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Development of Drag Augmentation Device for
Post Mission Disposal of Nanosatellite
Ji-Seok Kim!, Hae-Dong Kim!?"

'University of Science and Technology, Daejeon 34113, Korea

ZKorea Aerospace Research Institute, Daejeon 34133, Korea

29
= EE0ME 2AYRIE = S ZX| 7HLO| ol 7|=oIRH. 212 23 JHZ0[ New Space AlCh

=
of HUSH, 4 27 & ZAHAY U 28 28 S USSH Ml TR FE0| 4F0| RO
= FMOICH 0|2 Qlalf 2= 2HA0 EXlok= SFMY7(Q 27t 7[ohE+HMC2 SO{LED U, TRy
TESP! QISR OfL|2t AR QIBIEE0 2 A= LI Ut 0|5 YK[ol| ¢
off BHNOZ RFMe|7| ZZ hAE MASH! o, tHEXMO= |ADC(Inter-Agency Space Debris
Coordination Committee)OilAl= 25 710|E2101'e HI5HT QICt SIEEEFHAT 0= 2L Z
=22 2R/ 7|2UEE 2ASEYMEO! KARDSAT(KARI Rendezvous & Docking demonstration
SATellite) I2HEES TIHGIFOM, KARDSAT 42| /T & H|7| 7|S(post-mission disposallg

of o= S HX| 7S Soll L2470 thet =HMIA 710|=2101S E4o0l1lAt SIUL.

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, international
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.

gio] 1 24F Y, 2], #H7] 71E, FESHAA, Al L
Keywords : nanosatellite, space debris, post-mission disposal, drag augmentation
device, blossoming, deployment test
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5 7N2] New Space A7} Zefigto] whe} Q15914 7o) Wgko] 433} W st
2 ¥slslar glom, 4% 2A APge] &t AT A AARE =R A S5l s
39 A= QY o] A&A 0w Wolx|1 i, o]2|3k k= SpaceXAHY] Starlink I
ZAE 9 OneWebA] OneWeb Z2ZHMEE AEgE 2AFAA At 22 Y- (mega
constellation)ol] BFAFE 7FtaL Qitk. SHAIRE, A A=/ S50l HIs] A5 717l
e Z7| wjZol AR B ol Alo] E7MsT $52487] AHE AT Aol 23 A
7k ZESH =W, o= AFE ¥tk o Fedol & f1¥o] "ot ofet S24e
7o digt YE3 9= 4 20 sl NASAS] Al&d 7} A 1978 EHE sty o,
A 828 AFET ofyz, 20079 =3t 20219 BAleke] A= 914 84 AIF, 2009
d ol E-ZAEA YA FE 5 2 AE 59 A A=E(Kessler Syndrome)
FxF @Ao] Hoj7ka it} 5= 2 oSt tigt EAlE wAIA R wAI7E A7 =] e
o, JADC(Inter-Agency Space Debris Coordination Committee)oll A A= 1&94d9]
T S 2549 olstE Hilsk= 259 7he|=RRI(25-Year Guideline) < AAISHILL,
UN, ITU(International Telecommunication Union), ISO(International Organization for
Standardization) 53 22 A 7oA 5287] A 95 & HSE 98t o
7} o]F01Z| 2L itk EZE, NASA H ESA 53} 22 Zh=9] 95 7|3E E3F o]=[3t YKo
sRboto] f297] A3 7he|eeRRlE AAlstL, olof wet IE9id= Adshe FAlelth
(1].

S2E7] B fste] silolA= ofn| 2439 718k #H7] 7]E{post-mission
disposal, PMD) 7|& %5 dF-E°] &ds] 2P ek F=9 Surrey thelollxl= H7]
7% HAS AFE A% 3U 24F YA DeorbitSaild} InflateSailS 7igrste] 242+ 20154,
20170] 'TAFsHR AL, 53] InflateSail BHF A7) HAE 5202 AFAAH 24F A4
718t ®/7] 71 71eZ HSoIATH2,3]. ml=r NASASH 7HHte] Toronto THetollA L ZH2t
3U 249 TechEdSat-4, CANX-7Z 7idsto] ¥t 7] & 2| 7| @29 7|
7180l dEstlor, F=9 Glasgow thelolxl= 24P 9148 Deorbit HES 7ot
AN A@7HA] FstitHA-6). SEuEolAs SEEaolA BdE 21 AFRE 95t
7] 913t 3U 24F 9 CNUSail-10] 7iE AREIZE UAARE, oF71A] 144 H7] 715 A5
£ 3sh] fItt o] A W AR ARl /7L

ST AT YoM = FHR/ 27 AFE $85k= KARDSAT(KARI Rendezvous &
Docking demonstration SATellite) T2AEE 9]al| Chaser(6U)2} Target(6U) A 7t
SIQith F SIS BT 254 TlelEERlS 55 6l dF ' & 424 W) 7ls=
AR Chasers FHIF/27 dF 8 9] 2o F2AE 5 A48 7| Ho R St
Sto] 4o, Target> 8717F GAIEA] ¢47] whizoll &9 S AA(Drag Augmentation
Device)g L= FAote] A435] ti7| MR Ysk= H7] 7152 AAsHA Het Fig. 1
2 KARDSAT Z=AEQ] QJF 29 AU E Uehd ot} "TARA7 7 EA] 22
dejo|lBg2 AR Al vy Aejold, S=FUAAIKSLV)YE Farste] 1k 700 kmE 71
TOE YT AU 5 AASIGITHS]
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Fig. 1. Mission scenario of KARDSAT project.
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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 (O o) 1.5y 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 @3 o) B o)

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

o] mlj-- Agt2{e]7] mizol AlAde] ARt £ F S FAE WR=E dth

3. &= S HAl
3.1 B2 24

B S AA = Ll B FESolar Sail) A7 A<t v AR wat, A GE), A
7hE g AL HhER2 o] A= Aol EAsk:E SlERRt 71 A= 53 57
S Fisteols ggolrt. £ Atolils 25 pm FA19] Mylar BE-& AR&aE oM, €
F= Pk v=A e 3sHA] otk HER Hupe] £ 9 WaA 52 st

o X =
of A7gstott. A/l A== RS o ¥ute] 718 9 m’ ool HxE AA E Aotk
B A7 Alof vl X|A|5H= ISR Steel A29] Tape Springe AR&SIc 121 A

M= 52 A7 gE=A 2E AR f70 ot 5 E 55 A7 Bl &
E, & AFolA= Bt 7o HAE flsl ZEE 8% 55 AEAIE NSk
B HE Surrey 98] InflateSaile] BA1E Maxon HEE &850, o]+ InflateSailo]
5 SN JFE B 2=Z 3519 Space HeritageE 7HAAL Qithe £74°] Sl
3t oig HEQ 58] Hi= A8 AEET ¥ QF ATEQo7} AFEHER Jide] fe
St 470l Ut Table 2= A7/WgA9] 4 F&of gt RS 2 sHATHI0L.

Fig. 2= A7/WER7F EA41E KARDSAT Target 94301 tigt @4delct. e 2 U 57t AA
BA7F A=, /99 F2A0 thet AA ¥skE Faststal 37t 884 Eo17] {15l
ik 2 37k @Rl AASIIT 18] Target 91401 $5= 37104 Deployer=2+-€

AEE o, o] JIEE Esioinh. 3 A AR A 3 AR SEE 33t e

H
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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)

=
¥
o B

oW e W RN e WS- R -E o WS- RN = W1

59 MAX_ 59 MAX

of @} 3 kg olWiE A7gsilo, A Wt B2 2ot A A 2El S AR
o 2 kg Aot

3.2 = A X M

Fig. 3& A/14A19] 27] A4 2ds Uehd 18lo|th A7) (deployer)?] Spindles &
Ho = 3 HEZL Al dEo] jlom, HE7F AR £ = 3HsHHA] Spindleo] 117 E o]
= &0l A== WAlelh sH|RE, Fol AZREHA MR Hof EAfst= ®l 5t &
9] B0 o) WFoA YolZ HBAX|+= Blossoming @Ate] AL} Blossoming

o] W¥sHH HE7} A-5sEehe o] BAR| B Uy} A/ W uhao] ofs)
o] AH R A/MNEA =tHFig. 4). B HH| vpEE £ol7] fste] Fig. 5¢F o]
E9E AEIARE, o3| Blossoming E/4do] UERTE ol A7 Al Foll &8st
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Fig. 3. Initial design of deployer.

Fig. 5. Design of deployer with roller.

o] Wk} E919] &5 Wae| 9] WEo® 5%t A= Blossoming @4 Ao
7] Stz wol Wil AR AR = AS AAlsk= glo] BRshH, olF 95 Fig. 6
3} Zo] Compression Spring 7N'd< EUsIAt AZR Woll A Sl= &l BAAA] &
TE AoA 43t g2 7lek= WAjo|th Fig. 73 o] Ujiof Axgo] ZAjste] &9
Aol 47ggt g 71t 4= Ql, Bk nRES H4skolr] Qo 9] EX-E Teflon
AEE H-8otqirt. A9k 22 A4 H4S AA Blossoming B4 sfidstioH, ol
719ro & 7N ]9 HF B4 Fig. 87 o] KARDSAT Target 932 +&2A ol A%
T Q== AABIATHL 1.

ol
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/
%

% guide rollers
y

@ — compression roller
~—— COMpPression spring

Fig. 6. Blossoming sequence of uncoiled boom [11].

Fig. 8. Assembly of KARDSAT target system with drag device.
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3.3 =9 HU| 4E

ko] Hi= WAlof whet MgR9] vt W) ae/det v g@A ReAdo] EERkinh
vk A7) 34 712 77] 9¥(horizontal folding method)@} A= 7] W (vertical
folding method)® s 4= 1™, 22k A7) 9 & IolA ddtzlo] EAetth ol
2t E4S Table 300 FsiGinh. 712 7] 2 & A7 B H3-4(creasing line)o]
FAo] Ak, FSAlo] AR wAFsHA] g7 wiiZol HojFe] el R, el g ¢
Aol 4191, Wate] SRS AT 4= Slvke Aol IAIRE H2AT A7 Al 7
A= Yo Weko] Bagsto] Hido] 25| BAAA] gk& 7hs/do] Utk ©o] Atk A&
7] WS E A0 3t vhke] H3Alo] Ba¥sto] Hojxle] fidlido] wWon, 7HE 347

ol visf Wl H7)7F fal A Alef] &) BAE 5= Qlvke Aol AR, Hhek g

2 AFolAE E3to] AlRMAQ] 24P 9] S fste] gA | Aol Bolsia, A

7N A e P Ao s sl Zhe 7] WS AEstRT, 121

4. TN A

A7 AAFH R ololx)7] SlsE Beol AEe] wet HerE S WAHACE s
uhgo] Bt ulare LUE Az @dsiolch B8, vue] £} 25 um i 9] HE
o 7} Alol ¥ Ao} Qi Hute] TR Ho| Hold 7RsHo] EOE, o} WA
Slef wure] i R.9jo] BE olng RAstel Holyd FFAL FolnAt steict. 17
31 Fig, 99} o] e} A Aojolz AneS T8 AF W WAL ANste] Hgto]
AP WAL 5 =S Aot

AgAe] mEe] 48 §3o] B2 HlnE 98 Fig 107} 2o] A7) ABE Asisi
BEP} Qi 55 ANGAC A9 o] B B wuto] wzA AAHUA, ol uf
2 %o Bebygat A7 uuke] Holo] thet 9 0] EASHAT. BEE 3 S5 A
9] 7S upefo] vlid LelA AAHA, b st wi )9 Qg0 AAuE

o T O]
2 RIS, 1213 5 9 55 A BF ViR 7] WS ARSI mieel 9

(o)

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 E1S AL85te] 3 m Alolz2e] utebe: 7 Algat Tgolet. 71 7]
WS Agstel AT ANSE] el Hute] ghtsA BAXAL ekAT, A
ujujo] Zefel ALt £okxx] g QA o® AEE AL Seldt 4 ik E, Fig. 12
L MO 3m x 3m Aol2e] wulo] B AR Al ekl Jgolu, Z47
6U 2A99HY A vlwste] 2718 WA 4 ek,

AR NG Aol 115 Bol BePyshA AAHAL F B9/t A7IVIE S ol e
A 9 A B4 o8 A FAQI), B @704 QA9 Tape spring At
8397 whzo] A0 ZAo] tiFo] olic. wrehd, S5t Waro® Bol FolXe @
Ao] WIS, ol dhut A} Ak 2T S ik olF WAsh] I8 B4 2o

CFRP A9 & &2 TRAC B2 &83al7|% sH13, 14].
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B =Bo A= KARDSAT Z2AE9] Target Y40 EAEE 24F A4S 32 S0 4
A 7ol sl 71skoint. S22d7] A3 7hel =Rl HakS 4557 fish T agt |t
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Dual-Mode Framework for Space Object Collision
Risk Assessment
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Abstract

Recently, the number of space objects around the Earth has increased rapidly, necessitating systematic
space risk management. This paper proposes a dual-mode framework for assessing the risk of collision
between space objects. The proposed framework consists of microscopic and macroscopic modes. The
former focuses on one—to—one collision events, and the latter assesses the overall collision risk inside a cell
located in space. Two risk assessment case studies using the proposed two modes demonstrate the

effectiveness of the proposed framework.
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Keywords : space situational awareness, collision risk, dual-mode framework
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Fig. 2. Conjunction encounter geometry.
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Fig. 5. Schematic diagram of a dual-mode framework for assessing space object collision risk.
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Table 1. Collision risk assessment between COSMOS 1275 DEB and FENGYUN 1C DEB

Space-track SGP4 Spherical-harmonic
TCA (UTC) 2021-10-08 2021-10-08 2021-10-08
07:31:02.387 07:31:02.374 07:31:02.296
Min distance (m) 21 264.88 626.20
Pc () 7.35475e-04 0 0

TCA (UTC), time of closet approach (coordinated universal time).
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g‘ 4| Spherical Harmonics 4" order
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ol il
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Time [UTC] 20214 102 082

Fig. 6. Relative distance between COSMOS 1275 DEB and FENGYUN 1C DEB.
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Table 2. Collision risk assessment under mega constellation using collision flux (£), mean

number of collision (¢) and collision probability (A ;)

Without constellation With constellation

Delbris size:

100m >d  F(1/m?/yr) c Py (%) F (1/m?/yr) c Pizy (%)

d > 0.001m 4.2900E-03 1.2870E-02 1.2788E+00 4.2930E-03 1.2879E-02 1.2796E+00
d>00lm 6.5630E-05 1.9680E-04 1.9687E-02 6.8940E-05 2.0682E-04 2.0680E-02
4.9670E-06 1.4901E-05 1.4901E-03 8.2800E-06 2.4840E-05 2.4840E-03
8.9470E-07 2.6841E-06 2.6841E-04 4.2080E-06 1.2624E-05 1.2624E-03

5.5470E-10 1.6641E-09 1.6641E-07 3.3140E-06 9.9420E-06 9.9420E-04

d>0.1m
d>1m

d>10m

100m>d>1m

<107 Without Constellation <107

With Constellation
1.2 T T 3 T
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Fig. 9. Collision flux versus altitude w/ and w/o STARLINK constellation.

Table 3. Collision risk assessment with different constellation

Constellation spec. Pizq (%)
2.4840E-03
1.4901E-03

2.4840E-03

F (1/m?/yr) c

8.2800E-06 2.4840E-05
4.9670E-06 1.4901E-05
8.2800E-06 2.4840E-05

15 m? / 22 sat per plane
15m?/ 11 sat per plane
7.5 m?/ 22 sat per plane
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Scenario Design for Verification of Rendezvous Docking
Technology for Nanosatellite
Kiduck Kim', Hae-Dong Kim'?, Dong-Hyun Cho?"

'Korea Aerospace Research Institute, Daejeon 34133, Korea
Department of Aerospace Engineering, University of Science and Technology,
Daejeon 34113, Korea
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Abstract

This paper illustrates the trajectory design of drift distance recovery after initial launch and proximity operation
when verifying rendezvous/docking technology using nanosatellites. The rendezvous/docking is a technology
that is the basis of on—orbit servicing technology and is a preemptive process essential for approaching a
target object. In particular, since it is difficult to verify in space, nanosatellites have recently been used to
reduce the risk and cost of the development stage. Therefore, this paper not only introduces the configuration
and specifications of thrusters for nanosatellites but also designs relative trajectories that can take into
account the thrust limitations which come from the small size and low power of nanosatellites. In addition,
we intend to be helpful in later designing scenarios according to the improvement of available thruster

performance through comparison of trajectories and thrust usage with cases without thrust limitations.

Falol : /w7, THeD, 249 A, 4 A

Keywords : rendezvous/docking, proximity operation, nanosatellite, relative trajectory
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Fig. 1. System configuration of chaser and target satellites & mission scenario.
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Table 1. Thruster major specification

Property Specification
Propellant Butane
Weight Total wet mass = 802 g for one module

Total dry mass = 682 g for one module

Size Less than 2 U (20 x 10 x 10 cm) of total size
Thrust level Max 1 mN for each nozzle

Burn duration Max 300 sec

Total Delta-V Around 16 m/s (assuming a 10 kg nanosatellite)
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Fig. 2. Thruster configuration of chaser satellite.

Fig. 29] 9& J9& 5ol 387] L& 1] 3 § 6719 k0] 922 1T &= Utk =

< 3 A= 939 g IR 209 &S AR WA 4719 =52 FE719 Y&
I} 47529 Ve s 7}X]_T'_ AUtk ZF =52 Fd 1 mNY| & E = Q7] wiizo] Ao]A
9143} 7¥o] = 7H,] B2 AT A 24 & 8 o L2 Table 29+ 2t}

£ =29 9% AU L AA Aol B34S £017] fote] 7 Fo] ¥ = Qe FES
2 mNOZ 71sto] ALt o] wf AREE 4= Q= Fo| &% JLE(0I5t Del-V) #2 10 kg
9] 913 At 300%9] Fof EAF AIZHE 113 o) 0.06 m/s(=2 mN / 10 kg x 300 sec)
o] =, st gk AU AA Al Algt 20 & JeE|ojZict,

3. ER 7 25

£5 A Aol (chaser)2} EH(target) T o] AT LA 27] 289 7]
ot WA= A2E onjgict. of7]4 27] £8-L gigo] He W A Tl XA
A8l 4K 9 4—%71 ol ¥ A4 28 7] At B 4 ik g 71k
Fsk AAe] 91X 2 27] 8 AAt] B4 Sof uel gekAn, BR A 27]
7)Rto] A% AN Hek. 15 A2 sjEe 2g 282 ol Y ALE 9 %
Y2 Fol= AL 2wz i =t
B 2no] 98 Aujale Aol 10209 27188 717k ZPgata s 7Izk B3t Al

ol A<}t Bl 9143 Atolo] Agli= ik 400 km HEE Hol|A Het wbA #R7 A 3&

1)
_>.i

i)

olm off

N o oo 1o Y
0 \1

)

Table 2. Maximum thrust level of each axis

Configuration Nozzle & thrust level
X-axis 2 Nozzle; 2mN (=2 x 1 mN)
Y-axis 4 Nozzle; 2.6972 mN (=4 x 1 x cos(47.5°) mN)
Z-axis 4 Nozzle; 2.9538 mN (=4 x 1 x sin(47.5°) mN)
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Table 3. Required Delta-V for drift recovery scenario w/o thrust limitation

Maneuver type Required Delta-V (m/s)
Prograde 0.30268
Retrograde 0.96433
Total 1.26701

Table 4. Required Delta-V for drift recovery scenario w/ thrust limitation

Maneuver type Required Delta-V (m/s)
Prograde 0.06 x 6(10, 12, 14, 16, 18, 20 days)
0.034877 (22 days)
Retrograde 0.06
0.016246
Total 0.471123
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Table 5. Required Delta-V for approaching phase w/o thrust limitation

Maneuver type Required Delta-V (m/s)
2l km to 1 km transfer 0.23176
1 km circumnavigation 0.31602
1 km to 500 m transfer 0.14164
500 m circumnavigation 0.12366
500 m to 200 m transfer 0.081969
200 m circumnavigation 0.077288
200 m to 100 m transfer 0.026641
100 m circumnavigation 0.02641
100 m to 50 m transfer 0.012756
50 m circumnavigation 0.024027
50 m to 10 m transfer 0.0013608
10 m circumnavigation 0.03606
Total 1.0996

Table 6. Required Delta-V for approaching phase w/ thrust limitation

Maneuver type Required Delta-V (m/s)

2 km to 1 km transfer 0.060897

1 km maintenance # 1 0.060411

1 km maintenance # 2 0.060636

1 km maintenance # 3 0.060617

1 km maintenance # 4 0.060599

1 km maintenance # 5 0.027638

1 km to 500 m transfer 0.008153

500 m to 200 m transfer 0.003474

200 m maintenance # 1 0.060089

200 m to 100 m transfer 0.010117

100 m to 50 m transfer 0.002700

50 m to 10 m transfer 0.000890

Total 0.4162
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Abstract

CubeSat is a satellite platform that is widely used not only for earth observation but also for space
exploration. CubeSat is also used in magnetic field investigation missions to observe space physics
phenomena with various shape configurations of magnetometer instrument unit. In case of magnetic field
measurement, the magnetometer instrument should be far away from the satellite body to minimize the
magnetic disturbances from satellites. But the accommodation setting of the magnetometer instrument
is limited due to the volume constraint of small satellites like a CubeSat. In this paper, we investigated that
the magnetic field interference generated by the cube satellite was analyzed how much it can affect the
reliability of magnetic field measurement. For this analysis, we used a reaction wheel and Torque rods
which have relatively high-power consumption as major noise sources. The magnetic dipole moment of

these parts was derived by the data sheet of the manufacturer. We have been confirmed that the effect
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of the residual moment of the magnetic torque located in the middle of the 3U cube satellite can reach
36,000 nT from the outermost end of the body of the CubeSat in a space without an external magnetic
field. In the case of accurate magnetic field measurements of less than 1 nT, we found that the
magnetometer should be at least 0.6 m away from the CubeSat body. \We expect that this analysis method
will be an important role of a magnetic cleanliness analysis when designing a CubeSat to carry out a

magnetic field measurement.

o] : 24P, A7) FAE, A1 S, S5, A%

Keywords : CubeSat, magnetic cleanliness, magnetometer, space science, magnetic field
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Fig. 1. Parts and cross—sectional view of CubeSat used in simulation. (@) NCTR-M002 torque
rod, (b) reaction wheel SatBus 4RWO, (c) 3 U CubeSat design for the simulation. The left plot
is Case 1, the right plot is Case 2.
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Table 1. Simulation parameters (the origin is a center of the CubeSat)

Dipole relative position Residual moment Dipole moment
e (m) (am?) (am?)
Case 1 $; 1 (=0.05,-0.05,0) (0,0,-0.001) 0,0,-0.2)
S, :(0.05,0,-0.05) (0, 0.001, 0) 0,02,0
Sz :(0,-0.05, 0.05) (0.001, 0, 0) 0.2,0,0
Case 2 0,0,0 (0, 0, 0.0003) (0, 0, 0.001)
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Fig. 29} o] WeRIQIH. Fig. 2= +XF0l &5 o183 A7 14E54717F vk 7Hgstol XZ
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Fig. 2. The predicted magnetic field for zero field space in XZ plane (y = 0). (a) residual
moment field of Case 1, (b) the S, is ON status of Case 1, (c) residual moment field of Case

2, (d) active status of Case 2.
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Fig. 3. Predicted magnetic disturbance on the X axis. The left plot is calculated by the torque
rod and right plot is calculated by the reaction wheel (y = 0, z = 0). The orange line indicates
that the part is in the residual magnetization state, and the skyblue line indicates that the part

is operating.
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Fig. 4. Predicted magnetic field for zero field space in xz plane calculated by torque rod in the

residual magnetization (y = 0). The left plot is stream plot, the right plot is 3D contour plot.
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Fig. 5. The predicted magnetic field on the CubeSat surface for zero field space in yz plane (x
=0.05 m). (a) residual moment field of torque rod, (b) the S is on status, (c) residual moment

field of reaction wheel, (d) active status of reaction wheel.
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Fig. 6. The box plot of calculated magnetic field on the CubeSat surface for zero field space

in yz plane by torque rod or reaction wheel (x = 0.05 m).
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Table 2. The maximum and minimum noise on the CubeSat surface and the distance is

shown a 1 nT from a center of the CubeSat

Maximum noise on Minimum noise on
Case 1 nT (M)
CubeSat surfaces (nT) CubeSat surfaces (nT)
Case 1 (Residual) 0.608 36,000 13
Case 1 (Magnetic) 3.41 320,000 1,700
Case 2 (Residual) 0.313 240 12
Case 2 (Magnetic)  0.468 800 88
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Suggestion of Korea's Deep Space Exploration Roadmap
through Participation to the Artemis International
Manned Lunar Exploration Program
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Korea is near close the success on the indigenous launch vehicle KSLV-2 after the second test launch
during the second half of 2022, and the satellite development has been already in the level of advanced
country. After the such mature of satellite and launch vehicle technologies, Korea's space development
main theme should be ‘Space Exploration and Space Application’, and paradigm should be changed from
‘Hardware’ to ‘Scientific/Technological Mission’, from ‘Unmanned to ‘Manned’. Korea's prime space
strategy should be the direction of expansion of space industry, creation of employment and secure the
key technologies, improvement of convenience and safety of people. For the purpose it is necessary to
start ‘Manned Space Development’ such that participation to ‘Artemis and Gateway Program’ in 20s” and

manned Mars exploration in 30s” which would be carried out by means of global international cooperation,
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and which could be a good opportunity to explore the new area of space development and upgrade national
technology capability. Taking advantage of this opportunity, it is required for Korea to join the international
programs through developing indigenous challenging, sustainable Korean mission and hardware. Also
selection of the 2™ Korean Astronaut could draw national attention, especially could give dreams to young
generation. Participation to the Artemis program could be the opportunity of entering the major space fairing
nation and boosting up national pride. In this study we survey and analyze the Artemis Program in detail,

and in conclusion we suggest the strategy of Korea's participation to the Artemis Program.

sl : o2 euls, SUISEA, A9FRAL, R, AUSTIE, 24 95 A
Keywords : Artemis, manned lunar exploration, road map, key space technologies,

2nd astronaut selection
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Fig. 1. Milestone of Artemis manned lunar exploration program with Korea/KARI's

participation of KPLO (22, Korea Pathfinder Lunar Orbiter) and KLL (29, Korea Lunar Lander).
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Fig. 2. Status and plan of Artemis program. HLS, human landing system; I-Hab, international

habitat.



J. Space Technol. Appl. 2(1), 52-65 (2022)

2271(2026~2040y= A1&2Q] @352 Folo] dd g /1t gi(expanding
and building)S 514 Ht}. Al 2A T©AI(26 - ’32)01= & AT FH|AAZA &
T 52l 54, 39 7Rl 2HEAERR] €5 AY 52 9% EXF EEE), tHeE 2H, 7t
4 Az}, FAISA 2 A Rl [SRU AF SHEV} 7= o] &84 Holot. SRk
Q1 2B ©AI(33 - 40)ellA= AEAR A7IARE At KFAATAIE, AR 72l o]2HEA],
LR AP, AL ARALEE(SRU, in-situ resource utilization)A|’do] 7= o] A}
-84 Zlo|tH], 2.

3A(2040~)= W A& AT U Z8(sustained lunar opportunities)°] A|ZE=d], 2
AR o7 Dofa A7] ALt AAAA S50l Pt 3HA M= 5 H KmE 4l55H

olFe & U= AFARE AAT o5& R ¥ (Hoppen)7} 7iEHE ZoIHH1,2].

it

2.2 ZNLXFEAIEEIE(International Space Exploration Coordination

Group, ISECG)2| X7|H0l 22 EAl 2EH

A

19

ISECG 115 NASAS] FE2 20074d0] 498 AAA 237 72 $571859) 74
o] g WO, FFYTSFATAL Holoka glom, 714 ABE By 9%
Aol Tt AR S, Heest ZEWS A4sk, ol 918 47149l B]o)E Zr

g
(LU

r o
d

|

221 FQ =H

Artemis®] F83 71€4 REe |/l olAE, sk #%, A9l &, G719 ols, 471
A%, AEE, BAAEZEE(SRY) 45, 122t 75, dekd+, disida], JASA, =4
e SxlolH, @A 2=9] 7]ol= KPLO(22)2F KLL(29)°]tt.

2.2.2 SAHYE ALER
(@) 12A1(~2024): @9 721 Z={(boots on the Moon)
(b) 22A1(~2040): ¥H FAF &5 2 Ql=e} Sfi(expanding and building)

(© 32AI(040~): EH A& A7 2 E-8(sustained Lunar opportunities)

223 F£9 FHLAGIEN A|AH)
@ 154 D= 99l 974, 99l BHSA, /1] Y%, HAUEE 97, 47
Dol gRSA
(b) 24T B F9 554, 53 7o SHRMER BF AL 5L AT B4 1T
7}

8) TheE 28 7194 9

https://www.jstna.org | 55



=9l Artemis THIESS RAUTEAM HHE SHCZ KLt HRFHA 2EY Mt

56 | https://doi.org/10.52912/jsta.2.1.52

2.3 ISECG 2|

2.3.2 22t7(~2040):

2 EA HAE L2l

=2 O
2.3.1 1H47|(~2025): €™ KOl &5 (boots on the Moon)

(@) B1E 20244 T 921 4 29 T Wi BRIRS 34
P A S P
(© %9 891 B4 2] AS THE 20 o] AAge T8 28

- 91 IHEA, A 5, u)iQR WA, A9 RIHTA/EY

o
T =
] Z

= =
O 23
==

39 o=
=0 O

2B BNl %*% % oIz}

=L O

&}li(expanding and building)
— (24) 2ol 9] A E5 E O] It JL_ qF %L”i
(@) 72 +5A/ZFA ol9joe Bg-g 7Rl 54/AEAE F
(b) EHAE o]&sto] Z7]oll= %’% Ao "41"—?} ‘%l ] A
© E¥AY] 5 9 7i5 5= a7, B4 99 9 ke o
(d) = 01909 T4 A FAF E Fo 7 717H149) 52t 4
— (2B) SPJEA 24, 7] Al ISRU 9 =2
(@ & g= AFolA Y 47] AT 9 ISRU &5 &5 —’F—ﬁo
- XWW ARG, B S, AAY A/ A=
- ISRU A5Z 913 58l Al 15 9 o5 2-85}7] fIth %‘i@‘.%l_ ok
- 4] StEgol9] B, Aoltt WAl o g A5t o R0 AlAH g
O 33 ARlEtAel st I 9 7|& 52 gollA Aol A%

71208 Wit

2.3.3 3T4(2040~): €M X|& M7 L EE(sustained Lunar opportunities)

(a) A&Ho|1 st & e} =2 E5) ‘9w AR 43
- golAe] 7% S, Axet 2, HE-AIA-5H) 7 eV St

- 1 AFAEY A7 2%, € AFer AFEE o5 B, FAALLE(SRU)

o

AV A83), FA/7E et s
(b) 2 Bl That A SR 9 IS R, 245 AR S 5 e o ke 1A

o PABFOE B4 1T b5

il
rg
riok

7ol 018, 4o ¥s

o
ne
FO

2.4 BE BAHON QR X|A| B,

2 WA A e FHHOR 491 SMEARRE ISECG 359 AVIRE 2HO

= ojojd Ao 7|Ert.

SFEAE B ARute] Gofolglont, FH Sol wzke] Helrt e e,
N7\ BoNN AL U] TIZke] S ARIAE o] SSbA, TRl BAPHQ 5
A B1AE Sske A9 5ol WAsk Utk ISECG SU71REe vk 49 A5 95
A 5L Boste, ol WS B AVIE AL 2 v g W 5L Vot it




J. Space Technol. Appl. 2(1), 52-65 (2022)

2.6 THSS 2EAL Artemis Z27H 2 X

Artemis T2 19 %8 A4 7|1SBEE oot 2t

(a) 47801 gt 72 o]3t= A%

b) slard A2 D7) 7 vl 128, RS 908 71

(© AALFEVA) A, A et 7154 HS

(d) 3 10,000 km F72] o554 L5

(e) %4 500Y A7|AF A9l A=A U 2843 A=

O FS5HT A 3 B7IATA QAT S E5sd A5 SHIEAIE o
Hlgt

(g) T‘E]_Z]z O—]ﬁ‘-Q(ISRU /uz_o A7r 5 _,] A= AHA}

(h) 300 kW ABPAL 1 Gps B4l 5 due 1=

() Fetd+t 43 A&

() HE/Had o] 28 S5 S8 A=1 30% o132l 59

() W31/ g 4

) =AEE 4 o] 713] Iz HAAA 10001 7= ol o] E3

I

2.7 ZNBE ZEAL Artemis HHAHYE J|& 1A

Artemis Z2 1% @AY Hardware T4 24 % ofd|e} 2t}

1 ©H: ~2024)
(@ A= LA AF-EH % GatewayZt 979 & &2 5F5HH, Orion -
F419] 9 470] 2147t S T
(b) %91 FHEAM: DU Gatewayold TEHOR 930l 2, 27] 29, Hrf 4%0] 8
[e])]

H]71Qb4] YRk MQIFEEVAIS HJste] 97ES e 9391 293} 31Eg FAfs)
of F4 2 km 3 /M5l B9 9AZEL s

A S(EVA)IE —,—,i oA A 847 s 2|

(€) 2% 71 F2SA: 10-100 kg H2e GHHUCR 55, 75t Y 7]SA| AL 53

=

(2A ©A|: 2026-2030)
(a) 7144 Lzl 27 9] 9210] o 4247t H55hHAl 600 km °lF
(b) A= FRl =54 A4 G Gatewayﬂ}zl 234E 3E %
(0 58 79 E2841 & #H7kR] 1289 51 %
(d) B4 A 1zmek A-GHE Gateway-ZHH Zl EAAE, Gateways SA-ER
ARSI, S, X, Ka HRTS} SHEA] AR
(e) A Qlzef G A P AFFAZ 17 kW A A5

https://www.jstna.org | 57



ar2e| Artemis BRIZS RULEAL HOIZ SHOR 2L YRIUAF 2EY Hot

O o= =H: Fateriel ARAUEE(ISRUNS 8l 25250 kg 3HE-S 4131 2,000
km °J5 7Fs
(2 ISRU AZ SHWE: A8+ ISRU A9 1/100 72 AZABAHAZE 50 ke)

(2B ©HA|: 2030-2040)
(@) 7175 A1 4799 r<lo] Fdf 60Ut B 7hsdt AF A1
(b) e BHE 79 ol&FAL B Gateway-2EHIE 4750] 5 7Hs ol&=Al
02 o|FAE AMNE, dEe SN B4

(0 94 A=Y BESHE A AAdl oz go] v 77 149 59t 10 kWe] Ag AJAt
(d) A8 ISRU AJA: F9] L2 Z7|=slste] A7t 5029] A= A4k /11 olZEAd]

A= Als, A= A Aol 2ok

(3 ©7: 2040~)
(@) FFATL o5& 79 T3 & EH FAFATL o5& /NEE Hake dH ojFEAHL
2 4750] &5 A 1,000 km 9= 75
/37] Hardware & 19419] 12543t 95, 2B ©A 9] A7] FAAHY} 92 &
A BES A QAT A NASAZE Ad sk A0 Hof Qi

29| Artemis 071 Item =21} 2Ll 7|&25F 2M
[5-8]
3.1 st=29| Artemis £0{E 2|St Hardware MH™ 7|&E

SJolA oln] A thitoE UERt o2 emS3h gto] XM 0 J 7Kt of
lemEo] $h& % itk It SHe] Hoig Siste] wheA] AgHoR AEsior & 24

3} 71258 AN,

1) 95 B/ o3 A S5 e, e 2] Alaw, AE B, AL
A4 Alol, WA 25, o718 A, Fe/A, oUAEIREA, A, A
&5

2) ZAEY & =A ZRYE 7ol 7FsA

3) = Atde} 7199 7ksA

4) =71 Hol/Rbd & =4 7]0] 7Fsd

5) = TAA AR 7Fs o

6) T=9] A 7|E5E(TRL), L7 & 7HdH]

3.2 3=29| Artemis E0| 7I5 Item T&31} 2M

Artemis Z2190] gh=o] o 7Hst A2 ItemES =E0I%AL, 7] 710 w2
A& AstHFig. 3).

58 | https://doi.org/10.52912/jsta.2.1.52



J. Space Technol. Appl. 2(1), 52-65 (2022)

Fig. 3. Analysis of candidates items of Koreas’ Artemis Participation.
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