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Abstract: The knowledge of the thermal properties of materials is a key resource for the correct
design of industrial components. The laser flash method is a well-known procedure to determine the
thermal diffusivity of a wide range of materials. However, in some cases there is the need of limiting
the input power, or measuring materials with high thermal capacity, or investigating thick samples.
Under these circumstances, the expected signal-to-noise ratio can reach extremely low values. To
solve this issue, the existing laser flash apparatus has been improved, creating a new control and
data acquisition system that is able to repeat multiple times the emission of the laser impulse and the
measurement of the thermal response of the specimen. This gives the possibility of averaging several
measurements, leading to a decrease of the noise. The experimental validation on different samples
shows the feasibility of the proposed setup, that makes it possible to work with low power inputs.
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1. Introduction

The nondestructive evaluation of materials is a fundamental tool for the industrial production, as
it can significantly contribute to improve the design of the components and to the assessment of the
production quality [1,2]. Several methods and techniques are available to analyze material samples
and investigate the chemical, structural, or thermal properties [3]. The latter are of great importance,
for example during the design phase of a components. The thermal properties are used as input of
simulation models [4] and providing accurate data to the models is the basic condition to obtain reliable
predictions. A predetermined value of a thermal property could be also the desired requirement of an
industrial component. The measurement on a component coming from different production batches
could help the manufacturer to identify anomalous products [5]. Broadly speaking, the use of a
nondestructive method is a great advantage, especially when dealing with real-size mockups [6] or
when performing on-site evaluations [7].

Amongst all available methods for determining the thermal properties [8], one of the most popular
is the Laser Flash Method (LFM) [9]. The LEM is a procedure where a heat flux is applied on the front
face of a specimen and the temperature is measured on the back of the specimen [10-12]. The LFM is
typically applied to small size disk-shaped specimens in order to measure their thermal diffusivity («
value). The main advantages of this method are simplicity, rapidity of measurement, and the possibility
to measure the thermal diffusivity on a wide range of materials also within a wide temperature range.
The LEM is chosen also because it gives the possibility of obtaining the thermal conductivity, if a
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procedure with adequate reference samples is used or if other thermal properties are measured. In
the second case the knowledge of the density (p), that could be measured through the Archimedes
principle, and of the specific heat (Cp), that could be obtained through differential scanning calorimetry
(DSC), makes it possible to calculate the thermal conductivity as the product of the density, the specific
heat, and the thermal diffusivity [13].

The original LFM method has been widely studied and applied, expecially for the characterization
of thermal barrier coatings (TBC) [14—-17]. Several modifications has been proposed, both from the
mathematical [18] and from the experimental standpoint [19] to improve the results. One critical issue
is limiting the input power, that for some ranges of thermal properties and thickness of the specimen
may lead to an unwanted and nonuniform overheating [16]. Vozar and Hohenauer [20] proposed to
divide the energy of a single laser pulse across smaller repeated pulses, obtaining results comparable
to the traditional technique. Recently, Ruffio et al. [21] explored the use of an high speed laser pulse
train in order to improve the signal-to-noise ratio. This study proposes a novel experimental setup that
allows the automatic repetition of single pulses with a user defined time delay between each pulse.
This leads to an increase of the signal-to-noise ratio.
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