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Abstract—The purpose of the present study is to investigate
the impact of technological parameters on the mechanical
properties of the Co-Cr alloy after the Selective Laser Melt-
ing (SLM) process. The energy density (¢) and the number
of the laser beam passes on each melted layer were the vari-
ables. The static tensile test was used to evaluate the me-
chanical properties of the manufactured samples. The re-
sults of the study show significant differences in material
characteristics resulting from different number of the laser
beam passes over the programmed path.

Index Terms—CoCr, energy density, laser, Selective Laser
Melting.

L INTRODUCTION

In recent years a dynamic development of the modern
manufacturing technologies, enabling quality improve-
ment and increase of geometric complexity of manufac-
tured products and reducing the time required to put them
on the market, is observed. Among them the additive
manufacturing technologies, classified at the beginning as
the methods of rapid prototyping (RP) [1], which is often
called 3D printing, deserve a special attention. Now they
constitute a distinct group of methods more and more
widely used in industry and being the subject of many
scientific studies.

One of the fastest growing manufacturing technologies
is the method of Selective Laser Melting (SLM) [1-5].
SLM is a widely used method for manufacturing three-
dimensional parts by the selective melting of metal pow-
der layer by layer using a laser [2, 6, 7]. This method,
compared to laser sintering (SLS), requires a higher ener-
gy level, which is usually achieved by using high power
laser and thin layer of powder [2]. In the preparation by
SLM technology the geometric models generated by the
CAD software are directly used [1, 6, 8, 9]. Thanks to this,
the method has almost unlimited possibilities with regard
to the shape of the final product.

High efficiency of the process, high density, good anti-
corrosive properties, good aesthetic appearance, the possi-
bility of using many types of materials (i.a. metal matrix
nanocomposites [10-13]) and the possibility to individual-
ize the process influenced the application of this technique
to the production of prosthetic restorations and attracted
the attention of dentists [6, 14, 17]. In prosthetic dentistry,
most of the research on SLM method focused on Co-Cr
alloys [9], from which the elements so far were obtained
by casting [6]. It is worth adding that the Co-Cr alloys
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have good corrosion resistance, good wear resistance and
excellent biocompatibility [2, 8].

The use of SLM process for the production of implants
entails many challenges, which can include obtaining high
density, full control of the manufacturing process, appro-
priate hardness and wear resistance.

This articles presents the results of research on the ef-
fects of technological parameters of the SLM process on
the mechanical properties of the samples made of CoCr
ASTM F75 alloy.

II.  MATERIALS AND METHODS

The samples were made of the CoCr ASTM F75 alloy
powder supplied by the REALIZER device manufacturer.
The chemical composition of the alloy is presented in
table I. During the experiment, twelve sets of samples
were made. Each set contained six samples. Sets differed
in the volumetric energy density delivered by the laser
beam (e [J/mm’]), which is expressed by (1) and depends
on the following technological parameters of the SLM
process: laser power — P (W), velocity of the laser beam
movement on the path — V (mm/s), distance between the
laser beam paths — h (mm), thickness of the melted layer —
d (mm).

e=P/(Vhd). (1)

The velocity of the laser beam movement is expressed
by (2) and depends on the following parameters: distance
between the laser beam pulses — a (mm), laser beam expo-
sition time on a single point — t (s).

V=al/t. ©)

The mining of these parameters are described in Fig. 1.

An additional sample variation was the number of the
laser beam passes (X) on computed paths. In the first case,
the laser beam moved one time on each path, in the se-
cond case — two times. The full set of the samples and
corresponding technological parameters are shown in
table II.

The tensile bars were manufactured by the REALIZER
II 250 (MTT-Group) device, equipped with 100W
Nd:YAG fiber laser. The SLM process scheme and the
meaning of characteristic parameters are shown in Fig. 1.
During the SLM process, the powder was applied in layers
of 30 um. On each layer, the powder was melted by laser
beam at the locations corresponding to the cross section of
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TABLE L.
CHEMICAL COMPOSITION OF THE CO-CR ASTM F75 ALLOY

Element Content

Chromium, Cr 27-30%

Molybdenum, Mo 5-7%

Nickel, Ni <0,5%

Iron, Fe <0,75%

Carbon, C <0,35%

Silicone, Si <1%

Manganese, Mn <1%

Tungsten, W <0,2%

Phosphorus, P <0,02%

Sulphur, S <0,01%

Nitrogen, N <0,25%

Aluminium, Al. <0,1%

Titanium, Ti <0,1%

Boron, B <0,01%

Cobalt, Co Balance

TABLE II.
CHEMICAL COMPOSITION OF THE CO-CR ASTM F75 ALLOY
Sample P \4 h d €
variant | (W) | (mm/s) (mm) (mm) (J/mm®) X

Ix1 100 601 0,12 0,03 46,2 1
1x2 100 601 0,12 0,03 46,2 2
2x1 100 501 0,12 0,03 55,4 1
2x2 100 501 0,12 0,03 55,4 2
3x1 100 430 0,12 0,03 64,6 1
3x2 100 430 0,12 0,03 64,6 2
4x1 100 376 0,12 0,03 73,9 1
4x2 100 376 0,12 0,03 73,9 2
S5x1 100 334 0,12 0,03 83,1 1
5x2 100 334 0,12 0,03 83,1 2
6x1 100 301 0,12 0,03 92,4 1
6x2 100 301 0,12 0,03 92,4 2

the sample at a given level. At this stage of the process,
newly formed layer was permanently bonded to the so far
prepared part of the manufactured element. During the
melting of each layer, the laser beam, directed by the
mirror system, passes the paths programmed by the con-
trol computer.

After the SLM process was finished and specimen sup-
ports removed, the samples were finished according to the
standard procedure.

The mechanical characteristics of the CoCr alloy samples
produced by the SLM process were tested on the
INSTRON 8501 testing system and Vickers Hardness
Tester LECO LV700AT. Tensile tests were performed at
the deformation velocity of 0.5 mm/min and the data rate
10 pts/sec. Vickers Hardness measures were performed
using a load of 30 kG.
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Figure 1. The SLM process scheme: a — distance between the laser
beam pulses, h — distance between the laser beam paths, d — thickness of
single layer
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Figure 2. Tensile curves for both of the sample groups

III. RESULT AND DISCUSSION

The results obtained from the tensile tests are presented
in Fig. 2. The figure shows tensile curve diagrams ob-
tained for one sample chosen from each set, for which the
ultimate strength (Rm) value was closest to the mean
value for the whole set. The comparison of tensile test
results shows significant differences in material character-
istics as a result of different number of laser beam passes
over the programmed path.

Samples with double pass of the laser beam are much
more tensile. Moreover, the shape of tensile curves ob-
tained for one time melted samples is more similar to the
typical steels than to the CoCr alloy — there are distinct
linear and nonlinear stages of stress — strain dependency.

Fig. 3 and Fig. 4 shows the same curves labeled with an
energy density delivered by the laser beam.

http://www.i-jes.org
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Figure 3. Tensile curve diagrams obtained for the samples on which
one laser beam pass over each patch was used.

1000 I I
46,2 )/mm*2_|(83,1)/mm2 | [55,4 )/mmex2 |
900 i\\
800 | >
/,M '
700 )/ 4
§ 600 y
[/ 3.
< 00 / 64,6 J/mm?3x2
7] 7
(] 7
g 200 / [92,4 )/mm3x2
mm3x2
300 / |
200
100
0 -
0 0,5 1 1,5 2 2,5 3
Strain (mm)

Figure 4. Tensile curve diagrams for the samples on which two laser
beam passes over each path were used.

The mean Rm and HV values (Fig. 5 and Fig. 6) show
distinct dependency on energy density in case of samples
with single pass of the laser beam and no such dependen-
cy in case of samples with double pass of the laser beam.
It is also clear that none of the variants of the samples
scanned once by the laser reached the Rm values close to
the values of this parameter measured for the samples
scanned twice. In case of hardness measurements per-
formed on samples with single pass of the laser beam,
obtained mean values was in range of 470 HV (for low
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The mean values of the ultimate strength (Rm) obtained for
all of the sample variants.

Figure 5.
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Figure 6. The mean values of the Vickers hardness (HV;) obtained for
all of the sample variants.

energy density) to 595 HV (for highest energy density
value). Hardness of the samples belonging to the second
group was in the range of 580 — 595 HV.

IV. CONCLUSION

The research presented in this paper is focused on the
dependency of mechanical properties of CoCr ASTM F75
alloy on the technological parameters of SLM process.
The comparison of tensile test and hardness measures
results shows significant differences in material character-
istics as a result of different number of laser beam passes
over the programmed path. Also, in the case of one time
scanned samples, the influence of energy density on the
tensile strength and hardness is visible.

Values of both measured indicators — ultimate tensile
strength and hardness, obtained for almost all prepared
samples, are noticeably greater than the values required by
the industry standard ASTM F75, which are respectively
655 MPa and 25-35 HRC equivalent to 260-335 HV.
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