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Vibration and Damping Analysis of Laminated Plates
With a Constrained Viscoelastic Layer

Ki-Dae Cho”, Jae-Hung Han" and In Lee”*

ABSTRACT

The finite element method based on the layerwise displacement theory and the modal strain
energy method is applied for the vibration and damping analysis of composite plates treated with a
constrained viscoelastic layer. Through several numerical examples, the effects of stacking
sequences, side-to-thickness ratios of the plate, locations of partial coverage, and the thicknesses
of the viscoelastic layers on vibration and damping characteristics are investigated. The developed
model is a versatile tool that can be easily used to analyze the plate with general boundary
conditions and stepped configurations (change in thickness) due to a partially constrained
viscoelastic layer. This is due to the fact that each 2-dimensional element can retain different
degrees of freedom for the in-plane displacement through the thickness of the layers.
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Fig. 1. Displacement fields of the plate using layer-wise plate
theory
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Fig. 2. Finite elements based on layer-wise plate theory
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Table 1. Mechanical properties of HM-S/Epoxy system

Epoxy HM-S Graphite
Normal modulus (GPa)  E,=3.45  Eq=379.3, Em=6.2
Shear modulus (GPa) Ga=121 Gip=16
Poisson ratio - ¥,=0.20
Normal SDC (%) V=1030 ¥ =04, V=04
Shear SDC (%) Vos=11.75 V=04
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Table 2. Natural frequencies and SDC for simply supported
composite plates with interlaminar viscoelastic layers 10
[04/di04] [04d/904],  [04/90,/d/0,/90,); 0/d0) | o mode 1
Reff FEM' Ref FEM' Ref FEM § 8t s —v— mode 2
Frequencies, Hz g s Jo |—o—modes
o s —o— mode 4
Mode | 1199 1192 1199 1193 1240 1235 2 6t
= —o— mode 5
Mode2 1527 1487 2118 2104 2726 2737 g
Mode3 230.1 2240 3548 3577 3577 3607 B 4L
Mode4 3512 3484 4024 4028 4377 439.7 E
Mode5 3834 3869 4093 4139 4952 5036 g i
Mode 6 4023 4024 5417 5441 6067 6129 S o °
Mode 7 4477 4435 6352 6472 688.7 7039 0 o L . o
Mode 8 508.7 519.1 6679 6762 7367 7493, 0 5 10 15 20
Mode9 5314 5261 697.6 7223 74712 7699 Etement subdivisions
Mode 10 6565 6595 766.7 7729 8516 8476 5
Specific Damping Capacities (0,81, [ mode 1
Mode 1 0980 0985 0980 098 0628 0.624 4l
—v— mode 2
Mode2 0807 0.831 0423 0417 1.705 1.709 —o—mode 3
Mode3 0666 0664 2775 2790 1.615 1.617 8 Ll —o— mode 4
Moded4 0705 0.688 2275 2304 1775 1.789 2 —o— mode §
Mode5 2371 2377 0211 0.197 2807 2.847 % )
Mode6 2275 2302 1397 ' 1.388  2.531 2559 E I
Mode7 2045 2082 3.833 3876 2.442 2468 <
Mode8 0859 0.850 3544 3606 2435 2.454 r
Mode9 1775 1779 0.079 0.162 3493 3557
0 1 1

Mode 10 1596 1569 2807 23846 2.679 2702

* Semi-analytical solution (Saravanos et al.12)
®Present solutions are obtained by using the four-
node 20 x20 elements
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Fig. 4. Composite plate model with constrained viscoelastic
layer
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frequency and SDC for three types of plates
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