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Abstract

Viscoelastic materials are widely used to solve the vibration and noise problems. To apply the
well-known damping technologies successfully to the vibration and noise problems, the damping
characteristics of the viscoelastic materials applied to the base structures must be thoroughly under-
stood. The objectives of the present study are : 1) to establish the damping measurement technique
via modal testing by which the damping characteristics of viscoelastic materials can be measured in
the university laboratory environment, and 2) to develop a computer program to draw the reduced-fre-
quency-nomogram by use of restricted number of experimental data, which can be used efficiently for
the damping analysis and application.
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7|5MH E, : Young’s modulus of viscoelastic material
E :Young’s modulus of the beam after H, : Thickness of beam
damping treatment H, : Thickness of viscoelastic material layer
E, :Young’s modulus of the stainless steel I  :Moment of inertia of the beam after
beam before damping treatment damping treatment
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I, :Moment of inertia of the beam before
damping treatment

I,  :Moment of inertia of viscoelastic ma-
terial layer

a{w) : Frequency response function
(receptance)
r® : Modal vector

n. > Modal loss factor

w, : Natural fequency
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Table 1. Material properties of stainless stzel beam and
viscoelastic damping tape

. Beam Damping Tape
Material Propert
enal Poperty | Stainless Steel) | 3M VEM(SJ-2015)
Density(kg /m?) 7.8 x 10° 9.80 x 107
Volume(m®) 874 x107° 8.74x107°
Length(m) 364x107! 364x107!
Thickness(m) 400x 1073 400x 107¢
Cross Area(m?) 240x107* 240x107°
Width(m) 6.00x 1072 6.00 x 1072
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Fig.3 Nondimensional transfer function(inertance) of the
damping treated beam
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Table 2. Natural frequencies (Hz) of the beam after damp-
ing treatment( Experiment)

Mode No. Eefore After damping treatment
damping treatment 20T 80T
1 156.24 155.01 154.46
2 425.41 424.11 422.11
3 836.34 833.92 831.35
4 1385.68 1380.68 1375.48
5 2070.23 2064.71 2059.71
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Table 3. Modal loss factors of the beam after damping
treatment( Experiment)

Mode No. 20 40T 80T
1 0.0152 0.0139 0.0128
2 0.0130 0.0105 0.0098
3 0.0114 0.0112 0.0104
4 0.0086 0.0087 0.0073
5 0.0073 0.0092 0.0070

Table 4. Modal loss factors and natural frequencies of the
beam before damping treatment at room tempera-

ture(20TC)
Mode No, | Model | Mode2 | Mode3 | Mode4 | Mode5.
(Hz) (156.24) | (4541) | (83634) | (1385.68) | (2070.3)
n, 0.0062 0.0084 0.008 0.00706 0.00511
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Fig.4 Nyquist plots of the damping treated beam
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Table 5. Comparison of the loss factors from RFN obtained from experiment with those provided by 3M Company

Temp.(TC) 0 20 40 80
Freq.(Hz) Measured ., 3M-Co. Measured | 3M-Co. Measured 3M-Co. Measured | 3M-Co.
100 0653 = 0682 1.012 0.951 0.604 0.630 0.163 0.175
300 0382 : 0.412 0.944 1.024 0.841 0.904 0.343 0.372
500 0.283 | 0.264 0.855 0.815 0.957 0.912 0.453 0.477
700 0.224 0.218 0.792 0.772 0.986 1.052 0.533 0.564
900 0.187 . 0.205 0.753 0.782 1.003 0.954 0.604 0.625
1000 0172 ‘' 0.185 0.705 0.672 1.121 0.952 0.643 0.696
1300 0.167 | 0.179 0.652 0.701 1.226 0.952 0.656 0.692
1500 0154 | 0179 0.617 0.652 0.805 0.958 0.704 0.725
1700 0138 |, 0116 0.624 0.602 0.988 0.882 0.757 0.782
1900 0.115 | 012 0.548 0.526 0.972 1.053 0.724 0.754
e s 5. Ol =& W AlBshat Zte| bl

Al
Roducd Frequency [Hz]

Fig.9 Reduced-frequency-nomogram for damping tape(3M
$J-2015 X) drawn by the computer program devel-
oped in present study
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Table 6. Polynomial function of loss factor with frequency

nlw)=a,+a, wta; o™ta, o®

Temp(C)
3 i 2 4
20 9.878x1072 | -4.298x107°%} 5.135x10~* [ 2101x107"
80 7.511x1072 | —2.391x1073| 3.158x107° | L951x107 %

Table 7. Dimensions and material properties of a finite-el-
ement of beam

Dimensions of Finite-Element Material Properties
Width Thickness Yourg's modulus Mass Density
0.060m 0.0044m 1.965x10" N/m? 7169 kg /m’
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Table 8. Comparisons of the natural frequencies(Hz) by fi-
nite-element-alanysis and experiment for the
damping treated beam

Mode No. _ac __atr
Experiment | FEM. | Experimert | F.EM,
1 156,01 145 15446 152
2 o0 >0 21 Bo
3 B B0 QW% | &en
4 B8 | 13m% | 13548 | 165
5 WL | 204 | 287 | 8B
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