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Fig. 1 Geometric relationship between target and impactor
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Variable Coefficient Terminal-Phase Guidance Design for

Deep Space High-Speed Impact
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(1. Shanghai Institute of Satellite Engineering, Shanghai 201109, China;
2. Shanghai Key Laboratory of Deep Space Exploration Technology, Shanghai 201109, China)

Abstract: Asteroid impact poses a major threat to human survival. High-speed direct impact is a feasible and effective means

to change the orbit of an asteroid. This paper takes Bennu, a potentially hazardous asteroid, as an object to design the terminal

guidance law of deep space high-speed impact. In view of the characteristics of high relative speed and high impact accuracy, the

acceleration command is derived based on the Augmented Proportional Navigation Guidance law (APNG), considering the

acceleration of the target. Moreover, the proportional coefficient is designed as a function of the relative distance to meet both the

requirements of minimum fuel consumption and maximum impact accuracy. An ignition strategy is designed to convert the

continuous command into impulse command, without the need to give maneuvering time in advance. The simulation results show the

effectiveness of the proposed algorithm. The miss distance constraint is satisfied, and the ignition times and fuel consumption are less

than those of the constant proportional coefficient algorithm.

Keywords: asteroid impact; variable coefficient guidance law; deep space high-speed impact; Augmented Proportional

Navigation

Highlights:

e The control command is designed based on the augmented proportional guidance law, taking the acceleration of the target into
account.

e The proportional coefficient is designed as a variable rather than a constant value given in advance. Meeting both the requirements
of reducing fuel consumption and improving impact accuracy, the proportional coefficient is designed as a normalized power function
of the relative distance.

e Without the need to give maneuvering time in advance, a ignition strategy is designed to convert the continuous command into
impulse command which the impactor can directly use.

e The proposed algorithm and the constant coefficients results are compared in aspects of ignition number, velocity increment, final

miss distance and acceleration command performance.
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