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All the partners involved in the project participated in the execution of stage 1 and the planned
objectives have have been met.

In order to correlate and optimize the additive processing parameters with the material characteristics
available and with the mechanical properties of the parts for medical applications, CO-NCDMTM realized
3D models of test samples for fabrication by selective laser sintering, as well as samples representative
specific to the medical field: 108 samples for destructive mechanical testing from PA2200 and 1 set of
samples containing several structural features: porosity, internal channels, cellular structures of Ti6AI4V.

At this stage, the test samples were designed in two variants:

1. with simple shapes, suitable for destructive mechanical testing (see figure 1);

2. with anato-adaptive forms (see figure 1) representative samples for medical implants specific to
the patient containing one or more structural features (eg porosity, channels) internal) representative for
implantable medical devices used in reconstructive surgery Maxillofacial.
3D models with cellular structures were designed (see figure 2, a); b); c)): Structural evidence internal cells,
samples with external cellular structures and a sample with representative porous structur for a patient's
specific implant (zygomatic bone for cranio-facial reconstruction). The models of projected cell structures
were analyzed by the finite element method and are being optimized from the point of view of dimensional
and geometric characteristics.

After completing the design of the 3D models, additional preparation steps were required beforehand
for them to be manufactured. This was achieved by using specific training software and consisted of:

a) the proper placement and orientation of the models in the volume of construction;

b) adding the connection supports to the construction plate;

¢) dividing the models into layers in the direction of manufacture;

d) establishing the trajectories of the laser beam.
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| Figura 2— Modelul 3D probe cu structuri celulare: a) Proba cu structuri celulare interne; b) Proba cu
structuri celulare externe; ¢) Esantioan cu structurd poroasa, reprezentativ pentru implatul specific
unui pacient (os zigomat pentru reconstructia cranio-faciala)

The location and orientation of the reference group within the construction volume are an integral
part of the quality of the fabrication because the distance between the marks affects the consolidation
between the layers, the quality surface area and ease of post-processing, while orientation may influence
anisotropic properties of the landmarks. These phenomena occur due to the fact that the volume of
construction has areas in which processing results are better and areas where results are less, such as areas
its exterior. Also, adding bonding supports was another challenge because their location, type and number
affect the geometrical accuracy and mechanical properties of machined parts. Normally, for placement and
for determining the number of supports are use automated algorithms, but the geometric complexity and
processing limits of porous parts they required a subsequent manual intervention of the operator to optimize
them. Therefore, a it was necessary to carry out a geometric analysis and to analyze the specific
requirements imposed by the structures cell phones for adding media in the process design phase.

The materials used to manufacture the samples for testing were: biocompatible powder PA2200
polyamide and Ti6Al4V biocompatible powder, both supplied by EOS GmbH (Germany). Because one of
the advantages of additive processing is the efficient use of raw materials through recycling uninterested
powders and to demonstrate that recycling of powders does not adversely affect the properties physico-
mechanical of the final components, the samples were processed from a mixture of new powder and powder
reused and experimental studies were carried out regarding the effect of recycling on the properties.

In the process of polyamide sample processing a mixture of PA 2200 powder was used: 55% new
powder (the powder delivered by the manufacturer and which was no longer subject to heating in
processing) and 45% recycled powder (used powder that was screened for reuse), and in he process of
processing the metallic powder samples used a mixture of Ti6Al4V powder: 70% new powder and 30%
recycled powder.

The PA2200 polyamide samples were manufactured on the selective sintering machine with EOS
FORMIGA P110 laser (EOS GmbH, Germany) that allows scanning speeds up to 5 m/ s, and those of Ti64
metal powder were processed by the EOSINT M 270 - Dual-Mode with PSW 3.5.

The quality of the surfaces of the samples made by selective laser sintering is influenced by the
speedscanning, particle size and layer thickness. From the visual analysis of the surfacesof the fabricated
samples and Ti6Al4V (see Figure 3), they are relatively smooth due tothinner layers (30 um), low scanning
speeds and small particle sizepowder. The surfaces of the samples constructed vertically are characterized
by a wavy appearance, without any discontinuity, while, on cylindrical samples constructed horizontally,
curved surfaces are formedfrom successive layers. It is also observed that the partially melted powder sticks
to the outer surfaceand gaps with distinct layers are visible on the outer surface of the constructed
samples.The quality of the surfaces can have a significant effect on the mechanical properties of the final
partsprocessed by additive technologies, especially for fatigue resistance..
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Analyzing the defects it is observed that some structures have broken during cooling (see fig. 4). This
phenomenonit is related to the variable size of the cells, because, the binding in nodes of the different
latticesthicknesses lead to the instability of the laser sintered part and to their deformation during cooling,
as a result ofcontraction phenomenon. As can be seen, there are also samples which are not characterized
by anyimperfection, proving the ability of SLS technology to manufacture porous / cellular structures.
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Figure 4 - Defects observed in the samples
In the additive manufacturing process, the dimensions of the parts can be affected by orientation and
pitchtheir in the volume of construction. Also, to demonstrate consistency and reproducibilityidentical
manufacturing cycles, dimensional measurements were required on samples from severalbuilding cycles.
In this stage dimensional measurements were made, following as in the stagessubsequent to the
development of the project to determine the mechanical properties, but also other properties that
wouldcould be affected depending on the destination and the technical characteristics of the final
components

The dimensions of the cellular structures were measured (see figure
5)and the average values showed a deviation of less than 50 um.

Figure 5 - Gauge dimensions for a section of the original sampleThe
measured micro-hardness is 393 + 5 HV, higher thanthe minimum value of
titanium alloys for medical use (349 HV).The samples from PA2200 were
tested by CO-INCDMTM according to SR EN ISO 527-1: 2012, Plastics.
Purchase and presentationintrinsically comparable data. Part 1: Training
materials .The samples were oriented along the X axis (0 ©), in the direction
of the Z axis (90 °) and inclined at 45 ° to theplane XZ (see figure 6).




¢) —Orientare la 45° fata de planul XZ
Figura 6 — Amplasarea si orientarea probelor in volumul de construire

A total of 108 samples were manufactured in several processing processesfor conducting research.
The samples were distributed in the processing volume to reducethe effects caused by the inhomogeneous
distribution of the temperature on the surface of the powder bed and, byalso, their location on the edge of
the construction space was avoided . After completionDuring the manufacturing process, the samples were
kept under standard conditioning conditions until reachingmoisture balance, according to standard SR EN
ISO 291: 2008, Plastics. Standard atmospheresfor conditioning and testing.The design approach of the
experiments was used to determine the correlation betweenthe parameters of the manufacturing process by
additive technologies and the mechanical properties of the samples.As a factor of influence, the temperature
of the powder bed (temperature ofpreheating), the thickness of the powder layer and the orientation of the
samples in the processing volume, resulting in anumber of 9 combinations:

b) — Orientare pe vertical pe directia axei Z (90°)

Nr. | Laser Prehatig Layer Semple orietntation
exp. | power temp thickness | Horizontal | Slanting | Vertical
ad [°C] [mm] X XZ (45°) z
1 30 169 0.10 X X X
2 30 170 0.10 X X X
3 30 171 0.10 X X X

The tensile tests were performed on an electric test machine at static demands, typeHOUNSFIEKD
10KT (see Figure 7), with a loading speed of 5 mm / min. in accordance with SR EN ISO 527-1: 2012,
Plastics. Determination of tensile properties. Part 1: General principles ; SR ENISO 527-2: 2012 , Plastics.
Determination of tensile properties. Part 2: Conditionsinjection molding and extrusion testing and SR EN
ISO 10350-1: 2018, Plastics . The acquisition and presentation of comparable intrinsic data. Part 1: Training
materials.

b)
Figura 7 — Masina HOUSFIELD H10KT de incercare la tractiune conform standardului SR EN ISO 527-2:
a) vedere de ansamblu; b) detaliu fixare extensometru



When performing the porous structures, the main process parameters and the mode must be
identifiedtheir influence. This problem is extremely difficult to achieve because of minor differencesprocess
parameters are transposed into major influences of the physical-mechanical properties of the
productsobtained. For the most accurate definition of the input parameters (initial), it was necessary to make
somelaboratory tests as accurate as possible to characterize the obtained products. Thus, P3-IMS
identifieddifferent characteristics obtained by applying different process parameters. These changes athe
input parameters were analyzed and correlated with the output parameters of the products obtained inview
to identify, obtain products with physical-mechanical properties close to those of the boneshuman.

In the analyzes carried out, P3-IMS started from the types of metal powders intended for
applicationsmedical and aerospace. In the case of Ti metal powder, the initial bulletins were
comparedpowder producer (imposed by the manufacturer of the complex selective sintering aggregate
withlaser) with the values identified by conducting own tests.

From the point of view of the appearance of Ti powder granules the following characteristics were
highlighted:

- the maximum particle size corresponds to the one indicated by the manufacturer,

- the particle distribution respects the degree of dispersion indicated by the manufacturer,

- the form factor is 1.1t results in a uniform and homogeneous distribution of pubers, intended to
ensure the very good conditions offlow and filling, necessary to complete the formation process by addition.

Investigation of laser sintered Ti products were of the following type:

-optical microscopy at x 100 and x 200 thicknesses,

-electron microscopy,- microsonde for measuring the chemical composition of the qualitative
elements.

These investigations were performed on 5 samples obtained under different process
conditions.Within photographs 1-2, a structural uniformity is identified, which highlights:- the laser beam
crossing direction,- the melting direction, with a high degree of porosity,- Incomplete powder particles and
splashes of molten material (similar to those obtained duringwelding process).

3-4 microscopic photos X 100 and x 200 sample C4



Within photographs 1-2, structural inhomogeneities can be identified, which at x 200
magnificationhighlights the direction of melting with a fairly high degree of porosity (with smaller
average sizes than atCl), incomplete powder particles (smaller than C1) and splashes of molten
material insmall humber but also a very large area of partially sintered material. C4 structure
through non-uniformitiesstructural indicates a decrease of the physical-mechanical parameters,
without achieving uniform porous structures.For a more precise analysis, electron microscopy
investigations were also carried out:Another approach developed in the paper consisted in the
analysis of a sample from CoCrMoSiobtained by selectlve Iaser sintering and subjected to a tensile
test. The specimen is brokenoccurred in the ;
central area, perpendicular to the
longitudinal axis of the specimen. From
examining the breaking zoneit is noted the
existence of areas with living edges, due to
the grinding of material, specific to hard
materials.Electron microscopy analyzes
show the occurrence of typical
nicrocrystalline snakesbrittle-type rupture,
with no ductile removal elements.Figure 8
shows images obtained atmicroscope by P2- -
COMOTI and P3-IMS with ] ngura_s - Compararea calitii pudrei inainte de utilizare

. .. . . a)SEM 250x GA, b) SEM 500x GA ¢)LOM GA d) SEM 200x RA, e) SEM 500x RA f) LOM RA
differentiationmetallic powders obtained by ¢) SEM 200x PREP.h)SEM 500x PREP i) LOM PREP
different processes.P2-COMOTI and P3-IMS performed an analysiscomparative of the physical-
mechanical characteristics andchemicals of the materials used for the manufactureby additive
technologies in the aerospace industry,their effects on the properties of the partsmanufactured and
the requirements regarding the certification of technologiesadditives in aerospace.The piece chosen
for the study of the requirements ofdesigned by P3-COMOTI is the CAD model ofof a centrifugal
compressor used for a microturbomotor. This compressor rotor can be used in a car applicationfor
a turbocharger supercharger group of a piston engine.
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For CAD design of the P1-UTCN specimens he used the SolidWoks software, where 2 were
elaborated.test models for tensile strength testing, 1 model for shock resistance testing, 1model for fatigue
resistance testing and 1 model for bending tests. simulationthe lattice structures (see fig. 11) by P1-UTCN
were made in cylinders where it was set for X, y and zthe following values: 0.5 mm, 0.6 mm and 0.7 mm.
The porosity variation according to the size of the cellelementary has been analyzed in previous studies and
it was known that for the values presented above, it can be obtainedmodels with the following porosity

Fig. 10 - Rotorul de compresor propus pentru modelul 3D| Fig. 9 - Extras desen de executie rotor de compresor centrifugal



percentages: 50%, 60% and 70% respectively.2 specimens with variable cellular structures were designed.
For their design, so much was taken into accountthe minimum distance that can be processed by SLM (ie
pores with size 0.6mm) respectively bytheir orientation on the SLM work platform so that no support is
needed to support thewelding (angle of cords of at least 45 °). Another method of making some landmarks
with cellular structuresis by extracting pores having a user-configured structure. Thus, they were obtained
through thismethod using as a basic element models of hexagon or sphere 2 marks. It should be
mentionedthat in this case, the pores obtained could vary.

Fig. 11 - Simulare si fabricatie a unor structwri celulare: a) Epruvetele cilindrice cu w

1 contur exterior masiv (2,5 mm) si miez poros in softul Realizer al echipamentului SLM

b) Set de epruvete macro-poroase cu porozitate intre 50% si 89%

Case study: Shovel for the aeronautical industry (see fig. 12), 3D model provided by P2-COMOTI:
the final model of the blade contains approximately 70% latex (cellular) structure, and the restit is full
structure. Also, along the entire outline of the blade there is a wall of 0.5 mm that covers the wholecell

structure and gives it both mechanical strength and provides an aerodynamic surface.

a) b) | X

Fig. 12 - Model CAD pala pentru industria aeronautica;
a) Forma initiald — model STP, b) Model final — model CAD cu structura lattice

Case study: Connecting rod for the automotive industry (see fig. 13), 3D model provided
by P4-UPIT: were used two methods, the first is to multiply and integrate a lattice unit (cell) into a
solid holdingdue to its 3D shape, and the second, less commonly used method involves extracting some
lattice structuresfrom a solid. In order to be able to control the porosity of the obtained structures, the
degree of multiplication of aelementary cells can be configured so that with the same cell a wide range
can be developedporosity. It was designed and integrated into the cell an example of a lattice rod
"honey G" to givetwo 3D models, with porosity of 42% and 68% respectively. Integrating these lattice
structures into the connecting rod was possiblereduces the total weight of the piece by 34-61%. Thus,
both the powder consumption required for SLM manufacturing as welland the actual processing time
is reduced in proportion to the designed porosity. Of course, analyzeFEA are required to determine the



optimum porosity degree, respectively the design of the lactic cell whichcorresponds best from a static
and dynamic point of view.

Fig. 13 - Structuri lattice de tip ,, G honey” proiectate in biela:
a) Porozitatea zonei lattice 42%, b) Porozitatea zonei lattice 68%

Following the analysis of the concepts, for each of them, were identified: methodologies anddesign
principles, input and output parameters of the design process of complex partsprovided by CO_INCDMTM
and P1-UTCN.

Fig. 14 -|Structuri lattice de tip ,,rhombic dodecahedron” proiectate in bield
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Fig. 15 - Volume optimization through redesign [EMM 11]
The minimum thickness of the vertical walls of the FDM parts depends on the thickness of the material
layer. itrecommends avoiding the construction of vertical walls formed by layers that have only outline and
that determineobtaining a fragile piece
A vertical wall thickness below 0.2 mm can not be at

Tabelul 1 — Grosimi recomandate allobtained by the FDM process. It is recommended that

I(_n?,:qe)r fhickness :’:ﬁlukr:::sr?zm]) the wallshorizontal not to be less than 1 mm thick
0.18 071 [DANO6]. Thin walls should be designed with no
0,25 1’02 inclinationthus avoiding the formation of gaps in the
0:33 1:32 interiorlayers.

Due to the STL format and FDM specific manufacturing method, circular holes cannot be obtained with
agood accuracy. Thus, if holes with high precision are needed, it is recommended to obtain them
afterwardsmanufacture of the piece, in the secondary processing stage. In FDM, the diameters of the holes
made generally havevalues below the nominal value. The smallest deviations from the circularity have the
holes built in the x- plane.y. It is recommended that the minimum dimensions of all geometric elements
have values greater than 2mm inplan xy. It is advisable to avoid orienting the part so that large surfaces
arebuilt horizontally because of the characteristic filament and cycle depositing modeof heating-cooling,
deformations of these surfaces appear. Dimensional and shape accuracy of the elementsgeometric is better
vertically than horizontal, it is recommended to orient the piece inconsequence.lf possible, it is
recommended to change the geometry of the part so that it is not necessary to buildsupport structures, which
have a negative effect on the quality of the surfaces, the time and the cost of constructionl played it.The
products manufactured by AM can be made differently at each point or at each layer, so thatto get different
properties at different points. For example, a structure can be created according to the functionby loading
at each point.



(a) (b)

Fig. 16 - Custom structure according to load function: a) homogeneous structure b) heterogeneous
structure
In Fig. 16 shows a part fixed to the console on the left side. Thus, compared tohomogeneous "lattice"
structure (a), optimized structure (b) has a heterogeneous designed cellular spaceproportional to the loading
state. The AM process allows the manufacture of an architecture of the parts to whichdimensional variations
can be of very different order of size. The structure of "latex" tends to have onetwo-way variable geometry
as illustrated in Fig. 17.The geometry of the lattice type structures makes them difficult to design using
CAD methods. From thisfor this reason, many researchers have channeled their efforts towards developing
methods for generationlattice type structures. The optimized beam had a mass of 53.68% of the initial beam
mass and a better onestrength and elasticity (the deformation energy was 118.3 Nmm for the optimized
beam, compared t069.4 Nmm for initial beam). The optimization problem was solved using a type
methodgradient, ie the Method of Moving Asymptotes . As a parameter oflnput is considered the base
support angle (Fig. 19).

- .=

€ azds feen
- - -
ERE C
CEEsEEEsHES
sesmsm=E irguEt

a 63.4 degrees. b 45 degrees. C 26.6 degrees.

Fig. 19 - Support angle based



Following the study it turned out that the input variables are: Piece shape, Piece size, Material fromwhich
are made the components, Thickness of the layer, Printing quality, Filling model,Fill density, Part
orientation angle. Also, the output variables can be: Structureinternal part of the obtained part, part mass,
mechanical behavior, minimum wall thickness, timeexecution, Cost of execution

RNA architecture for DFM

In the case of Design for Manufacturability, we aim to produce products at the lowest costs, in theas
short as possible and at the level of quality imposed by the client. Because, when designing a product it
iscan pursue a particular objective, for example the design for logistics, for this case, the variable ofoutput
may be, for example, the possibility of packing the product for transport.

The main types of experimental plans used in the research were presented. Thus, there is moremany
experimental plans adapted to all the cases encountered. Of these, they were studiedthe following types of
plans: complete factorial, fractional factorial, compound factorial centered,Koshal, Rechtschaffner, Plackett
and Burman, Taguchi.

The Taguchi experimental plans will be used in the research within the project.

The input variables that will be taken into account in the DFAM process are: piece shape, sizepart,
the material from which the components are made, the thickness of the layer, the filling model,filling
density, part orientation angle, and output variables: internal part structureobtained, the mass of the part,
the mechanical behavior, the minimum thickness of the walls, the execution time, the costexecution. In the
case of assembly design (DFA), the following variables will be taken into accountinput: the theoretical
game between the assembled parts, the shape of the conjugated surfaces, the dimension of the surfaceswhich
forms the assembly, the material from which the components are made, and the output variables will bethe
game obtained and the characteristics of geometric shape (cylindricality, straightness, flatness, etc.).The
values of the variables will be established according to the 3D models that will be developed in the second
stage.the data will be made using the Minitab software and with the help of RNA. The RNA architecture
will be validated bycomparison of the obtained results with the experimental ones.

RESULTS

The results obtained in the research and experimental studies carried out by (CO-INCDMTM and
P3-IMS) highlighted the importance of understanding the plastic and metal powders theywe use in the
process of additive manufacturing of finished parts for the three fields: medical, aerospace andauto. The
combination of particle size and shape distributions must vary until they areobtain an optimal result and a
specification is established for each powder. In additive based manufacturingin powder processing, the
relative density and surface quality are directly dependent onsize and distribution of the particle size used.
The particle size determines the thicknessminimum of the processed layer and the minimum size of the
parts that can be built. A significant effectit also has the combination of particle shape and surface
roughness. The results showed that an increase of The thickness of the layer leads to a decrease in the density
of manufactured parts due to the reduction of the density of eachpowder layer and at a higher roughness of
the surfaces of the parts due to the larger dimensions of theparticles and their incomplete melting. The
results show that additive manufacturing processes are basedpowder bedding may be influenced by
irregularly shaped particles, as they affectdirectly how the particles interact with each other. The particles
must be as spherical as possiblesmooth surfaces, as they cause very little friction between the particles
which leads toobtaining the best flow characteristics. Consequently, the circularity and aspect ratio arethe
most commonly used form factors in powder additive manufacturing, as the largestpart of the powders used
is spherical. To reduce the variability of parts properties, The chemical characteristics of the powders must
be specially adapted for this application. porositylnner particles can also have a major effect on the
microstructure of the powder and on itdensity of the final piece. Therefore, it is necessary to quantify this
characteristic of the powder inthe purpose of quality control. Results of the experimental study on the
additive processing of the powderPA2200 quantified the properties of over 108 traction samples,
manufactured with 3 sets of parametersdifferent and three orientations in the volume of construction. The
design parameters were: temperature ofpreheating, layer thickness and orientation of the samples in the
construction volume (horizontal, inclined andvertical). The properties of the samples, selected as output,



were: tensile strength, traction moduleand elongation at break. Based on the measured data, an analysis of
how the modification was performedprocess parameters influence the properties of the processed samples.
Analysis of sample properties inratio of laser power (input energy) showed that the properties of the samples
processed by technologiesadditives have increased with increasing exposure energy. In addition,
experiments have shown that, the tensile properties of the sintered samples are dependent on the direction
of construction. The growthLaser power (input energy) reduces this anisotropy but negatively affects
accuracydimensional of sintered parts. The analyzes showed that the most important process variables
havewere pre-heating temperatures and the orientation of the samples in construction volume, as well as
the thicknesslayer. Adjusting the settings of these variables greatly affects the properties of the resulting
samples.

The main factors influencing the mechanical properties were identified as the temperaturepreheating,
layer thickness and orientation of the samples in the building volume. The results presented inthis
experimental study provides information for the first time to the BIOMECATRONICS laboratorydetailed
on the correlation between process parameters and the properties of the parts using the machineFORMIGA
P 110 laser sintering, resulting in a better understanding of the additive processing processavailable and
also allowing the anticipation and optimization of the properties of the intended componentsmedical
applications. Future activities should continue the research on the correlation of parameterslaser selective
sintering processing of biocompatible plastic powders and their resultsleads to the validation of some sets
of parameters and implicitly, to the validation of the technology in relation to the requirements ofquality of
the pieces according to their destination. Regarding the manufacture of the samples from metallic
powders(Ti6Al4V, CoCr) with internal or external cellular structures, the results show that the location
andthe orientation of the reference group within the construction volume is an integral part of the quality
of manufacturebecause the distance between the marks affects the consolidation between the layers, the
quality of the surface and the ease of the post-processing, while orientation may influence the anisotropic
properties of the landmarks. Thesephenomena appear due to the fact that the volume of construction has
areas in which the results of processing arebetter and areas where the results are less good, such as its outer
areas. Ofalso, the addition of the connection supports was another challenge because the location, type
andtheir number affects the geometrical accuracy and mechanical properties of the machined parts. In a
waynormally, algorithms are used for the location and for determining the number of supportsautomated,
but the geometric complexity and processing limits of the porous parts required asubsequent manual
intervention of the operator to optimize them. Therefore, it was necessaryperforming a geometric analysis
and analyzing the specific requirements imposed by the cellular structures forthe addition of supports in the
process design phase. The supports were removed by processingmechanical, but because these processes
led to the creation of small surface defects werenecessary remedies in the post-processing stages. Because
selective laser sintering is based ona layered manufacturing process, it was necessary to layer 3D virtual
models (on the Z axis)of the volume of construction). The nominal thickness of the powder layer was 30
pm, determined byprocessing machine, software capabilities and the type of material processed. It was
found that the thicknesslayer affects surface quality, as well as layer consolidation and laser power.
AnotherAn important parameter that can affect the quality of the parts processed is the construction
path(laser beam trajectory) because scanning distance and speed affects the amount of molten powderand
retoped. The construction trajectory can determine an orientation or anisotropy in the constructed
landmark.The environmental conditions in the building room also affect the quality of the landmarks.
ParametersOptimum processing options that have a significant impact on the quality of the parts include:
energy densityof the laser beam, the speed of the laser beam, the construction trajectory, the total density
of the energy sourceand the size of the focus beam of the laser beam. After removing the samples from the
plateconstruction and removal of bonding media, excess dust and by-products are cleansed.All the post-
processing stages, after the additive processing, were carefully carried out so as not to affecttheir properties.
However, it was found that in the case of porous / cellular structures, due to the shapescomplex, they are
hardly accessible spaces that do not allow their proper finishing. For theseareas will be conducted
experimental studies in subsequent stages to assess their effects onmechanical performance (including
fatigue) of the final medical components. It was also foundsuch as mechanical testing, such as: modulus of



elasticity, resistance to flow, maximum resistance to breaking, fatigue and abrasive wear of the samples
including porous / cellular structures requires continuationexperiments, because they must be done on both
experimental models subject to allthe post-processing stages, as well as on samples processed under the
same conditions as the final componentsfor the three fields: medical, aerospace and automotive.

Figure 20 shows representative samplesfor medical applications, made from Ti6Al4V powder by selective
laser siterization on the machine M 270 Dual-Mode within the BIOMECATRONICA laboratory. The
samples were blasted to removethe partially melted particles. However, it was found that in the case of
cellular structures are necessaryspecific post-processing methods for removing unpasteurized powder and
proper cleaning.The results obtained from the experimental studies show that, due to the small particle
sizepowder of Ti6Al4V and of the thickness of the layer (30 pum), the final surface of the samples processed
by SLS is morebetter than that of samples made by other methods, such as electron beam melting
(EBM).SLS processing of Ti6Al4V resulted in the formation of martensitic a-microstructures, leading to
agreater tensile strength. During the SLS processing process, microstructure developmentdepends on the
processing parameters: layer thickness, scanning strategy, scanning distance, speedand laser power. SLS
processing of Ti6AI4V results in mechanical propertiessuitable for many applications, such as those in the
medical and aerospace fields.
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Figure 20 - Representative samples for the medical field on the construction platform

Significant improvement of additive processing technologies available to partners
throughidentification of the effects of the manufacturing process on the physical properties (surfaces,
dimensions,structural inhomogeneity, microstructural gaps, incomplete consolidation) and mechanical
(resistance tobreaking, elasticity, hardness, roughness, fatigue, wear) and the suitability ofprocessing to the
requirements regarding the destination of the final products specific to the three fields: medical,
aerospaceand auto require further experimental research. Consolidation of scientific and technical
competenceshy conducting exchanges of experience and research internships between specialists in the
field of design3D digital models with cellular structure (porous), preparation of the manufacturing cycle
(locationlandmarks in the volume of construction, adding support for the connection to the motherboard,
division intostates, creation of construction trajectories) and additive manufacturing of samples
representative of the threeareas (medical, aerospace and automotive) started at this stage, and will develop
incontinuation during the course of the project. Also, the diversification of the research services offeredof
partners through the professional training of specialists in different additive processing technologies is
onecommon desire of the partners within the consortium.

Director of Complex Project,
Dr. eng. COMSA Stanca
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