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Calculation method of stress intensity factor at deepest point of crack at
opening of ultra-high-pressure vessel

WANG Zhifu', QIN Zongchuan', ZHANG Yu®, NIU Zheng', FAN Haijun', DAI Xingwang'
(1. National Technology Research Center on Pressure Vessel and Pipeline Safety Engineering, Hefei General Machinery Research Institute
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Abstract: Due to the significant variation of the stress gradient at the opening of ultra-high-pressure vessel, the cubic polynomial usually
fitted by the least square method often has a large deviation from the actual stress distribution. To solve this problem, a calculation method
based on piecewise interpolation was proposed. Firstly, based on the theory of stress intensity factor and general weight function, the
calculation formulas were derived by constant interpolation, linear interpolation and quadratic interpolation. Secondly, combining with an
engineering example, based on the elastic stress analysis of a crack free body, the calculation results of the stress distribution characterization
accuracy and stress intensity factor of the conventional least square method, constant interpolation, linear interpolation and quadratic
interpolation were compared and analyzed, and the reliability of the linear interpolation and quadratic interpolation methods was determined.
Then, the influence of data collection on the results of linear interpolation and quadratic interpolation was analyzed, and the practicability of
linear interpolation method was determined. Finally, the results of linear interpolation and finite element analysis were analyzed and verified.
The results show that the representation accuracy of stress distribution is “the least square method < constant interpolation < linear
interpolation < quadratic interpolation”, and the relative error of calculation results is about 15% . With the increase of the amount of
collected data, the calculation results using linear interpolation method can converge faster, which is more suitable for engineering
calculation. The results of linear interpolation and finite element method are highly consistent, which proves the reliability of linear
interpolation calculation.
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