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WHAT IADDITIVE
MANUFACTURING

Also known as 3D printing
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Theprocessof joining
materialsto produce
partsor objectsfrom 3D
modeldata,typically
layer by layer, as
opposedto subtractive
andforming
manufacturingmethods

[1].

[1] ISO/ASTM 52900:2021 Additive manufacturing. General principles. Fundamentals and voc
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[2] ComparingAdditive ManufacturingVsSubtractiveManufacturing What Arethe Differences 2012, https://www.rapiddirect.com/blog/additivevs-subtractivemanufacturing/
[3] Du, Wei & BaiQian& Zhang, Bi. (2016). A Nowethod for Additive' SubtractiveHybridManufacturingof Metallic Parts ProcediaManufacturing 5. 10181030. 10.1016/j.promfg.2016.08.06
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https://www.rapiddirect.com/blog/additive-vs-subtractive-manufacturing/

BASIC STEPS OF ANY ADDITIVE I\/IANUFACTUCﬁRI
PROCESS
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IDEA STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6
3DModel  3DModel Slicing ~ Manufacturing ~ Extraction ~ Postprocessing
Generation  Simplification & Surfacefinish

into printing
\ format ’
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STEP 2: 3D MODEL SIMPLIFICATION INTO PRINTING FC
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SOFTWARE
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DATA STORAGE

Geometry (Mesh)

Geometry, texture & colour
Geometry, texture, colour & mater,
Geometry, texture, colour, materi
YIFydzFF OGdzNAyYy 3 Y

ACCURACY
FILE SIZE

Page7




=&

¥ il

VNNID

4.0

f&y

SIL === SLICER - 3DPRINT <
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PARAMETERS DEPENDING
METHOD OF MANUFACTURI

i LAYER HEIGHT
i INFILL

U WALL THICKNESS MECHANICAL PROPERTIES

U STRATEGY PATH SURFACE FINISH (STAIRCASE EFFECT)
U SUPPORTS ‘ TIME OF PRINTING

U MATERIAL MATERIAL CONSUMPTION

i SPEED

i X
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DIRECT ENERGY b 3 TOPOLYMERISATION BINDER JETTING (BJT) ==
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G.CODE
MATERIAL EXTRUSION SHEET LAMINATION
(MEX) MATERIAUETTING (MJT) (SHL)
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CLASSIFICATION OF AM TECHNOLOGIES: THE 7 CATHE(CEIC

. Powder Bed Fusion (PBF)
Fused with fusing agent
and Infrared light
¢ LN .-' Fused with
%, laser
Laminated Object i " ..'
Manufacturing e o

Fused with Fused with electron beam

laser
Directed Energy
Deposition (DED)
Y
( ' T Additive Manufacturing |l S8 eeeeeeeennnn.
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Sheet Lamination
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‘ ‘ Technologies : Vat Photopolymerlzatlon
Fused with laser  Fysed with electron beam :
Cured with laser Cured with
projector

ISO/ASTM \ /

52900:2021 Binder Jetting @......+

a! RRAUAGDS ‘ . o
manufacturlng_. s —_— IJottl.-""E Material Extrusion
General principles. Fdsehghitel erial Juttng - i
Fundamentals and . ‘ ‘
vocabulargp €

Cured with UV light Extrusion with heat  Direct Writing (extrusion without heat)
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CATEGORIES

TECHNOLOGIES

Fused Depositlon

PRINTED “INK"

STRENGTHS / DOWNSIDES

Inexpensive extrusion machineg

Modellng (FOM Thermoplastics, .
Material Extruslon sling (FOM) Ceramic shirries, | Thermal Energy | _ :'I:.Il:zmﬂd p::lln:
Metal pasies Par; reaciution
Contour Crafting * Poor saurlece finiah
Selective Laser Palyamides
Sintering (SLS) Palymer + High Accuracy and Details
Direct Metal Lazer Alomired metal High=powered +  Fully dense parts
Sintering (DMLS) pawder {17-4 PH Lazer Beam + High specific strength & stiffness
Powder Bed Fusion stainkess steel, + Powder handling & recycling
5"“’"":[;':::}' Melting | copah chromium, « Support and anchor struciure
m'”:::j.'w = Fully densa parls
Electron Beam Melting ! = High speciflic sirength and stiifness
(EBM) ceramic powder Electron Beam
Vat " thtl.mlrmr, . Ehuh building lﬁ-lmm
Stergolithography ramics * Good par resalution
Phatopolymerization (SLA) " {akumina, Ultraviolet Laser | | Cvercuring, scannad line shaps
zirconla, PZT) + High cost for supplies and materlals
+  Multi=material printing
Materlal Jetting Polyjet { Inkjet Printing | "O1Ghelymer, "ml';fu':m!' + High surface finish
* Low-strength matesrial

Polymer Powder

Fulkcolor objects printing
Require Infiltration during post-

Indiroct Inkjet Printing (Plaster, Resin ),
Binder Jetling {Bincher 30P) Cerarmnile powdar, Thermal Ensrgy . E.'m::?rhl sslsetion
Msinl powdar = High porosites on fialehed parts
" Plastie Fllm, + High surface finksh
Sheet Lamination “mﬂﬁf?ﬁ‘} Metalliz Sheet, Laser Beam = Low material, machine, process cost
g Ceramic Tape = Decubing lssues
Lazer Engineered Het .
Directed Energy Shaping (LENS) Molten metal (aiorpacs |5 oS OLOSMAGd MM barE.
Deposillon Ekectronic Beam powdaer netionally graded m printing
Welding (EBW) * Reqguire post-processing machine
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MATERIAL EXTRUSION (MEX) :‘

SE[ECUVEIV GEPOSILE!

Identification according to ISO/ASTM 52900:2021

MEXCRB MEXTRB
Boundedby Boundedby thermal
chemicalreaction reaction

MOST KNOWN
90% market of
G5Sa102L) t
30% professional
market
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MATERIAL EXTRUSION (MEX)

. FILAMENT

MEXTRB

FDM/FFF CFF DIW

FusedDepositionModeling/ ContinuosFibreFabrication  pirect Ink Write
FusedFilamentFabrication

HEAT — FILAMENT

DISSIPATIO
ZONE

— HEAT SINK

TEMPERATURE

— SENSOR

= HEATING
ELEMENT

 NOZZLE

HEATING ZON

—— EXTRUDED
FILAMENT
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MEXTRB

FDM/FFF CFF DIW

FusedDepositionModeling/ ContinuosFibreFabrication  pirect Ink Write
FusedFilamentFabrication
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MATERIAL EXTRUSION (MEX)
MEXTRB

FDM/FFF CFF DIW

VNNID

FusedDepositionModeling/ ContinuosFibreFabrication | pirect Ink Write
FusedFilamentFabrication

B
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Carbon Fiber Nylon outer shell
Reinforced Core + Honeycomb Structure

CUTAWAY OF AEROMOTIONS RACE CAR WING SUPPORT
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MATERIAL EXTRUSION (MEX)
MEXTRB

FDM/FFF CFF DIW

FusedDepositionModeling/ ContinuosFibreFabrication | pirectink Write
FusedFilamentFabrication
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MATERIAL EXTRUSION (MEX)
MEXCRB

Boundedby
ChemicaReaction
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B
Compressed
o Zir Motor
; Anger
screw
Syringe Mixer
l l Hopper
Plunger Cartridge ——
— Extrusion

tube

Screw

Extrusion
nozzle

™

Extrusion Extrusion
nozzle nozzle s
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VAT PHOTOPOLIMERIZATION (VPP)

)

ALSO KNOWN AS EREOLITHOGRAPHY (SLA) =

Z

—— >

FirstAM process to be IEIESOUTEE .0
successfully commercialized. PROIEPCIYINER A A TdEN:

(Chuck Hult 19803
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VAT PHOTOPOLIMERIZATION (VPP) 1
ALSO KNOWN AS EREOLITHOGRAPHY (SLA) %
MIRROR LR PLATFORMz %o 2,
A 6 """" g o= | ok ',4% | PHOTOSENSITIVE >
B SOLIDIFIED REsnt % | LJIS,U'D RESIN 40
,, LAYERS
PHOTOSENSITIJE %\\
LIQUID RESIN % SOLIDIFIED RESIN =
HATERS e /7 MIRROR
LENS
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VAT PHOTOPOLIMERIZATION (VPP)

O
ALSO KNOWN AS EREOLITHOGRAPHY (SLA) >
e . VS VS
Identification according
10 ISOJASTM VPRUVL VPRUVM VPRLED :(Z>
52900:2021 ULTRAVIOLET LIGHT ULTRAVIOLET MASK 20
Commercial names SLA DLP LCD
Stereolithography Digital Light Processing Liquid CristalDisplay
) _ I R
Projection mode ® “EEmmEEE 3 Eiiiiiiiiiiiiﬁ
N
SPEED (]

vV
(+

Page22 | OW-COST TECHNOLOGY @




=&

VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN A EREOLITHOGRAPHY (SLA)

————— POSTPROCESSING— — — — ~

REMOVAL OF POSTCURING
' SUPPORTS (UV)

C ISOPROPYL C PARAMETERS:
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SANDING

C
ALCOHOL s C POLISHING
C ULTRASONIG (5 | G C PRIMING
10 MIN) G TIME C PAINTING
C AIR DRYING (30 C CHROME PLATING
MIN) OR | C ETC
PRESSURISED AIR .
(2 MIN)
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. VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN A EREOLITHOGRAPHY (SLA)

Photo CreditsHUBSFormlabs ELEGQOQO;
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MAIN APPLICATIONS

PRODUCT DESIGN AND ENGINEE
MANUFACTURING
DENTISTRY
EDUCATION
HEALTHCARE
ENTERTAINMENT
JEWELLERY

(Gu-R an-E e e e e e
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VAT PHOTOPOLIMERIZATWINNH CERAMICSKRUVLC)

VNNID

DEBINDING FINAL
Green part PART
MATERIAL -
A
ALUMINA \ 4.0
SUSPENSION .
MIXED WITH "
PHOTOPOLYMERS e
.A . < ‘ '
€ A . >
{OO-FIex
A
Ta v
] DEBINDING SINTERIZADO
@ ) LightSourceSystem
Blade ;
Y . GeramicSlurry Removal of the
> organics
@ ﬁ‘ i
Control Greenpart @ e '. Low porosity
system ~ : .. o & Different
- ® Shrinkage
Depositof @ % s M"ithOFOSi_ty Good mechanica
mgterial .. > @@ Badproperties properties ,
Manufacturing ¢ Ceramic particles time

platform

¢ Lightcuring resin
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. VAT PHOTOPOLIMERIZATWINH CERAMICSKRUVI/C) EI:I
=
ADVANTAGES £
4.0

High density sintered-partsrts

‘ (guaranty obgood mechanicalcal

properties),)
High dimensional-accuracycy

‘ Smoothisurface dinishsh
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BINDER JETTING (BJT)

Q
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: : COLOR
This process of AM is the one that INJECTOR >
gave the3D printingnamedue to its CARRIAGE 4.0
similarity with the paper printers /
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CLEANING PARTS
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BINDER JETTING (BJT) {o;

POSTPROCESSI APPLICATIONS%
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i+ CERAMIC MATERIALS - '

U METALWATERIALS

INFILTRATION SINTERING FINISHING &‘1

®

Photo Credits:
- 3DSystems

- ExOne

- UFI3D Unileon
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MATERIAL JETTING (MJT)

UMOPIETS
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MANUFACTURING PRINCIRUE://share.vidyard.com/watch/tutFoLzyXgqbUUS8IitzpFKf
PRINTHEADS

UV LIGHTS MANUFACTURING
PLATFORM
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https://share.vidyard.com/watch/tutFoLzyXgqbUU8itzpFKf
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MATERIAL JETTING (MJT) i
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e

ADVANTAGES

‘ Accuracy/ ) B )‘* ‘ Poor mechanical propertieses

Fulll-colourr and multiti-materiah |
partss

‘ Supportistructures=s Material limitationsn s
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POWDER BED FUSION (PBF)
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POWDER BED FUSION (PBF)

O

Selective Laseklelting (SLM) %

- Fused with laser. Homogeneous metallic >

LENS 4.0

powder of the same metal
MIRROR

/ ‘ m Direct Metal LaseSintering(DMLS)
- LEVELLER

- Fused with laser. Metallic Alloys powder.

—g Selective Lasesintering(SLS)
A

METALLIC POWDER POWDER - Fused witHaser.Nonametallic materials powder

SUPLY

PLATFORM I

Electro BeanMelting (EBM)

- Fused withElectroBeam. Metallic powder

Multi -JetFusion(MJF)

Pageas - Fused with fusing agent and infrared light.
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POWDER BED FUSION (PBF)

VNNID

4.0

100 mm
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https://youtu.be/MtOvlzyoS4s
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POWDER BED FUSION (PBF)

Selective Lasebintering(SLS)
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How Does Selective Laser Sintering (SLS) 3D Printing Work?
(youtube.com)

4.0

focus lenses

i laser beam

working chamber -....

powder supply =+ floor of working chamber =+ powder feed supply ..
can be lowered step by step



https://www.youtube.com/watch?v=sRC8W77MlrY
https://www.youtube.com/watch?v=sRC8W77MlrY
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POWDER BED FUSION (PBF)

Electro BeanMelting (EBM)
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EBM System Process cycle

ﬂ“

1. Deposition of new
powder layer

|., .f

3. Melt powder layer
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POWDER BED FUSION (PBF) aawss {1

_ injector
Infrared light
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. 4.0
\ Levelling
Ceramic, Plastic — '
or Crystal L
Powder ™
] 2 I Powder supply
YLATAFORMA é
7
Z
Adding a layer « Adding agents ir Fusion in the

Infrared energy

; g .. -—

powder materia. selected area desired area

Previous layer 4406466
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SHEET LAMINATION (SHL)
ALSO KNOWN ARWMINATED OBJECT MANUFACTURING (LOM)
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~ ) Lasrbeam SHEET
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Heated roller

X-Y moving optic head

Current layer

Part layer outline and crosshatch

Previous

| == T e HOW TO BOND?
Materialm— 3. | A ~ Identification according to ISO/ASTM 52900:2021
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¢ A CONSOLIDATION
and support material 7N\
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; SHEET LAMINATION (SHL)
ALSO KNOWN AR\MINATED OBJECT MANUFACTURING (LOM)
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DIRECT ENERGY DEPOSITION (DED)

VNNID

Direct Energy Deposition is an AM process in wiuchsed thermal

energyis used to fuse materials by meltiag they are being deposited

4.0

Multi-axis
robotic arm

Laser
Material flow

Inert gas

New fused
material
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