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Abstract: To the challenge of high degree irregularity, complex gravity field and relatively high degree of
physical parameters uncertainty of small celestial bodies, the impact of dynamic parameters uncertainty is analyzed,
based on the approximate linearized analytical solution of the small celestial body landing dynamic equations. A
calibrating method is used to compensate the errors brought in by linearization. And the sensitivity equations of
spacecraft trajectories to dynamic parameters are established. Taking the asteroid Eros 433 as an example, the
impact of the uncertainty of the mass, rotation rate and gravitational potential coefficients of the target body on the
spacecraft landing trajectory, the initial state of the spacecraft and the thrust acceleration are analyzed elaborately.
Mathematical simulation shows that for this selected target body. the thrust acceleration disturbance is the primary
factor of such impact, and the initial state of the spacecraft the secondary one. And the impact of other parameters
are relatively small.
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Fig. 2 Scheme of linearization error calibration
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Fig. 3 Calibration scheme partially amplified
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Table 3 Order of magnitude of terminal position uncertainty

due to uncertainty of each parameter alone

Table 2 1—o uncertainty of the simulation parameters
28 ANl 52 B 28 AN 7 B

w 3.03X107 1 rad/s Tsysz 5m

M 0.044 8% Tayz 1X1073 m/s
CisSim 4106 T g 0.8%
Com s Som 4 X106 ér 2°
Cs 5 Sam 5X10 6 Ot 2°

Forb 0 BRI bR ECR B A E B 44 R 3 B
T s b+ O 20 590 A S A T 3 B /s # 4 O O

li] 1 .

PRI 8 A o o7 B A il o B ALK (D) o R
FHEIP 6 Fir s i 25 i 2R 1A Hﬂ%%%ﬂlﬁtfﬂﬁlﬁﬂ’ﬂﬁ
5 FE R G 3 Bz, vp A g B0 5
AL 1 AR i 7 B8 AN 00 R T A3 A AN 7 B

TELET EHARPET

DFE 6 5B 7 AT I ECR B, —H A m A
AR AL B L AR T o 3 B OR I o2 A 1
JEE LR T4 o R A AN T RIDOR S 7 A

S8 w4/ m 28 B/ m
@ 1X10 °~1X10"* X(0) 1
M 0.1~1 T 10
Com s Sum 0.01 FENEN 10
80 >
60 - ¥ . =
73 R %) S ) b=
40 Fa) S X
AO% ’}J ) =
20 k& 3%
z 424
& Ny A0 fg\/@, ; %
-20 /% 5 i«
42 S_ /80
—40 v =) ” 44
E—
—60 - g 8}
B ©
780 L ﬁ\ L | ~ | | g L
-150  -100 =50 0 50 100 150
ZRREN(°)
6 oA vt o7 5 N 0 8 45 el 2 JRT (BT . m)
Fig. 6 Contour map of terminal position uncertainty (unit:m)

Q0 0 0 50 100 150
ZIEI(°)
B 7 ZHCT P51 AR G 0L AT 5E JE 46 o 22 I Rz )

Fig. 7 Contour map of terminal position uncertainty due to

1
-150

uncertainty of T (unit:m)

2) R i 7 B B ASEAE E N 10 m 9, FE 54 T
30~50 m U [, 4 g o R i 25 51 R Y R i 7
T@%mf“ﬁwmﬁ FEOA T 25~45 m JEH L, N

TR K22 5 0 G DR S O 2 5 R ) A 3 7 AN
FETE NG, EEANAT 5~6 m YL KB R
FESVIPR NS NG PIE T €% QU FIET i N
T R P 5 1) AR o o7 8 S 0 FEE 34 /N TR . AT AL



%23

FNREE NR AT B 3 712 2 B 1 PR32 0 23 B 139

TELEAT B RT3 I 25 B30 ) AN A S K 3 B2 2 4
T 227 FR Z AR AR S R 220, 32 HA 24
EiRI LR AT

5 #ie

AR SRS /N T AR 3 i i AR DA R A XN R
PR LSRN 45 2 RO SRR AT T R R b, B
Je ST ARZ N B ) 2 05 BOFHEAT T AL L 1R N
PEAR TS R A3 00 B A . 2 T ARV AR T B L A
1 3 T SR AR AL B (9 07 ¥ L OF S — R kAL iR
ZERIETT 8 o BRI AR B9 AN Wi 2 L o 2% 2 B T
TE AR 2R 250 2% Z B U L R g . ol
A AR S A HOBE T R A A il 5 A A R A% R
T Z &S HA B 5w i X AL T [a] DB A2
— SRS 4 22 57 . TEASCH 05 B AE T i
3 B A B Ry A B AR 06 R 2 B S
TE M IR BRI [ 2R A 2 A S R R )

2 % X W

1] I, Iedk. /N KR BRI 4008 ) ) 2 SR iF s R 5
B[], Jr5#ik,2013,43(5) 526 - 539. [Cui P Y, Qiao D.
Research progress and prospect of orbital dynamics and
control near small bodies[J]. Advances in Mechanics, 2013,
43(5):526 —539. ]

[ 2] Furfaro R, Cersosimo D, Wibben D R. Asteroid precision
landing via multiple sliding surfaces guidance techniques[]].
Journal of Guidance, Control, and Dynamics, 2013:1 - 18.

[ 3] Barucci M, Cheng A F, Michel P, et al. MarcoPolo-R near-
earth asteroid sample return mission [ ] ]. Experimental

Astronomy, 2012,33(2 - 3):645 - 684,

[4]

(5]

[6]

(7]

[8]

£9]

(10]

[11]

Michel P, Barucci M A, Cheng A F, et al. MarcoPolo-R:
near-earth asteroid sample return mission selected for the
assessment study phase of the ESA program cosmic vision
[J]. Acta Astronautica, 2014,93(0) ;530 —538.

Dunham D W, Farquhar R W, Mcadams J V., et al.
Implementation of the first asteroid landing [J]. Icarus,
2002,159(2) :433 —438.

Uo M., Shirakawa K, Hashimoto T, et al. Hayabusa's

touching-down to Itokawa-autonomous guidance and
navigation[ J]. The Journal of Space Technology and Science,
2006,22(1) :41.

Ulamec S, Biele J, Bousquet P, et al. Landing on small
bodies: from the Rosetta lander to { MASCOT} and beyond
[J]. Acta Astronauticas 2014,93(0) ;460 — 466.

FETIE , R 23 AR A . /N K AR B 8 Bl K o L g o 07
RBFIELT]. FMF] . 2008,29(2) :511 516, [Cui P Y, Zhu
S H, Cui H T. Autonomous impulse maneuver control
method for soft landing on small bodies [ J]. Journal of
Astronautics, 2008,29(2):511 —516. ]

Miller J K, Konopliv A S, Antreasian P G, et al
Determination of shape, gravity, and rotational state of
asteroid 433 Eros[J]. Icarus, 2002,155(1):3 - 17,
Broschart S B, Scheeres D J. Spacecraft descent and
translation in the small-body fixed frame[ C]//Proc. AIAA/
AAS Astrodynamics Specialists Meeting. Providence, RI,
USA:[s.n. |,2004,

Montenbruck O, Gill E. Satellite orbits: models, methods,

and applications| M]. Berlin Heidelberg: Springer, 2000.

EH T
RMBA986—) . 55 W 5T A4E 32 B 5T 7 1) R S R I A%
e IR E e

L1 £ (010)68918910
E-mail ; yuanxul020@126. com

[(FHEHE. RE]



