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Vibration Control of a Glass-Fiber Reinforced Thermoplastic Composite Beam

Tae-Kyu Kwon (NAHTEC, research assistant), Yeo-Hung Yun(Graduate student),
and Seong-Cheol Lee™ (RIIT, Dept. of Mechanical Engineering, Chonbuk University)

ABSTRACT

This paper presents the vibration control of a glass-fiber reinforced thermoplastic composite beam with a
distributed PVDF sensor and piezo-ceramic actuator. The three types of different controllers which are PIDY, FH.,, and
# -synthesis controller are employed to achieve vibration suppression in the transient vibration of composite beam. In
the H.. controller design, 1st and 2nd natural frequencies are considered in the modeling, because robust control
theory which has robustness te structured uncertainty is adopied to suppress the vibration. If the controller designed
by H, theory does not satisfy control performance, it is improved by u -synthesis method with D-K iteration so that
the u -controller based on the structured singular value satisfies the nominal performance and robust performance.
Simulations and experiments were carried out with the designed controllers in order to demonstrate the suppression
efficiency of each controller.

Key Words: Vibration Control(Z-F-#] ),  g-synthesis ( z#-313'8), Composite beam(Z3HA] 2), Structured
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Table 1. Properties of Material

Property, PVDF PZT Beam
plkg/m™) 1.78 7.75 1.48
dar{pC/N) 23 260 -
gn(107Wm/N  21.6 - -
E(GPa) 2 63 5.0
E(GPa) 2 63 50
Vig — 0.34 0.31
PZT
Clampe 0.4mm Free
{ 0 6mm /
L ) A ¥
;-'f 0.028mm }
2! Bm! PVDF Sensor 260mm o 10mr

Fig. 1 Configuration of a cantilevered composite beam
with piezo-film sensor and piczo-ceramic actuator
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Fig. 2 Block diagram of closed-loop system
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Fig. 3 Overall experimental set-up
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(a) Simulation result for PID control
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(b) Experimental result for PID control

Fig. 4 Transient vibration control result of a composite
beam with PID control
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(2) Simuiation result for robust control
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(b) Experimental result for robust control
Fig. 5 Transient vibration control result of a composite
beam with H,, control
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{(2) Simulation result for x-control
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{b) Experimental result for g -control

Fig. 6 Transient vibration control result of a flexible
beam with g-synthesis control
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