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Entry Guidance Law Design for Lunar Return Crew Module

SHEN Hong xin, LI Hat yang, PENG Q4 bo
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: Aiming at eniry guidance mission of a mooncraft with the second universe velocity more or less, the reenry guidance law
which meets various constraints, including G-load, heating and landing site location constraints, was studied. The lunar return crew
module is a ballistie-lift vehicle with low lifi-te- drag ratio, the strategy calls for contwlling the trajectory by modulation of the magnitude
and sign of the vehiclé s bank angle. The determination of the magnitude of bank angle was formulated as a nonlinear unwariarte root
finding problem, while the sign of the angle was dependent upon the reversals in accordance with the lateral corridor, which was treated
as a function of velocity. Integrated dispesions Monte Carlo simulations were performed to evaluate the perforance of the proposed
approach, and the results show that the downrange standard deviation is about 30 km, and the cross range standard deviation is smaller
than 5 km. In addiion, the working factors on bank rate are analyzed, and the relation between the feedback gain factor regulation and
guidance precision is proposed.
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Tab.1 The class and leval of error
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Tab.2 The vehicle parameters
m(kg) R( cm) Cy G, B(kgm®)  a,;,(")
5500 300 1. 2891 0. 3877 365 - 20
3
Tab.3 Reentry initial condiions
By 0C) o) Wms) W) ()
2192 - 176 123 11032 1L 5 - 5.8
4
Tab.4 Path constrints and terminal constraints
n (W m?)  Q (kl en’) h( km) 0¢) ¢C) Ma
10 300 30 6~ 12 - 170. 8 36.5 0.4

G= 60, siwe= 1000km; Ci= 5.21 x 10 *; Ca= 8. 71x 10 °; C3= 67.73; Ca= 1. 0452
Ki= - 0.0667 Ka= — 0. 1667s/km Ks= — 0. B22s/km Ks= - 0.6222 x 10 3/km, t <330s; K3 =

— 0. 2444 x 10" */km, 1> 330s Is
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Fig.2 Bank angle, funnel limit and the cross range with respect to time
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Fig.3 Monte Carlo simulation results of 500 trajectories
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Fig.4 Bank angle curve
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