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Introduction in Additive Manufacturing technologies

Additive Prototyping Technologies (AM) differ fundamentally from material removal processing technologies (cutting,
EDM, laser processing) and redistribution processing technologies material (casting, injection, forging, stamping) by the

fact that the parts are obtained by adding layer by layer material using a CAD file.

These technologies have emerged grace a result of the achievements and advances made in the field of fine mechanics,

numerical control, laser technology, computers, software, and the new materials development.

These new Additive Manufacturing technologies have started to grow in importance due to the efforts of manufacturers

to reduce design times up to marketing, as well as the costs of assimilating and manufacturing new products.
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Additive Manufacturing
processes

{ N
Table 1. The mechanical properties of Acrylonitrile Butadiene Styrene (ABS)
{} Froperties Valuwes Unifs
Density 1.0-1.4 Eom?
Calcium carbonate Stereolithography (SLA) FPoiszon’s Ratio 035 -
or phosphate 3D Printing I: 1gn.al ng.ht.Processmg (DLP) —
powders Binder Jetting ‘ ’Ioalgfitaf?;xi‘;:g(l\ﬁ) Shear AModuolus G 1,03-1 :|:| i ﬁE&
Melfing Temperature 200 i
Film-coated B 2 : : == =
Selective L Wate Rapid F: Prot RFP e
Plastic_s. metallic or Si:;rgz (Saiuesr) apid Freeze Prototyping (REP) Glazs transition mﬂ'ﬁhﬂ 103 \:G.-
ceramic powders Thermal Conductivity 0,25 Wim-E
Direct Metal Laser Sintering (DMLS) tiruded ature i @
Metallic powders Selective Laser Melting (SLM) E TEII]!H_ 200-230 .
Electron Beam Melting (EBM Heat Deflection Temperature, 151 MPa il £
J Young's modulus 1,78-32 GRa
Tenzile Strength 29 5-43 WPa
‘ * * Compressive Strength 7678 WFa
Elongation at Breal 10-50 %
Flexural modualos 211-T4 iRa
- i : Hardness Shore Iy 100
Plastic and composite |_JFused Deposition Modeling (FDM) | Paper, }ljlasnc |—|Lami.uated Object Manufacturing (LOM)| ﬁll\{)‘-i“ogcgfy.lllsa‘:i’::l’;erwd - .
filaments Fused Filament Fabrication (FFF) naterials [ polymers P Izod ]w&:t E'I-Eﬂgﬂ. 38 klim2
‘ Direct Metal Deposition (DMD) ‘ Sheets (plastic. I L i 28-120 MPa
Direct Laser De}};ositiou (DLD) metallic, wood, Stratoconception (assembly with inserts) Standard Tolerance =005 Bt o]
Laser Engineered Net Shaping (LENS) cardboard) Bi{ﬂ!g’ adable
NMeli flow =33 =] Qeis
I Metallic sheets I—'Ultrasonic Consolidation (UC I 12-25 gl
ERoclowell Hardness E10Z-R104
. »

Classification of additive manufacturing technologies according to the materials used

This results was realised with the EEA Financial Mechanism 2014-2021 financial support. Its content (text, photos, videos) does not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism Office.
Responsibility for the information and views expressed therein lies entirely with the author(s)

TEHA,
‘1 r' o ey

TECHNICAL
U!llV'EHSIT\'

F LU -HAFDCA
BN AN A |8

il ViAwzr bizzoomn




Ilceland [P’[I:Ij

Liechtenstein
Norway grants

Working together for a green, competitive and inclusive Europe

EUROPEAN NETWORK FOR 3D PRINTING OF BIOMIMETIC MECHATRONIC SYSTEMS - EMERALD

Table 2. The mechanical properties of Polyethylene Terephthalate PET (CioHaO4)n

Table 3. The mechanical properties of PLA (Polylactic Acid)

i Mechanical and chemical i UM Value (uni Obs.
° . 3 R Frpeis v e
1 Dansity ghom’ 1455 — coistalin 1.38—at 20°C = 15 o
- Density 25 gom3
- 137 - amorphons Poisson’s Ratio 036 B
2 Tensile Smensth Wimm® T4-cristalin - "
55-amorphous Shear Modulus G 24 Pa.
3 Comprassive Strength Niimm® 125 B h-lﬂli!gTu.n.plrm 173 £
3 Flemuel srenzth e 0 - Glas: transition temperature &0 w
3 Torsion strenzt T - - Thermal Conductivity 0.13 WmE
3 p—— T - - Extruded Temperature 160-220 G
T Elonzation at bragk % S0-cristalin B Heat Resistance 110 &
130-300 - amarghous Young's moduluz 35 GRa.
5 Ball penstration hardness Krm 1370 - Tensile Strength 613 MPa
9 Fockovell Hardness - R100-criztalin - Compressive Strength 9.8 MPa
Fo0-amorphous Elongation at Break & %
10 Charpy shock resistant (uncracked) [ 36 - Flexural strength 8.8 MPa
11 Charpy shock resistant (cracked) kT’ 15 - Hardness Shore D 5] A
12 Melting temperature “C 2460 - Impact Strength 30.8 Elm2
13 Glazz transition temparatars “C 67-81 - Yield Strength &0 hPa
14 Motch tast kT’ EX - Standard Tolerance +-0.05 T
15 “icat TemperatureWST) “C 22 - Bindegradable ez -
14 Extraded temperanre “C 220-250 -
7 Tiniar expansion coeffcient 7 10K )
13 Specific Heat cal'g'C 0.28 (TE *kg )
1@ Thermal candnrtivity Wi 015024 - Table 4. Comparison concerning mechanical properties between the common materials used
20 Eoiling paint “iC 350 -
1 Veolume resisiviny *cm 3+107 — cristalin - in FDM technology, PLA, ABS and HIPS
2410 - amorphous . HIPS ABS PLA
— ; YIers
4 Surface resistivity f 1! - ov SO SEx ov SO SEx ov SO SEx
3 Water dbsorption (ASTR) # 2‘2'3'6 - crietalin 24k MEFI (/10 min) 75+ 0.20 016 0.1 876006 003 009 1352011 009 006
.6-0.7 -amorphous
p7Y Thoositr T 530080000 o Young's modulus (MPa)  1125+0.12 009 006 175 + 0.11 009 006 4794010 008 005
’ viscasity PET Yield stress (MPa) 3444021 017 012 0494021 017 012 0¥ +06 013 09
athigh- Glass transition temp (°C) 10041 =016 013 0o 10976 + 0.2 016 011 6257 +£0.21 017 012
wiscosity PET Peak load (M) BOLE 011 008 006 207 +0.2 016 011 2824+020 016 0.1
3 AT coETw k‘,'l'm_ﬂ M = zaoc_ Peak strength (MPa) 421 £ 016 013 e 10.78 = 0.11 L1111 006 14.71 £ 016 013 (i11.]
" =/10mmin 5, ;
77 Younz's Modulu: (£) T ;-300—3100 n Peak clongation {mm) 1.9 = 0.20 016 on 475 =016 013 g 513+ 016 013 (111 ]
28 120D Impact swength T2 140 - ""mmt"r‘if‘t:';‘u“f'"i““ " 30+011 009 006 60015 012 008 70010 008 0.5
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Transparent resins used in dental domain manufactured by SLA

- ha
X “h
Irradiation method Direction of incident light
Laser-SLA DLP-SLA Free surface approach Constrained surface approach
- Conventions ser-5l/ - Conventional DLP-SLA ; ; ’
F..GNI“LJ'II!i'rI‘I‘jl laser-S |- A _ x IL : : 7.Stage Light Z-Stage
- Two photon polymerization - Continuous liquid ¢

- Pinpoint solidification

- Bulk lithography

i
interface production

-

Sweeper

lluminated pixels

Niuminated path EEEEN b‘
’ HE ] Vat
Laser spot ;
i Light
Evanescent-SLA LCD-SLA Yat

The principle of manufacturing for both technologies: SLA and DLP
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~ Industry

(a) (b) (c) )y

STL Raw Slice Slice Layer data 3D part

Dental sector —

The general processing principle of Additive Laser Manufacturing technologies

Architzctural Others Motor Vehicules
Academic 20.0% B
Institutions
8,0%

Medical & dental | Aerospace
15,0% 12,0%
Government &
Military
6,0%

Consumer
products &
Electronics
20,0% Industrial &
Business
Machines
11,0%

Applications domain of Additive Laser Manufacturing
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(a) Optical micrographs imposed on a cuboid (‘?} S::hemaﬁc representation of the grain
structure
m DMLS/SLM
B EBM
s mLMD
8
o} z B DMD
el
=
m
'X\ /‘l’
Manufacturing Surface Geometrical Size parts
I Fine Grain Region time quality complexity
R 7 ; : Machine Mechanical Fabrication Fatigue
lon ins in Build Directi 8
Bl Elongated Grains in Build Direction disponibility Properties cycle strength

Anisotropy of the microstructure of parts built by SLM Comparison between the Additive Laser Technologies
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Table 5. The mechanical properties of Bisphenol A Ethoxylate [}iacr‘,-'late‘ Table 6. Standards (ASTM, 150, EN) for powder properties used in additive manufacturing [36]

AN Powder Fowder Type Symbaols Techniques ASMT IS0 EN
characteristics Standard Standard Standard
Bisphenol A Ethoxylate Diacrylate Size and shape Metallic powders D L] SEM Bl 15322 -
Specific density Metallic powders P qecae | FES pYCROMEteEr E183 12154 -
0 O Elmll
Apparent demsity Heon-free flowing metallic | ge.[z'am’] Hall apparatus EIll 38231 3923
N\“‘VKE o /-\} 0 OE/\ O}J\/f powders .
n m Apparent density MNon-free flowing metallic | ge.[e'an’] Cameay spparais E417 39231, 4420
powders 4480
nemd Apparent density Metzllic powders fwelz'mn] | Amold meter E703 - -
Apparent demsity Eefractory  metals  and | g [z/om'] Bcaott volumeter E31I9 39232 -
INTRODUCTION SPECIFICATIONS" VALUE compannds
EBECRYL 150 s an ethowylated bisphenol A diacrylate commonky used as reactive i vabue, rig KO/, max 5 . - — — —
diluent in UV/EB cure applications. EBECRYL 150 can bmiprove the cure response, Appearance Clesat licyuid Tap density Metzllic powders o Ay ET-1000 E3I7 3933 3933
hardneis, and chamical resiitance of UVIEDB curable coatings and inks while Color, Gardner scale, mas 2 E'm']
mairtaining good sdhedion, snd without imparting brittlensss, Wisoodity, 25°C, cP/mPa-s 1150-1650 -h'emge pa.rl:ide e T = punﬂ.&ts 1 i -z B0 02 0070
PERFORMAMNCE HIGHLIGHTS TYPICAL PHYSICAL PROPERTIES sizer
EBECRYL 150 is characterized by Density, g/ml at 25°C 114 Powrder sieve | Metallic powders - Sieve  analysis | BI14 44072591 24497
* High reactivity Flash point, Setaflash, *C >100 hemi . -
& Maderate viscodity Functionality, thearetical 2 y=1a 2qUpment
& High refractive index Refractive index s &t 20°C) 1.5264 Westmaralamd
Wapar pressure, mim My at 20°C <001 = = . P - -
UV/EB curable formulated products containing EBECRYL 150 are characterized P_ﬂtde ) Metallic Pm‘l.d.El.’S and d""‘ d'"’ deo ngﬂ scatienng B2l 1'-'3"':"‘ -
oy TYPICAL CURED PROPERTIES" distribution relared compounds 24370
* Hardness Tenslle strength, pel (MPa) 6300 (43) Flowing rate Frea-flowing metallic | Flow  time | Hall apparatus EI13 4440 4420
¢ Chemical resistance Elongation at break, % g der for 50
¢ Good sdhesion Young's modulus, ps (MPa) 180000 {1241) pow 5 {!:I ]
+ Improved wetting Glass transition temperature, *¢" 41 Envelope spacific | Powder bad under steady | 5, [m'z] Measurement  of | - 10070 124-5
Thee actual properties of UVEB cured products also depend on the selection of surface flow air permeahbility

other formulation components such as oligomers, additives and photoinitiators.
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The CO_Cr a”Oy powder (ST2724G) Used for Table 7. Mechanical characteristics of Co-Cr powder
DMLS manufacturing presents the chemical — .

Minimum layer thickness 20 pm
composition: 54.31 %Co; 23.08%Cr; 11.12% Surface roughness Ra=10 pm, Ry=40-50 pm

Ra=0.39 pum, Rz=1,6 um
o 0/ C: o After polishing Rz<1 pm
MO’ 7.85% W’ 3.35% SI’ and M n, Fe <0.1%. Density with standard parameters 83 g,-"urn"’
Mechanical properties

Tensile strength 1100MPa

Yield strength 600 MPa

Elongation at break 20%

Young's modulus 200 GPa

Hardness 35-35 HRC

Fatigue life =10 million eyeles

Thermal properties
Maximum operating temperature | 1150°C

Ti6Al4V powder obtained by hydride-dehydride Compact and irregular Ti6Al4V grains
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EDX analysis of Co-Cr alloy powder

powder
arains

SEM analysis of a) Co-Cr powder; b) DMLS sintered structure

The platen of sintering machine
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a)

alx 2]
a) Traction and b) Compression tests of Co-Cr alloy manufacturing by DMLS, using

. SEM analysis of the samples of Co-Cr superalloy after the traction tests
INSTRON 8810 machine

1400 —~ 1800
g 1600
I 1200 A A z!
: w 1400
- w
1000 9 1200
wu
800 @ 1000
Z 800
600 8 600
400 £ 400
o
i} - >N " e S 200
L ied o 4 0 : A i
. - . . 4
SEM analysis of Co-Cr alloy chips and stainless-steel martensitic 0 - ' ' ' ' + ‘ / ' x " ch o .
0 10 20 30 40 50 Compressive strain (%)

Fe-15%Cr of the platen of the machine Tensile strain (%)

Traction curves obtained for the Co-Cr alloy manufactured by DMLS Compression curves obtained for the Co-Cr alloy manufactured by DMLS
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Laser types used in Additive Manufacturing

TEM,,
4
Ns fiber
5 10kW
: Nd:YAG g
e QCW fiber
© 0.1 4kW
L | Continuous 0.1-10ms
Wave
0.5kW
Laan >
Time Multimode
. . Multimodal laser fibers
Differences between YAG and fibers lasers Different laser modes

This results was realised with the EEA Financial Mechanism 2014-2021 financial support. Its content (text, photos, videos) does not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism Office.

Responsibility for the information and views expressed therein lies entirely with the author(s)

P

“Ii e AR =
TECHNICAL i__- (% @;%.9 (-C'ﬁ UiA gfnﬁifgedrgirty bi —~CoO M 14

{:_}
%
UNIVERSITY R
OF CLUJ-HAFDCA

ROMANIA

oy o,
" i

s
1818 e



Iceland [P[I:I:' Working together for a green, competitive and inclusive Europe
Liechtenstein
Norway grants EUROPEAN NETWORK FOR 3D PRINTING OF BIOMIMETIC MECHATRONIC SYSTEMS - EMERALD

Gaussian beam Multimode beam Flat-top (top-hat) beam

stable resonator with single mode stable resonator with multimode unstable resonator:
Imn;:_ gas laser (He-Ne, Ar, etc.), lasing: solid state lasers (Nd:YAG), excimer lagers
Phenix Systems — PM100 system TrumaForm LF250 system solid state lasers (Nd:YAG) gas laser (CO:)

Laser beam profiles Nd:YAG:.a) Gaussian beam; b) Multimode beam;

c)flat-top (top-hat) beam

Acetabular cups, manufactured by EBM technology, for hip replacements, with

trabecular structure, Courtesy Arcam

Trabecular Lattice structures for enhanced osseointegration
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Metallic powders and filaments used in Laser Metal Deposition and Direct Metal Deposition

i)
B -LARFR
- - - na
2780 -
) = =
= 2500 L —
() Buse Baidrale de Kenpaumedal (b B coaxiale de BeAM &
; ¥ 20 ¥
a) Laterally Kennametal buse; b) Coaxially BeAM buse - ~1.
e s E
{8} Lases b} TG . g ¥
_ _ g =1 —
Geometry resulting from LMD process and TIG welding = v
1750 -
L4
I!II‘-: '-
———
o as 18 15 pd:] 5 0
Distance from dilution/substrale inerace, (mm)

Evolution of the microhardness as a function of the distance to

the hardened zone for an Inconel 625 coating added by laser or TIG

(m) Dilution - Laser (b) Dilution - TIG
ZAT after: a]LMD process and b)welding TIG

(a) Microstructure - LMD (b} Microstructiure - TIG

Microstructure after: a)LMD process and b)welding TIG
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Architectural materials manufactured by SLM

Table 8 SLM processing parameters

Machine Manufacturer Material Spot size  Border power Hatch power Scan speed  Hatch spacing  Layer thickness Mean powder
(pm) (w)* w) (mmjs) {mm) {pm) size (pm)
o) ProX DMP 200 3D Systems Ti-6Al-4V - — - - - - 864
ProX-300 3D Systems S5 63017 70 170 170 1600 005 40 —
4PH)
Concept X-line Concept Laser  AlSilOMg — — 370 1500 019 30 31
1000K Company
M2 Cusing® Concept Laser Ti-6Al-4V 60 150 150 1750 0.075 20 2050
Company
E) F) G) EOSINT-M270 EOS Ti-GAl-4V 100 58.5 17 225 0.18 30 a5
M230 EOS J16L 55 100 — — — - — 20—40
DMILSEOSINT EOS Ti-6Al-4V 100 170 170 1250 0.06 30 20
M270
M 270 EOS Ti-6Al-4V 100 170 170 1250 I} 30 29
M 270 EOS Ti-6Al-4V 10 117 117 225 018 30 —
M280 EOS AlSiToMg — 370 370 1500 o013 30 30
] o . ) e - N - o
Strut-based lattice structures: BCC (A), BCCZ (B), FCC (C), FCCZ (D), cubic (E), Octet-  pommear M Tieaia  ma o B0 - - w0 e
. 250 5LMm
truss {F:I’ End dlamond {G:I Realizer SLM MCP J16L 55 40 95 a5 — 0.075 75 45
Workstation
AM250 Renishaw AlSilOMg 80 200 200 — 013 25 —
AM250 Renishaw Ti-6Al-4V - 100 200 — 0.065 30 —
AM250 Renishaw AlSI10Mg 70 — — — — 25 —
5LM 125 SLM Solutions CP-Ti — 100 100 385 012 — 36.6
SLM250HL SLM Solutions Ti-6Al-4V — 100 100 375 01z 30 40

This results was realised with the EEA Financial Mechanism 2014-2021 financial support. Its content (text, photos, videos) does not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism Office.
Responsibility for the information and views expressed therein lies entirely with the author(s)
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