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Abstract

The purpose of this study is to verify the vibration and damping characteristics of elastic-
viscoelastic-elastic structures, theoretically and experimentally. The forth-order differential
equations of motion are derived for the transverse vibration of three-layered plates with vis-
coelastic core layer. The equations consider both transverse displacements of the constraining
layer and the bare base plate as variable and account for the effect of the transverse normal strain
and the shear strain of viscoelastic core layer on the vibration of the plates. Finite difference
analysis of the equations and experimental measurements are performed on the three-layered
plates of completely free boundary condition. Comparative investigations on the theory and the
results of direct frequency analysis of NASTRAN are carried out on the same structures.
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Table 1 Dimension and physical data of specimen (unit : cm)
specimen dimension
and
physical data a b n hy he
sl 0.1 0.1
specimen s2 10 10 0.2 0.15 01
s3 0.1 0.15
plate Al 2024-T3 : E=7.2347E11 (dyne/cm?
) i shear modulus :
viscoelastic Gu=(freq.)"®7x 5.966 X 10° X (1. + ia) (dyne/cm?
material
(T=23.88C) loss factor:
a=0.0520947 X 1n(freq.)+0.644273
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Fig. 4 Experimental set-up
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Table 2 Natural frequencies of the bare base plate (unit : Hz)
no. mesh size
of exact
mode sol. 10x10 1616 20x 20 25%25
1 655 650 650 650 650
956 920 940 950 950
3 1215 1170 1200 1200 1200
4 1703 1640 1680 1690 1700
5 3031 2780 2930 2970 3000
6 3123 2960 3060 3080 3100
7 3390 3110 3280 3320 3350
8 3829 3530 3710 3750 3775
I ] I e | EIER
i
g
i
§ i ¥
Frequency (Hz) Frequency (Hz)
Fig. 5 Transverse driving point inertances of bare Fig. 7 Transverse driving point inertances of speci-
base plate men s2
'.3 oo | 1 | e | R
- -~ 100 - - 10"!
§ z § =

Fig. 6
men sl

30006.00

Frequency (Hz)

4000.00

5000.00

Transverse driving point inertances of speci-

0.00

1000.00 2000.00

+
3000.00

Frequency (Hz)

4000.00 5000.00

Fig. 8 Transverse driving point inertances of speci

men s3
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Table 3 Resonance frequencies and inertances of specimens (freq.: Hz, inet.: ﬂ/%ec_)
freq. bare
no. & sl s2 s3 base
inet. plate
) freq. 550 575 575 650
(inet.) (481) 472) (501) (2273)
) freq. 800 825 850 950
(inet.) (69) (80) (69) (1239)
3 freq. 1025 1025 1075 1200
(inet.) (491) (677) (385) (2639)
freq. 1450 1450 1500 1700
4
(inet.) (1228) (1434) (994) (8684)
. freq. 2550 2550 2650 3000
(inet.) (667) (746) (572) (4787)
6 freq. 2650 2650 2750 3100
(inet.) (560) (549) (475) (19520)
. freq. 2900 2900 3000 3350
(inet.) (478) (539) (449) (6872)
o freq. 3250 3250 3400 3775
(inet.) (596) (634) (495) (10980)
9 freq. 4400 4400 4550
(inet.) (505) (512) (464)
Db st | iR ] TIT e st | R iEm

Fig. 9
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N T
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Comparision of transverse driving point iner-
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Fig. 10 Comparision of transverse driving point iner-

“000.00 | 5000.00

tances of bare base plate and specimen s2
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