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Rapid Prototyping & Aditivha Proizvodnja. Razlika?

Razlika je nameni, ne u samoj tehnologiji:
Rapid Prototyping: koristi se za generisanje ne-strukturnih i ne-funkcionalnih demo delova ili
pojedinacnih komada u svrhu potvrde koncepta.

Additive Manufacturing: koristi se u smislu pravog proizvodnog procesa, za generisanje potpuno
funkcionalnih komponenti od visoko kvalitetnih materijala u malo-serijskoj proizvodniji.

penp—— X

Morongo Casino, Palm Springs




Rapid Prototyping & Aditivha Proizvodnja - Trend

Trend: From Rapid Prototyping to (Series) Production

Income from AM
end products (%)

30 - : , , : ; ; ; y 28.3 End products’ share of the
total income from AM products

25 and services.”

20
15
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Aditivna proizvodnja
prednosti i nedostatci

O OO

lzrada proizvoda proizvoljnog geometrijskog oblika i slozenosti
Proizvoljna raznolikost proizvodnog programa

Mogucnost izrade gotovih sklopova

Minimalni gubici materijala

Kratko vreme obuke

Individualizacija proizvoda

Mogucnost kombinovanja razlicitih materijala
Planiranje tehnoloskog procesa je automatsko i bazira se na CAD modelu
Nije potrebna posebna priprema masine

Proizvodnja sa minimalnim zahtevima u pogledu angazovanja radne snage
Produktivnost (pojedinacna i maloserijska proizvodnja)

Tacnost i kvalitet proizvoda
Mehanicke karakteristike

3D Printing Multi-material 3D Printing
freedom of form freedom of composition
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Prototypes produced with AM are increa-
singly used for production development
o test certain properties before series
production begins. As production with
AM is much faster than conventional
manufacturing, testing and development
time of components are accordingly
reduced. Early validation of new designs
is possible,

Rapid Repair

60%

faster repairs of SGT-700
and SGT-800 burners tips

Replacement of conventional repair
processes with Additive Manufacturing
technologies provides not only a significant
reduction in repair time, but also an
oppartunity to modify repaired compo-
nents to the latest design.

Kako SIEMENS vidi prednosti AP

85%

faster manufacturing
of complete bumer set

AM technology industrialization enables
new oppartunities for spare part and
supply chain enhancement such as the
manufacturing of spare parts on demand
and even close fo site. Currently, Siemens
uses AM for rapid manufacturing

of Siemens gas turbine components.

Printed spare parts on demand mean
reduced lead time, higher engine availabili-
ty and fast technology validation for the
customer. In June 2016, Siemens has put
into commercial operation the first printed
spare part on demand for large gas
Turbines.







Razvoj AM tehnologija

Year of Inception

Technology

Geometric Modeling

FPrototyping

1770

Mechanization [4]

First Computer

First Numerical Control {NC)y Machine Tool

First commercial Laser [5]

First commercial Robot

First Interactive Graphics System
(early version of Computer-Aided Design) [6]

@  Firsi Phase: 2D Wireframe

Started in mid- 1960s

Few straight lines on display may be:

# Circuit path on a PCB

# plan view of a mechanical
component

“Matural” drafting technique

First Phase: Manual Prototyping
Traditional — practice for many
centuries

FPrototyping as a skilled crafis is:

# traditional and manual

# bazed on material of prototype

“Matural™ prototyping technique

First commercial Rapid Prototyping System

Second Phase: 31 Curve and
Surface Modeling

Mid-1970s

Increasing complexity

Representing  more  information
about precise shape, size and surface
contour of parts

Second Phase: Soft or Virtual
Prototyping

Mid-1970s
Increasing complexity
Wirtual prototype can be stressed,

simulated and tested, with exact
mechanical and other properties

Third Phase: Solid Modeling
Early 1980s

Edges, surfaces and holes are knitted
together to form a cohesive whole
Computer can determine the inside
of an object from the outside.
Perhaps, more importantly, it can
trace across the object and readily
find all intersecting surfaces and
edges

Mo longer ambiguous but exact

Third Phase: Eapid Frototyvping
Mid-1980s

Benefit of a hard prototype made in
a very short turnaround time is its

main strong point (relies on CAD
modeling)

Hard prototype can also be used for
limited testing

Prototype can also  assist in the
manufacturing of the products




Razvoj AM tehnologija

Prvi rezultati primene AM (RP) objavljeni su 1982. godine, a prva industrijs
orimena pocela je 1988. godine (firma 3-D Systems, SAD koja je i sad lider na trzi
stema za AM).

oocetku proces je bio skup i komplikovan.
i broj razlicitih uredaja.
tuce trziste.

320000 -

Broj RP i RT uredaja e

u svetu u periodu
1987 — 1997.

240000+~

160000

120000+

80000+

2012 2013 2014 2015

2007 2008 2009 2010 20M
Source: Wohlers Report 2016

88 89 90 91 92 93 94 95 96 97 More than 278,000 desktop (under $5,000) 3D printers were sold worldwide last year
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“3D PRINTING’S POTENTIAL TO REVOLUTIONIZE
MANUFACTURING IS QUICKLY BECOMING A REALITY.”

Obama said (Feb. 2013):
"A once-shuttered warehou
now a state-of-the art lab

izrada prototipova

izrada kalupa za livenje where new workers are
izrada alata mastering the 3-D printing
has the potential to
AM u autoindustiji revolutionize the way
Q o"
vazduhoplovna industrija (polimeri) almost eve ryth Ing
medicina (polimerne vodice)
MANUFACTURER FILES FOR BANKRUPTCY
medicinski implanti (metalni) 3D PRINTER COMPANY ASKS
CLIENTS NOT TO PRINT 3D PRINTERS
vazduhoplovna industrija (metali) ' !
nano proizvodnja -
arhitektura :
biomedicinski implanti
in situ biomedicinska proizvodnja
proizvodnja organa



Figure 1. Hype Cycle for 3D Printing, 2014

expectations

As of July 2014

Plateau of
Productivity

| 4

Peak of

Trough of
Inflated Slope of Enlightenment
Exnectations Disillusionment

Innovation
Trigger

time
Plateau will be reached in:

Olessthan2years O 2toSyears @ 5to10years A morethan 10 years @& before plateau




Razvoj AM sektora

» Trinajbrie rastuce oblasti primene AM tehnonologija su:
medicina, masinska industrija i sector aeronautike

Sector Overview: Ready for
Additive Manufacturing? Production readiness level ?

..
y
=

Capable of full-scale production

" Dentistry and dental technology

L 4
K Machine tool manufacturing

Initial systems already manufactured

X Aerospace

S o [ o | o] o BE

Concept phase and lab tests

Infographic © Siemens



CURRENT Manufacturing process o
Exhaust/emissions

Applications: Prototyping, customized
Applications: Cooling vents

Fluid handling tooling, investment casting
AM technology: Fused deposition AM technology: Selective laser melting

Applications: Pumps, valves modeling, inkjet, selective laser sintering Materials: Alumi I
AM technology: Selective laser selective Iraserj melting ' ' e
melting, electron beam melting R .

: : Materials: Polymers, wax, hot work steels
Materials: Aluminum alloys —

Exterior/exterior trim

Applications: Bumpers, wind
breakers

AM technology: Selective laser
sintering

Materials: Polymers

FUTURE

Interior & seating

Applications: Dashboards, seat frames

AM technology: Selective laser sintering,
stereo-lithography

Materials: Polymers

e

Powertrain, drivetrain -
Applications: Engine components

AM technology: Selective laser
melting, electron beam melting

Materials: Aluminum, titanium alloys

Wheels, tires, & suspension
Applications: Hubcaps, tires, suspension springs

AM technology: Selective laser sintering, inkjet,
selective laser melting
Materials: Polymers, aluminum alloys

Electronics

Frar.ne'. bc.)dy, doors Applications: Embedded components such as sensors,
Applications: Body panels . single-part control panels

AM technology: Selective laser melting AM technology: Selective laser sintering

Materials: Aluminum alloys Materials: Polymers

OEM components

Applications: Body-in-white

AM technology: Selective laser melting, electron beam melting
Materials: Aluminum, steel alloys

Source: Deloitte analysis.
Graphic: Deloitte University Press | DUPress.com



Urbee, the first AM-produced car

2011 2015
Proposed

» Built external frame comprised of 20
separate paneis bullt through rapig « 3D print interiors in addition to the external body
prototyping using fused deposition o o '

I - - « More parts—40-50 major body and interior parts
modeling (FDM) T

% will be 3D printed

» Partnered with a major rapid

: - : - Greater complexity of parts which cannot be
prototyping service bureau In i e '

R R P L produced through traditional manufacturing
proauction or the frrame 1 i ' .

methods
» Used design and simulation software



1984 - 86

Charles Hull invents 3D printing and coins the
term “Stereo Lithography”

1989
First 3D printer built by 3D Systems

1999

First application of 3D printing in the medical field
- creating the human bladder




2000

Miniature human kidney created through 3D
printing

2006

The Selective Laser Sintering machine — printing
multiple materials & fields

2009

First usable prosthetic leg — this opens the door
for customized products using 3D printing

2011

3D printers start offering 14k gold as printable
material




Digitalni (kompozitni) materijali

Digital Materials are engineered materials manufactured from two or more different

constituent materials, according to a digitally encoded three dimensional phase structure -l -
design (the DM code), and produced by an additive manufacturing process. el
160 P
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4D PRINTING

Skylar Tibbits is shaping
the next development,
which he calls 4D printing,
where the fourth dimension
is time. This emerging
technology will allow us to
print objects that then
reshape themselves or
self-assemble over time.

Year of Impact (4D printing)

Sectors

Expected Year of Impact

2015

2016

2017

2018 | 2019 | 2020 | 2021

2022

2023

2024

Healthcare

Military

Infrastructure

Automobile

Packaging

Aerospace

Manufacturing

Source: Frost & Sullivan, June 2014

The expected year of widespread/ large-scale adoption of 4D
Printing technology has been computed through assessments of
technology advances, industry initiatives, challenges, advances in

related industries, and market potential

Important Aspects of 4D Printing

\ Simulation

| Software

Simulation software for

self-assembly and
design constraints
optimization.

O Autodesk

o CATIA

0 OpenSource

&

3D printer with

capability to print

multiple SMART

materials

O Stratasys
ROVA
SolidView
GeoMagic

materials
printer

') Multi

materials

Materials that change

shape upon external

stimuli

O Shape memory alloy

O Self healing
materials

Further Applications of Smart Materials













Opsti tehnoloski tok aditivnhe proizvodnje

radunarsko interni
prikaz slojeva

st pristup zajednicki za sve AM tehnologije je slededi:
Generisanje digitalnog 3D CAD modela. Model mora
biti predstavljen zatvorenim povrsinama.

YR N T L
_ . - raéunarsko interni Ty [ —
Dobijeni model se zatim konvertuje u neki od CAD model A=

standardnih formata za razmenu podataka. Obicno se
koristi STL (STereolLitography) fajl format. To je fajl
ASCII ili binarnog tipa i predstavlja listu trougaonih
oovrSina koje opisuju kompjuterski generisani

SEERT R

Sy R F el
TR BRI

: h . : pretvaranje spajanje
ostorni mc‘)t.:iel. Pored STL formata koriste se i CLI, E pojedinih slojeva realnih
L, STEP ili IGES formati. u realne slojeve slojeva

ban softver analizira poligonalni model i pretvara
poprecnih preseka. Podaci se procesiraju na
sto se virtuelni model deli u slojeve debljine
1do 0.3 mm.

ovakav model koristi za formiranje
0j, pri Cemu se svaki sloj vezuje sa
njega - Procesiranje.

Postprocesiranje

AV
VAVAYaP
2

Slicing Layer Slices & 3D 3D
Software Tool Path Printer Object

3D Cad STL
Model File



Opsti tehnoloski tok aditivhe proizvodnje

: : ST
— == —
— —

1 3 4 5
CAD-based Sliced layers AM system End-part
3D model finishing

- FINAL PRODUCT |




Generisanje 3D digitalnog modela

a) CAD softverski sistemi

b) Matematicki podaci

c) Reverzibilni inZzenjering

d) Poda.ci. o} p.opreéni.m presecima p?ii, CATIA

e) Medicinski podaci (CT, MRI) l AUTOCAD

o t %,' E',)l ad

-
CT SCANINNG PHOTO FORMAT 3D RECONSTRUCTION-
PREPARATION CAD MODEL

NX Unigraphics
SIEMENS PLM Software I INVENTOR
o~ T

ProlENGINEER 7

ﬁ creo: 25 SolidWorks

LT <

BUILT IMPMANT IMPLANT LENS-PREPARATION OF

IMPLEMENTATION
MANUFACTURING THE MACHINE




DICOM Images |

i |

Scan Process

£ 3D Printed Model

Medical imaging

Surglcal Praﬂtlce

Visualized motion

3D bioprinted

(CT. MAI) 3 LEAD neods program 3D printing process fissue product
. .| I
DICOM format STL format Text-based

command kst



VOXEL

VOXEL (volumetric pixel ili tacni
Volumetric Picture Element) je
zapreminski element koji preds
oshovni parametar mreze u

trodimenzionalnom prostoru.
analogan pixel-u, koji se koris
parametar 2D slika (bitmap)

Side view

|||||

* 1 cubic millimeter —~20,000 Objet voxels -
¢ The smallest Lego brick —~4,000,000 Objet voxels
e Full tray — 102 Objet voxels



STL

STL (stereo lithography) file format podrzava
vecéina CAD softvera, a bazi¢no je razvijen za
potrebe tehnologija brze izrade
prototipova/aditivne proizvodnje

STL file opisuje samo geometriju povrsSine
trodimenzionalnog objekta, bez prikaza drugih
atributa (boje, teksture) karakteristicnih za
CAD sisteme.

STL file prikazuje diskretizovanu povrsSinu u
vidu jedini¢nih trougaonih elemenata i
kreiranu na bazi odgovarajucih pravila.

Faceted Surface (STL)

Original Curve

Chord Height



vertex

f/
X
A

facet normal 0.000000e+000

LO00000e+000 -1.000000e+000

.000000e+000 0.000000e+000
L000000e+000 0.000000e+000
.121538e+000 0.000000e+000

cuter loop
vertex 1.000000e+001
vertex 1.000000=+001
vertex 8.610815e+000
endloop
endfacet
Vektor normale¢ — | r-——————————————— — — — — — — ——

*“r‘facct normal 0.000000e+000

cuter leocop

Pocetak petlje

vertex 8.610815e+000

——
——%——+ { vertex 1.000000e+001

Vektori évorova

vertex §.263518e+000

Zavrsetak petlie —— endloop

} endafacet
Kraj bloka _— " —F————F——"—————"—"——"————————————
podataka facet normal 0,000000e+000

cuter loop
vertex §.6L0815e+000
vertex 8.263518e+000

L000000e+000 -1.000000e+000
.121538e+000 0.000000=+000

L000000e+000 0.000000e+000
.519225e-001 0.000000e+000

L000000e+000 -1.000000e+000

L121538e+000 0,000000e+000
»518225e-001 0,000000e+000

STL Pravila:

1. Povrsina proizvoljnog (konac¢noh) oblika =
objekat moze imati otvore

2. Visestruke povrsi su dozvoljene (sklopovi)
3. PovrsSina mora biti zatvorena

4. Vertex-to-vertex rule

Svaki trougao mora da deli dva temena sa
svakim od susednih trouglova. Drugim
recima, temena jednog trougla ne mogu
lezati na strani drugog.

WRONG

CORRECT




Frednosti

Opis

Komentar

Jednoztavna konverzija 30 u
STL

Fonverzija 20 modela u
STL format odvija 22
primenom standardnih,
jednostavnih algoritama, uz
mogucnost kontrolisanja
tatnosti aproksimacije

Lniverzalnost

Svi tipovi 20 geometrije
mogu se aproksimirati
mrezom ravanskih trouglova

Jednostavno genen’e*anje
ravanskih presska

Algoritmi za generizanje
ravanskih preseka na STL
modelu najéeice su
jednostavni

Mogutnost segmentiranja STL
datoteke

Za potrebe prilagodavanja
radnom prostory RP
masgine, veti modeli mogu
ze podeliti na nekoliko STL
datoteka

Madostac

Problemi svojsiveni STL formatu

Opéirnost | ponavljanje
podataka

Velitina datoteke
Pojava greske
rackruZivanja

Greske u procesu konverzije

Medostaci u pogledu
projektovanja tehnoloskog
postupka

Skupo i vremenski zahtevno
korigovanje STL datoteke

Medostatak topologkih
informacija

Medostatak tehnologkih
parametara




Cetiri glavna aspekta AM tehnologija

zni podaci
d izrade
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1)
2)
3)
4)
5)
6)
7)

Osnovna klasifikacija AM postupka

ASTM (The American Society for Testing and Materials Standard) F2792 - 12a

(Directed energy deposition)

8)

Alternative Names:

SLA™- Steraolithography Apparatus

DLP™- Digital Light Procassing

35P " - Scan, Spin, ard Selectivaly Phoiocure
CLIP™ — Continuous Liguid Interface Production|

Description:

A vat of liquid photopelymor rosin is ourad
through sslactive expasuire to light (via & lasar
or projector) which then initiates polymerization
and converts the expozsd areas to a solid part

Strengths:
= High [svsl of accuracy and complaxity
= Smooth surface finish
= Accommodaises large build areas

Typical Materials
UV-Curable Photopolymsr Resins

Hibridna proizvodnja (Hybrid manufacturing)

Fotopolimerizacija u kadi (Vat photopolymerization)
Fuzija praskastog supstrata (Powder bed fusion)
Brizganje vezivnog sredstva (Binder jetting)
Brizganje materijala/Direktna 3D Stampa (Material jetting)
Ekstrudiranje materijala (Material extrusion)
Laminacija folija (Sheet lamination)

Direktno energetsko taloZenje/Deponovanje matrijala primenom usmerene energije

Alternative Names:

SLS™- Selective Lazer Sintaring; DMLS ™ -
Diract Matal Lasar Sintering; SLM ™ - Salactiva
Lassr Mslting: EBM ™ - Eleciron Beam Melting,
SHS™- Salsctive Heat Sintering;

MJF™- Multi-Jst Fusion

Description:

Powdorod matorialo io colotivoly oongolidatod
by melting it together using a heat source
slich 38 a laser or slection beam. Tha powdsr
surrotnding the consolidated part acts
assupport matarial for overhanging features.

Strengths:
= High lsval of complexity
= Powder acis as support material
= Wids range of materials

Typical Materials
Plastics, Metal and Ceramic Powdars, and
Sand

BINDER
JETTING

Alternative Names:
3DP™- 3D Printing
ExOna

Vaoxeljst

Description:

Liquid bonding agants aro aolootivaly appliod
onto thin layers of powdsred material to build up
parts |ayer by layer. The bindars include oiganic
and inorganic materials. Matal or ceramic
powdered parts are typically fired in a fumacs
alter they ara printad

Strength:
= Allows for full color printing
= High productivity
= Uses a wida range of materials

Typical Materials
Powderad Plastic, Matal, Ceramics, Glass,
and Send.

MATERIAL
JETTING

Alternative Names:

Polyjet™

SCP™- Smooth Curvaturss Printing
MJM - Multi-Jet Modsling

Projst™

Description:

Droplots of matorial aro dopoaitad layar by layor
io maks parts: Common varisties includs jsiting
a photourable resin and curing it with UV light,
as wall as Jtting thermal y molisn matsrials that
then solidify in ambient tsmpsraturss

Strength:
»  High lavel of accuracy
*  Allows for full color parts
»  Enables multipls materials in a single part

Typical Materials

Photopalymers, Polymers, Waxes

SHEET
LAMINATION

Alternative Names:

LOM - Leminated Objact Manufacturs
SDL - Selactive Daposition Lamination
UAM - Ulrasomic Additivs Manufactunng

Desoription:
Shooto of matorial aro otaskod and laminated
fogsther to form an object. The lamination
msthod can be adhssives or chemical {papsr/
plastics), ulirasonic welding, or brazing
(metals). Unnseded ragicns ars cut out laysr by
layar and removed after the object s built
Strengths:

»  High volumetric build rates

*  Ralatively low cost {(non-metals)

*  Allows for combinations of metal foils,

ncluding embadding components.

Typical Materials
Paper, Plastic Shests, and Metal Foils/Tapes

Alternative Names:
FFF - Fused Filament Fabrication
FDM™- Fusad Deposition Modaling

Desoription:

Matorial in oxtrudod through a nozzlo or orifio
in tracks or beads, which ars then combined info
multi-lajer modsls. Common varietiss inclLde
heated thermoplastic extrision (similar to a hot
plus gun) and syrings disaansing.

Strengths:

*  Inexpensive and economical
+  Alows for multiple colors
*  Can bs Used in an office environmen:

Farts have good stiuctural propertiea

Typical Materials
Tharmoplastic Filaments and Psllsts (FFF).
Liguids, and Slurries (Syrngs Types)

Alternative Names:
LMD - Lazer Metal Daposition
LENS ™ - Laser Enginaerad Nat Shaping

Desoription:
Powdor ar wiro ia fod info a molt pool whioh
has been generatsd on the surface of the par
wihers it adheras to the uncerlying part or laysrz
by using an energy souirce stich as a laser or
sleciron bsam This is essentially a form of
automated biiild-up welding
Strengths:

* Mot limitsd by direcion or axis

»  Efgctive for repairs and adding features

»  Multipls materials in a singlas part

= Hghest single-poin: deposition rates

Typical Materials

Metal Wire and Powder, with Caramics

A

HYBRID

Alternative Names:
AMBIT™ - Created by Hybrid Manufacturing
Technologies

Desoriptio

Lasor matal doposition (a form of DED) i
combined with GNC machining, which allows
additive nanufacturing and ‘subiractive’
machining fo bs performed in a single machins
30 that perts can utilize the strangths of both
DPI0CA338Es

Strengths:

= Smooth surface finish AND High Productivity

=  Geomstrical and material frsedoms of DED

= Automaled in-process support removal,
fimshing, and inapacton

Typical Materials

Meatal Powder and Wira, with Ceramics




© MATERIAL EXTRUSION

Also known as FOM, a term trademarked by Stratasys.
This machine uses a glue gun-like nozzle that builds
maodels by layering molten material in small

flattened strings.

O © 6

Cosr-affective Limas aany ideal for
to-find palyers high-strength
a_qdpl.uu'u models.

BINDER JETTING

Wwhere the term 3D printing came from, this technology
uses an inkjet printer head that selectively binds
powdered material together ane layer at a time.
Leftover powder is shaken, blown or brushed off.

5 € 3

Fasz procesy Can use almast Flexible se mest
any matarial that warieeis mechaniral
& inaoeder farm Frope

MATERIAL jE'lTING

Uses an inkjet to jet drops of wax and other material,
including metal, anto a build tray. As the material
cools and solidifies, new layers are added to form the
complete model,

© &

Higner |z.L|:nF part Luperiar wrfon
acrarazy E

finishes

o POWDER BED FUSION

Powder Bed Fusion (PBF) includes several technigues
like direct metal laser sintering and selective laser
sintering. It utilizes a laser or electronic beam to fuse
material powder together.

O 0

Coit-effuctre i ksl baanm
roduces high-

mokiting

Large range of
material optionms

6 DIRECTED ENERGY
~ DEPOSITION

A nozzle mounted on a multi-axis arm using a metal wire
or powder fired into place. The powder or wire is melted
and welded onto the previous layer or surface by an
electron beam or laser.

9 ©

Materisl
Spooe

Suaport
Malaiial

! Cozellent tar Aiblg to #chveve
1 Hrigh-gaalityg. = Bl bl od
Liguic Gindsr G VAT
o PHOTOPOLYMERIZATION
— —» i Starts with a vat or tank of photopolymer, a liguid resin
Pavdar roer | that hardens when exposed to & light source. One layer
y Bed i is cured via a light source or laser and is moved up out
' of the liquid, or down into the liguid for the next layer
[ | to be processed.
Pawrtar i
Bed ¢

© 6 @

High kel lmlllnntﬂwﬁ Jrhdhlhnr

"' i

0 SHEET LAMINATION

Technically subtractive, but since it builds layer by layer
! it is considered additive, This technigue applies a laser or
i scalpel to cut to shape sheets of material and then layer
! them on top of one another.

© 6 09
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Podela AM postupaka prema pocetnom stanju materijala

A. Materijali u teCnom stanju
B. Materijali u praskastom stanju
C. Materijali u ¢vrstom stanju

N » Stereolithography

Liquid Based » Jetting Systems

* Direct Light Processing

» Selective Laser Sintering
* Three-Dimensional Printing
» Fused Metal Deposite Systems

>. . : . » Electron Beam Melting
Powder Based » Selective Laser Melting

» Selective Masking Sintering

» Selective Inhibition Sintering

» Electro photographic Layered
Manufacturing

» High Speed Sintering

AM Processes

» Fused Deposition Modelling
» Sheet Stacking Technologies

Solid Based




odela AM postupaka prema nacinu generisanja sloj

1D Channel 2x1D Channels Array of 1D 2D Channel
Y . Y2 Channels

X '/ X
X
/5,,;
Hla

Envisiontech
MicroTEC

Y

SLA (3D Sys) SE;?:Q:;;?S} Objet

Eh
3
—a

SLS (3D Sys), —
LST (EOS), LENS LST (EOS) 3D Printing
Phenix, SDM

Particles

FDM, Solidscape ThermodJet

Solido
PLT (KIRA)

Solid |M'DHEI'I Discrete
Mat,

Sheats




Materijali

Struktura dela
(taénost,

Karakteristike:
/ t - mehanicke osobine

- aspekt zastite Covekove
- reoloske osobine (fluid

- regulisanje paramet
- postprocesiranje

¥ Powder-bed inkjet

materials

B petal powders

B Thermoplastics (powder
form)

B Thermoplastics (solid
form)

B Photopolymers

T
2015

2014

2016 2017

1 T
2013




Materials

Ceramic

Metal

Sand

Plastic

Parts built through polymerization

Lower
Smoother
Higher

Prototypes | Indirect processes

Technologies

Parts built through
bonding agent

Durability
Surface finish
Detail

Application

Parts built through melting

Rougher

Functional parts
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Platinum

Precious Plated Metal

"

Strong & Flexible Plastic Frosted Detail Plastic Acrylic Plastic Metallic Plastic

Brass Bronze Steel Full Color Sandstone

Porcelain Castable Wax Elasto Plastic Aluminum



Process Material Tensile strength Elastic modulus
(MPa) (GPa)
Stereolithography SL51804 55-65 2.4-2.6
SL3195% 46.5 2.1
SL5510° 73 2.8
SL7940” 37-39 1.3
Fused-deposition Polycarbonate 62 -
modeling ABS 35 2.5
Selective laser Nylon 36 1.4
sintering Polycarbonate 234 1.2
Polyamide 44 1.6
SOMOS 201 17.3 14
ST-100¢ 305 137
Three-dimensional S3 stainless steel 406 148
printing S4 stainless steel 682 147

@ After a 90-min UV cure; ? after a 90-min UV cure at 80°C; ¢ sintered and bronze-infiltrated steel powder



