zeEx A 11 A A 3 &, pp. 416~421, 2001.

Key Words : ER Fluid(712f4),
Element Method (-f 324

A7l E3dx] ER Beam® zl&Ao] A4
Vibration Control Characteristics of Laminated Composite ER Beams with
Electric Field Dependence

A -

AT - AR

Jaehwan Kim, Young Kyu Kang and Seung-Bok Choi

(20000 11€ 694 H=

2001d 14¥ 1949 AArER)

Laminated Composite Beam (33 21), Structural Damping(+3% Z+4]), Finite

=
J

), Structural Design(+Z4A)

ABSTRACT

The flexural vibration of laminated composite beams with an electro-rheological(ER) fluid has been

investigated to design a structure with maximum possible damping capacity. The equations of motion are

derived for flexural vibrations of symmetrical,

multi-layer laminated beams. The damping ratio and modal

damping of the first bending mode are calculated by means of iterative complex eigensolution method. Finite

element method is used for the analysis of dynamic characteristics of the laminated composite beams with an
ER fluid. For the wvalidation of modeling methodology using viscoelastic theory, the predicted dynamic properties
are compared to the measured ones by author’s previous work. They are in good agreement. This paper

addresses a design strategy of laminated composite under flexural vibrations with an ER fluid.
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Table 1 Natural frequencies of the first five bending
modes of the aluminum sandwich beam

Mode No. Exact(Hz)'” CESM(Hz)" Present(Hz)

1 29082 29103 28,076
2 152.992 152214 - 154.09
3 390,253 391.983 380,86
4 747936 745,027 74217
5 1235545 1227.342 1224.90 -

Table 2 Damping loss factors of the first five
bending modes of the aluminum sandwich

beam
Mode No. Exact(Hz)” CESM(Hz)"” Present(Hz)
1 058986 05801 05805 |
2 040645 04111 04464
3 0.34542 0.3304 0.34002
4 0.27482 0.2619 0.2694
5 0.22023 0.2315 0.22354

Table 3 Mechanical Properties of Carbon/Epoxy
Laminates(CU125NS)

Property Symbol Value

B 1147x10° Pa
B 7589%10° Pa

Young’s modulus in fiber direction
Young's modulus in transverse direction

Shear Modulus G 477x10° Pa
Poisson Ratio iz 028
Volume Density P 1510 kg/m’
Damping capacity in fiber direction P 0.013966
Damping capacilty ‘m transverlse direction . 0.049120
Damping capacxty in shear direction 0.074344
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Fig. 7 Modal Damping of laminated beams w/o ER
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Fig. 8 Field-dependent damped natural frequency of
ER-based laminated beams
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Fig. 9 Field-dependent damping ratio of ER-based
laminated beams
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Fig. 10 Field-dependent modal damping of ER-based
laminated beams
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