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Abstract

In this paper, audible sounds during keyhole and conduction laser welding were analyzed. The characteristic signals representing good
welding quality was from 10 to 20 kHz. The more the welded metal vaporizes, the higher the plasma temperature and the stronger the acoustic
signals. Furthermore, keyhole shape also affected the acoustic signal intensities.

Then time domain, frequency domain and wavelet analysis methods were used to analyze the acoustic signals. It was proved that frequency
distributions are a better way to identify welding defects. The wavelet analysis results showed that the intensity of low frequency (<781 Hz)
components of the sound signals decreased dramatically when welding defects occurred.

At the end, an artificial neural network (ANN) was constructed to diagnose welding faults. Features extracted from the acoustic signals
were input into the ANN. After training, the ANN could be used to identify between normal and abnormal welds.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

There exist a lot of factors and interactions during
laser keyhole welding, for example: the melting and
vaporisation of materials, keyhole formation and Fres-
nel absorption of incident laser at the keyhole wall,
laser–plasma–material interaction and energy coupling
through inverse Bremsstrahlung in the plasma. These phe-
nomena make the process very complex. However, they also
provide many sources for monitoring the welding process
itself.

Typical signals used to monitor laser welding include
acoustic emission[1,2], audible sound[3,4], weld pool
infrared emission[5], voltage difference between work-piece
and nozzle[6,7], visible light [8–10] and ultraviolet emis-
sions[11,12] from laser-induced plasma.Fig. 1summarizes
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various sensing methods for real-time laser welding
monitoring.

It has been proved that keyhole formation and stability
plays an important role in laser welding. The behaviour
of laser-induced plasma is closely related to the formation
of keyhole, and thus it can be seen as a good indicator
of laser welding quality. Among the various monitoring
methods, audible sound from the laser-induced plasma is
one of the most promising signals and has been explored
extensively. However, the problem is that acoustic emissions
from the plasma are not analysed thoroughly to obtain
the characteristic signals representing the behaviour of the
plasma. There is also a lack of theoretical foundation for this
monitoring method.

In the present study, the objectives are, firstly, to inves-
tigate the acoustic emissions from the laser-induced plasma
in order to obtain the characteristic signals. Secondly, find a
theoretical relationship between these signals with the laser
welding quality. Thirdly, analyse the signals when welding
defects occur by various signal-processing methods, such
as FFT and wavelet analysis. Lastly, an artificial neural
network will be set up and trained to identify welding
quality.
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Fig. 1. Various signals used for real time laser welding monitoring.

2. Experimental system

The formation of keyhole and laser-induced plasma is an
indicator of deep penetration welding. In order to investigate
the audible sound emitted from the laser-induced plasma dur-
ing keyhole laser welding, sound level meter (SLM) was used
to analyse the acoustic emissions. A diagram of the system
is shown inFig. 2.

For audible acoustic signals, an electrets microphone
(CZII-65), which is directionally sensitive (60 degrees), was
used to capture audible sound (0 Hz–20 kHz) and to eliminate
noises coming from other directions.

The data acquisition system had an A/D card (AdvanTech
PCL-818HD) with a 12-bit accuracy and a maximum sam-
pling rate of 100 kHz. The signals were pre-processed by a
band-pass filter (10–20 kHz) and then the signal intensities
were fed into the data acquisition system. (During spectral
analysis, original sound signals were used without band-pass
filtering.)

All the experiments were carried out under the following
conditions:

• Axial fast flow CO2 laser with the maximum power of
1500 W.

Fig. 2. Acoustic signal analysis system and test samples with gap and misalignment.
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