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Development of a Soft-Handling Gripper
Driven by Bimorph Piezoactuators
(1st Report, Model Analysis and Minute Force Control)

Zhongwei JIANG, Seiji CHONAN and Mituru KOSEKI

This paper is a study on the minute grasping force control of a two-fingered miniature gripper
driven by piezoelectric bimorph cells. The system is composed of two flexible fingers and a compact
force sensor attached to the tip of one finger. Control action is implemented by two piezoelectric
bimorph strips placed at the base of each finger. The theoretical model of the electromechanical
system is developed and applied to the study of control problem where the gripper is commanded to
grasp its object with a constant force 0.01 N at a prescribed fingertip position. The PID control

algorithm is introduced to drive the gripper.

theoretically and experimentally.

The system control behaviour is examined both

Key Words: Mechanism, Gripper, Piezoceramic Bimorph, Force Sensor, Mathematical Model,

Minute Force Control
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Fig.1 Parallel two-fingered gripper.
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Fig.2 Geometry of problem and coordinates.
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Table 1 Dimensions and properties of Finger i(= 1, 2).

Actuator | Beam
Length (mm) 31.8 36.2
Width (mm) 12.0 6.0
Thickness (mm) 0.653 0.3
Mass density p (kg/m?) 8300 8670
Young’s modulus £ (GN/m?) | 58.03 102.5
Damping coefficient ¥(s) 3.5587x1073%
Object mass (kg) 0.585x 1073
Sensor’s mass (kg) 0.295x1073
Sensor stiffness K; (N/m) 9.542x 103
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Fig.3 Experimental setup.
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Table 2 Natural frequencies of gripper.

1st Modes Theory | Experiment
Same phase (Hz) 48.6 48.5
Antiphase (Hz) 196.6 185.5
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Fig.4 Frequency response of fingertip force.
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Fig.5 Frequency response of fingertip displacement.
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Fig.8 Time response of gripper for 30 Hz sinusoidal

voltage input.
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Table 3 Control specifications

Case | Specifications | PID Gains
1 0;=1(%) Gp1=1.94,G,;=0.09,G;=0.2
t,=0.2(s) Gp2=5.1,G,2=0.01,G12=6.0
2 0,=1{%) Gp1=2.0,G,1=0.09,G;=0.37
ts=0.1(s) Gp2=5.0,G42=0.01,G2=6.0
3 0,=1%) Gp1=2.13,G,1=0.001,G[1,=0.43
t5=0.075(s) Gp2=4.8,G2=0.01,G1,=6.2
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Fig.9  Fingertip force F, and displacement i3z with
PID control of specifications O,=1%, t,=0.2sec.
(a) Theory and (b) experiment.

DB LS RIFICHELTRY, $EH, EREDIC
HE LRI E IR L RoTW 3. K10
s A — S — 32— M 1%, BEERE0.1sec & L
THEOHERTHDH. BEHETIIERHNOA——
Va— MBIz 6B Y, #0.09sec THEMEIZ
INEKR LTS, SEMENA D 0.1sec TRIBLREIZIK
LT3, —F, ERCIIEFAHDA—/—a— k3
12%CE L TR Y, BESEMIIERS, SWELE D
120.13sec & RRo TV 5. H11EIHIEMIEE F——
2 1%, BER0.075sec & LIZBEOHRTHD.

0.015 — 7T T 7 0.5

| /R F, B

Z e ]
< ~ N _
Lz? ‘KJ ¥ My - g
% 0.000 eV T m e e — 00 &
L;? _\_\ /Mpz : =

(a) Theory 1

-0.015 . -0.5
0.015 — T T T T T 71 7 0.5

/Fe _

z [\ s My ]
= e ™~ e e e ] —_
;,:’ :'\‘ yaL = g
qoooo.“\--—/- ------------------ —oo &
(S IR Ml 1 =

" (b) Experiment E

—ootgl——1 L 1 05
0.0 0.1 0.2 0.3 0.4 0.5
Time (sec)

Fig.10 Fingertip force F,; and displacement ys; with
PID control of specifications O;=1%, t,=0.1sec.
(a) Theory and (b) experiment.
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Fig.11 Fingertip force F, and displacement yor

with PID control of specifications 0,=1%,
1,=0.075sec. (a) Theory and (b) experiment.
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Fig.12 Fingertip force Fy and displacement yaz for PID
control with finetuned (Gpl,le,Gll) = (3.0,
0.01, 0.3); (Gp2,Gya, Gr2) = (4.8, 0.01, 6.2).
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