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Failure analysis and structure improvement of pipeline

fracture for ramjet engine

SHI Bo, DAI Jin, FAN Genmin
(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract; The fracture failure occurring in a pipeline vibration experiment is analyzed in this paper.
Through the structure modal analysis combining simulation and experiment, the immanent relationship be-
tween modal shape and random vibration destruction is deduced, and the causes of pipeline failure are
preliminarily located and qualitatively analyzed. Based on ANSYS nCode DesignLife software, the ran-
dom vibration fatigue calculation of pipeline is carried out, and the calculation process and design method
of random vibration fatigue are summarized. The fracture position predicted by the simulation is basically
consistent with the experimental results. Vibration fatigue simulation is used to quantitatively predict the
fatigue life of several improved structures to obtain the best scheme. The optimization scheme improves
the anti-vibration performance of the pipeline structure and reduces RMS stress value and damage. The
fatigue damage life of the optimization scheme is increased to 3.2 x 10’ seconds under the main failure
condition (x-direction vibration) , and 202% ( y-direction vibration) and 190% ( z-direction vibration) in
other directions, respectively. The effectiveness of the improvement measures is verified by the test.
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Fig. 1 Vibration fracture location of pipeline
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Fig.2 Fracture appearance of pipeline

1.3 #EESH

e O W ARy TR B
ZL LA 1T RE R 76 T KRB BB PR s 45 il e
22 B TR SR SE A W RN R B S A B iR g
55 , JET RN 3 BTR

[zescmi o ma

P

ST
SR

x 1

PRhFEhil i\ e [ SEYUR
W BEAS
x3

3 e

Fig.3 Fracture tree of pipeline
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Tab.1 Test conditions of x—direction vibration(test time:5 min)
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F2 y/z EREINEF M (X E S min)

Tab.2 Test conditions of y/z-direction vibration
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Fig. 4 The first four modal shapes of pipeline model
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Tab.3 Modal calculation results of pipeline

(the first six modals)
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Fig.5 Flow chart of random vibration fatigue calculation
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Fig. 6 Cloud diagram of pipeline structure life calculation
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Fig.7 Cloud diagram of pipeline structure life calculation
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Tab.4 Comparison of modal calculation results

( the first six modals)

(g4 1 2 3 4 5 6
[A JEJ% 585 1911 2534 3248 3528 4252
SR/ Hz peyEr2e 1 445 2 045 2 686 3 841 4 336 4 608

x5 RBHUIRESNESITESE R
Tab.5 Comparison of random vibration fatigue

calculation results
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