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ABSTRACT

Metal additive manufacturing has shown great progress in industry with the development of laser 
powder bed fusion (LPBF). Performance of LPBF parts depends on optimal process parameters and 
careful selection of scanning and building strategies of complex parts. In-situ acoustic emission 
provides a suitable solution for the direct control of the LPBF process during manufacturing. An 
inhomogeneous powder layer is one of the main reasons for causing defects in LPBF. This paper 
shows the effect of powder layer thickness on frequency content and sound pressure level (SPL) of 
the emitted sound during LPBF processing. Final track morphology is correlated to the sound emitted 
at different layer thicknesses.
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1. INTRODUCTION

The development of the metal additive manufacturing (AM) industry has grown exponentially during 
the past few years [1]. The main obstacle for AM is not only to introduce these technologies to 
industry but also to qualify quality and be cost effective [2]. The complex nature of LPBF makes 
slight variations in process variables detrimental to the quality of the parts. This led to the 
development of much-needed process monitoring systems for quality control [2].

Gas-borne acoustic emission (AE) has been reported to be a possible method for online monitoring 
of laser processing [3]. Fisher et al. [4] showed a clear shift in frequency and missing peaks in 
spectral analysis of the two laser powers used. A study by Luo et. al. [5] investigated the affect 
plasma plumes of pulsed laser welding on AE. The AE of these different plumes were compared and 
shown to have valuable information. They showed that each pulse has a certain AE development 
corresponding to the plasma plume and that there is a clear change in amplitude from the beginning 
of the emitted AE pulse when compared to the rest of the pulse. This difference was attributed to 
increased laser absorption. Shevchik et al. [6] used a fiber Bragg grating sensor which was mounted 
directly inside the process chamber of a Concept M2 and was used to detect AE for in-situ quality 
monitoring during LPBF. The signals were analyzed by spectral and convolutional neural networks. 
It was found a correlation between AE signals and porosity of the samples exist. Kouprianoff et al.
[7] showed that the frequency changes due to powder layer thickness can be used to predict layer 
thickness.

One of the reasons for LPBF flaws is balling effect. Instead of continuous tracks with regular 
geometry, a chain of beads is produced that increases the probability of pores in LPBF parts [8,9]. 
In the case of a thick powder layer, there will be no metallurgical contact between the molten pool 
and the previous solidified layer/substrate. An increase in laser power causes the temperature to 
rise which leads to bigger molten pool size, deeper penetration into the substrate up to keyhole 
regimes [10,11]. This work sets out to establish a correlation between the acoustic emission and 
final shape of single tracks at different powder layer thicknesses using an EOSINT M280 system with 
laser parameters kept optimal for this system.

2. METHODOLOGY

Ti6Al4V (ELI) powder and grade 5 substrate were used with single track experiments. Powder from 
TLS Technik GmbH & Co. Spezialpulver KG (Germany) that was pre-alloyed gas atomized powder 
with the following chemical composition: Ti – balance, Al – 6,34%, V – 3,94%, O – 0,082%, N – 0.006%, 
H – 0,001%, Fe – 0,25%, C – 0.006% (weight %). The equivalent diameters (by volume) of the powder 
particles were d10 = 12.03 = 21.38 = 31.15

Experiments were done with an EOSINT M280; a microphone was placed inside the building chamber
240mm above the substrate. Laser power and scanning speed was kept constant at 170 W and 1.2 
m/s. Two single tracks 48 mm in length were produced without powder and with powder (1,2,4,5 
and 10 layers) with layer thickness set to 30 m. This resulted in two tracks (named Track 1 and 
Track 2) positioned 40 mm apart for each layer thickness. First, two tracks were sintered without 
powder, then a powder layer was delivered, and the laser scanned two tracks next to the previous 
tracks (1mm apart). This procedure was repeated for the corresponding layer thicknesses.

AE is measured using an ICP microphone having an optimal frequency range of 3.75–20 000 Hz (±2dB). 
The data is acquired at a sampling frequency of 102.5 kHz. For analyses, post processing was 
implemented using 2 kHz high-pass filter to remove the effect of ambient operating noise that does 
not pertain to the actual laser scanning. Although some information might be present below 2 kHz, 
it would not be considered in this study. Data analysis was carried out using LabView and microscopy. 
Each track’s corresponding sound waveform was extracted from the recording and used for Fast 
Fourier Transform (FFT) and sound pressure level (SPL) calculations. For microscopy top and cross-
sectional images were taken. The data was used to correlate the track morphology to the frequency 
content for the specific layer thickness. 
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3. RESULTS AND DISCUSSION

Clear differences in track morphology were observed from the top and cross-sectional view at 
different layer thickness, as shown in Figures 1 and 2. Using the optimal process parameters [12] for 
a 30 m powder layer thickness, regular tracks were produced up to two layers. From 4 layers (about
120 m), balling effect started: tracks were continuous but had irregular shapes. At 10 layer
thickness, sintered tracks had no regular metallurgical contact with the baseplate – only some 
molten beads were slightly attached to the substrate at random areas which means that at this laser 
power, spot size and scanning speed, energy from the laser beam is not enough to completely fuse 
the material to the underlying base plate (Figure 1, bottom image).

The penetration depth decreases with layer thickness, and the height of the sintered single tracks
increases with layer thickness. It must be noted that the height increases much faster than the depth
decreases. A laser power density (that is a relation of laser power and spot size) is the main factor 
which influences melt pool depth [10], at the chosen laser power of 170 W with a spot size of 80 m
and 1.2 m/s scanning speed, the laser beam energy of 11 mJ was enough to create a joint molten 
pool from the powder and the substrate up to 5 powder layers. Penetration depth decreased with 
layer thickness and disappeared at the thickest powder layer about 300 m.

Figure 1: Single tracks on the baseplate at different powder layer thickness:
top view (left) and cross-sections (right)

At 30-300 m powder layer thickness, the height of the track increased linearly with powder layer 
thickness since more powder material was involved in the process. In comparison with solid material, 
the absorption of powder is higher and effective thermal conductivity is lower, therefore the width 
of the molten pool slightly increased with layer thickness and resulted in wider tracks and an 
increased contact zone. Involving more material into the process increases the top part of the track 
and decreases penetration into the substrate and contact zone (Fig. 2b). With powder layer 
thickness, variations of geometrical characteristic also increased.
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(a)

(b)

Figure 2: Geometrical characteristics of single tracks (a) and evolution of the cross-section 
shape with powder layer thickness (b)

The extracted sound signal of track 2 after filtering is shown in Figure 3. The amplitude of signals 
clearly increases with powder thickness. The start of the track can be identified by the increase in 
activity (red colour). A clear initial spike is observed at the beginning of scanning without powder
that agrees with the development of AE shown by Luo et al. [5]. With powder layer processing, the 
sound does not exhibit the initial peak at the start of scanning. The amplitude of the average signal 
reaches a maximum at a certain powder thickness thereafter the amplitude decreases as seen when 
comparing two and ten layers in Figure 3.

Without powder, the frequency content showed a large presence at 6.5 kHz as seen in Figure 4. A 
clear difference in the frequency spectrum is seen with increasing powder layer thickness. The 
complex nature of the LPBF process with regards to slight changes during processing proved to be a 
major consideration during data analysis. The effect of these changes will be seen in the time domain 
and therefore it was logical to analyze the tracks in smaller parts. The tracks were split into 4 parts 
corresponding to 0.01 seconds each.

Looking at the top view of the tracks it can be seen that the shape of the track is different at the 
beginning, middle and end (Fig. 5). This is an obvious observation but the implications on the sound 
emitted should be considered. It is also observed that the size of the start and end irregularity is 
only about 0.8 mm (1.67%) of the track length, therefore it is not expected to contribute on a large 
scale.

Two basic questions need to be answered, what is the influence on the frequency and the sound 
level at these different parts. For Track 1 without powder four parts are shown in Figure 6. As 
expected, differences are observed but they seem to remain similar if compared to the shape of 2 
layers FFT’s shown in Figure 4. The 6.5 kHz peak remain present at varying amplitude. The effect 
on frequency due to shorting the time was not investigated any further but it should be kept in mind 
that these four parts might have experienced a burst of energy at a certain frequency at a specific 
time and that would be presented in a value that is averaged over the number of samples.



208RAPDASA 2019 Conference Proceedings

Figure 3: Extracted AE signal of track 2 without powder (a), two layers (b) and 10 layers (c) 
showing registered amplitude versus time

To compare the level of sound emitted at these different parts, the Sound Pressure Level (SPL) was 
measured. For each layer the SPL were calculated for the 2 tracks which were divided into 4 parts.
A definite pattern is seen not only in the different parts of each layer but also in the way the SPL 
average changes with layer thickness (Figure 7). Some variations are present and could be attributed 
to uneven or difference in powder layer thickness. Without powder there is a rise in SPL at the start 
and end of scanning, this is also observed in the extracted signal at the top of Figure 3.
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Figure 4: FFT response of single tracks produced at 170W, 1.2m/s: without powder (a), 2 
layers (b) and 10 layers (c)



210RAPDASA 2019 Conference Proceedings

Figure 5: Top view of single track produced at 170 W, 1.2 m/s without powder showing three 
different areas: start, middle and end of the track, from left to right respectively

Figure 6: FFT spectra of four sections for 0.1 s signals from single track without powder

The fact that track 1 and track 2 without powder matched closely hints that the other deviations 
seen in the rest of the layers could be because the powder layer thickness was uneven although 
there are not enough statistical data to verify such a claim. A noticeable difference in SPL is seen 
when powder is introduced. The shape of the sound also changes in that instead of a drop in intensity 
from part one to part two there is a rise. Although part 4 has a higher SPL than that of part 3, in 
general they are quite close.

As seen in Figure 7 a clearer representation of the effect of layer thickness on SPL can be seen in 
Table 1. The average and standard deviation was calculated from the eight parts of two tracks for 
sets. A turning point is observed at 4 layers and from the cross-sectional analysis we observe that 
contact zone is at a maximum at this layer thickness (Fig.2a). From the inverse distance law of 
sound, the maximum expected change in amplitude due to distance from the source can be 
calculated. For tracks 40mm apart a maximum of 0.11dB change in SPL can be expected.
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Figure 7: SPL for different parts at different layer thicknesses

Table 1:  Average and standard deviation of SPL at different layer thickness 

Layer thickness SPL, dB

Without powder 75.3±1.48

1 layer 79.2±1.41

2 layers 80.8±1.34

4 layers 80.8±1.54

5 layers 80.2±1.36

10 layers 79.4±1.13

There was a correlation between the contact zone (Fig. 2a) and the SPL shown in Table 1. As the 
powder layer increases beyond 10 layers the molten pool will not touch the substrate and the SPL 
will reach some constant limit. That SPL and the frequency content can then be used to indicate 
fusion defects.

4. CONCLUSION

This paper reports on the effect of powder layer thickness on frequency content and amplitude of 
the emitted sound during LPBF processing. Final track morphology is compared to the sound emitted 
at different layer thicknesses. The physics of AE source during LPBF needs further investigation.
Powder layer thickness clearly changes the SPL and reaches a maximum at 4 layers for single tracks 
where a contact zone was maximum at used power and scanning speed. No-powder case presented 
a clear peak at 6.5 kHz while the other frequencies remained relatively low as compared to powder 
layer processing. In powder case a clear increase in energies at other frequencies are present. 
Significant AE difference can be seen with change in powder layer thickness.
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