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A Study on Robot Hand Gripper Design and Robust Control
for Assembly and Disassembly Task of Machine Parts
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{Abstract)

This study proposes a new technique to design and control of robot hand gripper

for assembling and disassembling of a machine parts. The motion equation describing

dynamics of the manipulators and object together with geometric constraint is

formulated by Lagrange-Euler’s equation. And the problems of controlling both the

grasping force and the rotation angle of the grasped object under the constraints are

analyzed. The effect of geometric constraints and a method of computer simulation for

overall system is verified. Finally, it is illustrated that even in case of there exists a

sensory feedback from sensing data of the rotational angle of the object to command

inputs control of joint and this feedback connection from sensing data to control

grasping of machinery parts.
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Fig. 1 Two-Jaw fingers with end-tip pinching
a rigid object
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Fig. 2 The center of contact area moves on
the object surface

A2e] eoluAE K= sk 4(17)~
(25)%o] H=rt (8]

K= %{quf + L@ + Ma® + Mz2 + heta’} (17)
u Eeke] Ak
e HA] pE s 4l(18)9F 2t

(18

o2

o7]A Lagrange-Euler®] He|E 283}
% 2o EHAAS fEoMH 4199 &
o] Hrk.



IFMEEEER == H20H iz

iai]dqi +a;dt =0 (20)
i=1
o]7]A], 1=K-P

oFer 2(19),20= Eolstol oot #e
LY AE ot

Lq, +f1 (sing,cos @ — cosgsin@) + A, D
{ry —1,(sing, cos  + cosg,sinf) }= T}

Ly, +f2 (singycos 6 — coquSln 0) + X, 22
{r,—1,(sing,cos § + cosg,sinf) }= T,

Mz—(f,— f,)cosf+ (X, +X,)sinf =0 (23

Mz—(f,—f,)sinf+ (X, +,)cos0 =0 (24)

B~ £,.7Z, 4,2~ M\ Az, + N\ Az, = (25)
— L)

Q1] AloflA] A1(21),(22) 1EjHe] 5o T

31 WP Alo|al A1(23),(24),(25)= EX9] <29
i3t - AlS g

2.2 siE J2|H U H|of

ag9e] wxE 3t Exde fE okl &
BE4E 0,200 3t qLee AA] Ao Al

Gy = (2 —20)sIn 0 + (2, — 240 ) 080 (26)

(27),(28)3 &o] Ao

. YA
= 7k1~1‘11+fd{ oq : ’71+'y (- ZZ>]+ATI (27)
oA, v
T,= — szlz+fd{ q22 7’1f7'2(Z]_ZZ>]+AT2 (28)
o714,
Ty S 99, 24~ 7,
AT = — — _ -1
h ¢ Tty (4-2) oq; (l*Azlwaz
Ty . . 00, Z'l* 22
AT = —{—2 (7—7)— 2
g g{r1+r2<ZI %) A \l— Az — Ax,

Fadi e WIEARIOR 2me] 307
Hlesls AlojyE@dos  2HrE(overshoot)E
Fola WA S i,

0Ax;

fT5 R B AR 2 ) Sl

A Bat B3 W)

v

rlr
5
K
Kul
)
iu)

2 g,

Ty
o9l e UEiL, ATATE 43 23]
8 SEAle] Qeigo vk et dFe U
e,

2.3 DojAaIsl

EAot 25
ARSI AlEH Ol Matlabs A
Hu)(Damping ratio; DR)2] H3}o] q}s}oq FES
2t S=2stel

DR=0.5°1A =A|9] 7} 67} QPgole]= Al
& LERANE GL,0] SHGEZE ARBAANE O
= FHEE AR] solus AE & 5 Atk

DR=0.6°1A =419 7+ 67} Pgst=l= AR
o] gol =Ron, G,7t 028 FHEsE Al

o 71uAQl WSES H1.9) 2
]_

o =

-

&



7|1 BEC| REESH
[+} T
-3
-6
=
E
S
é-s
7
-12 /
15
18
o 1.14 2.28 3.42 4.56 5.7 8
Time(sec)
Fig. 3 G, at DR=05
o
i = Gi
-3
. /
£ /
g ol ./
7
-12 /
15/
18
(o] 1 2 3 4 5 6 7 a8

Time(sec)
Fig. 5 G, at DR=0.6

-

i)
bl

otk
dlold Aol & 4 Fh5ol Alofefl o
degholA DRrgEe] WHsto] thete] AlofEl=
7re] skt vEhg Qg o g Alofrt H=
e HF Yl
SR DR, G} Forcew WHlE] APl =
& 5 Stk DR.G,7F 8] EdP Fore
710l =PI DR, G, 7F Stk S50t
225 Torces WS Al PY=lE Zloltt.
JejEg AAe] Ade] olA Dr| #=

At ) Ao} YEAoRE WET & 9

o~

A

g
%]

M >k
N,

»

KeX L
= .
L

P

fr o

KS(U(C
% ZiAAofol B3t @ 303

)
:

3F 2XRHIE T8 A

— Theta

Theta(cdeg)
o

AN

o 1.14

I~

2.28

P ———

3.42
Time(sec)

4.56 5.7 8

Fig. 4 9 at DR=05

\ —=
I\

\
1N\

-6

Theta(deg)

P~

—

-12

o 1 2 3 4 5 6 7 8
Time(sec)

Fig. 6 ¢ at DR=0.6

AE 4SS e et
(= o F
3. & Za 3 nE

3.1 dgEX|e| 4

WA ek el Al 2ol wiks
) Si) MAA 22 9L sk

(@)

Fig. 7 Experimental setup



Y A20¢ A4z

HEE FEsl] fleh QlEHolA: HolA
AIA ] Yeint REEetolHo] PWM 405 F
71918 TMS230C32 REES AMgsigict. 12la
PWM Ao A&E wop REYedit 9 Ay
719080 ue] Yz S ARgsle] AIAERE
ARSI A" 2Ig AER g =85,

¢ =985, 0=0.2560]c},
3.2 Az

offel I W= T1EjH o 4 ot
AHEYNE yEaz  qlth Fig. 8 9=
¢, =85, ¢, =985, 6=0256 ¥ U 1Y’} &

x 10-2

: — vi-v2
. \\

T o

£
oLl
Y
-6
3.2 2.3 4.4 4.5 4.6 4.7 a8

Time(sec)

Fig. 8 G, at ¢, =85, ¢, =98.5, §=0.256
0.27 BT
024 /\ — Theta
[\

01 ’I

5 006

F 0.6
-01 l
-0.18 /

-0.24
|/
0233 43 4.4 4.5 4.6 47 48
Time(sec)
Fig. 9 ¢ at ¢, =85, ¢, =98.5, 6=0.256

A2 = 9N mIE 9 2A0] Ak
Aelot BAo) Wik Wsk: Tejsa R Aol
o 229 Aelst oF smmelA oF 02% ol

of Immoldte %= & & 4 itk

4. 3 &
 =RoA qgo] BAeH Qe miel
A s e Afolo] A2ge SIPA-2d
A B4E lgdlel FATIUE i o
2ol Ag] % 42 5]

E@H AEZS /\47:]]*}04 ZXZZ]"IT—IJ:—

HoFe wo] AAH] tiste] AlEH ol

B 1 EAS BAST 181 2x2A1S:-

T e ARste] AYe Folo] o]&e]

J& AR
Rojdd gy

th Alefol %i%x%

0F LS Bjo] sHke] REY] QB

gt

SLO
Rla=s

i
=
[

F” 4
ot oSk

=l
o= P°1 74]
A3} H3v](Damping ratio)7} 00l 7}

TR W] SE3Ru AFo| wolz: AL
o S ik olefdt Ak Al AlLES TR

chil weleld] Lot Zelo] £48 Zkichd
A7} Bl HolE Hrke AL gk,

ﬂ.l

E3 Aol AnelA] o] LA A]
Seld ohores & 47t gk AdeIAE 334
fme] AA £ el ARt 49
golo] Algdlold Aot AXBHe AL S
ek

Aol 334G ool ol WES Aas
of Brol that WEAAde]l TFs & o B
SIS A S S Adeelof i



TnEE]

[1] Mason T., Salisbury J.K, “Robot gands and the
Mechanics of manipulation” The MIT Press,
Cambridge USA, (1985).

[2] Y. Yokokohji, M. Sakamoto, T. Yoshikawa
“Vision aided object manipulation by a
nultifingered hand with soft fingertips”, proc.
IEEE Int. Conf On Robotica and Automation,
pp-3201~3207, (1999).

[3] P.Akella, M.Cutkoshky, “Manipulating with soft
fingers”, proc. IEEE Int. Conf On Robotica
and Automarion, vol.2, pp.764~769, (1989).

[4] S.Arimoto, Pham T, Hyun-Yong H, Zoe.D
“Dynamics and control of a set of dual
fingers with soft tips” Robotica, vol.18, No.l,
pp-71~80, (2000).

[5] T.Naviwa, S.arimoto, Louis L.Whitcomb
“Learning contol for robot tasks under geometric
comstriants” IEEE Trans. on robotica and
Automation, vol.11, no.3, pp.432~441, (1995).

[6] C.C.Cheah, S.Kawamura, S.Arimoto “Feedback
Control for Tobotic Manipulator with Uncertain
Kinematics and Dynamics” IEEE International
Conference on Robotica & Automation, May,
3607 ~3612.

[7] S.Arimoto, K. Tahara, M.Yamaguchi, P.T.Nguyen,
HYHan “Principle of  Superposition for
Controlling Pinch Motions by Means of Robot
Finger with Soft Tips”

[8] U3E, g, Fele 32 7R o)
52t Alefel] et A, AeARgStAI A EESt
opgksslel,  FAFSEEAAN,  pp166~170,
(2000).

[9] ParkK T, KimS.S, YangS.Y Lee, BR, AnKK
“Research of Static Grasping for Handling Tasks
in Field-Robot”, ICASE, pp.2895-2898, (2001).

[10] BPdE, A, oFAg, 98, o, o,
“Field-Robot®] ¢Fg2] Txle-5 Aol 3t ¢
7, US| FASKETS], pp.492-495,
(2001).

(< 2017.07.31. £°%: 2017.08.15. AR 2017.09.01.)

o

3t 2R IR A

Y 7y

AHofof| 2t A+

KSAU(C
305





