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Vibration Damping Analysis of Viscoelastic and Viscoelastically Damped Structures
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ABSTRACT

We present finite element equations in the Laplace-domain for linear viscoelastic and viscoelastically
damped structures governed by a constitutive equation involving fractional order derivative operators. These
equations yield a nonstandard eigenproblem consisted of frequency dependent stiffness matrix. To solve this

nonstandard eigenproblem we suggest an eigenvalue iteration procedure in the Laplace-domain. Improved

Zenor and GHM material function type constitutive equations in the Laplace-domain are also available for

this procedure. From above equations, complex eigenvalues and complex eigenvectors are obtained. Using

obtained eigenvalues and eigenvectors, time domain analysis is performed by means of mode superposition.

Finally, finite element solutions of viscoelastic and viscoelastically damped sandwich beam are presented as

an example.
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Table 2 GHM material properities 90
(2 dissipation coordinates) ;«?
-~ 2
i a; W f: £
L]
1 0.6000 | 1.2592x10° 15.512 a
2 1.7881 | 6.5347x10° 10.477 §
E” 5.6490x 10" [Pa] §
O
g ) . A L -
Table 3 GHM material properities 0 200 400 600 800 1000
(4 dissipation coordinates) Frequency (Hz)
i a; w; f:
1 0.2293 2.1642x10* 21.952
2 0.4203 | 8.1371x10* 18.625 2
3 0.815 | 3.1209%10° 14.647 iy
4 2.5646 | 1.5211x10° 11.819 2
E® 4.5178x 107 [Pal - >
o

Table 4 Geometry and material data for cantilevered
sandwich beam

Elastic Viscoelastic
Material modulus [Pa] 200 % 10° Table 1
Mass density [kg/m°] 7000 1000
Poisson’s ratio 0.3 0.4
hl, K2, k3 [mm] 1
L [mm] 300
Beam width [mm] 10

Table 5 Damped natural frequencies
(unit : rad./s)
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1 st -10 = j 280 - 27 + j1882
2 nd -150 = j 18438 - 539 + j 8854
3rd -676 * j 5472 -184.2 + j 2063.1
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Fig. 5 Frequency responses of viscoelastic beam
(direct frequency response and mode super-
position)
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frequency response and mode superposition)
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(4-parameter FOD and GHM models)
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