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Flexural Vibration Analysis of a Sandwich Beam Specimen with a
Partially Inserted Viscoelastic Layer

Jin-Tack Park
Department of Mechanical Design and Production, Graduate School, Hanyang University,
17 Haengdang-Dong, Seongdong-ku, Seoul 133-791, Korea
Nak-Sam Choi*
Department of Mechanical Engineering, Hanyang University,
1271 Sa-1 dong, Ansan-si, Kyunggi-do 425-791, Korea

The flexural vibration characteristics of a sandwich beam system with a partially inserted

viscoelastic layer were quantitatively studied using the finite element analysis in combination

with the sine-sweep experiment. Asymmetric mode shapes of the flexural vibration were visua-

lized by holographic interferometry, which agreed with those obtained by the finite element

simulation. Effects of the length and the thickness of the partial viscoelastic layer on the system

loss factor (75) and resonant frequency (f,) were significantly large for both the symmetric and

asymmetric modes of the beam system.
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1. Introduction

Recently, composite structures in the form of
laminated construction composed of a constrain-
ing stiff layer and constrained viscoelastic layer
have been applied in engineering designs for effec-
tive vibration damping and/or as a vibration ab-
sorber in mechanical systems. This is quite signif-
icant for better structural design since the vibra-
tion amplitude can be largely reduced during the
resonance of the systems being subjected to dy-
namic loads.

For the elastic and viscoelastic layered sand-
wich beams with a finite length, Ditaranto (1965)
proposed an auxiliary equation for analyzing the
viscoelastic layer effects on the structural sys-
tem loss factor. Trompette et al.(1978) studied a
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viscoelastically damped cantilever beam using fi-
nite element analysis and compared its results
with experimental ones. Kim et al.(1992) an-
alyzed the system loss factor of the sandwich
beams considering the normal and shear defor-
mation. For a partially covered sandwich beam,
Lall et al.(1988) predicted the modal system loss
factor by utilizing the Rayleigh-Ritz and Euler
beam methods.

For a system consisting of a pair of parallel
and identical elastic cantilevers which are lap-
jointed by a viscoelastic layer, Saito and Tani
(1984) derived theoretical equations for predic-
ting the modal parameters such as the frequencies
and loss factors of the coupled longitudinal and
flexural vibrations as a function of the lap-joint
length. Rao et al.(1990; 1992a: 1992b) propos-
ed a theoretical model to evaluate the free flexural
vibration of the bonded single-lap-joint beam
and then described the effects of the thickness and
modulus of the viscoelastic layer as well as the
lap-joint length. Rao and He (1992¢) also stu-
died the modal damping ratio of a double-strap
joint beam using finite element analysis. Johnson
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and Kienholz (1992} proposed the modal strain
energy method which may predict the Joss factor
of the structural system with a viscoelastic layer.
Choi and Park (2001) proposed a theoretical an-
alysis model for the flexural vibration of bonded
single-lap-joint beams with the adhesion of par-
tially covered sandwich-layer dampers.

This paper presents a finite-element analysis
of the system loss factor and resonant frequency
for a sandwich beam with a partially inserted
viscoelastic layer. The sandwich beam system
consists of a pair of parallel and identical can-
tilevers which are bonded on their free end parts
by a viscoelastic film layer with a finite length.
Resonant frequencies, mode shapes and loss fac-
tors of the system are measured using the sine-
sweep test and the electronic speckle pattern in-
terferometry, which are then compared with the
results of the finite-element analysis. The effects
of the length and thickness of the viscoelastic
layer on the modal parameters for the asymmetric
and the symmetric modes of the flexural vibration
are investigated. This study focuses on the differ-
ent behaviors of the modal parametets between
the asymmetiric modes showing the shear defor-
mation in the viscoelastic layer and the symmetric
modes showing the normal deformation, which
should be related with some improvements in the
system loss factor of such sandwich beams by
geometrical variables.

2. Experimental Procedure

2.1 Specimen manufacturing

The cantilever beams for the sandwich beam
systems in this study were made from unidirec-
tional prepregs of carbon fiber/epoxy with a thick-
ness of 125 um {Cabonex, Hankook Fiber Co.).
Two kinds of lay-ups were adopted using the
prepregs : unidirectional 8 plies and 24 plies,
which were cured in an autoclave according to the
manufacturer’s recommendations. The composite
laminates so obtained had thicknesses of about 1
mm and 3 mm, respectively. They were sectioned
itilizing a diamond wheel cutter to make the
>mposite cantilever beams with a width of 5 mm

Wl a length of 200 mm.

Sandwich beam specimens were manufacturec
by inserting a viscoelastic adhesive film (Scotch
Damp ISD 112 damping film, 3M Corp.) with a
ltength of /[, between two composite beams, as
illustrated in Fig. 1. The siorage shear modulus
and the material loss factor s {=tan 8) of the
film at the temperature of 20°C are presented in
Fig. 2. In a frequency range of 10 to 1200 Hz, the
loss factor is a constant of about 0.9, and the
storage shear modulus increases almost linearly
with increasing frequency. The thicknesses of the
viscoelastic films were selected to be 50, 250 and
500 pm with lengths of 10, 30, 60, 120 and 150
mm, respectively. Aluminum foils with the same
thickness as the viscoelastic films were inserted
up to 50 mm into the left end part between the
cantilever beams in order to keep two cantilever
beams parallel, and thus, to remove any friction-
al contacts during the vibration test. Thus, the
sandwich beam specimens formed a symmetric
lay~up geometry with an effective length (L) of
150 mm.

The sandwich beam specimens were put on a
steel plate and covered with a breather and a
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Fig. 1 Sandwich beam specimen adhered with a
partially inserted viscoelastic layer
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vacuum bagging film. Sealants were adhered be-
tween the bagging film and a steel plate. The
specimens were then maintained at 20C in a
vacuum state so that voids could be removed
in the viscoelastic adhesive layer between two
beams. A pressure of 3 atm pressure was main-
tained for 1 hour in an autoclave to form a perfect
bonding between the beams. After finishing the
bonding process, the pressure state of the spec-
imens was relieved to the atmospheric pressure.

2.2 Sine sweep test

The sandwich beam specimen was mechanic-
ally fixed by a clamping device which had been
installed on a vibration exciter (model 4808, B&
K Co.). A sine sweep test was carried out by
exciting the clamping device to induce a lateral
vibration of the effective length part of the spec-
imen in a frequency range of I to 1200 Hz. A non-
contact laser sensor detected the dynamic dis-
placement of the specimen surface at a location
5mm distant from the free end of the sandwich
beam. A frequency response function (FRF)
curve was measured through a dynamic signal
analyzer (HP 35670A). The modal frequency f-
(i.e., resonant frequency at the »-th mode) was
measured corresponding to the 7-th peak value in
the FRF curve. The structural system loss factor
(7™ at the »-th mode was obtained using the
half power bandwidth method (Paz 1997, ie.,
through Equation (1) based on the frequencies
(#1, f2) corresponding to the value of magnitude
3dB less than the r-th peak value in the FRF
curve) .

g =200 (]{:2) (1)

2.3 Visualization of mode shapes by a stro-
boscopic ESPI
Stroboscopic electronic speckle pattern inter-
ferometry (three dimensional ESPI system, Et-
temeyer Co.) was used for visualizing the re-
sonant mode shapes of the sandwich beam spec-
imens. This experiment was performed on a vi-
bration-free table for a good ESPI measurement.
First, the speckle image of an undeformed spec-

imen was taken. Next, the effective length part of
the specimen was vibrated laterally by excitation
of the clamping device through a thin steel wire.
The wire was connected longitudinally to the axis
of the vibration exciter which had been isolated
from the working table. The exciting frequency
was chosen to be the resonant frequency at each
mode which had been measured by the above sine
sweep test. During the excitation, an acoustic
optical modulator was synchronized with the ex-
citing frequency. The synchronized laser pulse
was projected onto the specimen to generate the
stroboscopic effect, so that a constant image of
the resonant specimen could be formed. The digi-
tized speckle images of undeformed and deformed
(vibratory) configurations of the specimen were
correlated to form interferometric fringes. Thus,
deformation mode shapes for the transverse vi-
bration of the sandwich beam specimen was visua-
lized through an ESPI analysis software.

3. Finite Element Analysis

A two dimensional finite element approach to
model the sandwich beam system in Fig. 1 was
performed using the commercial software Ansys
ver. 5.3 for comparison with the above experi-
ment. A finite-element model mesh exhibited in
Fig. 3 was adopted to calculate the strain energy
distribution in the deformed beam system. The
sandwich beam model had a constant width in the
y-direction and was fixed at the left end. The
length (/,) and thickness (£,) of the viscoelastic
layer as well as the thickness (f,) of the beam
were treated as variables. The effective length (L)
of the cantilever beams was assumed to be con-
stant (150 mm).

The model was made up of two-dimensional
isoparametric plane strain rectangular elements
(Plane42) with 4 nodes. Each node had two

w =1, 2,3, ..., 360
I

L.

Fig. 3 Finite element modeling
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degrees of freedom, % and y. Each beam had 360
elements in the lengthwise direction (x-direc-
tion) and | element in the thickness direction (z-
direction), and the viscoelastic layer had 4 ele-
ments in the thickness direction (z-direction).
The respective elements in the elastic beam and
the viscoelastic layer were kept to 150/360 mm in
length (x-direction). Thus, the total number of
elements in each beam was 360, while that of
the viscoelastic layer varied with the length of
ly. For example, the number of elements in the
viscoelastic layer was 96 (=24X4) for /=10
mm and 1440 (=360X4) for [,=150 mm. There
was a perfect continuity at the interfaces between
the beam and the layer and no slip arose along the
interface. Elastic modulus of the composite beam
was selected according to the static bending test
results (E=104.83 GPa and 72.92 GPa for t,=1
and 3 mm, respectively). Its density was 1479.2
kg/m® Elastic modulus and material loss factor
of the viscoelastic layer were chosen from the data
curves in Fig. 2 (offered by 3M Co.) in accord-
ance with the experimentally measured resonant
frequency of the sandwich beam specimen at each
vibration mode. Poisson’s ratio of the viscoelastic
layer was assumed to be 0.45.

Based on the modal analysis for the free flexur-
al vibration of the beam specimen, the modal
frequencies (resonant frequencies at the respec-
tive modes) and mode shapes were obtained. The
system loss factor at each mode » was evaluat-
ed through the modal strain energy method
(Johnson and Kienholz, 1992 ; Choi and Park,
2001) which is based on the principle that the
ratio of the composite system loss factor 75" to
the viscoelastic material loss factor 7y’ for a
given vibration mode (7) can be estimated as the
ratio of the elastic strain energy stored in the
viscoelastic material Uliseo to the total elastic
strain energy stored in the entire structure Uiotar
when it deforms in an undamped mode shape :

77§r) _ { ¢*(r) }T[KUR]{ ¢*(r) } _ lesco
77‘([) { ¢*(r) }T[KR]{ ¢*(r) } Usotar

where [ Kyr] is the real part of the stiffness matrix
for the viscoelastic layer; [Kr] the real part
of the stiffness matrix for the total structure ;

(2)

and { ¢*”} the eigenvector at the #-th mode.
Without consideration of the damping loss in the
viscoelastic layer, the eigenvalue problem for the
finite element model was solved in ANSYS ver-
sion 53 (Kohnke, 1995). The modal analysis
offers not only the modal frequencies but also the
corresponding modal strain energies Uyseo and
Usotal, with which 7" can be estimated through
Equation (2) at a given value of 7§

4. Results and Discussion

4.1 Experimental frequency responses

Figure 4 shows the frequency response curves
measured by the sine sweep test for a single beam
specimen (I mm in thickness and 150 mm in
effective length) and two kinds of sandwich beam
specimens with a partially-inserted viscoelastic
layer (/,=10 mm) and with a fully-inserted one
(I,=150 mm). The beam thickness (#,) for the
sandwich specimens was kept to 1 mm. The fre-
quencies for the Ist and 2nd modes could be
determined at the corresponding resonant peaks
in the curve. The sharpness and magnitude level
of each peak were progressively degraded, and
resonant frequency at each mode had a tendency
to increase in the order of single beam, sand-
wich beam with /,=10 mm and sandwich beam
with /,=150 mm. This indicates that the system
damping as well as the stiffness of the sandwich
specimen increased considerably with an increase
in the length of the viscoelastic layer. Other peaks
corresponding to the 3rd and higher modes were

, /single beam
;& sandwich beamn
ro (/=10mm) %

sandwich beam
{/=150mm)

Magnitude(dB)
)

Frequency(Hz)
Fig. 4 Experimental frequency response of a single
beam and sandwich-bonded beams (f,=1
mm, #,=500 ym)
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not observable for the current sandwich beam
specimens. Similar features of system damping
and stiffness effects were also observed for £,=3
mr.

4.2 Visnalization of mode shapes of the
flexural vibration

On the basis of the resonant frequencies mea-
sured with the sine sweep test, actual mode shapes
of a sandwich beam specimen with /=10 mm,
fr=1mm and #=2500 yum for the Ist and 2nd
modes were visnalized using a stroboscopic ESPY
apparatus. The mode shapes are shown in Fig.
5(a) and (b), respectively. Fig. 6(a) and (b)
exhibits results of the 1st and 2Znd mode shapes
calculated by finite-element analysis with the ge-
ometrical and material conditions similar to the
above sandwich specimen. The visnalized images
were in a form of asymmetric modes, which were
comparable for both ESPI experiment and finite-
element simulation. This may indicate that re-
sonant frequency and system loss factor can be
reasonably evaluated through comparison be-
tween the sine sweep test and finite element
analysis. It is to be noted that the asymmetric
mode shapes of the sandwich beam follows the
basic shapes corresponding to the Ist and 2nd
modes of a single beam. Since for the asymmetric
modes of vibration of the sandwich beam spec-
imen the bottom surface of the upper beam de-
forms out~of-phase with the top surface of the
lower beam, the viscoelastic layer adhered be-
tween the beams suffers a shear deformation. The
effect of viscoelastic layer on the modal para-
meters may be distinguished through the experi-
mental test and the finite element simulation :
Experimental results measured by the ESPI sys-
tem (see Fig. 5) show that the amplitude level at
the 2nd mode was about 1/13 times lower than
that at the Ist mode, which agreed well with the
results by the sine sweep test (see Fig. 4) in that
the magnitude at the 2nd mode was lower by
23dB than that at the lst mode. The amplitude
level for the higher modes became much lower
and was below the noise level of measurement.

Although the mode shape for the 3rd mode was
unmeasurable under the present experimental

condition, a finite element analysis offered a sym-
metric mode shape for the 3rd mode, as shown
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Fig. 5 Mode shapes of a sandwich beam with a
partially inserted viscoelastic layer (f,=1
mm, =500 um, /,=10mm) visualized by
the stroboscopic ESPI: (&) st mode (b) 2nd
mode
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Fig. 6 Mode shapes of a sandwich beam with a
partially inserted viscoelastic layer {(te=1
mm, £,=500 m, /,=10mm) visualized by
FE simulation: (a) 1st (anti-symmetric),

(b) 2nd (anti-symmetric) and (¢) 3rd (sym-
metric) modes

i
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in Fig. 6{c). Because, for the symmetric mode,
the bottom surface of the upper beam deforms a
in-phase with the upper surface of the lower
beam, a normal (tensile/compressive) deforma-
tion occurred in the viscoelastic layer between the
beams. However the shape of each beam did not
follow any mode shapes of a single beam. This
may induce vibration with characteristics differ-
ent from that of the asymmetric mode.

4.3 Resonant frequency and loss factor of
sandwich beam specimens

As mentioned above, the sandwich beam sys-
tems with a partially-inserted viscoelastic layer
generated asymmetric and symmetric mode shapes
during their flexural vibrations. Resonant fre-
quency and loss factor of the beam system at each
mode are evaluated in the following as a func-
tion of the thickness and the length of the vis-
coelastic layer. For the st and the 2nd modes
corresponding to the asymmetric mode shapes, the
vibration behaviors are described by finite ele-
ment analysis (FEA) and then compared with
those obtained by a sine-sweep test. For the 3rd
mode with a symmetric mode shape, the vibration
behaviors are evaluated only through finite ele-
ment analysis.

43.1 Asymmetric mode

Figure 7 shows resonant frequency (fr) of the
sandwich beam systems with a fully-inserted
viscoelastic layer (/=150 mm) as a function of
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Fig. 7 Resonant frequency of the sandwich beam
system as a function of the thickness of the
viscoelatic layey (7,=150 mm)

the thickness of the viscoelastic layer (£,). Solid
and dotted lines in the figure represent results for
beam thicknesses (#;) of 1 mm and 3 mm, respec-
tively. Experimental values agreed well with those
obtained by the FEA. Resonant frequency for
each mode decreased with an increase of #,. This
is understandable in that first, f, at each mode
can be described through the equivalent spring-
mass resonance equation (Paz, 1997)

T

where M and K. are the total mass and the
effective flexural stiffness of a sandwich beam
specimen, respectively ; and second, an increase
of f» caused a considerable decrease in shear
stiffness as well as an increase in weight of the
viscoelastic layer bonded between the upper and
lower beams. Resonant frequencies for the re-
spective modes in case of #,=3 mm were much
higher than the corresponding frequencies for
t,=1 mm, which is reasonable on Equation (2)
in consideration of the fact that an increase of
the beam thickness enlarges the effective flexural
stiffness of the sandwich beam system according
to a simple beam theory.

Figure 8 shows behaviors of f, for the sand-
wich beam systems with £,=500 ym as a func-
tion of the length of the viscoelastic layer (/).
Results obtained for {z=1 mm by the FEA and
the sine-sweep test agreed well with each other.
For the Ist mode, f, showed a gradual increase
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Fig. 8 Resonant frequency of the sandwich beam
system as a function of the length of the
viscoelatic layer (f,=500 ym)
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with increasing [p. This is because an increase of
f» reduced the vacant space in the intermediate
layer between the upper and lower beams, and
thus made the stiffness of the beam system greater.
For the 2nd mode, fr increased with an increase
of I, from 10 mm to 60 mm ; however, it revealed
a nearly constant value in the range of /, beyond
60mm. It is thought that the increase of Iy
induced some increases in weight of the system
which might suppress the increase of f, on the
basis of Equation (2). Behaviors of the variation
of fr with /; for #,=3 mm were very similar to
those for f,=1 mm stated above.

Figure 9 shows system loss factor 75" of the
sandwich beam specimens with /,=150 mm as a
function of #,. For f,=1mm, the value of 7§ at
t»==50 pm for the Ist mode was lower than that
for the 2nd mode. However in the range 2250
um, #7 for the st mode was higher since it
increased drastically with an increase of £, as
compared with the behavior for the 2nd mode.
Although values of »{7 calculated by the FEA
showed some amount of underestimation m com-
parison with those measured by the sine-sweep
test {this may be caused by analytical and ex-
perimental errors.), the variation tendency of 7§”
with £, agreed with each other. Considering that
loss factor of the viscoelastic layer {n{’) was a
constant of abput 0.9 in a range of resonant
frequencies shown in Fig. 7, the above variation
of »{” was dependent on the ratio of the strain
energy stored in the viscoelastic layer {yseo to the
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5. 9 System loss factor of the sandwich beam
specimens as a function of the thickness of the
viscoelastic layer (/=150 mm)}

strain energy stored in the total system {hotm as
supposed in Equation (2). Therefore it is to be
mentioned that these kinds of composite struc-
tures may show a characteristic of low system loss
factor at high resonant frequency, which depends
on f,, and thus, on the amount of Uieeo/ Uhotar.
On the other hand, a similar feature of the
variation in 75" was also observed for f5=3 mm.
Values of 757 were 0.18~0.28, which were con-
siderably low, and thus, slightly dependent on the
vibration modes and amounts of &, in comparison
with those for f,=1 mm. This may be understood
on the basis of Equation (2) in that the stifTness
matrix of the beam system [ K] increases signi-
ficantly for f==3mm while [Kox] of the vis-
coelastic layer exhibits only a small change.
Figure 10 shows behaviors of »i”
tion of [, for the sandwich beam specimens with
£,==500 um. It is obvious according to Equation
{2) that first, 77=0 at no amount of viscoelastic
layer (/,=0); and second, an increase of I
brings about an increase of [lsco, and thus, an
increase in 7{" for the respective modes. In this
figure experimental results agreed well with those
obtained by the FEA. The increasing slope of
75" was the steepest in the initial stage of /,
from O to 10 mm. After that, 7t” increased with a
lessened slope. Values of 787 for the st mode
were larger than those for the 2nd mode, and
values for £»=3 mm were much lower than those

as a func-

for =1 mm, which was consistent regardless of
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the amount of /,.

4.3.2 Symmetric mode

Although the behavior of vibration for the
symmetric mode of the sandwich beam system
was hardly detectable under the present experi-
mental conditions, it was definitely existent as a
result of FEA, shown in Fig. 6(c). Under geo-
metric conditions of the beam thickness f,=1 mm
and the short viscoelastic layer with /, <60 mm
and #,=250 gm, the Ist symmetric mode could
appear as the 3rd mode (see Fig. 6(c)) which
had a higher resonant frequency than the above
asymmetric modes. Considering that resonant
mode arises when the mechanical impedance (i.e.,
the ratio of force to deformation velocity) be-
comes minimal, the symmetric mode of vibra-
tion in a low frequency range must have had a
higher mechanical impedance than the asymme-
tric mode. Since the above experimental results
for the asymmetric modes agreed considerably
with the FEA results, it is thought that the
resonant frequency and loss factor for the sym-
metric mode of the beam systems evaluated only
by the FEA are quite reasonable.

Because the experimental values of the resonant
frequency for the symmetric mode were barely
obtained, the elastic modulus of the viscoelastic
layer corresponding to the experimental resonant
frequency for the 2nd anti-symmetric mode was
first selected in the data curve in Fig. 2. The
selected value was input as an elastic modulus of
the viscoelastic layer in the finite-element model,
and then, resonant frequency at the lst symmetric
mode (mainly the 3rd mode among the entire
modes) was numerically obtained. Values of
elastic modulus and material loss factor of the
viscoelastic layer corresponding to the numeric-
ally obtained frequency were selected again in
Fig. 2, with which accurate resonant frequency
and system loss factor for the 1st symmetric mode
could be evaluated.

Figure 11 shows behaviors of resonant fre-
quency for the lst symmetric mode of the sand-
wich beam specimens with {,=1mm as a func-
tion of /,. The behavior of resonant frequencies
obtained at #,=500 y/i/m was scarcely different

from that at #,=250 ym. f, increased gradually
with an increase of /, to 60 mm ; however, it
drastically increased around /,=120mm to a
value about 7.8 times larger than that at 60 mm.
At this value of /,=120 mm, the asymmetric
modes were formed until the 7th mode, and thus
the Ist symmetric mode corresponded to the 8th
mode among the entire modes. This indicates that
it was difficult to form the low-order symmetric
mode because of high mechanical impedance as
I, became large. The symmetric mode of the
sandwich specimen in a state of full insertion
(I,=150 mm) did not arise in the present fre-
quency range. Moreover, the symmetric mode was
not observed at any /, values for #,=3 mm. This
represents that the mechanical impedance for the
symmetric mode increased greatly as f, became
thick. It is thought that thin beams as well as a
short and thick viscoelastic layer are required to
obtain the low-order symmetric mode.

Figure 12 shows behaviors of ¢ for the Ist
symmetric mode obtained as a function of /,

under the analytic conditions of Fig. 11. 7{” was

x103
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Fig. 11 Resonant frequency of the sandwich beam
specimens as a function of the length of
viscoelastic layer
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Fig. 12 System loss factor of the sandwich beam
specimens as a function of the length of the
viscoelastic layer
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Fig. 13 Strain energy of the sandwich beam system
and the viscoelastic layer (#,=250 ym)

zero at f,=0. 5" drastically increased in the
initial stage of /, and reached the maximum value
around /,=5 mm. With an increase of /, to 10
mm, it rapidly decreased and was minimized
around /,=30 mm. After that, 7{” showed a gra-
dual increase with increasing /,. The charac-
teristic behavior of 7"
mode had a tendency similar to the theoretical
results suggested by Saito and Tani (1984). Based
on equation (2), 7§” depends on Ussco/ Urotal.
As compared with Ugta, Usiseo for the 1st mode
exhibited a feature (see Fig. 13) similar to the

above behavior of 7{” : a drastic increase in the

for the Ist symmetric

initial stage of /,, a peak around /,=3 mm, and
after that, a rapid decrease and then a gradual
increase with increasing /.. It is thought that the
above feature of 7§ was primarily affected by
such behavior of Uysco which was produced due
to some differences in the shape and size of
deformation of the viscoelastic layer in the sand-
wich beam portion changing with the amount
of /. On the other hand, values of 7{? at #,=
500 um were slightly larger than those at 250 gm.
The variation behavior of 7{”

depended on the amount of £,.

with /, scarcely

5. Conclusions

Resonant frequency and loss factor of a sand-
wich beam system with a partially inserted vis-
coelastic layer have been evaluated as a function
of the length and the thickness of the viscoelastic
layer as well as the beam thickness.

(1) Variations of resonant frequency f, and

loss factor 7{” of the system obtained by the

finite-element analysis agreed well with those
obtained by the sine-sweep test.

(2) For the asymmetric mode, system loss fac-
tor 7" of the sandwich beam specimen having
thin beams was larger than that of the specimen
having thick beams. 75"

crease in the length of the viscoelastic layer. As

increased with an in-

the thickness of the viscoelastic layer increased to
and beyond 250 um, 7{” for the st mode became
larger than that for the 2nd mode.

(3) For the symmetric mode confirmed by the
finite~element analysis, 7{” showed a large varia-
tion with the length of the viscoelastic layer: a
drastic increase in the initial stage of /,, and
then, formation of a peak. With further increase
of [, a decrease and, after that, a gradual in-
crease. The variation of 7{” was hardly dependent
on the thickness of the viscoelastic layer. The
systems with thick beams did not form a symmet-
ric mode shape.

(4) Itis expected that the above results can be
used for better understanding of effective vibra-
tion damping of composite structures with con-
strained viscoelastic layers.
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