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Abstract. Within this article, there are presented a series of researches that were developed for the 

first time in Romania, in the field of customized medical implants made by using the Selective 

Laser Melting (SLM) technology. Finite Element Method (FEM) has been successfully used in 

order to determine the life-cycle of a customized medical implant that has been selected for the 

made analysis. The material characteristics taken into consideration within the Finite Element 

Analyses (FEA) that were performed were the ones of two types of dedicated metallic powders 

which are commercially available (TiAl6Nb7 and TiAl6V4 material) and suitable for the SLM 250 

HL equipment from the SLM Solutions GmbH Company from Lubeck, Germany. The Finite 

Element Analyses made in the case of these two types of SLM titanium alloyed materials, proved 

that the modified characteristics, such as the yield strength and hardness of the material are 

significantly influencing the durability of the medical implants made by SLM technology. 

Introduction 

In the last decade, the bio-medical industry was focused more and more on developing and 

exploiting of such biocompatible materials that are easily accepted by the human body [1].  This is 

not at all an easy task. In order to increase the biocompatibility level of a new developed material, 

very often bioactive materials or bio-absorbent materials needs to be combined with the bio-inert 

materials, such as titanium. Related to the right titanium-alloy material to be used in the SLM 

manufacturing process of a medical implant, the expert’s opinions are quite different [2]. Some 

experts sustains that TiAl6V4 is the right material, because of its fluidity and mechanical 

characteristics [3]. Other experts sustains that TiAl6Nb7 is the right material, mainly not because its 

mechanical properties, but due to the toxicology point of view [4]. Both, TiAl6V4 and TiAl6Nb7 

alloys can be easily welded in the annealed condition [5]. Precautions must be taken to prevent 

oxygen, nitrogen, and hydrogen contamination. Fusion welding can be done in inert gas filled 

chambers or using inert gas welding of the molten metal and the adjacent heated zones using a 

trailing shield. Spot, seam, and flash welding can be performed without resorting to protective 

atmospheres [6]. TiAl6V4 alloy and especially TiAl6Nb7 alloy are widely used in the medical 

device industry, primarily for orthopedic applications such as: total hip replacement systems, 

fracture fixation plates, inter-modularly rods and nails, spinal devices, screws and wires, etc. [7]. 

Both types of titanium alloys are commercially available and could be easy processed by using the 

SLM technology, as well. The presented work investigates how mechanical characteristics, such as 

the yield strength and hardness of these two types of titanium-alloyed materials (TiAl6V4 and 

TiAl6Nb7) are influencing the durability of the medical implants made by Selective Laser Melting 

technology. Finite element analysis method has been successfully used in order to estimate the life-

cycle of a medical implant (case study) that has been made using the SLM 250 HL equipment at the 

SLM Solutions GmbH Company from Lubeck, Germany. Further research is needed in order to 

investigate the biocompatibility and toxicology of used materials.   
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Finite Element Analyses to Estimate the Durability of the Medical Implant 

In order to estimate the durability (the total life-cycle) of the medical implant illustrated in Fig. 1, 

by using the finite element analysis method, the CAD model has been imported within SolidWorks 

CAD software. The Finite Element Analyses were made in the case of two types of titanium-alloyed 

materials (TiAl6V4 and TiAl6Nb7) using the SolidWorks Simulation program that is compatible 

with SolidWorks CAD. 

The finite element analyses consisted basically in two stages: 

• the first stage consisted in a static 

analysis  

• the second stage consisted in the 

fatigue strength analysis 

Within the first stage of the made analyses, 

first of all, the mechanical and thermal 

characteristics of the TiAl6Nb7 and TiAl6V4 

metallic powder materials  were  specified,  

as presented in Table 1, as they were 

mentioned by the producer of this type of 

metallic powders that are commercially 

available [8]. 
 

 

Table 1. The characteristics of titanium alloyed materials [8] 
Titanium alloy TiAl6Nb7 TiAl6V4 

Elastic modulus, [ Pa ]
 1110510.1 ×=E  

1110048.1 ×=E  

Poisson’s ratio 32.0=υ  31.0=υ  

Shearing modulus, [ Pa ] 10109773.3 ×=G  
10101238.4 ×=G  

Mass density, [
3/ mkg ] 

4520=ρ  4429=ρ  

Tensile strength, [ Pa ] 910185.1 ×=rσ  
910960.0 ×=rσ  

Yield strength, [ Pa ] 910065.1 ×=cσ  
910775.0 ×=cσ  

Thermal conductivity at 20 °C [W/mK] 7=α
 

1.7=α
 

Hardness [HRC] 5.39=HRC
 

5.37=HRC
  

The next step of the analyses consisted in the establishment of the rigid body restrictions on X – 

Y and Z-axes that were specified as constraints in the connection area of the medical implant and 

the bone. A loading force of 1600 [N], equivalent to the exertion force of a person with 160 kg in 

weight has been taken into consideration, as illustrated in Fig. 2.  
 

        
Fig. 2. Model constraints (SolidWorks Simulation FEA) 

 

 
 

Fig. 1. The mesh of the medical implant generated in 

SolidWorks Simulation FEA program 
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Fig. 3. Equivalent stress von Mises and displacement distribution (SolidWorks Simulation FEA) 

 

As it is possible to observe in Fig. 3, the results obtained within the static analyses confirmed that 

the maximum value of equivalent stress von Mises respected the obligatory condition cech
σσ ≤ , 

where cσ  represents the yield strength of the material. (775 [MPa] for TiAl6V4 material and 1065 

[MPa] for TiAl6Nb7 material), as specified by the material producer). As regarding the maximum 

displacement ( 210431.3 −
⋅ [mm] - 

210573.3 −
⋅ [mm]), the values are neglectable, so as the accuracy 

of the medical implants it is not severely affected, in both cases, as well. The results obtained within 

the static analysis were obligatory needed to be used for the second stage of the analyses in order to 

determine the fatigue strength of the medical 

implant. Another important issue related to this 

second stage of the analyses consisted in the 

determination of the S-N characteristic material 

curve (Wohler’s diagram) illustrated in Fig. 4. 

In this figure, Sf
’
 represents the yield strength of 

the material ( cσ ), that, according to the 

characteristics of material provided by the metallic 

powder producer is 1065=cσ  [MPa] in the case 

of TiAl6Nb7 material and 775=cσ  [MPa] in the 

case of TiAl6V4 material. These values correspond to a 10
0
 = 1 cycle in the Wohler’s diagram. The 

stress amplitude SFL that corresponds to a number of 10
6
 cycles within Wohler’s diagram can be 

calculated according to: HBSFL ⋅= 25.0                                 (1) 

where HB – represents the Brinell Hardness [9]. 
 

     
Fig. 5. The S-N curve – characteristics defined within the finite element analyses and the S-N curve 

(detailed view) 
 

In order to perform the calculus according to Eq. 1, first of all, hardness conversions were needed 

to be performed from [HRC] to [HB] units, using hardness conversion charts that are available in 

the specialty literature. An equivalent value of 368 [HB] has been considered in the case of 

TiAl6Nb7 material (this value it corresponds to a 39.5 [HRC] value in the indicated conversion 

chart) and an equivalent value of 350 [HB] has been considered in the case of TiAl6V4 material 

 
  Fig. 4. The S-N curve (Wohler’s diagram) [9] 
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(value that corresponds to 37.5 [HRC] in the chart) [10]. With these values established and by using 

formula (1) it has been possible to determine at the end that at 10
6 

cycles, for SFL it correspond a 

value of 61092 ⋅ [ Pa ] in the case of TiAl6Nb7 material and a value of 6105.87 ⋅ [ Pa ], in the case 

of TiAl6V4 material. These values were introduced within the finite element analyses, as illustrated 

in Fig. 5. By running the fatigue strength analyses, at the end it was possible to estimate the 

durability of the medical implant (expressed as the total number of cycles). As it is possible to 

observe from Fig. 6, as estimated, there is a difference between the durability of the medical implant 

made by TiAl6Nb7 material and the one made by TiAl6V4 material. The difference is around 10 

[%], which means 1,000,000 cycles less in the case of TiAl6V4 material. 
 

                
Fig. 6. The total life-cycle of the implant in the analyzed cases: 

if the medical implant will be made using TiAl6Nb7 or TiAl6V4 material by SLM. 

Medical Implant Manufactured by SLM 

In concordance with the recommendations stated by the experts related to the toxicity point of 

view and in accordance with the results obtained within the finite element analyses that were made, 

the medical implant has been selected to be manufactured from TiAl6Nb7 material, by using the 

SLM 250 HL equipment at the SLM Solutions GmbH Company from Lubeck, Germany (see Fig. 

7). The technological parameters that were used within the SLM manufacturing process (laser 

power, scanning speed, hatching distance, layer thickness) are briefly presented in Table 2.  
 

Table 2. Technological parameters used within the SLM manufacturing process 
Laser power [W] Scanning speed [m/s] Hatching distance (X&Y)  [mm] Layer thickness [µm] 

350 0.5 0.15 30 
 

     
Fig. 7. The implant manufactured on the SLM 250 HL equipment 

(at SLM Solutions GmbH Company in Germany) 

Conclusions 

In conclusion of made research, it is possible to state that the SLM technology is one of the 

Additive Manufacturing technologies that can be successfully used in the field of medicine, in the 

case when a customized medical implants needs to be rapidly manufactured from titanium-alloy. 
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The Finite Element Analyses that were made in order to determine the total life-cycle of the medical 

implant made by SLM has proved to be a useful tool in determining which would be the right 

material to be used within the manufacturing process. The total life-cycle of the analyzed implant is 

significantly influenced by the type of material the implant it is made of. In the case of TiAl6V4, the 

implant manufactured from this type of material will be less resistant with approximately 10 [%] 

(1,000,000 cycles), as compared with the case when the implant is made by TiAl6Nb7 material. The 

implant has been successfully manufactured at the end, from TiAl6Nb7 material at the SLM 

Solutions Company (in Germany), by using an SLM 250 HL equipment. Further research is still 

needed to be done to investigate the biocompatibility of these types of titanium-alloyed materials. 
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