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Research on On-line Trajectory Planning Strategy for

Upper-stage to Adapt Initial Large Deviation
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(Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: This paper provides a strategy of upper-stage on-line trajectory planning to adapt initial

large deviation. When there is deviation of the upper-stage initial injection orbit parameters, we

can send the replaned control data to the upper-stage with the on-line trajectory planning. And the

upper-stage can fly in a new optimized trajectory, so as to put the satellites into the target orbit

precisely, or to decrease the deviation and fuel consumption of the maneuver. This strategy can be

extensively used for direct orbit injection missions to the high medium-earth-orbit, such as MEO

(medium earth orbit) and GEO(geostationary orbit).
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Fig. 1 Schematic figure of orbit
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Fig. 2 Schematic figure of on-line trajectory

planning basis
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Tab. 1 On-line trajectory planning strategy for upper-stage to adapt injection orbit deviation
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Tab. 2 Upper-stage injection orbit deviation conditions

M Sk 38 M/ km PuiEfsis/ ) M E A/ ) TR A/ () HE RS/ O

PRFR T 200. 0000 30000. 0000 19. 5484 178. 7200
i 25 T2 1 200. 0000 25000. 0000 19. 5484 178. 7200
22 T4 2 200. 0000 30000. 0000 26. 0000 178. 7200 13. 4519 14. 7931
i 25 T80 3 200. 0000 30000. 0000 19. 5484 176. 7200
i 25 T 0L 4 200. 0000 28000. 0000 24. 0000 177.7200
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Tab. 3 Upper-stage orbit elements after first orbital maneuver

LKAl /km i L MMM /) EHLTER MO A/ EIRSM/C) BRI FE R kg
kAR T8 24456. 137 0. 7306667 19. 5458 179. 5220 12.7070 28. 7366 401. 22
P22 T8 1 24456. 137 0. 7300221 19. 5438 180. 6951 12. 2624 35. 6020 844. 48
22 T30 2 24456. 137 0. 7306673 25.9912 179. 5250 12.7023 28. 7473 401.75
2% T8 3 24456. 137 0. 7306636 19. 5460 177.5260 12. 7076 28.7316 401.19
22 T 4 24456. 137 0. 7304614 23.9924 178. 9223 12. 5390 31.3957 566. 26
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Tab. 4 Required uplink replace orbit control data after on-line trajectory planning

. B TWELK 55 R L s 55 R 55 R L 55 KA 55 R L
FEFT . e B IR GHL . . . .

— Hif 220 FL 3T 8 Hef 21 2f < Bl - Fef 21 9, 3 {5 Hef 22030 3 55 i 220 7 52 8% Hef 220 FL 3T 55
/) ‘km /) WA 2/ ) /¢

FRFR T 0L 178. 2815 42131. 081 0. 0007845 0.0046 181. 8986 —65. 9595 178. 2010

2 T 1 177.1672 42130. 418 0. 0008009 0.0048 182. 9999 —63. 8336 177. 0947

i 25 T8 2 178. 2133 42131.129 0.0007832 0.0058 181. 3737 —65. 9786 178. 6990

T 22 T 3 —179. 7238 42130. 944 0. 0007909 0.0045 185. 5081 —69. 8285 174.5938

0055 181. 6487 —67.1729 178. 4291

0007888 0.

T2z .00 4 178. 8628 42130. 895 0.
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Tab. 5 Satellite injection orbit elements after using

on-line trajectory planning
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Tab. 6 Satellite injection orbit elements non-using

on-line trajectory planning

X - o . X POEMA R R E
ARl km i 10> BB /O PR km R Y K
/ ke
SR T . 42164.137  0.0000002 0. 0000
PRAR T8 42164. 137 0. 0000002 0. 0000 TRk -
+120 +0.001 +0.3
TZTH 1 12161 137 0- 0000002 0- 0000 FRFR T 42165.146  0.0000242 0. 0003 4623. 42
TR 2 42164, 137 0. 0000002 0. 0000 fZTH 1 42164.358  0.0000188 0.0111 4981. 43
2 TH 2 42164.242  0.0000280 0.0107 5542. 30
T2 T00 3 42164. 137 0. 0000002 0. 0000
f2E TH 3 42164.174  0.0000036 0.0144 5486. 91
T2z T 4 42164.137 0. 0000002 0. 0000 WiZETH 4 42164822 0.0000207 0. 0041 1812, 16
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Fig. 3 Simulation curves of pitch angle and yaw angle for condition one
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Fig. 6 Simulation curves of pitch angle and yaw angle for condition four
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Tab. 7 Satellite injection orbit elements of simulation using orbit control data of on-line trajectory planning

Rl km g0 BUIE A ) JRRHE FE kg
TR R 42164. 1374120 0. 000000240. 001 0. 000040. 3
PRk T 40 42165. 146 0. 0000242 0. 0003 4623. 42
P2 T4 1 42165.125 0. 0000236 0.0003 4432.15
T2 T4 2 42165.125 0. 0000237 0. 0004 4887.51
W25 T80 3 42164. 815 0. 0000341 0.0102 4994. 50
T2 T80 4 42165. 132 0. 0000239 0. 0004 4727. 88

®8 HEELZMMABANNEEFMLLE BN RIR IR LR

Tab. 8 Orbit injection accuracy and fuel consumption contrast between using and non-using on-line trajectory planning

. K B A 22 / km i 0> 24l 2 MU A 2/ () WREHE FE 1L kg

TH ‘

Al i B 5 FIL K Hi A 5 FIL K1) i B 5 FLAI i A 5 REE- R 1
FRAR T8 1. 009 0. 000024 0. 0003 5024. 64 —
i 2= T80 1 0.221 0.988 0. 0000186 0. 000024 0.0111 0. 0003 5825.91 5276. 63 549. 28
P22 T8¢ 2 0.105 0.988 0.0000278  0.0000234 0.0107 0. 0004 5944. 05 5289. 26 654. 79
Py 22 T4 3 0.037 0.678 0.0000034  0.0000235 0.0144 0.0102 5888. 10 5395. 69 492. 41
s 22 T4 4 0.685 0.995 0.0000205  0.0000099 0. 0041 0. 0004 5378. 42 5294. 14 84. 28
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