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Vrste i podela RP i RT procesa
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Selective Laser Sintering (SLS)

v

interovanje

lektivno Lasersko Sinterovanje

estice praha 50 um - 100 um

ora za Cestice se greje

erovana (vrsta praha, debljina sloja)

datnog sloja praha
iko ¢asova)

Postupak na bazi spajanja diskretnih Cestica topljenjem
DTM Corporation 1989 Austin, 3D Systems 2001

eratura sinterovanja (170 — 200°C za plastiku)
anje se odvija bez pritiska (manja gustina)
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Selective Laser Sintering (SLS)

Nedostaci procesa

O Tacnost (za vreme ocvrscavanj
desiti da nezeljeno ocvrsne i
koji za to nije predviden)

O Kuvalitet (zbog prirode p
je relativno hrapava

O Dopunski troskovi

ktar razlicitih materijala
i postupak
ina izrada kompleksnih

zahtevaju posebne




SLS - procesiranje

Pojava stepenica na povrsini delova ukoli
ugao nagiba prema x-y ravni manji od 20
stepeni

cni prah sluzi kao noseéa struktura za
ne delove pa je moguce graditi jedan

ad drugosg. 7
4
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Precnik otvora
0.5mm

Debljina zida 0.30mm




Cena izrade u najvecoj meri zavisi od visine
gradnje (z - osa) i od utrosene kolicine praha

Redukovati visinu gradnje delova ->
* Projektovati delove sto je mogucée manje visine

* Projektovati delove tako da se poveca ispunjivost
radne zapremine

Redukovati zapreminu delova

* Integrisano projektovanje

* Projektovanje ,lakih”-tankozidnih delova
* Optimizacija

Debljine zidova

x/y

° Minimalna debljina zida 0,45 mm
Z

Civije — stubovi

* Minimalna debljina zida 0,8 mm

Zavisi prvenstveno od orjentacije dela prilikom izgradnje!

o Minimalna debljina zida koja garantuje mehanicke osobine i dimenzijel,5mm

* Minimalna debljina zida —teoretski debljina sloja— 0,1 mm

* Minimalna debljina zida koja garantuje mehanicke osobine i dimenzije 1,8mm



Primena SLS

Koncepcijski modeli. Mogu se

izradivati fizicke predstave dizajna koje
se koriste za reviziju ideja, oblika i stila

dizajna.

Funkcionalni modeli i prototipovi.
Delovi izradeni SLS postupkom mogu

podneti ograni¢ena funkcionalna

testiranja, ili se ugraditi i eksploatisati u

sklopovima.

Polikarbonatni Sabloni za livenje.
Sabloni se proizvode od polikarbonata,
zatim se postupkom preciznog livenja
lije metal po zelji. Izraduju se brze od
vostanih modela i idealni su za livove sa
tankim zidovima i finim detaljima.

Metalni alati. Moguda je direktna

izrada alata za male serije.




Karakteristike SLS sistema kompanije 3D Systems

Sinterstation Pro 140 Sinterstation Pro 230 Sinterstation HiQ

550x550x460 mm 550x550x750 mm 381x330x457 mm




Metalni materijali

etal Binder Jetting
llar to paper2D printing.
e to produce big parts very fast by joining metal layers together thanks to a
er. Gives a green part that needs to be sintered afterwards.’
rect metal deposition/ cladding
)ving nozzle deposits and melt powder at the same time. Very useful for
t welding reparations. Naval industry.

! ‘- A;_;“ 5 7 .
E ' /

= -
,‘ w ¢
<4 ' /‘ =
—on] 7
==\ &/
ro AL
. —g
g ! s |
3!
2

¥

r

-




Direct metal laser sintering (DMLS)

SCANNER

Selektivno lasersko sinterovanje
je
Selektivno lasersko sinterovanje

POWDER

DMLS -> Direct Metal Laser Sintering

PART

Osnovna razlika u odnosu na plastiku je rad u
zastitnoj atmosferi — bez prisustva kiseonika
* Azota

* Argona

CAD model CAD model prepared Laser Sintering principle

Nitinol structure produced
for Laser Sintering

by Laser Sintering

m
(3

10 mm




DMLS — Direct metal laser sintering

Materijali
> Alatni Celik
> Nerdajuci Celik
> Aluminijum
> Titanijum

Debljina sloja
> 0,04-0,06mm

Dimenzije radne zapremine
250 x 250 x 330 mm

Izrada delova kompleksne geometrije

Posebno namenjena za jezgra alata za livenje
Delovi UVEK MORAJU BITI VEZANI ZA RADNU PLOCU!

Nakon izrade delovi se skidaju sa radne ploce —
erozimatom, testerom, ....

Zaostali prah je veoma zapaljiv!!!

Ukoliko postoje kanali potrebno je odstraniti prah iz isti



Metalni prah ne moze da sluzi kao noseca struktura za
delove

Moraju da se izgrade noseci elementi ,,support” ako se
grade delovi

Ako se grade alati tada je moguca nadogradnja delova —
nije potrebna izgradnja nosecih elemenata
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Dodatna obrada

Peskarenje nakon izrade
* Dodatak za obradu 0,05mm
* Poboljsanje kvaliteta povrsine
* Stvara dobru osnovu za dodatnu obradu

Fina masinska obrada
* Dodatak za obradu 0,1-0,5 mm

Poliranje
* Dodatak za obradu 0,03 mm



Selective Laser Melting (SLM)

FOCKELE & SCHWARZE (F&S)
Postupak: Selektive Laser Melting (SLM) — selektivno lasersko topljenje

QO Specificnost F&S sistema je u racunarskom definisanju pojedinih slojeva modela,
posebno u vrsti kreiranja slojeva spustanjem platforme.

O Izrada alata i prototipova i iz plemenitih metala, aluminijuma i ostalih metala.

0 Debljina generisanog sloja je oko 0.015 mm, tako da se omogucava izrada veoma

tacnih delova (Cak i izrada navoja).
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Selective Laser Melting (SLM)

Laser additive manufacturing (LAM)
Selective laser micro-melting (SLuM)
Laser micro-deposition welding (LLMD)

Process direction

ialdi
Shielding Mozzle Powder Feed Mozzle

Laser Beam

Deposit )
a- Powder delivery angle
d - Powder nozzle stand off

Substrate distance

Powder focus position




Selective Laser Melting (SLM)

EOS - Nemacka

glava jedinica za

skenera nanosenje sloja Laser

EOSINT EOSINT EOSINT
Mouodel P il M2 Xtended | EOSINT S P70
Laser type Ciy Cin iy Ciy
Laser power (W) 50 Min. 200 2w 50 50
XY sweep spead 5 3 5 each 5
(ms)
XY position accuracy +0.05 +0.05 +0.05 +0.05
(mm}
Work volume, XYZ 340 5 340 250 5 2500 % TOO 3 38005 | TOO = 380 =
(Dm 3 mm < mm) 620 185 380 580
Layer thickness 0.1-0.2 0.05-0.1 0.2 0.15
(nm )
Sire of unit, X¥Z 205=1.3= | 1.95x1.85x= 2=l 4= | 2.0 =14l =
(3 m » m) 1.25 1.1 1.4 2.27
Data control unit PC Pentium PC Pentium PC Pentium | PC Pentium
Win 95, Win 95, Win 95, Win 95,
Win NT Win NT Win NT Win NT

Power supply

400 Ve,
32A

400V ac,
32A

400 Ve,
32A

400V e,
32 A

magacin viska

platforma materijala

magacin

materijala

EOSINT M 260




Selective Laser Melting (SLM)




DMLS v.s. SLM

DMLS -podrazumeva Sirenje veoma tankog sloja metalnog praha preko povrsine koja
se Stampa. Laser se lagano i stabilno pomera preko povrsine da sinteruje ovaj prah, sto
znaci da su Cestice unutar metala spojene zajedno, iako se metal ne zagreva dovoljno
da bi se potpuno rastopio. Zatim se primenjuju i sinteruju dodatni slojevi praha, Cime se
,odstampan" jedan sloj (poprecni presek)

Glavna prednost DMLS-a je to Sto se dobijaju delovi bez zaostalih napona i unutrasnjih
defekata. Ovo je izuzetno vazno za metalne komponente koje ¢e raditi pod velikim
pritiskom, kao Sto su vazduhoplovni ili automobilski delovi. Tradicionalno proizvedene
metalne komponente treba toplotno tretirati nakon sto se izrade kako bi se uklonili
unutrasnji naponi koji mogu dovesti do propadanja delova.

SLS - je veoma visokoenergetski proces, posto se svaki sloj metalnog praha mora
zagrejati iznad taCke toplijenja metala. Gradijenti visoke temperature koji se javljaju tokom
proizvodnje SLM-a takode mogu dovesti do napona i dislokacija unutar finalnog proizvoda,
Sto moze ugroziti njegove fiziCke osobine.

Trenutno, SLM moze se koristiti samo za izradu delova od odredenih metala: nerdajuceg Celika,
alatnog celika, titana, kobalt hroma i aluminijuma.



Electron Beam Melting (EBM)

Electron Beam
Column

kompanija — Arcam 1997

raha 45-106 pm

itanium, 1000°C za druge materijale
superalloys)

Filament

Astigmatism lens

cija (vakum vs inertni gas)
t i bolje mehanicke osobine

Focus lens

Heat shield

Vacuum
chamber

Powder
hopper

Electron Beam




Electron Beam Melting (EBM)




Electron Beam Melting (EBM)




EBM (ARCAM A2 available at Sirris)

SLM (SLM 250HL available at Sirris)

Electron beam source

High preheating Temperature
(~700C)

Need less supports

Less as-built thermal stresses
Difficult for building internal channels

Laser beam source

Low preheating Temperature (<200
C)

More need of supports

Finer resolution

Wider material pallet (al,TiInox tool steel...)

picture: EOS




A more detailed comparison: Some numbers

Size building typical
chamber
(mm) up to

Layer thickness (um)
Min wall thickness (mm)
Accuracy (mm)
Build rate (cm?/h)
Surface roughness (um)

Type of parts

SLM EBM
250 x 250 x 350 @ 210 x 350
500 x 280 x 325 @ 350 x 380

30 to 90 50 to 90

0.2 0.6

+/- 0.1 +/-0.3

5 - 20 80

5= 5 20 - 30

High resolution, difficult More massive parts, less
for massive parts detailed.



‘Need of support structures for EBM and SLM technologies’

Support goal Importance Importance
for SLM for EBM

Hold part against thermal stresses- ~ *** *

avoid delamination

Conduct the heat away-thermal i *

transfer

Physically hold the surfaces >45
over the powder bed




‘Supports will decrease the quality of the surface’




‘So orient the part in the way that less supports will be
needed’




AlSi10Mg, SIRRIS data
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‘Lighter, complex and faster from design to
manufacturing than conventional production’

+ Powder is less conductive than molten metal.

» So supports are built below massive zones to dissipate
the heat and avoid over-melting.



Electron Beam Melting (EBM)

Wire-based systems

Vacuum Chamber

Electron beam gun

Wire feed

Electron beam Cogiie

Substrate Positioning system% X

y




Laser metal deposition manufacturing - LMD
Directed energy deposition - DED

ivna tehnologije u kojem se fokusirana toplotna energija koristi za spajanje
rijala topljenjem dok se vrsi njegovo deponovanije.

ME:.‘;‘.;I,.

Electron Beam

Molten Alloy Puddle ’/_ Powder delivery
~ nozzle
Wire Feeder Prior Deposit Converging 5% | o™
owder streams ® | =l Sheath gas
Substrate z ¥ —~ | " '3 «

Re-solidified Alloy @0 |
Direction of travel LE1Y

) %

Melt zone

Substrate









A few facts about Directed Energy Deposition

sElectron Beam with wire seems to be leading for part production
currently
e Material needs something to land on (supports)
— We don’t typically make 3D complex parts, just complex parts with
mostly upward-facing features
e There is a direct correlation between feature size and build speed.
— Accurate processes are painfully slow
— Fast process are very inaccurate
e Surface finish & accuracy requirements almost always require finish
machining
e Most metal alloys can be deposited with some success
— Rapid cooling affects properties
e Polymers and ceramics rarely used, but possible
e Adding features to existing structures
— Replace complex forgings with sheet structures that we build up
near-net shape parts on
e Repair & refurbishment of existing components
— Qualified for many high-performance applications

Spar Machining Trials




Metal Additive Manufacturing Deposition Rates
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Characteristics

Materials

Part Dimensions

Part Complexity
Dimensional Accuracy
Build-up Rate
Build-up On

Layer Thickness

Roughness R,

Large Diversity of Materials

Limited by Beam Manipulation System
up to 59" x 20" x 20"

Limited

>0.012"

4-16in°/h

3-D Surfaces and Existing Parts

> 0.004-0.04"

60-100 pm

Limited Availability in Comparison
to DED

Limited by Scanning System
Typically 10" x 10" x 6"

Nearly Unlimited
=>0.008"
0.8-4in*/h

Flat Surfaces
>0.0012-0.004"

50-70 pm



