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Damage analysis of thrust chamber wall structure under the

creep-fatigue interaction
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Abstract: The reusable liquid rocket engine can greatly reduce the cost of space transportation. One
of the key factors for the reusable performances is cyclic life of inner wall structures of thrust chamber.
The constitutive equations of wall materials of the thrust chamber were established based on Chaboche
kinematic hardening model and Norton creep model. The temperature fields and stress-strain distributions
of the thrust chamber under various working conditions were obtained by employing the analysis of
transient thermo-mechanical coupling; the damages and cyclic life of the inner wall structure were
investigated by Lagneborg cumulative damage model by considering the coupling effects of creep and
fatigue. The investigation showed that the key patterns of damage in wall structures of thrust chamber were
low-cyclic fatigue and creep-fatigue interaction damage with low-cycle fatigue damage ratio 65.8%, and
creep-fatigue interaction damage ratio 29.8%. Therefore, in order to accurately predict the cycle life of
thrust inner wall structures, the influencing factors of structures under the action of creep-fatigue

interaction damage should be considered.
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Table1 Chaboche model parameters at different temperatures

/K Cc,1/MPa Cc2/MPa Cc;3/MPa Y1 72 V3

27.15 5762.8 13657 18812 137 596 2085.8

295.15 21326 4041 15118 1884 118 393.2
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Table 2 Norton creep model parameters
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Fig. 3 Variation of coolant wall pressure load under one cycle
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Table 3 Interaction coefficient calculation table
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Fig. 4 Transient thermal analysis results
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Table 4 Damage calculation for each inspection point

L %%%f JEE%%%}ETTO“ m%f%ﬁﬁo“ AR IEE%%}ETTO“
1-P, 0.742 3.5323 1.3211 1.2206 27115
1-P, 1.673 25.510 1.706 6 1.7453 11.516
2-P, 0.746 3.6219 1.366 8 1.2225 2.7200
2-P, 1.617 24213 1.746 9 1.707 7 11.106
3-P, 0.697 3.008 4 1.186 8 1.1998 22671
3-P, 1.330 14.925 1.724 1 1.5300 7.7612
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Table S Life expectancy at each inspection point
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2-P, 0.746 3.0835 324 47.0 17.7 353
2-P, 1.617 14.826 67 65.3 4.7 30.0
3-P, 0.697 2.5849 386 46.5 18.4 35.1
3-P, 1.330 9.764 0 102 61.1 7.1 31.8
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