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Robust Position Control of a Single-Link Flexible Manipulator
Using Sliding Mode and Piezofilm Actuator

Seung-Bok Choi
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Abstract

A novel hybrid control scheme to actively control the endpoint position of a very flexible
single-link manipulator is proposed. The control scheme consists of a motor mounted at the beam
hub and a piezofilm actuator bonded to the surface of the flexible link. The control torque of the
motor to produce a desired motion is firstly determined by employing the sliding mode control
theory on the equation of motion of the rigid link having the same mass as that of the proposed
flexible link. The torque is then applied to the flexible manipulator in order to activate the
commanded motion. During the motion, undesirable oscillation is actively suppressed by applying
a feedback control voltage to the piezofilm actuator. Consequently, the imposed desired position
is accomplished. In order to demonstrate high control performances accrued from the proposed
method, computer simulations are undertaken by treating both regulating and tracking control

problems.
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Table 1 Dimensional and mechanical properties of the aluminum link and piezofilm
Aluminum link
Young’s modulus (E,) Thickness (h,) Density (0,) Width (b) Length (L)
64 GPa 1,00 mm 1650 kg/m? 66.0 mm 1.13m
Moment of inertia of the Hub 0.023 kgm?
Piezofilm
Youg’s modulus (E;) Thickness (hy) Density (o) Width (b) Length (L)
2 GPa 0.052 mm 1780 kg/m® 66.0 mm 1.13m
Maximum operating voltage 1560 V
Piezoelectric strain constant (ds;) 93 % 10~ M\%m
Piezoelectric stress constant (gs) 216 % 10-* V/m2
N/m
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