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Study on the Reliability Analysis Method for Vibration Fatigue of Pipeline

Structures Under the Random Influence of Materials and Loads
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Abstract: This paper aims to address the problem of high reliability life assessment of pipeline
structures in vibration environments. To this end, stochastic models are established for underly-
ing factors such as materials and loads. A reliability analysis model for the vibration fatigue life of
pipeline structure is obtained by considering the transmission and amalgamation of the random-
ness associated with these factors. The applicability of the stochastic models and the efficiency of
the life model are confirmed by typical material test results and a single-degree-of-freedom time-
domain system. In order to support the development of reusable technology for liquid rocket en-
gines, a typical pipeline of a liquid rocket engine is taken as the research object to evaluate its

high reliability life. The analysis results show that, under the test run load, the vibration fatigue
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life of the pipeline structure presents a lognormal distribution and a large dispersion in the life da-

ta is found. Among all the considerations, material fatigue properties show a greater influence on

the life scatter. For the pipeline structure, on the basis of deterministic life, a life reduction fac-

tor of at least 5 is needed to cover the random influence of loads and materials and obtain its high

reliability vibration fatigue life. This research provides important technical support for developing

reusable technology for liquid rocket engines.

Keywords: vibration fatigue life; randomness; reliability; liquid rocket engine; pipeline
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Fig. 1 Vibration fatigue life model of rocket engine pipeline
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Table 3 Comparison between simulated and experimental

dry modes of pipeline

RN 5 FRA / He BEA IR A/ He
1 44. 88 42. 80
2 58. 89 53.40
336 Hz-1 331. 24 333.40
336 Hz-2 347.40 340. 00
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Fig. 13 Dynamic stress distribution of the pipeline under

vibration
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Fig. 14 Statistical characteristics of the stress at the

dangerous point
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of the pipeline
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Table 4 Statistics of the vibration fatigue reliable life of

the pipeline

. FAw/s BIE 28
A
Tl —3¢ A5 —30 LD
& | a5 1 16 007 3377 4,74
& 1 5 2 90 832 17 613 5.15
fa b i 3 189 086 27 794 6. 80
G e L A 15 957 3427 1.65
B LA (L) 16 651 12 437 1.33
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