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Stress neural network prediction for large-scale flange
bolt groups based on finite element simulation

TANG Zhongxuan, NING Youjun, ZHAO Cheng, GAO Xudong

(School of Mechatronic Engineering, Southwest Petroleum University, 610500 Chengdu, China)

Abstract ; Stress monitoring of large-scale flange connection bolt groups is an important requirement for the
healthy operation of large equipment such as wind turbines. In this work, the finite element simulation re-
sults of the stress on pretensioned flange connection bolts under varying external flange loads are taken as
the data sample, and three neural network models, namely, BP, GA-BP and PSO-BP, are employed to
predict and analyze the stress of the bolt group. The results indicate that, taking the relative error as the
evaluation criterion, the prediction accuracy of the three models decreases with the reduction of the mini-
mum bolt stress value in the bolt group and the increase of the maximum stress difference among the bolts.
The prediction accuracy is higher when the bolt group is in the elastic stage than when some bolts have en-

tered the plastic stage. GA-BP and PSO-BP have higher prediction accuracy than BP, while PSO-BP has
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the highest accuracy. For the high-stress bolts (above 400 MPa) that deserve more attention, the predic-

tion accuracy of all the three models is quite high, all with an overall average error below 2%.

Key words:flange connection bolts; bolt stress; FEM analysis; neural network prediction
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Tab. 1 Material parameters in finite element analysis
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Fig.2 Mises stress distribution of bolt group
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Fig.3 Mises stress distribution at the bolt monitoring point
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