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Characteristic Analysis of Space Rendezvous Trajectory Safety

LIANG Lt bo, LUO Ya zhong, WANG Hua, TANG Gue- jin
(College of Aerospace and Materia] Engineering, National Univ. of Defense Techmology, Changsha 410073, China)

Abstract: The trajectory safety characteristic of space rendezvous was studied. First of all, the quantiative performance index of
space rendezvous trajectory safety was proposed. The 30ellipsoid of relative posiion dispersal resulting from the navigation errors and
conirol errors was investigated to describe quantificationally the relative trajeciory safety between chaser and target vehicles. And then the
orthogonal design of experiment method was adopted to analyze the influence of the transfer time, the number of impulses, and the
intervals of impulses on the trajectory safety characteristic. The results show that the transfer time is the most significant among all the
factors, the number of impulses is the secondary, and the inewal influence is very small. Finally, the influence of initial rendezvous
condition was analyzed by numerical simulation, and the results illustrate that —R-bar coplanar rendezvous makes the trajectory safety
index the snallest. Furthemore, the influence on fuel consumpton was analyzed, and the effect is opposite to that on safety index. The
study points out the direction of the design of safe rendezvous trajectory, and provides the way to design the mult+ objective optimal

rendezvous trajectory.
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1
Tab.1 Factors and levels
X( )
M /s) Z( )
1 X,=3 Y, = 5000 Z,
2 X,= 4 Y>= 10 000 Z,
3 X;=5 Y;= 15 000 73
2 L7(3")
Tab. 2 Table header design of orthogonal table L,,( 3")
1 2 3 4 5 6 7
Z X Xx7Z XxZ Y Yx Z Yx Z
(3)
3 4
3
Tab.3 Influence of factors on safety index
Z X XxZ XxZ Y Yx Z Yx Z
1 0. 012 057 0. 015 821 0. 013 304 0.013 743 0.019 163 0. 012 629 0 011 800
2 0. 012 614 0. 011 922 0. 012 830 0. 012 931 0.011 948 0. 012 560 0 012 651
3 0. 013 898 0. 010 825 0. 012 384 0.011 894 0. 007 457 0. 013 380 0014 118
0. 001 841 0. 004 995 0. 000 920 0. 001 849 0.011 705 0. 000 821 0 002 317
0. 000 016 0. 000 124 0. 000 019 0. 000 628 0. 000 028
2 2 4 2
0. 000 008 0. 000 062 0. 000 005 0.000 314 0. 000 007
F 1. 432 631 11. 081 440 0. 860 766 56. 064 212 1. 271 057
P 0. 276 727 0. 001 878 0.514 610 0. 000 001 0. 334 528
, Y , X ,Z
P P = 0.000 001, 0. 01, ,
, P= 0.001 878< 0. 05, R , P> 0.2,
P> 0.2,
3 ) ) ) ;
L EDEVAP 15000s 5
4
Tab.4  Influence of factors on fuel consumption
Z X XxZ XxZ Y Yx Z Yx Z
1 11.091 446 9.8 835922 10691672 10.913401  10.429530  11. 037332 10 907 720
2 11. 005 202 10. 947 816 11. 026 247 10. 779 100 11. 265 806 11. 089 489 10 916 801
3 10.681 793  11.947 033  11.060522  11.085940 11.083 106  10. 651 620 10 953 920
0. 409 652 2 063 441 0. 368 850 0. 306 840 0. 836 276 0. 437 869 0 046 200
0. 839 538 19. 166 390 1. 173 367 3.479 691 1. 040 454
2 2 4 2
0. 419 769 9.583 195 0.293 342 1. 739 846 0. 260 114
F 1. 159 813 26. 478 146 0. 810 497 4.807 153 0. 718 688
P 0. 346 336 0. 000 040 0. 542 063 0. 029 285 0. 595 332
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