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Capturing Korean Satellite as Active Debris Removal (ADR)
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Abstract

Active debris removal, a technology that approaches and removes space debris in orbit, and the on—orbit
service, a technology for extending the mission life of satellites by fuel charging or by exchanging the
battery, are gaining interest with the growth of the space community. SaTReC plans to develop a satellite
capable of capturing and removing Korean satellites orbiting in space after the end of their missions. In
contrast to the previously launched satellites by Korea, which were mainly intended to observe Earth and
the space environment, rendezvous/docking technologies, as required in the future during, for instance,
space exploration missions, will be implemented and demonstrated. In this paper, an orbital transition
method for next-generation small satellites that will capture and remove space debris will be introduced.

It is assumed that a small satellite with a mass of approximately 200 kg will be injected into the mission
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orbit through Korea Space Launch Vehicle—1I in 2027. Because the satellite must access the target using
a minimum amount of fuel, an approaching technology using Earth's J2 perturbation force has been
developed. This method is expected to enable space debris removal missions for relatively lightweight
satellites and to serve as the basis for carrying out a new type of space exploration in what is termed the

‘Newspace' era.
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Keywords : small satellite, active debris removal, KITSAT, mission planning,
J2 perturbation
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Fig. 1. Flight model for the KITSAT-2.
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Table 1. Key specification for KITSAT-2

Orbit 800 km circular sun—synchronous orbit (inclination 98.57°)
Dimension 352x356x670 mm

Mass 47.5 kg

Maximum supply voltage Max 30 W

Gravity—gradient stabilization, magnetic torquer { 5 deg
Attitude control method o
pointing accuracy

Uplink (145 MHz frequency band): 9,600 bps

Communication (Tx speed)
Downlink (436 MHz frequency band): 9,600 bps

On board computer 0OBC186 (80C186)

Payload CCD Earth imaging system (CEIS)
Next generation small satellite computer
High speed modulation experiment device
Digital store and forward communication experiment
(DSFCE)

Low energy electron detector (LEED)

orgel, AAd 2F Y 229k TRVIR|Z k=9 TARIE ol 8dte] TAkE Aglolt
HAz=rgell Adste] A7t S=E A Aol Holdle =7F AWt 9S4, 28 9 A
ADF7E 7Fs 23S NL/ASThe Aol F2 A9 Aot BEE2 A% Al
7= ADR HAAIE ol8ste] ZEt & S A A== sPAAE TS AR8sH
FEH 0z H7]dold AT k= Zo] FHoo olE A5, Al 248 A=E X
@5t 200 kg ofste] 2 /de AlsHH, TARIE(SF 500 km)ollA = 1] A=
(eF 800 km)E = Aol sfof 311, 28] & AF2 APE s At F37]
=9 9 4T 2R3 FE A=Al 7lell "Rt Al A5 3T £ SEE
ge AR ARJAZ7) et 4 HE 9 o 28 =S fet YA, MM B =
3 AaEe) 2 A4S 2 AT T Aol

Fig. 2= AAIH 23913 289] £4] EES ol-83to] AR ADR 239142 3/
< UERaL Qo 202790 AtEE o= EAAlE S 249 SRAILE AR
o] ZEAERE FUY dFgo|E=2 ADR £FL2 3 AleziE FeE #1449 A=
Zofshs ZEAAE Sy olnf 285 = 7] Angor s Q] F AT T
7Ftou, dmo FAES ARt A9 Hx A MY AF 9 289 24 FAL}
AR, 149 Al ol Wi B a8%= Amol tiet Atk e Aol skl
B o5 AES] 2REE ol8slte] 22 A4S 2eT dgelH, vl AIMSE o1&
oto] AFsoz ZR2 olF B 24 715 52 s {5l vl A= A "EAsk
UFE =YL Aol Table 20] 7] AAE 551 =&H ADR £G4 Al 89F
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Table 2. Expected specification for small satellite for ADR mission

Fig. 2. Preliminary mechanical design for ADR small satellite. ADR, active debris removal.

Specification

500 km — 800 km rising — Earth re—entry

Contents
System/Bus Altitude
Mass {500 kg (including payload and propellant)
Lifetime > 1 year
Power ~300 W
Attitude control 3 axis attitude control
Payload Vision sensor Monitoring/Control the ADR and RD
R sonsor Sensing the target with =40 to 120 degree of
temperature
Lidar Precise distance observation (~500 m)
Space net Net for capturing
Robotic arm Arm more than 6 degree of freedom
Docking system Docking device in Rendezvous
Transmission X=band Transmitter (~100 Mbps)
~128G

Storage capacity

ADR, active debris removal; RD, Rendezvous and Docking.
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3t A3t Zo] 20274 ARSI 2R Al F BAAE 24PU8 FHAIARY &
A7) 5718 A8 A oo, o H:= LTDN(Local Time Descending Node)©| 13
Al 30821 500 km H{FE7]IHE=CIH27]. 17 EE ADR A2 24P AL
H9] AroA 23] HHE HAlx Ho] JE AX|= Zo] BashH, 27| X giifor
1P 2 94 1, 2, 359 A=FAS Fig 37} Zth 2022 8Y 7|EC0E A 5
EA 74 7132l CspOC(Combined Space Operation Center)2 E31A viZ% TLE T
< ARESIoH, J2 propagatorg ©-&5to] 4ol AupEntal ZPYsiA] AR o] %9
89 AAE AZF o] HAE ol8SiA A= Ho] 5o BRI £ F(del-v) E
AR AR B4 52 B9l HY BRE A6, ofd EH/MA] AHo] ZENAE
9 FH 94 T 1ol v uE Pk

et o7 715 olgsto] APHoR HApztolu Sy o|Za T2 AEHe 24
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Fig. 3. Comparison of the orbital plane for the NEONSat and KITSAT1, 2, 3 at the Jun 1 2027,
computed by TLE and STK. TLE, Two Line Elements; STK, Satellite Tool Kit.
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Ak} v P o Azgo] FshA Eol Wasitt, s, YFEAE 3 o 7|1EAH
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Fedol 24P FHAAE 49 A=olA 8719 AmRE ARSSHA 2 259
A== Hololet] ast Axm ARS 28]00]4] A7oks 4] o]-8sto] Akt
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Av = 2vim-tsin(i)

A71NA, Tinge= AR AO] O] BARAOIH, ifingi< Al A1°] 2] A, AQ=
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Fig. 4. Schematic for non—coplanar transfer from Figure 6-12 within [22].

108 | https://doi.org/10.52912/jsta.2023.3.2.101



J. Space Technol. Appl. 3(2), 101-117 (2023)

Table 3. Orbit Information of the NEONSAT and KITSAT series at the launch candidate
computed using TLE with STK software

Sat Inclination RAAN Semimajor axis Orbit type
NEON1330 97.258 271.403 6879.31 SSO
KITSAT1 66.100 4214 7694.06 Circular
KITSAT2 98.906 171.761 7160.33 SSO
KITSAT3 98.676 142.036 7088.80 SSO

TLE, Two Line Elements; STK, Satellite Tool Kit.

ol-gsto] A& A= FEE ARESo] AARS StloH, A% Hojof Q3 Delta-vaE A
Akst OF 11.517 km/s¥& ¥ = ot

ADR A% 9AJol= 30N S35} 250s9] Isp(specific impulse)?] 452 28l Q= sjsh
F71E AR dIgolER, 1T spece 1319 direct burng RS W 42E Ao
2 JEEE F A7 Y2 Tsiolkovsky?] 2ALFAS E-8ato] AXE 4= 9lod, 1 3t

° 4 (02 59 2L 4 9k

m +m
Av = gl In <%>
v
mprop = <exp <g15p> — 1) de_‘y = 111.5305 X mdry

olff g= F9 &k, [pw 719 ¥IFE AT, myryv 89 AR A Mypope=
Azl FAl°lt}. 500 km9] Hl=oflA AxAZo] oF 100 kg ™ 11.517 km/s2] Delta-vE
53] gt & AR9] Tl AxAF] oF 1008 ool AEsF Bast AL AT
et 3o g 7|0 o gajA Sl 25.9] Al FH HEHde] she W w2
A HAledols & = qlou, 7ol 1,000 kg oA QFEE H@AZQ oz 4
g ol EAEE AL ARFoR Sl 250 FIT & e AlUEE AT ¥
[7do] gl

4.2 Indirect Access

RS HEE A7t SR ERIFES AT 9] o] MAleke 4] B
ofst 45 BB, 315 Folo] Mskshs RAANS] 2715 A7 B4 7k A5
RANA L Aolw], 12 s o] AT A W] APAT P DY AR
AP sHe B4 23 9lek BE7] A=) RAANS] Luishe 4 ()3t 2ol AXkE

= lem, shrof] oF 1:=4 RAANC] 3ole 21& &l 4= Qltk.

360 (deg)

_ deg
T 365.24(day) 0.9856 ( /day) ®)
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Fig. 5. Process of STK simulation when the small satellite approaches to the KITSAT-2 using
the indirect access (a) initial orbital plane, (b) during the propagation, (c) after the propagation,

(d) access completed. STK, Satellite Tool Kit.
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3t Al Ano 2 RAANS YAAE &= Qlrt. o] WS &-8sto] A= #o|gt of ARG
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access WS o83 ADR 439449 A= Ho] I7goll thsfixl Agst3irt.

ADR 2% 949 g Zu7HA] sl $et A% Ao] IS Fig 63} o] LR
4 Utk ADR 423912 94 AT AT n7 A& 20279 = HARAIE oA 2
239N FHAILE 9189 Fi| 94 55 EARE S5 LTDNO] 104] 30221 500
km HFE71A=E FAE Fig. 60l 270 A= Ho] g2 AF 99 dF77I7te] 1d
olgi= ATARNS THESH| fIsiA, oF 771 57t A% Aol S AX= AL st
of B4 R BAol= STKE AREsIien 1% BEA 59 dF A4 5ol AF
2 =& astrogator BES o|-85l0] BAS Y5l HFig. 7).

Astrogator M-&9] orbit maneuver®} propagator 7|5 &85t ADR A4 7]
B2 T2, ZF maneuver 7150l 48004 AETE 30N 2FlET|E ARESl=

Propagation

De-orbit

Fig. 6. Orbit transfer flow the ADR satellite as the results of mission planning. ADR, active

debris removal.

~ o
NONQPE, P BPREB- VIS v, O, e e e

Fig. 7. Configuration of the STK to implement the ADR small satellite using Astrogator module.
STK, Satellite Tool Kit; ADR, active debris removal.
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Indirect access W2 &-8&5t7] flsto] 2= LARAIE ol-&sto] 1= °F 500 km £
H A% FH71E o]&sto :"X]Zqoﬂ/\i FE71E 7hssto] 1449 ¥Ad 1=E °F 1,800
km® 53t 8719 a8 Fdislst] flsto] 71220 Ak o] ¥l Hohmann
transfer® -85ttt 4304 A3t indirect accessS $33517] Yste] 500 km x 1,800
km9] et HI=E F4d5hH, 1,800 kme] YA %+ indirect accessOll I3t RAAN s}k

£ Ikl ERIE & les HAAH ko, 25 F T AW AR 5 o838t
2|35t L 5ol A9 1=F 4= ool

5.2 Propagation

TE % 7152 Bo) 949 el Fee] 289149 AR SR S 25
Slo] T2 RAANS] UHskE 2] Bk i Aeiold o 74 B9k 271Hel AR g
glo] T3 propagation S5t o5 F5 F A= Aole] tf2el RAANS] HolS &
2 % 9irk. o] 77k ADR A3 A= Hol 7t F 7V B Aol 8% S7
o AU GRS B! 954 71& U 5L S §ET ST S Uk
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5.3 ZXIY d¥5

5 I 219) RAANC] oF 1 ol 7914 28 oo FnE S
34 ADR 29199 A% 500 kmeoflA —?—ﬂ‘ﬂ 2% 9149 31%=11 800 km= ASAl
ZIth, 1% AV |=3 npviR| 2 287]9] 882 US| YA Hohmann transfer
7152 k&5 = LRIHolA 9149 X8 W Bt = S8 YA

5.4 X ot2 ¥ HHRF

FHRE 1A ADR 239149] UAY M= 92 25 O] T SFAIL,
TE B4 15 71T thEA] o) Sashs Aol ohet pass W& oF 107}
ssto] AAH 07 SPAIRITE Al 71553} w7k 2 Hohmann transferS ©]&3},
AAA P B FAAAL $F B Wk Q) AT 5 Ak 94 A2del
RS AP PA 5 UES Sk YAR o] £AHOE o]Fol W ADR £F9
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5.8 De—-Orbit

ZIRE 92 23 A4S FARY AVIFE7IE ol8ste] 2AH =g iV IAGE Bl
Wk oF 300 km IEE SPRAIZITE o]9 2L 1w kA HH 949 YA 1EE
AgS WobA HAH oz s =, 2EHo=e o] ti7Iel sl H

7} 715 E3) 9L A7 ARTLS Astrogator HEOA A|FIH= 2 715 29kS EfA
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St 4= QJE=AI} 79| indirect access HIAl 02 7|52 £PPL o] A7 ARHFS
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Table 4. Fuel consumption in each operation phase computed from STK software
Maneuver Fuel usage (kg) Etc.
Rising 38.389 Altitude ~1,800 km
Propagation 0 About 6 month
Rising periapsis 0.27
Lowering apoapsis 25.993
Inc and RAAN control 12.858
Proximity (1 V-bar approach
Capturing 0
De-orbit Electrical propulsion
) Natural decay at 200 km altitude
Total 78.9865
STK, Satellite Tool Kit.
6. 4=
2 Aol £P9E B8ol0] 95 2207) 55 A 714 7ol 4] 9
T JF A0l HisiA tREeloH, 535 Hl=dol7t Eadt AFE S+ wofe, A9
ARFS Hadfelo] BX SFEAC] H2T & = Bkl wiste] AW Bt AT ]2
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