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Abstract

In order for a latecomer in deep—space exploration such as Korea to quickly keep pace with advanced
deep—space exploration countries in the mutually—beneficial space exploration market, it is essential to
derive a deep-space probe reference model that can reduce development period and cost. In this paper,
concept and configuration for the deep—space probe reference model consisting of basic, lightweight, and
expansion types are newly presented, which are based on commonly required designs for various deep-
space probes. The proposed configuration adopts modular design so that the expandability and design/
implementation efficiency are improved. In addition, the electrical system design pursuing lightweight and
expandability is also described, which is applicable to the proposed three—types of deep—space probe

reference model.
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71&9] =715=0] oA RIFER HASh: 7 AH|o]ATR O] Hglo] o]f|X| 1
UCH1L ol23t EFEof ¥ gh5of, nja-Z SAHOE k= & "AF AN E AR 43
EHE Sk of2Hu|A R0l AlF dAlo] flow, g BARE do] SRS ST
Moon-to-Mars(M2M) ObjectivesE A5k &= TAOf UATH2,31.

AF7HA 9] SRyt AR R A A=A HAHE ol A il g
=0} AT, 2022 8ol WAk=lo] FAY ballistic lunar transfer H4-& w2t @2 o}
3 = 2yt 29 & A=Al oraEl(Korea pathfinder lunar orbiter)S 7|02
A5 EAF A7 AIRFE]QIThAL 3 5= Qlk SRA|RE, SEuEket T2 A9 wAL Sk
A7F ZHAAL Q= meRt A9 BA A9 W 5o] of= R A ZE oy M2ME 5
LA o7 k= o] AR ZHESto], AT THF R AYPE= SFRA APl B
o7 EAT o) gl Aol

AT Bk ERtelHlel(fly-by) AL AEAS](orbiting) BAE, 2E(landing) BAE E
AE2H(sample returning) BARR}F Zo] 27| 471R] #HA o2 BRS &4 SleH], o] FollA
A5 Ak 5 HWAE e E o, 2 S(hard landing ™ A&FE(soft landing 0=
TaH1, AAAR(in-situ) BARY ZH(rover) BAF 53 GAE o Utk AESE HAs
T8 FAE W= ok 2E/AEE BARF &80y Slidat 2ol mla S HAIE
o= st HATR/AEH R EETHA] o]FA HFet A BANE sl 9F
of BH= AR AT FAME AL o QUARE SEuEel B2 A9 "AF A
Ale AT A AR BEE HlEA 957] Qs IE7I ve2 Y 5 AU
A9 EA 719] 35 AAIS 7HEO R Sl HE AT EAM B mEo] Yig
o[H5].

£ =EolAe ot A9 BAMO a3t Z3BAEAE 7IRe R ofs BE AT '
A HES AASHE=T, 280M = B A9 TAM 7189, AEE, 3ol oigt A
g % S ARSI, 3ol BE AT HAM 7129, B9, 3] A8 5

M= A7 L A Hish 71&st 3l

N

BT ST A WG L sy 4

A9Z SAIS AL tho] H BES L SARRA] et Bago] 2ok 4 9w, 4
A wpaeo] wet Gao] ekl 4 gy, BE BEE 9 SR, A4 e ur
OREL HE A9 BAMIS E25H: Zlo] BAR 0 Brhssi. olo] uje, & kR
At et 2 4SS o BE AT PA AAZ Suse, BESE 7]

NLo= 7193, 29, 999 371 P BE A9 A =Eenh
- BFE HOF YAHY] HGYTLE Befolilo], M3, viady] HA 2, A4 A4
AL 2 AL 8 vl 3 0] EXche B RoR T 3, /14 BE

o

o] Eart fqir7t EAchs AA A5 3 FY WA AF/AUEHE2 287 AFelA

S si}a] Ze07]2 @stR, o] FAME B specific impulse)e] ot 914
A 78] 213t oA bi-propelland WA R T 7] 227 5L A
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g2 F Aoz AT = e A A== oAR-MEL 1 o] | A=lE 24

AL SAGES PARE TARE B9l BAE oIS ol gafol S, o] B2,

AT AR A A= IEe1del Hlste] Rt £EFE(Del-V)o] s AHE
AA GAP FA(wet-mass) tHH] A= FA(fuel mass) HlEo] 38| A0, 2549 H¢
oF 70%7t 2 =R ErHol wEtA, 7RG & SAF AAQ1 HARIES SaH o A7)
QoA LA ol e HER ol 714 F5o] Aztw|ojof gty £ =FojlA] ARlehe #E
A FAM 71832 Fig. 10 YEGl=t, |AbAoA 71 £A 2304 85, & 4
2R3, ASHARA, 714, 204w 55 A ot A9 ol e ol B
B0l HiIXAIA EARES EH o R Ats 125 7L itk ol 20| BE2 ThE
2 FAA FES WA =E sto] REDSE A 9 £7o] 7RssHA §h, olF 7|Wte s
HE AT HAK 718, A9 9 o] A=

o] W& o] A B3 x| Ml B¥3E HER viXohe], 7 939 ¥& S 1
dA71e &2t v"(polar mounting) W43} B35 ¢ FEO| JE= wixA7 = 3%
FH(central tube) ®4lo] EAfcl=t], ¥ FASAHS 36k AFES S0t AEA
O 29| L AEfole], & =RolA ARkl EE A9 BAM2 B Ed uked W
A5 7|20 Z it

Fof B Fols = FE7] © UAR ofdErt ARt 1] W A 27071
A== 27 | AlQfet YA 371 Holls AR HE(top module) 1702} S HE(side
module) 27IE AAFHT. AH HES ¥E W ZED Jof glona siyA ey
(harness routing) 5= IS o, BAHAFE, Ag2d/EugA], vie et 22 AH|A

A (service unitygo] HiA| == Ao] HEshH, SH HEol= 1 Qo] A, & S

N

Top Module

Reaction Control (Blue)

Thrusters \

Solar Panels

Side Modules
(Green)

Core Module

Launch Vehicle Main Thruster

Adapter Ring

Fig. 1. Deep-space probe reference model (lightweight type).
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A (inertial measurement unit, IMU), ¥35¢2]7](star tracker assembly, STA), HF2-8 &
(reaction wheel assembly, RWA), d71H|2Hnavigation camera) 53 2= A o1A &

W&} EfAEE (ransponder, XPDR), U 53 22 AAEHA FHE, 123 HA

A §rkge] WXY 4 Sk BE, AHlA o] oplet stk & Fe7]9 B uzt
3 oA AR PEAAL BRI A9, A% BE0] XD 4 QAT A% BER
20 BEY GU A AL G Hlnon)- AL FUOE PRI Boole BES
HA) 8 23/A8 Heo] Fefeke & Urk oled AL Gl BHNME fAT 4
Q=T olE Bol, HRAH0| AL, 25 o|Fol A ol AT fuS e
FE3le] HFolFol AAlolE 4] FEF AAsle] Alo] HLE Y 4 Uk A

THoI FAMEY 282 #°17] A% T (hibernation) 5% A= 4 S2FsfoF 5t

© AHlA e O8] g ol - olE VHke R FAlo] dAIE HHsid

A E2 HAA AR Fol= Mo HPFHEE IS ¢ s KT
U AL, WS S5 ol Fig. 10l= EFSHA AR £ A9 HA
A9 A9 BAE Holixls 718 o 110]52HE WK high-gain antenna, HGA)7} 285
ofof 2t} 2HTF A TS AHsI 7|0 18P HGAE S = AJ7tete] FATt &
Al SOz FgH o ® HIFHES B o AANE FAA AT =50l PFAQl AFRete]
B4lo] st HGAOE A (gimbal) 2-80] Z a5}

FH7e F 7R FREe, 2 528 875k= DSM(deep space maneuver) F2ht
A=EQ] A3Korbit insertion burn), 121, A}EL 5t 714 ASKbreaking burn) 5=
ol AREERE = FH719h Xt A8 4
LL5Eo] AT Aoy = 719 Y oA 9] AAAS], 1=, vHARE o =
AE 3 (dumping) 52 98l AREE= BE5A0] $287|(reaction control thruster, RCT)
7} JZolk. 717t ZZollA 8 SHA E|, Fig. 29 Zo] F7|oA HiEE = dh
7taE AREA HAHA SHR-5(backflow) @430] UEA =1, o]2 Qlsf x| gk
2 ¥(contamination), &8 (aerodynamic force) & Fa7Hheating effect)”} HAIAo JF
= 7.8l 2=, 3719 YA 2ot 2|43 R] FoH, Qo & QIR FoH]|

)
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Fig. 2. Thruster gas flow expanding into high vacuum: flow regimes [7].
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HE MRF EIAMM AJAR A2 o1

Y HjFHAAL] 5 ATt VdE, /8 ERlo| $HR-50] FH3]
O = Qlsf ApAAe] @a7F sk, 914 2EA0] sl Y& FA "t
A9 AN HiFRR ] HioF A Aol YA §4l 5 22 A

o}E 9lsfl WFARE- & ARgo] FAolnt SRR, f14do] &S] tiA o] ofy 7] whizol|, B
% EZ(solar pressure torque)? Y254l (center-of-pressure)0] BAQ] FASA T &
A=A kot 5715k F2(aerodynamic dragle] 'HAYSHA H=H|[), ol2fet lsko= <l
5 REARE ol HHlglo] A &Z 05 AolA| H1, A WAk O] HHlES HILsH]| o
A BHRE E &5 Il saturation)O& Q1) B o) AR AAAlCIE & 4= QA |
q

=)
X
o=
N
e
1o
e

I

She QB9 A9, AT A7 olgdl Boll ARl RHEE A EAE B
5 I, A9 EARAY] e, o183 AIFe] g7 wiiEel] SE7]E o]89
THlES gxsh ko] QIcH10,11]. 2™, $HeF RCT7F BAHAS] FAGA 9] o Axgagol]
A2 A] oF=rid, vhag E HilY JiS 93t - (rotational force) gt ofzt ¥
Zl¥(translational force)o] EAsto] J=FPH Aol K2 HE Zjo]7} WAYsHA Hrt
[12]. w&bA, Fig. 30 YeRd A3t o], 2= RCT7F gAK FASA Q] giugos 2=
=]ojof ¥ 7o] WAElA] koA ¥Edg & wlly Higo| 7isskA Hit ol#st a4%
72 RCTE ol&sh= 37t A4 47 stet 22 48 A4 Alol(precision orbit control)
< FFY B0l YA HEEEH|, & o= RCT7F A2 B RASA o
kol 2= A] oo WxIgo] WAstA Fof H o] WaF EofAA HER, FAl] S
ok RCTE BAM FASA iy o2 wix|=|ojof gict. sHA|gh AAloAE RS A
B3PHA "ALAS] RAFA0] e FHE oAH o RCTE BF FAIFAY HAo
HiXE 4= glou g AT fASA BsE 1efste] RCTE HiAlsfoF gt
RCTY] B A4 81242 F FEH7|ox FAH] 2-8o] Hrh. Tk F 87]9] &
ko] A5M FASAHT AAoH| Fethd, = 597171 ook SW Wk BVt
Ay=]o] BAPAS] Bigfo] 71&0]A A ==, olF HIERY] 95 & RCTY| SERI%r}
F Aot} =), RCTE © & EIE 5P| oA AME Z=(cant angle)S 2t
& Aol HEE 3RS RCTRE 285 oAl =¥, obF2] Fig. 37} Zo] XE RCTE B4

A,
i
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Fig. 3. Optimal alignment diagram for main thruster and ACTs.
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Mol BAFAFES FHOR thHoR wjxchy shejeks WxlZe] Wslo] oJEgH
Aol SEREE Hol7h WASHA Fck. FILR, qok % F2i7]9) £ o] HEAe
BAZAT A5 H9, tho] Hi= RCTS] 28 vlgo] ZolxlA) Hlo] RCT7} kSoly)
L ZuYFe] Eat YA Ak 2, Fig. 300 b 23 2o), 3 F2le] 2EuF
o] G AFAE AUFIES G2l Ho] FRalTH3l

o

4»

I

22 2F H2F QA 3"

of

BEE AT HAMS] B0 A2 ' FAIE Hasls] A, Fig. 49 2o] A4 Y
B FHA TS At AT A dFo visks 25 At 18,
o= 2R AAT, BESFE fI5) HGA 94 1B 7120 % skl itk o]F
A BFAA B HGAS 13202 Agatal, BRI TS AFof viste 725 A
o710 B dT HGA 2 et Baolal, Bty 22 ]ls) F87]

d

0

Hjx]9] 2A3} AA| Do), o] HES 7|2} FUsH FAA F57HE wiAsHd
o, JF BE 1ol AHA FURES HiXskL, S 2E 270 Bl-ARlA fRUES
Hi|etd ok 18, 7]—“‘1—535’—]-ﬂ EX“é% FAIsE7] fIsiA, B wih Jekoll=
27ro 2 YARA I Ea shsla] o] 83F 2= 9l

1Y HFHA Z}X]’H“’okg XJ AlZE &t BAM Wk SAFC R A AAHOF St
= ABME Bl HAoE FHEEE sl Hoh A9 HAME AT
AA RES] oA B FRIFe] 7hsSHARE, = F87]E ARSliok sk Aldelu EA
A A5 FPAol= F71eF A wiA] YAof wet sig AT B Folls HTAFel
ofglE 4 AUtk A=, FY719t HFHA| ] A Wkt s Al m gAY AT
W] A dastng 7] A4H F97] Uk 7l E HFHA e fXE 24
Skal, ojojA HAAS] YIRS A4S Hrt

AHHA 02 A9 FAKIY] ArandE Eo]1l JAA I FAE =°I7] s, o
& H9] DSMo] Zshe UF FAL o83t} Fig. 5= u|=9] A4 AR NEAR(near
earth asteroid rendezvous)?] U+ HA&S Heli=d|[13], DSM-1 2} DSM-2 H3t=

[e]

[

E
T-;
H
m
>
'L
o
AN
(5 —
kI

Solar Panel

Top Module

Reaction Control (Blue)

Thrusters

Core Module

Side Modules
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Ao Main Thruster

Fig. 4. Deep-space probe reference model (lightweight type).
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Eros Flyby
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Fig. 5. Trajectory of near earth asteroid rendezvous (NEAR) shoemaker to Eros touchdown.
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o83 ThE 4195 SAMINE BEA 0w Blat 4 Q) ol B Qo] BE WA
G F G2 0] whzolu], o2 Qls) FAio] e Fe]
o5 a0k el smeo] H2Ishel7] uholch

DSM 33} AZHburn time) WA BAHH0] SESET} 207 g3t Helo] Gliu,
A ARSIE 9ol A 8er0]  2ev)h A8HW DSM Ashakie] Lol A7) ek,
A oz, ARPEIFATY W A7 S B AAE opxu gape] DSM-13
DSM-2 8HAIRES: 2kt 133229 22420 5P k. 1), ol Azt F3fo] of
Y e AuHeo] s 2ely] Wusl A&HoR Fel glojok sk, ol I3
DSM Tl 914 A7) AxHeo] 3A A5stog gebaAs Heigao] ozl
O kol wEY 8% 7|9lof stue Aust AAd| ofdere A =tk webd,
DSM oz QPgAoR Bjoptele Fauy] S, Bl EAI-Fe e st o
o 7182 ol §le, HFUATE 2] WP 90 WF, 5, A9 A B =
o] AN Ho] Hdslch, BE, HopaAige] A4HoE g e 4 Y
= 9149 Yaws: Alof7} B4olcH]

A9F BAMEE FHOR 295 SIS 134 HOAS B4 78 AFsHEs
slo] G4 2179k FAlo] 7Ks3t e} solof Sitt. ShAL, AAHE 9ol HOA U ek
AN 1Yo A, Bo-BAE-ATY Awst P4 Qs ghonw oy
= Eor-epba-1170] 7k T2akl(angle profile)e TEielo] 21Me] HGA Stelt 2w s
8ok gk,
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Fig. 6& 35 7E W A4 IAE B0 EEH olZmA FA9 BiF-=At
A-217 Ze Zgspd(@igbd)elt), 21wt 200004 170° H=71A] HskAlRE, B2 o= of
2 O0° WS 7102 Witk A IRIT 4= it} wEhA, SRt HGAS 90 7
T O] vk wiR|RIh Atete] F4l Fofl Bl AIHe] Bl Off-pointing®] |45}
wo] Aete] Al Fole ol Hro| A=o] B 4 Ut} £, HS-HAKI-AT 24
T Z2uple A rete] FAIAR ] mE B4l £kt tloje A 5o HET vrgE o]
WA Foug sig FE7F A BE 229 HGA e =5 = Ut

=& Fig. 60 UEhd Be} Zo], 2|7}0] F4l Foll= BRI R Bl off-pointing®©]
EAstng YA 541 59 9loz Q5] HGA &zt o2 A EA|7t &3] 3
2R & 5= 1o B g QAT AAIET 7N AR 2P0l HEEA] ZiQJ=lojok Ftt olE
S0], FAAIE FTIH R AFR BFe S0] QYHERE AR AEstaL, g Azt
SEHA A= bV FAMK RS AFStaL lejok sk, i AEAlol® s 71
kAl HifjFof gtk ek BARAS] failovere} 22 Aol thA 22| 59 olf= sl Y4
T AF=E] 713 FAlo] olFAA] row, HAMIE Ao & B4l E5{communication
acquisition)& 918l V== AT WFoE F7H 0w A FAE WA= A0
askal, AT AdaoA= aldEls "AMK WRFe R QHEUE X[7Fsfiof gtk ShA|L,
HAMAS] 2| ete] FAIAY 7 Ui AW BAIEE AoF 57 Q5| dAT AT orE

140 -}
120
§100—
T
et b I e =T ——"
- N A S -
1 1
< 1 E 121
1 E 1B
I

I . . . . I . . / , . I
Jan 2028 Apr Jul Oct Jan 2029
2028 Jan Date (UTCG)

Fig. 6. Earth—probe—sun angle profile for KARI's apophis probe.
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A FAM 2R B2 Fig. 70 UERleH, E& A9 24K 718 o
H] 304 |19k A B35 247 17 2702 WAR A, BEER A g
(multi-target mission probe)t 2543} 2o Awg ol 2= Sh= FAMI] 28T +
ek Fol XES] P& 84 F2& A=t ole B AFAder] A8 17
AoRA, F7HHQ 410 HP7|0E AR & lom, EQ, AFA19| 87 SHo] 1
BFAR| B vix|shd 4218 9] RS RTH B9 W9 ZHazimuth angle) H3lo] whE Ejok
A A/gAdEgo] Bdid o 22 WelE 27| wiEelth. Fof BE Qo 7R3 e T84
H3h 1719) 3R 2ES 2719 S BES =S skt P 7R3 L5
874 9] Fol HEole FA F52 AFE HiASH, AR BEcles Avls fHEs
JstaL, S BEole v-AR|lA FHES viXshd Hoh

mlo
l‘l
o
X L ot ol

B2 A= A SRES ‘2HS pikele ABA 08 A8 Ao & =29
wEof 2o} 2] AAENS xSt Erk BE, 24 /)7 Aol Aget wpalee
202 A5 Hrke, 29 0E se] 14 29 AAgANE FEskel 2He W4 B
wio] G BHA IR Eik, Sk Zw0) 5% eleaxThe Qloly AEA 4% Bt 2w
o BT XA A0k ST, Wik, AuSE 9o 4P HeFAxE Be A8t
B, BRIk B0 bl YAre] wslo] wreh BopH TS Selo] RAA) Auie] 3
23 2] 2slok et oS S, Fig. 8@ o], 3 ¥lo] olr} x9l BB 715 4
g2 2 ASAS TACH, Bopilo] HEA B AW AR WAL S = (2+2v2)xo|

e, ejopulo] Zwe wEA B WA s = (1 +ﬁ)xh7} A} 29 AEols 4% %9
wo] 45° 7o} iz Zlo] WAsIlch, 23, ol h7h FuA 3 o] o] x| 2efeky 3
TR, A9 ACl BOFAE WAL FUst. nebd, Fig 8b)2t Zol, & ARAH(2x = hyel
g 30 % +45~+90°0] HFT A9l Zu SopaAm gHo] fohe, T EH I
& 45~ 4450 HFT Aol AN g o] Sk, of7lod, 2o 44
0] 6.68° 712012 2 A

Top Module
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Reaction Control
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Fig. 7. Deep—-space probe reference model (expansion type).
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Fig. 8. Solar panel mounting location (left) according to latitude of landing site (right).

3. BE MQF BAM HIINAL 47

= AT A i R A AT 2801 ANEReER, E HoMe EEE #
AT FAM FAOl 72 AVIAILE A His) =ttt F2A AAlEdAE Al
AA1S] g HoluEE 2 =7l 2= gttt

& AT AN A7IAAE E5ES Fig 99 YERE, € = 3
Tt g2 24 A5 Scke 49F AN sidEe e UEaL, =4 Biie
7129 HAE 5l FhEE HAE UEiY, Q3IX A viAs 2R9RE Ytk g

[e]
A S S8 F7kRE HIAS e

D——— Rover /¢ } On-board Computer (OBC)

7 . 5 -
Dedicated 1/Fs 1 Converters i} Communication I/F (SpW-RMAP & UART-RS422)
A A A 4 A A A A

IMU m

Pt ottt v

Accelero- : Navigation

Computer
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Payloads
v
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Navigation it Range s
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Fig. 9. Electrical system block diagram for deep—space probe reference model (green and

Battery | I

orange box represent additions for basic and expansion types, respectively).
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BFekE FoiA 7R3 ez olFSHredundancy) AAIE IHSHA Q1 EEEE =S
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Fig. 10. Shunt-type solar array regulator (SAR) topology (left) and solar cell I-V characteristic

curve (right).
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Fig. 11. Additional solar panel weight with shunt-typed regulator comparing PPT-typed one.
PPT, power point tracking.
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