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Table 1 Material parameters of fuel tube
R PAPERRY/GPa | M | PSR /MPa | i RS/ MPa
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Fig.3 Strain gauges on the cross-section and their pasting positions
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Fig.4 Measured strain-time curve during tube bending

fatigue process
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Fig.8 Pressurized tube specimen after fatigue test
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Table 2 Fatigue life results of the empty tube rotating
bending test

4N J1/MPa IR Hon 77 N(x10%)
172 1 54.5 — — —
164 3 130.5 | 1751 | 1900 | —
2759 | 1542 | >10° | >10°
156 7
107.0 | 283 | 1885 —
148 4 >10° | >10° | >10° | >10°
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Fig.9 Up and down diagram for the empty tubes rotating
bending fatigue test
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Table 3 Matching of stress levels in the empty tube
rotation bending fatigue test
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Table 4 Fatigue life results of tube rotating bending test

IR J) o/MPa | IFEAN R W57 A AT N (x10%)
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Table 5 Matching of stress levels in the pressurized tube
rotation bending fatigue test

o, ~0o,, /MPa o /MPa BEXT A% n,
160~155 157.5 2
150~145 147.5 1
145~140 142.5 4
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Table 6 Supplementary test results of the empty tube

rotating bending fatigue
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Fig.11  S-N curve of the empty tube
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Table 7 Supplementary test results of the pressurized
tube rotating bending fatigue
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Fig.12  S-N curve of the pressurized tube (13.5MPa)
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Table 8 The effect of pairing treatment on fatigue
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Table 9 Fatigue limit stress under typical probability of
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Table 10 Fatigue limit stress under typical probability of
pressurized tube

empty tube
ERt V=S Z, AR BRIEU(E ST IR
P y% t_,(6) op_,/MPa
90 -1.943 146.701
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0.9 -1.282 95 -2.447 139.729
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Test Method for Probabilistic Fatigue Limit of Aviation Engine Fuel Tubes

Liu Wei', Han Tianyu', Lyu Pengzhen', Guo Chuang?

1. Northwestern Polytechnical University, Xi’an 710129, China

2. AECC Sichuan Gas Turbine Research Institute, Chengdu 610599, China

Abstract: Determining the fatigue limit of tube is important for avoiding fatigue failure of aviation engine fuel
structures. In this paper, the rotational bending fatigue tests were conducted on empty tubes and pressurized tubes
(13.5MPa) respectively. Two strain gauges were used to monitor the dynamic stress caused by inertia during
eccentric rotation. Based on the Gerber model, stress corrections were made to the asymmetric cyclic load caused by
internal pressure, and the differences in the fatigue failure forms between the empty tubes and pressurized tubes
were obtained. The fatigue limits and their standard deviations of the empty pipe and the pressurized pipe were
determined through the data of up-down method. Based on the up-down method data, several fatigue tests under high
stress levels are supplemented, and the S—N curve of the two type tubes were fitted by the power function model.
Finally, the probability statistical analysis method is used to process the test data, and the fatigue limits under different
confidence levels and survival rates were obtain. The research results provide the reference for the stress severity
values of aircraft fuel tubes design.

Key Words: rotational bending; up-down method; S—N curve; confidence level; survival rate
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