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Simulation analysis of buckling of defective cylindrical shell

TONG Zhixue, ZHENG Fei, XIE Miaoxia

(College of Mechanical and Electrical Engineering, Xi‘an University of Architecture and Technology, Xi‘an 710055, China)

Abstract; Based on ANSYS, this paper conducts a simulation study on the external pressure buckling of a
cylindrical shell with initial defects. First, the eigenvalue buckling analysis of the ideal cylindrical shell is carried
out, and the first thirty order linear buckling modes are obtained as the initial geometric defects. Secondly, the
single modal defect method and the combined modal defect method are used to establish the model with initial
geometric defects. The nonlinear buckling analysis is performed by the non-linear stabilization algorithm and the arc-
length method of the finite element method. Then, the critical buckling load is obtained by the static pressure
buckling experiment of the cylindrical pressure shell. Finally, the results of nonlinear buckling analysis are
compared with the experimental results and the calculation results of pressure-bearing structure engineering design
methods. The results show that the arc-length method has higher prediction accuracy than the non-linear stability
algorithm. The results obtained by the engineering design method of pressure-bearing structures are conservative,
and the critical buckling load is much lower than the experimental results. The first-order modal defect is not the
initial defect that has the greatest impact on the critical buckling load, the order of the most unfavorable initial
defect is generally low. The amplitude of the initial defect in the model has a great influence on the critical buckling
pressure, but it has little influence on the modal order of the most unfavorable initial defect. The above two initial
defect construction methods are effective, but the low-order multi-modal combined defect model has higher
prediction accuracy with an error of about 3.55%.

Keywords: cylindrical pressure shell; initial defect; modal defect method; finite element method; non-linear
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Fig. 1 Schematic diagram of the structure of the pressure shell
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Fig. 2 Finite element model of pressure shell
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Fig.3  Analysis results of non-linear stabilization method of

0.1 mm model
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Fig.5 Displacement cloud diagram of non-linear stabilization

method under second-order modal defects
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Fig.6  Displacement cloud diagram of arc-length method under

second-order modal defects

SR B S D X 2 B o %) 5 i 87 A 25 e
B IR (D R 2 A (IRAEK/NA 0.5 mm) |, FRaEAT
T,

K7 518 8 BB 0.5 mm B — 155245 BRFH
BRI AR 2R P A R vk AN ik A A 4 SR, FR ]
P W R R AR RE T B i B R A0 B TLART B )
ﬁﬁwﬁmmﬁzh It H B B B B KR,

e e 1 ) R 22 1 v a4, i LA e AS ) LA ke
B PSS IR B — TR, 2 S0 06 LA i
WEAEA 0.1 mm BSAR[R], BRI AT 240 ke e 1 R/ N e
ASFTUAR] BB RS B RO RE ), TS50 o i
0.1 mm (1) 2 B ASE AR SRR AT RN Y i g R )
0.5 mmF I A i il R SRR T 5 MPa &£ 47, I
RS S I 11 R/ N 54 7 B BE T e AR K

34r (15, 33.475)
./

33 /

(1, 31.875)

AN /\/\/

(13, 30.775)

& \/
8F | \ (6.28.275)
nte 27'475) (4.27.475)
0 2 4 6 8
Bk
E7 0.5 mmERIEEEREENITER

Fig.7  Analysis results of non-linear stabilization method of
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Fig.8 Analysis results of arc-length method of 0.5 mm model
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Tab.2  Analysis results of multi-modal combined defect form
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