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Evaluation method of mechanical environment adaptability for

rocket second-stage engine in the first-stage flight phase

WANG Mei, YUAN Junshe, LIU Junyan, GAO Lele
(X?’an Aerospace Propulsion Institute , Xi’an 710100, China)

Abstract; In order to solve the problem of insufficient assessment of mechanical environment in the
whole working life cycle of rocket second-stage engine with high thrust,an assessment method of vibration
mechanics environment test in the first-stage flight phase of the whole engine was studied. Taking a certain
rocket’ s second-stage four-parallel-connected engine as the research object , the test scheme and boundary
conditions were determined according to the simulation analysis of the modal frequency under the actual
rocket conditions. The structural weaknesses were identified by the acceleration and strain data obtained
through sinusoidal vibration and random vibration tests, and the consistency of the engine structure was
evaluated by comparing the feature level scanning data before and after the test. The relevant conclusions

provide a basis for the engine optimization and improvement. Finally, the mechanical adaptability of the
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engine was judged by whether the data of the product re-test after the vibration test is normal or not. The

success of the first flight and subsequent flight tests of this launch vehicle have verified that the assess-

ment method of whole engine vibration test is effective,,which can realize the mechanical environment as-

sessment coverage of the whole life cycle of the second-stage engine and is essential for the reliability of

the engine and even the rocket. It also provides an important reference for the environmental adaptability

assessment of the second-stage engine in the first-stage flight phase of other launch vehicles.

Keywords : second-stage engine; first-stage flight phase; vibration mechanical environment; vibra-

tion test method of whole engine
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Fig.1 Integral finite element model of engine
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Tab.1 Relative value of modal results for four-parallel-connected engine
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Fig.2 Test system diagram
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Fig.3 Vibration control spectrum
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Fig. 4 Pre-improved structure of cable support plate
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Fig. 5 Improved structure of cable support plate
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Fig. 6 Separation photograph of conductor and solder cup
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Fig.7 Hot-firing test data before and after vibration
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