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Separation trajectory safety evaluation platform based on embedded
neural network data prediction

WU Anpingl’ 2, LIN Jingzhoul' 2", WANG Yan®, ZOU Dongyangl' 2, XIE Futian" ?
(1. Hypervelocity Aerodynamics Institute of China Aerodynamics Research and Development Center, Mianyang 621000, China;
2. National Key Laboratory of Aerospace Physics in Fluids, Mianyang 621000, China;
3. College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: Aiming at the high dynamic multi-body separation problem of hypersonic vehicle, intelligent
prediction of aerodynamic characteristics and simulations of separation trajectory were carried out, which
provided technical support for separation system design, separation window selection, separation scheme
optimization and evaluation. Typical states were selected to carry out numerical simulations and grid force
measurement in wind tunnel tests, thus an aerodynamic database was established. Embedded neural network with
high and low fidelity data was used for the learning and training processes, and the structure of neural network
was optimized by the genetic algorithm, leading to the error between the predicted aerodynamic coefficients and
those of the grid force measurement less than 5%. The fourth-order Runge-Kutta method was used to solve the
six-degree-of-freedom motion equation of aircraft, and the separation trajectory simulation method based on

neural network training results was established. The Monte Carlo analysis and sensitivity analysis were carried
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out under different initial separation conditions to evaluate the main factors affecting separation safety.

Compared with the capture trajectory system (CTS) simulation results in wind tunnel, the platform is reliable in

separation trajectory prediction, and the cost is low, which can quickly improve the trajectory simulation ability

and better support the separation scheme design.

Keywords: multi-body separation; trajectory prediction; safety evaluation platform; embedded neural

network; genetic algorithm
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Fig. 6 Monta Carlo simulation results of the separation process
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Fig. 7 Sensitivity analysis results of the separation trajectory
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