95 22 5 6 1 o L5 HE E R Vol.22 No.6

2024 4F 6 JOURNAL OF DYNAMICS AND CONTROL Jun. 2024

LB Y5 :1672-6553-2024-22(6)-016-008 DOI1:106052/1672-6553-2023-128

MM EAaifEX Bt L, = Halo BB/ R0

FRE RWE OE# EEEYT MEM WER

(1. iR 2 s iR 2EBE, WHI 518107 (2. WAL T K% f1% 5 ARESI%BE, % 710072)
(3. HEZ AFARDII R S A% M AR %, JLat 100081

4, PEMRBHE BB, Jbat 100048) (5. B 5t k2 K305 25 Bl , AT 210023)

WE a8 R AR AR K T 2 3 ORI, 5 2R LIS AT R R 28 2 26 il 1 5 K 5 BOB0 I S L MERE R R
*’Jﬁﬁ%%iﬂn%%%s& B T Halo $UiH HA AR E MR 1E Ax;ﬁfaﬁm/ﬂh%ﬁmﬂiﬁaﬂﬁ L, % Ha-
lo B B Jy 24 AL L 0 5 om0 1 2 ST A L, A B A 1Y 3 2 AR S o RO 8 TE A Y 1 Halo %
W RPIEG 4 PF 2T Grin WO R VR Sk AR 1B 00O AL Ak 155 0 T 8% G 4R A 80 A A8 5 S A o R e ik
S5 - R Runge-Kutta B3R Halo B3H /9 3 g 2% Jr B W1 5% Tl 48 0 52 o 2 B 15|76 1% 900 T8 A 22 B bk el )
TR I AT o SR FEAR 5 T A B Tk T 90 AR A O 22 10 S A R L 5 5 801 B3 D 0 X B )i TR
G R A 7 IR A M T AR [ 98 3o TR o 0 KN R T T 1 4 Bl g A R 9 B R A R B A
FRF IR PR 5 300 A 5 SR A5 B0 M1 B D ok AR — B0, T L R — R e 9 T B0 T S S A0 B TR S i 22 T AR B R
ZIRAS R 22, HATHAEH 0 ORI 9T 45 R W, T Halo 038 [ (0 AN B 52 1 9T A0 4 Ik 200 3 2 1
Tl 482 15 | 72 09 B /IR 25 A 25 2 DR I, 5 U RE T 22 P iR ), S5 2080 52 WAL K 44 1) 5 i L A B L Al
TH 1 T RE IR S 1 7 ] 0 i 22 4% 338 0 LA AT T A R
XEER MO EERE, HaloJUil, WREHBHEME., KaHizs
hESES V52 XERARARRD : A

Influence of Micrometeoroid Collisions on the Halo Orbit around
the Sun-Earth L, Point”~

Li Qingjun' Wu Yuting' Wang Bo® Huo Zhuoxi** Liu Jilin®* Liu Huigen’
(1 School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518107, China)
(2. School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710072, China)
(3. Qian Xuesen Laboratory of Space Technology, China Academy of Space Technology, Beijing 100081, China)
(4. China Academy of Aerospace Science and Innovation, Beijing 100048, China)

(5. School of Astronomy and Space Science, Key Laboratory of Ministry of Education, Nanjing University, Nanjing 210023, China)

Abstract There are a large number of high-speed micrometeoroids in space. The collision between micromete-
oroids and spacecraft in orbit will lead to orbit deviation, performance degradation, structural damage, or even
failure. Due to the instability of the Halo orbit, the effects of micrometeoroid collisions on the dynamic evolution
of the Halo orbit around the Sun-Earth L, point are studied in this paper. First, an orbital model around the
Sun-Earth L, is established, and the initial conditions of the Halo orbit are constructed using the differential cor-

rection method. Based on the Griin micrometeoroid flux model, the number of collisions between micrometeor-

2023-06-29 W) 55 1 Fr »2023-09-18 W BIM& B
* R HRFL RIS (12172282), F4FE A A 63 TR T H (2021QNRC001) , National Natural Science Foundation of China(12172282) .
Young Elite Scientists Sponsorship Program by China Association for Science and Technology(2021QNRC001).
T B (5 E# E-mail:huozx@139.com



5500 25 PR AL GG O R AR I XT H 4 L, 58 Halo $UHE A9 521 17

oids and spacecraft is calculated. The velocity variation caused by the collision is evaluated. Then, the Runge-
Kutta algorithm is used to solve the orbital dynamic equations of the Halo orbit, and the evolution of orbit devia-
tion caused by the collisions is studied. Besides, the state transition matrix method is used to analyze the evolu-
tion of the initial state deviation., which is then compared with the numerical integration method. Finally, based
on the state transition matrix method, the dynamic responses caused by different magnitudes and directions of
the velocity increments are analyzed. It was found that the results obtained by the state transition matrix in a
short time are basically consistent with the numerical integration method, while the final deviation can be calcu-
lated from the initial deviation with only one matrix multiplication, which is highly efficiency. The results also
showed that due to the inherent instability of the Halo orbit, the initial small micrometeoroid collisions would
grow rapidly. This may lead to more control fuel consumption and ultimately affect the life of the spacecraft. In

addition, the direction of velocity increments caused by micrometeoroid collision has an important effect on the

deviation transmission.
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Table 1 Meteoroid flux and velocity increment of collisions

m/kg F/(m?/yr) n Ap/(kg-m/s) Avi/(kg-m/s) Av/(kg-m/s)
[10 21,10 2] 7.12E+06 7.12E+08 5.96E—16 2.98E—19 2.12E—10
[10720,10 1] 1.01E+06 1.01E+08 5.96E—15 2.98E—18 3.00E—10
[10- 1,10 1%] 1.01E405 1.01E+07 5.96E—14 2.98E—17 3.01E—10
[10718,10717] 8.75E+03 8.75E+05 5.96E—13 2.98E—16 2.61E—10
[107 17,10 16] 2.61E+03 2.61E+05 5.96E—12 2.98E—15 7.77TE—10
[1071,10 1] 1.14E403 1.14E+05 5.96E—11 2.98E—14 3.40E—09
[107¥,107 1] 5.61E+02 5.61E+04 5.96E—10 2.98E—13 1.67E—08
[10-",10 1] 2.61E+02 2.61E+04 5.96E—09 2.98E—12 7.79E—08
[10-1,10 2] 1.06E+02 1.06E+04 5.96E—08 2.98E—11 3.14E—07
[10712,1011] 5.76E+01 5.76E+03 5.96E—07 2.98E—10 1.71E—06
[10- 1,10 1] 2.78E+01 2.78E+03 5.96E—06 2.98E—09 8.27TE—06
[1071°,1077] 8.05E-+00 8.05E+02 5.96E—05 2.98E—08 2.40E—05
[1079,107%] 1.34E400 1.34E+02 5.96E—04 2.98E—07 3.99E—05
[10°%¢,10°7] 1.36E—01 1.36E+01 5.96E—03 2.98E—06 4.05E—05
[1077,10%] 9.75E—03 9.75E—01 5.96E—02 2.98E—05 2.90E—05
[10°6,10 7] 5.66E—04 5.66E—02 5.96E—01 2.98E—04 1.69E—05
[107°,107%] 2.92E—05 2.92E—03 5.96 E+00 2.98E—03 8.71IE—06
[10-*,10 %] 1.42E—06 1.42E—04 5.96E+01 2.98E—02 4.23E—06
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(¢) positive z direction collision
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Fig.8 Orbital deviations for different collision velocity directions
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