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Joint and Link Module Geometric Shapes of
Modular Manipulator for Various Joint Configurations
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A modular manipulator in serial-chain structure usually consists of a series of modularized
revolute joint and link modules. The geometric shapes of these modules affect the number of possible
configurations of modular manipulator after assembly. Therefore, it is important to design the geometry
of the joint and link modules that allow various configurations of the manipulators with minimal set of
modules. In this paper, a new 1-DoF(degree of freedom) joint module and simple link modules are
designed based on a methodology of joint configurations using a series of Rotational(type-R) and
Twist(type-T) joints. Two of the joint modules can be directly connected so that two types of 2-DoFs
joints could be assembled without a link module between them. The proposed geometries of joint and
link modules expand the possible configurations of assembled modular manipulators compared to
existing ones. Modular manipulator system of this research can be a cornerstone of user-centered markets
with various solution but low-cost, compared to conventional manipulators of fixed-configurations
determined by the provider.

Modular manipulator, Revolute joint, Joint configuration, Joint module, Link module,
Connection mechanism

.M 2 e U2 B A2k WY s ol sl
S [e)

7|& B3 Y& olE e 25 2 3t
o] Hol AljtEl= gl Aol miE] gojd A
oY) ATt ofef ol T B Afo|o] e HE

Received : Apr. 20 2016; Revised :Jun. 15. 2016; Accepted : Jul. 21. 2016 AEAE A9 A ASAE TET = e yE
+ . . . . .

Corresponding author: Robotics and Media Institute, Korea Institute of o 5 X‘]X 15k 71 0 AF =
Science and Technology, 5, Hwarang-ro 14-gil, Seongbuk, Seoul, Korea ]E]Oﬂ EH ¥ —’——9_7]‘ l— © }E *‘i Oﬂ © E]U:]’ e
(kasch@kist.re.kr) 4 A 7b 7]»—-6]— Ega} DHL]% Jo]E] A|AHL o]

'Department of Electrical Engineering, Hanyang University, 222 Wangsimni-ro,
Seongdong, Seoul, Korea

“Robotics and Media Institute, Korea Institute of Science and Technology, 5, 2 0) 1:]-

. T
Hwarang-ro 14-gil, Seongbuk, Seoul, Korea ,
*Department of Electrical and Biomedical Engineering, Hanyang University, Muratat 252 258 T4 49442 —E—%E}‘}iﬂl a

222 Wangsimni-ro, Seongdong, Seoul, Korea
Copyright©KROS



164 35513 =32 4117 A3Z (2016.9)

9] Bfol mEw, BE 1£ mES} Hof slof 44
W 47 4t WeE g 7 912 WA ngE
(fixed configuration)®] &2} 28, &% 2= LEGO
MINDSTORMS" 9} Zro] =% |74 0] 753 Hmanually
reconﬁgurable) e 25 B= 32 A2 719 glo]
2 WAL ABoR sk 4 Qs A7k ATA
(self reconfigurable)o] 7153t HET 25o|H, B 4
= mEo] FolA QoI 1o THL BAE = 9l
A7} BA7) 75 $H(selfreplicable) E-‘éﬂ} 2Ho|t)
mEe 228 o U2 £79) RESE 74T of
7] (heterogeneous) R th= 3t R0 WEZ LA F
Z{(homogeneous) A|AEIQ] FdFo| ¢lom, = 7+ Ag}
wppol we) clee THE R 4 ool HE 3 ol
of mieh ZRE o5y W AARE 19l Ae] A
Slo] mE7Ie] A2 AHslel Aeold AEom gt
EE Bealt vz UEe] AgEo] o
siAjet ojpiie] mEe} oy BajolEs £ A4
o] ofu), W} mite] B F|EeRE ¥ v, H
5529 55 A4 SN RSt Sk ol B
B vy EgolE 9] A9 d9e 1se o, 55

o BE MTRt P Y3 BEo| 242 T Slo|
fElstel, B3 ol o 54 W ABKS 912 v

< BEdh vy EYelg e #d WE aEHE
st 24 B 71, A7) wofA Al FEe R A-gs)
7] WRoz Heolck uehd, mEe ojyEdole s
LEGOE Z¥3l= Ax}t Zro] 2o A3elr= =25
B3 ALgAE 450 AT ¥, nE 2

o HAE ?_1445}% B2 27) X%‘ﬂs}r,}

A w4 Eg(ﬂ A ﬂzLHu}[” DLR LWR I 34
3 g3 BES mEslele] 2 A% div] a5 2
. Schunki ThoFgh AR 1 Hi= 2211w T}
a9 Ees E RS Sl wE wdto] 7hett BE
2Hel¢]S zH2=11 Y’ Robotis! 1= chopsh Apere] 3t

A nE £24L 2 7k331 Qo] DARPA Robotics
Challenge] 2% A4 & FolH of3 Ho| =3e] 2t
:q-x%)ﬂ fsnu T Bz Hixog ]_ 5} H} q_ E?_]‘, Q‘X]—ﬂ'
AT 2GS SfefRkE Relv) Qs Auel) Bag
N 259 & BHE o] 5 EER AMEE7|E
aFglci!!. Universal Robot!'©] UR3, 5, 102 3= 9
A 250 7] W Aol th=7] wizel 2y E1te]
27) = 8% a7o] we deEg % Yk OUR
Robot!2: -2 04] 72 w7pA] e} of} e
olf &F412 2L qltk SHATE of2|3 RS9 HE

F AL AR Sl B 23 lont ofd
SEESE T £FHG AT

FHOR B 19 AH
517 wfZoll AREAF SAle HE 2
TS Hol=dl A7} Sl

CMUS] RMMS= 4 9 &3 REujch E ZR7}
WaEo] A4 715 Sl w5 2 = A Vs
& 2 glon, gt mEl] 27|17 231 FA7F 10 Kert
o] £37] wjZe] A5 SHollA thekel ohE 4
zhz=d AgtstA il Toshibaol A 7l
TOMMS+= Al ¥4 Hgx B4 HE 1F AE 77
Qe dol 24o] 7hset HA9 Ha HER 1A4H
32T iy &Y ol AlAFle R, IE BES XY,
23RS Al Y @A) X, 7 W] £ &Y 9
zhn P W mEo| & oAl Tixe] WRke st
of Agtsk= WAlol vlsl, AAE 3-Ai-= wju & o]
T4 Al T AEeR Agt4oelth
FHUoNM = AT S BrolA vﬂiiOI‘: z2
5O] A AFofolg A4 23S At HES K
=]

QutAel 22 uHHgEﬂOlEi

o
Fow terst B

Mo d%

i)

sto] S5 °J%<j°ﬂ 14?&& T 1«] UHHgi'ﬂ 119

7ol &7 29 EEE]' UH@EEH ]Ei-‘ﬂ U E
259 7id A= 2d(Proof of Concept, POC) A Ao =
Hgslo] 4] hxe] B T4 AE B9 Alofsls
5 w23t RoplE 48 h5ue mad”
2 QATolAE o, BEA, &8 B 2 1Y



sjuEaolEe] 1M 5 WA TS 71zl oY 7
2ol HlejE FEA) Sgstol 5
o maE 9 93 vE g
eolE| S slaishol 93 548 sk el v
W 2= ol gk B o) AR A7E Fa) AeATE
st 19l 2 1 el Aol el el chak
= 4R 23 4 9l Bl

L

O

2. X3 oiu=ZolE{e] 2#E 74

A Ee B mfyEole e 2 wEe A7 3
& (revolute joint)¥} w713 & (prismatic joint) 2 L}
5 4= 9k o] AT QI i} At B antropo-
morphic arm)®] 2| A 9] mjyE ol F4HE F+
Il ik o]gt vy &Y o] Bl basei-E| end-effector7}

A A AN JIr) JHE2 AR o] dutygoF 6
T 7 AR 2 Qi) 2 Aol X ujyEd

oJHE 87 T W9l Utro] Awsich

alubA el 2g wuZdo Ei% ig. 132} o] = 73

Serial-chain manipulator of anthropomorphic arm

Base -

// - \\\\ ‘

Shoulder joint [ \
(multi-DoFs) { )'%
x\ A "'v," 74

Upper limb

- +
0j.}
(a) sym. (b) asym.
{ combination

Elhow joint
including at least
1-DoF of tvpe R

using 2 types of < Rotational joint (type R)

revolute joints

Lower limb

l"l T Wrist joint
)\,/ (multi-DoF’s)

X +
Oj.p

Twist joint (type T)

Fig. 1. Serial-chain manipulators can be configured by a series
of joints of two types: Rotational (type-R) or Twist (type-T)
joints
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Fig. 3. Examples of adjacent two joint configurations using type
R and T joints (Symmetric)
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Fig. 4. Examples of adjacent two joint configurations using type
R and T joints (Asymmetric)
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Fig. 6. Link modules
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