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Optimal Design of a Four-bar Linkage Manipulator for Starfish-Capture Robot Platform
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In this paper, we propose an optimal design for starfish capturing manipulator module with four-
bar linkage mechanism. A tool link with compliance is attached on the four-bar linkage, and the
tool repeats detaching starfish from the ground and putting it into the storage box. Since the tool
is not rigid and the manipulator is operating underwater, the trajectory of the tool tip is determined
by its dynamics as well as kinematics. We analyzed the trajectory of the manipulator tool tip by
quasi-static analysis considering both kinematics and dynamics. In optimization, the lengths of
each link and the tool stiffness are considered as control variables. To maximize the capturing
ability, capturing stroke of the four-bar manipulator trajectory is maximized. Reaction force and
reaction moment, and other kinematic constraints were considered as inequality constraints.

Key Words: Four-bar Linkage (42 & =), Optimal Design (Z| &4 A), UVMS (5 SR S-01L| E2f0|E A|AE!), Starfish
Capturing (£7tAt2] 1 &), Quasi-static Analysis (Z& % off )

1. HE A1 G AR Qo el A %
yol A Zolewl e Bolgli:

bt del soel nheolgu siFeld RS ofwiEe] Aol fAedow woluA
o A Aol AskE Fu SAAE u, Bd ARG Aoz st s
Folset dAABelth B E AvE A Bl s A8 AMeks WHow Brhie
A QRE oA A s AgEel Zak, 8 TAS: Qe el o1l BE e T

vhge AT Aol gla MASESL Wk ol wls) AH - B Ade] s} A3, 53

A #5 Fol7l 44 %, o AR Wb A0 A1 BbrEE A¥st 49 A0

@ vkl 1del o 10ked) olAFE EASE o gEE QA A Bt 5 AwdoR wE

Ao GelA ofkel W 2 WaE Fr BN &4 Wl Ak

CEER BRI e AdSE £3ERl st~
B AT e % wde] ¢ o) 4gL Pastel ol @ AAMe] @ &

oLk AAHY EAb A3 ofF AHAZ ek FERE AWEE 23] AdAE, @



September 2013 / 962

A MRy FFEREY 2 HES A EE gAL -
AAE FTREYE 9y AL ES A HyY
EdlolHE Aol gk dA AL A,
Y ZHE 1A T AFEGAA HA ALEE =
TE uﬁwgfﬂlOlEﬁ 4~7 Ao dd 25 &
T-27F gtz o], &l—zoﬂ: woltha] 9 *ME
Wy vy EY e 5 e 7R £F iy
EolE 7 AF, M Foll Atk oWﬂJ ol gt
U olHEL T2k wtEAn Ao H33A
o SFWdA B7RAME A westa e
o] xl-goﬂ: §]-_9_3]_7] 7(47:11—5;]_;(] 0}1;]_
olo] B Ao 48T dBE o] &3

lﬂ

=
7hate] A TR dAYES Agteta olg F
Agaloth 4893 TRE ded A0eEe 9
A AALS Wl wEI= %%%%QE 1 515}
31, 7 B9 Aol2 WA 3

A 3

FsA 2AY 5 7] wol

o] WRHe $HYe T
.‘L:—:

230 vl WA 4AQAAYNTS 25 nARE T

= de] A T OFd EoklA, =34 24
Z2 7 (SQP method),” 3 231 (Genetic
algorithm),”®  o% =7  Hd Ly FMulti-

objective genetic algorithm)'' 52| T}k W o=
4493 Fxo HAA3 A77F JaAE np AR
Z4zke} Atdlel] 3tE a da] A83817] oo
53] B dFolMe ZAR olFoln 48Y3
woolye), §94e e AR 7177 daAa
o7l FFolebs VA E4AA ;e Hvh
wekA AHe] Gaol 9 Zole] 7 7eA 54
w ool A7 7t FA, 4893 BEe &5
= E2odta EXow 03623—% W= Eo] gt} 4
A9aE olggozA, Jpnel Aolsh LAN
o Wkl AFo] wjg golsta, ErAIE 9
A, A% AP 5 A% @Ae) sl de) #
Z

T oEnS U ol A E o k. 27l A
il

= 1A AR 7R MgAAE Helar, 3%
1 Az 717Re] AL Fake

X =]
HE S Btk 4ol A3 ZAle] H43,
AARS, AT 55 AASL, sEdAE F
H3ke] dis =, L4k, HFTHom 6ol
A ARE AAE

2.43d3 oL Zgo|H

Fig. 1 Configuration of starfish capturing robot. A:
Mobile underwater robotic platform. B: Starfish
capturing manipulator with four-bar mechanism.
C: Starfish storage box
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Fig. 3 Modeling of four-bar manipulator for simulation
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Table 1 Definitions of symbols used in analysis

Symbol Definition

[, length of i-link
T half of /;
0, angle of i-link
c cos(6,)
s, | sin@)
X; x-coordinate of center of mass of i-link
Y y-coordinate of center of mass of i-link
m; mass of i-link
I, mass moment of inertia of i-link

7 reaction force between i- and j-link in x-
v coordinate

7 reaction force between i- and j-link in y-
i coordinate

D, drag force of i-link in x-coordinate

D, drag force of i-link in y-coordinate
T spring torque between i- and (i-1)-links
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Table 2 Control variables for the optimization problem

Notation Description

l, b, I3, 1y | Length of each link in four-bar linkages
Is, Is Length of tool links
ki, k> Stiffness of tool joints
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Table 3 Optimization results

Initial value | Optimal value

I [m] 0.080 0.080

, [m] 0.100 0.108

5 [m] 0.100 0.104

1y [m] 0.100 0.100

I5 [m] 0.120 0.132

Is [m] 0.100 0.112

ki [Nm/rad] 0.500 1.104

k> [Nm/rad] 0.500 0.900
Capturing stroke [m] 0.189 0.296

| initial variable values

‘ optimal variable vahes |

Fig. 8 Initial and optimized values of control variables
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