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Force Control of a Miniature Gripper Driven
by Piezoelectric Bimorph Cells

Seiji CHONAN, Zhong-wei JIANG and Shinichi SAKUMA

A theoretical and experimental study is presented for the force control of a miniature gripper
driven by piezoelectric bimorph cells. One finger of the gripper is modeled by a flexible cantilever
with a force sensor attached to its free end. A pair of piezoelectric bimorph cells are glued to both
sides of the cantilever. The mate of the finger is assumed to have adequate stiffness and can be
modeled by a rigid beam. In the analysis, the output of the force sensor is defined by the arm tip
displacement multiplied by the sensor stiffness. Both the PID control and the digital optimal control
scheme are introduced to drive the arm so that the tip produces 0.03 N and maintains the commanded
value constantly. It is shown that both the experimental and theoretical results are in good agreement
with each other, further the piezoelectric bimorph cells work well as an actuator in minute force

control of the gripper.

Key Words: Dynamics of Machinery, Miniature Gripper, Force Sensor, Minute Force Control,
Piezoelectric Actuator, PID Control, Optimal Control
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al

Z 148
o N’
i I ———
3 0.08 -’ =
: B ’/ ------ Fg 12 >
<] L/ Fs | 2
2 y —-- volt £

0 1 1 1 1 0

0 0.3 0.6 0.9 1.2 1.5

Time (sec)
0-06 (b) T T T 1

2 B =44 ’>"
- Z
N ER-
0.03 =
) "_ ------ Fg 12 ‘S:
g —F 1 3
2 . ‘ . T volt =

0 0

0 0.3 0.6 0.9 1.2 1.5

Time (sec)

11 EBRICBY 3 EHIIEE ; (a)BEsE(R=
0.000 01, @= diag (100 100 000 0.001 1)) ; (b)
PID
I (fgp=0.3, fgv=0.003, fgi=0.1)

—156—



[EERT CRENS 1 3 NENEREE OMINE S IHIE 157

input Voltage(V)

gALh ! i1t 0
0 012 024 036 048 0.6

Time (Sec)
0.06 " T T T T
R L ) R F
5 L (b) d | 4 S\
E L@ . S <4
™ > 1 §
» 0.03 7 =
R 4 12 g
3 4 () 5
o / -
o (1) @ e
w 0 / ! I L l 0 -
o] 012 024 036 048 0.6
Time (Sec)

B 12 PID HIfIC & 3 Seim i  SiEA S [R(28),
QI VT4 EMBEL LBEOHERER]
(a)a=05: (b)a=0.06

272, ZZT(Cplmax=Hi/CL E LT Gp %
Go=aH[/Ci (0<@<1) «reorrreveeeminnnnnns (29)

ERETHERELEIEX VBT A2 LEbN
5. EGHHO 7 4 > 2R(28), 2Nk vwEL,
PID N ER L 72 BEa0ER 2N 12 R Y. Hh
DHRR(1)~(3)kFhFh PID &8 (R (25)] 0F
I~ & 2HIHANERE, i (4)RZho2EL
B Mp T 2HANEES RS, B(a)ik
a=05 & LIZBEDHERTHY, #iR(1)IZE 3 AN
BRBICIT LD BIRIIHFREL T3, THIHL
a=0.06 L L7:BE0OHREBH(b) TH 5, hdizd
DINSRIRBIDSIHN TV 3259 0.4 B2 IC B L g
fE0.3NWIREL T3, ZOLSICIKRE—FD
HEERL, BEHEIC LV EBon 1 v 2 HRAR
L, h% PIDHIENCEAT 2 Z Lick b BiFRE
HETD Z LSTRET H B,

5. % El

(1) N ENTHEEBERFE277Fax—%Ld
BINE7VEFYTINT— 2L, L0 Y 21T

RTEFTMELE— NEEBEME2ERL R, &
G ER PSR & U TBRk o 72, Boh- 5l
FEERLERERRBFCHIGLTE Y, AEFE
PHAVBI I VNIV F Y TVT — LD
FIERE S BRI ITET 5 2 LA TE B,

(2) 7« 25 VEEHEE R TN R %
FIHL 22858, SEHETREERHIEBEESE SR
3, RRICB L TR BESTERE R L Ao sfE R
FHohBRVHDDT — LEWHOMNIEEIET 2 2 &
BFEETH R, ZLAFHEEZRAWEEIT 1RE—
FOHEZEZELILBEICY ¥R T AOQRFEEIESAT
BETH B,

(3) PID#IH2EALAEIZHEL B4
3B, EE L b RIFRISESE S h, PID &l 2
Ad2 b t+anfliEsRsgons,

(4) T4V NEBEHEEYRDOSNIS A V%
BEL, Thz PDHEECERLEEAERT> 2T
PID S 0@ 7 4 > 2 EBHA R B2 2 L2
TE3.

(5) NAENTHREERTFR77Fa2ax—FrL
THWB Z LY, 7— ASEBOM/IMERE % &,
ERECHEREETH B,

B BAMRE ) ~ v SHE, ¥ 2, 3 ERTTYCE
HEOMEE R CiTbhi:Z L 2R T 5.
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