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Vibration Sensing and Control of a Plate Using Optical Fiber Sensor
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ABSTRACT

Vibration control of a plate using an optical fiber sensor and a PZT actuator is considered in this study. An aluminum plate with
attached Extrinsic Fabry-Perot Interferometer (EFPI) and PZT actuator is prepared for experimental investigation. Vibration level
of EFPI that can represent the mechanical strain without severe distortion is validated by forced vibration experiment. A numerical
model of the plate is constructed based on the experimentally obtained frequency responses, and an optimal controller is designed for
the multi-modal vibration suppression. It is found that the vibration level of the first three modes can be greatly reduced. The
effect of low-pass filtering used to eliminate high frequency noise on the stability and control performance is also considered.
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Fig. 1 Schematic Diagram of EFPI.
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Fig.2 Fiber optic sensor system.
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Fig. 3 Relation between intensity and strain variations.
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Fig. 4 Fiber optic sensor system.

B AFo AlgE AEL ¢FulE HWoF,
Azl FE7E 223 Fdae Figs o 2ok
EFPI AlA 9 X BA47 vlug & #Holx &
AAE AFL3iic. HEe RNWUA 38 259
Fu4, 573 Hz, 2 71 & 299 EFPL 41419 Al
39 FolA WA AZE Figs o Jehlt
AZo] Frpge] wel EFPI AA 2 ANE7t
2L AdE & Qo B A7 AF Ao A¥
oAl EFPI AA7F A% 943 glol 71A4 A
F&4 VEd § = 19 A FEHS
EF EFPI MY £9 4ls7t 7MX2 = D.C
AEE AAI Hate] HEdA 173 T4
Bl (Butterworth high-pass filter)S A}F£&}31th,

Laser sensor EFPlsensor

PIT=8V PIT=5V

bae

24

PZT =25V PIT =25V

a & b b

Output Intensity (V)

PZT =50V

Dispiacement (mm)

L& o & s

PZT=75V

os 08 o1 o7 03

Time {sec)

Fig.5 Comparison of displacement and intensity
signals.
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Fig. 6 Frequency responses of real and identified
models.
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Fig. 7 Simulated frequency responses of the

uncontrolled and the controlled systems.
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Fig. 8 Experimental frequency responses of the
uncontrolled and the controlled systems.
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Fig.9 Transient vibration control result for the first

mode.
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Iig. 10 Transient vibration control result for the second
mode.
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Fig. 11 Transient vibration control result for the third
mode.
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Fig. 12 Simulated and experimental frequency responses
including the filter effect.
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