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ABSTRACT

As the era of private space development has begun in earnest, the amount of space debris is also
increasing rapidly. Therefore, active debris removal methods are being studied. In this study, the con-
tact-type space debris active removal method using the space net was analyzed for the tendency of
the space net design variables through the structural dynamics analysis of the ejection-deployment be-
havior using the finite element method-based software, LS-DYNA. Boundary conditions were con-
figured considering the injection situation, and concentrated mass, cable element, self-contact con-
dition, and Kevlar 49 material were used. Subsequently, the storage form was simulated by folding
the net. Through simulation, the design variables, ejection speed, ejection angle, and mass of the
capture projectile were confirmed when the space net was completely deployed. In addition, addi-
tional simulations were performed by assuming the disturbance caused by the ejection device.
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Fig. 19 Comparison of in-plane configuration of de-
ployed space net by varying disturbance rate

0s

oy 1
LT

v i

7y

£
=

t=0.18s

S RILT

-,

(a) Disturbance rate =1 %

t=0.09

2

t=0.18s

.
7
LAY

Ny
5,
oty 7
%
L

177 X%

v
SH

7
—

s
S
<

(b) Disturbance rate =10 %

Fig. 20 History of net deployment by varying dis-
turbance rate

S

b do ol N oft

2o W

o= v

jectile®] & %!

h=

& olsAd,
A7

A ZtEE FH)
X3 projectile?] &

Ea g
= -,

jectile<]
at3lon, o7,

M
X% projectile

#o1Ql Ansys®t LS-DYNAE
FATAAN AAE 1m*e] GAFZ
-PrePost®] airbag folding 7|
Wol7t 4%7F HEE

SEREE
AR, & WA A 28 A
A % 52
150 A2 Al o1

=

=
s
a

HEEgh Al SEE
A = sk, 1A
o} %3

Sl projectile

AT
B
= -1

s7g ek v st & el 2a5

1+
Z]

O~

=

ot

go]d K

- O:]

53 v
ol

A7 28 AR Hh

Au) % 553 e

o
;

tlo T{E b
¥
i e o

f
3

;|

;O

71 A= Al 5 o)

79} 238 projectile?]

2
N 32

K

|

o
!

S

Z3 projectile?] A&
o Ee 1B A A

il

1

>,

o

!
N

d

i)
ot
tlo

=0
Hee

\n)

10 g4

1=]]

g

Of
-

Hir
o

)

Trans. Korean Soc. Noise Vib. Eng., 33(4) : 360~371, 2023

[}
o,
2> o g to ot 2 o B = omlo > rf

i)
ol

fajo] %
$F0E A A A
@ o Aol e
AN A
BE 94 % A

369



Hyeongmo Kim et al.; Comparative Study on Deployment Characteristics upon Space-Net Design Parameters for Active ...

B FFIme AAEkL F 2Eel W AE-Ad
N AlEEeldE Fal HA AAS FAT Aot

References

(1) BBC News, 2022, Starlink: Why is Elon Musk
Launching Thousands of Satellites?, https://www.bbc.
com/news/technology-62339835

(2) The European Space Agency, 2022, Space Debris
by the Numbers, https://www.esa.int/Space Safety/Space
Debris/Space _debris_by the numbers

(3) National Aeronautics and Space Administration,
2020, Orbital Debris Quarterly News, Volume 24, Issue 1,
pp. 1~16.

(4) NASA Orbital Debris Program Office, 2022,
Legend: 3D/OD Evolutionary Model, https://orbitaldebris.
jsc.nasa.gov/modeling/legend.html
30, 2022).

(5) Forshaw, J. L., Aglietti, G. S., Navarathinam, N.,
Kadhem, H., Salmon, T., Pisseloup, A. et al., 2016,
RemoveDEBRIS: An In-Orbit Active Debris Removal
Demonstration Mission, Acta Astronautica, Vol. 127, pp.
448~463.

(6) Biesbroek, R., Innocenti, L., Wolahan, A. and
Serrano, S. M., 2017, E. Deorbit - ESA’s Active Debris
Presented at the
Conference on Space Debris.

(7) Forshaw, J. L., Agliettii G. S., Fellowes, S.,
Salmon, T., Retat, 1., Hall, A. et al., 2020, The Active

Space Debris Removal Mission Remove Debris. Part 1:

(accessed  December

Removal Mission, 7th  European

From Concept to Launch, Acta Astronautica, Vol. 168,
pp. 293~309.

(8) Lim, J. and Chung, J., 2018, Dynamic Analysis
of a Tethered Space-tug System, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 28, No. 1, pp. 83~91.

(9) Hwang, U.-J., Jang, M., Lim, J.-H., Shin, H.-C.,
Sim, C.-H. and Park, J.-S., 2022, Capture Simulation

370 | Trans. Korean Soc. Noise Vib. Eng., 33(4) : 360~371, 2023

Study for Space Debris Using Space-nets, Journal of the
Korean Society for Aeronautical & Space Sciences, Vol.
50, No. 6, pp. 435~444.

(10) Ansys M. Element Library, 2020, Ansys Element
Reference.

(11) Livermore Software
LS-DYNA User’s Manual, Vol. 1.

(12) Taylor, R. and Hayashi, S., 2015, Using JFOLD
& LS-DYNA to Study the Effects of Folding on Airbag
Deployment, Presented at the 10th European LS-DYNA
Conference 2015.

(13) Shan, M., Gua, J. and Gill, E., 2017,
Deployment Dynamics of Tethered-Net for Space Debris
Removal, Acta Astronautica, Vol. 132, pp. 293~302.

(14) Yang, L., Zhang, Q., Zhen, M. and Liu, H,
2017, Dynamics and Design of Space Nets for Orbital
Capture, 1st Edition, Springer, Newyork, pp.44~45.

(15) Botta, E. M., 2018, Deployment and Capture
Dynamics of Tether-nets for Active Space Debris Removal,
Doctoral Dissertation, McGill University, Canada.

(16) Brown, I. F. and Burgoyne, C. J., 1999, The

Friction and Wear

Technology, 2021,

of Kevlar 49 Sliding against
Aluminium at Low Velocity Under High Contact

Pressures, Wear, Vol. 236, No. 1-2, pp. 315~327.

Hyeongmo Kim received his B.S.

degree in  Mechanical System
Engineering from Jeonbuk National
University in 2022. He is currently
a M.S. candidate at Department of
Jeonbuk

National University. His research in-

Aerospace  Engineering,
terests include computer-aided engineering for structural
dynamics and rotorcraft fuselage structure.

Dahan Song will receive her B.S.
degree in Department of

Aerospace Engineering from

Jeonbuk National University in
2023. In the future, she plans to

be M.S. candidate at Department

of Aerospace Engineering,
Jeonbuk National University. Her research interests
include computer-aided engineering for structural dy-

namics and active debris removal mechanism.



Hyeongmo Kim et al.; Comparative Study on Deployment Characteristics upon Space-Net Design Parameters for Active ...

Haeseong Cho received his B.S.
degree in Aerospace Engineering
from Korea Aerospace University
in 2011 and his M.S. and Ph.D.
in Mechanical and Aerospace

Engineering from Seoul National

University in 2013 and 2017,
respectively. He is currently an assistant professor of
Aecrospace  Engineering at  Jeonbuk  National

University. His research interests include computa-
tional methods in structures, structural dynamics and
aeroelasticity, multiphysics/multiscale simulation.

Jae-Sang Park received Ph.D. degree
in Mechanical and Aerospace en-
gineering, from Seoul National
University, Seoul, Korea in 2006.
Dr. Park is currently a professor,
Department of Aerospace engineer-
- ing, Chungnam National University,
Daejeon, Korea. His research interests include aerospace

structural analyses and rotorcraft acromechanics analyses.

Trans. Korean Soc. Noise Vib. Eng., 33(4) : 360~371, 2023 | 371



