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Summary:

Lamb waves are a common tool in the field of non-destructive testing and are widely used for material
characterisation. Further, the increasing computational capability of modern systems enables the simu-
lation of complex and detailed material models. This work demonstrates the possibility of simulating an
adhesive-bonded multilayer system by characterising each layer individually, and introduces an ap-
proach for determining the dispersive behaviour of acoustic waves in a multilayer system via real meas-

urements.
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Motivation

Adhesive bonding of different materials is a com-
mon method in modern technologies. To ensure
those bonds meet the expectations, it is neces-
sary to investigate their quality. A possible ap-
proach is the analysis of mode repulsion points
of Lamb waves as presented by Lugovtsova et
al. [1]. Methods like these rely on both precise
measurements and simulations of the respective
systems. The investigation presented in this con-
tribution considers a two-layer system of an alu-
minium plate (3 mm) and a polycarbonate plate
(4 mm). After a characterisation of each individ-
ual plate, the two samples are bonded using an
epoxy adhesive and investigated as a multilayer
system.

Experimental method

The measurements for this investigation are con-
ducted with the setup developed by Claes et
al. [2]. The setup uses a short laser pulse, which,
due to the photoacoustic effect, generates
broadband mechanical waves inside a plate-
shaped specimen, which are detected using a pi-
ezoelectric transducer. Optical components,
which focus the laser beam as a thin line onto
the specimen’s surface, are mounted on a linear
actuator. This enables a variation of the point of
excitation on the plate sample, allowing for the
acquisition of two-dimensional measurement
data in temporal and spatial domain. The appli-
cation of a two-dimensional Fourier transform
yields information in frequency and wavenumber
domain. A possible depiction of this data is called

“dispersion map” and visualizes the detected
lamb modes as ridges (Fig. 1).

Material characterisation

Dispersion diagrams for this investigation are
calculated via the SAFE method [3], assuming a
plane-strain isotropic model for the individual lay-
ers. To determine the material parameters of the
layer specimens, an inverse procedure is used
[4]. In an inverse procedure, the sound velocities
of the material are optimised to match the disper-
sion curves to the ridges of the dispersion map

(Fig. 1).
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Fig. 1. Dispersion curves (white dots) based on opti-
mised transversal and longitudinal wave velocities
match the measurement based dispersion map (im-
age) of the aluminium (3 mm) plate.

Multilayer system

The dispersive propagation of Lamb waves in-
side the aluminium-polycarbonate-system is
simulated with a SAFE model [3], which is built
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by stacking the two models of the layer speci-
mens using the individually determined material
parameters. The adhesive layer is neglected,
thus assuming an ideal coupling of the layers.
The Lamb wave excitation for the measurements
are performed on the polycarbonate layer while
the detecting transducer is placed on the alumin-
ium layer. For the sake of improved visibility, Fig.
2 displays only a part of the resulting dispersion
map of such a measurement, overlaid with the
simulated dispersion diagram. The simulation re-
sults for the multilayer specimen are in general
in good agreement with the measurement data,
despite the simplifying assumption of the adhe-
sive layer.
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Fig. 2. Comparison of simulation (white dots) and
measurement (image) of the aluminium-polycar-
bonate-system. The ridges in the dispersion map (im-
age) and the simulated dispersion curves are in good
agreement of one another.
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Fig. 3. Color-coded comparison of measurement re-
sults of the same specimen after 48 h (red) and 120 h
(green) of adhesive curing. Yellow regions indicate
matching data in both results while red/green regions
are predominantly contributed by one of the results.

Adhesive curing

Since it is possible to investigate the Lamb wave
propagation of multilayer systems, it will further
be determined whether one can recognise a dif-
ference in the material behaviour in different
stages of adhesive curing. Therefore, two differ-
ent measurements of the specimen are per-
formed. The first one about 48 h after application
of the adhesive and a second one after about
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120 h after bonding. To compare those two
measurements, their resulting dispersion maps
are overlaid in Fig. 3 using a color-coded depec-
tion. In this, the two dispersion maps are each
assigned to one RGB-channel (48 h red, 120 h
green) and the third channel (blue) is set to zero.
Due to this coding, the depiction displays black
values where the two measurement are identi-
cally zero and yellow values where both feature
intense signal data. For the most part the dis-
played measurements are identical and both fea-
ture the same modes. Further, the 120 h cured
system provides signal data for those modes
over a slightly larger range. Therefore, most of
the yellow ridges start and end with a green ex-
tension, indicating an improved coupling of both
plates and lower absorption.

Conclusion

The investigation at hand shows that it is possi-
ble to get detailed measurements of ultrasonic
waves in adhesively bonded multilayer systems
using non-destructive testing methods with la-
ser-induced Lamb waves. Further, is it possible
to simulate the dispersive behaviour of those
waves if the material properties of the included
layers are known in advance. Additionally, it is
possible to use this measurement setup to inves-
tigate changes in the material behaviour during
the curing of the adhesive bonding. For further
investigations, the authors aim to derive test
methods for adhesive bonding strength from the
observed changes in the dispersive properties.
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