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of compact force sensor.
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This paper is concerned with the theoretical and experimental study on the force conrtrol of a
miniature robotic gripper. The gripper is an uniform flexible cantilever equipped with a distributed set
As an actuator, piezoelectric actuator is fixed with cupper plate at which the
beam is clamped. The mathematical model of the assembled electro-mechanical system is developed.
The force sensor is described by a set of concentrated mass-spring system. The formulated equations
of motion are applied to the study of a control problem where the gripper is commanded to grip an
object The usefulness of the PID control technique is verified by experiment.

Force Sensor(8 AA), PID Control(PID #A°}), Robot gripper(2%8 189) Electro~
mechanical system(Z7] 714 43]), Copper plate(728] X), Mass-spring system{ZAZHALH
A28, Piezoeletric Actuator(dA AEo)olE)

1.ME

Aol #78 dddd w3 AEHrt 283,
Ate dilstel AFR=ol e @7, 2Fdd AGdA
A, A Hzrt & A9, 7 72E A9 s= 0
239 YA, A M2HA, dyA] Hekr A%
Ahe Fdshke 2R YA 28 o Ao J4
Hof Sty RHEE oj&ste B Age diiled

* Agdizta ey
* A5dgn FUAG

_44__

dste 7158 Aol & 4 e ALY AA7AA 4

v Aoltt. webx, BHEE FUst 43 uss
AlFle 4 of Fofofl gloM 7% F28 Yo},
#7448 A ZRES IAA)7|L(gripper) & A3
PRE] Aojdie Ao AEHO) gon, ol Age
T RHE Jo] FFE gg ol AAdcr H, o8¢
g RRE Hof uAs BAY T FA F 5+ QA
Ack. Bl AXA A 2RE A7) (gripper)!




F=FA71AGA Al 8 A A 2 3 1999. 4.

2x3le 92 Fgstn AL S #7F oA €
o} o]2g A7) F(gripper) 5 REEE 4¥3 A
2z} shed) 2 Aot lzslek. 22lz Tsuneo Yoshi
-kawa®t Kiyoshi Nagai'’el <& sigd mx(7]¢
(gripper) & 74 vt &71EE wHE0] olF servo
motor® F%37] Wil JAl T Aoyl A
7 ol LEL <+ U} Seiji Chonan'?# 1 AF
g5 93 A7+ payload’t 9& A trackingdl
A7 SR & 8L udrvke 29 B4 ¢Ad
2A7F AP Yang® Lee™= 4d dojoelE 7}
A gHEy AFAFHNE e, i dFdelE
Bo| ZoJule} ZAuoeldte] P HY AfEHUE
THANEF7E F7hslol #E SALUL. Bazsh Pho Ve
BHo FAAFAlHE AR FHAN LuEEE
ANATE. A2 Liudt Yang” € 43Ho2 ¢d o
FAllEHE HHste FIEY Aoddl o] &8} Pota
9 Alberts®'& 4 cdFdolelgt AME 71X gk
BA2ele] HEE ALELE de Py Hale dpst
Hrh, 2R APEel mEt 2RIz wriFsY 2
Adspzl 4d a7sz gloh B3], AR NTA Rk
ol AAzgs AR Fdstn BaR
71 A& e BAE A Ao A7iH, dolsle
AES FE A3 Mol UEE 48 Y EAE
FE derl o olgRe wlwse 2AdIE A%
dFofolEH 2N AL axte]l AP vlgto] FahE
o] A1 §e] WtEAo] 3, YEAI%E EFE 7HAL
2 dtdae BRE T=l9(gripper) & Aol glolA
HA Aol F AofHS EF3h= hybrid Aoz
oldl EAANE AR =4 13d /7 H¥rd S
ARE O e YA e g¥sta, oy 77 £
(end point)# AE Atold} A83he FEH, 129
17 BHY 9N E w=w Aze sl 23y A7 3
3 92 Aojo|2 g BYPstx, o] Asxte w} zaH 7
7o Aopig A7t 28 a8y 27 ¢ dRAXAE
TE87) A% FEAAE AFste, FEFAE AFHE
o] &3] Aojatm, P WY dolHE AMZHE ol
487 A4 Aol Z2ags Ngsld 229 77
T Aoy A3tnst gt

2. O|2sHH

A9 &2 AAHe] b £XHI 3, 4 A 3§

_45_

o Fuol el vAF YAt shselc. 1Y, A%
o A7te AYE] A Theel Bla Aisk Bas

B, AN 47} BE5E AW Alzso] B3

(<]

2.1254FY

F49 fingerst t4ES FEF YR 189 7)
79 7de Figl otk 2899 fingeres 47
fingerl, finger22 &t} finger i( i=1,2)8] nHGS
4" 0= #1, A 9A9 IE fingeri(i=1,2)9 &
Bhgrol x&E Fa FH P yi(i=1.2)FS F
=} finger i( i=1.2)F8& 0sx<qa9 AHIRI} A
2ACAE o), UEH A, TYHASE, 2 WA 2%
RORE [) g<x</o] HEo| FE(Ux p) THA

EEZRF Kot
azse] EYL $EuHA

rlo

ME(H+T F()+ KF()= QM1 (1)
M, 0 _[r, 0 _IK, 0
0 Ma]’ r [o ra]' K

0 K,| (2

(D) Z a5 iAoz gA 8

#(H=Ax(D+BM/1 (3)
HO=Cx(8)

714,

=[] a4 o] B[

HD=[F L&) y(1,017

CE:[ 0...0 2K.Wi...2K.Wy 0...0
Wa.. . Wa —Wi...— Wi 0...0



ooNF-FEFE

agse) WEYA FAY $FHEAS
F(t)] L0 2K WAL 2KW}3N0 00...0
yz(l 2 [W‘{ A —Wh...—Ww 0...00...0

[fa(B.. f (D17
o (D Fu(D]T
[fsl(t). .. f;N(t)] T
[Fa(D... fkDIT

finger 1 2 finger 28 UAY FEAR FF Ao,
AENTHAY 9E M(HE AZH FV) TE dFHA
I 04 ZALE Al ol gt o] A% A(R)e

x(k+1)= Ax(k) + BM,(k),

KB = Cx(B) (6)

a7,

A=explAu). B= | " explA)dz B., C=C.(T)
M,

Finger!

Fig.1 Gripper model
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Table 1 Physical parameters of gripper

Properties Copper beam | Piezoelectric cell
Length(m) 36.2 x 10° 31.8 x 10°
Width(m) 6.0 x 107 12.0 x 107°
Tickness (m) 03 x10° 0.65 x 10°
Density (kg/m3) 867 x 10°| 8.3 x 10°
Yong rate(N/m2) | 102.5 x 10® | 58.03 x 107
Damping constant(s) 3.5587 x 10°
End mass(kg) 0.585 x 10°
Sensor mass(kg) 0.295 x 10°
Spring constant(N/m) 9,542 x 10°
6 T T T T
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Fig.2 Charateristic of load and output blotage.r
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Fig.3 Gripper experimental setup
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Fig.4 Force response by pid control
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Fig.5 Displacement response by pid control
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Fig.6 (a) Spectrum of gripper by impulse
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Fig.6 (b) Dispacement of gripper by impulse
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