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Simulation analysis of orbit characteristics of space debris

irradiated by space-based laser system
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(State Key Laboratory of Laser Propulsion & Application, Academy of Equipment, Beijing 101416, China)

Abstract: In-orbital spacecraft has been in great danger because of centimeter space debris. Nowadays a
research topic that high energy laser irradiates orbital debris to make it into the atmosphere burned down
has been more and more hot. In order to take care of centimeter space debris near space station, a space-
based system with high energy laser had been appeared, with a method of calculation of multiple pulses
laser orbital-dropping. The simulation result shows that the possibility of removing space debris with
space-based laser is that space debris is in a certain condition named "cleaning window". The selection of
"cleaning window" is the key of orbital-dropping of debris. Under the existing conditions, such as laser
power and platform parameters, multiple pulse laser orbital-dropping of debris is feasible. The result of
multiple pulses laser orbital-dropping shows that debris orbital parameters have a big change in
eccentricity and a small change in inclination, causing a big range in perigee and a small range in
apogee. After insuring range of orbital-dropping, the result of single pulse velocity increment is nearly

close of multiple pulses. Because the orbital-dropping has a great difference, there cannot be calculated of
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orbital-dropping by a single pulse to approximate multiple pulses. Based on above discussion, the

modeling and simulation of detection and removing centimeter space debris with space-based laser system

can be finished.

Key words: space debris; space-based laser;
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Fig.1 Initial state of orbital debris no coplanar transfer
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Fig.2 Laser irradiation velocity increment
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Fig.5 Simulation process of multiple pulses laser irradiation of orbital debris no coplanar transfer
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Tab.1 Parameters of forward motion debris and

space borne system

Parameters Debris Space borne system
Semi—major axis a,=6 778.14 km a,=6 828.14 km
Inclination i1=130° i»=51.6°

Eccentricity e= e,=0
RAAN ,=180° 2,=0°
Argument of perigee @,=0° @,=0°

5=5
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Tab.2 Parameters of conjugate movement debris

and space borne system
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Fig.8 Distance between debris and space borne system

100 —o=10°
------ w=-5°

75 ceslagy=50
——0=10°

U7 N S I T S PN S w=15°

<J/()

10000 15000 20000 25000 30000
Time/s

PO H by e A O i T 9k 5 S e S

Fig.9 Angle between laser irradiation velocity increment and orbital

0 5000

inclination

2001 —w=-10°

&/

LA i |
10000 15000 20000 25000 30000
Time/s

P10 H b i 0O B 1 R 0 5 Ry 1) S A

Fig.10 Angle between laser irradiation velocity increment and

00 5000

velocity

Hi I8~ 181 10 ] LU i, 24 K38 & A9 3 b i 5
/T HAREE i, B 2 J00E TR B W R 17, 3

0329005-6



bk T2

% 3 M

www.irla.cn

#40 %

HIC L8 0k TG BRI 215 Y R P 6 01T 3 s 48 A
KT HER#E R B BT w, 7300 0 5°.10° 15°1, “% BR
T 73 ) A RS — = A JE I 3 B )
1 3] K 23 B W e R .
Tﬁ%m?ﬂiﬁ@ﬁjﬁ“?ﬁ%rﬁD”E’J?ﬁ”ﬂ,Eﬂiﬁ?
5 R BTG 5 AR 0N @=0°, 0,=10°, H

ﬁﬁiﬁﬁtiﬁ@iﬁl 1=51.6°, K- 5 YL s i 70 5
B 45°.50° ,55° .60° \RAL“IHERE 0" =N SR,
&, & B a] 9 22 A an BT 11~ 13 iR o

—i=45°

1800
1600
1400/
1200\
1000F
800
600
400
200

R/km

10000 15000 20000 25000 30000
Time/s

0 L
0 5000

P11 H AR 8 7 5 K kS £ [ B

Fig.11 Distance between debris and space borne system

3 —i=45°
100 R (=N
75 o i=55°

-100

10000 15000 20000 25000 30000
Time/s

0 5000

B 12 H b R 06 5 IR R 8 Rt 5 8030 7 T
Fig.12 Angle between laser irradiation velocity increment and

orbital inclination

180
1601
140 \J )
120
100
80
60
40
20}

Q)

10000 15000 20000 25000 30000
Time/s

0 .
0 5000

P13 F bR B O B 1 R e A R T 1 S A

Fig.13 Angle between laser irradiation velocity increment and velocity

RN IS BTER (R S O R T - M N
BOA R, 3 B 250 = .

BAIEARR
BT X LR A% PF R 2 Al RE R kAT 22 ik e R
15 H , WG S5 3 B

RIBMBEREXRETEVNESH

Tab.3 Initial parameters of debris and space borne

system
Parameters Debris Space borne system
Semi—major axis a,=6 778.14 km a,=6 828.14 km
Inclination =51.6° i,=60°
Eccentricity 1=0.00073821 e,=0
RAAN 2,=0° 2,=0°
Argument of perigee ,=0° @,=10°
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Tab.4 Cleaning window

Parameters Value
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