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Vibration Analysis of an Cantilever Beam in Partially Liquid-Filled
Cylindrical Pipe
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ABSTRACT

This paper presents the vibration characteristics of a cantilever beam in contact with a fluid using a PZT
actuator and PVDF film, The dynamic behaviors of a flexible beam-water inleraction system are examined. The
effect of the liquid level on free vibration of the composite beam in a partially liquid-filled circular cylinder is

investigated. The coupled system is subject to an undisturbed boundary condition in the fluid domain. In the

vibration analysis of a welted beam, the decoupled analyses between beam and fluid have been conventionally
employed by considering first the composite beam vibration in the air and secondly performing the correction taking
account for surrounding fluid effects, That is, this investigation was to look at how natural frequencies, mode
shapes, and damping are affected by liquid level variations, The signals from the sensor according to the applied
input voltage are digitalized and filtered in order to obtain the dynamic characteristics of the composite beam in
contact with fluid, It was found that the coupled natural frequencies decreased with the fluid level for the identical
composite beam due to added mass effect. In case of the free-free boundary condition, the natural frequency gently
decreased at fluid water level between 20% and 80% in the first bending mode and we found out the bends of

stair shape for added mass effect of the fluid.
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Table 1 Properties of a piezoelectric mate ial

Properties Symbol PVDF PZT

Density # (kg/m’) L8 7175

Piezo Strain Constant dy(pC/N) 23.0C  260.00
Piezo Voltage Constant  gs(107)Vem/N)  216.0

Young's Modulus E{GPa) 200 69.00

Poisson ratio v - 034
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Fig. 1 Configuration of a cantilevered composite beam with
piezo-film sensor and piezo-ceramic actuator
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Fig. 3 Time response of GFR composite beam with contact
water level of 60%(1st mode frequency= 0.92Hz)
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Fig. 4 Time response of GFR composite beam with contat
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Fig.5 Natural frequency of a GFR thermosetting composite
beam in contact with a water
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Fig.6 Nafural frequency of a GFR thermosetting composite
beam in contact with a glycerine agueous solution
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beam in contact with a water
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Fig.8 Natural frequency of a CFR thermosetting composite
beam in contact with a glycerine aqueous solution
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