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Abstract. The numerical simulation of viscoelastic damping treattegaquires a correct
identification of the complex modulus of the viscoelastitens. In this work, a simple and
accurate experimental setup and methodology to identéyctimplex modulus of viscoelastic
materials in shear are presented, tested and validatedgusommonly applied viscoelastic
materials. The test system is based on the direct compféxests measurement. A numerical
processing analysis is performed on the measured data iarda verify the validity of the
measurement and to construct the usual nomogram repreagantd the complex modulus. This
direct approach avoids the identification limitations oéthibrating beams technique usually
applied in the viscoelastic complex modulus characteiorat

1 INTRODUCTION

The numerical simulation of viscoelastic damping treattmeaquires an accurate numerical
representation of the dynamic properties of the viscoelastterial, namely its complex
modulus. However, this property is strongly dependent enftequency and temperature of
the treatment application.

The usual approach, using vibrating beams, identifies tbeoelastic properties from the
damping and flexural modification imposed by a viscoelastyet that materializes the core
of sandwich beam specimens [1]. However, this identificatimethodology is based on
a simplified and approximate analytical model of the contgobeam [8]. Moreover, its
accuracy is closely related to the relative modificationh&f $andwich beam structure, which
is, in general, very reduced. Finally, the data is obtainely éor discrete frequency values
corresponding to the natural frequencies of the specimens.
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The direct identification methodologies [3, 4, 5] are adyual more interesting approach
since the viscoelastic material properties are identifieelctly from the measured dynamic
response of a discrete system with a viscoelastic springallysmaterialized by a shear
deformed viscoelastic layer. Despite the simplicity agged with the analytical model and
the identification procedure, the development of an effiaperimental setup, representing a
discrete dynamic system with a single degree of freedometi@rsimple task and it requires
restraining the spurious degrees of freedom. In this wosgeial purpose experimental setup
is proposed to provide a reliable and simple complex modidleistification tool. The system
is based on the direct complex modulus identification ofagtastic samples in shear from the
broadband frequency response.

2 ANALYTICAL MODEL

By using a direct approach, the identification procedure geban the characterization of a
complex value spring that represents the viscoelastidseec(Figure 1).
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Figure 1. Single degree of freedom analytical model

The differential equation of motion for this single degréédreedom system, excited by the
dynamic forcef (¢), is defined as:

Mi(t) + Kx(t) = f(t) (1)

whereM and K represent, respectively, the mass of the system and thegsmimplex valued
stiffness,z(¢) is the displacement aniélt) is the time second derivative.
Assuming stationary harmonic motion with frequencgnd complex amplitud&’, Equation
(1) can be rewritten as:
[—w’M+K|X =F (2)
and, therefore, the frequency response function (receptimction) of the dynamic system
can be defined as:

= ®3)
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The complex value stiffness of the viscoelastic specimerbeadirectly determined through
the inverse frequency response function, the dynamimest functior, as:

K=uw'M+2Z (4)
from which it results:
K(w) = w*M +REAL(Z) (5a)
_ mac(2)
nw) = w2M +rEAL(Z) (5b)

wheren represents the loss factor of the viscoelastic materialfamdpresents the real part of
the complex value stiffness, which can be directly relatethe storage shear modulG$ of
the viscoelastic material, the specimen thicknlessd the shear are&s through the relation
defined as:

As

3 EXPERIMENTAL SETUP

The experimental setup illustrated in Figure 2 presentpitbposed experimental assembly that
is capable of representing the single degree of freedorarsyst be used along the identification
process [6].

Figure 2. Experimental assembly

The upper bar (2) represents the moving mass while the thaoelastic layer (4) introduced
between two rigid blocks, as depicted in Figure 3, represtrg complex value stiffness of the
discrete dynamic system. Effectively, one of these rigatk$ is mounted on the moving mass

3
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while the other one is mounted on the fixed base (1), thusrgatie viscoelastic specimen to
deform in shear. The two thin lamina springs (3) located #t bads of the moving mass present
very low stiffness, although they provide the necessaryraigsng condition to minimize the
effects of spurious degrees of freedom and, thus, a singledef freedom dynamic system is
obtained.

Figure 3. Viscoelastic specimen

The excitation is provided by an electrodynamic shakerLDynamic Systems - model
201) linked to the moving mass through a stinger and drivea lgndom signal generated by
the signal generator of a spectral analyzer (Bruel & Kjeer - m@085) and amplified at a
power amplifier (Ling Dynamic Systems - PA25E). The appligditation force is measured
using a piezoelectric force transducer (Briel&Kjeer - mod€@B2 The response of the moving
mass is measured through a piezoelectric accelerometeel@BHKjeer - model 4371) as well
as a proximity probe (Philips PR6423). The signal conditignand the frequency response
functions determination are performed by the referredtsplegnalyzer.

The experimental setup, including the electrodynamic ehalk rigidly assembled on a
granitic stone block (Figure 4) supported by four cylindtisilicone rubber pads to minimize
the rigid body modes frequencies of the assembly.

In order to make use of the temperature-frequency equigalprinciple [7], the assembly is
introduced into a temperature controlled thermal changrexiding near isothermal conditions
between OC and 35C (shaker operation range). The temperature of the visstelmaterial
is evaluated using two thermocouple probes located neapiamen.
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Figure 4. Experimental setup

4 EXPERIMENTAL DATA

After signal conditioning, the response signals of the mgunass, provided simultaneously
by the accelerometer and by the proximity probe, and theatian force signal, provided by
the force transducer, are used to calculate the frequesppmnse functions of the experimental
dynamic system. These frequency response functions,atedlat each temperature step, are
finally used to identify the complex modulus distributiororad the frequency range of the
analysis for the selected temperature using Equation (Baquaation (5). Figures 5 and 6
represent, respectively, the receptance and acceleranceoins measured in the bandwidth
[0-400]Hz at nine temperature steps between 2.7 and°G3using a 0.57mm x 480min
3M ISD112 viscoelastic material specimen.

Despite the theoretical redundancy provided by both respadmnansducers, previous
experimental tests pointed out that the proximity probejctvtprovides directly a relative
motion measurement, is more sensible to the high frequerisg generated by the thin springs,
the stinger and shaker trunnion. On the other hand, the Isigogided by the accelerometer
contains, obviously, the rigid body modes effects at lowgfirencies. Therefore, by using both
transducers, it is possible to enlarge the useful frequesuge.
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Figure 5. Measured frequency response functions: recepfanctions
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Figure 6. Measured frequency response functions: acoelefanctions

5 DATA VERIFICATION AND VALIDATION

To identify and filter out possible random errors due to tighHrequency noise, rigid body
modes or other error sources, the identified complex modulugtions are plotted in a useful
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graphical representation called Wicket Plot. Figure 7esents the Wicket plot of the identified
complex modulus functions for the 3M ISD112 specimen, whieeestorage modulus functions
are plotted against the corresponding loss modulus fumgtio
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Figure 7. Wicket plot of the identified complex modulus fuaos

This graphical representation stands out the master curtteeccomplex modulus, being
possible to identify erroneous data sets and the repreésenft@quency range of each complex
modulus function. Filtering data by removing all the errong points it is possible to obtain
a reliable data set of complex modulus, as illustrated iruféig8, which can be used to
characterize the considered viscoelastic material.

The set of complex modulus functions, identified at diffétemperatures, should finally be
correlated, using the frequency-temperature equivalpnoeiple, to identify the shift factor

a distribution of the material [7]. The shift factor relatsinp is described by the Arrhenius
eguation as:

log [a(T)] = T (% - Ti0> @)

whereT is the absolute temperature of each data’keis the reference temperature dhgis
identified by fitting the experimental data to the model.
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Figure 8. Wicket plot of the filtered complex modulus funoso
6 RESULTS

The identified complex modulus functions, using the idesdifshift factor distribution, can

be represented in a unified and universal representatien,sthcalled reduced-frequency
nomogram [7]. This representation is very useful and broagiplied since it represents
simultaneously the frequency and the temperature effecthencomplex modulus of a

viscoelastic material by a single pair of curves: one for sk@rage modulus and another
representing the loss factor distribution.

Figure 9 overlaps the nomogram of the 3M 1SD112 viscoelastiterial provided by the
manufacturer (black curves) [8] with the identified nomagrasing a 0.57mm x 480mm
specimen made of the same material (color curves).

Figure 10 identically represents the identified and the ipbbd nomograms for the same
material using a second experimental specimen with diftatEnensions (0.65mm x 970n%n

Both nomograms, obtained with different specimens of theesamaterial, are identical,
which demonstrates that measurements are consistent,hagdweell agree with the one
published by the viscoelastic material manufacturer.
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Figure 9. Nomogram of 3M ISD112 (specimen 0.57mm x 480%nm
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7 CONCLUSION

The usually applied technique to identify the complex madwf soft viscoelastic materials,
using vibrating beams with damping treatments, providaadinect measuring approach based
on the evaluation of the perturbation effects produced leydamping layer on the modal
parameters of the beams. Moreover, the identification e not simple as it uses a set
of approximate equations or assumed field numerical models.

The application of a discrete dynamic system, describingngles degree of freedom
analytical model, can provide a more reliable identificatiwethodology since it is based on the
direct characterization of the complex stiffness mateeal by a viscoelastic material specimen
usually in shear deformation. However, the developmennaf@erimental setup, capable to
represent such a simple model, requires restraining di@lspurious degrees of freedom.

The proposed experimental setup provides such restraeffegt using a set of two thin
lamina springs to guide the mass motion of the system. Thentimauof the experimental setup
on a rigid and heavy stone block supported by elastic padisasedfective to minimize the
system rigid body modes effects as well as to attenuate thetebf ground noise.

The identification methodology is capable to describe tlyegbe shear complex modulus
of a selected viscoelastic material, usually applied inst@mned and integrated viscoelastic
treatments, providing results similar to those publishgthle material manufacturer.
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