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Study on Pin Load Distribution of Bolted Joints for One Aircraft
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[ABSTRACT] A simplified spring—mass model was proposed to deal with the pin load distribution of bolted joints for
one aircraft. The feasibility of simplified model was proven by a case of low pre-tightening force bolted joints. The reasons
for huge error in the application of simplified model in high-torqued joint were analyzed. To solve the problem, a reduction
coefficient of theoretical friction force and correction factors of pin load distribution based on similarity principle were used
to modify the model. Results show that the modified model can greatly enhance the accuracy of predicting the pin load

distribution of the reached structure with different applied loads and pre-tightening forces. This method provides a good

reference for the simplified calculation of high pre-tightening force multiple-bolted joints.
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Fig.1 Geometric configurations and assemblies of joint
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Fig.2 Bolt-hole clearance diagram of traditional joints and researched joint
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Fig.3 Load-joint displacement diagram of traditional model and simplified model
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Fig.4 Spring—mass model of researched bolted joint
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Fig.5 Finite element model of researched bolted joint
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Fig.7 Mises stress contour of bolts
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Table 2 Elemental values of stiffness matrix

Ky/ON-mm') | KyN-mm') | K/N-mm') P/N | fIN | ¢/mm
29733.5769 | 580363.6364 | 455494.347 | 20000 | 68 | 0.01905
R3 (RMENBERENEIRERSEMLE R
Table 3 Results comparison between theoretical result and simulation result of low pre-tightening force joint
" BTt
F/N F/N Fy/N F/N

AR 5315.76 4645.40 4532.12 4962.72
[E e 5086.35 4994.59 3709.45 5625.30
TRZE % 451 —6.99 22.18 -11.78
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Fig.8 Deformation diagram of plates and bolts
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Table 4 Results comparison between theoretical result and simulation result of high pre-tightening force joint

— ET LA
- F/N FyN F/N
Ll oeat o 5740.96 4400.24 4173.68 5034.88
ke 7573.32 4706.62 3161.77 6812.47
RE % —24.19 32.00 —26.09
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Fig.9 Time-history curves of interpolate clamping force and
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Fig.11 Time-history curves of friction forces by different
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Table 5 Results comparison between theoretical result and simulation result of high pre-tightening force joint

— Al

F/N F,/N Fy/N F/N
FBZER 6674.43 5333.70 5107.13 5968.33
[P 7573.32 4706.62 3161.77 6812.47
RZE % —11.87 13.32 61.53 -12.39
BIERE 1.1347 0.8824 0.6191 1.1414
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Table 6 Modified results comparison between theoretical result and simulation result of case 1

ET R4
He gk R
F/N FyN F/N
BLiboers 8953.09 5410.68 3750.94 8062.84
(L 9070.04 5662.10 4088.05 8159.76
R2Z % -1.29 -8.25 ~1.19
x71 EOHRMEBERERSEIMER T
Table 7 Modified results comparison between theoretical result and simulation result of case 2
— ET LA
R F/N FyN F/N
HipaE R 10337.09 6559.83 4427.11 9390.71
2% SR 10552.20 6667.29 5023.48 9513.12
RE % —2.04 —11.87 -1.29
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