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1. INTRODUCTION AND STATE OF THE ART 

Laser material processing has been intensely studied since 1960s, when Theodore 

Maiman built the first laser source with ruby active medium emitting in deep red (694.3 nm 

wavelength) [1], [2]. This laser system was used in aircraft industry for drilling cooling holes 

in the turbine blades of an engine to prevent thermal damage. Starting from this application, 

laser material processing was widely extended to many industrial applications, such as laser 

cutting [3]–[10], laser welding [11]–[20], laser ablation [21]–[26], laser marking [27]–[31], 

pulsed laser deposition (PLD) [32]–[36] or laser additive manufacturing (LAM) [17], [37]–

[40].  

Our research group fields of expertise covers topics like laser welding, pulsed laser 

deposition, ultra-short laser ablation, laser direct writing and laser additive manufacturing. 

Additive manufacturing (AM) is the center of this study, so we will narrow the list to this 

topic. AM is an emergent technique for fabrication of three-dimensional (3D) parts [41]–[46] 

with near-net shape directly from a CAD model by adding material in a layer by layer manner 

[47]–[49]. According to ISO 17296-2:2015 (Additive manufacturing, general principles, 

overview of process categories, and feedstock) [50] there are seven AM categories, as follows: 

VAT photopolymerization [51]–[53], binder jetting [54]–[57], material extrusion [58]–[62], 

material jetting [66]–[69], sheet lamination [67]–[70], powder bed fusion (PBF) [74]–[79] and 

direct energy deposition (DED) [77]–[82]. The last two processes are the most common when 

dealing with metallic materials [47] and they will be amply treated in this thesis.   

For both methods, PBF and DED, the design process is essential. By using a proper 

dedicated software that permits topological optimization, material can be eliminated from the 

areas with low tensions, obtaining lighter parts with up to 33%, but withstanding the same 

mechanical properties as the conventional design [83].  

After part-producing step, a post-processing phase is required most of the times. First 

of all, the components have to be removed from the substrate. Independent of the material type 

or method, the parts obtained by AM processes are generally characterized by a rough surface, 

due to partial melting of the powder particles, metal flow, as well as the layer by layer pattern 

[84]. The surface roughness values in the range of Ra 4 to Ra 100 have been reported in the 

case of LMD parts, while for SLM components, it can be between Ra 5 to Ra 10 [85], [86]. 

Table 1.1 highlights the differences between various features of PBF and DED [87].  

Table 1.1 Comparison between various features of interest for PBF and DED. 

Feature DED PBF 

Raw materials Powder, wire Powder 

Heat source Laser Laser, electron beam 

Technology 

Powder is sprayed 

through a nozzle and melted by 

a laser beam 

Beam transfers heat that 

melts a powder bed 
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Typical materials Metals, ceramics 
Metals, ceramics, 

polymers 

Limitations by 

direction/axis 
No Yes 

Resolution Low High 

Versatility 

High: used for coating, 

parts manufacturing, and in 

situ alloying 

Low: limited to parts 

production 

Parts size 
Usually large scale 

objects 

Usually small scale 

objects 

The possibility of 

parts repair 
Yes No 

Structural and 

compositional in situ 

modifications 

Yes: easy to produce 

multi-structures and parts with 

compositional gradient, allows 

for in situ alloying 

No: limited to one type of 

powder/cycle 

Mesh structures No Yes 

Post-processing 

requirements 
Yes Yes 

Costs 
High: high power laser 

sources and robots required 

Lower: more compact 

machines, easy to implement in 

industry 

Application in the 

biomedical field 
Currently very low 

Quite advanced: e.g., 

implemented in dental cabinets 

for the manufacturing of 

personalized dental prostheses 

In Romania, additive manufacturing of metals is inclined towards PBF technology, 

especially SLM [88]–[91] using metallic powders for many different applications such as 

biomedical (cranial [92], [93], maxillofacial bone [94] and dental [95], [96] personalized 

implants, lattice structure [97] or dental tools [98]), automotive [99] and aerospace [100]. 

However, PBF it`s also a suitable method for 3D printing of parts starting from polyamide [72], 

[101] or ceramics [102], [103] powders. In the scientific literature, this AM method is known 

as Fused Deposit Modelling (FDM) [104], [105]. In our country, it`s affordable price and the 

possibility to print large scale components propelled it as one of the most researched AM 

techniques. Recently, using FDM, medical face shields (necessary in the fight against Covid-

19 pandemic crisis) [106] were produced by biodegradable thermoplastic polymer with a lighter 

mass, lower cost and faster fabrication time as compared to conventional techniques. To the 

opposite pole, DED it is not so well expended in Romania, the high cost being a probable cause, 

due to the necessity of using high power laser sources and robots. Based on the public reported 
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information, the only DED equipment in Romania it is the one in LaMP (Laser Materials 

Processing Laboratory) in CETAL (Center for Advanced Laser Technologies) in Magurele. 

However, because this technique opens a wide area of applications and it is still far from 

reaching the industrial maturity, there is a possibility that such equipment’s may exist in large 

companies in Romania, but not yet be commercially exploited. We acknowledge two examples 

of such cases, i.e. the existence of a hybrid AM machine designed for rapid prototyping of 

turbocharger components in a company named Compa [107] and a DED pilot machine acquired 

by the company S.C. Optoelectronica 2001 S.A, with deposition technology provided by our 

Laboratory, in the framework of a knowledge transfer project. 

The thesis “Medical devices of titanium alloys obtained by laser additive manufacturing 

techniques” presents our studies on fabrication of medical devices by 3D printing techniques. 

In this study, we intended to improve the resolution of parts manufactured by LMD through 

design and process optimization (laser power, velocity, powder debit, scanning strategy), as 

well as to fabricate different devices for several medical applications. The samples obtained in 

this thesis were subjected to in vitro and in vivo testing, in order to demonstrate the 

biocompatibility and functionality of the obtained parts. 

Implantable medical devices represent a reasonable application target for 3D printing 

techniques due to the requirement for implants with custom-made shapes and dimensions, 

imposed by features of the impaired tissue, envisaged to be treated, reinforced or substituted 

[108]–[111].  

Following this introduction chapter, the second chapter introduces a succinct theoretical 

background that comprises analytical models of energy and temperature distribution in additive 

manufacturing of metallic materials. The first section highlights a series of equations that 

matches to a genuine LMD system. Energy distribution and melt pool temperature can be 

determined starting from the process parameters and powder material properties. Preliminary 

assumptions were drawn for a simplified analytical model which takes under consideration the 

energy above and into the molten pool. Multi-layers and single track temperature distribution 

are considered in order to establish the scanning strategy and the height of the build.   

The third chapter presents the methods and materials that were used for additive 

manufacturing processes. It contains specifics of processing parameters influence, experimental 

setup, types of laser sources and samples characterization. We start with general considerations 

of the laser additive manufacturing of metallic materials by presenting the type of lasers used 

for the experiments presented in this thesis and we describe the programming procedure. The 

principle of LMD technique is detailed together with the CAM interface software used to 

program the scanning strategies, in order to obtain parts according to the technical drawings. 

We present the optimal process parameters for manufacturing of Ti parts without internal 

defects and the calibration curve developed to get a congruent match between CAD drawings 

and the manufactured part’s dimensions 

In the fourth chapter, we present in detail the fabrication process of 3D printed samples. 

The section is structured in four subchapters, each containing a research study on this thematic.  
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The first subchapter describes a quality improvement of Ti6Al4V parts manufactured 

by LMD. We eliminated the internal defects of the structures by tuning the experimental 

parameters of the LMD process based on data provided by an X-Ray Computed Tomography 

system, which proved to be an exceptional tool to assess defects in the bulk material.  

The second subsection comprises the fabrication of orthopedic bone plates of Ti6Al4V 

by LMD. By optimizing the process parameters and scanning strategies we obtained dense, 

flawless and uniform compositional distribution depositions. The design of the trajectory 

followed by the laser beam proved to be essential for obtaining adequate shapes. The incipient 

3D prints were cut, drilled and polished to get the final implant. In vitro tests with osteosarcoma 

cells, more precisely, MTS tests have shown that cells proliferate, which mean that the materials 

printed by LMD are biocompatible.  

In the third subchapter, we present a research in which 3D printed medical devices made 

by LMD were coated with biological-derived hydroxyapatite doped with lithium carbonate (Li-

C) and phosphate (Li-P) and tested in vitro. The inferred detachment force values of the 

functionalized Ti implants were ~2 times higher than those registered for the uncoated ones. 

The extraction test results indicated improved bonding strength values (~5 times higher) of the 

functionalized Ti implants as compared to the same structures, but corresponding to an 

implantation time period of 4 weeks.   

In the fourth subsection we describe the manufacturing by SLM of metallic prostheses 

starting from Ti6Al4V metallic powders, by comparing the results with those obtained by LMD. 

We also optimized irradiation parameters in order to obtain shapes without defects, such as 

pores or cracks, with uniform elemental distribution in the bulk. Cranial prostheses produced 

by 3D printing were coated by radio-frequency magnetron sputtering with a very thin layer of 

hydroxyapatite of animal origin. The material was bioactive, osteoblast cells proliferating 

between 1-7 days at a higher rate as compared to bare Ti controls.  

The last chapter of this thesis is dedicated to a short discussion of the presented results, 

conclusions and future planned work. 
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2. THEORETICAL BACKGROUND FOR ADDITIVE 

MANUFACTURING OF METALS 

This chapter offers a theoretical background for a better understanding of the additive 

manufacturing process in case of metals [112]. Analytical models used in practice for 

predictions of surface temperature and for tuning of the most important parameters are 

provided, while supplemental bibliographic references are given, if the reader desires to search 

the topic more in depth.   

The first section contains information concerning energy distribution in LMD process. 

The model described in this section provides essential information about the energy generated 

by the laser source above the molten pool, energy absorption by the molten pool and 

temperature distribution during the process. The laser-powder interaction, the effect of the 

heated powder and the wasted powder are taken into consideration in order to round the 

analytical modeling. The equations are developed with the aim to be applied on a genuine LMD 

process [113] using metallic powders [114] and proved to offer reliable outcomes by the 

experimental data. 

In the current study, the energy distribution in the laser cross-section of the beam has 

been considered as top-hat. It ensures a uniform energy distribution in the irradiated area. 

Additionally, the top-hat laser processing leads to better control of surface quality and 

structuring of depositions as compared to non-uniform energy distributions spots such as 

Gaussian beams.  

A three-jet powder stream, generated by a nozzle (Trumpf, Ditzingen, Germany) 

mounted on a robot (KR30HA, Kuka, Augsburg, Germany) equipped with LMD optics, was 

recorded via high-speed imaging camera (AX100, Photron, Tokyo, Japan). 1000 frames per 

second and shutter speed equal to 1/5000 s, were used to acquire the powder flow shape. The 

KUKA robot translates a top-hat ytterbium-doped yttrium aluminium garnet (Yb: YAG) laser 

beam with a wavelength equal to 1030 nm. Figure 2.1a shows an optical image for the powder 

stream distribution using a three-jet powder nozzle, which is used for the comparison between 

(powder stream) analytical and experimental results. The details regarding the parameters, 

including the intersection point of the three sub-nozzles and width of the powder stream in the 

Gaussian form, were determined via “Image J” software (1.53a, National Institute of Health 

and the Laboratory for Optical and Computational Instrumentation, Wisconsin, USA), as 

presented in Figure 2.1b. 
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Figure 2.1. A three-jet powder stream distribution (a) experimental image and (b) image processed via 

“Image J” software; all units are in millimeter (mm) [112]. 

Figure 2.2 illustrates a comparison between the experimental (see Figure 2.1) and 

computational results. Besides, the influence of the focal point position on the powder stream 

distribution was analyzed. A close correlation can be observed between the experimental and 

simulation results (Figure 2.2). The results indicate that the powder stream follows the Gaussian 

distribution at the focal plane, focal plane + 1 mm distance, and focal plane + 2 mm distance. 

However, the peak point of the Gaussian curve decreases while the standard deviation increases, 

resulting in an extended powder spread on the substrate. At the focal plane + 2.5 mm distance, 

the powder stream shifts from the Gaussian to the Transition stream, while at focus plane + 3 

mm distance, the powder flow no longer remains in the Transition state. Instead, an Annular 

powder stream can be observed in Figure 2.2. Hence, the powder flow can be divided into three 

different regimes: (a) Gaussian stream, (b) Transition stream, and (c) Annular stream. This 

study displays a good correlation with the experimental findings given in [115].  

 

Figure 2.2. Comparison of Ti6Al4V titanium alloy powder flow experimental and simulation results: 

Influence of the focal point position on powder stream distribution regimes [112]. 
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The powder particles undergo two types of heating: (a) inflight, and (b) within the melt-

pool. The inflight heating of the powder particles can be directly controlled by the laser-powder 

particles’ interaction time required to initiate the vaporization, while the heating of powder 

particles within the melt-pool can be indirectly monitored by the laser-substrate interaction time 

via scanning speed.  

 

3.  MATERIALS AND METHODS 

3.1 LASER MELTING DEPOSITION 

LMD is an additive manufacturing method used mostly for metals and metal matrix 

composites. It implies to blow a metallic powder into a molten pool created by a laser beam on 

a substrate. By melting of the powder followed by solidification, a first layer is deposited. Next, 

the laser beam and the powder nozzle are translated upwards with a predetermined value, and 

a new layer of deposited material is added on the top of the first layer. By repeating this step, a 

new part is 3D printed. The process is suitable for the fabrication of composite materials [116] 

or compositional graded materials [117] as it can concurrently feed multiple types of powders 

via multi-hopers. Additionally, LMD is ideal to repair parts with minimum waste [118], to add 

new elements on casted parts, to build full components or to fabricate heterogeneous 

components. Usually the components manufactured by LMD have comparable or even 

improved mechanical properties compared to original pieces conventionally obtained by 

casting [119]. 

The experimental set-up from our laboratory is comprises of a 3 kW Yb:YAG laser source 

(TruDisk 3001) emitting in continuous wave with wavelength λ=1030 nm (fig.3.1.a) connected 

by optical fiber to a deposition optics. The optics are mounted on a robotic arm (TruLaser Robot 

5020) with 8 degrees of freedom (fig.3.1.b) using an electro-magnetic plate. The metallic 

powder is transported from the container storage of the powder feeder to the work-piece through 

hoses with diameter up to Ø5 mm (fig.3.1.c). The deposition line is equipped with a nozzle 

(fig.3.1.d) which ensures a uniform powder distribution, independent of the process motion. 

We have two types of nozzles available in the laboratory: i) a three beam nozzle (16 mm-nozzle 

distance standoff, 4 mm powder focus diameter and up to 5 kW permissible laser power) which 

ensures high deposition rates and ii) a coaxial nozzle (7 mm-nozzle distance standoff, 1 mm 

powder focus diameter and up to 1 kW permissible laser power) for a higher resolution of the 

tracks and dedicated to intricate structures printing. The laser beam is guided and focused on 

the workpiece trough the focusing optics, while the powder stream is blown into the laser spot. 

The process is assisted by shroud gas (N2 or Ar) which has the role to protect the new coating 

from oxidation.  

Before experiments, all types of metallic powders used in the following subsections were 

analyzed by Computer Tomography (CT) to reveal if there were voids inside the particles at 

large scale, but also to determine the distribution of powder particles by volume. The results 

are presented in subsection 4.1. 
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Figure 3.1 Laser Melting Deposition experimental set-up composed of (a) laser system, (b) robot arm, 

(c) powder feeder, (d) focusing system of the laser beam and powder jet 

Using the LMD method, we fabricated three types of medical devices: implant fasteners, 

bone and spinal plates. The medical devices were manufactured using the experimental setup 

described in the above section. The products were fabricated on a 10 mm thick Ti plate using 

Ti6Al4V micronic powders purchased from Carpenter Additive (Widnes, UK) with the particle 

dimensions in the range of 45-109 µm.  

Dense deposition tracks without defects were obtained using 700 W laser power, 0.015 

m/s velocity, 3 gr/min powder flow and 10 slpm Ar-He carrier gas.  

3.2  SELECTIVE LASER MELTING 

Selective Laser Melting (SLM) is a powder bed AM method, also known as direct metal 

laser melting or laser powder bed fusion in which the components are manufactured in a layer 

by layer manner. A 3D CAD model is generated using an engineering software and then is 

imported in the machine computer, where it is virtually sliced in 2D thin layers. The parts are 

manufactured on a thick substrate which is fixed on a heated platform (40-80⁰C) to reduce 

internal stress and ensure a good bonding starting from the first layer. The SLM machine is 

equipped with a laser source (Yb fiber laser, λ= 1060-1100 nm and nominal power up to 200 

W), a high-speed scanner optics containing precision galvanometer scanners (exposure area 

250 mm x 250 mm and exposure speed up to 7000 mm/s). The laser beam focused by an F-

theta objective (diameter of the laser beam 100 -500 µm and focal length 410 mm) is melting 

the powders spread all over the substrate. Then, the build plate is lowered with an equal step as 

the height of the layer created by the laser scanning and the top of the part is covered by a new 

layer of powder by the leveling system. This step is repeated until the shape is generated in it’s 

entirety. The manufacturing process is conducted under controlled Ar atmosphere. All the 
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components described above are part of an integrated SLM machine, model M270 (Eos GmbH, 

Germany). A schematic of SLM working principle is presented in the figure 3.2. 

Cranial implants produced by SLM 

The technical design of the cranial meshes is presented in Appendix 3. For the part 

fabrication, we used Ti6Al4V powder with particles diameters in the range of 10 to 30 µm. The 

optimum parameters for melting the powder were 90 W laser power with 0.45 m/s scanning 

speed under 4 bar Ar atmosphere and the laser beam was focused at 100 µm on the bed powder. 

Once the 3D printing process was completed, the part was removed from the substrate using an 

electro - erosion cutting machine Robofil 6030 (Charmilles Technologies, Switzerland). A 

detailed material about the post-processing steps can be found in subsection 4.3. 

 

Figure 3.2 Selective Laser Melting working principle 

3.3 PHYSICO-CHEMICAL CHARACTERIZATIONS 

3.3.1 Metallographic characterization and micro-hardness  

The metallographic characterization is the first analysis in the quality assessment process. 

This destructive analysis is required to establish the optimum set of parameters in order to 
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obtain a required metallographic structure and to eliminate defects in the bulk. The specimens 

are cut in small pieces, embedded in resin, grinded and polished mirror alike.  

In order to reveal the metallographic structure, the polished surfaces were chemically 

etched with a Kroll Reagent. The samples treated with the chemical reagent were studied by 

optical microscopy using a DM4000 B LED instrument (Leica, Wetzlar, Germany). In order to 

evidence the compactness of the LMD synthesized material, samples unexposed to the reagent 

were also studied by optical microscopy.  

The hardness of the bulk structures was determined by a Vickers microdurimeter, model 

FM-700 (Future Tech, Holbrook, USA), using a load of 5 × 10−2 N [120].  

3.3.2  Scanning electron microscopy 

The microstructures of the results samples were analyzed by scanning electron 

microscopy (SEM), using an EVO 50XVP (Carl Zeiss, Oberkochen, Germany) instrument. 

The compositions of the source powders, LMD and SLM samples were assessed by 

energy dispersive X-ray spectroscopy (EDXS) by means of a 133 eV XFlash 4010 (Bruker 

AXS, Karlsruhe, Germany) attached to the SEM microscope. The EDXS analyses were 

performed in four different large (533 × 360 µm2) regions of the specimens in order to average 

over possible compositional non-homogeneities. Mean ± standard deviation values were 

computed. Further statistical analyses were carried out using the unpaired Student’s t-test, with 

differences being considered significant at a probability value (p) < 0.05. The surface 

homogeneity of the LMD sample was probed by EDXS elemental mapping [120]. 

X-ray diffraction (XRD) investigations were performed with a D8 Advance (Bruker AXS 

Karlsruhe, Germany) apparatus using CuKα (λ = 1.5418 Å) radiation and a rapid LynxEyeTM 

detector. The samples were scanned in symmetric geometry (θ–θ), in the 2θ angular range 25°–

75°, using a step of 0.04° and time per step of 2 s. The XRD analysis aimed to provide 

qualitative and quantitative information about the crystalline phases. The XRD data processing 

was performed using the TOPAS® (Bruker, Karlsruhe, Germany) software. A corundum 

reference sample (NIST SRM 1976) was used to verify the alignment of the instrument and to 

model the instrumental line profiles [120]. 

3.3.3 In vitro testing 

The printed samples were cut in 3 × 6 mm2 coupons for in vitro testing. Before the 

biological assays, all the mirror-polished coupons were steam-sterilized at 121 °C for 30 min, 

using an AES-8 autoclave (Raypa, Barcelona, Spain) [120]. 

3.3.4 Cell culture 

Human osteosarcoma cells (SaOs2) were cultured in McCoy’s 5A medium (Gibco, 

Waltham, USA) supplemented with 15% fetal bovine serum (FBS) (Gibco, Waltham, MA, 

USA) and 1% penicillin (10,000 U/mL)-streptomycin (10000 µg/mL) (PEN-STREP) (Gibco, 

Waltham, MA, USA). The cells were split at passage P19 and seeded on the coupons placed in 

24-well tissue-culture test plates (TPP Techno Plastic Products AG, Trasadingen, Switzerland) 

at a density of 15000 cells/sample. They were cultured in a 5% CO2 humid atmosphere at 37 

°C for 1, 3, and 7 days. Glass coverslip (CS) of 12 mm diameter was used as an experimental 
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control. The cells cultivated on CS were routinely visualized by using a Leica DMi1 (Leica 

Microsystems, Wetzlar, Germany) inverted phase contrast microscope [120].  

3.3.5 MTS assay 

Cell proliferation was investigated using a CellTiter 96 aqueous solution cell viability kit 

from Promega (Madison, WI, USA). The assay is based on the use of a tetrazolium compound 

(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium, inner salt—MTS) that is chemically reduced by viable cells into formazan, which 

is soluble in the tissue culture medium. Since the production of formazan is proportional to the 

number of living cells, the intensity of the produced color can be used as an indicator of cell 

proliferation. 

3.3.6 Immunofluorescence microscopy 

Cells grown on all samples were examined by means of fluorescence imaging. After 24 

h and 72 h of culture, SaOs2 cells were fixed with 4% paraformaldehyde at room temperature 

and kept in phosphate-buffered saline (PBS) at 4 °C before labeling. The fixed cells were then 

permeabilized with 0.2% TritonX-100 and blocked in 0.5% bovine serum albumin. In order to 

visualize the actin filaments, the cells were stained with Alexa Fluor 488-conjugated Phalloidin 

(Cell Signaling, Technology, Danvers, MA, USA). The cells were then treated with 1 μg/mL 

Hoechst (Cell Signaling, Technology, Danvers, MA, USA) in order to label the nuclei. After 

each incubation, the samples were washed three times with PBS. In the end, the specimens were 

analyzed on glass slides using a DM 4000 B LED fluorescence microscope equipped with a 

DFC 450 C camera (Leica Microsystems, Wetzlar, Germany) with appropriate filters [120]. 

3.3.7 SaOs2 cell morphology 

The SaOs2 cell morphology was studied by SEM. For SEM studies, the cells were fixed 

after 1 and 3 days of interaction with samples. For fixation, 2.5% glutaraldehyde was used for 

45 min at room temperature and washed two times with PBS. Samples were kept in PBS until 

the process of dehydration. This procedure involved successive immersion in 70%, 90%, and 

100% ethanol (EtOH), 15 min twice for each concentration. Cells were then incubated by 

sequential incubation in 50%:50%, 25%:75%, and 0%:100% solutions of 

EtOH:hexamethyldisilazane (HMDS), two times for 3 min in each combination. The specimens 

were dried and metalized prior to the microscopy investigations. The metallization consisted of 

a 10 nm thin gold layer deposited by magnetron sputtering on the surface of specimens with a 

manual sputter coater (Agar Scientific, Essex, UK) [120]. 

3.3.8 X-ray Computed tomography  

While metallographic analysis reveals information about the microstructure and 2D pores 

or cracks, X-Ray Computer Tomography (XCT) discloses 3D defects in the bulk, with a 

resolution better than 1 micrometer and in a non-destructive manner.  

The non-destructive analyses were conducted in the X-Ray Microtomography Laboratory 

of the National Institute for Lasers, Plasma and Radiation Physics (INFLPR), using a submicron 

X-Ray source with 225 kV maximum high voltage, 0.4 mm minimum object-focus distance 

and 170° X-Ray cone. 
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4. PARTS OF TITANIUM ALLOYS PRODUCED BY ADDITIVE 

MANUFACTURING 

4.1 DEALING WITH DEFECTS IN TI GRADE 5 PARTS PRODUCED BY LMD 

The aim of this study was to obtain final products fabricated by LMD without internal 

defects, such as pores, cracks, or non-melted inner regions. We will show that the scanning 

strategy for producing a part can be optimized in a matter of hours instead of days, as would be 

the case when using destructive analyses techniques. 

The processing parameters, such as laser power, scanning speed and powder feed rate 

were previously optimized in order to obtain high density depositions free of defects such as 

pores, cracks or non-fusion powder particles [120]. They are provided in Table 4.1 and were 

preserved for all experiments. However, if depositions are conducted on larger areas or when 

using different scanning strategies, these conditions no longer ensure defects free depositions 

and a new study is necessary, this time taking into account hatch spacing and the distance 

between layers. The defects can be due to the higher temperature of the substrate caused by 

prolonged irradiation, which can cause higher rate evaporation, larger heat affected zones, 

deposition with non-uniform thickness, and change of metallographic structure or repeated 

dilatation-contraction cycles. 

Table 4.1. Optimized process parameters for tracing a clearly defined, parallel borders, single 

line of Ti6Al4V with the least residual material [121]. 

Process parameter Value 

Laser power 700 W 

Scanning speed 0.015 m/s 

Powder flow rate 3 gr/min 

Laser spot size 800 µm 

Layer thickness 2.5 mm 

Nozzle stand off 16 mm 

Ar shielding gas flow rate 10 l/min 

He shielding gas flow rate 3 l/min 

Bulk structures in shape of parallelepipeds with size of 30 mm × 15 mm × ΔZ mm (ΔZ 

varying function of the scanning strategy) were performed using eight different scanning 

patterns (Table 4.2). 

Table 4.2. Scanning strategy parameters [121]. 

Sample 
Offset between meander planes ΔZ 

[mm] 

Hatch spacing 

[mm] 

Overlap 

[%] 

S1 0.5 1 33 



Diana CHIOIBAȘU 

15 

 

S2 0.5 1.25 20 

S3 0.5 1.5 0 

S4 0.75 0.5 66 

S5 0.75 0.75 50 

S6 1 1 33 

S7 1 1.25 20 

S8 1 1.5 0 

 

Samples produced with the scanning strategies described in Table 4.2 were XCT 

scanned in order to identify defects that occurred during deposition. The samples were aligned 

with respect to the X-ray tomography system by placing the substrate interface parallel to the 

detector and the long side along direction of rotation. In other words, the Z axis from the sample 

coordinates is perpendicular to the X-ray detector. 

The appearance of pore clusters is more probable among first several deposited layers 

that are nearest to the substrate (low ΔZ value). The thermo-dynamic stability is improving as 

the layer grows on the Z axis. Figure 4.1 shows the preferential pores positioning in a LMD 

deposited sample, scanned by XCT. 

 

Figure 4.1 3D rendering on sample 4 highlighting the appearance of pore clusters, were the most 

predominant are near the substrate region [121]. 

Alternative solution to non-destructive monitoring and parameters tuning would be to 

accept samples with certain degree of porosity and to apply a post-processing heat treatment 

with hot isostatic pressing (HIP). Using HIP post-treatment, the porosity percentage decreased 

from 0.08% to 0.01% [122], [123]. However, with our solution, the percentage of porosity was 

an order of magnitude lower. 

The parts quality monitoring technique by XCT is not limited to the LMD method or to 

the material used in this manuscript. It can be useful for assessing defects in metallic samples 
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with sizes of tens of centimeters obtained by casting, powder metallurgy or 3D printing by laser 

or electron beam [124]. The technique is also compatible with the most common metals used 

in metallurgy, so it can cover a wide range of applications. 

4.2 PROTOTYPE ORTHOPEDIC BONE PLATES 3D PRINTED BY LMD 

In this study, the LMD technique was chosen due to its good promise for the future 

development of large size implants, while minimizing the raw materials consumption. 

Furthermore, LMD is versatile, allowing its application for printing, coating, and alloying, and 

thus, opening the path towards innovation in the biomedical field. By LMD, Ti6Al4V 

composites can be synthesized in situ in combination with hard ceramic nanoparticles, such as 

TiC, in view of increasing its mechanical properties [125], [126]. There are numerous papers 

reporting LMD experiments starting from Ti6Al4V powders, especially for cladding or 

repairing of mechanical parts [127]–[129]. While SLM is the technique of choice for producing 

additive manufactured medical devices (such as hip or knee prostheses, dental implants, cranial 

meshes or plates for facial reconstruction [130]), the LMD literature is limited to 

physicochemical tests of LMD deposited biocompatible alloys [131]–[134]. 

The Ti6Al4V bone plates were produced from a micro-sized powder purchased from 

LPW Technology, Widnes, UK. The experimental set-up is described in detail in subsection 

3.2.1. The particle size distribution analysis was performed on the basis of four SEM 

micrographs (Figure 4.2a-c). A representative EDXS spectrum is shown in Figure 4.2d, which 

highlights the high degree of the powder purity (at the sensitivity limit of the analysis 

technique), with only Ti, Al, and V peaks being evidenced.  

 

Figure 4.2 (a) Overview of the SEM micrograph for Ti6Al4V powder used as source material for 

LMD manufacturing of prototype bone plates; (b) Detailed SEM morphology of the small micron-

sized particles adhering to the 50–130 µm diameter large particles; (c) Particle size distribution 

histograms; (d) EDXS spectrum characteristic of the Ti6Al4V powder[120]. 
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The final production step was of polishing by vibro-finishing. The surface polishing is 

produced by the relative movement between ceramic polishing chips and the bone plates, 

caused by the vibrations produced by the finishing machine. The final form of some bone plates 

is presented in Figure 4.3.  

 

Figure 4.3 Photo of bone plates in the final form produced by Laser Melting Deposition (LMD) and 

mechanically processed for dimensions and roughness requirements [120]. 

The cells proliferation results, as obtained by the MTS assay, are displayed in Figure 

4.4a. Figure 4.4b presents the SEM morphology of SaOs2 cells grown onto the LMD printed 

Ti6Al4V. Further, the fluorescence microscopy images showed the degree of cellular surface 

coverage at 1 (Figure 4.4c) and 3 (Figure 4.4d) days after seeding. After three days, the SaOs2 

cells proliferated and spread on the whole surface of the LMD printed Ti6Al4V biomaterial.  

 

Figure 4.4 (a) MTS results for the SaOs2 cells grown on Laser Melting Deposition (LMD) printed 

Ti6Al4V; (b) SEM micrograph of SaOs2 cells 3 days after seeding on LMD printed Ti6Al4V; 

Fluorescence microscopy images of SaOs2 cells cultivated for (c) 1 day and (d) 3 days on the surface 

of LMD printed Ti6Al4V [120]. 
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4.3 3D-PRINTED IMPLANTS FUNCTIONALIZED WITH LITHIUM-DOPED BIOLOGICAL-DERIVED 

HYDROXYAPATITE COATINGS  

The increase of life expectancy and the enhanced frequency of injuries and diseases are 

considered the most important causes for the escalating demand for dental and orthopedic 

devices. In this respect, the surface functionalization of implants with highly performant 

bioactive materials is currently of interest and necessary both for the prevention of failure and 

the prolongation of the bone implants’ life. Usually, an implant can be manufactured from Ti 

or its medical-grade alloys. In this respect, additive manufacturing (AM) is a technology that 

allows for cost-effective and rapid production of complex three dimensional (3D) metallic parts 

and is gaining nowadays increased attention in the field of personalized medicine [135], [136].  

Printing of Metallic Implants 

The laser melting deposition (LMD) technique was used for the manufacturing of three-

dimensional (3D) metallic implants. A Ti6Al4V powder (with the particle size of <90 µm), 

further denoted as control, was used as precursor material. Implants were in “T”-shape (Figure 

4.5a,b) and their dimensions are displayed in Figure 4.5a. It should be mentioned that, by using 

the LMD technique, the fabrication costs and manufacturing time of 3D metallic implants were 

significantly reduced. 

Target Preparation 

The as-obtained Li-C and Li-P mixed powders were pressed at ~6 MPa in a 20 mm 

diameter mold. The resulting pellets were thermally treated in air, using an oven, for 4 h, at 700 

°C. A heating rate of 20 °C/min and a cooling ramp of 5 °C/min were applied. Following this 

protocol, the fabrication of hard and compact targets was carried out. 

Coating Fabrication 

PLD experiments were conducted inside a stainless-steel deposition chamber, in an 

ambient water vapor pressure of 50 Pa. The target-to-substrate separation distance was of 5 cm. 

Coatings were synthesized using a KrF* excimer laser source (COMPexPro 205, Coherent, 

Santa Clara, CA, USA, λ = 248 nm, τFWHM ≤ 25 ns). The incident laser fluence was set at 3.5 

J/cm2 (with a corresponding pulse energy of 360 mJ). The laser beam was incident at 45° on 

the target surface. For the growth of one film, 15,000 consecutive laser pulses were applied. 

During the multi-pulse laser irradiation, the target was continuously rotated with 0.3 Hz and 

translated along two orthogonal axes, to avoid piercing and to obtain unidirectional plasma.  
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Figure 4.5 (a) The technical drawing of the 3D metallic implant; (b) the 3D drawing of the implant; 

(c) the TruTops Cell® graphical software which generates the movement codes for the robotic arm 

[137]. 

Animals and Surgical Experimental Protocol 

For the in vivo experiments reported in this study, that took place in the biobase of the 

University of Medicine and Pharmacy (UMF), Craiova, Romania, a total of 26 skeletally-

matured New Zealand White rabbits, aged six months and weighing between 3 and 3.5 kg were 

used.  

Before surgery, the simple and functionalized 3D Ti implants were sterilized by 

autoclaving (at 120 °C, for 1 h).  

The 26 rabbits were randomly assigned to two groups (n = 13 each). The 3D metallic 

implants were introduced into the femoral condyles [138] (two implants in each rabbit), using 
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the following sequence: at the level of the right femur, the 3D Ti implants functionalized with 

Li-C and/or Li-P coatings, and at the level of the left femur, the simple Ti implants (controls). 

Characterization of Simple and Functionalized Three-Dimensiomnal (3D) Ti Implants 

Computed Tomography 

For this particular case the computer tomography investigations were performed using 

a Siemens CT scanner, operated at 130 kV, 90 mA, 0.5 mm section thickness and 0.3 mm 

section increment. The integration and total scan times were of 0.5 s and 2 min, respectively. 

For the evaluation of bone density, the Onis 2.3.5 software was used, and the inferred values 

were expressed on the Hounsfield tissue density scale (HU units). The area on the CT sections 

in which the tissue density was evaluated (also known as the region of interest), was always 

selected from the same region of the implant, for each performed measurement. 

Mechanical Testing 

Four weeks after the insertion of the 3D metallic implants, the rabbits were anesthetized 

(following the same protocol described above), and euthanized by intracardiac injection, using 

an overdose of sodium pentobarbital (100 mg/kg). 

The measurement of the implants extraction force was performed by a tensile traction 

machine (model WDW, Time Group), which measures both the force and the elongation, and 

can operate with a maximum force of 5000 N. All tests were performed with a traction speed 

of 1 mm/min. The implant was positioned into the traction machine support by means of a 

hexagonal adapter attached with an adhesive on the exterior side of the Ti implant (Figure 4.6).  

 

Figure 4.6 (a) Photograph of the extracted bone; (b) schematic representation of the implant site 

[137]. 
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After the extraction procedure, SEM examinations of simple and functionalized 3D Ti 

implants were carried out under two magnifications, i.e., 300× and 2000×, respectively (Figure 

4.7). 

 

Figure 4.7 SEM micrographs indicating bone detachment on the surface of a simple and 

functionalized (with Li-C and Li-P coatings) Ti implant, at 4 weeks after surgery [291]. 

All in all, the results of this preliminary in vivo assessment of the pulsed laser deposited 

BioHA doped with Li-C and Li-P coatings hold promise. Further and more insightful 

documentation on both the ingrowth characteristics’ influence on the mechanical stability over 

various implantation time periods, and biomolecular analyses (i.e., related to gene expression 

of osteoblasts in contact with bone substitutes and/or HA [139]), will be considered. In addition, 

detailed in vivo studies, in which simple BHA coatings will be used as controls, will be 

imagined not only to assess the lithium effectiveness in in vivo experiments, but also to 

demonstrate their superiority also over the Ti commercial implants. All these investigations are 

necessary and should stand as the subject of a dedicated study which should start, however, 

from the results of this preliminary work 

4.4 3D-PRINTED CRANIAL IMPLANTS SYNTHESIZED BY SLM AND COATED WITH ANIMAL ORIGIN 

HYDROXYAPATITE THIN FILMS 

In a collaboration with hospital Dr. Oblu in Iasi, in Romania, we conducted a study 

dedicated to increasing of bioactivity of commercial Ti cranial implants by coating them with 

a thin layer of hydroxyapatite. Following this research, we took things further and produced 

cranial prostheses by 3D printing. The manufacturing consisted of two steps: first, the prosthesis 

was generated by 3D printing using the SLM method, while in a second step, a thin film was 

deposited by RF-MS from a target of biological apatite derived from bovine bones. The focus 

of this study was to assess for the first time the feasibility of depositing by RF-MS bioceramic 



Medical devices of Titanium alloys obtained by laser additive manufacturing techniques 

22 

 

coatings of biogenic origin onto SLM custom-fabricated prosthesis. In this respect, 

morphological, compositional, structural and bio-functional interrogations were conducted for 

both the metallic part and the bioceramic coating. 

Representative images of a Ti6Al4V cranial mesh before and after biofunctionalization 

with a Bio-HA thin film by RF-MS (Fig. 4.7).  

 

Figure 4.7 (a) Uncoated and (b) Bio-HA sputtered cranial mesh of Ti6Al4V fabricated by SLM [140]. 

To determine the effect of Bio-HA coating on cell viability and proliferation, we have 

carried out an MTS test at 1, 3, and 7 days after cell seeding. As a control, a borosilicate glass 

coverslip was used, which is a cell culture standard [141]. The results are represented in Fig. 

4.41 and they show an enhanced osteoblasts proliferation on the control up to 72h. However, 

after 168h, the Bio-HA sputtered substrate was found to encourage cells expansion, as indicated 

by a significant increase in MTS absorbance value. This result suggests a slower proliferation 

dynamic on Bio-HA at early time points which is compensated after cells reach semi-

confluency. 

The adhesion of SaOs-2 cells on the Bio-HA film and the control surface has been 

investigated by fluorescence microscopy (Fig. 4.8). The actin filaments were labelled in green 

to study the cytoskeleton organization, while the cell nuclei were represented in blue. As it can 

be seen from Fig. 4.4.2a,b, after one day of culture, cells have successfully attached on both 

substrates. However, in the case of the Bio-HA coating (Fig. 4.8a), cells have extended their 

membrane protrusions and changed their morphology to a more elongated phenotype. This 

difference in the cytoskeleton structure is more pronounced after three days of culture (Fig. 

4.8c,d). Cells grown on the control material (Fig. 4.8d) elicit a more spread cell body compared 

to those on the Bio-HA substrate where they become rather elongated with multiple developed 

filipodia (Fig. 4.8c). However, taking into consideration the increased cell number detected 

after 7 days by MTS on the Bio-HA sputtered surface, we can conclude that this biomaterial is 

compatible with bone cell adhesion and expansion, which are key early steps important for 

osseointegration. 
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Figure 4.8 Immunofluorescence microscopy images of SaOs-2 cells grown on the surface of the Bio-

HA coated 3D printed Ti6Al4V substrates (a,c) and control substrate (b,d), after 1 (a,b) and 3 days 

(c,d) of seeding. The actin filaments are stained in green and the cell nuclei are labeled in blue. Scale 

bar = 200 µm [140]. 

Overall the physico-chemical properties and preliminary biological behavior of the 

sputtered Bio-HA films hold promise, and thus encourage us to further and more insightfully 

asses their potential from mechanical and biofunctional points of view. 
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5. CONCLUSIONS 

5.1 GENERAL CONCLUSIONS 

This thesis presents the most representative achievements in the matter of additive 

manufacturing of biocompatible metallic materials for personalized medical implants and 

devices of our group.  

1. Our team first developed a mathematical model for three-jet powder flow and 

temperature distribution on the substrate’s surface in the case of the LMD process. 

Initially, the Gaussian powder stream was simulated. Following on, the powder flow 

was added coaxially with the moving laser beam to analyze the effect of powder addition 

on the temperature distribution of the substrate. Additionally, an analytical formula to 

estimate the laser beam energy attenuation has been obtained. The particles’ inflight and 

within the melt-pool heating times were controlled to avoid excessive heating and 

possible transformation into vapors and plasma. This study provided a cost- and time-

effective way in the LMD process by adjusting the operating parameters to gain an 

optimal solution for powder debits and resultant energy. 

2. A quality improvement study for Laser Melting Deposition of Ti6Al4V parts was 

undertaken in order to completely eliminate internal defects. X-Ray Computed 

Tomography proved to be an invaluable tool for non-destructive characterization of the 

bulk for defects assessment. Two types of pores were identified by XCT in LMD 

produced samples: some spherical, caused by gases produced by local evaporation and 

some polyhedral ones caused by lack of superposition between the lines that produced 

the samples and a supplemental contour line traced or correction of the sample borders. 

The circular pores were concentrated close to the interface with the substrate. They were 

aligned along scanning direction forming parallel rows of voids. The larger the hatch 

spacing the lower the number of pores. By increasing the hatch spacing to 1.5 mm, the 

pores disappeared completely. For complete elimination of polyhedral pores from the 

borders of the samples, the contour line was partially superposed over the meander. 

XCT revealed that an overlap of 50% between the contour line and the meander was 

sufficient to eliminate the pores.  

3. Orthopedic bone plates of Ti6Al4V with shape and dimensions similar to the 

commercial laser cut ones, starting from powder materials, were printed by LMD. By 

optimizing the laser and scanning parameters, dense depositions with no porosity or 

cracks and with excellent compositional uniformity were obtained. The design of the 

trajectory followed by the laser beam proved essential in obtaining shapes that respect 

the dimensions and aspect of the technical drawings. The incipient 3D shapes obtained 

by 3D printing were further engineered by cutting, drilling and polishing in order to 

obtain the final bone plates. The metallographic analyses showed that the samples lack 

porosity or defects usually caused by rapid heating/cooling cycles. The metallographic 

attack revealed α+β grains with a cubic phase matrix in which hexagonal α grains 

proliferated. The micro-hardness of the LMD printed Ti6Al4V was higher than that of 
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the casted material, probably due to a basket-like interweaved grain structure, finer than 

the standard Widmanstatten structure of a casted material. The LMD printed Ti6Al4V 

alloy was biocompatible. There were no surface features or compositional deviations 

that could cause a negative response from cells. The in vitro assays showed that the 

osteoblast-like cells survived and proliferated well in the following seven days after 

seeding. 

4. Pulsed laser deposition was used for the synthesis of biological-derived hydroxyapatite 

doped with lithium carbonate (Li-C) and phosphate (Li-P) coatings. The Li-C and Li-P 

structures were investigated in vivo, as coatings on 3D metallic implants which were 

inserted in rabbits’ femoral condyles, for 4 and 9 weeks, respectively. The bone density 

measurements of the functionalized implants, performed either at 4 or 9 weeks, showed 

superior values in comparison to simple (control) ones. The inferred detachment force 

values of the functionalized implants were ~2 times higher than those registered for the 

corresponding control ones. When referring to longer implantation time periods (i.e., 9 

weeks), the extraction test results indicated improved bonding strength values (~5 times 

higher) of the functionalized implants as compared to the same structures, but 

corresponding to an implantation time period of 4 weeks. Therefore, the mechanical 

testing is indicated as a promising tool to investigate the early phase of 3D Ti implants 

attachment to bone.  

5. 3D cranial meshes of Ti6Al4V were successfully manufactured by SLM. The 

microstructure of Ti6Al4V deposited by SLM was martensitic α'. The irradiation 

parameters were optimized in order to obtain shapes without defects, such as pores or 

cracks and with homogeneous distribution of alloy elements in their volume. In a second 

technological step, the implants produced by SLM were coated by radio-frequency 

magnetron sputtering with a ~600 nm layer of hydroxyapatite derived from biogenic 

sustainable resources (i.e. calcined cortical bovine bones), which could constitute a cost-

efficient, environmental-friendly and highly promising biofunctional solution. The Bio-

HA sputtered films elicited promising biological performances: 

 Chemical stability in simulated physiological solutions (after 21 days the film 

thickness was reduced by ~14% in SBF and ~5% in FBS-supplemented 

McCoy’s 5A medium); 

 Biomineralization capacity (Bio-HA generated the formation of spherulitic 

deposits of biomimetic calcium phosphates in contact with both types of 

simulated physiological solutions); 

 Absent cytotoxicity; 

 Optimal osteoblast cell proliferation and adhesion. 
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5.2 PERSONAL CONTRIBUTIONS 

The objective of this thesis was to fabricate medical implants using additive 

manufacturing techniques. In this sense an analytical model was developed for a better 

understanding of the parameters influence during the process, an optimization study was 

conducted in order to obtain defect free samples and three different medical devices were 

fabricated. 

 The analytical models obtained based on mathematical equations used in practice were 

compared with experimental results provided by myself. I recorded the powder flow of a three-

beam nozzle via a high-speed imaging camera (AX100, Photron, Tokyo, Japan). The shape and 

the width of the powder stream were highlighted using “Image J” software (1.53a, National 

Institute of Health and the Laboratory for Optical and Computational Instrumentation, 

Wisconsin, USA. The process parameters used in the analysis were established based on 

experimental data delivered by me. I contributed on writing – review the manuscript [112]. 

 The paper about optimization of the scanning strategy in order to obtain defect free samples 

that were analyzed via XCT was concept by me. I was responsible with the LMD experiments 

which includes process parameters optimization, generate the program of the robot movement, 

fabrication and preparing the samples for XCT analysis. I interpreted the results, wrote the 

original draft and prepared the review [121]. 

 I was responsible of 3D medical devices fabrication starting with the conceptualization of the 

CAD model. I optimized the process parameters and scanning strategies in order to get parts 

that respect the technical drawings. I generated the CNC programs for the robot movement, I 

prepared the samples for the metallographic analysis and I evaluated the microstructure using 

an optical microscope. I was in charge of post-processing steps needed to obtain the desired 

surface finishing in case of orthopedic bone plates [120] and medical implants fasteners [137]. 

Personal contributions can be summarized as follows:  

→ Development of mathematical models – experimental input data, recording powder flow shape 

via high speed camera and analysis of powder flow distribution. 

→ 3D printed samples – design, programming the robot movement for sample manufacturing, 

process parameters optimization, porosity evaluation and methodology. 

→ Orthopedic bone plates – design of CAD model, programming the robot movement, process 

parameters optimization, part fabrication, metallographic analyses, characterization of powder 

and bulk material, methodology. 

→ Cranial meshes – design of CAD model, metallographic analyses, characterization of powder 

and bulk material, methodology. 

→ Medical implants fasteners - design of CAD model, programming the robot movement, process 

parameters optimization, part fabrication, post-processing.  

The results of the thesis have been exposed in 12 scientific ISI articles (Appendix A), 3 

submitted patent demands, 1 technical documentation (Appendix B), 12 oral presentations at 

national/international conferences (Appendix C) and 5 poster presentations at national/ 

international conferences (Appendix D). The total IF and AIS score amounts to 29.52, 

respectively 5.14.  
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5.3 FUTURE WORK 

In the near future, there are several directions in 3D printing that will be tackled by our 

team, in which the shape will be quite prominent: 

o One of our main topics of research will be the testing of ceramic substrates on which 

metallic parts can be built by LMD. All groups are dealing with 3D printing of metallic 

parts use metallic substrates. This means that at the end of the printing process, the part 

has to be detached from the substrate by cutting. In case of Ti and it’s alloys, the 

hardness is 40% higher than in case of stainless steel and cutting it is time consuming. 

Moreover, the cutting tools can be broken during the cutting process, thus increasing the 

fabrication costs. After cutting, the part has to be post-processed to smoothen the in-

aesthetic bottom side.  Our aim is to find a refractory ceramic material compatible with 

the metallic structure deposited by 3D printing (in order to avoid defects at the 

interface), that can be easily broken, in order to release the printed part. Studies are 

underway in the framework of the Nucleus Project of INFLPR.   

o Another subject of interest for me is the 3D printing of Metal Matrix Composites 

(MMC). These are materials with a metallic matrix and a dispersed phase of particles. 

By using light matrices and hard particles for reinforcements, one can obtain materials 

with amazing mechanical properties and in the same time with a very light mass. I 

envisage two distinct paths towards reaching this objective: I) the starting material will 

be a mixed powder of matrix and dispersed phase materials that will be blown into the 

laser spot from a single powder feeder and II) matrix powder will be inserted into a 

powder feeder, while dispersed phase powder will be inserted into a second powder 

feeder and they will be blown into the laser spot concomitantly with different debit rates 

in order to reach a desired proportion of dispersed phase into the matrix. 

o In a new project of our group, the main research line will be to produce parts by 3D 

printing, with enhanced surface topology, in order to minimize their mass and to 

increase their resistance to mechanical solicitations. The user indicates in the CAD 

software the constrictions for the part and the areas that will have to withstand 

mechanical solicitations. Based on this information, the software will calculate the 

optimal shape that will require the least amount of material, but will provide the highest 

resistance to the required applied forces. The resulting shapes can be often convoluted, 

making their production by conventional casting techniques quite challenging. We will 

try to produce such shapes by 3D printing, using the LMD method. 

Finally, my main goal is to become independent in my research. My focus will be to 

apply and win projects in the national competitions, which will allow me to become familiarized 

with the management of research. They will also provide freedom of research on my own 

thematic and the possibility to become an accomplished researcher, by slowly gathering and 

guiding a small research team. 
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