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(a) Bolt torque distribution after tightening
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(b) Torque distribution of bolt subject to transverse vibration
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Fig. 1 Bolt connection structure and bolt torque distribution
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Fig. 2 Relative motion state and mechanical analysis of

the bolt head loading surface
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Fig. 3 Motion state and mechanics analysis
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Analysis of the Mechanical Behavior of Bolt Connection Loosening

Under Transverse Vibration

Zhigen Lin Wenguang Liu Zheng Huang Wentao Liu Xiang Zhang

(School o f Aeronautical Manu facturing and Mechanical Engineering » Nanchang Hangkong University , Nanchang, 330063)

Abstract This study aims to explore the variation law of threaded joints’ loosening under transverse
vibration and examine the mechanical behavior during the loosening process. Using a single-bolted, single-
lap joint structure, a preload degradation model for bolted connections was developed. Friction torque and
shear models were established for both the bearing surface and thread surface. The friction-shear model for
the bearing surface and the thread surface caused by the additional bending moment was also established.
The impacts of vibration amplitude, thread pitch, and initial preload on the variation of bolt preload were
analyzed., and the failure mechanism of bolt loosening was explored through case studies. A transverse vi-
bration test bed was designed and fabricated, and the preload decline curves under different parameters
were obtained, verifying the rationality of the theoretical model between loosening factors and the preload.
The results indicate that when the loosening torque exceeds the combined friction torque of the bolt head’
s bearing surface and the thread surface, the bolt reaches the critical condition for loosening. The friction
torque between the bolt head’s bearing surface and the thread pair’s surface decreases when the vibration
amplitude increases. When the vibration amplitude reaches the critical value, the bolt loosening further ac-
celerates. A higher initial preload makes loosening harder to reach and slows preload decay. Under identi-
cal conditions, larger vibration amplitude and thread pitch accelerate preload decline.

Key words thread loosening, frictional torque, frictional shear, preload





