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1. Introduction

The main AM technologies recognized and used today are differentiated according to the
nature of the raw material, the post-processing operations required to be carried out, the
physical-mechanical properties of the manufactured models. All these technologies are
integrated CAD/CAM systems. [1-4] The most important are:

- 3D Printing;

- 3D Bioprinting;

- LOM (Laminated Object Manufacturing);

- FDM (Fused Deposition Modeling);

- SLA (Stereolithography);

-DLP (Digital Light Processing);

- Polyjet Printing;

- SLS (Selective Laser Sintering);

- DMLS (Direct Metal Laser Sintering);

- LENS (Laser Engineered Net Shaping);

- SLM (Selective Laser Melting);

- EBM (Electron Beam Melting);

- Stratoconception;

- RFP (Rapid Freeze Prototyping);

- UC (Ultrasonic Consolidation).

As part of the experimental research, different functional prototypes of some 3D parts were
made. The 3D printer used in the research was: Zmorph 2.0 SX (FDM technology).

The Zmorph 2.0 ZX - 3D printer (fig. 1) is a modern, state-of-the-art printer that produces parts
with an accuracy of 25-300 microns. It is equipped with five heads: simple extruder, dual
extruder, laser extruder (P=2mW), CNC head and ceramic deposition head, as in Figures1-3.

The software used is Voxelizer. The file types used are STL, or gcode.
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Fig.2. Laser engraving using Zmorph — 3D printer
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Fig.3. CNC machining using Zmorph — 3D printer

Properties of 3D printing of PLA material:

e Melting point: 190 °C;

* Printing temperature: 190-230°C

e High print speed: 40-100 mm/s

e Tolerance: £0.02 mm

* Heating bed temperature: without heated bed or with heated bed at 40-60°C
¢ Diameter: 1.75/2.85 mm;

e Total roll weight: 1.35 kg;

e Filament weight: 1 kg;
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¢ Different colors

e Thin layers deposited by 3D printing.

e Insoluble

e Limited flexibility

* Good durability

e Good resistance

® Good impact resistance

e Can be used in food.

¢ Small shrinkage during cooling, less sensitive compared to ABS

¢ Ideal for consumer products, small toys, faster print speeds, finer layers

e Printing difficulty is easy once the temperature, bed height and speed are set

e It is recyclable.

O.
O

n

Table 1. Mechanical properties of PLA [5]
Properties Units | Value
Melting Point °C 190-220
Density g/em’ | 1.20-1.25
Diameter of Filament | mm 1.75
Tensile Yield Strength | MPa | 62.63
Elongation at Break % 4.43
Flexural Strength MPa | 65.02
Flexural Modulus MPa | 25044
Impact Strength KJ/m? | 4.28
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2. Experimental part

The guide-support was designed using SolidWorks software, having the dimensions specified
in Figure 4.
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Fig.4. The guide support

il

In Figure 5 are presented the necessary steps for guide support design, the STL file. In Figure
6 was realized the gcode file for 3D Printing process. The manufacturing parameters for 3D

Printing of the guide support, were indicated by the Voxelizer software, such in Figure 7.
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In case, the thickness of the deposited layer is 0.09 mm, the material used is PLA, and the

filament melting temperature in the extruder is between 200-220°C. The table is heated up to
20°C during manufacturing. For efficient cooling of the deposited layer, 1 cooler is used. The
generation of g-code is carried out for 3D printing. In the case of guide support, the piece will
have 181 layers, the layer thickness is 0.09 mm, 1.80 m of PLA filament will be used, and the
3D printing time will be approximately 1 hour and 13 minutes. The 3D printed part by FDM
technology is shown in fig.9. The cost of a roll of PLA filament is 20 S.

| ' ‘ol o

Fig.5. Necessary Steps for guide support design — STL file

Fig.6. Gcode of guide support using Voxelizer software
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Fig.7. Manufacturing parameters for 3D Printing of the guide support

Fig.8. Printed guide support

In Figure 8 shows the printed guide support and the FEA simulations are realized using

SolidWorks software as in Figure 9, and can remark the stresses and the displacements.
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Fig.9. FEA simulation for guide support
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The phone case was designed using the software SolidWorks, having the dimensions specified

in Figure 10. The design details of phone case are presented in Figures 11 and 12.
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Fig.10. Phone case dimensions
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Fig.11. Design of the phone case
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Fig.12. Design details of the phone case

In Figure 13 is shown the STL file of the phone case.

/ =/
Fig.13. STL file of the phone case
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Fig.14. 3D Printing process of phone case and guide support

Defects of the phone case, printed by FDM technology are presented in Figure 15:
uneven edges

too little filling

thin walls

too much material on the edges

Improvements:
e more filling
e setting the right print parameters
e precise calibration of the printer

e not moving the printer table while printing
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Fig.15. Defects of the phone case, printed by FDM technology

Finite Element Analysis (FEA) for the phone case is presented in Figure 16, and the stresses
and displacements are presented on the phone case, as in Figure 17.
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Fig.16. FEA simulation for the phone case
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Fig.17. Stresses and displacements on FEA simulation for the phone case

3.Conclusions

The models obtained through Additive Manufacturing optimize the design of a new model or
the modernization of an existing one, these models allow the physical visualization of the
product and improve the communication between the manufacturer and the beneficiary.
The models manufactured by these new technologies can be used for various test modes, the
most implemented of which are:

- functional tests;

-simulation tests;

- control tests;

- manufacturing tests;

- fastening and assembly tests;

- packaging tests.

Testing a product manufactured by Additive Manufacturing technologies depends on three
factors material, size and design. The tests carried out must lead to a visual acceptance, an
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understanding of the construction, the functionality of the product and the finalization of the
dimensioning elements.

Additive Manufacturing technologies have an important role in many industrial fields as:
electronics, automotive, tooling, medicine, aeronautical and aerospace, architecture, and
jewelry, thus giving the technology a strategic importance for the companies that use these
technologies.

All 3D printed parts and their design were realized with the students participating at the
Summer School, hosted by National University of Science and Technology Politehnica
Bucharest, Romania, from 8-17 July 2024, on AMAZE project.
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Morphology and design of lattice structures manufactured by SLM (Selective
Laser Melting) using different metallic powders

The laser powder bed fusion technologies is formed by SLM (Selective Laser Melting), DMLS
(Direct Metal Laser Sintering), and EBM (Electron Beam Melting) technologies, and are used
for parts with fine details, with a high degree of complexity of shapes, and with good
mechanical properties. [1-5] The melting process of the metallic powders is realized using a
concentrated laser with a high power, and for the design part is used a CAD/CAM software.
In the Selective Laser Melting, the sintered structure of the parts presents a porous structure,
but the quality of this, can be affected by many defects as lack of fusion, cracking within
solidified regions, balling phenomenon due of the particle’s dynamics in contact with the laser
beam.

Selective Laser Melting process uses fine-grained powder between 5-30 microns of Co-Cr,
Inconel 625, Inconel 718, Ti-6Al-4V, Ti pure, etc. , which is selectively melted layer by layer to
obtain the 3D products. The granulometry of the raw metallic powders influence the accuracy
of Selective Laser Manufacturing. [6-10]

Balbaa M. studied the selective laser melting of Inconel 718, concerning the densification,
surface roughness and residual stresses induced into sintered material during the
manufacturing process. [3]

Dahiya U.R. considers Nitinol is a versatile metallic alloy, with a shape memory effect, and that
it is used frequently in different applications for biomedical devices and implants. [11]

The Selective Laser Melting process takes place in an inert atmosphere, shielding gas, such as
nitrogen or argon, to avoid metal oxidation. The shielding gas influences too, the quality of the
manufactured sintered parts. Like all laser additive manufacturing technologies, selective laser
melting allows the creation of parts with fine details and high precision leading to great
geometric freedom, as presents Fu W. [12]

This means that extremely complex geometries and various customized medical prostheses,
or various manufactured parts from the dental, cardiology (Gerontas A., Guerra J.A., Hoare D.)
[13-16], aeronautical, aerospace or automotive fields, which were practically impossible to
achieve with traditional manufacturing technologies, can be created with SLM technology.
Technology Selective Laser Melting is used to produce different industrial and medical
prototypes. Selective Laser Melting of metal powders (SLM) must hold account of 4 dates:
temperature profile; the thermal gradient of the metal powder; speed of solidification; speed
of cooling. For large series production, Selective Laser Meting systems used laser powers of
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1kW. SLM manufacturing systems use different sources regarding the 3D model, namely: -
convert CAD files (*STEP, *IGES); -3D scan (optical, XR,...) of the existing model. -3D models
designed and exported from various design software (Blender, Catia, Solid Works,
ProEngineer, Inventor, OnShape, etc.), saved as *stl or *gcode files. [17-19]

Leary M. researched in his article, Inconel 625 lattice structures manufactured by Selective
Laser Melting (SLM), concerning mechanical properties, deformation and failure nodes,
realizing different Inconel 625 lattice structures with a robust design. [17]

Mc Gee carried out an investigation into patient-specific 3D printed titanium stents and the
use of etching to overcome Selective Laser Melting design constraints and testing different
stents' performance using patient-specific finite element models. Titanium and his alloys are
biocompatible materials, and present very good mechanical properties. [20]

It is noted that the most used technologies in the field of Additive Laser Manufacturing are the
DMLS/SLM technologies, there are most of them on the market manufacturing systems of this
type. The dimensions of the parts manufactured by DMLS/SLM technologies are quite limited,
with only parts of small, medium sizes. The manufacturing time of DMLS/SLM technologies is
relatively large. The quality and precision of the surfaces obtained by these technologies are
very good, obtaining lacy and fine structures. [21,22]

The parts manufactured by SLM are characterized by a particularly high density, in rapport
with other technologies as, SLS (Selective Laser Sintering) or DMLS (Direct Metal Laser
Sintering) technology and almost pore-free surfaces, grace of the greater power laser.
Mechanical properties and fatigue strength of parts manufactured by technologies are quite
good, obtaining results similar to parts forged. [23,24]

In this article, the novelty was to design different types of lattice structures, from different
metallic powders, as Ti-6Al-4V, and Inconel, and these powders were examined by SEM, EDAX,
and Mapping analysis. Other objective of this article was to determine the morphology
structure, XRD analysis and Mapping analyses were established for Ti-6Al-4V and 625 Inconel
lattice structures manufactured by SLM.

2 Experimental part

For the selective laser melting (SLM) of the Ti-6%Al-4%V alloy, an SLM manufacturing system
was used - type Lasertec 30 SLM (DMG MORI) which has a laser power of 600W, Ytterbium
YLR fiber laser -6000-WC, a wavelength of 1070 £10 nm, layer thickness between 20-100 um,
construction volume being 300x300x300 mm. Materials processed are tool steel, stainless

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education
(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for
any use which may be made of the information contained therein.

edioe

Page | 17



Co-funded by the AM AZE
Erasmus+ Programme /\_/
of the European Union ( =

steel, superalloy Co-Cr, Inconel, Ti, Al and precious metals. In this article, the lattice structures
of Ti-6Al-4V, respectively 625 Inconel were designed and made by selective laser melting with
a great power laser, using a 50 um layer print was used, as in Figure 1.

The metallic powders of Ti-6Al-4V, and 718 and 625 Inconel were studied in this article.

The SEM (scanning electron microscopy), EDS (energy-dispersive X-ray spectroscopy) analysis
and mapping analysis of the samples made of metallic materials were performed using a
scanning electron microscope QUANTA INSPECT F50 type with a field emission gun (FE-SEM)
(Thermo Fisher, Eindhoven, Netherlands) and a resolution of 1.2 nm, coupled with an energy-
dispersive X-ray spectrometer (Thermo Fisher, Eindhoven, Netherlands) with a resolution of
133 eV at MnK. The areas of interest which were analysed qualitatively on the top surface and
side surface of the realized samples made of metallic materials, as well on the surface of the
samples, were analyzed qualitatively by microcompositional X-ray spectrometry and obtained
spectra were plotted using Imagel) 1.50i software (Wayne Rasband National Institute of
Health, 2016, MD, USA). For SEM analysis, the specimens were cleaned with distilled water
and isopropyl alcohol.

Other methods of analysis of the Ti-6Al-4V sample, manufactured by SLM were: X-ray
fluorescence spectroscopy, X-ray structural analysis, and hydrostatic weighing.

The devices used, were: precision analyser Expert 3L (X-ray diffractometer Shimadzu XRD-
7000), scales for hydrostatic weighing.

o
A}

44444

v

Ti-6%AIl-4%V b) 625 Inconel
Fig.1. Lattice structures of Ti-6%Al-4%V a), respectively 625 Inconel b) - obtained by SLM
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3 Experimental research concerning the morphology and properties of Inconel 625,
Inconel 718, Co-Cr and Ti6Al4V powders used in Selective Laser Melting

One of our research consists of the experimental comparison of metal powders (Ti6Al4V,
Inconel 625 and Inconel 718) used in Selective Laser Melting. Inconel 625 metal powder is a
superalloy containing Ni, Cr, Fe, Mo, and Nb. The melting temperature is between 1290-
1350°C, the electrical resistivity of 129 uQ*cm (21°C), the tensile strength of 827-1034 MPa,
and the thermal conductivity of 9.8W/m*°C (21°C). The granulometry of the Inconel 625
superalloy is very fine, as in Figure 2, the powder grains have a spherical shape, and the
diameter of the grains is of the order of microns, varying between 0.582 —40.8 um.

HV  spot mag A HFW  det | - . 40412024 HV [spat| mag | WD HEW: dali — 20—
9:51:06 AM 30.00 kV 3.5 500 x 11.6 mm 597 pm ETD 9:55.03 AM 20.00 KV 3.5 5 000 x111.6 mm 59.7 ym ETD

X500 (b) X5000
Figure 2. SEM analysis of superalloy powder - Inconel 625:
a) X500; b) X5000
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(@) X500 (b) X5000
Figure 3. SEM analysis for superalloy powder - Inconel 718:
a)X500; b) X5000

Inconel 718 type metal powder is a superalloy containing Ni, Cr, Fe. The melting temperature
is between 1370-1430°C, density 8.192 g/cm3, electrical resistivity of 129 uQ*cm (21°C),
tensile strength of 827-1034 MPa, thermal conductivity of 6.5W/m*°C (21°C). The
granulometry of the Inconel 718 superalloy is also very fine, as in Figure 3, the powder grains
have a spherical shape, specific to the powders intended for the manufacture of SLM, and the
diameter of the grains is of the order of microns, varying between 4.43 -32.85 um. The
applications of Inconel superalloys are in additive manufacturing, the aerospace industry,
aeronautics, the automotive industry, metallurgy, the military field, and research. Table 1
shows the chemical composition of Inconel 625 and Inconel 718 type superalloys.

Table 1. Chemical composition of the Inconel superalloy [28]

Inconel alloy Element (mass percentage)
Ni Cr Fe Mo Nb Co Mn Cu AL Ti Si c s P B
625 58.0 20.0-23.0 50 |8.0-10.0(3.15-4.15| 1.0 0.5 04 0.4 05 0.1 0.015
718 50.0-55.5 17.0-21.0 . 28-33 | 47555 10 035 02-08 (0.65-1.15] 03 0.35 0.08 0.015 0.006
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Ti-6Al-4V metal powder is an alloy containing Ti, 6%Al, and 4%V. The melting temperature is
between 1604-1660°C, the density of 4.43g/cm?3, the electrical resistivity of 178 pQ*cm (21°C),
the tensile strength of 950 - 1000 MPa, the thermal conductivity of 6.7 W/m*°C (21°C).

£ O P e
4/4/2024 HV |spotmag| WD HFW | det
10:50:11 AM 30.00 kV! 3.5 500 x 11.2 mm|597 um ETD

(a) X500 (b) X5000
Figure 4. SEM analysis for alloy Ti-6Al-4V powder:
X500; b) X5000

L —
HFW | det - 20 ym
ym ETD

The granulometry of the Ti-6Al-4V alloy is also very fine, as in Figure 4, the powder grains
having a specific spherical shape obtained by atomization, and the diameter of the grains is of
the order of microns, varying between 10-37 um. The applications of Ti-6Al-4V alloy are in
additive manufacturing, aeronautic and aerospace industry, automotive industry, medicine as
a biomaterial, in research.

In the atomization process, the molten metal is separated into small droplets and quickly
frozen before the droplets come into contact with each other or a solid surface. Typically, a

thin stream of molten metal is disintegrated by subjecting it to the impact of high-energy jets
of gas or liquid.
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Figure 5. Mapping analysis of 625 Inconel
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Figure 6. Mapping analysis of 718 Inconel

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education
(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for
any use which may be made of the information contained therein.

edioe

o oPIA mznbmmﬂu
s

Page | 22



Co-funded by the AMAZE
Erasmus+ Programme /'\/
of the European Union ( =3

Metal powders can be obtained through the HDH process - hydride-dehydration, such as the
Ti-6%Al-4%V powder, which is obtained due to the embrittlement phenomenon of Ti in the
presence of hydrogen.

The other 625 Inconel and 718 Inconel powders can be obtained by gas atomization, plasma
atomization, or the process with plasma electrode rotation. This explains the fact that we have
particles with perfect spherical shapes in the case of Inconel 625 powder, because it was
obtained by plasma atomization, as in Figure 5. The chemical elements distribution is uniform
in all powder mass (Fe, Cr, Ni, Mo) as is shown in Figure 5. The Inconel 718 powder was
obtained by gas atomization, the spherical shape of the grains can be noted, but there are also
slightly deformed particles, as in Figure 6. The Mapping analysis of 718 Inconel presents an
uniform distribution of the chemical compounds as Ti, Cr, Fe, Ni, Nb, as in Figure 6. Likewise,
the EDAX analysis can be noted for the two Inconel superalloys and the uniformity of the
distribution of chemical elements and the fineness of the powder.
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Figure 7. Mapping analysis of Ti-6%Al-4%V
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In Figure 7, the morphology of the Ti-6%-4%V powder obtained by the hydride-dehydride
process (HDH) is presented, which is very fine on the order of microns, and the shape of the
grains is approximately spherical, also the homogeneity of the distribution of chemical
elements in the structure of the grains can be noted. The In the Mapping analysis of the Ti-
6Al-4V can remark the uniformity distribution of the chemical elements Ti, Al, and V, as in
Figure 7.

4 Experimental research concerning lattice structures made by Ti6Al4V powders using
Selective Laser Melting

In the Figure 8 shows the SEM analysis of the lattice structure, the clearly delimited shape of
the 3D printed structure can be noted. Selective laser melting, using high laser powers allows
obtaining a structure with fine roughness and complex details, with much better 3D printing
performance than in the case of DMLS (direct metal laser sintering). The angle between the
rectangular shapes is almost 91.5°, and the wall thickness is around 402.24 - 403.92 um, the
rectangular shapes dimensions is 909.65 x 956.17 um, as is shown in Figure 8a). In case of SLM
technology the precision of the lattice s
e 2N B

4/4/2024 HV 'spot mag WD HFW | det | - 1mm - [ 4/4/2024 HV  'spot mag WD HFW  det | - 1mm
1:11:55 PM 30.00 kV_3.5 100 x 10.3 mm 2.98 mm ETD 1:11:55 PM 30.00 kV 3.5 100 x 10.3 mm 2.98 mm ETD

X100 (b) X100
Figure 8. SEM analysis on surface of lattice structure of Ti6Al4V, manufactured by SLM (X100)
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X100 (b) X4000
Figure 9. SEM analysis in section of lattice structure of Ti6AI4V,
manufactured by SLM (X100, x4000)

X100 (b) X4000
Fig.10. SEM analysis in section of lattice structure of 625 Inconel,
manufactured by SLM (X100, x4000)

Figure 9 shows a lattice structure in section printed by SLM technology and can remark the
porosity and the metal bridges that are made between the metal grains, and the great
accuracy of 3D printing. The SEM analysis in section presents the fines geometrical details of
lattice structure of 625 Inconel sample, manufactured by SLM.
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Figure 11. Mapping analysis of Ti-6%AIl-4%V
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Figure 12. Mapping analysis of 625 Inconel
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Figure 12.

XRD analysis of Ti6Al4V lattices manufactured by SLM

The XRD analysis of Ti-6%Al-4V lattices manufactured by SLM is presented in Figure 13. Results
of the quantitative analysis of the elemental composition by the X-ray fluorescence method

Co-funded by the
Erasmus+ Programme
of the European Union
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N

The mapping analysis from Figure 11 shows the chemical composition of the Ti-6%Al-4%V
alloy, noting the uniform and homogeneous distribution of the chemical elements (Ti, Al, V)
that make up the lattice structure. Concerning the Mapping analysis of 625 Inconel can remark
the chemical compound uniform distribution (Cr, Fe, Ni, Mo) on all lattice structure, as in

(an important note - the object was studied "as is" without its dispersion):

Table 2.

Material components correspond to the VT6 or VT6C alloy

Element Mass fraction, % | VT6 C | VT6
according to GOST | according to GOST
19807-91* 19807-91*
1.14 2.11

13 Al 5.194+0.059 5.30-6.50 5.30-6.80

14 Si 0.200+0.010 0.00-0.15 0.00-0.10

22 Ti 90.012+0.076 basis basis

23V 4.375%+0.053 3.50-4.50 3.50-5.30

26 Fe 0.202+0.007 0.00-0.25 0.00-0.60

28 Ni 0.012+0.002

42 Mo 0.005+0.001

undetected elements:

1H 0.00-0.02 0.00-0.02

6C 0.00-0.10 0.00-0.10

7N 0.00-0.10 0.00-0.10

80 0.00-0.15 0.00-0.20

24 Ct 0.00-0.08 0.00-0.08

25Mn 0.00-0.07 0.00-0.07

40 Zr 0.00-0.30 0.00-0.30
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According to GOST 19807-91 (Table 2) the content of the material components corresponds
to the VT6 or VT6C alloy. The analogues in USA are Ti-6Al-4V or Ti-Al-V- UNS R56400, TC4, Ti64,
ASTM Grade 5.

Table 3. The range of alloying for industrial alloy Ti-6%Al-4%V [25]
Fe C Si \" N Ti Al Zr 0 H impurities

<06 <01 0.1 35-53 <0.05 86.45-90.953-6.8<0.3 <0.2 <0.015 0.3

In general, the obtained results regarding the content of alloying elements in the titanium
matrix differ slightly from the range of alloying/doping with aluminum and vanadium for the
industrial alloy Ti-6Al-4V (Table 3, [25])

Table 4. Minimum and maximum content for Ti-6%Al-4%V

Content (wt %)

Element Minimum Maximum

Al 6.12 6.15

\Y 3.90 4.00

Fe 017 0.18

N 0.01 0.0

C 0.03 0.03

8] 0.11 0.12

H 0.004 0.005

Y 0.0020 0.0021

Ti Balance

The differences can be explained by the fact that the results were obtained by studying only
the near-surface area of the material without dispersion or deep cleaning of the surface

The results of the structural analysis of the material (an important note - the object was
studied "as is" without its dispersion):
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Figure 13. XRD analysis of TibAl4V sample manufactured by SLM (Selective Laser Melting)

According to the results of the Rietveld analysis of the diffractogram using the Match!3.0
software package, the sample material is characterized by a close-packed crystalline structure
with hexagonal symmetry (space symmetry group is P63/mmc). According to the results of X-
ray fluorescence analysis, this structure can be matched to a single-phase alloy based on
alpha-titanium (it corresponds to references [27]).

The lattice parameters of the alpha-titanium are ap = 2.95111 A + 6-10° and co = 4.68433 A +
10-10°5, for the studied sample material the lattice parameters are ao = 2.92202 A + 25.10°5
and co = 4.594233 A + 73-10°5. It is seen a systematic decrease of the lattice parameters of the
sample material in comparison to "pure" titanium. It indicates that the sample material is a
replacement alloy. According to the X-ray fluorescence spectroscopy data, the sample
material was tentatively identified as a titanium alloy Ti-6Al-4V, typically formed by an alpha
phase VT6 with a hexagonal crystal structure (P63 / mmc) and a beta phase VT6C with a cubic
crystal structure (Im-3m). At the same time, aluminum stabilizes the alpha phase, and
vanadium stabilizes the beta phase. The obtained diffractogram does not show reflections
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corresponding to the cubic volume-centered phase of titanium, but this is a typical situation
in X-ray structural studies of Ti-6Al-4V alloys, described, in particular by Fiolek [25]. Lattice
parameters for Ti-6Al-4V alloy with different oxygen content are given in table 5 [26]. The
values obtained for the researched sample are relatively lower.

Table 5. Lattice parameters for Ti-6Al-4V alloy with different oxygen content

Alloy a/nm c¢/nm c/a
Ti-6Al1-4V-0.170 0.2944 0.4677 1.58865
Ti-6A1-4V-0.200 0.2945 0.4679 1.58879
Ti-6Al-4V-0.230 0.2948 0.4685 1.58921

Even if the content of alloying impurities in the subsurface layers and in the volume is the
same within the frames of error (the verification of this assumption requires the destroying of
the sample, therefore it is a separate task), the recorded "reduction" of the lattice parameters
of the sample material in comparison with the expected values cannot be explained. Probably,
the recorded values are the result of physical and (or) physical and chemical effects on the
material during sample creation from the powder, which consists on particles of 30-50 microns
in size (estimated). According to the analysis by Scherer's method, the size of the regions of
coherent scattering for the alpha titanium phase in the sample material is 30-35 nm.
Concerning the research of density by the method of hydrostatic weighing, the studied sample
has a density of 4.20(3) g/cm?3. A density of 4.45 g /cm? characterizes the bulk Ti-6Al-4V alloy.
Thus, the porosity of the studied sample is about 6%.

9 Conclusions

This research presents the morphology of different metallic powders used in Selective Laser
Melting, realizing different Mapping analyses, and establishing the chemical composition. The
authors designed various types of lattice structures, from different metallic powders, as Ti-6Al-
4V, and Inconel, and examined their detailed morphology and the chemical elements
distribution. Selective laser melting (SLM) is used for manufacturing parts, a high-power-
density fiber laser (ytterbium fiber laser) to melt and fuse metallic powders to form a 3-
dimensional part, being similar to Selective Laser Sintering (SLS). The CAD model of lattice
structures is sliced into 2-dimensional layers and transferred to the SLM manufacturing system.
Moreover, then, an even layer of powder material is distributed using a roller. The
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manufacturing process takes place under a tightly controlled inert atmosphere (argon), the
laser then scans and fuses the layer following the geometric information of the sliced model.
These scanning/merging and layering processes are repetitive until the final piece is
completed. The finished part is removed from the powder bed and undergoes post-processing
steps such as heat treatment etc. Lattice structures present fine details of the order of microns,
the structure obtained having both homogenous distribution of chemical elements and
porosity, its weight being much lower than in the case of cast parts, this being necessary in the
case of the medical and aeronautical industries. The morphology structure and XRD analysis
were established for the lattice structure of Ti-6Al-4V manufactured by SLM.

In the future, it is desired to continue the development of different types of lattice structures,
which are often used in the medical industry, the aeronautical and aerospace industry, for
certain structures that must have as little weight as possible.

Morphological SEM analyses were developed, and the chemical composition and the
distribution was determined using EDAX analysis for different types of metallic powders from
Ti-6%Al-4%V, Inconel 625 and Inconel 718. They were presented SEM, EDAX and Mapping
analyses for different metallic powders of Ti-6%AI-4%V, Inconel 625 and Inconel 718 used in
Selective Laser Melting process. In this article were designed certain lattice structures with
fine details of nanometers order as the wall thickness that it is around 402.24 - 403.92 um and
having great angular precision of 91.5° for Ti-6%Al-4%V and 625 Inconel, manufactured by
SLM (Selective Laser Melting). In this paper were determined the SEM and EDAX analysis to
establish the morphology structure of lattices structures made by Ti-6%AI-4%V and 625
Inconel, the chemical composition and the uniformity distribution making the Mapping
analysis.

Based on the generalization of the results obtained by X-ray fluorescence spectroscopy (Expert
3L spectrometer-analyzer) and X-ray structural analysis (Shimadzu XRD-7000 X-ray
diffractometer), it was found that the sample material is an alloy of titanium and aluminum
and vanadium of the Ti-6Al-4V alloy type. A comparison of the obtained data allows us to
confirm that the sample was produced by the method of layer-by-layer laser melting of Ti-6Al-
4V alloy powder with particle sizes of 30-50 microns and a final sample porosity is about 6%.
In the aerospace field, there is a decrease in the weight of small parts sizes up to 25-50%, "buy
to fly ratio", in the case of using lattice structures and their manufacture by SLM technology.
This is very important especially in the field aeronautical, where every kg counts during flight
and in terms of kerosene consumption.
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1 Introduction in Augmented Reality

Definition: Augmented Reality (AR) is a technology that overlays digital information onto
the real world. (Fig. 1)

Fig.1. Virtual reality

Difference between AR and VR:
AR enhances the real world, while Virtual Reality (VR) creates a completely virtual

environment. (Fig. 2)

Fig.2. AR smart glasses

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education
(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for
any use which may be made of the information contained therein.

edioe

Page | 35



Co-funded by the

Erasmus+ Programme AMAZ
u
of the European Union N(\

Fig.3. Augmented Reality

How Augmented Reality Works (Fig. 3)

Essential Components:

- Hardware: Cameras (capture real-world), sensors (position and orientation), displays
(present the augmented view)

- Software: Computer vision (processes and interprets real-world), Simultaneous
Localization and Mapping — SLAM (algorithms for envioroment and position), Rendering
Engine (generating digital content)

- Process: Capturing the real world, processing digital overlays, and displaying the

combined view to the user.
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Fig.4. VR/AR applications in industry

Applications in Industry: (Fig.4)

Healthcare: Surgery assistance, medical training (Fig.5)
Education: Interactive learning, virtual classrooms (Fig.6)
Entertainment: Gaming, immersive experiences (Fig.7)
Retail: Virtual try-ons, enhanced shopping experiences (Fig.8)
Tourism: Interactive tours, historical reconstructions (Fig.9)

Industry: manufacture, design (Fig.10)

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education

(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for
any use which may be made of the information contained therein.

edioe

Page | 37



Co-funded by the AMAZ
Erasmus+ Programme N
of the European Union ( N

Fig.6. VR/AR applications in Education
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Fig.8. VR/AR applications in Retail
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Fig.9. VR/AR applications in Tourism

Fig.10. VR/AR applications in Industry
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Benefits of Augmented Reality (Fig.11 and Fig.12)

Enhanced User Experience: More engaging and interactive
Increased Efficiency: Improved task performance and productivity

Facilitates Learning and Training: Hands-on practice in a safe environment

Challenges and Limitations

Technical Issues: Accuracy, latency

Development and Implementation Costs: High initial investment
Ethical and Privacy Concerns: Data security, user consent

independiente
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Fig.11.Motor AEL-DCEM
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Fig.12. Disassembled counter

Future of Augmented Reality

Emerging Trends: More integrated AR experiences, wearable AR devices
Technological Innovations: Improved hardware, Al integration

Potential Impact: Greater societal adoption, new business models, as in Fig.13.
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Fig.13. Ball valve

Conclusions

The VR/AR platform represents a significant advancement in the field of distance learning,
specifically designed for additive manufacturing. This innovative approach seamlessly
combines theoretical content with remote practice, offering students a comprehensive and

deeply enriching educational experience, as in Fig.14.
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Fig.14. VR/AR e-learning platform used for Additive Manufacturing

In a world where technology evolves at a rapid pace, the ability to adapt to new tools and
methodologies is essential. This platform not only provides fundamental theoretical
knowledge but also allows students to apply these concepts in a practical environment, even
when they are miles away from traditional equipment and laboratories. This unique
combination ensures that students not only understand the theoretical principles of additive
manufacturing but also develop the practical skills necessary to face the real challenges they

will encounter in the industry, especially in Industry 5.0, as in Figure 15.
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Fig.15. VR/AR e-learning platform combines theoretical principles of additive
manufacturing and practical skills for Industry 5.0.

Moreover, the system has been designed to be highly interactive and adaptable to the
individual needs of each student. It utilizes advanced simulations and real-time collaboration
tools that allow students to experiment and solve problems in a controlled yet dynamic
environment. This approach not only enhances knowledge retention but also fosters creativity
and critical thinking, qualities that are indispensable in the field of additive manufacturing.

Another key aspect of this platform is accessibility. It is understood that access to
specialized equipment can be limited, especially for those living in remote areas or lacking the
resources to attend in-person courses. Therefore, an infrastructure has been developed that
allows students to interact with state-of-the-art machinery and software from the comfort of

their homes. This flexibility not only democratizes access to quality education but also
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prepares a new generation of professionals capable of leading the future of digital

manufacturing, as in Figure 16.

Fig.16. Accessibility of VR/AR e-learning platform as an educational resource

In summary, this platform is more than just an educational resource; it is a transformative
tool that empowers students to face real-world challenges in additive manufacturing. By
integrating theoretical knowledge with remote practice, it creates a learning environment that

is both accessible and highly effective, preparing students to excel in an ever-evolving industry.
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1.Introduction

Reverse engineering in the context of product manufacturing involves analyzing an existing
product to understand its design, functionality, and components. This process can provide
valuable insights for various applications in product development and manufacturing. In the
toolkit a detailed description of how reverse engineering applies to product manufacturing
was presented,

a) Product Analysis and Improvement

b) Cost Reduction

c) Intellectual Property and Innovation

d) Legacy Products and Support

e) Quality Control and Testing

f) Sustainability and Recycling

g) Rapid Prototyping

Reverse engineering in product manufacturing involves analyzing a product to understand
its design, architecture, and functionality. It allows manufacturers to recreate and improve
existing products, ensure compatibility, or develop new products based on existing ones. Here
are several common techniques used in reverse engineering, which was also detailed
descripted in toolkit:

¢ Physical Disassembly,

¢ 3D Scanning,

e Computer-Aided Design (CAD) Reconstruction,

e Material Analysis,

¢ Functional Analysis,

¢ Electrical Analysis,

* Software Analysis,

¢ Prototyping,

e Metrology.
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Each technique can be utilized individually or in combination, depending on the complexity

of the product and the objectives of the reverse engineering process. Reverse engineering
plays a crucial role in product development, competitive analysis, and innovation within

manufacturing industries, as in Fig.1..

End Applications
INPUT Data Capture Reverse Engineering CAD Svstem
(Damaged Part)  Hardwares and Methods  Softwares and Steps :
¢« CMM X
* Laser Scanver « PC-DMIS
¢ Optic Scaer
¢ MRI ¢ CopyCAD
¢ CGI . ’
* Stereo * Pro/Engineer CAM System
Scanning
P —
Export ,_L
Gereration of
Point Clouds CAE System
Gereration of
Boundary Curves
of Parts
Gereration of
Swrface and Solid
Models

Fig.1. The whole process of RE should be computer-aided
2. Reverse Engineering techniques
2.1 CMM Scanning

CMM scanning is a critical technique used in reverse engineering to create digital

representations of physical objects.
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This process typically involves using advanced imaging technology to capture the

geometry, shape, and sometimes even the colour or texture of an object, as in Fig.2.

Physical object |1, Poin clouds |I ., CAD model

l

3D Scanning phase Surface reconstruction phase

(point processing & geometri development)

Fig.2. Generic RE process using 3D scanning technology

2.2 Optical Scanning

The purpose of reverse engineering is to manufacture another object based on a physic
and existing object for which 3D CAD is not available.

The scanner can convert the physical object into a point cloud. This kind of reverse
engineering can be used to make digital 3D record of the objects, for security copies, shows it
in presentations to the competitors about how it works, identify potential patent

infringement.

3. Application of reverse engineering to the production of biomedical engineering

products

Reverse engineering is pivotal in medical life sciences, providing significant advantages
such as reduced time and costs, along with enhanced product accuracy. Modern medical
production systems integrate advanced measurement techniques to precisely capture human
anatomy, sophisticated software for CAD model design, cutting-edge fabrication technologies,

and innovative materials for improved manufacturing outcomes. In fields like orthopaedics,
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dentistry, and reconstructive surgery, reverse engineering enables detailed imaging,

modeling, and replication of a patient’s bone structure, allowing surgeons to meticulously plan
and evaluate procedures before actual implementation.

3.1 Reverse engineering in prosthetic application

Filip Gorski and colleagues, in their article "Development and Testing of an Individualized
Sensorized 3D Printed Upper Limb Bicycle Prosthesis for Adult Patients" present the design
and evaluation of a personalized prosthetic device tailored for an adult patient, specifically for
activities such as bicycle riding. The prosthesis was developed using 3D scanning, semi-
automated design with the AutoMedPrint system, and low-cost Fused Deposition Modelling
(FDM) technology for 3D printing. It features integrated force and movement sensors and was
subjected to rigorous testing across various dynamic scenarios to assess functionality, mitigate
potential risks, and refine the design prior to activating the end effector. The article
comprehensively details the design, production, and testing processes, showcasing the
successful implementation and identifying areas for mechanical and electrical improvements,

as in Figures 3 and 4.

Fig.3. 3D scanning of patient, (a) stump; (b) healthy arm; and (c) mesh

data during processing
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Fig.4. Tests of initial, mechanical version of the prosthesis,
(a) laboratory tests and (b) usability tests

3.2 Reverse engineering in hand therapy

The paper "Development and Studies of VR-Assisted Hand Therapy Using a Customized
Biomechatronic 3D-Printed Orthosis" authored by Filip Gérski and colleagues, explores the
creation, testing, and use of a wrist—hand orthosis for hand therapy in a teenage patient
with congenital paresis. The team enhanced a standard 3D-printed orthosis with sensors,
transforming it into a motion controller for virtual reality (VR). Due to the patient’s wrist
and hand impairments, standard VR controllers were not an option, so the orthosis was
adapted by integrating custom electronics and motion trackers. A VR game, developed in
collaboration with physiotherapists, replaced traditional VR inputs with those from the

customized orthosis. This game was then tested on patients and evaluated by an expert to
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determine its effectiveness and identify areas for further improvement in the orthosis

design.

it h

Fig.6. Scanning of the patient, (a) left arm—mechanized rig, (b) right arm—manual scan
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Fig.7. Customized therapeutic orthosis design and production for the purpose of VR system
prototyping

Fig.8. Customized therapeutic orthosis, (a) first

version, and (b) second version (10 months later)
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Smart (Intelligent) Materials

4. Introduction to Smart Materials

Smart materials, also called intelligent or responsive materials, are designed materials that
have one or more properties that can be significantly changed in a controlled fashion by
external stimuli, such as stress, moisture, electric or magnetic fields, light, temperature, pH,
or chemical compounds. Smart materials are the basis of many applications, including sensors
and actuators, or artificial muscles, particularly as electroactive polymers (EAPs).

It can divide them according to the effect of stimulation

e Piezoelectric materials

¢ Shape-memory alloys and shape-memory polymers

¢ Photovoltaic materials or optoelectronics.

¢ Electroactive polymers

e Magnetostrictive materials

* Magnetic shape memory

Nerve Controllers

2

Actuators

Sensors

Smart Materials
and Structures

vt :
e Structures j
% 74 e
A\
Tendon Fibrous Bands

Fig.9. Smart Materials and Structures
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Fig.10. Smart material system

Shape Memory Alloys (SMAs)

Comparision of SMA element attached at both ends of the actuator and located outside
versus inside, (b) starfish-like soft robot with flexible rays actuated by SMA spring located
within the structure, and (c) spring-driven robot with a silicone polymer body (Huai-Ti and

Trimmer) - Rodrigue et al., 2022, Shape Memory Alloys (SMAs).

D O N

| a :, ._

c

Fig.11. Shape Memory Alloys (SMAs)
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4.1 Experiment with SMAs
In prepared E-Toolkit, an experiment was described to create a spring using Nitinol—a
material known for its shape memory properties. Nitinol is an alloy of nickel and titanium that
can "remember" a specific shape and return to it when heated. Through this process, a
programming procedure can be carried out that allows to creation of a spring that returns to

its original form after being deformed. This experiment not only demonstrates the unique

characteristics of Nitinol but also helps to understand how phase transformations can
influence the material's mechanical properties.

Fig.12. Fragments of Nitinol wire prepared to experiment

4.1 Process of preparing SMAs

Forming Heating Fast cooling

Fig.13. Process of preparing SMAs
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4.1 Testing properties of SMAs
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Fig.14. Testing a shape memory of a Nitinol wire
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Introduction

This module describes the process and structure of work in Autodesk Revit software, using the
example of the reconstruction of an industrial building in Chernivtsi.

The stages of project implementation using digital technologies are described, and a 3D model
of the object under study is created and printed.

Fig.1. The current condition of the brewery

1. Brief historical background
The first joint-stock brewery in Chernivtsi was built in 1869-1871. The brewery is located
north of the city centre, on the right bank of the Prut River, near the railway and train
station.
It was founded by local entrepreneurs Heinrich Wagner, Markus Zucker, Isaac Rubinstein and
architect Gregor.

Wovee ane U oommiie

Mepnioyt
Fig.2. Historical photographs of the brewery
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Fig.3. Beer brands produced in Chernivtsi

Nowadays, the factory is a closed and abandoned space. The decline of this industrial building
due to a number of factors has turned it into a depressed and non-functional territory.
However, this building has historical and cultural value for the region. The factory's territory
is located at the intersection of all major transport routes - the main arteries of Chernivtsi,
which connects the site with almost all districts of the city and border the historic part of

the city.

Vokzal’'na Street (formerly Gagarina Street), where the factory is located, has a large daily
traffic of cars and public transport from/to the historic city centre.

There is a railway station, a bus station and public transport stops close to the Research area.
This indicates accessibility to the future public facility.

Fig.4. Situation scheme. Location of the project site in Chernivtsi
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Fig.5. Situation scheme. Location of the project site in Chernivtsi
Physical and architectural models of reconstruction
of an industrial building in Chernivtsi

2. Reconstruction project

The task in organising the reconstruction of this area was to create an environment that would
combine and revive the surrounding existing buildings and be perceived as a single whole.
The main idea was to fit the new building into the silhouette of the old industrial
neighbourhood, the chimney and the factory facade, which are present on the site.

The complex itself consists of two blocks, one historical and one modern, which contain two
halls, united by a pavilion, which is a system of ramps.

For example, for large-scale conferences, presentations, and exhibitions, it is also a place for
walking, with open areas with landscaping. There is also a brewery museum, which stretches
over 5-floors and leads to an observation deck where visitors can enjoy the views of the city
of Chernivtsi.

In general, the reconstruction of a brewery is a more environmentally friendly option for
redeveloping territories than demolition and construction.

It helps to reduce the cost of reconstructing an industrial building, create the status of a
cultural monument, attract additional investment in the project due to the "historical" object
included in the complex, and preserve urban planning dominants.

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education
(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for
any use which may be made of the information contained therein.

edioe

Page | 64



Co-funded by the AMAZ
Erasmus+ Programme N
of the European Union ( N

Currently, this industrial area, which has a good location near the city centre, should be
allocated for commercial facilities, office centres, residential real estate and the development
of the necessary infrastructure.

reconshucied Duditing

panage

new bulking

Reconstruction project

Fig.6. Reconstruction project
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Fig.7. Final rendering

Therefore, the reconstruction of the brewery's industrial building, and the factory's territory
as a whole, in Chernivtsi, which was previously closed, is becoming a new place of attraction
for the city's residents and opens up new opportunities for the reorganisation of the urban
historical environment near the railway station.
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Fig.10. Pért of the drawing of tHe plans with Walls
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Fig.15. Completed sheet

These guidelines are aimed at learning Autodesk Revit at the level that allows to build a 3D
model of a building

and create basic architectural and construction drawings — plans, facades, sections.

These guidelines can be used as supplementary documentation for practical training on
following topics:

1. Description of the programme. Installation, interface, methods of work.

2. Setting up plan levels. Creating a grid of axes.

3. Description of walls, their characteristics.

4. Description of windows and doors, their properties. Create and configure types/styles.
5. Description of stairs and handrails, their properties. Custom shapes.

6. Description of floors and roofs. Building and editing.

7. Create a facade and section, flat and three-dimensional. Setting up the perspective view of
the camera.
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8. Visualisation — styles, materials and light sources.

Fig.16. Printed 3D model

9. Create and design Sheets. Transfer of Views (plans, facades, sections, 3D views) to sheets.
10. Create and configure text types and sizes.

The project should provide for: B development of the space-planning structure of a residential
building taking into account a certain composition of premises, the author's concept,
considerations of convenience, regulatory requirements for insolation, lighting, fire
evacuation; selection of an appropriate structural system to ensure the stability of the
building, reduce material consumption and heat loss during its operation; & placement of the
main and auxiliary buildings and organisation of the territory, taking into account the current
planning and regulatory requirements.

It is possible to use ideas and sketches for designing a building from already finished student
works.
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3. Environment near the railway station.

Guidelines cover the creating process of a 3D model of a reconstructed brewery building in
the Chernivtsi city, developed in the Autodesk Revit software, for printing on a ZMorph 2.0
SX - 3D printer with a scale of 1:500.

3.1 Project Tasks

Creating process of a 3D model using Revit Autodesk software [1] allows students and
specialists in the architectural field to acquire the skills of:

accurate transfer of architectural objects into a digital format;

adaptation of the model to a specific scale;

preparation of the 3D model for printing, including the selection of optimal settings and the
solution of possible problems arising during scaling.

These guidelines also cover the important features of preparing a file for printing, such as
cleaning the model of excess details, correcting mesh errors, and selecting corresponding
print settings. The printed model becomes not only a demonstration object, but also a
practical tool that emphasizes the value and importance of preserving historical monuments
using the digital technologies.

3.2.Equipment and Software

To perform this work, you need:

A computer with Autodesk Revit software installed for creating and editing a 3D model.
Software for working with STL files, such as Meshmixer for checking and cleaning the model.
A slicing (pre-press) program, such as Voxelizer, which allows you to adjust print settings and
parameters.

ZMorph 2.0 SX - 3D printer that supports STL format and printing materials that provide
sufficient strength and accuracy.

2.Step-by-Step Course of Work

2.1.Stage 1. Export model from Revit

Opening the project in Revit. All the necessary elements and structures must be completely
finished and located in the right places. Review the placement of windows, doors, walls, and
other details so that there are no extra or unnecessary elements on the model. This will help
to avoid errors during printing (Fig. 17).
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Fig. 17. Elements of the Revit interface

Preparing the model for export in 3D format. It is advisable to use special views or sections
(for example, the first floor only or the exterior of the building only) to reduce the file size of
the model to be printed. Some elements of the interior or engineering networks are not
necessary for 3D printing, so they can be hidden or turned off. This will significantly reduce
the number of polygons in the model and make it easier to processing.

Export model to STL format. Revit does not support direct export to STL format, so you need
to use third-party plugins. Install the Revit to STL plugin via the Autodesk App Store [2].
After installing the plugin:

Go to the Add-Ins tab.

Select Export to STL. In the export settings, choose a scale of 1:500 (this will reduce the size
of the model while maintaining the necessary proportions).

Select units of measurement. Millimetres are usually used for 3D printing, but it is important
to maintain the proportionality specified in the scale.

Save the file in STL format in a convenient location on your computer.

2.2.Stage 2. Creating STL File for Printing
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Checking and cleaning the model in Meshmixer or another program for working with STL
files

Load the STL file into Meshmixer. This software allows you to clean and prepare files before
printing.

Check the model for areas with poor or featureless quality:

Holes in the grid. If open surfaces or cavities are found in the model, they should be filled. In
Meshmixer, this should be done through the Inspector tool.

Double surfaces and extra polygons that can reduce print quality. Delete unnecessary
polygons.

If the model consists of several separate parts, they should be connected to each other into a
single object via the Make Solid option so that the printer recognizes it as one solid object.
Scaling the model to a scale of 1:500

In Meshmixer or another software package, check the scale of the model. If you set the scale
in Revit, it's worth double-checking that the model matches the selected parameters.

Adjust the zoom/scale manually if necessary. For example, Meshmixer has a Transform tool
that allows you to resize the model to exact proportions .

Optimizing the model for printing

For very small model scales, like 1:500, it is worth simplifying small elements that do not play
a significant role. Such details may not be reproduced on the printer, but will create an excess
load

Depending on the design of the building, it may be necessary to add supports for protruding
or inclined elements. This will reduce the risk of the sagging some parts of the model during
3D printing. Meshmixer has a tool for automatically adding supports, but sometimes it is
better to add them manually taking into account the features of the model (Figures 18-21).
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Fig. 21 Meshmixer

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education
(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for
any use which may be made of the information contained therein.

edioe

EARS OF INNDVGKTION
Taaner a1

R
;g

Page | 76



Co-funded by the
Erasmus+ Programme
of the European Union

N VOXELIZER

FULL CONTROL OVER
YOUR 3D PRINTING

Fig. 22. ZMorph 3D printer

This project has been funded with support from the Erasmus+ Programme Key Action 2 Cooperation Partnerships for Higher Education
(KA220-HED). This publication [communication] reflects the views only of the authors, and the Commission cannot be held responsible for

Fig.23. Voxelizer software

any use which may be made of the information contained therein.

WTEHR,
oY _ ey

EARS OF INNDVGKTION
Taaner a1
* o

Page | 77



Co-funded by the AMAZ
Erasmus+ Programme f'\-/
of the European Union ( =

Layers: 500
Filament: 13.77m
Extruder 1: 13.77m
Time: 7h 28min
Gcode Temp: B: 60°C TO: 210°C

Fig.24. 3D printing parameters using Voxelizer software

Stage 3. Preparation for 3D Printing in Voxelizer, etc.

Importing the file into 3D printing software

Open Voxelizer software, or another platform compatible with your 3D printer. Download
the STL file. You will see the model on the printer workspace, as in Figure 22
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Adjusting the settings for 3D printing

Choose the print quality. For example:

Layer thickness: For 1:500 scale models it is recommended to set a smaller layer thickness
(0.1-0.2 mm) for better detailing.

Infill: traditionally, low infill (20-30%) is assumed for building models, because exterior is more
important than internal strength.

Choose the type of filament. PLA is suitable for the most architectural models, because it easily
prints and has good properties.

Adjusting the model on the printing platform

Choose the orientation of the model on the printing platform. To achieve better stability and
adhesion, the model is often placed with the flat surface down. This will reduce the risk of
deformation during printing.

Make sure that the model fits in the printing area of the printer. Some programs have
possibilities to automatically scale the model to fit on the platform, but for your work the scale
should be fixed.

Preview and generation of G-code

In Voxelizer or another slicer, you should preview the generated print layers to see how
individual model elements will look on each layer. Pay attention to intricate details or
protruding elements and make sure that supports are added (if they are necessary).

After the final checking, save the G-code file on an SD card or flash card or other memory
medium for transfer this file to the 3D printer (Figures. 23-24).

Stage 4. Printing Model on 3D Printer

Preparation of the 3D printer

Clean the printer platform from dust and previous filament residues.

Make sure the thread is set correctly and matches to the settings that you chose in the slicer.
Start printing

Insert the SD card into the printer or connect the printer to the computer. Download the G-
code file.

Start printing and be sure to control the printing process, especially the first few layers. Correct
adhesion of the model to the platform is very important, because if the initial layers detach, it
can spoil the model (Fig. 25).

Completing printing

After printing is finished, give the model time to cool down to reduce the risk of model
deformation and to ensure easy detachment it from the platform.
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Carefully remove the model from the platform using a special tool (for example, a putty

knife). If necessary, remove the supports and smooth the model edges for a clean result (Fig.

24).

Stage 5. Analysis of Results

Assessment of model quality

Compare the sizes of the printed model with the initial sizes in Revit and the given scale of
1:500 (Fig. 26).

Make sure that all important details are preserved and the structure of model looks correct.

Fig. 26. The completed 3D model, which placed on the general plan. The scale is 1:500
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