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Introduction

The use of adhesive joints has become increasingly popular in various industries due to their many benefits, such as low weight and good mechanical
performance. However, adhesive joints can suffer from defects, one of them being weak adhesion. This defect poses a significant risk to structural
integrity and can lead to premature failure, but is hard to detect by existing non-destructive testing methods [1,2]. Therefore, there is a need for an
effective technique that can detect weak adhesion in single-lap joints (SLJ) to prevent failure and assist maintenance, namely in the framework of
structural health monitoring. This work presents a numerical model of SLJs with different levels of weak adhesion and validate it with data from real
samples, so that reliable LWs data can, in the future, be easily generated to train and test any adopted machine learning data-driven algorithms. The
study shows that using simulated data increases up to 26 % the detection capability when compared to only considering experimental data. Therefore
it is possible to determine the validity of using simulated cases to replicating damage.

Results

As a base for the large volume of testes required by the machine
learning algorithm, a Finite Element model was used. The model was
created with two aluminium sheets with 25 x 120 x 2 mm where the
mesh size chosen was 1.5mm. The sensor/actuator were placed in a
centred line at a distance of 10 mm form the edge as can be seen in
Figure 1. The LW, which are a form of guided waves, were generated
using a Hann window pulse with a frequency of 100 kHz and applied to
the horizontal surface of the Plate. Over 70 cases were created by
varying the young's modulus between 100 and 700 kPa.

Experimental Methodology

Conclusions

This work presented a comparison between experimental and
simulated single lap joints subjected to weak adhesion and determined
the validity of the simulated data along with methods to approach the
problem of evaluating the level of weak adhesion on a part. In this
study it was seen that combining both simulated and experimental data
can have an increase of accuracy of 26%
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Table 1 – Results of cases with and without simulated data applied 

Figure 1 – Simulation of LW passing though a aluminium Plate and the 
actuator/sensor positioning.

Alone the experimental data had no correlation between them as can
be seen in Figure 3 where there is no underling correlation that can be
seen easily.

Together with this numerical model, 11 test samples were made with
different levels of weak adhesion. This was done by changing the
quantity of release agent that was applied to the surface that was
going to be adhered. These parts then had the sensors and actuators
attached and data acquired and this setup can be seen in Figure 2.
Finally these sensors were removed and the part was subjected to a
tensile test to determine their level of weak adhesion and correlate
them to the vibrational data, again seen in Figure 2.

Therefore it is necessary to utilize these data together with the simulated
data. As there are numerous hyper parameters, a few were altered to
compare the values. It can be seen (Table 1) that tests that use experimental
and simulated data have an increase of up to 26% in detecting the cross
validation of the experimental data in comparison to only experimental data.

Figure 2 – Experimental setup for the vibrational data (Left) and 
Experimental setup for the tensile test of the 11 experimental samples 

(Right).

Figure 3 – Vibration acquired from the sensor of the 11 experimental samples 
showing no trend of data or direct correlation that can be obtained easily.


