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Postupci na bazi solidifikacije fluida

topolimerizacija
aljubicasta svetlost, laserski zrak, vidljivi spektar svetolsti

Scanning
Galvanometers

Platform




Multi - Stereolitografija

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

Collimating Probe

UV Power Supply

.
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Solid Groung Curing — SCG

Mask Projection SL Technology (MPSL)
» Cubital Ltd. - Izrael

> 1991

» Glavne karakteristike:

= Polimer se izlaze dejstvu UV svetlosti kroz kompjuterski generisanu opticku masku
tako da cCitav sloj (layer) istovremeno ocvrséava

= Model se generiSe unutar ¢vrstog okruzenja

» Dinamicka maska (transparentna podloga, LCD screens, spatial light modulators, Digital
Micromirror Devices -DMDs)

UV-lamp +
~ N — shutter
I UV lampa | L o
T 7777 P A A ( b/
! 1 i . ; P! I I | ; Maska Mask plate N F\;esidual polymer
AARARRETIEEE ™5 S S S8 SACA S AL SLEA L AR N I AN S e T e / A v Gaanet Wax cooling
1 NN F \ Polymer | Wax plate
! gt o N\ spr;eader i spreader /
e N/ / / 1%
. & b}
= e/ A _/'
A = = s 4
<& 7 | >4 - iling head
Electrical / | T Rt \ 2 ‘S -
charging / 2 ’ S
z Mask development / / ot .
/ y, . o5
A Mask erasure / / / ] E

Liquid polymer / /7
Pokretna (current layer) / :
platforma §

/ /
Wax  platiorm




Solid Groung Curing — SCG

nerisanje maske
tupak Jonogrdfije (staklena maska)
NanosSenje elektrostatickog sloja

anosenje elektrostatickog tonera
ck powder) - ,Razvijanje” opticke

A thin resin laver is applied
on a flat work piece.

The image of the layer is
produced using toner on a
glass plate. to  create a
photomask.

A new resin layer is applied
on the workpiece.

~

The workpiece travels under
a powerful longitudinal UV

lamp for final curing of the

The photomask is placed
above the workpiece and

both are aligned under a

collimated UV lamp. 4

The laver is milled to

achieve a smooth and a

precise laver height.

> 2>

The UV light is turned on
for a few seconds. Part of

the resin laver is hardened
according to the photomask.

The unsolidified resin is
removed from the
workpiece.

Melted wax is spread
into the cavities created
and hardened.




SGC Process







Solid Groung Curing — SCG

Glavne prednosti

v

v

v

ANERN

S

Ceo sloj otvrdnjava u isto vreme. Na taj nacin se
skracuje vreme procesa, kompaktnost sloja.
Vreme osvetljavanja ne zavisi od kompleksnosti
geometrije sloja u x—z ravni.

Zbog istovremenog osvetljavanja modela ne
pojavljuju se unutrasnji naponi u modelu

Ne postoji potreba za osloncima/potporama na
modelu, jer tu ulogu preuzima vosak.

Nema ograniCenja s aspekta geometrije modela.

Nema Stetnih isparavanja fotopolimera ili je ono
svedeno na najmanju meru i to zbog toga sto je
fotopolimer za vreme procesa veoma kratko
vreme u tecnom stanju.

Uz male izmene proces se moze primenjivati i za
izradu voStanih modela za livenje.

Minilni efekat skupljanja

Odlicne mehanicke karakteristike

Nedostaci procesa

O

O OO

o O

Kompleksnost procesa, uredaja i
masina. Potrebno je veoma obuceno
osoblje.

Veliki radni prostor i tezina (5 tona)
Bucnost u radu.

Relativmo nizak kvalitet povrsSina i
tacnost delova

Velika potrosnja voska i polimera koji
se ne mogu reciklirati.

Skidanje voska na kraju ciklusa
generisanja svakog pojedinacnog
sloja relativno je slozeno i skupo.
Uklanjanje otpadnog materijala
Daleko najskuplji RP postupak, te je
stoga pre primene potrebno izvrsiti
tehno-ekonomsku analizu i ispitati
opravdanost primene. (250 000S)




I Incalleckad
Resin

y —

Resin
o

FPoor surface finich and accumcy dus fo uncollacted resin

Scan Direction

Foorresolution dug to ony 300 lines perinch printing of
ot cal rhask.



Solider SGC masine (Cubital Ltd, Israel)

fmm

Mlodel Solider 46 Solider 5604
Irradiation medium High power UV lamp
XY resolution {mim) Better than 0.1
Surface definition (mm} .15 .15
Elevator vertical resolution 015 0.1-02

Minimum featurs size
(mm}

0.4 (horizontal, X—¥) 1.4 (horizontal, X-¥)

0,15 {vertical . Z) 0.15 (vertical. Z)
Work volume, 350 = 350 = 350 SO0 = 350 = 5060
X¥Z{mm = mm = mmj
Production rate (c:|:|:|3.fh.1'] 550 1311
Minimum layer thickness (.06 (.06
imm
Drimensional accuracy 0.1% 0.l1%
Size of unit, l8=42=29 1.8=42=29
X¥YZ({m = m = m)

Diata control unit

Drata Front End (DFE) workstation

Porwrer supply

380-415 V.
50 kW

3 phase, | 380-415 Vi, 3 phase,
50 KW

ulaz
vazduha

UV lampa

Ploter
masine

opticka
maska na
staklenoj
ploci

komora za
osvetljavanje

nanos
fotopolimera

viser

nanos voska

plota za
hladenje

glava za
glodanje

platforma




Solid Groung Curing — SCG

PRIMENA SGC:

1. Opsta primena. Prezentacija idejnog resSenja, potvrda dizajna,
inZenjerska testiranja , funkcionalni model i analiza, izlozbe, istrazivanje
trzista, inter- profesionalna komunikacija itd.

2. Alatii kalupi za livenje. Precizno livenje, livenje u pesku,
brza izrada delova od plastike bez alata.

3. Alatii kalupi za brizganje plastike. Alati za brizganje silikonskih materijala,
epoksi materijala, akrilnih materijala, gume, kalupi za oblikovanje metala
sprejom.

4. Maedicina. Dijagnostika , hirurgija, planiranje operacija i rekonstrukcija,
izrada proteza




Digital Light Processing- DLP

Ocvrscéavanje digitalno obradenim svetlosnim signalom

Fotoosetljiva akrilna smole

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,

- biokompatibilnih materijala.

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




Carbon 3D

Continuous Liquid Interface Production

UV Curable
~ Resin

Oxygen " Dead Zone

Permeable
Window

Projector
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Traditional SLA CLIP
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Continuous liquid interface production

......

Oxygen Gradient““:_
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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

(a) Constrained surface technique

(b) Free surface technique

Apparatus described by:

Takagi et al. (1993)

Tkuta et al. (1993)

Apparatus described by:

Zissi et al. (1994)

Zhang et al. (1998)

Name of process

Photo forming

IH process

Name of process

Microstereophotolithography

Micro-stereolithography

Light source

He-Cd laser, UV (325 nm)

Xenon lamp, UV

Light source

Argon ion laser

Argon ion laser

Constrained surface with

Quartz window +PFA tape

Transparent window

Surface monitoring

IR laser diode

CCD camera

Irradiation

From bottom

From top

Maximum size of structure

20x20%x20mm

10x10x10mm

Announced resolution

5x5x3um (x.y,2)

60um, up to 8um

Resin type

Acrylic

Not sEiﬁed

Announced resolution

30 x 30 x 20 um (x,y,2)

Spot has 1-2 pm

Resin type

Acrylate based resin containing
non-reactive absorbers and
polymerization inhibitors

HDDA monomer containing
4wt% of benzoin ethly ether
as photoinitiator




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 coated resin
substrate. with uniform thickness.

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

BSystem 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

CAD Data CG Drawings

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

B

Data Processing Microscopic photo

‘7 Spatial light modulator

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

— | ayer Slicing

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

2.D micro structuh

produced on a substrate.

ens
sing an objective lens of 10 times

magnification, the image on the
., spatial light modulator is projected
down to 1/8.

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.




Biomedical Field

Optoelectronics Fleld

& Photonics crystals
Q3 Opt-IC chips

iJ Micro lens arrays
@ Light guida platss
J Photo masks

2 Micro magnatic
devices

Chemical Field

DuTAS
MIcro reactors
Chiemical |G chips
Micro analvals chips

& Micro channal

Micromachine Fiald (MEMS, Microsystems)

i Micro sensors
iJ Cantilevers
P Probas

Micro Parts

Master for Electroplating and Silicon Rubbar Mald




Blue ray Mikro Stereolitografy system

Motion control

Collimate lens

Lens positioner

Motion contral

Lens tube
Shutter

" Blu-ray beam

Iris diaphragm

Objective lens

N
Layered part

Controller

Photo-curable resin
Resin vat




Two-Photon Stereolithography-TPSL

ecana rezolucija polimerizacije

da delova malih dimenzija (0,2um)
ikacija: dno-vrh

3 solidifikacija ne samo

og sloja, vec i sloja unutar

opa).

Objective lans
(N.A. 0.85)
Argon ion Ti:Sapphire Mirror
laser laser




Two-Photon Stereolithography-TPSL

C)Fi Mu_lti-layar scaffold FE
§ RN

S

Automated
Stage
(XYZ




Two-Photon Stereolithography-TPSL

40 um

Plu¢cna alveola




Two-Photon Stereolithography-TPSL

Two photon stereolithography

) Photosensitive
Gelatin







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
'----ﬁ,___mm‘/— Y axis

UV Light

MultyJet Modeling, TermolJet

2ostupak slican Ink-Jet Stampi

0zani materijal

Mesavina voska i ¢estica osnovnog materijala bl

Disperzije (osnovni materijal+fluid)

imerizacija

glava sa velikim brojem mlazica (352) Fullcure $

. (Support Material)

za oslonce na bazi gela

slojevi (16pum) Build Tray

——— ey

\
¥
Z axis

The Objet PolyJet Process

Heater

\
|———‘ |———‘ |——-‘ Printing Head
Ink
“ il -
Y. SR

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.




Powder-Based
(1) 3D Systems’s Selective Laser Sintering (SLS)
(2) EOS’s EOSINT Systems
(3) Z Corporation’s Three-Dimensional Printing (3DP)
(4) Optomec’s Laser Engineered Net Shaping (LENS)
(5) Soligen’s Direct Shell Production Casting (DSPC)
(6) Fraunhofer’s Multiphase Jet Solidification (MJS)
Acram’s Electron Beam Melting (EBM)
romet Corporation’s Lasform Technology
ision Optical Manufacturing’s Direct Metal Deposition



