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1. Additive Manufacturing in Industrial Design:

» Generalized globalization

» Strong competition

» Accelerated technological progress

» Generalization of quality systems

» The sophistication of the public (each market
segment or niche wants products precisely

tailored on its needs, expectations, and desires). PREER -
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1. Additive Manufacturing in Industrial Design:
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Type Technologies Materials
Material jetting Drop-on-demand or continuous (single- or Hot-melt materials (wax, thermoplastic, metal alloy),
multi-nozzle) particle deposition dispersed materials (technical ceramics, metals, polymers)
Material extrusion Fused Deposition Modeling (FDM) or Thermoplastics, eutectic metals, edible materials,
Fused Filament Fabrication (FFF) and fused rubbers, modelung clay, plasticine
pellet fabrication or fused particle fabrication
Robocasting or MIG wlding 3D printing or Metal-binder mixtures such as metal clay, ceramic-
Direct Ink Writing (DIW) or extrusion based binder mixtures (including ceramic clay and ceramic
additive manufacturing of metals (EAM) and slurries), cermet, metal matrix composite, ceramic matrix
ceramics (EAC) composite, metal (MIG welding)
Additive Friction Stir Deposition (AFSD) Metal alloys
Composite Filament Fabrication (CFF) Nylon or nylon reinforced with carbon, Kevlar or

glass fibers

Light polymerized Stereolithography (SLA) Photopolymer (including preceramic polymers)
Digital Light Processing (DLP) Photopolymer
Continuous liquid interface production Photopolymer + thermally activated chemistry
(CLIP)
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Powder Bed Powder bed and inkjet head 3D printing Almost any metal alloy, powdered polymers, paster
(3DP)
Electron Beam Melting (EBM) Almost any metal alloy including titanium alloys
Selective Laser Melting (SLM) Titanium alloys, Co-Cr alloys, Stainless steels,
aluminium
Selective Laser Sintering (SLS) Thermoplastics, metal powders, ceramic powders
Selective Heat Sintering (SHS) Thermoplastic powders
Direct Metal Laser Sintering (DMLS) Metal alloys
Laminated Laminated object manufacturing (LOM) Paper, metal foil, plastic film
Stratoconception
Powder fed Laser Metal Deposition (LMD) or Directed Metal alloys
Energy Deposition (DED)
Extreme High-speed Laser Cladding (EHLA) Metal alloys
Wire Electron Beam Freeform Fabrication Metal alloys
(EBF3)
Wire-arc additive manufacturing (WAAM) Metal alloys
Freezing Rapid Freeze Prototyping (RFP) Water

3D Bioprinting

3D Bioprinting

STEM cells, biogolimbrs
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Filament >

Extruder
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< Gears control feeding of filament

< Material melting heating block

Nozzle extruding the material

3D printed part >

R

< Melted material is deposited in layers

Platform

Fused Deposition Modeling (FDM) principle
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Mechanical properties between the common materials used in FDM technology, PLA, ABS and HIPS

HIPS ABS PLA
Polymers

oV SD SEX oV SD SEx oV SD SEX
MFI (g/10 min) 7.5+ 020 0.16 0.11 8.76 £ 0.16 0.13 0.09 13.52 £ (.11 0.09 0.06
Young's modulus (MPa) 11254012 009 0.06 175 £ 0.11 0.09 0.06 479 4+ 0.10 0.08 0.05
Yield stress (MPa) 344 + 021 0.17 0.12 0.49 + 0.21 0.17 0.12 0.27 = 0.16 0.13 0.09
Glass transition temp (°C) 10041 £0.16 0.13 0.09 10976 £ 02  0.16 0.11 62.57 + 0.21 0.17 0.12
Peak load (N) 80.8 + 0.11 0.08 0.06 207 = 0.2 0.16 0.11 2824 + 020 0.16 0.11

Peak strength (MPa) 421 x016 013 0.9 1078011 0.09 006 1471016 013 009
Peak elongation (mm) 1.9+ 0.20 016 011 475+016 013 009 513+016 013  0.09

Percentage elc:l:gation at 3.0 + 0.11
Peak ( ;'o)

0.09 0.06 6.0 = 0.15 0.12 0.08 7.0+ 0.10 0.08 0.05
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Stereolithography (SLA) principle
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Digital Light Processing (DLP)
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Bisphenol A Ethoxylate Diacrylate

B T N SN S o

n+m>4

INTRODUCTION

EBECRYL 150 is an ethoxylated bisphenol A diacrylate commonly used as reactive
diluent in UV/EB cure applications. EBECRYL 150 can improve the cure response,
hardness, and chemical resistance of UV/EB curable coatings and inks while
maintaining good adhesion, and without imparting brittleness.

PERFORMANCE HIGHLIGHTS
EBECRYL 150 is characterized by:

* High reactivity

* Moderate viscosity

* High refractive index

UV/EB curable formulated products containing EBECRYL 150 are characterized
bry:

Hardness

Chemical resistance

Good adhesion

Improved wetting

The actual properties of UV/EB cured products also depend on the selection of
other formulation components such as oligomers, additives and photoinitiators.

Mechanical properties of Bisphenol A Ethoxylate Diacrylate

SPECIFICATIONS™ VALUE
Acid value, mg KOH/g, max. 5
Appearance Clear liguid
Color, Gardner scale, max. 2
Viscosity, 25°C, cP/mPa-s 1150-1650
TYPICAL PHYSICAL PROPERTIES

Density, g/ml at 25°C 1.14
Flash point, Setaflash, *C =100
Functionality, theoretical 2
Refractive index (ng at 20°C) 1.5294
Vapor pressure, mm Hg at 20°C <0.01
TYPICAL CURED PROPERTIES"®

Tensile strength, psi (MPa) 6300 (43)
Elongation at break, % 9
Young's modulus, psi (MPa) 180000 (1241)
Glass transition temperature, °C"’ 41
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Laser

Scanner system
Principle of Selective Laser Sintering technology

Industrial part with complex forms manufactured by SLS

edite 13
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Phenix Systems ProX DMP 100 Dental

Analogue dental implants manufactured via DMLS
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SLM500 HL system

Pre-assembled micro-turbojet engine of Inconel 718
manufactured by SLM

edite
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Properties of metallic materials used in SLM technology

Material Property Value
Inconel 625 Density 844 glcm’®
Yield strength 460 MPa
Modulus 205.8 GPa
Density 443 glcm’®
TiAlGAV Yield strength 880 MPa
Modulus 193 GPa
Density % olcm’
Stamless steel Yield strength 205 MPa
Modulus 193 GPa
Density 267 glcm’®
AlS110Mg Yield strength 240 MPa
Modulus FOGPa
OVTEHN

Seleon |
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Powder bed and inkjet head 3D prmtmg Bln.qlerJetl_ng
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m

Estimated buld time: 45 minutes
Estimated binder usage: 22.8 ml
Total volume of parts: 62,98 cubic centimeters,
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Surface to volume ratio: 6.83.
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Metallic powders used in SLM (SELECTIVE LASER MELTING)
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4/4/2024 HV spot mag WD HFW | det 50 ym
11:30:26 AM|30.00 kV' 3.5 2 000 x/18.9 mm 149 ym/ETD

625 INCONEL

Sintered parts used in SLM (SELECTIVE LASER MELTING)
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HFW | det
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Sintered parts used in SLM (SELECTIVE LASER MELTING)

. X
4/4/2024 HV  spot| mag WD HFW | det
11:30:26 AM|30.00 kV' 3.5 |2 000 x/18.9 mm 149 um/ ETD
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Smtered parts used in SLM (SELECTIVE LASER MELTING)
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Sintered parts used in SLM (SELECTIVE LASER MELTING)
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Part 1 — Hydraulic pump body

A
1

SOLIDWORKS X

| Triangles: 22478
=25 File Size: 1123984 (Bytes)
File Format: Binary

Save C:\USERS\ADMIN\DESKTOP\AMAZE\CORP
POMPASTL?

Hydraulic pump body — SLDPRT

Ti6Al4V
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Part 1 — Hydraulic pump body

Table 1. The mechanical properties of PLA (Polylactic Acid)

. - Properties Values Units
e T oo v Density 123 g'em3
= — p— p— m——— S Poisson’s Ratio 0.36 -

- Shear Modulus G 24 GFa
::Kugs Melting Temperature 173 o
& @ ) @ Glass transition temperature 60 o+
o e SRR e S Thermal Conductivity 0.13 WK
5 o x o ' Extruded Temperature 160-220 <
bid e —— Heat Resistance 110 o
g% - Young's modulus 33 GFa
o Qu suppor Tensile Strength 613 MPa
8 5 Aahesin Compressive Strength 038 MPa
e > Elongation at Break g %
Flexural strength 2.8 MPa
p, Hardness Shore D 3] A
R Tpact Strength 303 /2
Yield Strength 60 MPa
Open Ultimaker Cura software and introduce the STL. file of Standard Tolerance +003 mm
pa rt Biodegradable yes -
edits
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Part 1 — Hydraulic pump body
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Part 1 — Hydraulic pump body
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Part 1 — Hydraulic pump body
i Upen Project P R o
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Part 1 — Hydraulic pump body
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X192.768 Y157.937 E@.29468
X191.341 Y152.529 Ee.38595
X186.94% Y161.577 Ee.39502
X185.843 Y162.042 E@.41333
X188.658 Y164.323 E@.58137
X173,598 Y164.557 E2.51664
%172,839 V166,137 ER.68466
X173,838 V166,321 ER.61998
.222 Y166.96 Ee.70882
.208 Y166.997 E2.72329
.386 Y1e6.724 E@.E1126
.357 Y166.673 E@.22854
681 Y1e5.611 Ee.91362
.16 Y165.354 E8.32994
881 Y163.465 E1.01735
.147 Y163.068 E1.83322
.942 Y168.392 E1.12129
.74 Y159.863 E1.13659
.316 Y156.459 E1.22463
.535 Y155.808 E1.23993
.32a Y151.748 E1.32795
.25 Y158.992 E1.33328
.71 Y1a6.362 E1.23126
.51 Y145.513 E1.44558
543 Y138.413 E1.53457
G1 X122,218 ¥139.495 E1.52984

Y Support

&l Adhesion v

@ 1 day 14 hours 30 minutes O

IN

(® 199g-25.14m - €3.98

! F Save to Disk

Q@mpP A

Different extension for file export G-code file for hydraulic pomp body
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Part 2 - Electronic components used for the manufacture of 3D hybrid printer, type DIY (do it yourself)

— plastic cover

exchangeable
toolhead

LCD touchscreen

SD card

worktable slot

on/off switch

edibs .
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2. Electronic components used for the manufacture of
3D hybrid printer, type DIY (do it yourself)

Motor 1
for extruder
filament

AUPTFE panel, 3.5
mm 120x165 mm
Zaxis

Filament extruder

Motor NEMA 17
Diaxis

otor NEMA 17

(i an 10165 20

————  CNC drilling on the 3D
CNC head of 3D hybrid printer hybrid printer.

AUPTFE panel, 3-5
mm 300x300 mm
Aaa X

QUTEHN,
© i
edible
WERAS OF INHDWATION 3 1
g
>
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p \[ 3 R 2. Electronic components used for the manufacture of
' q % & 3D hybrid printer, type DIY (do it yourself)
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Part 3: Flange.stl file

2D SOLIDWORKS | * U EE:-YTg s ranst
aw
< 9% -

¢ EIRIGIS ™.

19 :

[ ') 1t zart
@ @ Part3 (Default<<Default>_Disple B4, Clttiog Srind Wizwd
P Boundary Conditions (Geometry Based)

£3]
. g;ﬁ,’l © Sofid Mesh (Manual) g
» !Z_QAnncxanons g
5 Material <not specified> &l
(%] Front Plane 5
(] Top Plane %
el 2 .
e Software PreForm, Form 3B+ printer chosen

Job Setup x
g S <
ok » — SR
]
£ e [t B et | St | o § Sl pec. § S tiae ] e o
8 :
g " } G = e Do
B Batch Manger g0 Y | e o . e ey ; "
- ES
¥ Copy Settings 2 P = N
= L 0 > A N
€7 Settings and Help . O
me Retar. Flexible Flexible 80A Grey Grey Pro High Temp BT IBTFlex LT Clear
o5 ¥ O, W ‘we & !
Vs’ e ™~ 4 >

T Comfort Modge! PURIGd 1000  PURIgid 650  Permanent Premium Te. Rigid 10K Rigid 4000 Siicone 40A  Surgical Gl

flange stl. file for printing o

Temp CB Tough

Photopolymerisable resin and layer thickness chosen

edite

WERZS OIF INHDWATIOH
mErEL a1
o

a8
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Part 3: Flange.stl file

") 4 riansa Iﬁgﬂlulﬂ Cu canelura.su %] - ¥rerorm
File Edit View Help Gile Edit View Help
w @ PreForm & Dashboard Flansa legatura cu canelura /' & @ PreForm & Dashboard Flansa legatura cu canelura #
#~  ORIENTATION X #~«  SUPPORTS %
s
-.. -
ORIENT TO FACE ® EDIT SUPPORTS
QD ’D Edit All.
Select Base.
o ORIENT-AXES fu BASIC SETTINGS
ft Type © Full Raft -~
- =
Raft Label (®
B s (Beta) @
ensity © 100 -
ORIENT TO BOUNDING BOX oint Size © 045 mm *
orts @
ADVANCED SETTINGS >
Reset
. g = =
Orientation X,Y,Z on the worktable of the part Supports chosen to sustain the part during the 3D Printing

process
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Part 3: Flange.stl file .

Job Setup -
a riaisa oy, wrasu | g s
iile Edit View Help « ® >
PRINTER TYPE
N N S 2 sa leqatura cu slur. o -
@ PreForm & Dashboard Flansa legatura cu canelura / No Printer Selected
* Form 3B
e LAYOUT X
Resin Black V4
LAYOUT SETTINGS Layer Thickness 0100 mm
- \del Spacing ® 0 mm: > Print Setting Default
0:) Overlap Rafts ®
Summary -
t
b ptimize for Build Platform 2 © @ Time Estimate ~“8h (@
i € Layers 650
&
€ Volume 23169 mL
DUPLICATE
Print Validation 1 -
te Co t
L Supports a»
< Minima e €@
-3
ARRAY é Cups i @
Form Auto Release o }
MIRROR |= '
(] Model List (1) -

Flansa legatura cu canelura

The layout chosen The orange button — Start a print

WERSS OF INKDWRTON
T TN

o
a8

cdicfP .
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Part 3: Flange.stl file

§ 110150 ICyawUIa LU asu Ly SUPPORTS X Yy
ile Edit View Help Job Setup
.
@ PreForm d Dashboard Flansa legatura cu canelura /' £.02 PRINTER TYPE
EDIT SUPPORTS . et
x x ] No Printer Selected
#~  SIZE x Edit Al Clear Al ¥ Form 38
g || Scale @ 10000 _ BASIC SETTINGS i Suaith;
- yer Thickness 0100 mm
L)) X 110.00 mm i il Print Setting Default
5 bel @ ]
10992 mm Summary
fﬁ yway Supports (Beta) ©
65.00 mm . o " © Time Estimate “12h45m @
L H o B & Layers 730
- Reset Touchpoint Size ® 045mm )
: € Volume 29529 mL
o Print Validation G-
ADVANCED SETTINGS ’ Supports »
[ o)
Reset »
ik @©
»
Z | No issues detected.
“ Model List (1)
2 Flansa legatura cu canelura
~
- L] L] L] L]
The scale of flange STL. file on the worktable Calculating orientation and generating supports

WERZS OIF INHDWATIOH
mErEL a1
o

a8
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Part 3: Flange.stl file

$

Summary
o Tiry
I 403
- = —— 40300mm $ Ly
_ . \ 5/‘ Vo

Print Validation

“ Model List (1)

PRINTER TYPE
. No Printer Selected

Form 3B

Black V4
0100 mm

Default

“8h(®
650

23169 mL

1A

»
ik @©
ik @©

>

Surface printed at the layer 403

3 Save Job X

| W Destps v G st il _

File name: | flansa >
Save sstype _
.‘ <o)
v Browse Folders | Save Cancel

ﬁl BASIC SETTINGS

]
-

650
65.000 mm

ADVANCED SETTINGS

Standard Workspace v

Job Setup

TER TYPE
50} No Printer Selected

Form 38
Black V.
0100 mm
Default
Summary
© Time Estimat
& Layers 730
@V 29529 mL
Print Validation Q-
»
i @
ik @
»

No issues detected.
Model List (1)

Flansa legatura cu canelura

B8 Upload Print

Save the file as Flange with the extension .FORM
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Part 3: Flange.stl file

Printer

Please select a printer...

Job Name flansa

Account
Click on the orange button to print Flange printed by SLA

cdicfP .
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