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Abstract

Knowledge of elastic and damping properties of materials is very relevant for the
analysis and design of components, as they are relevant parameters in the
performance of structural materials. The impulse excitation technique is a
renowned dynamic technique for measuring dynamic elastic properties as Young’s
modulus, shear modulus and Poisson’s ratio, as well as damping properties. This
paper provides a review on the applicability of the impulse excitation technique in
the analysis of elastic and damping properties of different types of materials.
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1. Introduction

A suitable determination of the elastic constants of a material allows the microstructural
analyse of a solid, this is important because may set relevant inputs for structural calculus in
engineering design. The measurement of this constants can be achieve by several
experimental methods, and the most usually used are classified as static, like tensile and
compressive mechanical stress tests and flexural loading tests, or dynamic techniques, as
resonance techniques (Montecinos, Tognana, and Salgueiro 2016; Tognana et al. 2010).

One of the dynamic techniques used to measure resonant frequencies and consequently to
determine the elastic properties of solids is the impulse excitation technique. The wide field
of application of this technique can be divided on different domains of research: the internal
crystal structure, properties and analysis of damage of the material and can verify complete
systems (Brebels and Bollen 2015; Psiuk et al. 2016; Roebben et al. 1997).

The impulse excitation technique is based on the analysis of the vibration of a specimen. This
is mechanically excited to make it vibrate at one or more of its resonant frequencies through
a single-elastic strike with an impulse tool. A transducer, like a microphone with an adequate
frequency range, detect the sound produced by the vibration of the specimen and then the
signals are analysed by a sound processor software originating amplitude of the vibration as
a function of time. Each one of them is analysed to obtain the resonant frequencies using
the fast Fourier transform. The resonant frequencies of a solid are related to its mass,
dimensions and elastic properties, this enables the determination of the values of elastic
properties of the material from resonant frequencies by using analytical equations described
in international standards, the elastic properties from. Moreover, the method allows
determine the damping parameters of vibration, like loss factor and internal friction, the
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latter represents the energy absorption by the material and can be deduced from the
amplitude decay of a free vibration. The internal friction, in contrast to resonant
frequencies, is independent of the geometry of the solid and therefore can be used as
additional information in process control (Brebels and Bollen 2015; Heritage, Frisby, and
Wolfenden 1988; Lima 2014; Lopes et al. 2000; Psiuk et al. 2016; Tognana et al. 2010;
Roebben et al. 2002; Roebben et al. 2000; Roebben et al. 1997).

The analysis can be conducted at room, cryogenic or high temperatures. In high
temperatures tests other mechanisms are used to realise the excitation of the sample since
this one can’t be tapped directly in an oven (Schmidt, Alpern, and Tilgner 2005; Roebben et
al. 1997).

As mentioned elastic properties, as Young’s modulus, shear modulus and Poisson’s ratio can
be measured by using impulse excitation technique. Each elastic property is related with
fundamental vibration modes, thus the flexural and longitudinal vibration modes are related
to the Young’s modulus in the longitudinal direction and the torsion mode to the shear
modulus, for isotropic materials, the Poisson’s ratio can be calculated from an analytical
equation that relate Young’s and shear modulus. The measured vibration modes depend on
the geometry of the specimen, the location of the impulse and the transducer and the type
of supports, the latter are situated in the nodes of the intended vibration mode to minimize
frictional losses due to the supports and allow the specimen vibrate freely (Brebels and
Bollen 2015; Roebben et al. 1997).

The method presented has advantages as: essentially non-destructive, tests procedure
simplicity, more cost effective and quickness, minimal specimen preparation, small
qguantities of material needed, precise data, and tests can be done at high temperatures and
aggressive atmospheres (Latella and Humphries 2004; Roebben et al. 1997; Montecinos,
Tognana, and Salgueiro 2016; Schmidt, Alpern, and Tilgner 2005).

In the present work, a review on the applicability of the impulse excitation technique in the
analysis of material properties, as elastic and damping properties, of different types of
materials is presented, moreover the advantages and limitation in each paper reviewed are
described, finishing the paper with a summary and conclusions about the potentialities of
impulse excitation technique on characterization of different types of materials.

2. Review of papers

As presented by Voiconi et al. (2014) the elastic (Young’s modulus and shear modulus) and
damping properties of ductile aluminium foam with various densities was determined by
using a non-destructive testing device to determine the resonant frequency of materials; the
properties results for the vibration of the samples in flexural and torsional mode. The results
show that Young’s modulus and shear modulus increases with increasing density for both
types of vibration modes. The results also show that the internal friction coefficient increase
with decreasing relative density.

Heritage, Frisby, and Wolfenden (1988) developed a new method to obtain dynamic
modulus as a function of temperature by the adaptation of the impulse excitation technique.
The values of modulus were obtained by measuring the resonant frequency of flexural
vibration at moderate temperatures of specimens tapped inside an electric furnace, with the
microphone to analyse sound waves strategic placement outside the furnace. The results
showed the imprecision in the value of the modulus was £ 1% in measurements made at
different temperatures on a pure aluminium specimen when directly compared with data
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obtained on the same sample using another technique. As well, measurements at room
temperature agreed with published data.

Tognana et al. (2010) study the dependence of the Young’s modulus on the inclusion of
three different volumetric filler content (aluminium, quartz or copper) in an matrix-epoxy
composite. In this paper, was developed an experimental set-up using the concept of the
impulse excitation technique where the spectrums obtained were analysed to determine the
resonant frequencies and subsequently calculated the values of modulus. The results
demonstrate that Young’s modulus increase when the filler content increases, the authors
attributed this behaviour to the higher Young’s modulus of each material used as filler when
compared to the Young’s modulus of the epoxy matrix.

As reported by Montecinos, Tognana, and Salgueiro (2016) the Young’s modulus of CuAlBe
shape memory alloys was carry out by using the impulse excitation technique, where was
verified the potentialities of this technique in alloys with a complex microstructure. The
experimental device was developed and an evaluation of its performance was done by
measurements of the Young’s modulus in samples commonly used (commercial aluminium
and copper), the values obtained were in agreement with those reported in the literature.
Was also evaluated the CuAlBe samples using different vibration modes and the results
show that the flexural and longitudinal modes attained the same value of the modulus. Was
also found a strong dependence of Young’s modulus with the grain size, where Young’s
modulus decreases for higher grain sizes.

As presented by Psiuk et al. (2016) the impulse excitation technique was used as a promising
method for investigating the process of in situ ceramic slurry gelcasting, samples with
different chemical compositions and different gelcasting characteristics were analysed. The
impulse excitation technique was used since changes in slurry viscosity are related by
alterations to the parameters of damping of the wave propagation in the medium (slurry).
The results show that the measurements obtained with the equipment device based on
impulse excitation technique are consistent with the ones reached by a viscometer and
allowed formulating identical conclusions.

MaresSova, Dzugan, and Prochazka (2012) determined the Young’s modulus using three
different methods, two of them allow the determination of static modulus (standard tensile
tests and micro tensile tests with Digital Image Correlation evaluation) and the other the
dynamic modulus, in this method the values were evaluated by analysis of free vibrations of
a rectangular specimen after a tap (impulse excitation). The results show that was excellent
agreement, for all methods, in elastic modulus values for longitudinal direction. While, for
transversal direction the values of modulus were lower for both tensile tests, but not
detected by dynamic evaluation. The authors concluded that the reason was the relatively
larger size of the sample, when compared to other samples used in this work that lead to the
need for averaging the values of properties.

As reported by Lopes et al. (2000) the impulse excitation of vibration method was used to
evaluate dynamic Young’s and shear modulus of glass-reinforced hydroxyapatite
composites. The dependence of these two elastic properties on microstructural
characteristics of the composites was assessed and establish an exponential dependence of
these elastic properties with porosity. The results show that Young’s modulus increased with
sintering temperature, the authors concluded that the modulus increases because an
increase in densification (porosity reduction) was observed with a rise of sintering
temperature, since the increase of modulus depends on porosity reduction.
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Lima (2014) determined the damping capacity of the Cu-14AI-4Ni alloy, which was hot rolled
and thermally annealed, by impulse excitation technique. The values obtained were
compared with those of CuAlBe and NiTi alloys. The results show that Cu-14Al-4Ni alloy
presented a damping level significantly higher than the CuAlBe and NiTi alloys, moreover the
Cu-14Al-4Ni which was thermally annealed exhibited a higher damping capacity when
compared with Cu-14AIl-4Ni which was hot rolled.

Hauert, Rossoll, and Mortensen (2009) measured with impulse excitation technique the
values of Young’s modulus of particulate metal matrix composites with a high volume
fraction of reinforcement. When compared, the experimental results were well described by
analytical models that are used in the literature to describe the elastic behaviour of this type
of material.

Roebben et al. (2000) performed tests using an equipment based on impulse excitation
technique for high-temperatures on silicon nitride and zirconia ceramics, both materials
present an internal friction behaviour with a great relevance to their structural performance.
The results showed that the tests on silicon nitride allows quantify the effect of the glass
transition and crystallisation of amorphous intergranular phases. Relatively to zirconia
material the results showed that the effects of composition, even minimal differences in
composition affected the measured internal friction, on the occurrence and extent of
martensitic transformation can be investigated by the tests performed.

Latella and Humphries (2004) evaluated and compared the values of dynamic Young's
modulus of a 2.25Cr-1Mo steel and creep-damaged 2.25Cr-1Mo steel at high temperature
using the impulse excitation technique. Both steels presented a reduction of the Young’s
modulus with increasing temperature. This allowed the achievement of important
information for structural design because the Young’s modulus is a key parameter in
toughness and thermal shock relations and in measurements of residual stresses, being
crucial in monitoring the performance of high temperature structural steels. However, was
detected that oxidation effects during the tests had a negative effect on the measurements,
being a disadvantage of perform high temperature tests. The authors concluded that results
obtained with the improved accuracy of the technique used in this work allowed a superior
reliability and accuracy of materials data that can be use in structural design calculations and
modelling.

As presented by Schmidt, Wicher, and Tilgner (2005) the impulse excitation technique was
investigated to verify is applicability to measure the Young’s modulus of moulding
compounds, comparing the obtained values with data from other method, three point
bending test. The results showed a high reproducibility when measurements on samples
produced previously were performed, since a shift in the values detected the shifting of the
manufacturing process. Moreover, the behavior of the modulus as function of temperature
and moisture storage was investigate and was observed that the method is so precise that
even small temperature differences during measuring allowed effects on the values of the
modulus, was showed that values of Young’s modulus reduced with moisture and increased
with temperature.

As presented by Dal Bo et al. (2017) was studied the Young’s modulus of porcelain using the
impulse excitation technique at room temperature up to higher temperatures with the aim
of knowing the influence of quartz particle size, weight content and firing temperature on
the measured modulus. The porcelain microstructure was simulated by developing an albite
glass matrix with added crystalline quartz particles. The results showed that quartz particles
have a relevant influence on the elastic modulus and correlations were established, with
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those can be achieved a prediction of the mean particle size and a semi-quantitative
estimation of the volume fraction of quartz by using Young’s modulus data.

3. Conclusion

In this paper was showed the potentialities of application of impulse excitation technique in
domains research as material properties and monitoring manufacturing process. Moreover,
it was observed in the several papers that the method can be used to analyse different type
of materials, as metals, ceramics and composites.

It was discussed that the impulse excitation technique: analyse materials with complex
microstructure; allows the characterization of the elastic behaviour as a function of
temperature since the tests can be done at room and high temperatures. In cases of high
work temperature materials this can be particularly useful because it’s possible to analyse
the performance of the material at high temperatures. Characterization of phase
transformations was also reported. Further, this simple, low cost and non-destructive
technique; has a higher reproducibility, when compared with other methods to determine
Young’s modulus, allowing monitoring drifts of the manufacturing process and detecting
effects on Young’s modulus even with small differences of temperature. It was also seen that
Young’s modulus data can be used for prediction of volume fraction and size of particles.

The impulse excitation technique is an important method to describe a material’s behaviour
and can be applied in several research domains and on different types of materials, allowing
the use of this knowledge in analysis, research and engineering design of components.
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