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Vibration Control of a Single-link Flexible Manipulator Using Reaction
- Moment Estimator
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ABSTRACT

In this paper, a novel vibration control scheme for a single-link flexible manipulator system without
using a vibration feedback sensor is proposed. In order to achieve the vibration information of the
flexible link, a reaction moment estimator based on the dynamic characteristics of the flexible
manipulator is proposed. While the manipulator is maneuvering the reaction moment is reciprocally
acting on the flexible link and the hub inertia due to the vibration of the link. A sliding mode
controller based on the equivalent rigid body dynamics corresponding to the proposed flexible
manipulator is then augmented with the reaction moment estimator to realize a decentralized control
system. The reaction moment estimator is implemented via the first order low pass filter. The
performance of the proposed control scheme is verified by computer simulation and experiment.
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Boundary layer thickness ( €) 0.02
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Table 2 Specifications of the flexible manipulator

Parameter Value

Length of flexible arm (L) 06m

Thickness of flexible arm (¢) 0.001 m

Width of flexible arm (b) 0.025m
Bending stiffness (E.l,) 0.1437 Nm2

Mass density per unit length (©,) | 0.0678 kg/m
Moment of inertia of flexible arm

4878¢-3 kgm?®

(1)
Moment of inertia of hub and rotor 6.049¢-4 kgmz
(In)
Natural frequency(1* mode) 6.0 Hz
Natural frequency (2™ mode) 15.7 Hz
Damping coefficient of flexible arm 0.0015
Motor coefficient 0.237 Nm/Vdc
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Fig.5 Experimental results of
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