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Equivalent crack analysis method of the cylindrical shell

with prefabricated defects

SHEN Zhibin ,ZHANG Weixing
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Focusing on the problem that the traditional finite element analysis results of the cylindrical shell with prefabricated defects couldnt

be applied on the engineering practice effectively due to the low computing precision of stress and strain, an equivalent crack analysis method with

high redundancy was proposed. Treat the prefabricated defects as typical crack, and analyze the crack stability with the singular crack element

method, then assess the structural integrity of the cylindrical shell with prefabricated defects according to the analytical results of the crack stability.

The analysis result obtained through this new method is more reliable than the traditional finite element method, and it is practical in promoting the

safety margin of the engineering design, especially for the prefabricated defects of cylindrical shell structure working in severe environment with high

risk coefficient like linear explosive separation device of the missile.

Key words: prefabricated defects; singular crack element; linear explosive separation device; structural integrity; equivalent crack analysis.
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Fig.1 The finite element model of the separation device
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Tab.2 The material parameters of the separation device

BPER R A BE BIBIKE

E(MPa) v p(g/em’)  a(1/K)
JYBSTE 70 000 0.30 2.82 2.2x107°
4P 68900 0.33 2.7 2.36 x107°
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Tab.2 The loads in different load cases

Bk 9 BH ShE

(N) (N)  (N-m) (MPa)
Tht— 0 16.7  39.745 0
TH= 347 250  21.114 0.06
TH= 222 306 166.7 0.075
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Fig.2 The Von Mises stress/strain distribution

in the first load case
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Fig.3 The Von Mises stress/strain distribution

in the second load case
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Fig.4 The Von Mises stress/strain distribution

in the third load case
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Fig.5 The construction of singular element through

collapsing the edge 1 —4 of the quadrilateral element
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Fig.7 The planar crack element and solid crack element
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Fig.8 The equivalent crack model of the weaken notch
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Fig.9 The Von Mises stress distribution when

treating the weaken notch as crack
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Tab.3 The crack parameters in the three load cases
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F(MPa /mm)
T— 3.83 -0.19 0.011
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Fig. 10 The equivalent crack model of all the three notches
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Fig. 11 The Von Mises stress distribution when treating all the three notches as crack
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Tab.4 The crack parameters in the three load cases
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