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7 Families of Additive Manufacturing

According to ASTM F2792 Standards

o
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VAT
PHOTOPOLYMERIZATION

Alternative Names:

SLA™ - Stereclithography Apparatus

DLP™- Digital Light Processing

JSP™- Scan, Spin, and Selectively Photocure
CLIP™ — Continuous Liguid Interface Production

Description:
A vat of liguid photopalymer resin is cured
through selective exposure to light (via a laser
or projector) which then initiates polymerization
and converts the exposed areas to a solid part.

Strengths:
=  High level of accuracy and complexity
=  Smooth surface finish
»  Accommodates large build areas

Typical Materials
UV-curable Photopolymer Resins (with various
fillers)

PaowbDE
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Alternative Names:
SLS™.- Selective Laser Sintering; DMLS™ -
Direct Metal Laser Sintering; SLM™- Selective
Laser Melting: EBM™- Electron Beam Melting;
SHS™- Selective Heat Sintering;
MJF™- Multi-Jet Fusion

Description:
Powdered materials is selectively consolidated
by melting it together using a heat source such
as a laser or electran beam. The unfused powder
surrgunding the consolidated part acts as a
support material for overhanging features.

Strengths:
= High leval of complexity
=  Powder acts as support matesial
*  Wide range of materials

Typical Materials
Plastics. Metal and Ceramic Powders, and
Sand

BINDER
JETTING

Alternative Names:
3DP™- 2D Printing
ExOne

Voxeljet

Description:

Liquid bonding agents are selectively applied
onto thin layers of powdered material to build up
parts layer by layer. The binders include organic
and inorganic materials. Metal or ceramic
powdered parts are typically fired in a furnace
after they are printad.

Strengths:
=  Allows for full color printing
*  High productivity
»  Usesawide range of materials

Typical Materials
Powdered Plastic, Metal, Ceramics, Glass,
and Sand.

MATERIAL
JETTING

Alternative Names:

Palyjet™

aCP™- Smoath Curvatures Printing
MM - Multi-Jet Madeling

Projet™

Description:

Droplets of material are deposited layer by layer
to make parts. Common varieties include jetting
a phatocurable resin and curing it with UV light,
as well as jetting tharmally molten materials that
then solidify in ambient temperatures.

Strengths:

= High lavel of accuracy

= Allows for full color parts

»  Enables multiple materials in a single part

Typical Materials
Photopolymers, Polymers, Waxes



7 Families of Additive Manufacturing

According to .

STM F27

02 Standards

SHEET
LAMINATION

Alternative Names:

LOM - Laminated Object Manufacture
SDL - Selective Deposition Lamination
UAM - Ultrasonic Additive Manufacturing

ﬂlESElllﬂlﬂn.

Sheets of material are stacked and laminated
together to form an object. The lamination
method can be adhesives or chemical (paper/
plastics), ultrasonic welding, or brazing
(metals). Unneeded regions are cut out layer by
layer and removed after the object is built.

Strengths:
=  High volumetric build rates

«  Relatively low cost (non-metals)
=  Allows for combinations of metal foils,
including embedding components.
Typical Materials
Paper, Plastic Sheets, and Metal Foils/Tapes

MATERIAL
EXTRUSION

Alternative Names:
FFF - Fused Filament Fabrication
FOM™ - Fused Deposition Modeling

Demrlptlun.

Material is extruded through a nozzle or orifice
in tracks or beads, which are then combined into
multi-layer models. Common varieties include
heated thermoplastic extrusion (similar to a hot
glue gun) and syringe dispensing.

Strengths:

+ [nexpensive and economical
Allows for multiple colars
Can be used in an office environment
Parts have good structural properties

Typical Materials
Thermoplastic Filaments and Pellets (FFF);
Liguids, and Slurries (Syringe Types)

DIRECTED ENE Y
DePOsSITION (DED)
Alternative Names:

LMD - Laser Metal Daposition

LENS™ - Laser Engineered Net Shaping
DMD ™ - Direct Metal Deposition

Description:

Powder or wire is fed into a melt poal which
has been generated on the surface of the part
where it adheres to the underlying part or layers
by using an energy source such as a laser of
electron beam. This is essentially a form of
automated build- up welding.

She ngths:

Mot limited by direction or axis

»  Effective for repairs and adding featuras
*  Multiple materials in a single part

= Highest single-point deposition rates

Typical Materials
Metal Wire and Powder, with Ceramics

HYBRID

Alternative Names:
AMBIT™ - Created by Hybrid Manufacturing
Technologies

Dasc rlptlnn.
Laser metal deposition (a form of DED) is
combined with CNC machining, which allows
additive manufacturing and ‘subtractive’
machining to be performed in a single machine
5o that parts can utilize the strengths of both
processes.
Strengths:
=  Smooth surface finish AND High Productivity
=  [eometrical and material freedoms of DED
= Automated in-process support remaoval,
finishing, and inspection
Typical Materials
Metal Powder and Wire, with Ceramics




Postupci na bazi solidifikacije fluida
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Fotopolimerizacija
Ultraljubicasta svetlost, laserski zrak, vidljivi spektar svetolsti
Fotoinicijator (epoksi smole ili akrilati)

Fonomard and ohipoarners Pheoso-indtaatar
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Postupci na bazi solidifikacije fluida

OcCvrS¢avanje povrSine monomera moze
se odvijati putem dva modela:

Convenging lenses

Model slobodne povrsine: OcCvrS€avanje Acousto optical 2
se javlja duz povrsi dodira te¢nost/vazduh. — e s
Kod ovoga postupka mora se voditi raCuna _ : + Y
da povrsina tecnosti bude Sto ravnija jer to | oolero
direktno utiCe na kvalitet i dimenzije —
finalnog dela. : =

-
Model fiksne povrsine: TecCni polimer se i VAN
nalazi u rezervoaru sa transparentnom 1

povrSinom (prozorom) i oc€vrS¢avanje se
odvija duz povrsSine dodira prozor/teCnost.

) K=Y slage



Postupci na bazi solidifikacije fluida

a) Principiielna $§ema Laserski zrak b) Otvrdnuti sloj

P —

I = 0.2 mm |oo olimera O
0.2 tpl W

- a -‘ ----- - & e

debljina slojaj . NS S SN S N W
(=0, i | ,a 1 SOLLLBL0LL

1 - 0.6mm[g’

DLIbInQ ') : 2 b
soﬂdmchuel i . : preklop

Odvsnut Prelazna oblast
materijal (Evrsto / tecno)




Stereolitografija — SL, SLA

> 1986 - Carls Hal, 3D System, USA

» 1987-1988 - Prvi komrercijalni SLA uredaj
» Fotopolimericacija

i
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\ ! Brisac
v =>
v J'
N
vl Elevator
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T M E N E R =
Platforma 3

| | [«—Kada

Monomer




Stereolitografija

tporna struktura je postavlena na
etnu platformu i potopliena je u
oar teCnog fotoosetljivog
era, tako da samo tanak tecni
e iznad.

lokalno unakrsno povezuje
tankom tecnom filmu iznad
ure

se spusta za mali,
ak tako da novi
omera  se

Rapid Prototyping Manufacturing

Mirror

System
1

] Laser

Ultraviolet Beam
Cures Liquid

CONMPUTER

Base to Support
Structure

Elevator Platform

Liquid Photopolymer Tank






Stereolitografija

eriSu se potpore, definisu se pojedin




Stereolitografija

eprocesiranje — orijentacija objekta

Svaki objekat mora biti smesten u pozitivni x, y, z CAD
stor

stojanje izmedu objekta i CAD koordinatnog pocetka
da je Sto manje

objekta treba minimizirati

o je obezbediti mogucnost brzog i efikasnog

a i to tako da se smanji udeo zona na objektu
Zavati fotopolimer nakon procesa.
ijentacijom minimizirati broj nagnutih
manjio negativni “efekat stepenica®
eirati u horizontalnoj ravni jer se
horizontalnoj ravni nego u

I Y

7z @ z @

Y
Y

“zarobljena”
tecnost

otvor u dnu

1) > %%
o5
)
0%@9 Optimalna orjentacija dela
Debljina _

loja s4

Realno
a) bez stepenica

2)
Adaptivna debljina sloja

Sn=%n-1
Sn-1

e

$1

b) neravnomerne
stepenice

c) ravnomerne
stepenice



Stereolitografija

Preprocesiranje — oslonci (potpore)

L Odvajanje objekata od platforme radi lakSeg skidanja
L Da se obezbedi cvrsto “ukotvljavanje” objekta za platformu

0 Da se sprece neZeljene deformacije objekta za vreme procesiranja.

Model

Gradnja podloge

B
> e i

e gp— —

(a)




Stereolitografija

esiranje

‘unar
olne aktivnosti (aktiviranje lasera
opolimera itd.)

anje fizickog modela

Upravljacki kompjuter

I Pogon }

Fa

, provera

Laser Ogledalo

Laserski zrak u
X-y praveu

a

Opticki
sistern

I Laser

Tecni
polimer

(0
- Ogledalo

polimer

Staklena plo¢a

<

«—— Otvrdnuti sloj——
fotopolimera

Oslonac

Rezervoar

Fotopolimer Pokretno postolje

A)

8 l Upravijagki kompjuter




Stereolitografija

ostprocesiranje

skidanje objekta sa platforme
cisSéenje objekta

vreme [h]

1. Skidanje modela sa platforme

3. Mehanicka obrada
(npr. saémarenje)

) i i
10! 0 10! 107 10° 10t
masa dela [g]










Stereolitografija

Nedostaci procesa

ost izrade delova/modela koje nije Veoma sofisticirane

proizvesti konvencionalnim procesa.
Kvalitet lasera promenl

oko 0,05 mm u x-y ravni) visoka. 4
de delova razlicitih Naknadno ocvrsc

Neophodnost
vijanja procesa Relativn




Stereolitografija

Primena SLA

s*Modeliza konceptualizaciju, pakovanje i
prezentaciju

¢ Prototipovi za dizajn, analizu, verifikaciju i
funkcionalna ispitivanja

s*Deloviza prototipove alata i alate za
maloserijsku proizvodnju

s Kalupi i mustre za precizno livenje i livenje
u pesku

s Alati za stege i masinsku obradu.




Stereolitografija

pji uticu na kvalitet dela:

emijske karakteristike fotopolimera
cija optickog sistema

ojeva fotopolimera




Multi - Stereolitografija

Optical system to
combine the two
images (IR+UV)

Collimating Probe

UV Power Supply

.
<0
G‘:@@‘«




Stereolitografija

tereolitografska masina tipa SLA-250

Laser |

Ogledalo |

Mehanizam za zatvaranje |
Sistem za Sirenje zraka |~ :
skener 1

Grejad |

Feber I B

Podizat ||
Radunar 4

Uredaj za merenje zraka -
Regulisanje nivoa - |

Viger - |

Rezervoar ~|.

Radna komora -




Karakteristike SLA sistema kompanije 3D Systems

SLA 5000

SLA 7000

Viper si?

Sistem za izradu
velikih delova

Sistem za izradu velikih
delova, dva puta brzi od SLA
5000, sa manjom debljinom
slojeva za bolji kvalitet

povrsine

Poseduje dve
rezolucije, trajniji
laser

e zapremine

508x508x584 mm

508x508x600 mm

250x250x250 mm

2énosti

253,61

253,61

32,21

Nd:YVO,

Nd:YVO,

Nd:YVO,

354,7 nm

354, 7 nm

354, 7 nm

216 mW

800 mW

100 mW

nih sati

5000 radnih sati

7500 radnih sati

Da




Stereolitografija

Quick Cast (SL-500) EOS F&S GmbH




Digital Light Processing- DLP

Ocvrscéavanje digitalno obradenim svetlosnim signalom

Fotoosetljiva akrilna smola

t Stage
v. O ”

Photopolymer ar

Light Source g N




Digital Light Processing- DLP

Prednosti postupka su:

- brza i jednostavna izmena materijala,

- mogucnost primene velike kolicine fotoosetljivih
materijala,

- primena biokompatibilnih materijala.

Nedostaci postupka su:
- ogranic¢enost dimenzija,
- potrebna je potporna struktura




Continuous liquid interface production (CLIP)

Elastomeri, silikoni, najlon, keramika i biorazgradivi materijali

Rezolucija Stampe < 100 pm

25-100 brzi proces u odnosu na klasi¢nu SLA

U srcu CLIP procesa je poseban prozor koji je transparentan za svetlost i propusan za
kiseonik, slicno kao kontaktna socCiva. KontroliSuéi protok kiseonika kroz prozor, CLIP
stvara ,,mrtvu zonu“ u bazenu smola debljine tek nekoliko desetina mikrona gde
fotopolimerizacija ne moze da se odvija

Build platform Resin
The build platform, or stage, Held in a reservaoir, this
is lowered into the reservaoir, resin is UV curable,
and gradually lifts out the which means that it
object as it is formed. solidifies when

exposed to UV light.

Dead zone

When oxygen contacts the bottom

Oxygen-permeable window
This special, composite window is of the object, a minute dead zone is

transparent (it lets UV light through) and created, separating the object from
is also permeable to oxygen. the resin pool. This provides
continuous production.

= ————— Projector
In aCtlon - This projects a series of cross-

See how Carbon3D prints objects sectional images relative to the
using Continuous Liquid object being created. It emits light in
Interface Production (CLIP) the UV spectrum to solidify the resin.




Continuous liquid interface production (CLIP)

Traditional SLA CLIP

< Build Platform - S —

Resin—+
0, Permeable Window

-

[ Oxygen Gradient
ki[02] < kp[M] |

A4

Monomer Resin

O, Permeable Window

R

0, 0, 0,

- Light Source

N

AL

Final Part

-




Continuous liquid interface production

A T Continuous Elevation C 100 pm slicing
Build o
Support /*
Plate R Sard
Part —»
Dead Zone 2977
‘ \ Liquid Resin
0,
Permeable
Window

Mirror .5 Imaging Unit
500 mm/hour







Mikro Stereolitografija -uSL

Prvi put opisan u literaturi - 1993
» Laser

» X-zraci

» Blue ray

Microstereolithography (MSL),
Integrated Hardened Stereolithography (IH)
Deep X-ray Lithography (DXRL)

CCD

Light Sourc Camera
I——|—__§A
N

. Beam

Optica :
Shutte Splitte

Ar' Laser [

Vector 2

Veetor 1




Mikro Stereolitografija -uSL

Matchstick

o

Micro twurbine modeal
with a 400um -diamater

6 pcs. x 3 rows = 18 paos.

Diameter of cone . 40um
Hsight - 100um

Halizal structura
Width - 40um
Diameter . 200um

L surface
nJut'HnnﬂI

", e

N \'

o
'-.._\":ﬁ' -

5 OkV 100 500um

SEM photo of micro turbine
The time required for the production of 158 pos.
was approximately 1 hour.

(

O

)




Mikro Stereolitografija -uSL

Trapping point S&———




Mikro Stereolitografy system ACCULAS

— Resin supply nozzle — Re-coater
coats UV curable resin on a spreads the coatad resin
substrate. with uniform thickness.

N — 0 _— Work table
e — LA .&I moves in the X, ¥ and Z-axes.
HESystem Specification
Light source Selectable between LD (405nm) and LED (365nm) Resin Custom made high resolution resin
Image modulation Spatial light modulator Data interface Dedicated interface software “Viola® (plug-in for Magics) 3!
Exposure resolution  1pm" Power supply 100V AC, 2kVA
Modeling range 150 x 150 x 50mm
External dimensions 1-000 (W) x 1,000 (D) x 1,855 (H) mm

Maximum meodel pitch  50mm sguare (excluding control PC)

Minimum layer thickness 5 - 10pm Weight of the main unit Approximately 600 kg



Mikro Stereolitografy system ACCULAS

Data CG Drawings

Data Processing

— | ayer Slicing

Ll 0 e

3-D data is sliced with a thickness of 5 to 10um to
yield cross-sectional data.

ACCULAS® Operation Screen

Based on the data transferred
from a data processing PC, the
micra-mirrars turn ON/OFF to
create the images. The images
are exposed on the coated UV
curable resin sequentially to
produce a 2-D micro-structure.

Light source

LD 405nm {1W or more) or
LED 3&5nm (5W) is available.

Microscopic photo

2-D micro stmcluk

i
-

i

produced on a substrate.

_——'-"'{-H-"

—

Spatial light modulator
Array of 768 pes. by 1,024 pes.
micro-mirrers with a dimension
14pum square.

ens

sing an objective lens of 10 time

magnification, the image on tt

spatial light modulator is projecte
down to 1/8.



Biomedical Field Optoelectronics Field .

@ Bio chips @ Photonics crystals
J Healthcare chips iJ Opt-C chips
@ MEMS for Medical iJ Micro lans arrays
= Ut g poes
Micro cathatars D Photo masks
3 Micro magnatic
devices

Chemical Field Micromachine Fleld (MEME, Microsystems)

DuTAS i Micro sensors
Micro reactars g Cantilavers
Chemnical IC chips
Micro analysis chips ‘P Probes

J Micro channal

Master for Electroplating and Sillcon Aubbar Mold .




Two-Photon Stereolithography-TPSL

Povecana rezolucija

Izrada delova malih dimenzija (0,2um)
Solidifikacija: dno-vrh

oguca solidifikacija ne samo
vrsinskog sloja, vec i sloja unutar
de (rastopa).

Solidified resin

Monitor
- Objective lens Photopolymerizable
] (N.A. 0.4) / resin
— o] e
Computer CCD camera >+~ 3D scanning
X, stage
Shutter Objective lens
| - (N.A. 0.85)
Mirror

Argon ion Ti:Sapphire
laser laser



Two-Photon Stereolithography-TPSL

C)Fd Multi-layer scaffold FE
o vy ta




Two-Photon Stereolithography-TPSL

40 um

Plu¢cna alveola







Projection Micro-Stereolithography - PuSL

=
- polymers

- responsive hydrogels
- shape memory polymer

= functional particles

digital :
microdisplay _ projection lens

polymer resin

3D micro-structures Scalable (um to cm)  Functionally graded Multi-material










Rapid Freeze Prototyping - RFP

Switching
valve

freerer Svrirge driven by reservoir
a SEPPING Mok




Rapid Freeze Prototyping - RFP

dnosti FCP
CAD model

!

ja energije P‘m““i“f“""'“ﬁ"“

Silicone mold making

lee pattern fabrication

v
Ceramic shell building

L 3
lee pattern melting

k4
Ceramic shell firing

L
Metal part casting




Rapid Freeze Prototyping - RFP

Primena
Vizuelizacija proizvoda
zrada ledenih skulptura
rada modela za livenje silikona
ada modela za precizno livenje

(e

P Y11

I'hese 1cy models of machine rods
rere produced by a water-based
apid prototyping system.

Source: University of Missoun-Rolln




PolylJet Technology (PJT)

Jetting Head

X axis
— ___*u‘/— Y axis
1 4

UV Light

MultyJet Modeling, TermolJet

Postupak slican Ink-Jet Stampi

ozani materijal

Mesavina voska i ¢estica osnovnog materijala bl

Disperzije (osnovni materijal+fluid)

polimerizacija

glava sa velikim brojem mlazica (352) Fullcure $

. (Support Material)

za oslonce na bazi gela

i slojevi (16um) Build Tray

———

\
¥
Z axis

The Objet PolyJet Process

Heater

\
|———‘ |———‘ |——-‘ Printing Head
Ink
1 il -
/4 =g

Qrifice

Piezoceramic

[ [ b

Crifice

Instant
Model Material UV Curing

Support Material









PolylJet Technology (PJT)

Nedostaci procesa

Glavne prednosti

O Relativno male dimenzije delova

Efikasnost i jednostavost primene
O Skupljanje

Niska cena Stampe

Tacnost (zid debljine manji od 0,6mm)
Kvalitet (rezolucija 16um)

Brzina Stampe

Office-friendly postupak

Veliki dijapazon razlic¢itih materijala

D N N N N NN

POLYJET MATERIALS

DIGITAL MATERIALS

BIO-COMPATIBLE

HIGH TEMPERATURE




PolylJet Technology (PJT)

asti primene

edicina

ast elektronike

obilska industrija

odnja robe Siroke potrosSnje
a



PolylJet Technology (PJT)

* Provera uklapanja finih detalja u sklopu, provera oblika;
* Funkcionalna testiranja i kinematike pokretnih delova;
* MarkentiSke prezentacije — obojeni delovi, sa prevlakama;

* Fine povrsine omogucavaju direktni RT za silikonske delove,
vakum forming aplikacije.




