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Fig. 1 Diagrammatic sketch on fracture location of adiabatic diffuser
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Fig. 2 General picture on fracture site of nozzle
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Table 1 The table of product performance
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Table 2 Maximum stress in three directions/MPa
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Fig. 3 Distribution of stress on vycor glass fabric and carbon cloth in exposed section of adiabatic diffuser/MPa
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Fig. 4 Time-domain graph of measured original vibration acceleration
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Fig. 5 Time-Domain graph of vibration acceleration with filtered
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Table 3 Measured vibration acceleration of three motor
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Failure Behavior Analysis of Expansion Structure of Heavy-Lift Carrier Rocket

ZHAO Wei, CUI Jianwei, ZHANG Tao, ZHANG Weiwei, LIU Guobin, WANG Min
(The 41st Institute of the Sixth Academy of China Aerospace Science & Industry Corp, Hohhot 010010, China)

Abstract: Aiming at the failure against structural damage in the exposed section of adiabatic diffuser during ground hot-firing
test of a heavy-lift carrier rocket, the failure mode analysis was carried out, based on the modal results and the measured data of
power spectral density also, the dynamics simulation was calculated. The simulation results show that the adiabatic diffuser at the
junction with the tail of the nozzle shell generates a higher alternating stress under the action of high vibration load, with the
continuous high-temperature, high-pressure and high-speed gas flow and particle scouring of the rocket motor, the material
performance of the adiabatic expansion section is reduced, the inner surface of the high-stress site begins to exhibit abnormal
phenomena such as carbon cloth shedding, and the wall thickness continues to decrease, which eventually leads to cracking at this
site and triggers the disintegration of the adiabatic diffuser. According to the above fault location, a reinforcement scheme for
extending the nozzle shell is proposed, which increases the structural integrity maintenance ability of the adiabatic diffuser under
high vibration load environment, and successfully passes the verification test of the ground hot-firing test, indicating that the

improvement scheme is reasonable, the measures are effective.

Keywords: heavy-lift carrier rocket; nozzle; vibration; structural damage; failure mode

Highlights:

o The typical failure mode of the adiabatic diffuser is local perforation or overall fracture, while the failure mode described in this

paper is only the fracture of the exposed section of adiabatic diffuser.

e The cause of failure is special. By means of technical zeroing, it is found that structural failure is related to vibration, focusing

on the direction of cause analysis

e Using dynamic simulation methods, the failure mechanism is clarified. In the follow-up, targeted improvement measures were

taken, and the simulation results showed that the measures were effective and obtained the verification of the ground hot-firing test.

[Tt Huek, ELFR: RIE]



