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A Prediction of Fatigue Life for Aviation Hydraulic Pipelines in Combination
with High and Low Cycle Loading

HUA Tengfei, LIU Hao, LI Jing, QIU Yuanying
(School of Mechatronic Engineering, Xidian University, Xi’an 710071, China)

Abstract In order to predict the fatigue life of aviation hydraulic pipelines reliably, on the basis of existing
fatigue life prediction methods being insufficiency for hydraulic pipelines and in view of the stress charac-
teristics of aircraft hydraulic pipelines, the types of loads acting on hydraulic pipelines are analyzed and
their loads are decomposed, a fatigue life prediction method is proposed for the hydraulic pipeline under
combined high and low cycle loading. Subsequently, a simulation analysis is performed on a specific type of
aircraft hydraulic pipeline by using the Ansys Workbench to validate the effectiveness of the proposed
method. Based on this analysis, fatigue life predictions are made in consideration of both high and low cycle
loads, and under no consideration of the effects of high and low cycle loads. The results show that the
effect of combined high and low cycle fatigue loads has a significant influence on the fatigue life of hydrau-
lic pipeline, When the fatigue life of hydraulic pipelines is subjected to the prediction, it is necessary to
consider the effects of both high cycle fatigue loads and low cycle fatigue loads simultaneously.
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Fig.1 Schematic diagram of hydraulic pipeline load
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Fig. 2 Schematic diagram of load decomposition method
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Fig. 3 Aircraft hydraulic pipeline model
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Tab.1 Material parameters of hydraulic pipeline components

0k ﬁfﬁ/ HPEA R/ A
(kg/m®) GPa v
(=g 7 900 204 0.3
E 2 800 66 0.33
EH 2 800 66 0.33
B 2 200 0.28 0.4
SR 2 760 68 0.33
oY 7 750 193 0.3
F2 HMEMBSH
Tab.2 Oil material parameters

W/ PR O/ Bl IR EE/
(kg/m*) GPa (m/s) (Pa-s)

833 0.7 916.7 0.037 5
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Fig.4 Hydraulic pipeline grid
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Fig.5 Acceleration power spectral density
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Fig. 7 Equivalent stress cloud map of working condition 1
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Fig. 8 Equivalent stress cloud map of working condition 2
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Fig. 10 Experimental verification of finite element model of

pipeline
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Tab.3 Test pipeline material parameters

1 R/ A/ HEE/NEA
(kg/m®*) GPa y
k=g 7 850 199 0.25
Bk 7 810 201 0.3
BE 2 200 2.8 0.4
R A 2 2 200 0.28 0.4
S g ) 22 7 850 210 0.28
R 7 750 193 0.3
F4 BEABRHHSH
Tab.4 Hydraulic fluid material parameters
W/ R/ L/ gy TRk B/
(kg/m*) GPa (m/s) (Pa-s)
850 1.666 1 400 0.011 22
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Fig. 11 The measured time history of circumferential strain

at measuring point 1
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Tab.5 Comparison of strain measured by simulation and ex-

periment
P PiE/ e W/ pe FHXS 522/ %
1 544.6 558. 8 2.54
2 515.9 519.8 0.75
3 546. 8 590. 1 7.34
4 495.5 515.8 3.94
5 220.1 192.0 —14. 64
6 115.3 127.3 9.43
7 204.6 216.4 5. 45
8 141.7 149. 4 5.15
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Fig. 13 Prediction process of high low cycle composite fa-

tigue life for hydraulic pipelines
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