RE i RP uBMI




Aditivhe Tehnologije
prednosti i nedostaci

* |zrada proizvoda proizvoljnog geometrijskog oblika i slozenosti
* Proizvoljna raznolikost proizvodnog programa

* Mogucnost izrade gotovih sklopova

* Minimalni gubici materijala

* Kratko vreme obuke

* Individualizacija proizvoda

* Mogucnost kombinovanja razli¢itih 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
O Produktivnost (iskljucivo se koristi za pojedina¢nu i maloserijsku proizvodnja)
O Tacnost i kvalitet proizvoda

Mehanicke karakteristike

Cena opreme (industrijske masine) Kenvencionaina

proizvodnja

3D Printing Multi-material 3D Printing
freedom of form freedom of composition

i Presecna tacka

\\A Aditivna
proizvodnja

M

Cena po jedinici proizvoda

Broj komada



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 aditivnih tehnologija

Year of Inception

Technolgy

Geometric Modeling

Prototyping

@ First Phase: 2D Wireframe

Started in mid- 1960z

Few straight lines on display may be:

* circuit path on a PCB

¢ plan view of a mechanical
component

“Matural” drafting technique

First Phase: Manuoal Prototyping
Traditional — practice  for  many
centuries

Prototyping as a skilled crafts is:

+ traditional and manual

+ bazed on material of prototvpe

“Matural™ prototyping technigque

1770 Mechanization [4]
1945 First Computer
1952 First Mumerical Control {NC) Machine Tool
1960 First commercial Laser [5]
1961 First commercial Robot
1963 First Interactive Graphics System
(early version of Computer-Aided Design) [6]
1988 First commercial Rapid Prototyping System

Second Phase: 31 Carve and
Surface Modeling

Mid-1970s

Increasing complexity

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

Second Phase: Soft or Virtual
Frototyping

Mid-1970s
Increasing complexity
Virtual 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 ambiguons but exact

Third Phase: Rapid Prototyping
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 aditivnih tehnologija

» Prvirezultati primene AT (RP) sistema objavljeni su 1982. godine, a prva industrijska
primena pocela je 1988. godine (firma 3-D Systems, SAD koja je i sad lider na trzistu

sistema za AT).

Y V

Veliki broj razlicitih uredaja.

Y

Brzo rastuce trziste.

From the 1970s to today, key 3-D printing moments

U pocetku proces je bio skup i komplikovan.

Wyn Kelly Swainson patents directing Scientists at the Wake Forest A baby’s life is saved by

a laser onto a tray submerged in Institute for Regenerative Medicine a 3-D printed splint created

liquid plastic, fusing a layer of solid 3-D print a bladder — the first 3-D by the University of Michigan. | ’
plastic on top. printed organ. = 4

photopolymer surface, creating by French artist
crosslinked layers. | Patrick Jouin.

Sources: Modmuseum.org, The Guardian

(?
Chuck Hull patents stereolithography, | The first functional ;
‘ focusing UV light at a liquid furniture is 3-D printed |
A

Boeing debuts FAA-approved

3-D printed titanium parts for

" | the 787 Dreamliner.

320000

280000

240000 +~

200000+

1600001~

120000-"

bt e e S S T S S R e S S S S e S s Sl = o

80000 -

400004

0

1 I
2007 2008 2009 2010 2011 2012 2013 2014 2015
Source: Wohlers Report 2016

More than 278,000 desktop (under $5,000) 3D printers were sold worldwide last year




1998

1994
1995

2001

2004
2005

2009

201

2016

2017
2018

2022

2030

“3D PRINTING’S POTENTIAL TO REVOLUTIONIZE
MANUFACTURING IS QUICKLY BECOMING A REALITY.”

izrada prototipova

izrada kalupa za livenje

izrada alata

AM u autoindustiji

vazduhoplovna industrija (polimeri)

medicina (polimerne vodice)
medicinski implanti (metalni)

vazduhoplovna industrija (metali)

nano proizvodnja
arhitektura
biomedicinski implanti

in situ biomedicinska proizvodnja

proizvodnja organa

%

M MakerBot

| e
g |

= mﬁkErBQt

Leading the Next Industrial Revolutic

W S @™

MANUFACTURER FILES FOR BANKRUPTCY
3D PRINTER COMPANY ASKS
CLIENTS NOT TO PRINT 3D PRINTERS




Aditivne tehnologije i Industrija 4.0

EXHIBIT 1| Nine Technologies Are Transforming Industrial Production

b
-
Autonomous
robots

Big data Simulation
and analytics

Industry 4.0
Horizontal and vertical
system i/'-ntegran‘on

2

Additive \y e Industrial

manufacturing ternet of Things

The cloud Cybersecurity

Industry 4.0 is the vision of the
industrial production of the future

Source: BCG.




Pozicija AT u Hype cyrcle-u

The hype cycle je graficka prezentacija koju je americka firma za istrazivanje, savetovanje i
informacione tehnologije Gartner da predstavi nivo razvoja/zrelosti, prihvaéenosti i
drustvenu primenu specificnih tehnologija tj. kako ¢e se odredena tehnologija ili

aplikacija razvijati tokom vremena

2014 GARTNER HYPE CYCLE

Current as of July 2014

What is this?

Natural-Language Question Answering

Internet of Things Wearable User Interfaces

Speech-to-Speech Translation @ ':"-_ Consumer 3D Printing
Autonomous Vehicles @ ® Cryptocurrencies
Smart Advisors @) ® Complex-Event Processing

Data Science p ® Big Data

Prescriptive Analytics @
Neurobusiness M
Biochips @

P Content Analytics
p Hybrid Cloud Computing

Affective Computing @ (
Smart Robots @)
3D Bioprinting Systems @)
Volumetric and Holographic Displays m
Software-Defined Anything @
Quantum Computing m ,
Human Augmentation (
Brain-Cemputer Interface m
Quantified Self @)
Connected Home @)
Smart Workplace @
Virtual Personal Assistants @
Digital Security gy
Binacoustic Sensing mgll

Gamification
(@ Augmented Reality

1® Machine-to-Machine
Commication Services

Virtual Reality
p Cloud Computing

pNFC

Expectations
Time ===t

Enterprise 30 Printing
Mobile Health Monitoring —L

Hype Cycles offer a snapshot of the relative maturity of
technologies, IT methodologies and management
disciplines. They highlight overhyped areas, estimate
how long technologies and trends will take to reach
maturity, and help organizations decide when to adopt.

Plateau will be reached in:
PP Less Than 2 Years
p 2-5Years

® 5-10Years

P In-Memory Database Mgmt Systems

B More Than 10 Years

Speech Recognition
Consumer Telematics —|

3D Scanners—L

Plateau of
Productivity

esh By: @ CAPITALIST




Razvoj AM sektora

» Tri najbrze rastuce oblasti primene AM tehnonologija su: medicina, masinska

industrija i sector aeronautike

Sector Overview: Ready for
Additive Manufacturing?

" Dentistry and dental technology

L 4
K Machine tool manufacturing

X Aerospace

..
y
=

S o [ o | o] o BE

Production readiness level

Capable of full-scale production

Initial systems already manufactured

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
140 9 L]
* Heterogeneous/Homogeneous B ¢ ¥
. : : g \
* Anisotropic/Isotropic i 100 .‘_______’ .. .
* Geometry Dependent ) s | .
60 4 [ @ "
! 40 4 .-.. =
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Toughness -Linear Resistance [Jim]

| High Toughness High Temperature
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Rubber-like material fraction

Stiffness
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Composite Digital
Material
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Digitalni (kompozitni) materijali
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4D Printing

ImportantAspects of 4D Printing

4D PRINTING

Skylar Tibbits is shaping ﬁi

2 Nexl evelopmen D 4D
the next development, 1D 2D = e k’

>

b 4D

i ”’r-" Printing
>

which he calls 4D printing, . ]
where the fourth dimension % .%' =4
is time. This emerging " 5N Multi

technol will allow us to 4 ¢ ) S i e .
gy X ; )materlals

int objects that then .
Pr je \/ printer

reshape themselves or
self-assemble over time.
Simulation software for 3D printer with Materials that change
self-assembly and capability to print shape upon external
design constraints multiple SMART stimuli
optimization. materials 0O Shape memory alloy
0O Autodesk Stratasys O Self healing
o CATIA ROVA materials
0O Open Source SolidView
GeoMagic

Year of Impact (4D printing) FurtherAppIications of Smart Materials

Expected Year of Impact
Sectors

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













Opsti tehnoloski tok/faze RP/AM/RT postupaka

)Sti pristup zajednicki za sve RT/AM/RT tehnologije je
sledeci:

Generisanje digitalnog 3D modela. Model mora biti
predstavljen zatvorenim povrsSinama.

Dobijeni model se zatim konvertuje u neki od
standardnih formata za razmenu podataka. Obicno se
koristi STL (STereoLitography) fajl format. To je fajl
ASCII ili binarnog tipa i predstavlja listu trougaonih
ovrSina koje opisuju kompjuterski generisani
torni model. Pored STL- formata koriste se i CLI,
, STEP ili IGES formati.

softver analizira poligonalni model i pretvara
poprecnih preseka. Podaci se procesiraju na
0 se virtuelni model deli u slojeve debljine
0 0.3 mm.

akav model koristi za formiranje
ori ¢emu se svaki sloj vezuje sa
a - Procesiranje.

esiranje

AV
VAVAYaP
2

3D Cad .STL
Model File

SEERT R

R T L PR e e
racunarsko interni B — 5
CAD model ER————

;:‘_-.-‘G.x.’""v:ﬂ' Pl
TR BRI

Slicing
Software

Layer Slices & 3D
Tool Path Printer Object

radunarsko interni
prikaz slojeva

pretvaranje spajanje
pojedinih slojeva realnih
u realne slojeve slojeva

CADModel - - - --- == - -c e e e - 3D Object




Opsti tok/faze RP/AM/RT postupaka

3D CAD File

Basic data : Ulazni podaci — generisanje modela
Scan / 3D CAD files - STL ’

Pre-treatment : Pre-procesiranje 3D STL File
STL corrections, orientation, supports, 2D slicing 4L

- Manufacturing : Procesiranje
Full automatic

‘ Sliced File

Post-treatment : Post-procesiranje
Cleaning, sand blasting, coating, finishing

z 2D layers



Opsti tok/faze RP/AM/RT postupaka

'-5.1\

1
CAD-based
3D model

=t = p 1
—
2 3 4 5
STL file Sliced layers AM system End-part
finishing

FINAL PRODUCT




Generisanje 3D digitalnog modela

3D CAD softverski sistemi

Reverzibilni inZenjering (RE)

Podaci o poprecnim presecima (geofizoika, topografija)

Medicinski podaci (CT, MRI) >
Matematicki podaci (eksperimenti, algoritmi..) pSCATIA

. A AauTocaD
N

i\lXUnigraphics
SIEMENS PLM Software I INVENTOR
-~ TN

g 2 3 F ‘ ProlENGINEER 2 .
L At : ~o 25SohdWorks
N N §y Ccreo
D
CT SCANINNG PHOTO FORMAT 3D RECONSTRUCTION-
PREPARATION CAD MODEL

TN PARATION OF
IMPLEMENTATION BUILT IMPMANT IMPLANT LENS-PRE
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 file format

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



Vektor normale —___|

Pocetak petlje

Vektorl ¢vorova

Zavrsetak petlje

STL file format

gt ¥
: —a
1
3
.E“
Y
ZEF—‘ T *El
1

facet normal 0.000000e+000 0 00e+000 -1.000000e+0
cuter leocop
vertex 1.000000e+001 2.000000e+000 0.000000e+000
vertex 1.000000e+001 0.000000e+000 0,000000e+000
vertex 8.610815=+000 2.121538e+000 0.000000e+000
endloop
endfacet
*“r‘faﬂct normal 0.000000e+000 0.000000e+000 -1.000000e+000 |
cuter leop |
vertex 8.610815e+000 2.121538e+000 0.000000=+000 |
—————+ { vertex 1.000000e+001 0.000000e+000 0.000000e+000 I
vertex §.263518=+000 1.519225e-001 0.000000e+000 |
|

Krajbloka ] ——————— e e J

podataka

facet normal 0.000000e+000 0,000000e+000 -1.000000e+000
outer loop
vertex §.61l0815e+000 2.121538e+000 0.000000e+000
vertex 8.263518e+000 1,518225e-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




STL file format

Fradnosti

Opis

Komentar

Jednoztavna konverzija 30 u
STL

Fonverzija 20 modela u
STL format odvija s
primenom standardnih,
jednostavnih algortama, uz
moguénost kontrolizanja
tatnosti aproksimacije

Univerzalnost

Swi tipovi 20 geometrije
mogu =2 aproksimirati
mrezam ravanskih trouglova

Jednostavno generis{anje
ravanskih preseka

Algontmi za generizanje
ravanzkih preseka na STL
modelu najéeiie su
jEdnostavni

Mogutnost segmentiranja STL
datoteke

Za potrebe prilagodavanja
radnom prostoru RP
magine, veéi modeli mogu
ae podeliti na nekoliko STL
datoteka

Meadostaci

Problemi svojstveni STL formatu

CipEirnost | ponavljanje
podaiaka

Velitina datoteke
Fojava gregke
raockruZivanja

GreEke u procesu konverzije

Medostac u pogledu
projektovanja tehnoloskog
postupka

Skupo i vremenskl zahtevno
korigovanjes STL datoteke

Medostatak topologkin
informacija

Medostatak tehnoloskih
parametara




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




Osnovna klasifikacija AM postupka

Grupa Nacin generisanja Komercijalni naziv tehnologije Skr.
konture
Fotopolimerizacija u kadi Laser, projektor, Stereolitografija (SLA)
printerska glava
Fuzija praskastog supstrata Laser, Selektivno lasersko sinterovanje (SLS)
mlaz elektrona Selektivno lasersko topljenje (SLM)
Topljenje mlazom elektrona (EBM)
Direktno lasersko sinterovanje (DMLS)
metala
Laminacija folija Laser, noz Proizvodnja laminiranih obj. (LOM)
Laminacija plasticnih folija (PSL)
Vezivna 3D stampa Printerska glava Vezivna 3D stampa (3DP)
Ekstrudiranje materijala Glava ekstrudera Deponovanje istopljenog filamenta (FDM)
Direktna 3D Stampa Printerska glava i UV  Polylet, Polylet Matrix (PJ)
lampa
Nanosenje materijala Mlaz elektrona 3D lasersko oblaganje (DED)

primenom usmerene
energije

Direktno talozenje metala




© 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
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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 ¢
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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.
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.odela AM postupaka prema pocetnom stanju materijal

Additive manufacturing technologies




Osnovna klasifikacija AM postupka

Vat Photo- Material Material Binder Powder Sheet Directed
peolymerization Jetting Extrusion Jetting Bed Lamination Energy
Fusion Deposition

Pre-deposited Droplets are Thermal energy Sheets of material Focused thermal

hate ctive M Liquid bending lectivel are bonded to energy fuses
Eﬂmﬁﬂﬂud b sele W selectively Agent selectively ::“5 r:;?Lns of form an mal:!r?;lls as
Ilght-acd:ited Y deposiied dizpensed through  depesited tojein 4 powder bed object. deposited
cross linking of " lfﬂﬂg’" a nozzlelorifice in powder materials
otepolymors ™ LASER & EB: *Matal “Wire & Powder
Z‘:.}:ii.:nu polymer :m, *Metal smetals -Paper «LASER & EB
Sand ‘,’::,:"‘“ Plastic  €O,LASER: -Wood For feature
. . mn - mie/San «Pol +Plastics addirion/repair
Phetopolymers -FDM, FFF -Fuil Color Fiber
| «Sand | | |

|
Metal Parts In-Directly Metal Parts Directly




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

* FElectron Beam Melting

» Selective Laser Melting

» Selective Masking Sintering

» Selective Inhibition Sintering

» Electro photographic Layered
Manufacturing

» High Speed Sintering

Powder Based

S

» Fused Deposition Modelling
» Sheet Stacking Technologies

Solid Based




ela AM postupaka prema pocetnom stanju materi

AM processes

[ Liquid

based ]

l

Melting

|
[ Polymerisation ]

Fused
Deposition
Melting

Stereo- | Polyjet

litho-
graphy

Solid based

(o ]

[ Powder based }

|

| Melting

Binding I

[ 3D printing ] [ nlfl';;l }

Selective
laser
sintering

Selective
laser
melting

Direct

laser

metal
sintering

Electron
beam
melting

]

Laminated
engineered net
shaping




odela AM postupaka prema pocetnom obliku materija

Me_t Al Electron Beam
Selective :
Uaeap Pav\.rder Bed Area-wise
Mold Slurry Sintering Fusion Laser Beam
Deposition . Powder .
I\ Bed Fusion
| fit
i B = JD Laser Beam
Hybﬂd 7 s q A ) /W n
Binder Jetting :,.\- '*:.l L‘/ r/J' /_, Po‘i":’def Bed
- 1/ | [ Fusion
Powder Laser
Binder Jetting Energy
ﬁﬂ Powder v Deposition
Metal OJ -
Lithography Si\] - Coldspray
-

Pellet Material _T

[_] m Wire Electric
Extrusion

— Arc Energy
: Deposition

: : Wire Plasma
Filament Material L

Extrusion e En_e ray
Deposition
Nanoparticle l "_:ﬁ Y = \T,_Ti;M Wira Lasw
Jotting =/ i
e O | =4 — Deposition
— e
Friction — — Wire Electron
Energy Beam Energy
Deposition Ultrasonic Liquid Deposition
Energy Metal
Deposition Printing

@ Direct @ Sinter-based




dela AM postupaka prema pocetnom obliku materij

‘ Finishing

Customer




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




Rapid Prototyping vs Additive Manufacturing

Rapid Prototyping Additive Manufacturing
Stereolithography +  Electron Beam Melting
Bi-material 3D Printing +  Selective Laser Melting
3D Printing of wax + Laser Cladding
Selective Laser Sintering - Hybrids of Stereolithography
3D Printing of polymers / plaster

" Functional
K{ parts

-__,.a-""

-

J'f

\\ )

Visual - Final
 parts v parts




Uticajni faktori na mehanicke karakteristike
delova dobijenih aditivhim tehnologijama

Materijal

AM metod Ogranic¢enja tehnologije

N

Parametri procesa

' Material @ Structure @ Process @ Performance @ More coupling
Metals & alloys Topology Machine Mechanical elements
Composites Cellular Software Physical @ More future
Multi-materials Biomimetic Monitoring Chemical elements




Struktura dela
(facnost, |«

AM materijali

krutost,...)
A

-

L 4

RP proces

Karakteristike:
/ t — mehanicke osobine
- aspekt zastite Covekove sredine

- reoloske osobine (fluid)

Materijal
- regulisanje parametara za v
- postprocesiranje
v v
FPostprocesiranja |- - Uredaj
Postiratiranje
¥ Powder-bed inkjet
matecal: Metal—-polymer
B Metal powders composites composites
B Thermoplastics (powder
forrn} Polymers
B Thermoplastics (solid
form)
B Photopolymers
Ceramic—polymer
' ' ' ' composites
2013 2014 2015 2016 2017




AM materijali

Process Material Tensile strength Elastic modulus
(MPa) (GPa)
Stereolithography SL5180¢ 55-65 24-2.6
SL5195¢ 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 54 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




AM materijali

Polymer use in Additive Manufacturing




AM materijali

Materials for Selective Laser Sintering additive manufacturing




AM materijali

i 7]
o TR

Platinum Gold Sterling Silver Precious Plated Metal

.J'

i

Strong & Flexible Plastic Frosted Detail Plastic Acrylic Plastic Metallic Plastic

Brass Bronze Steel Full Color Sandstone

Porcelain Castable Wax Elasto Plastic Aluminum



