mm)
Tab.1 Dimensional parameters of the

grid-stiffened cylinder (unit: mm)
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Fig. 2 Model of the metal grid-stiffened cylinder
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Tab. 2 The first five order buckling loads obtained

from eigenvalue analysis (unit: kN)
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Fig. 3 Loading response curve obtained from the

structural nonlinear analysis
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Fig. 4 The applied position of the disturbing load
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