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Fig. 1  The flowchart of the proposed method
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Fig. 11  Initial sample points in the six design regions of the hexagonal stiffened structure
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Table 2 Comparison of standard deviations of bolt loads before and after optimization of the hexagonal stiffened structure

No. bolt 1 2 3 4 5 6 std

After optimization 0.77 0.21 0.23 0.86 1.49 1.44 0.5579
Before optimization 0.87 0.65 0.44 1.01 1.05 0.98 0.2406
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AN OPTIMIZATION DESIGN METHOD OF THE BOLT POSITION*

Xu Yanwei''>  Wang Yuhong'® Li Wensheng'*" Liu Sicheng'*" Cheng Quanshi'”’
Shen Chao'? Li Xiang’ Fan Jintao'’
(1. Aerospcae Precision Production Co. Ltd, Tianjin 300300, China)
(2. Tianjin Key Laboratory of Fastening Technology, Tianjin 300300, China)
(3. Guizhou Aerospace Precision Products Co Ltd. Zunyi Guizhou 563000, China)
Abstract Bolt joint is one of the most important connection forms in mechanical structures. Reasonable bolt po-
sition distribution can effectively reduce bolt load, but there is still a lack of relevant optimization design meth-
ods. This paper presents a method suitable for bolt position optimization of complex structures. In the method,
firstly, the perforated region is discretized to obta in coordinates of the nodes on the boundary of design region
then expressed in polar coordinates. Bolts’ positions are also expressed by pole diameter and pole angle. The de-
sign variable consists of pale diameter and pole angle. The constraint condition is determined by the polar diame-
ter and polar angle of the design area boundary. Design objectives are determined by the designer. The design
objective adopted in this paper is to minimize the variance of bolt load. Then, parametric samples and batch sim-
ulations are carried out in the design space to generate data sets, and a proxy model was constructed. The spider
monkey optimization algorithm is used to optimize the location of bolt. Finally, using the optimization method of
this paper,a program is written, and the corresponding calculation example is given. The results show that the

proposed method can effectively optimize bolt position.

Key words Bolted connection, location optimization, design method
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