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Temperature Effect on Vibration Characteristics of Viscoelastic Laminated Beam
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Viscoelastic materials and composite structures have started having ocean applications such as advanced ships, submarines
and marine structures. Damping material plays an important role for the improvement of vibration, noise control, fatigue
and impact resistance. It is important to obtain the exact values of the damping ratio and stiffness of a composite structure.
Especially in the case of a numerical vibration analysis for composite structures, if the damping ratio and stiffness of a
composite structure is known in a unit value, the computation time can be significantly reduced.

In this paper the variations of frequencies, mode shapes and damping ration of a steel beam with viscoelastic damping
material are experimentally investigated. In order to obtain more accurate values, a Non-Linear Least Square (NLLS)
method is applied. Environmental conditions affect structural vibration properties in a complicated manner. The variations
of the dynamic properties are analyzed with respect to temperature changes from 5� to 45 �C.

INTRODUCTION

Composite structures with a layer of viscoelastic damping mate-
rial being bonded on a steel structure have become widely used
in several engineering fields. Recently the composite structures
have also been applied to a marine field such as ships, sub-
marines and offshore structures for reducing vibrations and noises.
The increasing use of composite materials in engineering struc-
tures has caused many new problems for structural maintenance,
inspection and vibration control. Much previous research has
been carried out on the damping mechanism using a viscoelas-
tic material. Singh et al. (2008) carried out effective research for
viscoelastic characterization of glassy polymer. Pan and Zhang
(2009) proposed a new method for the determination of damp-
ing in cocured composite laminates with an embedded viscoelas-
tic layer. Mahmoodi et al. (2007) undertook research in nonlinear
free vibrations of Kelvin-Voigt viscoelastic beams.

When composite structures are analyzed by commercial finite
element programs, errors can be generated because of the insuf-
ficiency of damping property treatment. It is then necessary to
understand exactly the viscoelastic properties that are dependent
on a frequency and a temperature. Especially, these variable prop-
erties have to be considered for developing finite element codes
of a viscoelastic laminated composite structure. Many researchers
have studied the finite element method for viscoelastic laminated
composite structures. Shin et al. (2006) studied the aeroelastic
characteristics of cylindrical hybrid composite panels with vis-
coelastic damping treatments. Dai et al. (2008) proposed a new
method in order to solve the stationary random vibration problem
of composite laminated structures with an attached frequency-
dependent viscoelastic damping layer. Yadav (2008) studied vibra-
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tion damping using a 4-layer sandwich beam model. Barbosa and
Farage (2008) carried out a finite element model for sandwich
viscoelastic beams using the Golla-Hughes method and experi-
mental assessment. Previous research has mostly considered the
frequency dependence of viscoelastic properties, but the effect of
temperature variation has been rarely considered.

The effect of environmental conditions on structural vibration
properties is important in order to reliably apply parameter identi-
fication methods to composite structures. Especially, temperature
variations affect viscoelastic properties of composite materials a
lot. Environmental conditions affect structural vibration proper-
ties in a complicated manner. Many researchers have studied the
effect of environmental condition variations on viscoelastic prop-
erties of composite materials. The variation of vibration proper-
ties of viscoelastic damping materials for different environments
was studied by Nashif et al. (1985) and Jones (2001). ASTM E
756-04(2004) proposed an approximate experimental method of
identifying the loss factors of these materials for different tem-
peratures. Park et al. (2007) carried out research on temperature
effect on a viscoelastic material.

Although temperature is known to be an important environmen-
tal factor affecting the structural damping, the effect of tempera-
ture variations on structural damping and natural frequencies and
mode shapes has not been studied.

In this paper, the variations of frequencies, mode shapes and
damping with respect to temperature changes are investigated. The
phenomenon of mode shifting with temperature change is stud-
ied. For the purpose, an experimental vibration analysis technique
is introduced for obtaining viscoelastic properties of composite
materials. The modal properties of these materials are identi-
fied from vibration tests for a cantilever beam with viscoelastic
damping material. Several techniques (Ewins, 2000) are available
for identifying the modal parameters, such as the Ibrahim Time
Domain Technique (ITD), Least Squares Complex Exponential
method (LSCE) and Non-Linear Least Squares (NLLS) method.
Here the NLLS method is applied because it can analyze a high
damping system.




