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A major benefit of THE additive processing technology is the manufacturing of complex shapes as the
cellular structures used to make hard tissue implants. Post-processing additive processes available at the
partners involved in achieving the objectives of this project are capable of creating pieces with a predefined
custom external shape, as well as to ensure precise control of the internal cell geometry. Lattice structures
used in the field of implants for hard tissues/bones, are classified according to the geometric form of the
cellular units, based on: the CAD design, geometry, default surfaces, or by topological optimization. In this
stage of realization of the project were used the CAD design of unit cells, adapted from polyhedral solids,

as shown in Figure 1: a) dodecahedron, b) rhomb and c) diamond:
D O

Fig.1: Different types of cellular units of lattice structures, CAD projected, used for biomedical implants.

The 3D model of the cellular units is based on the parameterized CAD design to allow preparation of
different representative samples with different sizes of cell units, different diameters of the struts and
different pores (figure 2, a)). Also, this approach has allowed the realisation of representative samples of
cellular structures with functional gradient (figure 2, b))




Fig. 2: CAD design of representative samples with the possibility of changing parameters: cell unit
dimensions, narrow diameter, porosity a) Obtaining the samples by multiplying cellular units; b)
Representative sample of structure with functional gradient
After the CAD design of the samples with different parameter values, the finite elements analysis (FEA)
method was used in order to anticipate the behavior of the structures designed to mechanical demands and
to test more possibilities of the different shapes and sizes of the cell unit. Through the finite element analysis
a detailed distribution of efforts has been obtained, which is useful for optimization the design of lattice
structures that will be used in the architecture of surgical implants. The accuracy of this analysis depends
on the properties of the material allocated to the 3D model of the sample, on the geometry of the movement
element (the representation of the struts), the dimension (finite or infinite) and the geometry of CAD model.
From the analysis of the results obtained was observed that the porosity is the parameter that can influence
the elasticity of the structure and that the FEA analysis can be used to evaluate the failure modes of lattice

structures, which is very important for biomedical implants.

Laser sintering/melting based on powder bed fusion is the most common of the additive processing
technologies used for the manufacture of metal implants, both technologies being available at three of the
partners involved in the project: INCDMTM, UTCN and COMOTI. A very important step in laser
sintering/melting is the preparation of the additive manufacturing cycle. After finalysing the digital model
design, a few additional steps are required before the part can be manufactured. This is achieved through
the use of specific software and can be divided into four stages: placement in the volume of construction,
addition of the supports connected to the construction plate, the division into layers or slicing, the creation
of trajectories (beams) of construction (laser beam trajectories). Location and orientation of the landmark
within the construction volume is an integral part of the quality of each component. Distance between the
marks it can affect the properties of the material (weak consolidation), surface finish and ease post-
processing. The orientation of each landmark can influence its functional performances through affecting
its anisotropic properties. Laser sintering/melting of metallic powders requires temporary support structures
for certain parts due to the layer-by-layer manufacturing process. Their location, type and number may
affect the geometrical accuracy and mechanical properties of the final component. In general, for the
location and the number of supports are used automated algorithms, but their geometric complexity the
printing limits require, most of the times, a subsequent manual intervention of the operator to optimize their
distribution (figure 3).

Fig. 3: Manual optimization of supports

Because selective laser sintering uses a layered manufacturing process (Figure 4), it is necessary to cut 3D
virtual models (on the Z axis of the build volume). Nominal layer thickness powder is determined by the
specification of the machine, the software capabilities and the type of material. Surface quality,
consolidation / hardening of each layer and sensitivity to power fluctuations of the source energy, they can
be affected by the choice of thickness layer. For example, the thickness of the layer can influence the energy
(eg laser power) required to create a uniform melting pool, which will allow a good adhesion of the layer
below. Figure 4: Layer division (Z axis) of the 3D virtual

model in PSW (process software)

The samples were manufactured on a selective sintering machine with EOS laser type M270 Dual-Mode
(Fig. 5)
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Figure 5: EOS M270 Dual-Mode and laser sintering process from the melting stage
layer by layer until the final stage of extraction of the construction plate from the machine
After removing the construction plate from the machine, the post-processing step follows (Figure 6), which
consists of removing the pieces on the plate (removing the supports) (figure 6; a)), cleaning the pieces of

residues manufacturing by blasting and blowing air to remove dust particles from voids (pores) (Figure 6;
b)) and mechanical finishing processing (Figure 6; c))

a) b)
Figura 6: Post-Processing operations




Samples from biocompatible alloys were obtained by sintering and laser melting (SLS / SLM) titanium
(Ti6Al4V) and CoCr with mechanical properties better than those obtained by the methods of conventional
processing. The cooling rate at SLS / SLM processing is higher, which led to a finer microstructure and
therefore produced better mechanical properties. Properties dimensional and mechanical of the fabricated
lattice structures were improved by choosing the parameters optimum processing: laser power, scanning
speed, distance between hatches and layer thickness powder. It was found that total energy intake is the
most important factor affecting accuracy dimensional. It was found that another important factor that can
affect the mechanical properties of lactic structure is their orientation in the volume of construction. Also,
it was found that only cell geometry and ostrich diameter have an effect on the elasticity constant. These
two parameters lead to the modification of the porosity of the structure, and the porosity is directly related
to its rigidity. Dimensional accuracy plays an important role in obtaining the proper mechanical properties
of the structures lattice. Also, the correct choice of process parameters leads to a better quality of structures.
In conclusion, much more research is needed in the field of additive processing by sintering/melting laser
lactic structures of metal powders to investigate different cellular, material units different and different pore
sizes.The correct characterization of the lattice structures was necessary to evaluate the quality of the
additive processing and included: microstructure, size and mechanical properties. Microstructure the lattice
structures are different from the compact ones, because the thickness of the struts decreases significantly
compared to that of compact parts. Another factor affecting microstructure is the cooling speed, which
depends on the thickness of the workpiece being processed. The thinner the thigh, the both the rate of
cooling is faster and the grain structure is finer. Dimensional characterization is related to the evaluation of
ostrich size, pore size and pore shape. Mechanical properties of the lattice structures mainly depend on the
following three parameters: material, unit topology cell and the relative density of the part. For the
evaluation of the mechanical properties of the lattice structures additive fabrication was performed a static
compression test (Figure 7).

Figura 7: Compression testing
It was observed that the rigidity of the structure decreased with increasing porosity, which is desirable in
the case implants for bone tissue to reduce the effect of "stress shilding”. Also was found that the angle of
the struts is a critical factor that can affect the properties at compression. As the angle decreases, the stiffness
and compressive strength have increased. Although controlled porosity growth reduces rigidity and
provides better oostointegration, resistance to fatigue can suffer. Therefore, only mechanical testing at static
loads is not sufficient. The bottom line is that more research needs to be done to investigate the properties
of fatigue of lactic structures. Dimensional characterization, mechanical properties and properties at fatigue
of some lattice structures reported in this stage are summarized in Table 1. It is observed that both the
material and the shape of the cell units play a key role in defining the mechanical and fatigue of lattice



structures. As expected, the higher the relative density, the more normalized fatigue and performance points
are better. Future research in this area they must focus on creating process-structure-property relationships,
to determine the major cause of the additive processing defects. Data on the mechanical properties of the
different ones cellular units are still limited and more information is needed on different biomaterials.

In conclusion, the possible combinations of different sizes, shapes and porosities of the cellular units lead
to numerous design options. Therefore, precise numerical modeling is required to evaluate the mechanical
properties of lactic structures in the next stage.

Results

The objectives of the component project PC1 for 2019 were achieved as follows: to analyze the
manufacturing prospects of the biomedical implants specific to the patients that they replace bone tissues
through the additive manufacturing technology available at INCDMTM (sintering/melting with laser of
metallic powders and biocompatible plastics) was of particular interest to the research Experimental
manufacturing of complex functional networks (biocompatible) type of cellular units. 3 geometric models
of cellular units (dodecahedron, diamond and diamond) were designed for each model- 6 combinations of
dimensions, resulting in a number of 18 3D models of cellular units and 3 models of structures with
functional gradient. These structures can be distributed in different areas implants to obtain varying or
continuously variable densities. To optimize density at the bone-implant interface, numerous design
elements of cellular networks have been analyzed for laser sintered/melt fabrication of biocompatible
metallic powders (Co-Cr and Ti6AI4V). To follow the way in which the gradual variation of the internal
cellular structures causes the change appropriate properties of the material (such as hardness, modulus of
elasticity, resistance to fatigue and wear etc.) simulations were performed using the finite element method
(FEA) at different requests. The results are presented in table 1. The structures designed for specific
functions and applications were processed using different processing strategies by selective laser sintering
of metal powders biocompatibile. Also, mechanical characterizations of the structures were performed at
static loads compression. The conclusions of the experiments show that the variation of the complexity of
the cellular units, in particular, the size changes the rate of cooling and solidification inside the
microstructure. Differences between numerical and experimental results can be determined by several
factors: effects processing parameters, raw powder and breaking of struts.

Project Component 2

Partners involved: IC-COMOTI, P1-INCDMTM

Within this project, three studies were carried out, as follows:

1. Space thruster cooling

In this study, a cooling system for a micro-thruster was used to keep orbit CubeSat small satellites. The
operating mode requires a maximum temperature 800° C because the combustion reaction is carried out
between oxygen and hydrogen. Cooling of this component it is necessary to ensure high sustainability and
the possibility of giving longer lasting pulses large, thus ensuring an efficient correction of the attitude in
orbit. An ellipsoidal channel was made inside of the material that closely follows the shape of the thruster.

Fig. 1 Geometry of the thruster with the helical cooling channel Fig. 2 3D printed thruster using
the process of stereolithography
atscale 1: 1 and 2: 1 scale

In Fig. 2 are presented the first 3d printing tests using a print using technology stereolitografy.



Following the printing it was observed that the dimensional accuracy of the 3d printing process (through
the parameters is not very appropriate, because the thruster printed on the 1: 1 scale does not present critical
section), it being covered with material. The helical channel also could not be realized completely, but he
exists partially.

2. Optimization of centrifugal compressor mass

In the aerospace field, mass reduction is always a matter of interest. So it was proposed a method of reducing
the mass of the rotor, which involves the removal of the material from the areas that are not mechanically
stressed. The method only takes into account the resistance to the demand of the centrifugal force. Also,
holes were made on the inside diameter of the rotor, which have the role of ensuring removal powders left
over from 3D printing. This eliminated volume also means saving material, because the powder can be
recycled. Following the finite element analysis of the proposed geometry and the optimization they, the
final geometry of the cross-sectioned rotor is shown in Fig. 3

The study started with the structural analysis with finite element of the initial geometry unspoiled. For this
we must define material conditions and
boundary conditions to analyze: - The material
used in the analysis: Ti-6Al-4V; - The faces of
the shaft in contact with the shaft and
respectively the rotor fixing within fixed
geometry; - Operating speed: 80,000 rpm. -
The flow tension of the chosen material is 1050
MPa. Fig. 3 Low
mass rotor optimized in section

Since there is an increase in working fluid temperature during operation, one must be chosen safety
coefficient to be applied to the flow voltage so as to ensure that the material can withstand the operating
temperature. The value of this coefficient is
1.5, so that the allowable voltage of the study
is 700 MPa.

The final mass obtained is 409.74 g which
means a reduction of 29.84% compared to the
initial mass of 584 g. The challenge, from the
point of view of printing, for this rotor is
design of the semi-finished product, so that to
ensure dimensional and precision accuracy
surface of the piece. Thus, there are areas of
the part that requires further processing 3d
printing process. One of them is the inside
diameter of the rotor, one is on the tree and
the others are two front faces adjacent to that
diameter that rests on two others parts. For
this reason, to be able to provide the said
requirements, designed a semi-finished
product excess material, 2 mm on the sides
frontal and 1 mm radius in case diameter, in
order to achieve a further processing. The
areas are shown in red in Figure 5.

Fig. 4 Voltage distribution of the final model
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Fig. 5 Areas where processing material has been added

3. Pallet with cooling
The turbojet engine is a thermal engine that depends on the parameters of use, a parameter that has a massive
influence on the performance of the turbomotors is the temperature of the gases at the exit of the chamber
combustion, respectively when entering the turbine. Increasing this temperature leads to an increase in
performance turbine engine, but there is a very well-established limitation determined by the turbine engine.
The materials used for the construction of the turbine cannot withstand very high temperatures so the
aforementioned parameter is conditioned by the turbine's ability to withstand the maximum temperatures
high. A technology widely used today in turbine engines to solve these problems, is the cooling of the
turbine blades, which implies the use of a pipeline in inside the pallet. That pipe works much more
efficiently if the contact surface between the air and the pallet is large, so usually the optimal geometry for
the pipe is very complicated and it can not be achieved by classical technologies. So 3D printing technology
has a huge advantage by the possibility of creating this pipeline without too much difficulty or cost.

Fig. 6 Pallet geometry with cooling pipe
The results of the first 3d printing tests of the cooling pipe pallet are shown in Figure 7.

Fig. 7 3D Printed Palette
Partner P2-COMOTI requested the CO-INCDMTM partner to manufacture additive by sintering/melting
with internal support. The manufacture of this spine was a challenge for the INCDMTM team, because, the
large surface area of melt exposure required more combinations between the processing parameters,
location/ orientation and parameters of support supports. There have been 4 manufacturing tests, from



which 3 failed, and the share was successfully completed. Figure 8 shows the results of the 4 tests
manufacturing.

5

3
Figura 8: Results of additive processing (SLS / SLM) of CoCr metallic powder of the samples
representative for the aerospace field

Results

*The large distance between the axes causes the deformation of the parts to increase and causes them to
detach after one certain value (>1 mm)

* The study showed that the use of a shorter hatching distance is beneficial for obtaining lower distortion,
and the best results in the range of values examined were obtained with the clearance distance of 0.5 mm.
« It was also observed that the lower values of the upper widths of the teeth lead to connections weaker
between the supports and the piece, but this negative effect is smaller than the hatching distance.

* In terms of microstructure, denser precipitates were observed near the supports

+Also, irregularities were observed at the interface between supporting parts and supports that after all.

» It is certain that the results of this study demonstrate the effects of the different design parameters of block
support structures, both on the processing process and on the characteristics processed parts and provides
essential guidance for designing these types of support structures.

The objectives of the PC2 project for the year 2019 were achieved as follows: They were designed 3D
models of representative samples of complex and overloaded, specific components in the aerospace domain
(cooling system for a micro-thruster, rotor, cooling blades), was realized finite element analysis (FEA) to
simulate the behavior of these systems at overloads with a view to to optimize the design, they were
manufactured by additive technologies available, both at COMOT]I and at partners (INCDMTM) and the
results were analyzed, as it results from the presentation of stage 2 of realization of component project 2. It
can be observed that the accuracy of printing is not yet studied and the results are not in favor of the
proposed applications. At the same time, there are difficulties in verifying the parts from the point of view
geometric. The cooling pipe was made which is of interest to the application presented

Project Component 3

Partners involved: IC-UTCN, P1-INCDMTM, P2-UPIT

In the design of virtual models of lactic grafts and the manufacture of Ti6AI7Nb of the sets of specimens
manufactured were involved: INCDMTM and UTCN. Expected result: Lattice grafts designed and
manufactured by SLM. Indicator of achievement: 3 virtual models of latex grafts and sets of specimens
made from Ti6AI7Nb.
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Fig. 1. The virtual models of the lattice structures and the results obtained by SLM

In the activity of testing the workability by laser melting of different specific metallic materials of the
aeronautical and automotive industry were involved: UTCN and UPIT, the results obtained cost in tests of
preliminary manufacturing using three types of metal powders specific additive manufacturing in the
manufacture of 40 specimens, figure 2. The metal powders targeted were pure Pure Titanium, Grade 1
(99.50% Ti), stainless steel 316L and CoCr alloys. From the point of view of granulation, the particles of
these powders have a spherical shape, with a average diameter of 45 pum (details in Fig. 1a), being produced
by the atomization process. Using these powders, preliminary tests were made to manufacture some
specimens using the SLM fabrication process. This process allows the direct manufacture of metal parts,
by vectorial scanning of each 2D plane with the help of the laser beam. The basic component of SLM
manufacturing systems is the laser with Nd fiber type: YAG (neodymium-doped yttrium aluminum) solid
fiber laser garnet Nd: Y3AI5012).
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Fig. 2 a) SEM microscopic image with a 316L granule, b) SLM process parameters
Improving the processing of materials available at UTCN for SLM processing has meant tests for the
manufacture of some specimens. The fabricated specimens are shown in Fig. 2. From these tests there were
was able to delimit the intervals at which the laser power and scan speed can vary, for each powder metal
(example: Titan laser power between 80-180W).



Fig. 3 Preliminary tests for the manufacture by SLM of some samples: a) 316L, b) CoCr and c) Pure Ti
In the activity of experimentation of the different schemes of processing and optimization of the supports
were involved: UTCN and INCDMTM for manufacturing tests using 3 metal powders and adaptation
supports. Over 50 processing schemes have been configured (Table 3), manufacturing over 30 specimens
with different process parameters (Fig. 3 and 4), identification of optimal media (Fig. 5).

The main parameters associated with the hatch scan function are as follows:

» Point Distance (PD) - The distance between two consecutive scan points;

* Exposure Time (ET) - Exposure Time, duration of laser emission at a scan point;

» Laser Power (P) - Laser power at one point;

» Hatch Distance (h) - The distance between the scan vectors;

* Scanning in a certain direction (X or Y).

In order to be able to define the SLM process, four defining factors of manufacture were chosen, being:
power laser, layer thickness, scanning speed and distance between hatches. These factors determine energy
provided by the laser beam to a volumetric unit of powder, defined as energy density. As a result the
workability index of each metal was monitored closely following the entire manufacturing process. Thus,
a report was prepared for each material in which all the problems were noted, the interventions and
deformations of specimens after removal from the work platform. To be quantified these observations
established a scale for evaluating the workability, as follows:

» PRE1 - expresses the impossibility to complete the manufacture because high residual voltages appear
which destroys the pieces or supports that anchor them, needing the SLM process to be permanently
interrupted at max. 40-50% (Fig. 3);

* PRE2 - expresses an unstable manufacturing process, requiring interruptions to eliminate some workpiece
parts, with the possibility of at least some of the processed parts being manufactured to the end;

* PRE3 - expresses a stable process until the last layer but continuous supervision is required. Sometimes
phenomenas such as detachment of corners or micro-explosions that appear removes the dust from the
desired area, undesirablely affecting both the macro and the micro-structure of the parts. At the end of the
manufacture it can be seen that some pieces have cracks or deviations from the geometry;

» PRE4 - expresses a finding of a stable process throughout the manufacture. It doen't need continuous
surveillance. Macro and micro-structure meet the requirements
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Fig. 4 Defects occurring during the SLM process, inform useful in quantifying the SLM processability in
depending on process parameters

Table 1 shows the intervals in which each SLM parameter was varied depending on the material used. Thus,
for each material the processing parameters could be optimized according to the quality workability (PRE1



/ PRE2 / PRE3 / PRE4), reducing manufacturing defects. Fig. 5 plays a few specimens made of Ti, 316L
and CoCr, using different SLM parameters

Tabel 1. SLM process parameters configured for each material

. Laser power Scanning speed Strat thickness Hatch distance
Material
[W] [mm/s] [um] [mm]
Ti 100-180
316L 80-160 500-800 50 0.10-0.12
CoCrwWMo 70-140

IR
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Fig. 5 Tests made with different process parameters using: a) Titan, b) 316L, ¢) CoCr

To fulfill its role of preventing the occurrence of spatial deformations caused by high temperatures, the
supports weld the surface of the platform piece, or other interior surfaces of the part. Can designed and
generated very solid supports to ensure the stability of the shape of the piece, but then they it removes very
hard, leaving traces on the contact surfaces. It is difficult to solve this problem optimizing the structure of
the supports because they vary greatly depending on the size, shape and orientation on the work platform
of the parts, as well as the type of the raw material. Different media configurations have been tested, and
the optimal model is made up of the "block™ type at a distance of 1x1 mm between them and a series of
conical supports with base @ 1.2 mm that anchor the edges of the pieces (details in Fig. 6)

.

a) b)
Fig. 6 Manufacture of specimens with optimized supports: a) Initial block type supports from platform or
cracks due to the residual stresses in the parts, b) Samples manufactured corresponding to optimized
supports

In order to optimize the supports, sets of optimal parameters for each material have been devised. Thesesets
included the optimal values of: laser power, scan speeds, the distance between the holes and the thickness
of alayer for Ti, 316L and CoCr, depending on the workability index (Table 2 and Table 3).Most studies
published in this area aim to optimize process parameters to reduceroughness, increase the density of the



parts or obtain superior mechanical characteristics, avoiding debates in the one regarding the processability
of SLM fabrication with parameters identified in those studies. Purpose of theseresearch is to determine
sets of process parameters for the 3 materials so that they are obtainedgood workability with acceptable
physical-mechanical characteristics for implant design and manufactureparts, parts for the automotive or

aerospace industry.

Table 2. Establishing the optimal parameters according to the workability index, material 316L

Puterea laserului Viteza de Distanta dintre | Grosimea unui Procesabilitate
[W] scanare [mm/s] 2 hasuri [mm] strat [um] [PRE1/PRE2/PRE3/PRE4]
170 PRE1
160 PRE1
150 1034 0.10 45 PRE2
140 PRE2
130 PRE3
160 250 0.10 PRE3
100 500 0.08 PRE3
180 850 0.08 3 PRE4
150 400 0.12 PRE4

Table 3. Establishing the optimal parameters according to the workability index, Ti material

Puterea laserului

Viteza de

Distanta dintre

Grosimea unui

Procesabilitate

[W] scanare [mm/s] 2 hasuri [mm] strat [um] [PRE1/PRE2/PRE3/PRE4]
100 PRE3
120 PRE3
140 400 0.12 45 PRE2
160 PRE2
120 500 PRE4

In the activity of testing the physical-mechanical properties of the parts manufactured by selective laser
meltingfrom different materials and with different structures were involved: UTCN and INCDMTM. The
results were consistentin physical-mechanical characteristics for the samples of Ti, 316L and CoCr.
Indicator of achievement were:flow limit values, breaking resistance, breaking elongation, Young's
modulus of elasticity anddensity (Table 4 )

Table 4. The mechanical characteristics obtained with optimal process parameters

Material Limita de Rezistenta Alungirea la Densitate Modul Young Procesabilitate
curgere [MPa] la rupere [MPa] rupere [%0] [%6] [GPa]
316L 784 823 12 175
316L 721 841 13 170
Ti 420 440 6,6 98-99 101 PRE4
CoCr 510 675 2,3 198
CoCr 620 862 3,7 201

Fig. 6 illustrates sets of test tubes made from different metal powders (Ti, CoCr and 316L).
attemptsmechanics were performed with an Instron equipment and the results are summarized in Table 4.
It was observedthat optimizing SLM parameters can obtain parts with mechanical characteristics superior
to those obtained infollowing conventions (eg casting).
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Fig. 6 Sets of specimens made with optimal parameters required for mechanical tests:
a) Ti, b) CoCr, ¢) 316L

a)

Project Component 4

Partners involved: IC-UPIT, P1-INCDMTM, P2-UTCN, P3-IMS

The objective of this stage is to optimize the design parameters to improve the propertiesmechanical
(resilience, tensile strength, etc.) and dimensional accuracy of parts manufactured by3D Printing rapid
prototyping technology. In the process of designing 3D models the shape has changed,shape dimension and
orientation of the geometric shape of the internal structure for the specimens subjected tobending by shock.
The 3D models were made using the CATIA V5R19 software, and the shape andtheir dimensions are in
accordance with ASTM D 6110 and ASTM D 638 respectivelythe parts subjected to shock, respectively to
traction, see tabs 1, 2 and 3. Thus, 14 3D models were created forResilience test, 3 3D models for tensile
test, 9 3D models for determinationdimensional precision and 6 3D models for simulating the behavior of

complex parts on demand.
Tab. 2. 3D models for tensile testing accordingof the
experimental plan

Tab. 1. 3D models for resilience testing according to experimental plan

AAAAAAAAAAAAAAAAAAAAVAAAAAAAAAAAAAAAAAAAA Nr' COd DimenSiuni fOl‘IIlé,
crt. epruveta geometricd [mm]
1 TAl 215
Nr. Cod Fo_rma geom_etricé a structu:rii Dimensiuni g 123 gliznlés
ort. | epruvetd interne/Orientarea formei forme_ Tab. 3. Modelele 3D pentru determinarea preciziei
geometrice di ional form planului experimental
[mm] imensionale con p p

1 A01 plina plina

2 A05 cerc D2

3 AQ7 patrat L=2 ‘

4 A9 patrat L=175

5 All romb d =2.475

6 Al13 triunghi (varf spre crestitura) h=23 Nr. | Piesa | Joc impus[mm] | Dimensiuni piese [mm]
7 Al6 triunghi R (baza spre h=23 crt. Get | Dint | Dext | b

crestaturd) 1 Al 0.4 20 | 20.8 | 40 | 10
8 Al8 triunghi (varf spre crestétura) h=2 2 A2 0.6 20 | 212 | 40 | 10
9 A20 triunghi R (baza spre h=2 3 A3 1.0 20 22 40 | 10
crestaturd 4 A4 0.4 20 | 20.8 40 | 10

10 A22 cerc+triunghi R @2+h=2 5 A5 0.6 20 | 212 | 40 | 10
11 A24 romb d=2 6 A6 1.0 20 22 40 | 10
12 A26 triunghi+romb h=d=2 7 A7 0.4 20 | 20.8 | 40 | 10
13 A27 cerc 215 8 A8 0.6 20 | 212 40 | 10
14 A29 cerc 225 9 A9 1.0 20 22 40 | 10

During this stage simulations were performed to determine the behavior at the requestsmechanical
(resilience, traction, complex demands) and for determining dimensional accuracy

Tab. 4. Simulation of resilience (test A13)
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Fig. 1. Internal energy at t = 0.0004s
Tab. 5. Traction simulation (TA1 and TA4 tests)
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To simulate the behavior at the request of a complex part of a landmark in the automotive industry, it was
designedvirtual model of a car steering wheel..

Fig.2.simulation
behaviorui  on
requests aof
apartscomplex
(frontsteering
wheel)

Virtual models have been simulated to set the 3D printing parameters in the assembled state.

Based on the simulation results, the database was created (see available). It contains: 3D models ofof test
pieces subjected to tests of resilience, traction and of the mechanically required complex part and the
resultsobtained from the simulation. In order to study the particularities of the design approach for
assembly(DFA), the virtual models of the assembled parts were made, and then they were printed with
varioussets of values for the input parameters, then being measured in 3 zones, corresponding to 0 °, 45 °
and 90 °,the results being presented in table 6.
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Fig. 3. Simulation of 3D printing of virtual models




Tab. 6. The values of the input variables and of the output variable for the printed parts assembled

Nr.crt. | Piesa | Umplere | Joc impus | Grosime strat O{ocreZIS(szngtoo Jocul real mediu
0,62 | 0,58 | 0,48 0,56
1 Al 0,30 0,4 0,14 0,61 | 0,60 | 0,49 0,57
0,72 1 0,59 | 0,45 0,59
1,04 | 1,00 | 0,88 0,97
2 A2 0,30 0,6 0,19 1,07 | 1,06 | 0,90 1,01
1,10 | 1,01 | 0,88 1,00
186 | 1,70 | 1,81 1,79
3 A3 0,30 1,0 0,29 1,90 | 1,82 | 1,61 1,78
1,88 | 1,80 | 1,66 1,78
0,77 | 0,67 | 0,55 0,66
4 A4 0,60 0,4 0,19 0,76 | 0,75 | 0,53 0,68
0,77 | 0,72 | 0,58 0,69
1,08 | 1,10 | 0,98 1,05
5 A5 0,60 0,6 0,29 1,13 | 1,04 | 0,91 1,03
1,10 | 1,06 | 0,95 1,04
1,92 | 193 | 1,70 1,85
6 A6 0,60 1,0 0,14 1,87 | 1,87 | 1,68 181
1,90 | 1,84 | 1,67 1,80
0,73 | 0,62 | 0,55 0,63
7 A7 1,00 0,4 0,29 0,74 | 0,63 | 0,53 0,63
0,73 | 0,69 | 0,53 0,65
092 | 0,85 | 0,77 0,85
8 A8 1,00 0,6 0,14 097 | 0,86 | 0,76 0,86
0,99 | 0,92 | 0,80 0,90
1,73 | 153 | 131 1,52
9 A9 1,00 1,0 0,19 1,70 | 1,52 | 1,50 157
1,68 | 1,53 | 1,50 1,57

Output variable: Average real game (0l);For this scenario, the input variables will be: Fill density
(i1); Game imposed (i2); thicknesslayer (i3). For this case, a neural network with forward signal
propagation was proposed, using atraining algorithm based on back propagation of the error. The network
architecture consists of an input layer,a hidden layer and an output layer.
In order to train, test and validate the network, the 27 data sets were divided into 3 categories:70% for
training, that is 19 sets of data, and for testing and validation 15%, that is 4 sets forevery. The Neural
Network Fitting Tool has the possibility to randomly distribute data setsin the three categories.
The network was trained using the Bayesian Regularization algorithm. This process is an iterative one, inln
this case, 737 iterations were required to train the network.Following the training it is found a very high
accuracy of its training, the network being able to predictwith high accuracy the parameters obtained for
new situations.
The sim statement (net, estimation) gives the user the ability to estimate using the neural networkartificial
" net " the answer for the values in the input vector "estimate™.
Thus, two estimations were made, for two values of the input vector, obtaining the results:
» for estimation = [0.7 0.4 0.14] the estimated game is obtained = 0.6054 ,
» and for estimation =[1 1 0.29] the estimated game = 1.0565 is obtained.
The data were also analyzed using the MiniTab software. The results obtained are veryclose to those
obtained and shown in Figure 4.



Regression Analysis: Jocul masurat versus Umplere; Joc impus; ... T =52

Residual Plots for Jocul masurat
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Fig. 4 - Modeling using MiniTab
Results
The objectives of the P4 project for the year 2019 were achieved as follows: A report was preparedof
research regarding the optimization of the design parameters. Thus, 14 3D models have been developed for
Resilience test, 3 3D models for tensile test, 9 3D models for determinationdimensional precision and 6 3D
models for simulating the behavior of complex parts on demand.A research report on the simulation of
behavior at mechanical demands (resilience,traction, complex demands) and for determining dimensional
accuracy. They were also madedatabases containing simulation results. Mathematical modeling of the
design process forparts obtained by 3D Printing were made by three methods: with artificial neural
networks, with the help ofMiniTab and analytical software. Two Workshops were held at which a poster
was presented anda roll-up. 2 scientific papers were published. Within the study there are also the following
deliverables: 23 de3D models; 1 simulation report for the 23 3D models; 1 database; mathematical models
(8role models); 2 scientific papers in Proceedings indexed; 2 project presentation materials (poster, roll-
up,Powerpoint presentations)
Director Proiect Complex,
Dr. ing. COMSA Stanca



