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Matthias Weigold2, Tobias Melz1,4

1 Technical University of Darmstadt, Department of Mechanical Engineering,

Research group System Reliability, Adaptive Structures, and Machine Acoustics SAM,

Otto-Berndt-Straße 2, 64287 Darmstadt

E-Mail: yaxiong.ren@sam.tu-darmstadt.de
2 Technical University of Darmstadt, Department of Mechanical Engineering,

Production Management, Technology and Machine Tools PTW,

Otto-Berndt-Straße 2, 64287 Darmstadt
3 Fraunhofer Institute for Digital Media Technology IDMT,

Ehrenbergstraße 31, 98693 Ilmenau
4 Fraunhofer Institute for Structural Durability and System Reliability LBF,

Bartningstraße 47, 64289 Darmstadt

Abstract
Additive manufacturing such as Powder Bed Fusion with
Laser Beam (PBF-LB) is gaining attention in the pro-
ducing industry. Monitoring the quality of the PBF-LB
products in situ is crucial for ensuring that the desired
product criteria are met. Currently, the state of the re-
search focuses on optical process monitoring using CCD
cameras, photodiodes, high-speed cameras, and pyrome-
ters. A disadvantage of these approaches is that knowl-
edge can only be extracted from the last manufactured
layer, whereas defects such as cracks or warpage in deeper
layers can remain hidden. A way to extend such moni-
toring systems is the use of microphones to analyze the
sound pressure generated by PBF-LB. We describe pos-
sible defects in PBF-LB and how to detect them with
ultrasonic microphones. The experimental setup is opti-
mized regarding the acoustic conditions in the manufac-
turing chamber and the Signal-to-noise ratio. The opti-
mized setup is exemplified as used in the experiments in
the project ”Development of machine learning algorithms
based on virtual sound data for lightweight construction
for quality assurance in additive manufacturing” (ML-S-
LeAF). Finally, an outline is given for future work.

Introduction
The PBF-LB additive manufacturing process produces
components following the solidification mechanism of
cyclic melting and solidification [1]. The material is
present as powder and is melted by local energy input
using a laser beam. The manufacturing process is carried
out by cyclic application of powder and local melting of
the powder. In this way, complex structures can be pro-
duced directly and close to the end geometry. PBF-LB
hardly restricts the component design and is therefore
very interesting, especially for lightweight applications.
However, the complex melting and solidification mecha-
nisms in PBF-LB are currently only partially mastered,
defects such as porosity can occur depending on the pa-

rameters influencing the process.

The main influencing factors leading to defects are the ex-
posure parameters and strategy, the material, the inert
gas, as well as the quality and production method of the
powder [2, 3]. In addition, strong cross-sectional changes
or overhanging structures favour defects such as pores,
cracks, warpage, and material bulges, so that quality re-
quirements are not met, for example in the aerospace
industry. Process monitoring can improve quality in ad-
ditive manufacturing and increase process reliability. An
in-situ monitoring technique could help to better control
the layer-wise production of components and deliver in-
formation about the condition of a component.

Previous systems for quality assurance by process mon-
itoring in PBF-LB use optical sensors or cameras that
record the images of the melt pool. However, plume
formation and the temperature and wavelength depen-
dence of the radiation intensity distort the measurement
signals. Moreover, only anomalies in the current pro-
cess layer can be detected and localized [4]. Defects such
as cracks or delamination occurring in already processed
layers are hidden for optical process monitoring. Thus,
an experienced machine operator is usually needed to
decide whether to stop the process, making quality mon-
itoring subjective and not automated.

In contrast, acoustic quality monitoring could complete
the missing part of optical monitoring systems. Experi-
enced production employees can hear deviations from the
”normal sound” of a production plant and thus conclude
the process or component quality. This sound evalua-
tion is purely subjective, but it allows conclusions to be
drawn about the condition of machines and is therefore
decisive for component quality. The demands on high-
quality components, for example in the aerospace indus-
try, go far beyond this inconsistent subjective evaluation,
which is why an automated and objective evaluation of
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process sound is necessary. In this context the use of
process monitoring systems can also generate deeper lev-
els of process understanding, e.g. quantified correlations
between process anomalies and resulting defects.

The aim of the project ”Development of machine learning
algorithms based on virtual sound data for lightweight
construction for quality assurance in additive manufac-
turing” (ML-S-LeAF, funded by BMWK, Germany) is to
evaluate noises in an automated way and thus monitor
the quality for PBF-LB. Based on sound data, machine
learning algorithms recognize pre-learned error patterns
or deviations of the system sounds from the ”normal
sound” of the PBF-LB process. For this purpose, it is
essential to record high-quality audio signals and to pre-
process the acquired data based on process knowledge as
well as knowledge about internal and external influencing
factors. In this paper, a first attempt is made to record
the process sound on a PBF-LB machinery EOS M290
using MM 302 ultrasonic measurement microphones from
Microtech Gefell GmbH. The influencing factors and the
disturbance variables are identified and quantified.

Experimental setup
In PBF-LB manufacturing processes for production pur-
pose, the laser melts the metal power in lines right next
to each other, so that the local defects turns out not rec-
ognizable by the lines next to it and the layers on top
of it, which means the local defects accumulate in the
final product. To investigate the non-accumulated lo-
cal defects through visual inspection and acoustic event
detection, single-line tests are used to reduce the com-
plexity of the experiment at the beginning of the inves-
tigations, to ensure consistent measurement conditions,
and to test several verified parameter combinations. A
pause in time series and a spacial distance between lines
is provided after each welded line to separate the individ-
ual signals. During the pause, the reflected sound waves
have enough time to decay to avoid increased noise in
the audio recording of the next lines. Sources of incon-
sistency such as different thermal boundary conditions as
well as re-melting of defective areas can also be excluded,
which should enable a clearer assignment of the process
results to the acoustic signals. The generated samples
(single lines) are then examined in visual inspection us-
ing a high definition microscope, with anomalies being
identified, labeled, and located. Using the audio data, it
could be shown that the process can be identified in the
audio signal using a short-time Fourier transform (STFT)
(see Fig. 1). The laser scanning takes a much shorter
time than the pause to separate each line. The peaks in
the spectrogram 1 correlate with the processing of single
lines. And the gap between the two peaks corresponds
to the pause. Thus, the airborne sound measurements
show a clear difference between signals of laser welding
and background noise, which offers a good potential for
defect detection (see Fig. 1).

In the following, the influence of the microphone posi-
tioning on the quality of the audio signal and the factors
that influence the quality differences are listed. In ad-
dition, further process-related influencing factors on the

Figure 1: Spectrogram of sample audio recording

acoustic measurement are shown. Finally, a summary
and a conclusion follow.

Acoustic Measurement Conditions
In this study, we use ultrasonic microphones to collect
acoustic data for defect detection in a Powder Bed Fu-
sion (PBF) chamber as shown in Figure 2. The PBF-LB
building chamber has a size of 250 mm x 250 mm x 325
mm. Previous research shows that the acoustic event
of laser welding is detectable in the ultrasonic frequency
range up to 65 kHz [5]. In that chamber, two ultrasonic
microphones are equipped in different positions from the
specimens. The microphones are able to capture acoustic
signals from 5 Hz to 100 kHz in an environment up to
110°C. Since only the building plate is preheated to 80
°C and the atmosphere has for our experiments a con-
stant temperature around 20°C, the microphones are not
overheated.

Figure 2: Building chamber of PBF-LB machinery with two
mounted ultrasonic microphones

To ensure a safe and efficient laser welding process, it
is common practice to use a protective atmosphere in
the building chamber. In this study, the chamber was
filled with Argon gas at a pressure of 0.56 mbar. Acous-
tic signals were sampled with a frequency of 204,800 Hz
and acquired using a Soundbook manufactured by Sinus
Messtechnik GmbH. Simultaneously, the position of the
laser welding point was monitored by a PBF-LB Melt
Pool Monitoring system. To synchronize the time series
from the (Sinus Messtechnik GmbH Soundbook) and the
PBF-LB Melt Pool Monitoring system, the same acous-
tic signal is sent from the acoustic data acquisition to the
PBF-LB Melt Pool Monitoring system.

Cubic specimens are prefabricated with an edge length
of 10 mm using 316L stainless steel powder on the build-
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ing plate. Prior to each build job, a layer of 316L pow-
der is applied on top of the specimens with a thickness
of 60 µm. The acoustic data is acquired during single
lines are exposed by the laser on these specimens. We
use the specimens for two reasons. To generate a solid,
plane and homogeneous surface at a discreet height for
the single-line experiments. Second, we have the oppor-
tunity to separate the specimens from the build plate
after the experiment for further microscopic evaluation
of the produced single lines.

The quality of the ultrasound recording is influenced by
various factors, such as external noise, inert gas flow, and
sound reverberation. To maintain a steady pressure and
purity of the inert gas, the inert gas was pumped into the
building chamber through the gas outlet by a high-speed
turbine which introduces external vibration and noise in
the measurement environment. The gas outlet was de-
signed to be located near the building plate to dissipate
the heat generated by laser welding. However, a conflict
of goals occurs with the selection of the microphone po-
sitions. While the microphones needed to be placed near
the building plate to capture the airborne noise of laser
welding, the convective flow of inert gas would directly
blow onto the microphones and create wind noise. The
selection of the microphone positions will be discussed
and quantified in the next section.

Another influencing factor that can affect the quality of
the acoustic data is sound reverberation. Because the
chamber walls are bare aluminum plates, little damp-
ing is introduced for airborne noise in the chamber. As
a result, the sound wave could be still measurable af-
ter multiple reflections, leading to a longer reverberation
time for certain frequencies. If the direct sound overlaps
heavily with the reflected noise, an acoustic event will be
less detectable.

Microphone Positions
To test the dependency of the recording reliability on the
location of microphones, the measurement setup employs
two ultrasonic measurement microphones in the PBF-LB
chamber. These microphones were positioned at 40 cm
(position 1) and 25 cm (position 2) from the center of
the building plate for the first setup, as shown in the
first picture of Figure 3. The second setup is shown in
the second picture of Figure 3, where two microphones
were positioned at 25 cm, the same location as position
2, and 10 cm (position 3) from the center of the building
plate.

Figure 4 shows the frequency density distributions of the
sound pressure levels. For the analysis, 47 welding sam-
ples were taken into consideration, for each microphone
position. The x-axis of the plot represents the range of
sound pressure being plotted. It is divided into a set
of bins (or buckets) that cover the range of the sound
pressure, and each bin shows the count or frequency of
observations that fall within its range. The y-axis of
the plot represents the statistic frequency density of the
sound pressure corresponding the x-axis. The frequency
density is estimated and a smooth curve is plotted to

Figure 3: PBF-LB chamber with two setups and three
mounting positions of ultrasonic microphones

show the distribution of the sound pressure. Our results
provide valuable insights into the behavior of sound pres-
sure levels during welding and their distribution across
different microphone positions.

Figure 4: Frequency density distributions of sound pressure

The sound pressure distribution indicates that the ma-
jority of the recorded samples exhibit a central tendency
falling within the range of −10 dB to −20 dB as shown in
Figure 4. To capture the airborne noise generated during
laser welding, it is recommended to position the micro-
phones in close proximity to the building plate. Although
microphone position 3 is located closest to the process, it
does not exhibit the highest statistic frequency density.
This is attributed to the direct exposure of the inert gas.
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On the other hand, at position 2, located at a distance
of 25 cm from the center of the building plate within the
PBF-LB chamber, the frequency density curve is steep
and narrow, indicating that the audio recording remains
stable and the signals are highly reproducible.

Summary and outlooks
The PBF-LB additive manufacturing process can pro-
duce components with complex structures, but it is prone
to defects such as porosity due to incomplete mastery of
the melting and solidification mechanisms. Process mon-
itoring is crucial for quality assurance, and although op-
tical sensors and cameras have been used, they have lim-
itations, such as difficulty dealing with smoke formation.
Acoustic quality monitoring is a promising approach as
it allows for the automated and objective evaluation of
process noise. This study aims to evaluate and optimize
the acoustic measurement setup for monitoring PBF-LB
quality. Among several factors influencing acoustic mea-
surement, the selection of microphone positions is dis-
cussed and quantified in detail through experiments. The
position near the building plate, without being directly
impacted by the inert gas flow, delivers the most repeat-
able sound pressure distribution.

In future work, other factors such as reverberation should
be investigated. Additionally, this work should establish
a foundation for generating reliable acoustic recordings
in various manufacturing setups to introduce different
defects. These acoustic recordings are crucial for building
a database for the automated detection of defects.
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