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Research on de-orbiting mechanism of space debris driven by ground-based laser

WEN Quan, ZHAO Shanhong, FANG Yingwu, YANG Liwei, WANG Yi, DING Xifeng, LIN Tao
(Information and Navigation College, Air Force Engineering University, Xi’ an 710077, China)

Abstract: In order to stuy the de-orbiting mechanism of small scale space debris, the models of spinning and non-spinning
space debris were established. The variation of space debris velocity ablating by ground-based laser was analyzed theoretically.
Orbit maneuver mode of space debris irradiating by laser was investigated. The variations of perigee and apogee altitudes, semi-
major axis and eccentricity with the change of initial true anomaly of the space debris under the irradiation of high-energy pulse
laser were simulated and analyzed. The simulation results show that there is an optimal action area of removal of space debris
using ground-based laser. The de-orbiting effect of spin debris is the best with initial true anomaly in the range of 86° ~151°.
The de-orbiting effect of non-spinning debris is the best with initial true anomaly in the range of 130° ~ 162°. The de-orbiting
effect of spinning debris is superior to non-spinning debris.
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Fig. 1 Schematic of removal of orbiting space debris by using ground-based

laser
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Fig.2 Schematic of a thin aluminum plate projected onto the x-y-plane
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Fig.3 Geometry of laser-target interaction

St v v, S BT 9 ] 1072 1 0 6 1
i, FORRCE G, 2 FoR RO BN )
B, TR

@ =74} = 2mcosd (15)
P JOREE R A8 3 BIE - Y R BE AR, TR

r,(1 +e)
r(¢) = 1 + ecos(d + ¢y) (16)
U, by 2705 L Hl AR 24 3 K T £ 1
PR IR B A -
f=¢+d (17)
LIBERLIGHRESY R
- s

SR v, Fr, S35 37 U A9 22 3t 1 AT b AT R
BB -

a = je (19)
RS TEEYSR
q =a(l -¢) (20)
T4 % 0 T RIS ) 400 s 8 i 3 )R
vy = /Mic[l +ecos(Pp + ¢y) ]
I (21)

v, = /MTG[ecos((b +dy) ]

K, M FoRMERTHE, G R T A 51 J1H
PR B R A
R L . Mc(l N L) (22)
r a

e BE K O B s TR 7 7= A B b i 7R I
oA W RS — R B, U R I8
FHRUE , R R BUE S B A i . 1 T 1)
RIS ) 18 T 8 8 31 A

{Av(, =-AJ, = Avsin¢ - Av cosé (23)
Av, = - AJ, = Av,cos¢ + Av sing
J_:tq:‘ ’g :B -6,
UG BRI
Ag = %{Ajg[l +ecos(dp + )] +
AJesin(p + ¢y) | (24)

o, AT, FAT, 43BN AT BYJE AAR R, G
WL, SR A AT, TR A B e R
F L AXAAX AT IR I R w1 AJ, X R
ARENAT R R IR o 2 300 L s 7 S R TR (B o +
bo =0) BF AT, X R A BAE R . B R #UiE & B
AR N -



310 o

S S

2017 4£ 5 J

AH = v Av, + v,Av, (25)
P s A7 22 00 L I, A58 1) R A A v, = 0, DA
(25) AT A, RV 1) sl B 1S i Aw, FEOR, A2
X R BB RS o OGRS B F R HEEAE FHAL
SRIT BRI AR T R AR, DT SO B s AT e
e BN A RUZ R, IR B BR A H A o ML
JEIEBR S A 8 2k A v, 48 290 1 0 3 (B
Hb ) ZE RN OU T A 2 4 T, T A ( B
HiL) B R B AR AR OE SRR A AR TR0 4
BRNEE SHEA IR S el E. VT F
Ag = (1 =€’ )Aa - 2aele (26)
Hy (27) 2AT DA T AR U5 i O R A 3G R
o = (1 —¢)Aa - Aq

A 2ae (27)
K, Aa FrRAE UG R, AUl
Aa = Mg (28)
2H

WIUh B A AE 0° ~ 360° 3 Bl N ARk, HLTE T b

AR R R R A
Ar, = (1 —e)Aa - ale
{Ara = (1 +e)Aa + ale

2 (RS

BESMEUE LEO XIS B A i E 28 2
—o ZHTCARL 12 ] H 4y 1 56 T30 i 12 8] 6 A
MRS, IR 1R 2 iR, DI AT | am i
535 2 500km, 1073km [R5 & <5V AR 91, 23 531 i
A7 T MO BR B e s [ Fr AR B e S R
AR . BUE RS & Rl A 6 =30°, 1
SEPOCHE AL TR L A f = 120° /908, Dy sk 2 Fy
FER AL B, SRk v - 2 <0l BUE T R AT A5
1o RENK MO TE £ O 45° ~225° Y I R RS 1B o

Table 1  Laser parameters
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Table 2 Physical parameters of space debris

space debris description Al/plate

areal mass density 10kg/m?

mass 0.75kg

angular velocity 2.5rad/s
impulse coupling coefficient T5uN -« s/]

parameter value
range 1000km
laser wavelength 1.06pm
beam quality factor 2.0
efficiency factor 30%
mirror diameter 13m
laser spot radius 31lcm
laser pulse energy 7.3kJ]
fluence on target 53kJ/m?
laser repetition rate 11.2Hz
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Fig.5 Apogee altitude vs. initial true anomaly



B4 % 3 WO HIEBOGIRSh A AR R RS 311

BEW R KT AR A BERE A o

FRERE 51 B BerE A BUR 19 ~F Sl ) fh
AR ANTE 6 Frs. LA L, 3 HEr i
UG R E R U6 DAY f =45° ~ 180°Fff Il 4 22
N AERV UG FLAT S f = 180° ~ 225° (b FF 2238 fin s AF A
JHETE F A2 B0 2 I AE ) 4 LA ) f = 45° ~ 126° 8]
[=186° ~ 225 MEIFFEEE K, fERI IR FL ff f = 126° ~
186 °Mf I R 248/ e R 5 AR FERE i B 1Bl
TESAEAE DX I 3270/, [RIRE BB > 1< A P
AN R TR A ERE A

900 o - —
——the semi-major axis of spinning plate

850} * the semi-major axis of non-spinning plate
800 s

E *

< 750

3
700
650
60060 120 180 240 300 360

A

Fig.6 Semi-major axis vs. initial true anomaly
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