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Abstract

In the 1970s, space robotics was used to attach a robotic manipulator to the first planetary exploration
satellite of the Soviet Union. Since then, it has been developed to use various on-orbit services such as
space debris removal, parts replacement/repairing, refueling, orbit changing, and construction of a space
station in Earth orbit. In planetary exploration projects such as the Moon and Mars, various space robotic
manipulators are being designed and developed to be used in the collection of samples and building bases
on Mars. Recently, the use of various space robotic manipulators to perform missions in the Earth orbit or
on the planet has been increasing. Countries with state-of-the—art space technology plan and implement
new space—related projects. In this article, we would like to introduce the technology development trends
and functions of space robot manipulators that have been used in various space challenge projects in

advanced space technology countries.
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S5 ZHEA 7]e 7040 479 x4 FAF 9442 Luna AlF|20] 2R WiUE
ZlolBE ARkl YF-5 BT olF HI7HA| A A=/de] /78 0NA 9 A
AHIAE R3] 9919 o] AlsstAY, 2, 3M & AAoIAY A= AF 59 =4
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nautics and Space Administration, NASA)¥} -4 A8 (Buropean Space Agency, ESA)
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2.1 Canadarm A|2]=[1]

FFAARANA ARREE TUHE/AE WiUEelE e drAl AlEe 95 20l
A dAzA) ool 1S HIPAITIAY YA AES Y7 SSRMS(Space Station
Remote Manipulator System)?] 1= NASA®} /iut} 2=HCanadian Space Agency, CSA)
9] Canadarm(The Canadian robotic arm) A|8]Z7} qj#EZo]H, '81d -FLEA Z=4]
OKSTS-2)20l A2 HA=EAL, ZAF4 A International Space Station, ISS) 5 304
o AF SR, Fig. 12 AA| AN 85I U= Hg= HolEth

Fig. 1. Canadarm series and Space Station Remote Manipulator System.
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Table 1. Canadarm series specifications

Canadarm Canadarm?2 Canadarm3
AX| YR LFYEH0| LR ZHRSFZHHEISS)0 e g AR 2
2ELCL XF2 2t gxoz X ¥ 28 HAE Luna Gatewayd|

X # 28 01

NS o7 &+ 271 o7 & 374 O 23 371
2EX HE 1M 2EX HE N 2EX HE 1N
&= HHE 3 &= = 30 &= 2= 30
20| 15m 17 m 8.5m
= 410 kg 1,497 kg o 715 kg
X0 FHFMY A E= =2MRFEAZY X2 MoEH, X1y
2= HIHALH 2Jah H|of LFH[HA 2Jaf A0  E= Lunar Gateway2
SLHIA0 2fsh HOf
7tk 274 4 6714 K)
28Xt 0= FHLiTY, 0= Lt
| K70l =2 LF0IM 2lg 5 Lunar Gateway LHEO0f|A]
UEE G4 2|8 £ U= MMO|

oxpM JHEEoR nHE AVhEE| HEF 2A

4 Qi O1SA HMO2 Ty

ISS, International Space Station.

At fF=olAE vl= NASA F22] 791 95 BARE 913l 20249 ZAEER € ]
=9l 95 A% Lunar Gateway©] 154 7I8He] 25 A28l Canadarm3E A6
o*do]™, Table 1 Canadarm A|2]29] F8 ARF Hlo]Elo]tH?2].

CSAx 2 WE7] 98l MDAMacDonald, Dettwiler and Associates)t Al2FS ®iL

Canadarm?2®} 35 WHE21, oA ASJAII Spar Aerospacer Canadarm& WHESIC

2.2 Dextre[2]

“Dextre”= Canadarm2, ISS = 0|5 H|o]Aof 25t 4= QI E= B 9] ¢ 22 oF
3

o 230 F SPDM(Special Purpose Dexterous Manipulator)o]™, 743 &4 & FQ ARF
2 Fig. 29} % 1'11}.
Dextre®] 25 Ty} 11 AL TR AAIsE 28 ZHo] 753l dA) 9% 99 =0

S v]gALo 4 o A= WA AX(ORU)E HAIE 4 o™, Canadarm2+= “inchworm
motion” 2.2 AH[OJA FAE o5 & UAT DextreZt A=A Lo ofF AL 24b
o 5= Yk Dextre= 7iHtt 5213 MDAOIA] & 40] 3.35 m, 7 A== 7= glom,
200840l A0 9FofA] ARSI
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Dextre

Servicing the International
Space Station (155) since 2008

* Perfarms maintenance § Height:
waork like changing 37m

batteries and replacing

cameras.
‘ 1710 kg
* Reduces the number of

risky spacewalks for
astronauts. v About 400 km

* Works with portable above Earth

tools that can refuel
mock satellites, detect
ammonia leaks, and

500N, Scan _the 1SS in Works | gear as small
high definition. mostly when | as a toaster or

| astronauts are | aslargeasa

- Is operated by [ sleeping. | refrigerator
controllers on the

|
N Most | Only robot to
ground at NASA or the sophisticated | have repaired

Canadian Space Agency. \ space robot | itself in space.
ever built.

= _L - Canadi

Fig. 2. Dextre Special Purpose Dexterous Manipulator.

2.3 European Robotic Arm(ERA)[3]

ERA(European Robotic Arm)= {AJote] A2 ofo1&a} 3| 2Esto] 22 FAAE
A 9 A UiRelA e A &7 AdS 35, ol B8 = 79 3

Q- v|gALe] HA A|7to] EolEl, ERAVF 5 H|AIe} & ZHsst 4= Qo) TS) ok
2US AE EE WAEOR ST 4 9lon, 95 FAY R E onoln Aojst
om, AAREoE AofatAyt vlE] 22 Ieysto] A|oj7L 7hsstt.

ERA= Fig. 3%} 20| Dutch SpacedlAl & Zo] 11.3 m, 7 A= 7iEE o, 20219
AEo= 950l AREEIT

4> rlo

SMART SPACEWALKER

Camera and lighting unit

530 kg
8000 kg

Autonomous or by
the Space Statian. astronaut commands

Girars wsid Catbon fbre and alumirium
lighting unit
End effector Multipurpose Laboratory
Madue (Nakal

hY

Hand the Russian
Space S
Camera and lighting
unit
#EuropeanRoboticArm

Fig. 3. European Robotic Arm (ERA).
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2.4 KRAKENI4]

KRAKENZ 4% 914 B 740 "Afste] 504 29, A2 1 AH|A AFE &
P 5= Qe 47 2R Do, 2870d ¢ O] /42 Fig. 49+ Atk

t]=+9] Tethers UnlimitedBothell, WA, USA)7} & Zo] 1 m, 7 A%, 3% 4.2 kg,
19cm x 27 cm* 36 cm F-3of] o] 7Fsstal, T wA7F 7RsSt QI Hoj Aot %
A9] g AA|/A] 715& AFSHeSs ISt oy, A A7 oA ASEHALH, &
5 3ol AIE ARl glth. KRAKEN Aofo]l EtherCAT B41& Z-85to] A W7 4
oot & Zojo] 2} & o] 7hsstt

2.5 Mars Exploration Rover Robotic Arms|[5]

IDD(Instrument Deployment Device)= NASA/Maxar/MDACIA 3] EAF ZH(MER)7}
3Hd oA It EQk] EEjH o R T 4= AUEE, Fig 59+ o] AAE 2R & 4
°] 0.9 m, 5AHFE2] 25 Folr, 2004 A& YARE]o] AREE|QT

IDDO] Tehiof A2k 4719 7d 71715 Bk 2ARE flsl Adge A1E 32 HA}
S HAISHL, FsHA FEskal 4719 71715 wiAgteh. 3t 2t 717]9] Edel= 71717k
Ad B2 JEFS A5 =1 T BE7} ZAHES SHA she AE JSAA7E AR

of gck.

2.6 Mars Science Laboratory(MSL) Robotic Arms|[6]

SHg et AYA AF= o E P40l digh NASAY 7HY ol Bl 35t JdF2 MSL
Pathfinder Y52} Sojourner 24|, A50] 3} At 28 I Phoenix Landero|A] &2

Contact Tethers Unlimited for additional information , ;
|

[

o

| ——
—

Fig. 4. KRAKEN Robotic Arm.

Robotic
Arm

Fig. 5. Mars Exploration Rover Robotic Arm.
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S Higes AN MSL 25 & 94| 3V A 2HO| 23 B3} o] oM e
oA FHF} Bl EEfHor M o UEE Maxar/MDA| 28] A =3 CH, Fig. 6
I o] 25 & Zo] 2.1 m, 5 A= 2 B 342 7HAM, 20204 ¢l A= A

it

25 @ ddole Sl "Hand turret(ZH) o= et 71, 3= 2 39t £47] 5 5%
o] SHEA71717F FAE 9o, ol 3MdelM el 7S Thsde st Fek e
7P 711 Qe AES AFISHAL Bao] Zhssith oM o Fof A= AFHE A3l A7

=
2 9l Bj14) 37 o] BREo] lck

2.7 Luna(or Lightweight) Surface Manipulator System[7]

NASA®] Langley 17+ AllE|= Fig. 73 o] Z&<l Fejol 2|=xg FA|et =5 viyEd
ole & 27H] 7Is& = siolHHE 549 A= fg B HY XM Ao

Instrument turret
4~ (mass models
A shown)

Forearm
assembly

Elbow
Actuator ——, ¢
and flex

spool

Turret
actuator

Azimuth

— flex spool

Elbow

Tripod \

launch
lock

Azimuth
Actuator

Elevation /’
Upper arm Actuator
assembly and flex
spool

Fig. 6. Mars Science Laboratory Robotic Arm.

Fig. 7. Lunar Surface Manipulator System (LSMS).
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LSMS(Lunar Surface Manipulation System)2] AAS S Ho]2=9] A U 3|4 2F
£ oA Alofsto] Fdet YA A7) 7hssh, WFl, TYE x4, 8w, Al 2 G
A AA, 25 T 22 bRt B 54 EE U] gA ST = /loH, ol A

sfo] theRt 2qlo] F5sHEs ALY,

2.8 xLink Robotic Arm[8]

xLink™% NASA/JPL(Jet Propulsion Laboratory)®] Mars 2020 Perseverance Rover& 2
2 I3 /Rt 35Ut "ol vke 2R EEXA 94 §A 34 =& FEl= Fig. 81 At

Motiv Space System®] xLink 2% Z9| Zol= 1~3 m, ART+= 4~7 AGFE7tA] 71
o] 7}se REFY S 7 2R HEN & &0 uEt tf FH Y 21 T 40l
73t A4S 7L Qi) 28 T dool= 71|}, LDAR, H 94 7Hd|et 5 A&to] 7t
&5, oF ol&sto] A/dolM e BE E/nA|, AGF, 5 2871 AA, 948 A=
WA 5 TFt ARlS B =Y, AA7ER] 950014 2] BIGAIHL o] Fo{X]A]
oroktt 184, NASAS] OSAM-2(On-Orbit Servicing, Assembly, and Manufacturing 2) &
ZAES dgtoF A A=E T 59 3D ZYH HiYF AXH ALS st 5410
A7 20239 A} A= o] Sl

2.9 Front-End Robotics Enabling Near-Term Demonstration(FREND)
Robotic Arm[9]

FREND & 2 At 918 ABlA, 4343 8, 9504 tiy e 23 4 A8lA
oF 22 TRt ol ARgSH ] fIsl wis {9135 AT A= Defense Advanced Research
Projects Agency, DARPA)?} t|=t af7-d7-4A(Naval Research Laboratory, U.S. NRL)° 23}
HFE] AL, OSAM-1/Restore-L ® RSGS(Robotic Servicing of Geosynchronous Satellites)
oA AkgE AL 7HA I 9O, Fig. 9= 28 T 14 AT A 76 A8 E5S
of et

FREND E& &2 1A 3M FAM dFole AREEI o, AA” A= 20009H 5
HF DARPAS] 9= A= 782 913t 54 % FREND Z2 132 fjsf 7idE vd 215

Fig. 8. xLink robotic arm.
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Fig. 9. FREND robotic arm. FREND, Front-end Robotics Enabling Near—-term Demonstration.

2R TEH 1 87t e Atk E5] BA Ao, ER AZE o] ZelYa, I-EF
AlA, I A 9 B3 29 Bl thet o]d NASA 9 DARPA FAME 7|Wte & 7ide]
Atk FREND &% T2 o7l ¥4 35, THA] 15, &5 B 35 5 7 AR=EE 14450
UeH, I T2 65 A/EA ALt Holy, A W FA AlA ABH oA AlFshH,
28 & Zol= 2 m, A% 78kg, 7HIGHS 10 kg, T &= 15 cm/sec®] AFFS 7HA AL QL

o, A7 29 1 g &AoNA Al 7hsdtes AU

2.10 Space Infrastructure Dexterous Robot(SPIDER)[10]

OSAM-1 2FAlojl= SPIDER(Space Infrastructure Dexterous Robot)2h= gA4|71 A}
=0} Qlt}. NASAE= Maxar Technologies@t 541 QFEIUE 2202 ZHokal HEofA £
FA WS AlEoks 19 4,2009F 28 529 AlokS AEsIAAL, o] 71& AlAS AHE=o
A 918E AulAstal A=E AFGRoHeS AAIE NASAQ] Restore-L 410014 %1384
g YU, Restore-L 5412 SPIDERZ= GAAIE 4-8&5tes 42 Zoltt o] &4
Aol 5ulE9] Ay 25 To] Z3ET} NASA Tipping Point THEUWAIQ] 214F Al o
Aol A o]&o] DragonflyZ ¥2H4 SPIDERE= 31|E]9] BAl QMHUE 335171 Yl 774
o] R4S 2P Ao, 1 BH52 Fig. 103} Zor, 2oz P ek A4
=3} M Ka Y AS A= & ool

o] &A= T3 KRAKEN =& Z3 7Hd A4AIQI Tethers UnlimitedZ} 7143 7€
ARESHo] 10718 A 4’2 AR Zold, ol#et Alde] Ax8AE B8l Aol

-~
oy 4 FEES ANT 4 Uk 5L AFY ol

mO

o

2.11 K-Space Robot Manipulator

A7 e AT AKITECH Y =577 AKARDO] 7HEet 249 f14dol &4
7Fs3t 25 golu, 8 ARFORE AF 4.2 kgt F 7 AREES 7HH, 4 Uil £
o AHiellA ez sk At gvteld 15, 1B 159] A=E F71= 7HIAL 9
o B3 S HAl 32 12U 7] 249 FH 949 4 U Aol o] 7hssies AAIE
om, Fig. 112 23 B| g 72 9 1 g BF0IX9 75 Ald BES HAFE.
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S 2 71al2olAM A vie o] 1 5

Tl 958 23 ol /AN 5% U /52
4% % 715 90] A4 2RI el 2% ol A 90
oA Tharst 54 Auls AL st ZeAESo] AY @ ARET Yk A7 AT

FFEE2 UAISE, /AL, g, 95 YA T 250l 2857 sl SESfok

y 120

T g4 84 BAIY, ¥F g2 VIeEE SO FE B AL Vel 2T les
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0% g7, o} B3 A% vl PAIE EY 5 9% S0 JlhEck. npgos
FUHHE olefet 9% ZHEA 7% Y AR 9 teRd AllEol] BgEUW
ERYA 71 $FE By 93t 714 Esbt ash, J1E S LS 22
WAL 719 958 BE 9 Vl& B2 5 Po] WaY o= mal

L ARRIRATAY TEAYOR 29 B A=Y A Ale A
Q79| Aolu], PRYFLFATAL A€o BA=YU.
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