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Sensitivity Analysis of Mechanical Safety of Explosion Vessel

CAO Yuan'?, HAN Feng?, WANG Tieliang?, LEI Ming?, ZHANG Haibo?

1. College of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China
2. Fifth Laboratory, Northwest Institute of Nuclear Technology, Xi‘an 710024, China

Abstract To identify the sensitive factors in mechanical safety of explosion vessels, a parameter sensitivity analysis model based on the
Latin Hypercube Sampling (LHS) and the Spearman partial rank correlation analysis methods is built. A great number of numerical
simulations and statistical analyses were carried out for the explosion process in a hermetic vessel with this model, the sensitivity values
and the orders of related factors were obtained, the impacts of the sample sizes, the parameter distribution types and the parameter value
ranges on the sensitivity results were analyzed, and a comparison between the method in this paper and other sensitivity analysis methods
was made. It is shown that the volumetric internal energy and the yield strength are the most sensitive factors in mechanical safety of the
sample vessel, the tangent modulus is a relatively sensitive factor, while the elastic modulus and the Poisson’s ratio are insensitive factors.
It is also shown that the volumetric internal energy has a positive correlation with the vessel strain, the Poisson’s ratio has no correlation
with the vessel strain, while other factors have negative correlations with the vessel strain. The sensitivity analysis method presented in
this paper can be used for the sensitivity analysis of various explosion vessels, to provide a quantitative basis for optimizing the vessel
safety design and to enhance the safety in tests.
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Sketch diagram of single—layer

Fig. 1
cylindrical vessel
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Table 1 Distribution types and value
ranges of parameters
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Table 2 Minimal and maximal relative strain and
corresponding parameter combinations
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Table 3 Calculation results for different sample sizes
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Table 4 Calculation results for different parameter
distribution types
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Table 5 Calculation results for different parameter
value ranges
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Table 6 Comparisons of calculation results by using
different sensitivity analysis methods
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