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Abstract: The article presents a series of researches that were performed for the first time in Romania, 
in the field of customized medical implants made by using the Selective Laser Melting (SLM) 
technology. Several samples were manufactured from TiAl6Nb7 material on the MCP Realizer SLM 
250 equipment at the Technical University of Cluj-Napoca.  Theoretical and experimental methods for 
determining the porosity of the metallic samples are also presented within the article. The connection 
between the lens positions of the optical system from the SLM machine and the resulted porosity within 
the internal structure of the material has been analyzed by using the Scanning Electron Microscope 
(SEM) images and ImageJ software. The samples were tested at traction in order to determine how the 
porosity is influencing other important material characteristics, such as the fracture strength resistance 
and the elongation at break. Actually, at the end, as demonstrated, by using the optimum lens position 
of the SLM machine, the fracture strength resistance and the elongation of the material, will not be 
significantly influenced, as compared to the values of these characteristics specified by the producer of 
the TiAl6Nb7 material. 
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1. INTRODUCTION   
 

The machinability of the titanium and 
titanium-alloyed materials is one of the most 
important topics within the bio-medical 
industry, this type of materials being applied on 
a large scale of applications within the medical 
field [1],[2],[3]. Titanium material has good 
mechanical properties as compared to the other 
metallic materials, such as a proper elastic 
modulus and a proper fatigue strength 
resistance. The titanium material it is used 
within several medical applications due to the 
fact that it has a good oxidation rate in free air. 
Actually, the titanium dioxide establishes a 
good bivalent connection on the molecular 
level between the implant and the human bone 
tissue [4],[5],[6]. 

The Additive Manufacturing (AM) 
technologies are used in a large scale of 
applications within the bio-medical field and 

particularly, in the field of customized medical 
implants, that are made using these types of 
technologies.  Selective Laser Sintering, 
Selective Laser Melting and Electron Beam 
Machining are only few of these technologies 
that are able to be used in the field of medical 
implants. The Selective Laser Melting 
technology differs from other mentioned 
technologies by the fact that allows the user to 
manufacture metallic parts with a quite high-
density level. In some cases, there were 
reported results that sustain the fact that by 
using the SLM technology, it is possible to 
manufacture near full-dense metallic parts [7], 
[8]. The possibility to control the porosity of 
the material it is very important in the medical 
field due to the fact that if the porosity is quite 
high, this will help the human tissue to be 
integrated into the manufactured structure more 
easy than if the structure is a fully dense one 
[9],[10]. Meantime, the structure of the implant 
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must be a solid one, in order to not affect its 
durability and mechanical characteristics, as 
well [11], [12].  

There are a lot of advantages in using such 
technology for manufacturing the medical 
implants, starting with the complexity of the 
model, which is not an impediment for the 
SLM technology, the part being materialized 
layer by layer [13],[14]. The time needed in 
order to finish the complex part is obviously, 
very short in this case, too. The lost of material 
is insignificant [15]. In consequence, the 
Selective Laser Melting (SLM) technology was 
easily adopted within the medical field, due to 
these advantages mentioned above [16],[17].  

 
 

2. POROSITY THEORETICAL 
 APPROACH 

 
A number of physical phenomena are possible 
for the formation of pores inside laser-melted 
metallic structures. Three types of pores can be 
identified in the material structure, as illustrated 
in Figure 1 and presented below: 
- large interconnected pores outside the balls 
caused by balling phenomenon 
- relatively smaller pores inside the balls 
- remained pores in the metallic structure after 
the welding process 

. 

 
Fig. 1. Types of pores – outside the balls, inside the balls 

and remained pores 
 

Powder material always contains a 
considerable amount of air inside it in between 
the particles. The non-uniform porosity 
distribution of the porous material surface has 
an important influence over its mechanical and 
technological characteristics. 

From the theoretical point of view, the 
porosity of the material can be calculated very 
simple using the formula (1): 

 

100*
V
VP Δ

= [%]      (1) 

 
where: 
P –porosity of the sample [%] 
ΔV – pores volume within the structure of the 
sample [cm3] 
V – total volume of the sample, determined by 
using the law of Archimedes [cm3] 

As it could be observed from formula (1), 
the porosity P can be expressed as a report 
between the volume of pores ΔV and the total 
volume of the sample V.  

The volume of the sample V can be 
determined by using formula (2)   
 

V
m

r=ρ [g/cm3];
r

mV
ρ

= [cm3]   (2) 

 
where: 
m – mass of the sample (determined by using 
an analytic balance) (g) 
ρr – real density of the sample [g/cm3] 

The volume of the pores within the 
sample’s structure can be determined using 
formula (3):  
 

VoVV −=Δ [cm3]    (3) 
 

where: 
V0 – total volume of the sample, determined for 
the ideal case of the material   

The total volume of the sample for the ideal 
case of the material, V0 can be determined 
using formula (4):  

 

0
0 V

m
=ρ [g/cm3]  => 

0
0 ρ

mV =   [cm3]   (4) 

 
where: 
ρ0 – ideal density of the material (as specified 
by the metallic powder producer within the 
material’s datasheet) [g/cm3] – in the case of 
TiAl6Nb7 material, a value of 4,5 [g/cm3] has 
been taken into consideration 

As we can conclude by analyzing the 
formulas from (1) to (4) there is a close 
connection between the porosity of the material 
and its density. Actually these two 
characteristics are being considered as being 
complementary ones. If the density would be 
significantly increased, then the porosity of the 
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material will be significantly decreased and 
vice-versa. The increase of porosity level into 
the material structure will have a significant 
consequence over the durability of the 
customized medical implant. 

 
 

3. POROSITY EXPERIMENTAL 
 APPROACH  

 
3.1. Working principle of the SLM process 
 

The working principle of the SLM process it 
is easy to be understood, as could be observed 
from the image illustrated in Figure 2. 
 

 
Fig. 2. Working principle of the SLM process 

 
There are several steps that have to be 

fulfilled. Before starting the process, an inert 
gas (nitrogen or argon) will be introduced in the 
SLM machine chamber, through a circulating 
system as presented in Figure 2, until an inert 
atmosphere will be obtained inside the working 
chamber (the maximum level of oxygen 
admitted inside is 0,1 %). Further on, the inert 
gas will be circulated through the system during 
the entire process until the end, with a level of 
0,1 % of oxygen maintained constant.  

The process continues with the deposition 
of the raw material from the powder container 
over the building platform by using a wiper that 
it is moved along Y-axis direction.  

The thickness of the deposed material is 
around 20-100 microns for the first few layers. 
The process is repeated until the powder covers 
the entire building platform uniformly. Then 
the layer thickness will be set to a constant 
value of 30 – 50 microns and the process 

continues with the scanning of the first layer 
according to the first slice of the model, and 
then will continue with the scanning of the next 
slice and so on until the part will be finished on 
the machine.  

The scanning system of every layer 
(numerically controlled on X and Y-axes) it is 
composed by an ytterbium laser fiber source 
that emits a laser beam and the optical system 
composed by the scanning mirrors and lenses 
that are needed in order to focus the laser beam 
onto the building platform at the end (see 
Figure 3). The building platform it is moved on 
Z-axis direction, after the scanning process of 
every layer.  

Finally, when the maximum height of the 
building packet is reached, the building 
platform will be moved reversed to the start 
position, and the manufactured packet will be 
removed from the platform after sucking the 
non-melted metallic powder and after 
eliminating the metallic supports that were 
generated within the control software of the 
SLM system, as well. The metallic supports 
have a wired structure and are obligatory 
needed in the manufacturing process in order to 
maintain the build part onto the manufacturing 
platform.  

The tensions during the SLM process are 
very high, having the tendency of severely 
deforming the part during the manufacturing 
process, if it is not properly welded on the 
building platform starting with the first layers. 

Besides the way of constructing and 
eliminating of the metallic supports on the post-
processing stage, a very important issue is 
represented by the adjustment of the optical 
system of the SLM machine illustrated in 
Figure 3, so as the user will be working in the 
right focusing plane of the machine.  

The calibration procedure is referring 
actually to the position adjustment of the 
focusing lens, in correlation with the X-Y 
scanning mirrors, so as the focus distance will 
be the optimum one at the end. If the focusing 
lens will be not in the right position, than the 
focus plane will be situated above or below the 
building platform plane.  
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Fig. 3. The optical system of the SLM machine 

 
This will have consequences over the 

manufactured part and its mechanical properties 
at the end, as it will be shown in the following 
chapters of the article. In this way, the porosity 
of the metallic structure can be controlled, if the 
lens position will be accordingly adjusted to the 
end. 
 
3.2. Samples manufactured by SLM at the 
Technical University of Cluj-Napoca 
 

In order to study the influence of the lens 
position technological parameter, over the 
porosity of the metallic parts made by SLM, 13 
samples as the ones presented in Figure 4 were 
manufactured using the MCP Realizer II SLM 
250 equipment from the Technical University 
of Cluj-Napoca illustrated in Figure 5.  

 
 

 
Fig. 4. A set of samples manufactured by SLM from 

TiAl6Nb7 material  
The Lens Position Hatch Solid parameter 

and the Lens Position Fill Contour Solid 
parameter were differently varied in the case of 
13 manufactured samples. This means that the 
hatching and filling contour was scanned on 
every case using different lens positions as 
compared to the starting position (the current 

position that was as the reference position set 
on the SLM machine).  
 

 
Fig. 5. The MCP Realizer II SLM 250 machine from the 

Technical University of Cluj-Napoca 
 

This will affect the internal structure of the 
material and the quality surface on the contour 
at the end, as well.  

The main purpose of the experimental 
research was to determine the optimum lens 
position that leads to a proper welding and a 
compact state of the welded metallic granules. 

Beside the lens position parameter, there 
were other important technological parameters 
that were used within the SLM manufacturing 
process, such as the scanning speed, the laser 
power, the hatching distance and the layer 
thickness.  

The value of this technological parameters 
used in the manufacturing process of the 
samples are briefly presented in Table 1. 
 

Table 1. 
Technological parameters used within the SLM process 

of samples 

 
3.3. Results and made calculus   
 

In order to weight the samples and to 
determine the volume of the samples 
manufactured by SLM, the analytic balance and 

Laser 
power 
[W] 

Scanning 
speed 
 [m/s] 

Hatching 
distance 
(X&Y) 
[mm] 

Layer 
thickness 
 [µm] 

200 0.4 0.12 50 
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graduated cylinder, as the ones illustrated in 
Figure 6 were used.  
 

 
Fig. 6. The analytic balance and graduated cylinder used 

to determine the mass and volume of the samples 
manufactured by SLM 

The results of the made calculus using formula 
(1) to (4) are presented in detail in Table 2. 
 

Table 2 
The obtained results 

 
 

As it is possible to observe from the results 
presented in Table 2, there is a maximum value 
of the porosity as calculated in the case of 
sample number 3 (the calculated porosity was 
11,19 % , in this case). The minimum value of 
the porosity as calculated was 1,29 % , as it was 
determined in the case of sample number 12. 
This fact proves that there is a close connection 
that exists between the use of the SLM machine 
within the focus plane limit and the resulted 
porosity of the metallic part. If a metallic part 
that it is manufactured by SLM contains pores 
within the internal structure, this will severely 
influence its mechanical resistance, as well. 
Actually, if we make a difference between the 

maximum and minimum value of the porosity, 
this would be unacceptable - 9,9 %. 

As related to the density variation presented 
in Table 2, there also can be observed that the 
maximum value of density was obtained as 
calculated in the case of sample number 12 
(ρ=4.44 [g/cm3]), as compared to a minimum 
value that has been obtained in the case of 
sample number 3 with a value of 
ρ=4.05[g/cm3], as determined. This means that 
there is a close connection between the 
reducing of the pores fraction ratio within the 
internal structure of the material and the 
increasing of the material’s density, as well. 

Actually, the fracture strength will be 
decreased in this case, with a value of 
approximately 30 %, if we perform a calculus, 
according to formula (5).  

PK
s

sYY *10* −=      (5) 
 

where: Y- is the fracture strength of the 
material with porosity P (%) 
 Ys – is the fracture strength of the material 
for the ideal case – Ys = 1185 N/mm2 for the 
ideal case as specified by the TiAl6Nb7 
material producer within the material datasheet. 
 P- is the porosity of the material (%)  
 Ks – is a constant coefficient that is 
dependent by the materials nature and the 
mechanical characteristic taken into 
consideration. In the case of titanium material, 
the coefficient Ks could take the following 
values:  Ks = 0,049 in the case when the 
Hardness Brinell needs to be determined; Ks = 
0,043, in the case when the fracture strength 
needs to be determined;  Ks =0,058 in the case 
when the elongation of the material needs to be 
determined. 

In our analyzed case, a factor Ks = 0,043 
has been taken into consideration. 

All manufactured samples were tested 
afterwards on the Galdabini equipment from 
the Technical University of Cluj-Napoca, in 
order to determine the material curve as 
illustrated in Figure 7.  

The material properties we were interested 
in where the fracture strength and the material 
elongation.  

The obtained results are presented in detail 
within Table 3. If we compare the obtained 
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results with the characteristics presented by the 
materials producer in the material datasheet, 
there are not so big differences between the 
fracture strength resistance and the elongation 
of the material experimentally determined, as 
well. 

 
 

 
 
 
 
 
 
 

 
 
 

Fig. 7. Testing the SLM samples on the Galdabini 
equipment from TUCN 

 
The specified value in the case of the ideal 

material is: for the Fracture strength - 1185 
N/mm2, and for the Elongation at break - 18 %. 
The maximum values we had experimentally 
determined were 1172.50 N/mm2 for the 
fracture strength and 17.7 % in the case of 
sample number 12.  

 
Table 3 

 Fracture strength and specific elongation of the 
samples manufactured by SLM 

 
 
The mean value of the fracture strength has 

been 1159.93 N/mm2 for the fracture strength 
and 15.1 % for the elongation at break, which 
means that we had a difference of about 25 

N/mm2 in the case of fracture strength and a 
difference of about 2.9 % in the case of 
elongation at break, as compared to the ideal 
case, probably due to the remained pores inside 
the material structure. 

Actually, the porosity of the material can be 
determined also by the experimental point of 
view, using the images taken from a scanning 
electron microscope (SEM).       
 
 
 
   
 
 
 
 
 

 
Fig. 8. ImageJ software analyzer 

 
ImageJ software was used to analyze the 

images. The porosity in this case was calculated 
by using the following formula: 
 

Atot
Ai

p ∑=       (6) 

 
where Ai represents each granule area and Atot 
is the entire image area.  

As we could notice from the SEM images 
that were analyzed by using the ImageJ 
software, besides the internal defects that 
occurred in the case when the sample has been 
manufactured with a lens position adjusted 
outside the focus plane limit, the metallic 
granules were partially welded during the 
scanning process, too.  

The density energy was also too high in this 
case. This had caused a lot of tenses within the 
internal structure of the material.  

These tenses were severely increased, 
accordingly, as the SLM process went on. 
Meanwhile, when the sample has been 
manufactured with a lens position adjusted 
within the focus plane limit, we could notice 
the absence of the internal defects, such as 
cracks and pores. The sample number 12 
corresponded by the internal structure point of 
view, as it has been determined also by ImageJ 
software analysis, so the lens position of the 
SLM machine was adjusted at the end with a 
value of +30 [µm] as compared to the starting 
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position (the initial one that has been 
considered as the reference position).  

The new value of the lens position that it 
was set on the MCP Realizer II SLM 250 
machine at the Technical University of Cluj-
Napoca has determined the manufacturing 
process to run within the focus plane limit of 
the machine.  

 
 

4. CONCLUSIONS 
 

In conclusion of our made research, we 
could state that the Selective Laser Melting 
technology it is easy to be understood in 
principle, but it is not so easy to be controlled.  

The lens position has an important influence 
over the material structure of metallic parts 
made by SLM, as demonstrated by the 
Scanning Electron Microscope (SEM) analysis. 
From the set of samples that were manufactured 
using the SLM machine, the sample number 12 
has corresponded by the internal structure point 
of view, so the lens position has been adjusted 
with a value of +30 [µm], as compared to the 
starting position.  

As demonstrated, there is a close connection 
between the use of the Selective Laser Melting 
machine within the focus plane limit and the 
resulted mechanical properties of the metallic 
part, as well.  

The reducing of the pores fraction ratio 
within the internal structure of the material and 
the increasing of the material’s density, are, as 
demonstrated in direct connection, too. As 
determined, the highest density value was 
obtained in the case of sample number 12 
(ρ=4.44 [g/cm3]), as compared to the minimum 
value that has been obtained in the case of 
sample number 3 with a value of 
ρ=4.05[g/cm3]. This is severely affecting the 
fracture strength resistance, as well. The 
fracture strength will be decreased in this case, 
with a value of approximately 30 %.  

The experimental research that has been 
made on the MCP Realizer II SLM 250 
machine, at the Technical University of Cluj-
Napoca, using the adjusted lens position, 
confirmed that there were not so big differences 
between the fracture strength resistance and the 

elongation of the material, as compared to these 
characteristics values in the ideal case, as 
specified by the producer of the TiAl6Nb7 
material.  

The resulted differences of about 25 N/mm2 
in the case of the fracture strength and of about 
2.9 % in the case of the elongation at break 
were caused mainly by the remained pores 
inside the material structure. The lowest 
porosity that has been obtained in the case of a 
metallic sample made by SLM was 1,29 %.  
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Cercetări privind controlul porozităţii implanturilor medicale personalizate fabricate prin 
metoda topirii selective cu laser 

 
Rezumat: În lucrare se prezintă o serie de cercetări care au fost dezvoltate în premieră în România, în domeniul 
fabricării rapide a implanturilor medicale personalizate, utilizând tehnologia Topirii Selective cu Laser. O serie de 
epruvete au fost fabricate în cadrul Universităţii Tehnice din Cluj-Napoca dintr-un material pulverulent de tipul 
TiAl6Nb7, disponibil comercial pentru sistemul de fabricaţie MCP Realizer II SLM 250. Metodele teoretice şi 
experimentale utilizate în vederea determinării porozităţii acestor epruvete sunt prezentate de asemenea în detaliu în 
cadrul acestei lucrări. Epruvetele au fost testate la tracţiune în vederea determinării unor caracteristici importante de 
material, pentru a putea demonstra modul în care porozitatea influenţează rezistenţa la rupere a acestor epruvete şi 
alungirea acestora. În finalul cercetărilor, s-a putut observa faptul că există o legătură strânsă între sistemul optic al 
echipamentului de topire selectivă cu laser, porozitatea rezultată în structura materialului şi celelalte caracteristici 
importante de material, cum sunt rezistenţa la rupere sau alungirea materialului.  
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