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Improved numerical predictor-corrector guidance for lunar return capsule

ZHANG Bo, TANG Shuo, PAN Binfeng

(College of Astronautics, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: To decrease the bank angle reversal frequency in the skip phase and suppress the aerodynamic load
effectively in the final phase of the numerical predictor-corrector guidance for lunar return capsule, an improved
guidance scheme is proposed by searching for the energy point of the only one bank reversal in the skip phase and
compensating the guidance command with drag acceleration feedback in the final phase. Firstly, the secant method
is used to search for the bank angle reversal energy point, so that the bank angle is just reversed once in the skip
phase. Secondly, based on the exponential atmosphere assumption, the derivative of the drag acceleration is
obtained, and a reference drag acceleration profile is determined according to the load constraint. Finally, the errors
of the drag acceleration and its derivative between the reference profiles and the actual profiles are used to
compensate the basic bank angle magnitude in the final phase to relieve the aerodynamic load. The testing results
demonstrate that the proposed algorithm can reduce the bank angle reversal frequency in the skip phase and
suppress the aerodynamic load effectively with strong robustness, which show that the problems have been
successfully solved and the scheme can provide a reference for practical guidance system design.
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Fig.1  Over load constraints for the crew in different conditions
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Fig.5 Altitude vs. range-to-go profiles for different missions
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Fig.9 Comparison of the load constraints for different missions
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Fig.11  Load-constraint profiles in the Monte Carlo simulations

for different missions
XGRSO A R T SE0T, 181 12 45 10 T Bk
SR B AN 3 B e U RO G 245 2R BRIV A A7 1 4% ol
W&, RAESS 3 fEARH DI LRSS T
BRBR B 1y S % 1 2 U, A DU R R 1K
BUE T AR ST U £11 J e UORO YR A R

sool 500 491 A% 3
- 1% 4
400
§ 300(
H L
& 2000
100 -
[ | | o |
0 1 2 3

BRER B 11 S 5 U
12 BRERERAM AR R B ST

Fig.12  Statistics of the bank-angle reversal times in the Monte
Carlo simulations
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