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Fig.3 Material strain—stress curves
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Fig.6  Residual stress distribution along hoop direction
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Fig.8 Curve of residual stress distribution along radial direction
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Fig.13  Flow chart of strain fatigue calculation
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Table 4 Fatigue life calculation results(spectrum block)

FHRABE Morrow &1 SWTIE
JRITN 7 1 AR L
Neuber % 10.4 4.5
&1 Neuber #: 10.8 4.7
& IE Stowell i 7.4 32

& 22

o RS IARR F

Fig.22 Second set of fatigue test pieces

HRRTRZETE RN N BEWIA SO A R T 5 . il i i
ASSCHIT 5 7 7 RE A8 B MEAf b 20 A TR 45 R 8 57 77
i, PR R SHIFRT RIHEE5M 1) A fr pAG T

3 &g

MW, AT E LR 4518

(1) G 54 8 22 e A i SO 07 L, BB M 3t
ARIBGER A 25 R L) FISEAR 7341 PR T S K o

(2) AR3CT7 12 REAS MR ML PEAS TR A A S5 AL B 7 (9%
5574 , BERS AT S WF T W 1T R IR R 9 A7 iy DA Dk
T X IFRI I HA, AT R A 75 AR

(3) AT L RERSHER AR U T A F T EH R 5k
T35, T AT IR GFER R AR, DFFE R AR )
X RB T AR

SEW

(1] BRI, 2805, i, 55 RIS IR S T fLaR A HoR 25
R[] HUBEEREE, 2011, 33(5): 749-753.
Qian Xiaoming, Jiang Yinfang, Guan Haibing, et al. Research

and application of strengthening technology for fastening holes

(5]

(8]

of aircraft structures[J]. Journal of Mechanical Strength, 2011,
33(5): 749-753. (in Chinese)

Bombardier Y, Li G, Renaud G. Fatigue life prediction at cold
expanded fastener holes with ForceMate bushings[C]//
Springer Nature Switzerland AG 2020. ICAF 2019, LNME,
2020.

Cayton M, Bunch J, Walker P, et al. Test demonstrated
damage tolerance of F-22 wing attach lugs with ForceMate™
bushing[C]//2017 ASIP Conference Proceedings,2017.

Eug, B, e AT R SR SR G & LA
PETFEREL] MU TREAL L, 2020,44(7):46-50.

Wang Qiang, Zhao Yong, Ni Menglong. Fatigue properties of
aluminum alloy hole structure strengthened by high
interference fit bushing technique[J]. Materials for Mechanical
Engineering,2020,44(7):46-50. (in Chinese)

WG, IR, HEAR, L NAIRIL A B ik T4
WEFE ] HLIER BE,2016,38(5):1093-1098.

Cao Zenggiang, Hu Zhaoyang, Gan Xuedong, et al. The
research of bushing strengthening process on short edge-
margin hole[J]. Journal of Mechanical Strength, 2016, 38(5):
1093-1098. (in Chinese)

Garcia-Cosio J, Mirén E, Costagliola F, et al. Simulation of
residual stresses due to cold-expansion bushing installations
[C)// Application to Fatigue Life Evaluation. 2011 SIMULIA
Customer Conference,2011.

Federal Aviation Administration. MMPDS-08 Metallic materials
properties development and standardization[S]. FAA, 2013.
5, ARk, SRR, 4. TCAMRV B R A A Tou 51l
UOUET]. WS (CT520R) ,2017,51(8): 1610-1618.
Wang Xing, Xu Wu, Zhang Xiaojing, et al. Numeral prediction
and experimental verification of fatigue life of TC4 plate
strengthened by cold expansion[J]. Journal of Zhejiang
University(Engineering Science), 2017, 51(8): 1610-1618. (in
Chinese)

KRR, SRS, T 54E, 55 FLYS B A FROCH B AP (Y £ 43 57
T 3L B T T). A, 2019, 40(4): 422674,

Du Xu, Zhang Teng, He Yuting, et al. Determining position of
reaming interface in cold expansion FEM simulation[J]. Acta

Aecronautica et Astronautica Sinica, 2019, 40(4): 422674. (in
Chinese)



“HFE S A EM Aircraft Structural Fatigue and Reliability 105

[10] ik, WHsm, JKIL, 55 . TCA-DT k& S 454 k2 #F & [12] SEZLEE, XI/NA, £ 5342, 45 SHPM FORTEHTHLA ] Hh g 52

SRACBE AL S BRI TE (], PHAE Tl 32541, 2018,36(4):
701-708.

Huo Lubin, Cao Zenggiang, Zhang Fan, et al. Numerical and
experimental study on TC4-DT titanium alloy structure after
double cold expansion[J].Journal of Northwestern Polytechnical
University, 2018,36(4):701-708. (in Chinese)

1] s Tl SRR A HORZE 5y 25 . AR 57 434 T M. JE st
Rl L, 1987.

Science and Technology Committee of the Ministry of Aviation
Industry. Strain fatigue analysis manual[M]. Beijing: Science

Press, 1987. (in Chinese)

PR 5 R R  MERAHAR,2020,31(7):72-79.

Dui Hongna, Liu Xiaodong, Wang Yongjun, et al. SPHM
technology practice and development in a new generation of
fighter[J]. Aeronautical Science & Technology, 2020, 31(7):72-
79. (in Chinese)

R JHUHE, KRk, KA, 45 RS B HE R Bk G A R AR N T Bk
FHRYRITTE )] A2 B2 R, 2020,31(6):73-77.

Miao Didi, Zheng Da, Zheng Kan, et al. Experimental study on
residual stress and fatigue of titanium alloy by rotary ultrasonic
milling[J]. Aeronautical Science & Technology, 2020,31(6):73-
77. (in Chinese)

Evaluation of Fatigue Life of Lug with Cold Expanded Bushing

Zhang Zhixian, Zhang Lixin, Wang Fan
AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610041, China

Abstract: Cold expanded bushing is installed by cold expansion with high interference, which is mainly applied to
improve fatigue property and damage tolerance property. Although it has been proved by tests that the fitting of press-
fit bushings can effectively improve the fatigue life of lugs, there is still no reasonable and effective analysis method to
evaluate the fatigue life improvement. To address this gap, a methodology is developed to analytically determine the
fatigue life improvement resulting from the installation of cold expanded bushings by explicitly taking into account the
residual stresses and the effect of high interference fit bushings. Firstly, the installation process of cold expanded
bushing is simulated and analyzed, and the simulation method is verified by process test, which proves that the
accurate three-dimensional residual stress distribution can be obtained by simulation analysis. Then, the load-stress
relationship is obtained through the stress analysis, and the methodology of fatigue life evaluation is studied. The
analysis results are basically consistent with the test results through fatigue test, and the analysis method is
reasonable and feasible. This method can be used in the structural design stage to evaluate the fatigue life of lug with
cold expanded bushing, which reduces the dependence on fatigue test and improves the efficiency of fatigue life
evaluation.

Key Words: residual stress; fatigue life; cold expansion; bushing; simulated analysis
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