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2ESQ QISRIEED Ot 2 UARE QIZAME0 2 |2 711 ATt 01 YAlol| ¢
off FAMAHCZ QFM7| ZZ RS HASH A2, tHEXOZ |ADC(Inter-Agency Space Debris
Coordination Committee)OfiAl= 25 710[=2t0 S HIoI! QUL Sh=agRFA- A= =L 2
22 2/ 7|2UEE 2ASEYMEC! KARDSAT(KARI Rendezvous & Docking demonstration
SATellite) I2HEES TIHIHOM, KARDSAT 1A42| /T & H|7| 7|S(post-mission disposal)g 2
oF & SO MR L2 Soli SF487|0f Thet =XIA 710|=21018 F<=61 10Xt SIRILY.

In this paper, we described the development of a drag augmentation device for nanosatellite. Recently,
space industry has entered the New Space era, and barriers to entry into Low Earth Orbit (LEO) for artificial
objects such as small rockets and nanosatellite mega constellations have been significantly lowered. As a
result, the number of space delbris is increasing exponentially, and it is approaching as a major threat to
satellite currently in operation as well as satellites to be launched in near future. To prevent this, intemnational
organizations like Inter-Agency Space Debris Coordination Committee (IADC) have been proposed space
debris mitigation guidelines. The Korea Aerospace Research Institute (KARI) conducted KARI Rendezvous
& Docking demonstration SATellite (KARDSAT) project, the first nanosatellites for rendezvous and docking
technology demonstration in Korea, and we also developed drag augmentation device for KARDSAT Target

nanosatellite that complied with the international guideline of post-mission disposal.
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Fig. 1. Mission scenario of KARDSAT project.

2 =EolA+= KARDSAT Z2HEQ] Target 91490l #H7] 7|5
S A Clst AW Aol disto] 7]&staat gkt £ 3
?ﬁ7ﬂﬂxl°ﬂ gt 7]&2 New Space AltfS] WAZ] o]l 527 EAIS HHAI

s B 71018 4 91 Ao= g,

o
_mt (e
_V\L =~
rl-E oS
-9, o
£
b
i
i)
rl

ox
ofo

i

2. =AY HE +H

QB A=Y $BE T D Aol uet 4] kA A=, B8 4ol A
o] A4S AmA 5ol g 2 oL WA Fio] Awo] e Ak 3
7] %ol gk ukolck. 4] (1) 1l TN tY] A ek S4lela, ¢
0] &5 9 W] AR Aol 28 Atk 2 BRI 5 UrHY)

Fy=—>pv?ACsd 6)

£3], 24392 FHHo| H|wF 27| wigo] 22 ko] JuiEtE F, P AYER
o Q& AI7hS Aol MEA "ok 283 249 AF 2 HuE 7] o
ol A= ol S5287|2 GAA g0 H& &t} Table 12 STK(System Tool
Kit}& 3l el A& A4S 793 6U 248 94d0] I 700 kmollA HF= ARFS 5
g3t ATHE vEhdch A= X9 Wake] A o] 0.03 mPolzta 7HE o, 4ol H
7] 7% §lo] At di71HeR "olx)7I7kA] defs AR HYEEe B80S 18
SHEEHE F4 60| olAfo|m o 14597HA] A=Al wE A o& ot sHAeL aig
%4999 B membrane) A7 FAE gAlot TS SHATI = A F 1w’ &
A9 vhahgt HAE o 942 39 olufol] At ti7|He R HojA Agsitt JjEE,

L

https://lwww.jstna.org | 3



ZAHINO Y| JISS I3t B B

4 | https:/doi.org/10.52912/jsta.2.1.1

Table 1. Simulation result of orbital lifetime for nanosatellite

Parameter Value
Epoch time Dec 1, 2021
Orbit Sun-synchronous Orbit (SSO)
Altitude 700 km
Area 0.03 m?
Mass 4 kg
No Sail 0.15m? 1 m? 2m?
1453y (0 o) 27y (0 o) 27y (0 o) 1.5y (0 o)
110.0y (1 o) 226y (1 o) 21y (1 o) 1.2y (1 o)
86.3y (2 0) 14.3y (2 o) 1.7y (@2 o) 364d(2 o)
63.7y (3 o) 124y @3 o) 14y @ o) B o)

Sxad|R QAT AT 95 4 ofskE oAsl] el 2ag9lg AA Al H7]
71%S 9t 2714 BAE PASHE Aol HikAsit. e 24894 21 e
Z%

o] - Agt2{e]7] mizo] AlAde] Aot £ F S FAE WR=E
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7hE g AL HhER2 o] AR Aol EAsk:E SlERRt 71 A= 53 57
AFS FHstls Aot £ AFolA= 25 pm T2 Mylar 255 ARSI SH, H]
F=x Pk vE=A TS 3sHA] otk HER Hiupe] £ 9 WaA 52 st

o X
of Aottt A/l A== RS o ¥ute] 718 9 m’ ool HE AA E AFetact
B A7 Alof vl X|A|5k= ISR Steel A2 2] Tape Springe A& 121 A

M= B2 WA7e gEEA 2E ARS] f570 o2t 5 E 55 A7) ¥l &
o, & AFolA= Bt 79 HAE fll ZEE 8% 55 AEAIE NSk,
B HE Surrey H8H9] InflateSailel BAE Maxon HEE &-851%.2H, o]+ InflateSailo]
5 SN JFE AEH2=E 3519 Space HeritageE 7HAAL QUthe £74°] Sl
gt oig RE L 58to] Hi= A8 AEET ¥ 0F ATEQo7} AFEHER Jide] fe
St 7ol Ut Table 2= A7/WgR9] 4 F&of gt HHEE 2 sHATH10L.

Fig. 2= A7/WFR7F @€ KARDSAT Target 94301 tigt @4delct. e 2 U 57t AA
BA7F A=, /99 F2RA0 thet AA ¥skE Faststal 37t 884 Eo17] {15l
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Table 2. Composition and property of drag augmentation device

Property Name & value
Membrane Type Mylar film
Thickness <25 um
Area >9m?
Boom Type Tape spring
Thickness 0.14 mm

Deployer

Active method by small motor

(Maxon EC-max 16 + Planetary Gearhead GP 16 C)

oW e W e WSS e WS e WS~

of @} 3 kg olWiE oo,

F 2 kg Aot

3.2 = A X M

Fig. 32 /WAl 27| AA wdg yepd 1ot A7/h(deployer)?] Spindles %
Ao F3 HEZL Al dEo] jlon, HE7F AR £ = 3HsHHEA] Spindleo] 117 E o]
U Bol A== Aotk SHAIEL, o] A=A AR Hofl Aok ¥ 3t &
o] B g WHolA Y= BAHX|:= Blossoming FA0] HAYsTE. Blossoming
@iyl Ao RE7F AssitEte o] BAXHE HYgn MR HHe| npdof ofsf
o] AH R AMNEA =tHFig. 4). B HHO| v £ol7] fsto] Fig. 5&F o]
E2E H8o19A T, oJ73] Blossoming &4°] UL o= A7 A] Bof 2R&sk= &
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Fig. 3. Initial design of deployer.

Fig. 5. Design of deployer with roller.
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Fig. 8. Assembly of KARDSAT target system with drag device.
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Table 3. Comparison of folding methods between vertical and horizontal

Type Advantage Disadvantage
Vertical - Parallel with boom deployment - Hard to mount (loose characteristic)
method direction and membrane folding line — Risk of falling when deployed

- Easy to fold compared to horizontal

method
Horizontal - Easy to mount compared to vertical - Vertical with Boom deployment
method method direction and membrane folding line
- Prevent falling when deployed — Risk of not fully deployed
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Fig. 10. Deployment test of drag device by passive and active methods.

Fig. 11 Maxon RE1S AL85te] 3 m Alolz2e] utebe: 7 Algat Tgolet. 71 7]
e A8sle] AU UAIS] Tl Huo] sk WAAAL gbAE, Agl
ujujo] Zefel ALt £okxx] g ergAo® AAEE AL Seldt 4 9ok E, Fig. 12
L MO 3m x 3m Aole] wulo] B AR Al ek Jgoln, Z47
6U 2A99HY A vlwste] 2718 WA 4 ek,

AR NG Aol 115 Bol BePsA AAHAL F B35/t A7 IV1E Se ol e
A 9 A B4 o8 A FAQI), E A7olAE QA9 Tape spring At
897 who] A0 7Ao] tiFo] olc. whehd, S YaoR Bo] FolXle &
Ao] MPAISIL, ol diut A} Ak 2T S ik olF WAIsh] 98 B4 o
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