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Abstract: With the increase in the number of space debris, the threat to satellites in low Earth or-
bit has become increasingly serious. Efficient removal of space debris has also become a hot topic
of concern in academia in recent years. This paper aims to address the issue of using a flexible net
to simultaneously capture and clean up multiple debris in a single mission. We establish a dynamic
model of the flexible net and a contact dynamics model with the debris during the capture process.
The motion of the flexible net and debris during the capture process is simulated. In order to gain a
deeper understanding of the motion characteristics of the net and debris during the capture
process, we investigate: the maximum tensile stress of the net, the displacement and velocity of
the mass block etc. , the numerical simulation results show that in a single mission, the flexible
net can capture multiple rotating space debris and achieve stable wrapping, demonstrating the ex-
cellent capture capability of the flexible net.
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Fig. 1 Initial state of space debris
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Tab. 1 Initial parameters of multiple debris
=2 JitE, mr/g g, 1/ (g cm®) BRI E /cm  BIGMAHE / (rad/s) RAF/em
1 2622 4.818 5e+04, 9.439 le+04, 1.385 5e+05 —100, 60, 50 0.5, —0.5, 0.0 23X20X3
2 6 555 1. 468 8e+05, 2.624 0e+05, 3.463 8e+05 60, 82, 20 —0.2, 0.0, 0.0 50X 20X10
3 4 916. 2 9.637 6e+04, 1.298 7e+05, 1.396 5e+05 0, 90, 10 0.5, 0.0, —0.5 22X22X15
4 4 916. 2 7.471 7e+04, 1. 948 5e+05, 2. 262 8e+05 —30, 40, 240 0.5, 0.5, 0.5 22X20X18
5 2073.6 4.727 0e+04, 4.508 1le+04, 8.959 Oe+04 —50, 0, 210 —0.5, 0.0, 0.5 25X20X5
6 25920 1. 005 Oe+06, 3. 845 5e+06, 3.987 7e+06 —70, 0, 25 0.5, 0.0, —0.5 50X 25X15
7 15 552 6. 030 2e+05. 9.963 0e+05, 1. 081 6e+06 30, 30, 330 0.5, 0.0, 0.5 30X 25X20
8 41 471 3.678 9e+06, 4.413 8e+06, 6.257 let+06 0, —60, 50 —0.5, 0.0, —0.5 40 X40X 30
9 46 944 6.673 4e+06, 1.149 7e+07, 1.767 3e+07 0, 0, 100 0.0, 0.0, 0.5 80 X50X20
10 46 944 3.806 5e+06, 7.419 1le+06, 9.236 9e+06 0, —60, 200 0.0, 0.5, 0.0 60X 45X 30
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Fig. 2 Space flexible net deployment diagram
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Fig. 3 The process of many debris pieces removal
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Fig. 4 Position change curves of mass block

) slo 1o|0 15|0 200
Fsf[a)/s
Bs5s BRERNEETHMEE

Fig. 5 Velocity change curves of mass block

TRAE, fEIR St B — H N

B 6 (a) Hoky o hn R B R 8 0F 58 0 4
HAgRm s g o, ok, WRS RWER Y
208 D fol ) 1R AR AR B . AL 6 (b) PRI LR
R FE 55 20 2 il . — TR DR b ASORE % 2 B
ESHEMEER)E . HFRmuEsh. £ X 5Y Jn
MG sh JLF 45 1k, ANFE Z 5 = AR R A RS =
XA 4 Ud B 23 [R) g8 AT DA B — R B R Y 25 [
e, WL 3 ALk — A, SN T2
AT B R b A B A R A AR R . i B 1 T

0 24 X ) HL 5 A A g %

Bl 7 eI 58 e R i o B AR Ak R 1T, AR o
AILAE W, EREEM SR 2w, A —E
FES L IER, . 5 R MBS . B U R P R
ik, 7E 200 sJ&, X 5Y §iliJy my (0o B & 4 IR &2
0 cm/s, RBIFEF7EM ARG C & ab TR RN
WA



48 FALEAREA 2023 4F 11 A

Fr 5 R R ), B R R B R AR, TR
29200 s J . WER ORI BERe . e 5 1 9 de M

(a) HMEIRICABEPHFERFFARIIR

150
_Xéfﬁ;]
_ y{fﬁ]
100
g 50
i
< o
50 %
_ 1 L L
100 50 100 150 200
s 1] /s

(b) EBEFFLETHHLE
Be HMRAMUEEZLE

Fig. 6 Position change charts of the fragments

0 50 100 150 200
(/s

B7 BRMEETALHEE
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Fig. 8 Angular velocity change curves of the fragments
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Fig. 9 Contact force change curves of the fragments
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