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Ultimate strength analysis of titanium alloy pressure
spherical shell based on continuum
damage mechanics
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Abstract: In this paper, the Bonora damage model based on continuum damage mechanics was adopted to an-
alyze the pressured spherical hulls of deep—sea manned submersibles. Firstly, the loading and unloading test
of TA31 titanium alloy was committed to investigating the parameters of Bonora model. Then, a calibration
method of model parameters was proposed, and the model parameters of TA31 titanium alloy were deter-
mined according to the experimental data. Finally, the Bonora model was embedded into the finite element
software in the form of VUMAT subroutine, and the analysis of ultimate strength of titanium alloy pressured
spherical hull was carried out. The results show that the method based on Bonora model can accurately simu-
late the failure mode and ultimate strength of the pressured spherical hull. In this model, the effects of yield
strength, tensile strength and maximum plastic strain were considered in the constitutive relation of materials,
and the physical meaning of structural failure was more explicit, which has guiding significance for the opti-

mization and promotion of material properties.
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Fig.1 Failure modes of pressure hulls
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Tab.1 Main chemical composition of titanium alloy (%)
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mm Numerical result without CDM model
"""" Experimental data
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Fig.3 The load-displacement curve of TA31 titanium alloy with smooth round bar sample
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