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ABSTRACT

This paper presents an ejector for active debris removal using a space net. A non-explosive space-net
ejection mechanism based on a spring’s elastic restoration force was developed. Through a literature
review, the key parameters for the ejection mechanism were defined. Then, a spring design that satisfies
these parameters was developed and verified through numerical simulations. Based on the designed
spring, a three-dimensional configuration of a single space-net ejector was developed. Structural analysis
was conducted under static and dynamic conditions to investigate the relevancy of the design,
accounting for the spring’s elastic restoration force and launch environment. Finally, the ejector was

fabricated, and the hold down and release mechanism was validated.

A =R removal) 59 AH| 25 AFst= AL on)eit) 4

V brojectile A £E = A 2=e] Fells Al #7](de-orbit) R E
@projectile A A FEE, o - AEs YR TEAoRE
k D2 A AAs = 7leS &8ss Ao, &5 e
F 232 B Bl 5 A= SAshs GE8HA e =HE A6
O AT M, 9% T8 L= 7lee] AAE S5 A,
MOS cobA o] of oJg w3 Fol oo HFAT?. H A AAA
Q1 WIZE 5 AbE 2 AR TR & Ao~

1. M 2 oA RIZE Fro] FpAFo] At sk uhe}

olelgt ¢+ sl= 7t g5stH 7 AuHAE o

A= AH]) 4 (on-orbit servicing, 00S)S $4d 2] et k. olo wt ZA|AE(United Nations,

O

[e]
A5 AFE HHoB 95 I 5 EAEY  UN) 971d993E 5 FEE A7 vlel= ‘j/]ro
el A (inspection), AHAl A, A B o] (tug, AP, o]E F53r] 98 “?7]"’1]/\1
relocation) B 478 (repair), 35 &all& A A(debris ~ Z3)E A Ao B3k Ay} gbs] QEE

T  Corresponding Author ; Member, Jeonbuk National University,
Professor
E-mail : hcho@jbnu.ac.kr

*  Jeonbuk National University, Student
*k

i Recommended by Editor Gunwoo Noh
Chungnam National University, Professor (© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 34(3) : 349~358, 2024 | 349


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2024.34.3.349&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Sejun Kim et al.;

Ejection Mechanism Design for Space-net-based Active Debris Removal

$7 A% AAE 9 Yo 9
251 ojjell A+ ti7| @l A 222 H|7]8)
S 212] W (post-mission disposal)¥} %
Ae B 5 eSS AH AASE T
A A(active removal debris, ADR) WHo =
L 011’4_(4) o] = ADR H]—HJ_O_ ;(ﬂﬂ l:ﬂ—}\loﬂ [q.ﬂ_

o

=
o rlr Ol’)‘l

2
b
o

W
ML off o un
Lo oft o Ju o

}

Xﬂ 71 2 Z—Va’(harpoon), i%%l’(robotics arm), ~L
Erey 524 0] %2 Sl B4 Y
gl WEEA A e ol
W(ion beam) % oA (laser) 5= ©]-&% W
2ol X3 BREse 458 avaA) won 7
glollM HxEe] o4 7es frieste] Al sk
7)o tp10,

%= Surrey space centres TEZ 2014d5-F A
2+l ‘removeDEBRIS’ ZZAES] Ugto =z 15 Y
e olgd £8P Teelel BIH 97
= 29 7]zl gk A7F AU =3 A
A $F AR §F 2% 9 AAE ol§F §5

s AA Tes fe’if?} H} %Wﬂr“”. Elenly

_I

1+

ZE gl JJr-lq xﬂﬂ/\]/\Eﬂ 04?’9] o
$-Foh Eﬂ A28l 2] H 2~ E M =(KARI
capture test-bed, KARICAT)E T&83}3t) # H
2EH == A tupo] 28 YA Zo] Fatwo] 9l
AlolA, B, FrpE Hypom FAE o] 9tk ol&
o]-g3to] AlZ} 710k B3 EA A&A E Als F
A dagEs st elE JAAEE 23

o]

rr

operative behavior)S- X
Seith gl A, ek of EFlAE
T 7N AHEA AA S AAsSSih
8-S 0] 88 FEE AA HEe 94wl
F a5 AEFAZEE FAM(projectile
s AREAA AellEs 293 A=
o w} $-F 12 Tt d49 Er/\hﬂa AFEAT]
W, B A R S RA 95 e A
9k 95 285 o83 95 el Al g
Fig. 29} o] @ #A4el <4 7, @ 55 218 At

350 | Trans. Korean Soc. Noise Vib. Eng., 34(3) : 349~358, 2024

(a) Harpoon

(c) Net

Secondary propulsion
system

Spinning
target | uem=mmmT " e naay

Laser-produced jet Original orbit
Interaction
net effect:

lower perigee

Atmosphere
Ground-based
LODR station

(e) Laser beam

Fig. 1 Various type of ADR mechanism

= g

83 9% A2 A9 4dAZ A %ﬂ 0 O‘EP”)
$F 2BS o8 7 AdE 28 HHA A
3 B g e FAR SF OE ALE 1)



Sejun Kim et al.; Ejection Mechanism Design for Space-net-based Active Debris Removal

\J ,
@ Satellite
Space debris Space net
@Approach @Eject and deployment
o
-
@Capture @Traction

Fig. 2 Sequence of active debris removal using space net
=% o= vAYS AAVE et 13 AAR
WAUZ 85 44 35 0 WA B304
54 5o el A 8TRNS BBFES i
AAZE ety ol wet o] A= Ay

M7 Wge) aTEAS W, A S5

W A 8TEAS VEHEES e 95 13
A AAYES AR $F 28 AR 9
FAUFOE 220 By BAYS ol §F
= A WERA AR WAUZS Agsgon,
oo e AA WE R AA 8T 21E FYel
oA 87 21 VEHES s 22y A
% B e ABACIAS B3 219 WAt
Be gasign. 21y 4 AN Bz
sz ) By ALE AUZS A0
W, olo] oid 339 Pge TR AR

= B9 AAe AHRe

dE A A ]
T4 BEAx fAYZY T tsAS AlEF
2 gelaart
2. 2F OB AE NAHUZ = AMHA
21 AXZZ 7"l H|ZELA 2F 2 AlS

projectile nozzle

/ Cooling gas tank  Nom-return
| / valve

Net
Canister

X

Cooling gas
generator

Pressure
sensor

Vacuum valve

projectile
(a) Pneumatic net gun mechanism

Steel Weight

! Net Canister

Volume : 5L AN
'L -r\ Cover will be
-"\ separated by a bolt
§ Cutter and Spring .

(b) Spring-based ejection mechanism

Fig.3 Space net ejection mechanism

Aol a7Ark FHds 7k
AL 719 A& WA Y F(pneumatic net gun mecha-
nism)@} 45 2328 7|9k AlE WAL S (compression
spring-based ejection mechanism) 5¢] &gt} 7}
2 AL 7Nk AbE MAY S Fig. 3(a)9t 2ol ¥t
st BHATIT PEFAAE BAAA TS A
WheH AT, 315
o A vIAYUSL Fig. 3)AH 45
3 gEAA B B fEstn oy 2
of&l FAMAZE A B 7hEshgel weh A
“1go) AFEEE Ao,
s AL P A e S 720t )
qow wys, YR haE AR PEAD)

de PHoEE 4F

ul

=

S O

= [e)
T =2

o

]H

—

2 o ot
N
L L2 T

B e [y |

O

Trans. Korean Soc. Noise Vib. Eng., 34(3) : 349~358, 2024 | 351



Sejun Kim et al.;

Ejection Mechanism Design for Space-net-based Active Debris Removal

F 74 9 alAsle] 2xe w4 Bde fral
227 e H9 o8] FAR B 5 2Eo] AL
ZEh we dAYSE 7 AL 45 22 o
4e fAe] 93 7EE 9 75 As) A
AAYFo] Sk ofol weh o] el A= H&
WA R WAUEE Fh2 sl

H|Zuka] By mAYSZL dA Ay dkale] i

T

ki ’1(re1ease mechanism using heating wire
cutting method), H|Z %2 252 2 %X|(non-ex-
plosive low-shock separation device), 7% 747 2
215F52E 7|9k 52 X (release mechanism using
holding ball and DC motor) 5°] It} Fig. 4(a)2] &

Separation Nut

Heating Wire- [ Nylon Wire .
. Heating Wire

(a) Release mechanism using heating wire
cutting method

Resel E - Ball
Hole Bearing
2% E
g f, Cap
Cap &5 Spring
Safety | Mechanism
Housing & . Spring Part
% 3=/ Pusher
g Spring
Pusher L
— Trigger
Bushing Plunger
. Actuation
Actuator ‘-\cl;jntnr Eert
Body

(b) Non-explosive low-shock separation device

DC Motor

Holding
Balls_

Releasing Pin

Housing
Assembly

Reaction
spring

(c) Release mechanism using holding ball and DC motor

Fig. 4 Hold down and release mechanism

352 | Trans. Korean Soc. Noise Vib. Eng., 34(3) : 349~358, 2024

A A B o] P4 Halgas dMs
= Ak o ®, wAYUFSY -5 Al
w, BAL e digk 732 AdAg gEUt
A4 ¢

Fig. 40)9 23 914§ %y %
o Apgee 2eat PHor WAYE 75
A FFe] A &4 TFsAe] AR, TAls 33k

JL‘
:1m
}1:1
4 o
Ny
n:
=
1o
= o
e
u:
i
_1>~

Azgy Iy 2F 18
MA w4 gE

2o AlE 9 AN Al Fig 594 o] &+
9 Q7 47 el 9L WAL Fa
L‘E lE,_ }i]’] 7H_/':’ /\],2 }\E projectile):
LE(aprojectile) ol tzﬂ@‘l—lﬂ—(n)' olglst A7
T =] Ho A WA, ol A
S Agto] Aole S48 wa Wb &

AR MAHE

projectile Fjection velocily

(Vproieclile )

Thirection of
ejection

Ejection angle

E'H-prnjccri!n}

Direction of

gjection

Direction of
gjection

Fig. 5 Design parameters of ejection mechanism



Sejun Kim et al.; Ejection Mechanism Design for Space-net-based Active Debris Removal

T 8 Al AA Hgdd uE U7 E B4S 3
o APAFNE BEUR 5 OF AME S5 AE
2% 59 Fo A7 W8EE e Ay ow
o] =&l A& Table 13 o] =8 AA W4 d &
T 2702 A& £5 25m/s o), A ZHE 300,

23 2= MA Y 3AA CAD =23
o] =l =& AT oS 2xde] B
RS ol 5], 4 AUD o A W] 2
T e UEEER sk 22y AAE adnh
ole] mel 8- Al HiE T U o 3l
= Y BdEs 258 7 Qe 22y g4 A
AlSFSATE. Table 29} 2ol WA 2 (1) 2 2 ()& &
3 2327 Aol whep AT k) R A

§ BAEE B
Gd4

= 1
8N,D? M
F =kx 2)
dgow Ak Zheol BE BT AR 45 0
& B3] Aol A48 A TSt B
A X233 NX simulationS ARS8l 232w A7
Aol et A= AlEH OIS s S =
=3 22y B 58S FARAE AlEE e Wk

Table 1 Design parameters of the present ejection mecha-

nism
Ejection velocity (V. gicctile) 2.5m/s
Ejection angle (&, qjectite) 30°
The number of projectiles 4

Table 2 Specification of the spring for the present ejector

Transverse elastic modulus (stainless steel, G) 69 GPa
Spring wire diameter (d) 2.5 mm
Average diameter (D) 28 mm
Number of turns (N,) 6

Compression displacement (x) 33 mm
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Table 3 Material properties employed in the present
spring-based ejector

AA 7075 ASTM A36
Young’ modulus [E, GPa] 71 200
Poisson’s ratio [V] 0.33 0.3
Density [, kg/m’] 2770 7850
Yield strength (0,y0wapie) 280 250
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Fig. 9 FEA model for structural analysis of the present
spring-based ejector

Table 4 Evaluation of the present spring-based ejector
for the static analysis

Maximum stress Softsy o
[0nax» MPa]
Body 3.2 61.5
Projectile 1.9 104
Holding balls 29 60.6
Housing 0.8 249

3.196%9%e6 Max
2.8417eb
2.4865e6
2.1314eb
1.7762e6
1.421e6
1.0658e6
7.1067e5
3.5549e5
321.93 Min

Fig. 10 Maximum stress obtained by the static analysis

Table 5 Random vibration test level

Frequency [Hz] Acceleration PSD [g*/Hz]
20 0.013
50 0.08
800 0.08
2000 0.013
Overall 10 grms
2.004e7 Max
1.7813e7
1.5587e7
1.336e7
1.1133e7
£8.9068e6
6.6801e6
4.4534e6
2.2267e6
41.617 Min

Fig. 11 Maximum stress obtained by the random vi-
bration analysis
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Table 6 Evaluation of the present spring-based ejector
for the random vibration analysis

Maximum stress Safety
[Omax> MPa] margin
X 5.5 353
Body y 0.4 499
z 32 61.5
X 1.9 104
Projectile y 0.25 713
z 1 199
X 3.6 48
Holding balls y 0.3 665
7 1.4 126
X 4.5 43
Housing y 0.2 999
z 5.6 34.7
X 11 17
Horn y 0.45 443
z 20 9
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(a) Hold down

(b) Release & ejection

Fig. 12 Validation of Hold down and release mecha-
nism
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