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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-
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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)
[102t,10 2] 7.12E+06 7.12E+08 5.96E—16 2.98E—19 2.12E—10
[10-20,10 1] 1.01E+06 1.01E+08 5.96E—15 2.98E—18 3.00E—10
[1071,10 18] 1.01E+05 1.01E+07 5.96E—14 2.98E—17 3.01E—10
[10-18,1017] 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¥,10714] 5.61E+02 5.61E+04 5.96E—10 2.98E—13 1.67E—08
[10 ™,10 3] 2.61E+02 2.61E+04 5.96E—09 2.98E—12 7.79E—08
[1071,1012] 1.06E+02 1.06E+04 5.96E—08 2.98E—11 3.14E—07
[10-'2,10 1] 5.76E+01 5.76E+03 5.96E—07 2.98E—10 1.71E—06
[10-",10 1] 2.78E+01 2.78E+03 5.96E—06 2.98E—09 8.27TE—06
[10719,10 "] 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
[107%,1077] 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
[1076,107°] 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 8.71E—06
[107%,10 %] 1.42E—06 1.42E—04 5.96E+01 2.98E—02 4.23E—06

MFE 1 B s v A, BB 7E (101,10 7 Jkg
JO B N RGBT R R G AR X AT R g I8 R I A
PNl N K =R N =S B G | S AN T D R 13

fii 1 SRRV AT TR T A B RO R AR A o
FLR i HUIE ™ AR AR 22 L (BB IT A (ol 2 A ) o
R IBCRH 1V Y0 BT ) e (L, EL#RTE 40 4 ik 220 ¥4 [v) — 7
T 55 0 K A A= iE 4 AR AR ARAETR LRER 1 B

0.05 N
--- Az - Ay — Az J — B A 0 A5 3 A o 2 R Av,, = 1.74 X
e 10 m/s F B INEN 230D Fros i o) fE S IF
005 f \\.\_ T T 3 15 4 7 ) 4% 9 R o BAE Dy )y Bl
° o " S R O DY I 5 Z T 2 4
0.1 ,
T Ax e Ay Az
T e 0.5
o1 ; . 6\ —
bt N 0
0.02 ‘
i fepiy/\ep anememt Ay Az //
1 o "1:.// 0.5
\\\ 0.5
0.02 ‘ . \
0 3 ’ -

@©t

4 Bl S BB R RS i () o Bl IE D7 1) il 98
(b) y HNIET7 B B (o) = 4 TE 7 fh) 4l 45
Fig.4 Orbital deviations after collision: (a) positive x direction
collision (b) positive y direction collision

(c) positive = direction collision

0.2

05 93°
X

Bl 5 78 x.y M= J5 [ R AR R /) = 4E il

Fig.5

vy and = directions

Three dimensional trajectory after the collision in the x,



5

JAIH (29 357 KD, i A5 SR an 8 4 A 5 firos. B
PR T JH 204 e A 6 5 G 1 R B R T I TE
Bl TE Ty ) B 2 AN BI0TE TR DS B 0 e 22 35 $0.1,
T 7E o il 1E D5 1 A = ik 1E D7 1) 0 e B 4 A 5 | A
1 25 by BlE 7 100 43 50/ 2 A5 RS A A TR — R Y
Tl A8 5 AP L = Bl B AR AR N T o Ay Bl
AR
22 ETREHBERENZIDSH

P T fol 0 2 AR 0 T 48 K A K A Rl A R
HH B/ B R AR LB T A R B 2R 0 LR
Ji i Z A0 T 0T L e R A e B A R 5 0 4 B
R AR | R A B e 22T RS R
D(t.ty) AW ZAEL M ¥R G TR
ANVIRE IR 2 Su, 51 AR B 2R SR 2 Sur) =
D (1 ,1,)0u, » M 5T 1R 25 % 338 1 B A

RSB B 5 0 1 M A RS e vk R
BEANAE AR LM B ) % R 45

i =f(u) (13)

Ml u() Mou O HR TR, BWE R
22— ANV Su () L BP

w, = f(u) QE))
u, (t)=ut) +dult) (15)
Xt u, (2) #H4T Taylor FEFF 1] 15
u_4<»+fmkl—w+m (16)
HA afuw)/ou 2 f (w) BHERT HHE B4
dJ
PREPEEALL
du
[of (w) If,(w) If 1 (u)]
du, du, du
afz(u> .. .
=| Jdu, ' ) a7
Hf(;(u) e e afb(u)
L du, aus

BT u) BRELBEE, LUK u() [CA
AAD BRI AR HERT AR A () (1605
2 (13) AFH Vsl I 22 W w2 By 3, B AT A5 3 A8 4y R

aJ
Su = fSJBAﬁHMWu—AUWM (18)

A LMW il oy J7 A L Hofig vl 5

WO R R RS X H b L, A5 Halo U3 (9 52 1 21
3u(t):¢(t9t())8u() (19)

$E (19K F, 15
Su(t) =®(t)du, (20)

B2 (18) 53 (20) e Al 15
ou(t) =®(t)du,

=A()ou =A)D(t,t,)0u, 21)
AT A5 1) bR 25 2 % 46 2 T 35 - 10 0 R ol 40 2
D) =AWDD(,1,) (22)

TR B 208 ou, (1) =@ (g 41,)0u, » I LR
R MR RN @ (1 0r0) = 138 33 $U{E K 7 7
FE(22) , Bl 15 2T 2 i 20 IR S e B 1 @ (1 s
to) I8 1 (19) AT 2R Ge W) b it 22 14 4% 36 LA

HTREHEBEET L . S u=[x,y.2,7.5,
21" il it Runge-Kutta B4, [F) B 2R fg R 25 A8 &
AN [7] B 220 8 AR 285 7 7% 4 g i B 7B Ak i Av =1,
74X10 'm/s JENE] x HhIE Ty W b B E Y 2
ANEIE JE I L 3 R AU AR 43 5 i RUIR S 5 # E
R 7 3k KA ) e Al 6 5 A ) A7 i 2 i BT[] A% £k
TEOL, 45 R ANE 6 Frzs. i AT, WG Rh 7k i 45 R
ZEFSE 1B AR BB Bl T

Halo BUE A B9 A8 E VE . WFR 7 35 B 25 2R 2 22
PR DR PR A B R 7 1 B4 i 22 R AH LG T RO
B Ir R H AR TE A — B . H HA
HH Ir) 1) 728 Al

E 5| — = = g5 ///\y’///

Eﬂ // state t tion ethod 5‘) i :

gﬁ St 7 = \ g St -

& F\// | 5 5 //

6 Rk T i ) BUE i 22

Fig.6  Orbit of deviation of two methods

3 MO

ARTTWEFEA R B 2 G 2 O (ot A2 1 il 43 5
i A4 I i A% S8 B R WL AR BUIE B ) o R il A S
L 1 18 A A R S L T S ) LA LA LA
RGBSR AT LU 25 g 0F il 428 5 R 78 A i Y
SO ARG SR 2 B BB TR A A R R 1Y AR
it Z ] Ry



22 g h % 5 o OH ¥ M

2024 45 22 4

2 m;N;A, T v,

AV = (23)

m

Horpy m, ARV GO0 B BT 6 L N Sl R R 18 3L
TR L T, AL K A5 E B AT AT g kA
Ty ). =X (23) F W 75 TR0 AL A B A | Al 8 AR X
TR LR 25 72 P8 47 B (8] — 2 1, 0 K 45 1) TR AR
FT et 22 b CIF BT b ) 4 L 422 52 il 3ok B 728 b L 2R 17
AN EESINECINER Y i

R T RIS AL 2 T S B X 4R 5 | A Y LT O A
i A A N N S QI i i
nAv(Avg, = 1.74 X 10" m/s) #E4730 J1 2405 &, 1
Hon A0 EI 10 ARk Z AT R A I T 5 AN 0 $1]0.4
AL X TR AT BB R kR L T 2
W BN 25 L IR A5 5 A% M Oy s R 2 — Ik gE
MErSR, HARSH B AT Z ot a . HA K&
B0 TR AR 15 1) 5 LR IR 5 5 7% 0 B iR A7 R
FHARZSHE 7 36 B 5 i+ SR A5 A W] o B2 8 A i F 3
TEAEA AL BR A AN RE 25 F A0 O 5 5, ANl 7 B, i I
AT 7 Al 2% £ A [R) 00 5 100 T D0 R 4 1T U L R
K 52 BN o B R o F5 T i 2 P K.

FEEEEE X~~~y ZzZ— F

0 5 10
nA v

{7 AN TR] 3 R A e B L i 22

Fig.7 Orbital deviations for different velocity variations

-0.05

Al 48 R RE RN B S 22 Ab L A T DG U il
JH 5 1) X AL IR A% i R 2 IR 4 FEEL 5 T LLE
B, AN R Al 8 77 1) 15 BT AN [R] ) R A% . Oy ot BRI
T E RN Av, =1.74 X 10 " m/s, 1 A A Y
Bl 45 £ BE o RN 3 3RS flf 48 S8 32 1 Sk 1) g ), D 3 RE
T 1 o SR AR AL T 0 o Bl Je i, 3R Ty
] 1 B R B AR b B T Il = R e L IRLL L W 0R
Ak 220 PR S 1R 22 T LA SRR
du, =[0 0 0 Awvusin(B)cos(a)
Avsin(f)sin(a) Avcos(B)]" 24)
B B 7 1) f A VE L @ € (0.270) R B €
(0, 70) i S AR B 56 B J7 BeoR g 45 31 2 %A
JEV S 1 I s B8 A o By Bl 2 Bl i DL
S 22 A 25 R L an &l 8 BT Fl T ET A, O [ el

R RE T ) AE 25 b R 22 R — 6 R il T, 2
Bl Ly BB 2 B R SRR ME A A2 0,51 F0. 1.
OB R 22 0T 2 O = b o3 09 0 A R A 1] L 5 O
2 v By R A3 A R

0.5

Ax

-0.5
400 200

400 200
a / deg

0
Oﬁ/deg

0.1

- 200
100

0
* B/ deg

-0.1
400 200

.
a / deg a / deg
8 7 [wl Al 48 8 By 1) T A 290 A 22
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