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Abstract

The scientific community has been intensively studying how to improve the level of surface roughness on
3D-printed parts, particularly metallic parts made using the selective laser melting (SLM) technique.
Various research papers on this subject have revealed that accurate surface roughness data can be
generated using several methods that are, in fact, not cost-effective. For this reason, the finishing
processes are an integral part of the overall production, especially for those components where the
primary concern is not only appearance but also functional properties (e.g., lower friction, reduced noise,
etc.). This work deals with the measurement of the surface roughness of tumbled parts produced with
SLM after surface treatment with centrifugal and vibratory methods. Tumbling was performed with
ceramic, plastic, and porcelain mediums. At the end, there is an evaluation of the measurement data
based on the required surface roughness of the components.
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1 INTRODUCTION

Designers may now create practical, lighter, and much
more complicated pieces out of a range of materials thanks
to 3D printing technology [Xiao 2018, Marsalek 2020].
Surprisingly, metal components made using selective laser
melting (SLM) had greater mechanical qualities than ones
made using more conventional methods [Pagac 2018,
Liverani 2017]. The aerospace, healthcare, and automotive
sectors, for example, employ a number of common alloys,
and SLM technology has been developed to operate with
them [Yakout 201, Chen 2018; Mohammadian 2018].
However, as discussed in [Strano 2013, Wang 2016, Leary
2017, Vayssette 2018].

The largest and most glaring flaw with 3D-printed items in
general and SLM components in particular is the
considerable surface roughness that arises from the
printing process. The build chamber's position and
direction, the inert gas stream's direction and flow rate, the
powder's properties, and the power and laser velocity all
have a substantial influence on the SLM products' surface
roughness [Townsend 2016, Hajnys 2020, Kozior 2020].

The conventional computer numerical control (CNC)
machining procedure must then be applied to SLM
components in order to produce the necessary surface
roughness, as was previously stated [Kaynak 2018, Cep
2014, Cillikova 2022].

In this scientific article, samples of stainless steel were
created using AISil0Mg powder by employing the SLM

process for printing the samples, and these printed samples
were then tumbled in three dissimilar mediums,
respectively, ceramic, plastic, and porcelain, using two
types of tumbling: centrifugal and vibratory tumbling. The
results of each group of samples were investigated and
then compared in order to acquire the printed samples with
the least level of surface roughness. The challenge is to
determine which finishing method will produce the highest-
quality surface textures. Based on the measurement, an
evaluation of the roughness of individual surfaces for future
machining of additively manufactured components made of
AISi10Mg material was performed. The work was carried
out according to Figure 1, which illustrates the sequence of

the experiment.

Tumbling parts made
aditevely technology from
material AlSi10Mg

Vibratory tumbling

Measurement of
roughness surface

Centrifugal tumbling

Measurement of
roughness surface

Comparison

Evaluation of data
obtained
Determination of
gyrations

procedures for
future production

Fig. 1: Workflow of the experiment
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2 MATERIAL AND
2.1 Powder characteristics

AlSil0Mg is an alloy composed mostly of silicon, aluminum,
and relatively small amounts of magnesium, as shown in
Table 1 after using scanning electron microscopy (SEM) on
a JSM-6510 device (JEOL, Akishima, Japan), energy-
dispersive spectroscopy (EDS), and
Oxygen/Nitrogen/Hydrogen analyzer (ELTRA ONH 2000).
The inclusion of silicon makes the alloy more durable and
robust than aluminum alone with the Mg2Si compound
[Mesicek 2022]. The aluminum alloy has a thick oxide layer
that forms naturally on its surface, providing it with excellent
levels of corrosion resistance. This resistance can be
increased even more by chemical anodizing [Bin 2018].

Tab. 1: Chemical composition of the AISi10Mg (at.%)
[Mesicek 2022].

Component EDS area ELTRA ONH
analysis 2000
(0] 4.7 +0.2 0.09 + 0.01
Mg 11.0+0.1 N/A
AL 84.1+0.2 N/A
Si 10.3+0.1 N/A

2.2 Morphology of the powder

The scanning electron microscopy (SEM) image of the
AlSi10Mg powder is shown in Figure 2. The patrticles have
a spherical form that is characteristic of powders formed as
a result of gas atomization. This spherical shape causes
roughness after scanning in the SLM printer due to the
melting of the particles on the surface of the printed
samples, as shown in Figure 3. It was noticed that there
were numerous satellites (smaller particles adhering to
bigger particle surfaces, which can size up to 10 ym). Most
of the particles are 45 pm in size, and they follow a regular
distribution with high flowability [Mesicek 2022].

Figure 3 presents a 3D surface roughness image taken for
an as-built sample after 3D printing using an optical
microscope called the Alicona InfiniteFocus 5G (IF
MeasureSuite, Alicona ImagingGmbH, Raaba/Graz,
Austria), which reveals that the sample's surface has peaks
that are measured up to 0.18 mm.

Fig. 2: SEM/BSE images showing the particle shapes of
the AISi10Mg powder. [Msicek 2022]

Melted
particles

Fig. 3: 3D Surface structure of the as-built sample after 3D
printing

2.3 3D Printing and printing parameter

A SLM Renishaw AM500 3D printer (Wotton-under-Edge,
UK) with a laser with a highest rated power of 500 W was
used to fabricate the samples. The inert gas was argon with
a purity of 5.0, and the focus size was set to 70 ym. Air was
driven out of the chamber and kept below 1000 ppm
throughout the printing process to prevent the powder from
oxidizing during setup and because the inert gas was
inefficient at removing metal vapors during printing. The
system was configured using QuantAM software
(5.0.0.135, Renishaw, Wotton under Edge, UK). While
printing the samples directly onto the substrate, no support
materials were employed. To make samples with and
without preheating the substrate, twenty samples were
divided into two builds. The samples were numbered from
1 to 20, as shown in Figure 4. Printing on the bridge
samples began with the pylons and progressed to the upper
section.

Fig. 4: AISi10Mg samples material after printing
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2.4 2D and 3D surface roughness measurement

Following manufacturing, samples from 2 to 10 were
centrifugally tumbled using the tumbler OTEC CF1 32EL.
The machine was programmed to rotate 180 rpm.
Subsequently, samples 12 to 20 were put through vibration
tumbling cycles using a 60-liter container called an Avalon
WR60. The set speed of the device was 1950 rpm.
Tumbling was in three different mediums: ceramic (DZS
10/10, Otec company, Pforzheim, Germany), plastic (XS
12K, Wather Trowal company, Germany), and porcelain (P
2/5, Otec company). Samples 1 and 11 were as-built
samples; samples 2, 3, 4, 12, 13, and 14 were tumbled in
one tumbling cycle for 60 minutes in each type of tumbling
medium. Samples 5 and 15 were tumbled for 60 minutes in
all types of tumbling medium. Samples 6, 7, 8, 16, 17, and
18 underwent almost the same tumbling procedure, with the
difference that for samples 6 and 16, there was one
additional tumbling cycle in ceramic medium, for samples 7
and 17, one additional cycle in plastic medium, and for
samples 8 and 18, one additional cycle in porcelain
mediums. Samples 9 and 19 passed tumbling for 120
minutes in a ceramic medium, 120 minutes in a plastic
medium, and 60 minutes in a porcelain medium. The last
samples (10 and 20) underwent two cycles in all tumbling
mediums. Table 2 summarizes the matrix of tumbling
methods and treatment times.

Subsequently, Mitutoyo SJ-210 was utilized to determine
the 2D roughness of the surface as shown in Figure 5.(a).
Every sample surface has been measured six times. In
order to reduce the error of measurement, the arithmetical
mean height of a line (Ra) and the mean roughness depth
(Rz) were determined.

Eventually, 3D surface structure roughness was measured
using the optical microscope Alicona InfiniteFocus 5G (IF
MeasureSuite, Alicona ImagingGmbH, Raaba/Graz,
Austria) as shown in Figure 5.(b).

Tab. 2: Matrix of tumbling methods and treatment time

Fig. 5a: 2D/3D Surface roughness instruments:
Mitutoyo SJ-210

Fig. 5b: 2D/3D Surface roughness instruments:

Alicona InfiniteFocus 5G
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3 RESULTS AND DISCUSSION
3.1 Measurement of 2D surface roughness

In this section, the results of the 2D surface roughness Ra
and Rz are presented. Figures 6 and 7, which correspond
to the data shown in Tables 3 and 4, respectively,
demonstrate these roughness levels as averages for the
two methods of tumbling.

The roughness values Ra showed large differences
between the vibratory and centrifugal tumbling, as shown in
Figure 6 as well as in Table 3 and Table 4. A comparison
between sample 2 and sample 12 showed that the
roughness Ra of the centrifugal tumbling was reduced
many times over by tumbling with a ceramic medium
compared to the initial value of the as-built sample, namely
by 72% (from 12.12 ym to 3.3 um), while it decreased by
only 10% (from 12.12 pm to 10.9 pym) in the case of the
vibratory tumbling. The values of the roughness Ra
increased for samples 3,4 and 13,14 where they were
tumbled in plastic and porcelain media respectively
compared to the value of the roughness Ra in samples 2
and 12 with ceramic medium, it was discovered that the
roughness Ra for centrifugal tumbling sharply decreased
with increasing tumbling duration and mediums, the value
of the roughness Ra in Sample 10 which was tumbled in
every medium for 120 minute showed a decreased by 97%
(from 12.12um to 0.32um), these results illustrate the
effectiveness of centrifugal method to achieve the required
roughness, while for the vibratory method there was only a
slight effect with a small decrease with increasing of
tumbling time, the lowest value of roughness Ra in the
vibratory tumbling method recorded in sample 20 where it
decreased only by 40% (from 12.12 2 ym to 7.39 pm) these
values are insufficient to improve the surface texture of the
samples. With these results, the vibratory method proved
ineffective in achieving the required roughness of 2 ym.

2D surface roughness, Ra

l

Ra [pm]

Specimen no.

B Centrifugal tumbling B Vibratory tumbling

Fig. 6: 2D surface roughness Ra results grouped after
centrifugal and vibratory tumbling.

2D surface roughness, Rz

il

Specimen no.

B Centrifugal tumbling

Rz [um]

H Vibratory tumbling

Fig. 7: 2D surface roughness Rz results grouped after
centrifugal and vibratory tumbling.

The measurement of the roughness Rz confirmed the great
differences between the two methods of centrifugal and
vibratory tumbling, which are well explained in Figure 7 and,
as it were, in Tables 3 and 4. Related to the initial value of
the roughness Rz for the as-built sample, a comparison
between Sample 3 and Sample 13 showed that when
tumbling with plastic medium, the roughness Rz increased
for both methods: it increased by 118% (from 33.35 ym to
73.05 um) for vibratory tumbling and only by 18% (from
33.35 uym to 39.58 pm) for centrifugal tumbling.
Remarkably, the roughness values of samples 4 and 14
Just like plastic medium, even porcelain in samples caused
a several-fold increase in the roughness Rz. With
increasing tumbling time and mediums of tumbling in the
centrifugal method, there was a sharp decrease for the
other samples; the minimum value of the roughness Rz was
recorded for sample 10, which was reduced by 93% (from
33.35 ym to 7.39 um). These results confirmed the
effectiveness of the centrifugal method, but in the vibratory
method, the opposite effect was observed; for all samples
of the vibratory method, there was an increase in the
roughness Rz in comparison to the as-built sample. With
these results, the vibratory method proved to be
undesirable.

Through the measurements of the roughness Ra and Rz, it
was shown that centrifugal tumbling is more effective than
vibratory tumbling. This is due to the enormous magnitude
of centrifugal force in high-energy systems with the addition
of the compounds, which leads to deleting the roughness in
the printed samples very effectively. It is possible to
efficiently prevent collisions and the resultant damage to the
surfaces of the components, which makes it a safer choice.
Contrarily, vibratory tumbling gives a lower radius and a
smoother surface in contrast to centrifugal tumbling, making
it more efficient for the finalization operation. In addition,
ceramic tumbling yields more precise two-dimensional
measurements than porcelain and plastic measuring
techniques. Thus, ceramic medium is the best for heavy
cutting and hard metal, and porcelain tumbling media is a
kind of ceramic medium that has non-abrasive properties.
It is used for the purposes of polishing and burnishing.

MM SCIENCE JOURNAL 1 2024 | Special Issue on VRBA100
7168



Tab. 3: 2D surface roughness results after centrifugal
tumbling

Sample No. Ra [um] Rz [um]
1 12.12 33.35
2 3.30 25.25
3 7.10 39.58
4 9.48 58.76
5 2.88 20.36
6 1.29 12.50
7 1.00 7.8
8 0.76 6.24
9 0.30 2.54
10 0.32 2.24

Tab. 4: 2D surface roughness results after vibratory
tumbling

Sample No. Ra [um] Rz [um]
11 12.12 33.35
12 10.09 56.06
13 12.31 73.05
14 11.53 67.36
15 8.55 50.70
16 8.82 49.00
17 8.37 44.62
18 8.94 48.74
19 8.30 46.36
20 7.39 42.54

3.2 Measurements of 3D surface structure roughness

The macro-scale images demonstrate the 3D surface
roughness structure of the samples. Figures 8 and 9 show
the difference in 3D structure roughness between the two

methods of tumbling.

A superior surface finishing was seen in the 3D images for
the centrifugal tumbling. Additionally, the ceramic medium
in sample 2 exhibited a better level of roughness compared
to samples 3 and 4, which were tumbled in plastic and
porcelain, respectively There was no significant change in
microstructure  for vibratory tumbling, and these
microstructure images were consistent with 2D roughness
assessments.

The first comparison was done between samples 2 and 12,
after both were tumbled in ceramic media for 60 minutes.
There were significant changes in surface roughness, with
sample 12 having a substantially coarser surface texture
after vibratory tumbling but being smooth after centrifugal
tumbling. This preliminary 3D surface comparison
supported the findings of the 2D surface comparison, which
revealed that centrifugal tumbling was more successful
than vibratory tumbling.

It was discovered that as the number of tumbling mediums
increased, the surface structure improved after centrifugal
tumbling and remained almost unchanged after vibratory
tumbling. This observation was observed in a subsequent
examination of samples 5 and 15, which were tumbled for
60 minutes in each medium. The distinction between the
two forms of tumbling may be seen. Sample 5 in particular

revealed a smoothing of the surface, but sample 15's
structure remained rough.

Further analysis was conducted on samples 10 and 20,
which were subjected to ceramic, plastic, and porcelain
mediums for a duration of 120 minutes. The study proved
the inefficacy of vibratory tumbling, as it observed little
alteration in the surface structure of sample 20. On the
contrary, the impact of centrifugal tumbling on the surface
structure of sample 10 was clearly evident. It may be
inferred that increasing the duration of tumbling in the
centrifugal approach leads to improved surface texture and
reduced surface roughness. The comparisons of 3D
surface structures validated the prior findings of 2D
surfaces, indicating that centrifugal tumbling outperforms
vibratory tumbling.

4 CONCLUSIONS

To sum up, this article blended two separate abrasive
surface tumbling methods to give an efficient approach for
treating the surfaces of AlSi10Mg powder in three different
mediums for predetermined periods of tumbling. This was
done in the context of printing materials with reducing
spending.

Based on the results of the applied 2D and 3D
measurement methods, it was discovered that centrifugal
tumbling greatly improved the roughness metrics Ra and
Rz for each of the samples. These results proved that the
centrifugal method was more effective compared to
vibratory tumbling, which was ineffective, and its application
is limited to unifying the surface structure and removing
supports and burrs formed during 3D printing. In addition,
when finishing by tumbling was applied, it was found that
the medium of tumbling and then the duration of tumbling
were the major contributors to the quality of the surface
roughness. It was noticed from the data obtained that the
longer the sample was tumbled, the lower the roughness
values Ra and Rz were found.

The centrifugal method was used on samples 9 and 10,
which had a roughness of Ra = 0.30 pym. This was the
lowest average Ra roughness value of all the samples
examined. Samples 6, 7, and 8 tumbling methods also met
the specified roughness value Ra =2 um. A more extensive
assessment of each tumbling phase, extension to other
tumbling media, and a more detailed analysis of the
tumbling technique of sample 3 are all advised for a more
precise interpretation of the results. which reached Ra =
3.30 ym after 60 minutes of tumbling in the ceramic
medium.

The findings of this study allow us to reach the conclusion
that centrifugal tumbling is capable of producing the
necessary level of roughness in a shorter amount of time,
which in return helps to lower the cost of surface finishing.

5 FUTURE WORK

This work was to determine the comparison between two
methods of tumbling and conclude the effectiveness of
centrifugal tumbling for better surface finishing. However,
this work needs to study the position of the printer samples
and the scanning strategy. It is mandatory to study the
effect of tumbling on the recycled AISi10Mg powder. It is
also mandatory to find the perfect time of tumbling because
the medium of tumbling gives different surface roughness.
According to these results, it is mandatory to study the
effect of tumbling on the microhardness, surface wetability,
and chemical composition behavior of tumbled samples.
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Sample 1

Sample 8 Sample 9

Sample 10

Fig. 8: 3D surface roughness with centrifugal tumbling
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Samplell

Sample 19

Sample 17

Sample 20

Fig. 9: 3D surface roughness with vibratory tumbling
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