i RP u biomedicinsko
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7 Families of Additive Manufacturing

According to ASTM F2792 Standards
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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)
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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




AM Processes

\

\

aterijali u tecnom stanju
aterijali u praskastom stanju
aterijali u ¢vrstom stanju

)dela AM postupaka prema pocetnom stanju materij

Stereolithography
Jetting Systems
Direct Light Processing

Powder Based &

Liquid Based g

Selective Laser Sintering
Three-Dimensional Printing
Fused Metal Deposite Systems
Electron Beam Melting
Selective Laser Melting
Selective Masking Sintering
Selective Inhibition Sintering
Electro photographic Layered
Manufacturing

High Speed Sintering

Solid Based

Fused Deposition Modelling
Sheet Stacking Technologies




AM Postupci na bazi solidifikacije fluida

)topolimerizacija

eri — su prirodne ili veStacke materije (jedinjenja) koje se sastoje od velikih molekula
jenih od velikog brojnih manjih osnovnih, ponavlajuéih jedinica monomera (mera) koj
ezani hemijskim tj. kovalentnim vezama.
meri — polimeri koji ocvrscavaju pod dejstvom spoljasnjeg elektromagne
), iz razlic¢itih delova EM spektra:
cenja
éenja celuloza polistiren

celofan
proteini_| prirodni vestacki [ polieten

Zagrevanie. pritisak

katalizator

|

T—O— I
|

T— O— L

. 1




AM Postupci na bazi solidifikacije fluida

Scheme of polimerisation process

~ monomer l oligomer |

102 10° 10¢ 10¢ 10’ g/mol macroscopic dimension




AM Postupci na bazi solidifikacije fluida

topolimerizacija

AM koriste se teCni fotopolimeri koji o€vrs¢avaju pod dejstvom UV zracenja.
av/formulacija fotopolimera:

ecni monomeri i oligomeri — molekuli male molekularne mase koji su sposobni dz
akciju sa identicnim ili razli¢itim molekulima radi formiranja polimera.

inicijtori — molekuli koji usled apsorcije svetlosti emituju reaktivne Cestice
polimerizacije. GeneriSu se toplotnim ili fotohemijskim procesom.

dikali — fotopolimerizacija starijih akrilnih monomer
icijatori — fotopolimerizacija novijih epokisdnih monc

light source monomer

o0 o000 P00
A o0 polymer chain ° P ; " ¥ Obnog H.;POO
& 009 o pP 30|08 P08

e v =g g*"fg%{?@

Fhﬂtﬂlﬂiﬂatﬂf reactive Emlﬂ Unetured photepolymer U radiation activates Cross-inked network
{free radicals or ions) the photeaniziatens struCTUre




AM Postupci na bazi solidifikacije fluida

Fotopolimerizacija

Wet Ink _
[] L .
*."... i".'.: ) Oligomers
[ . ® + P -+ 0l .0 @ Monomers
*  Photoinitiators

UV energy hits the photoinitiators

which become excited, passing energy

along to the other components. This

stimulates a bonding process between molecules.

Oligomers
Monomers
Photoinitiators
“working”

AT
ARG
e b

When all of the components are used up,
- .'L"Ed ﬁll'l'l.

ou are left with a cured or po

Oligomers
Monomers
o Rupted

Photoinitiators




AM Postupci na bazi solidifikacije fluida

Polimerizacija u kadi — Vat photopolymerization

SLA - koristi platformu uronjenu u te¢nu
."" fotopolimernu smolu. Laserski zrak prati povrsSinu
poprecnog preseka (sloj) od tacke do tacke pri ¢emu
Vat photopolymerization smola oc¢vrs¢ava. Platforma se lagano podiZze da bi se

| novi sloj smole doveo iinad objekta. Ovaj postupak se

'% ponavlja sloj po sloj da bi se dobio izgradio Citav

L i Yt e objekat/deo. Gotovi delovi se o¢vrS¢avaju UV-om radi
laser projector LED & oxygen poboljsanja mehanickih svojstava.

DLP - sli¢na je SLA, s tim Sto DLP koristi digitalni
projektor svetlosti da odjednom generise jednu sliku
svakog sloja. DLP omogucava brze vreme Stampe u
poredenju sa SLA jer se svaki sloj izraduje odjednom.
CDLP — delovi se dobijaju na isti nacin kao i kod DLP-3a,

— ol s tim da platforma kontinualno pomera u pravcu Z -
ose. Projektovanjem slike sloja kroz UV zaslon
SLA DLP CDLP propusan za kiseonik omogucava neotvrdnutoj smoli
Stereolithography Digital Light Continuous Digital da razdvoji predmet/objekat i prozor kontrolom to

Processing Light Processing

kiseonika. Ovo omogucava brze vreme izrade, jer
‘ tokom Stampanja ne prestaje dela od platform

izrade svakog sloja.

Plastic




AM Postupci na bazi solidifikacije fluida

vrSCavanje povrsine monomera moze se
jjati putem dva modela:

A) Model slobodne povrsine: Oc¢vrS¢avanje se javlja
duz povrSi dodira te¢nost/vazduh. Kod ovoga postupka
nora se voditi raCuna da povrSina teCnosti bude Sto
nija jer to direktno utie na kvalitet i dimenzije finalnog

odel fiksne povrSine: TeCni polimer se nalazi u
aru sa transparentnom povrSinom (prozorom) i
anje se odvia duz povrSine dodira

5t.

I Upravijaéki kompjuter ]

8)

Cured resin

Transparent
window

Cured resin



AM Postupci na bazi solidifikacije fluida

Q) Principijelna $ema Laserski zrak b) Otvrdnuti sloj

Soraene oo

— | ~ 0.2 mm |fozgp;?ipnaera m
T _c_:lel:1:lll_m zloja R\_” ’ .. ] &_u y

. -

Dubina l

solidifkacljey _ _ _ | sirina preklop

Oévsn ' Prelazna oblast
materijal (&vrsto / tecno)




Stereolitografija —SLA
(Fotopolimerizacija u kadi)

» Prva AM tehnologija
» Stereo (Cvrsto telo), litho (kamen), and graphien (pisati).
> 1986 - Carls Hal, 3D System, USA

» 1987-1988 - Prvi komrercijalni SLA uredaj

modulatori

ogledala

@:Q et sistem za poravnjavanje
) J “Uk fotopolimera
ekspanzijska &
e cadni sodivo -
predmet laserski

zrak

senzor hivoa
fotopolimera

i Z
fotopolimer — |
1

7T -—w

/é

oslonac

7

radna ploca . &
pomak u pravcu z-ose .

(platforma)




Stereolitografija

tporna struktura je postavljena na
etnu platformu i potopljena je u
oar (kadu) te€nog fotoosetljivog
era, tako da samo tanak tecni
e iznad.

kalno unakrsno povezuje
ankom te¢nom filmu iznad

se spusta za mali,
tako da novi

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

tivnosti (aktiviranje lasera, provera nivoa fotopolimera itd.)
izickog modela




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
**Modeliza konceptualizaciju, pakovanje i prezentaciju
**Prototipovi za dizajn, analizu, verifikaciju i funkcionalna
ispitivanja
*Deloviza prototipove alata i alate za maloserijsku
oizvodnju
alupi i mustre za precizno livenje i livenje u pesku
2dicina — hiruski modeli za predoperativno
je

7 l}
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I |
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L) A T -

: - I flﬁi”
&~ R | ' 'W‘ ‘
T I | (it

-

e




The Ultimate Guide to
Stereolithography

How SLA Works

formlabs W




Stereolitografija

pji uticu na kvalitet dela:

emijske karakteristike fotopolimera
cija optickog sistema

ojeva fotopolimera




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




Multi - Stereolitografija

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

Collimating Probe

UV Power Supply

.
<0
G‘:@@‘«




Mikro Stereolitografija -uSL

i put opisan u literaturi - 1993

olithography (MSL),
dened Stereolithography (IH)
craphy (DXRL)

Ar' Laser [

Dimenzije delova <1mm

UV laser sa fokusom <20 um L
Debljina sloja: 1-10 um
Tacnost:

* 0.25 pum u x-=y ravni

* 1.0 um u z-pravcu




Mikro Stereolitografija -uSL

Matchsatick

%

Micro turbine model
with a 400um -diamatar

6 pcs. X 3 rows = 18 pes.

Diameter of cone . 40um
Hsight - 100um

Halizal structura
Width : 40um
Diamater : 200pm

EJW surfaca
channal

© 5 OKYVRID0 500um

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




Mikro Stereolitografija -uSL

Trapping point S&———




Mikro Stereolitografy system ACCULAS

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

Work table
moves in tha X, ¥ and Z-axes.

EMSystem 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 1000 (W) x 1,000 (D) x 1,855 (H) mm
Maximum model pitch 50mm square*2! (excluding control PC)

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



Mikro Stereolitografy system ACCULAS

CAD Data CG Drawings

Microscopic photo

Light source
LD 405nm {1W or more) or
LED 365nm (5W) Is avallable.

‘— Spatial light modulator

Array of 768 pcs. by 1,024 pes. of
micro-mirrors with a dimension of
14pm square.

Data Processing 2D micro S‘Nﬂub
produced on a substrate.
~——————— Layer Slicing
ens

sing an objective lens of 10 times
magnification, the image on the
spatial light modulator is projected
down to 1/8.

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

w.r
ACCULAS® Operation Screen

Based on the data transferred
from a data processing PC, the
micro-mirrors turn ON/OFF to
create the images. The images
are exposed on the coated UV
curable resin sequentially to
produce a 3-D micro-structure.




Blomedical Fleld Dptoelectronics Fleld

@ Bio chips @ Photonics crystals

J Healthcare chips iJ Opt-IC chips

@ MEMS for Medical ’ 3 Micro lens arrays
m - -
Micro achuatars LJutrt il piaten
Micro cathatars J Photo masks

3 Micro magnatic
devices

Chemical Field Micromachine Fleld (MEME, Microsystems)

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

J Micro channal

Micro Parts Master for Electroplating and Sillcon Aubbar Mold

J Micro gears J Nano-imprinting
D Micro connectors preoame
@ Micro parts for

Invastmeant

casting




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

40 um

Plu¢cna alveola







Digital Light Processing- DLP

Ocvrséavanje digitalno obradenim svetlosnim signalom

Fotoosetljiva akrilna smola
t Stage
g O !
Photopolymer

Light Source







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




Continous Digital Light Processing- cDLP

(Continuous liquid interface production — CLIP)
(3D Carbon)

Elastomeri, silikoni, najlon, keramika i biorazgradivi materijali

Rezolucija Stampe < 100 pum

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

U srcu CLIP procesa je poseban prozor koji je transparentan za svetlost i propustan za
kiseonik, slicno kao kod kontaktnih sociva. KontroliSuci protok kiseonika kroz prozor,
CLIP stvara ,mrtvu zonu“ u bazenu smole 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 reservoir, resin is UV curable,
and gradually lifts out the which means that it
object as it is formed. solidifies when

exposed to UV light.

0 hle i Dead zone
Xygen-permeabie window When oxygen contacts the bottom

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.

In action ’ = Projector

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
Support /+

Plate Bs3ad
Part —

>
3
-

EAE O N

O

TG
5

Dead Zone

\ & -~ Liquid Resin
0, /
Permeable

Window
500 mee
Mirror

TOT

BN O
BSOS
RO AL RO

-
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Sas
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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




AM Postupci na bazi solidifikacije fluida

Direktna 3D Stampa

¢

Material jetting

Cured with Cured with Milled to
L light haat form

MJ NFJ boD

Material Jetting ManoParticle Jetting Brop On Demand

Plastic

Ml - fotopolimer se linijski rasprsuje iz velikog
broja si¢usnih mlaznica smestenih u glavu
Stampaca. Kada se kapljice deponuju na pokretnu
platformu, one ocvrs¢avaju pod dejstvom UV
svetlosti. MJ procesi zahtevaju potporne strukture
koje se generiSu tokom izrade dela (istovremeno)
i sastoje se od rastvorljivog materijala koji se
uklanja tokom naknadne obrade.

NPJ - koristi se te€nost koja sadrzi metalne
nanocestice ili nanocestice sa potporom, koje se
ubacuje se u kertridZ Stampaca i rasprsuju na
platformu u izuzetno tankim slojevima. Visoke
temperature unutar komore ¢ine da tecnost
isparava ostavljajuéi za sobom metalne delove.
DOD - ovi Stampaci koriste dve razli¢ite mlaznice
za Stampu: jedna je za deponovanje osnovnog
materijala (obi¢no materijal slican vosku) i drugi
za rastvarajuéi potporni materijal. Glava Stampaca
prati postavljenu putanju/konturu za Stampanje
sloja poprecnog preseka i deponuje materijal
tacku po tacku. Ovi Stampaci takode koriste
pokretni noz (fly-cutter) koji obraduje/po
radni predmet nakon Sto se svaki sloj p
kako bi se obezbedila savrSeno ravn
Stampanja sledeceg sloja.




PolylJet Technology (PJT)

Jetting Head — X axis

Multylet, Material Jetting, TermolJet

» Postupak sli¢an Ink-Jet Stampi
» Kontinualni proces deponovanja te¢nog polimera
» Polazani materijal (disperzija)

=  Osnovni materijal - UV polimer (tecna smola)

=  Materijali za oslonce rastvoren u osnonoj smoli
» Fotopolimerizacija —
» Osnovni materiajal - termoset (akrilni) CRSEARGD 5 \
» Digitalni materijali (meSavina viSe materijala) iy 1 e B
» Termo glava sa velikim brojem mlazica (352)
» Materijal za oslonce na bazi gela
» Ultra tanki slojevi (14-16um)

The Objet PolyJet Process

Heater Printing Head
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PolyJet Technology (PJT)

Glavne prednosti Nedostaci procesa

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
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POLYJET MATERIALS

DIGITAL MATERIALS

-.-|--. RUBBER-LIKE
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HIGH TEMPERATURE

BIO-COMPATIBLE




PolylJet Technology (PJT)

Oblasti primene

1 Medicina

1 Oblast elektronike

Automobilska industrija
°roizvodnja robe Siroke potrosnje
iktetura

azovanje




PolyJet Technology (PJT)

Medicina

0 Anatomski modeli
O Funkcionalne proteze




Drop on Demand (DOD)

Deponovanje kapi na zahtev

Podvarijanta PolyJet postupka l_gu_l
Diskontinualni proces deponovanja te¢nog polimera '

Osnovni matrijal na bazi voska (prah se zagreva i topi u kertridzu) 0
Dve glave (osnovni i dodatni matrijal) r\%—/‘
Rezolucija deponovanja - 5000 x 5000 kapi po incu
Rezolucija Stampe 22 pm u X-Y ravni i 25 um za Z-osu
Izrada vostanih modela za precizno livenje

VVVYYVYYVYYVY

Phatopolymer

material Dissolvable support

material

UV light

Nozzles

Object suppart







Nano Particle Jetting (NPJ)

» lzraelska kompanija XJet

» Tecni rastvor - sadrzi metalne/keramicke nanocestice ili
nanocestice sa potporom,

» |z kertridza Stampaca disperzija se rasprsuje na platformu u
izuzetno tankim slojevima (8-10 um) .

» Visoka temperature komore (250°C) - te¢nost isparava
ostavljajuci za sobom metalni/keramicki skelet

Single Pico Liters

=
MNozzle Nano Particles
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Nano Particle Jetting (NPJ)

PRIMENA:

» Grafen i grafen-oksid nano-membrane

(Grafen je dvodimenziona ugljeni¢na struktura debljine
jednog atoma.)

> Hiruski instrumenti

» Keramicki/metalni implanti

Graphene oxide functionalization —> Antimicrobial properties
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