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Table 3 Force and alternating stress of failure bolt

s 1 2 3 4
AR A /N 85 288 779 1629
ZE75 )% J1/MPa 30 102 275 575

Table 1 Dwell vibration condition of helicopter
s 1 2 3 4
SEH/Hz 24 48 72 96
/g 3.6 2.55 2.25 2.25
10?

s B Th R g (g2/Hz)

100 10! 10?
2R Hz

K3 KA RSl M I IR S

Fig.3 Experimental monitor vibration spectrum of aircraft
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Table 2 Load factor and load spectrum of aircraft
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Table 4 S—N curve parameters of root part of
countersunk bolt

i S/MPa N

1 735.6519 100

2 583.7146 1000

3 489.6858 3000

4 392.6453 10000
5 304.0119 3.00E+04
6 243.906 1.00E+05
7 219.8029 3.00E+05
8 168.4181 1.00E+06
9 164.0428 3.00E+06
10 155.4885 1.00E+07

s SE Wi/ Hz R FEL Ve K
1 24 0.06 0.23 24T
2 48 0.31 0.79 487
3 72 0.95 2.13 72T
4 96 1.98 4.45 96T
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Table 5 Fatigue life estimation of fracture bolt

¥ 1 2 3 4
FES/Hz 24 48 72 96
57NV 1/MPa 30 102 275 575
Bl ow sty >107 >10’ 53744 1109
AT 2880 5760 8640 11520
H A 0.00 0.00 0.16 >1
S8t >]
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Table 6 Fatigue life estimation of fracture bolt after

optimization
¥ 1 2 3 4
JEN/Hz 24 48 72 96
IO 0.02 0.11 0.27 0.57
TR AT/N 20 60 135 284
&AL 71/MPa 3 9 19 40
piiN vy >107 >107 >107 >107
HATHIIR 207360 414720 622080 829440
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Fig.4 Experimental monitor vibration spectrum of aircraft

after optimization
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Fatigue Failure Analysis of the Socket Joint Bolt of an Aircraft under Dwell
Vibration Environment

Qu Shaoqi', Wang Wu', Deng Jin?, Zheng Honghai', Wu Henggui'
1. AVIC Jiangxi Hongdu Aviation Industry Group Company Ltd., Nanchang 330024, China

2. Southwest Institute of Technical Physics, Chengdu 610041, China

Abstract: The aircraft structure's vibration model under dwell vibration environment is built by adopting single-
freedom vibration system. The FEA is used to obtain the first bending mode of the aircraft structure. The structure's
acceleration response under every level dwell vibration is calculated by solving the second order difference of the
structure's motion differential equation. The enlarged trend of acceleration response is in consistence with test result.
The fatigue load spectrum is compiled by using structure acceleration response and dwell vibration times. The load
distribution of socket joint bolt and simplified formula calculating the stress of root part of socket joint bolt are
established by using moment equilibrium equations. The alternating stress of root part of socket joint bolt is then
obtained. Combined with Miner fatigue damage theory and material S—N curve, the estimated vibration fatigue life of
socket joint bolt is obtained and is in consistence with the fast fracture phenomenon in test. The method proposed in
this paper provids a guide for the structure optimization to meet the long fatigue life requirement.

Key Words: aircraft; socket joint bolt; dwell vibration; fatigue life; fracture
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