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Experiments

Introduction
Laser welding (LW) and additive manufacturing (AM) are two processes
where the laser-material interaction is highly dynamical. Consequently, such
processes are very prone to defects creation such as pores and cracks.
These defects, often, lead to failures when the workpieces are put in service
and so causing very high costs that may not be limited to repair cost but loss
of human life. Obviously, in many industrial applications, these defects are
considered as unacceptable. Unfortunately, at present, for pores and cracks
detection, there is a lack of a proper in situ, real-time and cost effective
quality monitoring. This work investigates the feasibility of combining acoustic
emission and optical sensors with artificial intelligence for quality monitoring.
The classification accuracy reached ranged from 73 – 91%

Figure 1: (A) – the scheme of
the experimental setup for
real-time X-ray imaging of the
laser welds. The key elements
and their mutual position are
marked on the bar
below the scheme

Signal processing

Our approach
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Figure 3:
(a) We used Daubechies 10 wavelet (db10) for signal decomposition
and processing
(b) We used deep learning for classification of the momentary
welding events
(b)

Figure 2: We copy the Human
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Figure 5: Various sensors used in this work and correlation between images and the sensors

Classification results
Figure 4: (A) - X-ray images of the aluminium sample, exposed to a
single laser pulse of 10 ms duration and a power of 1000W. The seam
conditions are provided by shifting the sample relatively the laser beam
with a constant velocity of 1.5 mm/sec. The time stamps are counted
from the start of the laser irradiation. The marker at bottom right defines
a distance of 200 µm. The dashed circles indicate the formation of
pores, while the arrows point to the border of the melt pool. (B) – the
temperature pro-file of the keyhole channel, measured as an intensity of
the pixels of the X-ray images. The brighter pixels correspond to the
fluxes of volume and temperature.

Table I: Table of classification results for the different quality categories. (optical sensor / acoustic sensor) All sensor together

Results & conclusions
AM/LW process monitoring combining high-speed X-ray imaging, acoustic and optical sensors and artificial intelligence, in particular deep learning neural
network (DNN). The reason is that recent advances in statistical learning, especially deep learning, resulted in high processing efficiency that was not
known before. This fact gives new tools to scientists and engineers towards process monitoring in many applications. Despite all its advantages, the usage
of DNN for practical applications is still limited. The reason is the absence of precise databases that link the real underlying physical phenomena with the
optical and acoustics sensors used. Obviously, X-ray imaging is a key technology that removes these limits.
With this work, we demonstrate that using a specific architecture of DNN, sensors such as optical but even better acoustic or combined can be used for
classifying various type of laser processes as well as various type of defect with high confidence. This is a major step forward for in situ and real-time
quality monitoring of highly dynamical processes. Finally, our approach presented can easily transferred to many applications pursuing both practical and
scientific targets.
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