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Reliability analysis of flight vehicle stage separation
under mixed uncertainties

NIE Zhaowei'* , WANG Hao' , QIN Meng' , ZHANG Hairui'
(1. China Academy of Launch Vehicle Technology, Beijing 100076, China;
2. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; To quantity the comprehensive influence of both random and epistemic uncertainties during the process of flight vehicle stage
separation, combined with the characteristics of hybrid model based on random and interval theory, a new reliability assessment method of
separation between flight vehicle stages based on the hybrid model of random and interval theory was proposed. According to the requirements of the
hypersonic vehicle separation mission, the separation kinetic simulation model was constructed. According to the geometric characteristic of the
separation structure between the stages, a new rapid collision detection method was proposed. And the hybrid reliability assessment model of flight
vehicle separation mission was constructed. The hybrid reliability assessment model was converted to unconstrained optimization problem of random
reliability assessment. Considering of the characteristic of highly nonlinearity of system performance function due to complex external force and
moment during the process of flight vehicle stage separation, the unconstrained optimization problem was efficiently solved by efficient global
optimization and active learning Kriging method. It is shown that the influence of mixed uncertainty factors on the flight vehicle separation process
can be described exactly through this method and the interval of flight vehicle separation mission reliability can be given accurately, which can
further support the detailed design of flight vehicle separation.
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Fig. 1 Stage cold separation
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Fig.3 Minimum distance in different regions
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