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Theprocessof joining
materialsto produce 

partsor objectsfrom 3D 
modeldata, typically

layerby layer, as 
opposedto subtractive

and forming
manufacturingmethods

[1].

WHAT IS ADDITIVE 
MANUFACTURING?

[1] ISO/ASTM 52900:2021 Additive manufacturing. General principles. Fundamentals and vocabulary

Also known as 3D printing
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ADDITIVEVSSUBTRACTIVE
MANUFACTURING

ButΧ they are not
mutually exclusive!!

[2] ComparingAdditiveManufacturingVs SubtractiveManufacturing: WhatAre the Differences, 2012, https://www.rapiddirect.com/blog/additive-vs-subtractive-manufacturing/, 
[3] Du, Wei & Bai, Qian& Zhang, Bi. (2016). A Novel Method for Additive/SubtractiveHybridManufacturingof MetallicParts. ProcediaManufacturing. 5. 1018-1030. 10.1016/j.promfg.2016.08.067. 

[3] 

[2] 

https://www.rapiddirect.com/blog/additive-vs-subtractive-manufacturing/
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BASIC STEPS OF ANY ADDITIVE MANUFACTURING 
PROCESS

IDEA STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6

3D Model
Generation

3D Model
Simplification
into printing

format

Slicing Manufacturing Extraction Post-processing
& Surface finish

FINAL PART
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CAD 3D SCAN + REVERSE 
ENGINEERING

STEP 1: 3D MODEL GENERATION 

TinkerCAD

CATIA

BLENDER

NTOP

AmongothersΧ
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STEP 2: 3D MODEL SIMPLIFICATION INTO PRINTING FORMAT

CAD MODEL
SLICER 

SOFTWARE
CAD MODEL

SLICER 
SOFTWARE

Ç STL
Ç PLY
Ç OBJ
Ç 3MF

CAD DESIGN MESH

Geometry (Mesh)
Geometry, texture & colour
Geometry, texture, colour & material
Geometry, texture, colour, material, 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƳŜǘƘƻŘΣΧ

DATA STORAGE

ACCURACY

FILE SIZE
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STEP 3: SLICING

ü LAYER HEIGHT
ü INFILL
üWALL THICKNESS
ü STRATEGY PATH
ü SUPPORTS
ü MATERIAL
ü SPEED
üΧ

PARAMETERS DEPENDING THE 
METHOD OF MANUFACTURING

MECHANICAL PROPERTIES
SURFACE FINISH (STAIRCASE EFFECT)
TIME OF PRINTING
MATERIAL CONSUMPTION
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STEP 4: MANUFACTURING

POWDER BED FUSION 
(PBF)

VAT 
PHOTOPOLYMERISATION 

(VPP)

MATERIAL EXTRUSION 
(MEX)

MATERIALJETTING (MJT)

BINDER JETTING (BJT)

SHEET LAMINATION 
(SHL)

DIRECT ENERGY 
DEPOSITION (DED)

G.CODE
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STEP 5: EXTRACTION
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STEP 6: POST-PROCESSING & SURFACE FINISH

THERMAL CHEMICAL SURFACE FINISH
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CLASSIFICATION OF AM TECHNOLOGIES: THE 7 CATHEGORIES

LED
ISO/ASTM 
52900:2021
ά!ŘŘƛǘƛǾŜ 
manufacturing. 
General principles. 
Fundamentals and 
vocabularyΦέ
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MATERIAL EXTRUSION (MEX)

MOST KNOWN
90% market of 
ά5ŜǎƪǘƻǇ tǊƛƴǘŜǊǎέ
30% professional 

market

Material extrusion is an AM process where the 
material is selectively deposited through an 

extruder or an orifice.                                                                                 

MEX-CRB MEX-TRB
Boundedby

chemicalreaction
Boundedby thermal

reaction

Identification according to ISO/ASTM 52900:2021 
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MEX-TRB

FusedDepositionModeling/ 
FusedFilamentFabrication

FDM/FFF
Continuos FibreFabrication

CFF

Direct Ink Write

DIW

FILAMENT

PLATFORM

EXTRUSER

FILAMENT

PLATFORM

EXTRUSER

MATERIAL EXTRUSION (MEX)

HEAT 
DISSIPATION 

ZONE

HEATING ZONE

FILAMENT

NOZZLE

GUIDE TUBE

TEMPERATURE 
SENSOR

HEATING 
ELEMENT

HEAT SINK

EXTRUDED 
FILAMENT
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MEX-TRB

FusedDepositionModeling/ 
FusedFilamentFabrication

FDM/FFF
Continuos FibreFabrication

CFF

Direct Ink Write

DIW

MATERIAL EXTRUSION (MEX)
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MEX-TRB

FusedDepositionModeling/ 
FusedFilamentFabrication

FDM/FFF
Continuos FibreFabrication

CFF

Direct Ink Write

DIW

MATERIAL EXTRUSION (MEX)
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MEX-TRB

FusedDepositionModeling/ 
FusedFilamentFabrication

FDM/FFF
Continuos FibreFabrication

CFF

Direct Ink Write

DIW

MATERIAL EXTRUSION (MEX)

VISCOUS 
MATERIAL
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MATERIAL EXTRUSION (MEX)
MEX-CRB 

Boundedby
Chemical Reaction
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VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN AS STEREOLITHOGRAPHY (SLA)

FirstAM process to be 
successfully commercialized.

(Chuck Hull ς1980s)

Vat photopolymerization uses a light source to 
activate a photopolymer that hardens when hit 
by the right wavelength and intensity of light. 
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VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN AS STEREOLITHOGRAPHY (SLA)

LENS
MIRROR

PHOTOSENSITIVE 
LIQUID RESIN SOLIDIFIED RESIN 

LAYERSPLATFORM

SOLIDIFIED RESIN 
LAYERS

PHOTOSENSITIVE 
LIQUID RESIN

LENS

MIRROR

PLATFORM
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VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN AS STEREOLITHOGRAPHY (SLA)

VPP-UVL VPP-UVM VPP-LED 
VS VS

ACCURACY

SPEED

LOW-COST TECHNOLOGY

Stereolithography Digital Light Processing LiquidCristal Display

Identification according 
to ISO/ASTM 
52900:2021 

SLA DLP LCD 

ULTRAVIOLET LIGHT ULTRAVIOLET MASK

Commercial names

Projection mode
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VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN AS STEREOLITHOGRAPHY (SLA)

FINAL 
PART

Ç ISOPROPYL 
ALCOHOL

Ç ULTRASONIC (5-
10 MIN)

Ç AIR DRYING (30 
MIN) OR 
PRESSURISED AIR 
(2 MIN)

Ç PARAMETERS: 
Ç Tª
Ç TIME

Ç SANDING
Ç POLISHING
Ç PRIMING
Ç PAINTING
Ç CHROME PLATING
Ç ETC

Ar
tc

ra
ft

pl
at

in
g

H
U

BS

EXTRACTION CLEANING
REMOVAL OF 

SUPPORTS
POST-CURING 

(UV)
OPTIONAL 

POSTPROCESSING

POSTPROCESSING
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VAT PHOTOPOLIMERIZATION (VPP)
ALSO KNOWN AS STEREOLITHOGRAPHY (SLA)

MAIN APPLICATIONS
üPRODUCT DESIGN AND ENGINEERING

üMANUFACTURING

üDENTISTRY

üEDUCATION

üHEALTHCARE

üENTERTAINMENT

üJEWELLERY

Photo Credits: HUBS; Formlabs; ELEGOO; 
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VAT PHOTOPOLIMERIZATION WITH CERAMICS (VPP-UVL/C)

PRINTING CLEANING DEBINDING SINTERING

Green part

FINAL 

PART

MATERIAL : 
ALUMINA 

SUSPENSION 

MIXED WITH 

PHOTOPOLYMERS

C900-Flex

Blade CeramicSlurry

Depositof
material

Manufacturing
platform

Control 
system

Light SourceSystem

1050 ºC 1700 ºC

time

SINTERIZADODEBINDING

Low porosity
Different 
Shrinkage

Good mechanical 
properties 

Hihgporosity
Badproperties

Removal of the 
organics

Green part

Ceramic particles

Light-curing resin

Tª
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VAT PHOTOPOLIMERIZATION WITH CERAMICS (VPP-UVL/C)

PRINTING PROCESS

ADVANTAGES

High density sintered parts 

(guaranty of good mechanical 

properties)

High dimensional accuracy

Smooth surface finish
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BINDER JETTING (BJT)

PLATFORM

BINDER 
SUPPLY

POWDER 
SUPPLY

CARRIAGE

CERAMIC 
POWDER

BINDER AND 
COLOR 

INJECTOR

Binder Jetting consists in a liquid binding agent 
(binder) is selectively deposited to join 

powdered materials.

This process of AM is the one that 
gave the3D printing namedue to its 

similarity with the paper printers
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BINDER JETTING (BJT)

MANUFACTURING 
AREA

CLEANING PARTS 
AREA

Video from SiDeDesign
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POSTPROCESSING

ü CERAMIC MATERIALS

APPLICATIONS

BINDER JETTING (BJT)

ü METAL MATERIALS

INFILTRATION SINTERING

Photo Credits:
- 3DSystems
- ExOne
- UFI3D Unileon

FINISHING

INFILTRATION
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MATERIAL JETTING (MJT)

Material Jetting process consists in dropletsof feedstock 
material are selectively deposited.

PRINTHEADS

UV LIGHTS MANUFACTURING 
PLATFORM

https://share.vidyard.com/watch/tutFoLzyXgqbUU8itzpFKfMANUFACTURING PRINCIPLE:

https://share.vidyard.com/watch/tutFoLzyXgqbUU8itzpFKf
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MATERIAL JETTING (MJT)

ADVANTAGES

Accuracy

Full -colour and multi -material 

parts

Support structures

LIMITATIONS

Poor mechanical properties

Slow printing process

Material limitations

Photo Credits: Stratasys; Additive 3D; 
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POWDER BED FUSION (PBF)

Powder Bed 
Fusion achieve 3D 
manufacturing by 

melting 
selectively a 
powdered

material through 
a thermal energy 

source.
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POWDER BED FUSION (PBF)

METALLIC POWDER

PLATFORM

MIRROR

POWDER 
SUPLY

LEVELLER

LENS

Selective Laser Melting (SLM)  

Direct Metal Laser Sintering(DMLS)

- Fused with laser. Homogeneous metallic 
powder of the same metal

- Fused with laser. Metallic Alloys powder.

Selective Laser Sintering(SLS)

- Fused with laser.Non-metallic materials powder

Electro Beam Melting (EBM)

- Fused with ElectroBeam. Metallic powder

- Fused with fusing agent and infrared light.

Multi -Jet Fusion(MJF)
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POWDER BED FUSION (PBF)
Phenix ProXDMP 100

100 mm

100 mm

https://youtu.be/MtOvlzyoS4s

Printing with different path strategies 

Direct Metal Laser Sintering(DMLS)

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

Selective Laser Sintering(SLS)

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

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

Electro Beam Melting (EBM)
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POWDER BED FUSION (PBF)

Multi -Jet Fusion(MJF)

άaW Ҍ {[{έ

Ceramic, Plastic 
or Crystal 
Powder

Infrared light

Material supply

Levelling

Powder supply

Material 
injector

Previous layer

Adding a layer of 
powder material

Adding agents in 
selected area Infrared energy

Fusion in the 
desired area

Fusion agent

Detail agent
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SHEET LAMINATION (SHL)

In this process, the material, 
in form of sheets, is bonded
together to form an object.
For that, each sheet is cut to 
shape with a knife or laser.

SHL-AJ SHL-UC
ADHESIVE JOINING ULTRASONIC 

CONSOLIDATION

ALSO KNOWN AS LAMINATED OBJECT MANUFACTURING (LOM)

HOW TO BOND?
Identification according to ISO/ASTM 52900:2021 

This one need 
additional CNC

PAPER PLASTIC METAL
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SHEET LAMINATION (SHL)
ALSO KNOWN AS LAMINATED OBJECT MANUFACTURING (LOM)
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DIRECT ENERGY DEPOSITION (DED)

Multi-axis 
robotic arm 

Laser

Material flow

Inert gas

New fused 
material

Direct Energy Deposition is an AM process in which focused thermal 
energyis used to fuse materials by melting as they are being deposited.


