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Development of a Soft-Handling Gripper
Driven by Bimorph Piezoactuators
(2nd Report, Design of New Controller for Robust Grasping Performance)

Zhongwei JIANG, Seiji CHONAN and Mituru KOSEKI

This paper is a study on the hybrid force/position control of a two-flngered miniature
gripper driven by piezoelectric bimorph cells. The system is composed of two flexible cantilevers and
a compact force sensor attached to the tip of one finger. Control action is applied by two piezoelectric
bimorph strips placed at the base of each finger. Both the classical PID control and the H. control
algorithm are examined for the control problem in which the gripper is commanded to grasp an
object with a time-constant force 0.01 N at a prescribed fingertip position. Furthermore, a new PID
controller based on the Hw theory is proposed and applied to the control of the gripper. It is found
that the modified PID controller is simple and shows good robustness for controlling and driving the

gripper.

Key Words: Mechanism, Gripper, Piezoceramic Bimorph, Force Sensor, Minute Force/Position
Control, PID Controller, H. Controller, Modified PID Controller
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Fig.1 Geometry of problem and coordinates.
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Fig.2  Feedback loop containing plant with additive un-
certainty.
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Table 1 Dimensions and properties of Finger i(= 1, 2).
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Width (mm) 12.0 6.0
Thickness (mm) 0.653 0.3
Mass density p (kg/m?) 8300 8670
Young’s modulus E (GN/m?) 58.03 102.5
Damping coefficient y(s) 3.5587x10~5
Object mass (kg) 0.585x1073
Sensor’s mass (kg) 0.295x10~3
Sensor stiffness K, (N/m) 9.542x10°
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Fig.10 Fingertip force F, and displacement yz1 with He,

controller; O,=1%, t,=0.1(sec).
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PID controller; O,=1%, t,=0.1(sec); Gp =
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Fig.9 Same PID controller of Fig.8 used when tip mass

increased by 2.5 times.
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Fig.11 Same H, controller Fig.10 used when tip mass

increased by 2.5 times.

AR THD, MLV EEHE L ERERIR
—HLTHBY, FiBEHE LT Ho Rt & [
BEQEEMEENERTECWND I EBO1D, Kk
B U CIIAEILED D DEMMBEIZIEL, He
L LEEEREREHE SN TV Z BT 5,
7z, R12, BICRTHIES A 3T A—F DFIE
& (e, b1, 1) BRAWIIGE, SEIRENLICBE UCEUERT
B 1KRORMHEE— RBEN, HICR13OERE
B3 2.5 I L2 BAinR N2 —BRRLARN
L4 HERPEE L TNAZ ERDID, Thi
HIENBROBRFEFN L RBEOET NV DREIER T
3L B, ZhZx LTHIES A 2785 A—

— 156 —



NAZNVTHEERTFTCEHSABY T MAYRIST « 7Y 98 (E28)

157
0.015 T 0.5 0.015 T 0.5
/Fa 4 /F4 4
2 - 7 F ] 2 r / F, -
L: A ‘ Yo — L{: Y ’ Y - g
< 0.000 00 E < 0.000 ple==mL 00 &
< b 1 = 2L 1 =
Experiment | Experiment :
o Theory ] - = Theory |
-0.015 1 -0.5 -0.015 . -0.5
0.0 0.1 0.2 0.0 0.1 0.2
Time (sec) Time (sec)
Fig.12 Fingertip force F, and displacement sy Fig.14 Fingertip force F, and displacement »r

with modified PID controller for case al=-
0.29, p1=7.61, y1=7.55 0,=1%, t,=0.1(sec),
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Fig.13 Fingertip force F, and displacement ys; with

modified PID controller when tip mass of Fig.12

increased by 2.5 times.
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modified PID controller when tip mass of Fig.14

increased by 2.5 times.
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