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Research on Influence of Tightening Sequence and Assembly Gap on Preloading Force of

Composites/Aluminum Alloy Laminated Multi-Bolt Structure

LIU Zhitong, AN Luling, ZHAO Cong, QU Zhengtao
(Nanjing University of Aeromautics and Astronautics, Nanjing 210016, China)

[ABSTRACT] This study establishes an assembly model for composite/aluminum alloy multi-bolt joint structures and
investigates the preload distribution patterns of the bolts under four tightening sequences: Sequential tightening, staggered
tightening, tightening from the middle to the ends, and tightening from the ends to the middle. It focuses on three assembly
conditions: No assembly gap, forced assembly with a gap, and gap compensation with shims. By combining experimental and
finite element methods, the preload distribution patterns under the aforementioned tightening sequences were analyzed. The
results show that in cases involving an assembly gap, the bolt preload variation increases as the assembly gap expands. Among the
four tightening sequences, when adopting the sequence of tightening from the ends to the middle, the preload distribution exhibits
better consistency, and the final preload of each bolt is closer to the target preload.
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Fig.1 Research model for composite/aluminum alloy multi-bolt joints
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Fig.2 Schematic diagram of multi-bolt tightening sequence
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Table 1 Material parameters of composite laminates
e

[16]

PERE HfH

Y\ AR E, /GPa 137.5
T ] SR I E, /G Pa 8.52
JELRE )5 ) SRR R B,/ GPa 8.52
10 N B IR G,,/GPa 5.75
AU G /GPa 5.75
MR G,,/GPa 2.67
FIARS s, 0.32
JELRE J5 TR Lty 0.32
JELREJ5 TR Lt 0.46
NI BRI FEX,/MPa 2341
Y\ HT He 5 E X /M Pa 625.9
T TR E Y,/ MPa 25.97
8 ] B0 5 S Y /M Pa 146.8
el B B Z,/MPa 25.97
11 P B VI35 S ,/MPa 88.34
AT YT EES, /MPa 88.34
AN UI5 BE S,/ MPa 83.9

x2 BAESWRERARNSE
Table 2 Material parameters of aluminum alloy plates and bolts

n7

PERE R ek
HMEAR R/ GPa 206 71.7
HER /N 0.269 0.30
A/MPa 496 473
B/MPa 249 210
n 0.93 0.38
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Fig.5 Schematic diagram of equivalent bolt preloading force
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Fig.6 Schematic of boundary condition setup
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Table 4 Comparison of experimental and finite element data
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Fig.9 Strain comparison diagram of composite plate in X-axis direction
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Fig.10 Schematic diagram of deformation for three-bolt joint structure
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Fig.12 Normal direction (direction 3) deformation of joint connected components under forced assembly with assembly gap
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Fig.13 Bolt preload variation with different assembly gap sizes
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