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A Vibration Control of a Flexible Beam using a Nonlinear Compensator
with Complex Dual-Input Describing Function
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Abstract

In this paper, a vibration control of a one-link flexible beam is considered. At first a state-space
model for a flexible beam is derived by using the assumed-modes approach. Based on this model,
the transfer function between the applied torque and the tip deflection of the beam is presented
because it is convenient to apply our method. In general, there exist some control differences due
to flexibility of the beam, so we adopt a forward-passive controller to reduce these phenomena.
And a complex dual-input describing function compensator is used to control the tip deflection.
The stability and the performance of the closed-loop system are analyzed. Finally, the validity of
the derived model and the effectiveness of the proposed controller are confirmed through simula-

tions and experiments.
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Fig. 1. Coordinate of a flexible beam
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Fig. 4. Position control system of a flexible beam
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passive controller and nonlinear compen-
sator
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Table 1. Parameters of the system

Parameter Value Unit
Torque constant 0.17 [N - m/A]
Motor inertia 0.023 [kg - cm?]
Amplifier gain 3 [A/V]
Camera sensitivity 26 (¢ - m]
Camera mass 0.47 kgl
Camera pixel 2048 [pixel]
Lens focus length 85 [mm]
Lens mass 0.36 [kg]
Link length 1.2 [m]
Link height 2.54 {em]
Link width 0.195 [em]
Link mass(wide) 0.26 [kgl
Link mass(narrow) 0.195 kgl
Beam material Aluminum
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Fig. 6. Responses of the position control system
using the forward passive controller
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