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Elastodynamic Confrol of Industrial Robotic
Manipulators Using Piezoelectric Materials
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ABSTRACT

This paper presents the dynamic modeling and control methodology to arrest structural
deflections of industrial robotic manipulators featuring elastic members retrofitted with surface
bonded pizoelectric actuators and sensors. The dynamic modeling is accomplished by employing
a variational theorem, prior to developing a finite element formulation. This finite element
formulation accounts for both original robot member elements and also bonded piezoelectric
material elements, The governing equation of motion is then modified by condensing the electric
potential vectors and subsequently two different negative velocity feedback controllers are
established ;
By adopting a Model P50 articulating industrial robot manufactured by Gerneral Electric

a constant-gain feedback controller and a constant-amplitude feedback controller.

Company, computer simulations are undertaken in order to demonstrate superior performance
characteristics to be accrued from this proposed methodology such as smaller deflections at
the end-effector.

Key Words : Piezoelectric Actuator and Sensor (%% #%7] € 747]), Robotic Manipulator (2RE
mjuZgele]), Vibration Control (AFA9)), Theorem (#H ¥0]&), Finite
Element Method (f31844).
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Table 1. Dimensions and principal properties of
employed piezoelectric material

Thickness (mm) 4
100 (forearm)

Width (mm) (
106 (upper arm)
Length (mm) 400 (forearm)
300 (upper arm)
Density (103kg/m3) 7.45
Young's modulus (GPa) 64
Poisson’s ratio 0.30
Piezoelectric strain galiggg
constant (10-12m/V) 2
ds2=580
Dielectric permittivity e1=0.078
. e32=10.078
(C/m32)
£32=10. 000
Fig. 5% forearm BoojA SAE @S g
g Aog Aoy ALY FaE AFAY EHE BT
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Fig.5 Transverse deflections at the robot end-
effector
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