Comparison of laser polishing effects for different materials
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Integrated optical components are becoming more relevant for complex and
miniaturized systems. For this application, the necessary freeform objects can
only be machined with increased effort when using conventional finishing
processes. Therefore, an adjustable finishing process, such as laser polishing,
which is a non-contact and low-ablation process, is needed.

1 Motivation

Multi-material and integrated optical components
become more and more relevant for small, highly
functional systems due to the different properties of
material classes. In the case of additive manufac-
tured components, the post treatment of the surface
is still necessary to the requirements for e.g. surface
roughness. Especially for multi material compo-
nents and their different optical behavior the ques-
tions arises, if multiple post treatment processes,
and therefore an increased finishing effort, are
needed in order to ensure the optical quality.

In order to reduce process steps for the post treat-
ment, investigations on the feasibility of laser polish-
ing as a non-mechanical post treatment with one la-
ser source on multiple materials are performed.
There are many studies on laser polishing in the lit-
erature, but they are focused on single materials [1]
[2] [3]. Also for laser polishing of additively manu-
factured components first works are available [4].

In this article, the uniform post-processing of differ-
ent material classes by laser polishing is investi-
gated. The laser polishing is performed with the
same laser source (here CO2-laser) on mono-mate-
rial components to investigate the effectiveness of
laser polishing without changing the laser source for
fewer process steps.

2 Process and Materials

The used experimental set-up consists of a CO: la-
ser beam source (with a wavelength of 10.6 um), a
scanner system and a sample table. The scanner
allows to adapt the geometry of the field being pol-
ished to the shape of the component. As the pro-
cess is performed in a defocused way, with a small
divergence, low height variations can be handled.

During the experiments, three materials are used:
AlSi10Mg for samples using Selective Laser Melting
(SLM), PLA for Fused Deposition Modelling (FDM)
samples and fused silica slices. Each of the materi-
als is used to manufacture additively manufactured
optical components like lenses or mounts. With the
use of this materials selection, preliminary tests are

carried out for laser-based polishing using the most
important material classes for optics manufacturing.

3 Results

First, the surfaces of the samples produced in the
SLM process are compared before and after polish-
ing (Fig. 1). For optical quality, the roughness val-
ues must be in the two-digit nanometer range. The
surface roughness of the aluminum samples in par-
ticular has been degreased, but surfaces defects
are still clearly visible. After polishing, the rough-
ness values Sa are still in the range of 14 um (initial
state 40 um, Tab. 1). Therefore, further parameter
studies must be carried out using the laser system
for the aluminum components, even if an improve-
ment has been achieved.

Fig. 1 Comparison of the roughness from the surface of a
printed SLM part (bottom) and the surface after the pol-
ishing process (top).

For the glass samples, surface roughness values
under 30 nm could be achieved. The absorption of
glass at 10.6 um is very high compared to alumi-
num, which allows a more efficient processing

(Fig. 2).

Fig. 2 Left: Fused silica slice before the polishing pro-
cess; Right: Fused silica slice after laser polishing.
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Literature values for the surface roughness of opti-
cal lenses is in the range of A/10 [5]. This range is
already achieved looking at the surface, but there is
still a waviness. Internal stresses, which can influ-
ence the light propagation and image quality of the
optical components as a result of a stress birefrin-
gence were induced by the laser-polishing (Fig. 3).
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Fig. 3 Internal stress of a laser polished fused silica slice.

The PLA also shows a significant improvement of
the surface roughness after polishing. The charac-
teristic layer lines created in the FDM process are
nearly entirely removed (Fig. 4).

Fig. 4 Left: Printed PLA component from the FDM pro-
cess without a post process; Right: PLA part after the la-
ser based polishing.

Remarkable, however, is the bubble formation in the
processed samples, which is probably caused by
outgassing of the plastic. This effect and the com-
position of the material have to be further investi-
gated for a more detailed understanding.

Polished

Non-polished

Material Sa Sa
[um] [um] [um] [um]
AISi10Mg | 45.957 | 39.036 | 16.598 | 13.983
SiO2 2531 | 1.885 | 0.028 | 0.022

Tab. 1 Comparison of the area roughness values of the
unpolished and polished surfaces of the aluminum and
glass material.

Overall, significant improvements of the surface
roughness were achieved with all materials com-
pared with the original condition.

4 Discussion

This work shows that multi-material processing with
only one laser beam source is feasible but not with
the required quality. A significant challenge with the

used experimental set-up are the different absorp-
tion coefficients of the materials. For each compo-
nent, individual parameter sets must be adapted to
the respective material properties. Depending on
the used material, different effects like the outgas-
sing with PLA have to be kept in mind when pro-
cessing the surfaces and therefore the post-process
might need additional considerations regarding pro-
cess parameters and environmental conditions. The
causes for the inclusions and defects on the surface
created in the process must be identified and re-
duced.

5 Outlook

The laser polishing for metals, glass and polymer
with a single laser system is feasible although dif-
ferent processing efficiencies have an impact on the
surface quality. Further parameter studies for the
polishing of polymers from a FDM process and met-
als from a SLM are necessary in order to get results
with a lower surface roughness. This prerequisite is
indispensable for applications in optical setups.
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