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Table 2 Velocity increment data of phase adjustment
HEHE (mes™) M=15 M=25 M=35 M=45 M=55 M=65 M=175 M=85 M=95 =10.5
N=4 886.50 102.64 453.90 642.17 762.06 846.19 909.00 957.99 997.46 1030.05
N=5 1 486.94 214.42 225.15 458.69 606.74 710.31 787.49 847.60 895.97 935.87
N=6 2090.17 517.29 9.33 286.58 461.54 583.58 674.35 744.94 801.68 848.45
N=17 2713.29 811.61 197.69 122.46 323.55 463.42 567.25 647.89 712.63 765.94
N=28 3375.24 1101.08 398.48 35.750 190.98 348.25 464.76 555.12 627.59 687.21
N=9 4103.44 1388.38 594.80 189.48 62.64 237.00 365.93 465.77 545.75 611.51
N=10 4949.3 1675.71 787.94 339.71 62.34 128.91 270.06 379.20 466.55 538.30
N=11 6 052.94 1964.97 978.88 487.22 184.59 23.430 176.65 294.96 389.54 467.17
N=12 8316.15 225798 1168.44 632.59 304.62 79.880 85.310 212.69 314.41 397.82
N=13 8652.11 2 556.62 1357.31 776.32 422.82 181.36 4.2600 132.11 240.88 330.01
N=14 8966.79 2862.92 1546.11 918.81 539.51 281.30 92.310 52.990 168.76 263.54
N=15 9263.22 3179.21 1735.37 100.41 654.97 379.93 179.06 24.860 97.870 198.26
N=16 9543.78 3508.35 1925.64 1201.41 769.43 477.44 264.67 101.59 28.060 134.02
N=17 9 810.42 3 854.00 2117.43 1342.09 883.09 574.00 349.30 177.34 40.790 70.71
N=18 10 064.71 4221.13 2311.26 1482.7 996.13 669.77 433.07 252.22 108.78 8.24
N=19 10 307.97 4616.95 2 507.66 1623.48 1108.71 764.86 516.09 326.33 176.01 53.470
N=20 10 541.30 5052.75 2707.22 1764.64 1220.97 859.40 598.47 399.77 242.55 114.51
N=21 10 765.65 5548.5 2910.56 1906.4 1333.06 953.48 680.28 472.60 308.47 174.94
N=22 10 981.82 6146.91 3118.39 2048.97 1445.09 1047.2 761.61 544.89 373.84 234.81
N=23 11 190.51 6 987.04 3331.51 2192.58 1557.18 1 140.66 842.53 616.72 438.72 294.18
*3 RF—ABEITERFEN R RN
Table3 The minimum velocity increment corresponding to the same number of Phobos cycle
ZH M=15 M=25 M=35 M=45 M=55 M=65 M=75 M=85 M=95 =10.5
s/NEEE/ (mes™) 886.50  102.64 9.33 35.75 62.34 23.43 4.26 24.85 28.06 8.24
PR ERISAT BN N=4 N=4 N=6 N=38 N=10 N=11 N=13 N=15 N=16 N=18
AR LE A H/min 141.1 294.3 268.5 257.4 251.3 272.1 265.0 260.0 273.3 268.2
F4 MERS5AD-FEHBAMLE THRNEEEE MRE R A ¥ R PLTE R B BBl R R
Table 4 Minimum velocity increment at different initial phase 32.93 m/s, W EIRBASHMEEITFER, B ITES
differences between satellite and Phobos HMNE
ZH =N
Geas 5 K D—HIIRMAL 2/ (°) 30 45 90 135 180 4 25 i@
R"Jj ME:E// (m-s™) 3.37 2.56 1.83 0.98 4.26 A K DT TR T i — 7 KR F 28
v RRRROS T T mmnR e e, ST T 4 255
Bro B AL F AR B HUBE B TIRR A, ¥
£5 FREAEMENDRERS THAT RN T A2 R AT g/ E‘Jﬁf#i%?%ﬁii‘ﬁﬁﬁﬁ%i}ﬂﬂﬁ
Table S Maneuver velocity increment of additional tasks % JH I ﬁ‘ﬁ R, 1530W R R kR RS 1R T K
HLahzh{E B/ (msD rEAA, AWM SE 5 K D —REH L, R
KNS, B K R0 km 102 Al A0 00 0 i 7T E— 0 S RSSO, BT AR RS IR
B AW, R AFEE260 km 134 O WO I AR S5 I . B EAT WL S
I L) 933 VEAIALB BT, SR PTRFE KCUR B R R 75 2
o 29 WD WEHURER R, IS 7E A R B S0 T 1
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Planning for Extending Phobos Approaching Mission of Mars Orbiter Tianwen-1:

Trajectory Design and Analysis

ZHENG Huixin"*, XIE Pan"’, LI Haiyang"*, ZHU Xinbo"’

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

Abstract: In this paper, the mission orbit design and analysis of a potential extended mission, Phobos close approach
exploration, was carried out. The state at the end of the main mission was used as the input of the extended mission in this paper.
Through analysis, it was concluded that Mars perturbation force could be used to adjust the argument of perigee, and the intersection
frequency was related to the value of semi-major axis and eccentricity. Orbit descent maneuver should be performed to increase the
number of intersections. As a result, the possibility of conducting aero-braking in order to reduce fuel consumption was analyzed.
Finally, phase adjustment maneuver was calculated to complete the Phobos close approach exploration mission. The orbit design
results and the velocity increment are given by simulation. The results of this paper can provide reference for orbit design of
Tianwen-1 orbiter’s extended missions.

Keywords: Phobos close approach exploration; orbit design; Tianwen-1 Mars orbiter

Highlights:

e Under the condition that the remaining fuel of Tianwen-1 Mars orbiter was considerably limited and the Orbiter could not be

directly transferred to the orbit of Phobos, this paper utilized Mars perturbation force in adjusting the argument of perigee to make the

orbit of the orbiter intersect with the orbit of Phobos.

e The intersecting frequency between the orbit of Tianwen-1 Mars orbiter and Phobos is related to the value of semi-major axis and

eccentricity. The intersecting frequency can be maximized by designing appropriate orbital parameters.

e In order to complete the close approach detection of Phobos, the orbiter has to maneuver from the remote sensing orbit to the

extended mission orbit. The Mars aero-braking is adopted as the orbital descent maneuver strategy, which can reduce fuel

consumption by 80%.

e By designing an appropriate phase adjustment orbit period, the phase adjustment velocity increment can be controlled to within 10

m/s under the worst conditions of approach detection phase.
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