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Foreword

The 18™ euspen conference and exhibition will be held in Venice, Italy, during 4-8 June 2018.
Worldwide famous for its history and beauty, Venice is located in North-Eastern Italy, situated in the
Venetian Lagoon across a group of 118 small islands separated by canals and linked by over 400 bridges.
The city and its lagoon are listed as a UNESCO World Heritage Site.

For a millennium (8th-18th century) it was the capital of the Republic of Venice, traditionally known as “La
Serenissima”, a leading European economic and trading power controlling a vast sea-empire during the
Middle Ages and the Renaissance.

Thanks to the ample freedom of thought granted by the Republic of Venice, the University of Padova
founded in its mainland in 1222, has always been a workshop of new ideas and the home of personalities
who changed the cultural and scientific history of humanity. These include: Erasmus of Rotterdam, the
dominant figure of the early humanist movement in Europe, Nicolaus Copernicus, the father of modern
astronomy, Andreas Vesalius, the founder of modern human anatomy, Galileo Galilei, the father of
modern science, who taught in Padova from 1592 to 1610, and Elena Lucrezia Cornaro Piscopia, the first
woman in the world to obtain a degree, graduated here in 1678.

Today Venice is the capital of the Veneto region, one of Europe’s largest economic and industrial areas,
home to over 4.5 million people and over 437,000 enterprises (total GDP €166 billion). The regional
industry is especially made of small and medium-sized businesses, which are active in several sectors:
automotive (supply chain), machine tools, household appliances, shipbuilding, general manufacturing,
food products, wood and furniture, leather and footwear, textiles and clothing, eyeglasses, gold jewelry,
but also chemistry and electronics. This has led to the establishment of a strongly export-orientated
system of industries.

The 18th euspen conference and exhibition is supported by our local hosts, Prof. Enrico Savio and Prof.
Simone Carmignato, both from University of Padova, IT and Dr. Alessandro Balsamo, INRIM, Turin, IT.

The keynotes for Venice 2018 cover recent progress in facilities for basic and applied research,
mechatronics and industrial metrology:

- Dr. Edda Gschwendtner, CERN, AWAKE Project Leader, CH: “Plasma Wakefield Acceleration: A New
Technology to Push the Particle Energy Frontier”;

- Prof. Piero Martin, University of Padova, Dept. of Physics and Consorzio RFX, Padua, IT: “Magnetic
confinement nuclear fusion: status, challenges and perspectives”;

- Eng. Francesco Ziprani, R&D Manager, MARPQOSS S.p.A., IT: “In-process Metrology for Precision
Manufacturing”

- Prof. Dr. Maarten Steinbuch, TU Eindhoven, NL: “Mechatronics disrupted”

Our hosts and euspen want to bring you in touch with life and culture in Venice, as well as with recent
progress in precision engineering and nanotechnology. We invite you to Venice and are really looking
forward to meeting you there.

Harald Bosse Enrico Savio, Univ. of Padova

euspen President Simone Carmignato, Univ. of Padova,
Alessandro Balsamo, INRIM
hosts of euspen Venice 2018
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Laser-assisted post-processing of additive manufactured metallic parts
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Abstract

Laser-assisted additive manufacturing (AM) is the process of successively melting thin layers of material using a laser source to
produce a three dimensional device or product. From the many technologies available, only a few can produce metallic parts that
fulfil the requirements of industrial applications. Ultrafast laser machining is a new and promising technical approach for post-
processing AM parts since laser ablation and surface modification processes could be applied with high accuracy for trimming
shape and functionality, i.e., edge quality and wettability. The impact of different ultrafast laser parameters is evaluated for AM
samples, which are examined for surface roughness before and after the laser-assisted post-processes. For all the parameters
tested, the use of ultrafast laser resulted in a homogeneous material ablation of the samples’ surfaces. For the investigated
parameter range, the AM building tracks were still maintained even after ultrafast laser post-processing. The achieved results
showed the formation of self-organized porous structures at low laser scan velocities leading to an enhanced surface roughness.
For higher scan velocities characteristic nano ripples might be induced having no significant impact on the measured surface
roughness.

Keywords: Laser finishing, ultrafast laser ablation, additive manufacturing, selective laser melting

1. Introduction 1.5 x 1.0 cm. The laser processing was performed on the top
surface of the samples that have initial Ra roughness of 2.7 +
0.6 um. The chemical composition of the material is shown in
Table 1.

Additive manufacturing (AM) is an established technology
based on the material deposition layer-by-layer to produce a
part or device [1]. It is an alternative for customization and
personalization with little impact on manufacturing complexity.  Taple 1. Chemical composition (wt%) for Maraging steel used in this
Also for reducing material waste, time and costs [2]. On the study
other hand, the AM process typically results in rough surface

finish which make the parts unsuitable for many applications Ni Mo Co Fe Ti Al 0 C

[3]. 13.5 4.6 6.6 50.3 1.2 0.4 18.8 4.6

The laser post-processing is an alternative of AM post-
processing for being a contactless method and for presenting 2.2. Laser system
great flexibility (wide range of systems, parameters and For this work an ultrafast fiber laser system (Tangerine,
technologies available) [4]. By a defined control of laser  Amplitude Systémes, France) was used. The scan velocity (v)
parameters such as wavelength, pulse length, laser fluence,  and the repetition rate (f), which can be related to the pulse
repetition rate, and scan speed, versatile processing for each  overlap and to the energy density of the laser, were varied,
type of material becomes possible including thermal  while the wavelength (A), pulse duration (t), beam diameter
processing, surface modification, and cold ablation. (D), line offset distance (OD) and average laser power (P) were
It is characteristic for ultrafast laser machining that the used kept constant. The process parameters are presented in Table
laser energy will induce no, or only a small, heat-affected zone 2.
in comparison to conventional laser with pulse lengths in the
nanosecond regime. Other benefits of this process can be  Table 2. Laser process parameters
achieved by sub-micrometer ablation selectivity during

machining. Furthermore, different processing strategies are wavelength (A) 1030 nm
available with a single laser source including cutting, drilling, pulse duration (1) 400 fs
ablation and surface smoothing [5]. beam diameter (D) 0.06 mm

In the present work the surface roughness of AM parts is average power (P) 9.4 W
examined after a laser-assisted finishing process. The impact on line offset distance (OD) 0.03 mm
the surface quality of different laser process parameters, such scan velocity (v) 200 - 2000 mm s~
as repetition rate and scan velocity, is investigated. repetition rate (f) 500 - 2000 kHz

2. Experimental .
2.3. Analytical methods

2.1. Material To measure the roughness of the laser processed parts, a
The material used in this study was 18 Maraging 300 steel, white light profilometer (MicroProf®, Fries Research &
manufactured with an EOS M270 SLM machine. The AM  Technology GmbH, Germany) was used. The profile
samples have simple cubic geometry with dimensions of 1.5 x measurements were performed in two different directions:

275


http://www.euspen.eu/

orthogonal to the building tracks (90°) and with a 45° angle (X
and Y). For selected processing parameters areal
measurements will be presented (not shown here).

3. Results and discussion

The change of the surface roughness of the samples as function
of laser parameters is presented in Figure 1.
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Figure 1. Roughness Ra as function of scan velocity and repetition rate.
Ra was measured in 45° (a) and 90° (b) to the building tracks.

The highest surface roughness Ra was observed for the
lowest scan velocity (200 mm s'l) and for the repetition rate of
1000 kHz, in both measurement directions 45° and 90°, being
14.9 £ 1.6 um and 18.8 + 0.9 um, respectively. The high values
observed for these parameters are due to laser-induced self-
organized porous surface. The pores observed presented
diameters up to 20 um. This structure can indicate the
occurrence of selective material removal from the parts. The
comparison of the surface texture and their microstructure is
shown in Figure 2.

Figure 2. SEM of laser processed surface. (top) survey view (3x3mm?)
and (bottom) detail view showing the micro texture: (a) 500 kHz and
200 mm s™; (b) 500 kHz and 1100 mm s™; (c) 500 kHz and 2000 mm s™

The roughness decreased, in all cases, with the increasing of
the scan velocity to 500 mm st Beyond this point, the
roughness tended to vary in the small range of 2 to 3 um,
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which is very similar to the surface roughness of the parts as-
built.

The microstructures obtained when scan velocities from 1100
to 2000 mm s are applied, to all repetition rates, are very
similar to each other, thus the low variation on the Ra values in
the mentioned range. They present periodical ripples and
occasional unmelted particles from the building process on the
surface.

The surface modification mechanism observed during the
ultrafast laser post-processing of the AM samples was mainly
ablation, leading to an almost homogenous material removal.
For the used process parameter range the tracks from the
building process could not be planished out, which is indicated
by the similarity of the roughness values when compared to the
initial surface roughness of the part, as mentioned above.

Apart from the roughness values of the lowest velocity, no
significant difference was observed between the two
measuring directions (45° and 90°).

4. Conclusions

The influence of two laser parameters, scan velocity and
repetition rate, on the surface roughness of additively
manufactured parts was presented. By applying material
ablation and surface modification by femtosecond laser
radiation two types of surface roughness formation could be
detected. For small laser scanning velocity the surface
roughness increased due to a selective material ablation. With
increasing scanning speed the surface roughness Ra is reaching
values which are similar to the initial Ra values of the as-built
AM part. Additionally, the formation of nano-ripples, so-called
laser-induced periodical surface structures (LIPSS), could be
observed for high scanning speeds. Due to the cold ablation
mechanism, ultrafast laser processing is a useful technology for
edge processing and selective particle ablation of AM parts.
Furthermore, a combination of laser-assisted thermal polishing
of AM building tracks and subsequent fs-laser for surface
functionalization and edge processing will be studied in
upcoming experiments in order to achieved an enhanced
surface quality and functionality beyond state-of the art AM
parts.
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