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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] =715E9] HethelolA WIEFER BAlols i AF|o]ATREO] HEho] o]FR| 1L
UTH1L olzfgt Edlso| W g5eo], uj=g FAOE sk @ ©AF 4G 9 AR E45E
EHE oh= ofZHu|A 2 O] Al TAlo qlom, T 'L dol SMIEANE et
Moon-to-Mars(M2M) ObjectivesE A5k U= TAOf UATH2,31.

AF7HA Y] feuvet S8 R iR A1) AAEClA FAHAE HollA2] 5ol gt
Zg=]o] AL 20228 8ol WAkE|o] @AY ballistic lunar transfer FZS =t 92 &t
I U= YU H29 E A=AR! tHrE|(Korea pathfinder lunar orbiten)E 713802
A1 AL A7) AR Ik 8 4 Qlk, SRAIRE, SEjuEkel 2 A9 wAL ke
A7F 7R Qs H[oRRE A9 AL AE 9 5Elo] ofZEn|A IRt M2ME 5
TA0og F9ok= dlof| AR Z-golo], A4S Sl o PR FHAL Al w
o7 EAT o) gl Aol

A9 HAE Etoluol(fly-by) BHAL AEA1S](orbiting) BAL ZH(landing) BAE, 2
2 ¥ (sample returning) BAFR} o] 3A 47H4] ®HAlog2 BRgE 4= Ql=d], o] FollA

HAE 58 AAE e st B2R(hard landing)? AZE(soft landing) 0=
T, AR (n-situ) BAY EH(over) BAF 53 AE 4 dtE MEYE "HA=
Y HAE R o= AE/AEUY SRRt Aol sl o] nla 58 AAE
o= stz AR /AMEH o R FREETHY]. o]FA tfdt A BANE Sl 9F
of 9= T/3t A9 'AE TR 4= QlAIRE fEjuErel B2 A9 'AL SRl
= A9 BAE A=) BRERE wlEA w57] Qi 7T vE-S Y 4 A
= AT B 1Y) BE A 7INEe R Sk THE AT TAM B EEo] A
oJtH5].

B =HoflAe thefdt 495 gAYl Hast ZEHAAE VHoR Sk BE ASF o
AP RES AAEIEEY], 280AE BE AT TA 7Ry, 43, E4F 7
g 2 S ARSI, 3ol BE AT BN 7189, B, S3 48 5
W= A7IA A Al disl] 7]<&st3iTt.
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ok¢EE BE AT FAMIE EE5ke Aol @dFor Erssit oo e & ==
e vt 22 8IS dies E& AT A AAE SsIAAL, ZE0E 7
Hto s 7189, 459, 3l 37 FHIS E& AT HAM =ESIRIT

- BF AT BAME] A8 Eeteldte], AlAlS], vany] WA 25, dA] A
al

S stota] 2e07]2 @AsHR, o] FME B (specific impulse)e] ot 914
A 7=sIo] 217t o9 bi-propellan) W02 T W] 27| 5L Hg
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g2 F Aoz AT = e A A== AR-MEL 1 o] | A=lE 24

AL SFAGES PAE TARE B9l BAE oIS ol gafol S, o] B2,

AT AR A A= IEe1del Hlste] Rt £EFE(Del-V)o] s AHE
AA GA FA(wet-mass) tHH] A= FA(fuel mass) Hl&o] 38| A0, 2F49 H¢
oF 70%7t 2 HER ErHol kA, 7 & SAF AAQ1 HARIES S o= A7)
QoA LA ol e HER QJof] 714 F5o] zhw|ojof gty £ =FojlA] Ajlele #E
A FAM 71832 Fig. 10 YEG=T, |AbAoA 71 §A2 2304 85, & 4
2R3, ABHRA, 714, 2404 w55 A Fopt A ol e 3ol B
B0l HiIXAIA EARES EH o R Ats 25 7L itk ol 20| BE2 ThE
A A F5E XA EE oto] BESE A4 9 20| 7FsSH sh, ol 7IRte R
HE AT HA 718, A9E 9 o] AAE .

o] WE WOl 1A B3 x| Ml B35 HER viXohe], 7 939 ¥& S 1L
dA71e &2t vk (polar mounting) W47} B35 ¢ FEO| JH=R wixA7= $F
FH(central tube) ®WAlo] EAfol=t], ¥ FASAHS 36k AFES St AEA
O 29| L AEfole], & =RolA ARkl EE AT BAMS B Et uked |
A5 7|20 F it

Fof BE Fols = F7] @ IARY ofdErt ARtE= 1] W A 2707}
A== 27 | AlQfet YA 371 Holls AR HE(top module) 1702} S HE(side
module) 27IE AAFHT. AH HES ¥E W ZET Hof glona siyA ey
(harness routing) 5= IS o, FAHAFE, Ag2d/EugA], vie et 22 AH|A

A (service unityg°] HiA| == Ao] HEsh, SH HEoe 1 Qo] AgHtA, & S

Mo

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), B354 7](star tracker assembly, STA), BH2-8 &
(reaction wheel assembly, RWA), d71H|2Hnavigation camera) 53 2= iAo A &
RWEY EHAZEH(transponder, XPDR), CHIU 53 22 AHHA &
FRE0] HiXE 4 Ak =8, AHlA f43lo] ol st = F27]9] E5l W%

o AY 5 FHAAAY FAA|Q] -, AR gl WixE 5 AL AR BET

50 fY HIAE AHIA FUE Hl(non)-AHIA FHOE RS Hfols HESH
A 9 2H/AE HYFo] Ik 4= Qitt. o|edt A= EAlo] THANE FET 5
U, AIE &0, FAFAHY BE, 25 olFol= AMESHA| Y= A CIA RS HER
TESte] AFolFol= FA0IE M LEF HAISte] FAo] e wY 4 Atk AY
oy "AMIRY &3 E°17] {13t SW(hibernation) % Alol% @ &80k oF
= AHlA BE TR o= o] FHEETH o Z[Hte g GAof HAE AT
At

B ES HAA AR SolE HA o R Y IS o AUEE AT B
U AL, WS 5751 ol Fig. 1oll= EFSHA EUARE, #E A9 FAF
A9 Ae SIS SlsiAE 71EA o= Jo|5tE U high-gain antenna, HGA)7} 21-85
ofof 2t} BHTF A TS AHsI 7|0l 18P HGAE SA = A7tete] FARt &
Al SOl FgH o ® HIFHES B o AN FAA AT 5ol PFAQl AFRete]
B4lo] st HGAOE A (gimbal) 2-80] Z a5}t

ZH7|e T /R E FREEY|, & 288 3351= DSM(deep space maneuver) 3t
=T HAsKHorbit insertion burn), 12|11, AZEHE st 7 ASKHbreaking burn) 5=
ol AREERE = 719 S HA 4 &
LL5Eo] AT Aoy 5= 719 Y oA 9] AAAo], 1=, vHARE Ho| =
e 3 (dumping) 52 98l AREE= BE5A0] F87|(reaction control thruster, RCT)
7} JZoltk. 7171 XZollA 8 SHA H|, Fig. 29 Zo] F7|oA HiEE = A4
7tAE AREA HAHA SHR-s(backflow) @4o] UEA =1, o]= Qlsf x| gk
2 ¥(contamination), & (aerodynamic force) & FaHheating effect)”} HAIAo J3F
= 7.8l 2=, 7719 Y9} 2ot 2| 43ER] FoH, Qo s QIR FoAH]|
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Fig. 2. Thruster gas flow expanding into high vacuum: flow regimes [7].
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U B FRAAS] s AT AVEE, f18A A $HR-50] FHSIHA 7= Qg
O = Qlsf AAAe] @A7F sk, 914 2EA0] sl Y FA "ok
A AN i FRR| ] HioF A Aete] YA B4l S 22 A AHA
o}E flsfl BF2RE- & ARgo] FAolnt SRR, f14do] &S] tiA o] ofy7] whizol|, B
% EZ(solar pressure torque)? Y254l (center-of-pressure)0] BAKQ] FASA T &
A =A| kot £7148H2] PF(aerodynamic dragle] TAsHA E=H|[9], ol23t o=
Sff ¥F2RE- o] Hullgo] A|&ZH o BolA| &1, A WHRE Fo| HHlEE HIsHA| gk
A 9HRE E &% EoKsaturation) 08 QIS B o} AERI AAA0IE & 4 A Het
A5 SHsE A5 B, AT A7 ol&sf ol A9l RHlES A EAE §
of Hxg 4= Q=dl, AT BAML] B, o8 Aol Q7] "ol F871E o]89
Zeatofl gioH10,11]. 18], 9keF RCT7F ©AAS] FAISAS] i3kl
AREA] ghethd, vHARE E HAlE J3E 91%F S (rotational force)itRt ofuzt 1§
Z(translational force)o] TAgsto] AJ=FH HZoly L2 FE 2jo|7} TAsH ot
[12]. webA, Fig. 30 Uehd A3t Zo], s RCT7F BAM FASAS] tidike=s A2t
Elojof HxIo] WAYSHA] FomA WEAE & HdlE Hgo] 7hssHA €tk ol#gt 8%
72 RCTE ol8sh= 37t AF 474 Astet 22 FY #14 Alol(precision orbit control)
= 7Y Aol U A-&E=Hl, 722 Sk RCT7F A= gAML FASAHS] o
ol 2= A] ko™ HHXIgo] WAgSHA Eof FFo] W9k SolAA HER, FA 5
gol= RCTE= BAM] FASA o= vjx|=lojof it} shA|Rt, AAloAE ArE A
&otHA GARAS] FAISAC] HisHA EHE= oA og RCTE XF FASAHSY iAol
HiRSE = Qo B AiE= FASAH ¥M3kE 1Esto] RCTE Hix[sfofF gttt
RCTY] t1 A 87527142 F F47]9e FARH A-80] Hot. vtef = 38719 &

5 rE
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g ol A4 FAISAT QA dette, F S8t opleke W W Bt
Ao} FAM ] ®RFo] 71&olAA H=H, olE vtz fis) &% RCTY FHlxr}

H Aolot. 17H], RCTE= § & EZE A4sl7] oA ME Zt=(cant angle) Z:
BB HEE T RCTH F22 3| =9, ok Fig. 33 €°] & RCTE B4
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Fig. 3. Optimal alignment diagram for main thruster and ACTs.
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MO FABZIIFE FHOR o WAL Sieleh o] wyslo] oJEgd
Aot SERRE olh WAls He. B, wok F 2aiv]o] 29 W] 4549

5AF A QX3 HR, o] Hhe RCT] %2 Hlgo] Zokx7 o] RCT7} wSolu]
L ZuYFe] Eat YA Ak 3, Fig. 300 Lehd 23 2o), 3 F2le] 2HuF
o FAIY BAFAE AUHES 2= S| FRleH3]

I

22 2F H2F QA 3"

ot

& 495 YA A B WAt FAE HASK7] e, Fig 49 2o] 149

fparine st fPawe B St Wixjsls 725 AsiAn. 191,

Yol EASX) USHAT, AHBE 915 HOA oA DHPL 7|Roz s k. o]

A WFAA T} HGAS THFoR Ausha, HopiAne Aol Mss 725 A
Aol

SISl 1] SRS HGA B s 2ol MY P2 U 3
#9] HAsk 94 BeAolet, To] BES 71EP S FUA ERTS W59

!2

o, FH BE lele Avls fREE Hﬂf‘]a‘i’ 9 g 2700l Bl-AElA fRES
Hizlshd Eot 223, 71239 SEAE FAISH] i, el v el
SO HAFARE, WeA| Fg 31k Al BiA SH e st o8 5 ok

Y B GRAE] ARPTEE BARE Bt B e SN R AP AIFoF ot
+ ABoIME HFAHo| JPgH o THEES HAsed Hrt. AeF HAMZ A%

A diF2e] 1ol HIAFel TFssAIT, F SIS ’\]'Q“EHOF St Aoy B
Al BT YAl FE7Ieh JAA wiA] ARl met s A 9 Solls BRIl
olglE & Utk A=, Fg7Iet HigHIAITe e gt EH Pz gAAe] g
WFe| et gastng, 7] AAE F87] ¥FS VIeoR HFHRwe HAE 2%
3tal, ojojA gAAle] AAE 27dstd Hot

drrgog o5 BAMS dRansre E0lal HAA 9 FAE =17 fshA, o
2] ¥o] DSMo| 23k A AXE o83tk Fig. 5% w=2] 4% ©AHQl NEAR(near
earth asteroid rendezvous)?] 4% HZE WeH=EI[13], DSM-1 32} DSM-2 H3t&

re

Solar Panel

Top Module

Reaction Control (Blue)

Thrusters

Core Module

Side Modules
(Green)

Launch Vehicle

Ao Main Thruster

Fig. 4. Deep-space probe reference model (lightweight type).
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Earth Swingby
1/23/98

End of Mission:  February 12, 2001

Deep Space
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/ 713197

Mathilde Flyby
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Deep Space
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1/3/39

N\

Eros Flyby
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Fig. 5. Trajectory of near earth asteroid rendezvous (NEAR) shoemaker to Eros touchdown.

FHS o], B F-HAM- S =Tt 90 TRt AZ & S SlTh o]A2 DSME
ol &%t e AT FAMIME T5A 2R BRI 4= Ql=H], ole A el Be HA

£ HE S 9 7] giEolH, o2 I8l BAMMo] B S| HA wekel 7HA
ol5afloF Am AN Fo] HA5Hx|7] wEo|ct.

DSM %3} AlZKburn time)> B a8t BAMS] SegEal 27] g3t o] gled],
S AstE el A2 879 F F27]7F H8EW DSM AstAZlo] Zojx|A Hrt.
A =, I=EPFTATY U A IAE Bl AAE obEuA gARS] DSM-13}
DSM-2 ASHAIZRS 247t 1,33239} 22430l GoHA] |t 1=, o]gA At FEo] o
FAA 2 AHHYo] g4 EE= F27] WEVL (&H o2 g lojof sk, 0|2 <ls|
DSM ZtellAl= 918 A AnjdEo] 34 Asota =2 A Hegagdo] 4otk
J%x god wjEE] 83 71Yor str At Ao AdAyFS FA "ok wEkA,
DSM T2l QtgZ oz eFde S 3% SoiAl, sd-gA -2t Z4ert oo°
of 7I7hgE ol8ste], BiFHA TS 7] W o0 W, &, A gAY #F &
Hgo] A7 Aol HAsitt. EE, HoFax|we] A&HoR g HiEhE £ Yk
2 9449 YawZ Ao]7} D4=Z]o]Ho].

AT SRS A oE 29517 fleiie 7 HGAS T4 A8 AFtes
oto] A 2ot BAlo] 7Hsgt A7 Eojof sttt AT, ASIE 91 HGA % ek
AR 1HFoR Ao, BY-FAMKI-A Y] Zhert A PAEHA] oz oiE]
= HEF-FA-AF9] 4 20 U(angle profile) 1efsto] X2 2] HGA eV 4=
A7 sfiof gttt
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Fig. 6& 35 7E W A4 IAE B0 EEH olZmA FA9 BiF-=At
A-217 Ze Zgspd(@ighd)elt), 217t 200004 170° H=71A] #skARE, B2 o= of
2F 90° WS 7Ie0 R Wolke 2 SIS 4= Atk wEhA, Bl A wa HGAS 90% 78
T O] vk wiR|RItHH A|tete] F4l Fofl BRI He] Bl Off-pointing®] |45}
wo] Z7ete] Al SOl ol Hro] Aol B 4 Ut} £, HS-HAMKI-AT 24
T Z2uple Aret] FAIAD ] mE B4l £kt tloje A 5o R vrgE o]
VA fouw g HH7F vHEHE HE 22 HGA UFE =5 4= Stk

EE Fig. 60 UEhd Bie} Zo], 2|7}0] F4l Foll= AR Bl off-pointing®©]
ZAsteg YA 541 59 dRloz Q5] HGA & i oz A EA7t &3] 3
2R & 5= lou g QAT AAIET 7N AR Fol REEA] ZfdElojok Fit A&
E0], B FTIH R AR BFe S0] QUHERE AR AEstaL, sig At
LA A= bV "AR WRRE A gFstal qlejok shH, R HEAlolE s 71
grA] EfjFof gk, ek ©ARAS] failovere} 22 Aol thA 22 529 olf= sl Y4
I AF=E] 713 FAlo] olFAA] roH, HAMIE AEo & B4l E5{communication
acquisition)2 Yall JAAEE At HFo g Fr|Ho g FgAMA BEAZS A= SR
Zaskar, AT ApaoM= aldEls A WRFe R QEUE X[7Fsfiof gttt ShA|L,
HAMAS] 2| ete] FAIAY 7 Ui AW BAIEE AoF 5o 7 Qlsf dAT dF-dorE
AL AR 149 AT D HGAS sk AL A% A4 = ojof g},

F97] 9A 2 R BE AT B 71830 5YsH 94 &2 2%, 39
9 Gavks oA Ao shetll, BE A9 BAM AHEL x| Eo] 48A
HO| R1Eo] 17gEe] long BRI AW RCTY 5 5 FT°] 7|
O = AFEER, o]F 1E5to] RCTY A 9 2=} ejddAw F/do] 2=
.
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Fig. 6. Earth—probe—sun angle profile for KARI's apophis probe.
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fon

23 EF H2F AR
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A9 A SR WARS Fig 7] UERIom, BE U495 PA 7129 o
H] A4 B0k ASH) WA 247 14014 1R WAt A, THERE 9 BAM
(multi-target mission probe)tt 25413} o] ARE Ho| WRE sk FAilo] 48T 4
oItk To] mEC] BAL 87 PR AL, ol WY ARMoR| 48 e
A0, F7449] 4eio WY7IolS A 4 glom, ER HBAC] 87 Zuio] 14
SFARITRS XISHA 42 0) SR e W9 azimuth angle) Walel W2 gord
A Ag7Zo] JriH oz A WelE 2] woltt, 10| BE oo 2Pl FUA
Sfal 1he] AR BETH 270) SW BES 2ES serh SHPL T SUst
82199] 10| BEOL A7 B2 PR WAshe], A BEOIS A SUES )
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B A9F A SgPe 2HE uioks AFAoR A8 Aol % 34
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ZHE Ao Hobd, 39 2E sido] 143 29 ARGAE FEsle] 2HE P #
ol ARfeobal7|E Hek 3 SH0) S AT Qo A4 AR B SH
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of BjFHA| TS viRA[AOF sh=dll, o, AFRE fls 1P A TS A83E
H, A7 S B JARAS] Higlol] wet iR & 2

25t 2] AAsflof stk oS 01, Fig. 8(a)¥ o], g He] Zol7} xQl FE4Y 752 3
Hsichd, fefdlo] vlSA F AW A WHL S = (2 + 2V2)x?0]
=, Bl éﬂd% HI3A 2 W82 S = (1 +V2)xh7t "ok S8 AHoll= I& 48
o] 45° 730 Qle Aol RIgE Tt 2=, ol h7} A 3t W] o] xf 2ufj=tar gt
ohd, AEARI Al WA FUsi wEtbA, Fig. 8b)e 2ol, & 254(2x = h)°l
g HH A £45~190%) 5T Beols SH SFHAE F2o] [, & 1 ¢
T 45 ~+45%] ZAFT APolls 4R BFHAT F2lo] Falsie. 7oA, 2o A
0] 6.68° 71 &°1X 22 FAISHAH.
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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).
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