izrada prototipova i




Postupci na bazi cvrstih materijala

Postupci bazirani na principu ekstruzije

= Dopremanje materijala
®= Topljenje materijala
= Postiskivanje materijala (pod dejstvom pritiska ili gravitacije)
= Ekstruzija
= Plotovanje u X-Y ravni
= \ezivanje i ocvrs¢avanje materijala (hladenjem ili hemijskim putem)
® |zrada potpornih struktura
Filament material
Ll J heaters thermmocouples shaping die ; /\?’i f’\\)ﬁ F;Qghsgltlsr:q

plastic pellets 2 ?

tuhmg and pipes

{

——— Liquifier
chamber

—_—
\ cheet and fﬂm Nozzle tip

] \"
turning screw barrel molten plastic extrudate \jﬂ_&
] M= rnot or o ] X-y axes

structural parts [
P Scaffold |

Platform ‘

VZz-axis



Fused Deposition Modeling (FDM)

Modeliranje deponovanjem topljenog materijala

» Scott Cramp, Stratasys Inc., Minesota, SAD

» Prvi komercijalni FDM sistem se pojavio

1992. godine - 3D modeler

Stanje materijala
| Tedno

FDM glava H
Cursto

Materijal
u obliku

Zice

“<>FDM wrh glave

Deponovan
materijal

LIQUIFIER HEAG
(MOWES IN ¥ AND Y3

EXTRUBIGH
NOZZLER
= FRAM BLAS

EBUPFORT = J

MATERIAL
EPOOL
(’TEEHL

auiLn
EPOGL

BUILD PLATFQRM
(HOWES IN Z AXIE)

Inside a 3-D Printer

How a 3-D printer using fused deposition modeling (FDM) works

b

B A plastic filament on a
coil is melted in the nozzle.
Malten plastic beads form
a 0.25 mm-thick layer.

EI A computer reads a file with 3-D-information
on the structure of the desired object and
initiates the printing process.

E An extrusion
nozzle moves in
horizontal and vertical

directions over a height

adjustable work platform. Using this method,

the object takes shape
layer by layer.

ﬂ The platform sinks 0.25 mm
after each layer is applied,
and then the nozzle begins
on the next layer.

A second nozzle containing a different material

is used to create a disposable

which allows for overhangs. The structure is
dissolved in water after the plastic object hardens.






Fused Deposition Modeling (FDM)

etri procesa — Thermoplastic materil
e materijala

oCa materijala
savijanja

Heated extrusion head

ioniranja glave




Under-Extrusion Over-Extrusion

Stringing or Oozing Overheating

Gaps Between Infill and Outline Curling or Rough Corners




Fused Deposition Modeling (FDM)

Nedostaci procesa

O Relativno niska ta¢nost d
O Sporost procesa

ie oslonaca O Nepredvidivo skuplja

a promene materijala

ainje podacima
isparavanjima.




Fused Deposition Modeling (FDM)

Primena FDM

L Modeli za konceptualizaciju i
prezentaciju. Modeli se
mogu peskariti, bojiti,
etiketirati i busiti pa se moze
dobiti izgled krajnjeg
proizvoda.

O Prototipovi za dizajn, analizu
i funkcionalna ispitivanja.
Mogu se proizvesti potpuno
funkcionalni prototipovi od
ABS plastike. Takvi delovi
imaju 85% cvrstoce krajnjeg
proizvoda. Zato se mogu
sprovoditi testiranja u
eksploataciji, posebno za
proizvode Siroke potrosnje.

0 Sabloni i master modeli za
izradu alata. Modeli se mogu
koristiti za precizno livenje,
livenje u pesku i livenje pod
pritiskom




Fused Deposition Modeling (FDM)

How does FDM compare with
traditional processes for
Lamborghini Lab?

Method Cost e
Time

Traditional 120
process $40,000 days

FOM Technology 52,080 20 days

12
days
{B0%)

$36,910

Savings (92%)




Karakteristike FDM sistema firme Stratasys

Model Prodigy Plus FDM Vantage SE FDM Titan FDM Maxum
simaina 203x203x305 mm | 406x355x406 mm 406x355x406 mm | 800x500x600
veli¢ina dela mm
do 127 mm: do 127 mm: do 127 mm:
" +0,127 mm +0,127 mm +0,127 mm
e nost 2 27 mm preko 127 mm: preko 127 mm: preko 127 mm:
+0,038 mm/mm +0,038 mm/mm +0,038 mm/mm
fina— 0,178 mm
Debljina sloja standardna — 0,127 do 0,254 mm 0,178 do 0,356 0,178 do 0,356
0,254 mm mm mm

gruba — 0,33 mm

ABS,
Materijal ABS ABS, polikarbonat polikarbonat, ABS, ABSi
polifenilsulfon
R izrads WaterWorks WaterWorks, BASS MG WaterWorks
oslonaca BASS




FDM Metala

liquefier - stepper motors___ ; )
3 S heating coils

r

L {* fl.‘:

nozzle




Do it Yourself FDM rapid prototyping
(cost under S5K)

* FAB@Home * RepRap




The Future ? Self-replication |




Laminated Object Manufacturing (LOM)

» Cubic and Helisys, 1991
» Laminirani objekat

» \Veoma jednostavan postupak
» Solid Freedom Fabrication (SFF)

i
~ Laser bearn

2= maving oplic head

Heated roller Current layer

Part |y outhng and crosshateh

Prendous
\jmﬂf

Copyright & 2008 CustomParthet




Laminated Object Manufacturing (LOM)

1. Skidanje sa plattorme

ze procesa .
Post-Procesiranje

2. Vcden]e iz okvirq
// ,7’/
///:I T

esiranje

1. Isecanje konture
laserskim zrakom

2. Spustanje platforme
za debljinu sloja

ay - i

L == ”"' ! - T e I —— ol 7
e - 1A ; Zi
- - o N . : A: .- REET & 2 A’ 3%,
Iepkom pre nego &to laserski zrak | | LJ’ . L
N isele sledeéu konturu — — ) i




Laminated Object Manufacturing (LOM)




Laminated Object Manufacturing (LOM)

Glavne prednosti Nedostaci procesa
v Siroki spektar materijala O Kontrola snage lasera
O Problem izrade delova sa tankim

(papir, plastika, metal, keramika, kompoziti)

v’ Brzina zidovima

v’ Izrada delova velikih dimenzija O Cvrstoca (adhezija slojeva)

v' Neosetljivost na skupljanje O Uklanjanje viska materijala iz otvora
v" Nema potrebe za osloncima modela

v Nema zagadenja okoline O Nuzno je lakiranje prototipa da bi se
v' Krakto vreme postprocesiranja modela izbeglo upijanje vlage i time promena
v" Nema zaostalih napona dimenzija

O Veliki otpadak materijala




Laminated Object Manufacturing (LOM)

: . . Efekat stepenica kod
Alumintjum 0,20 mm : 3 . lamela vecih deblina
Aluminijurm 0,40 me ' ; '

Bakar 0,20 mm
Higkalegirani dalik 0,18 mm

Niskalegirani Salik 0,25 mm
Austenitni Zalik 040 mm

Austenitril Salik 0,50 mm
Lelik 22 plastitnam previakorm 0,70 mm

Niskalegirani Zalik 083 mm

lzecane lamela pod
uglam




Laminated Object Manufacturing (LOM)

Primena LOM
O Vizuelizacija objekata. Objekti se
obi¢no proizvode u prirodnoj
veli€ini i naknadno obraduju i
boje. Replika proizvoda.

Provera dizajna, uklapanjai
funkcionalnosti. Mogu se
sprovesti bazicna ispitivanja.
Izrada modela. (precizno livenje,
ivenje u pesku, vakumsko livenje,
jekciono presovanje, Modeli za
covanje alata za oblikovanje

i silikona, sprej-metal itd.),
boling. Alati za injekciono
voska, poliuretana,

i, gume itd.




Selective Deposition Lamination (SDL)

Tungsten
Carbide Blade nlzE LR

Paper Feed
Mechanism _ / . Adhesive
*re-printed LS — \  Nozzle

per \

e ———

N
N
N
L
o




Hybrid manufacturing

s u kome se kombinuju dve ili vise klasicnih tehnologija proizvodnje










Automatic and semiautomatic
decomposition of parts into
features for additive/subtractive

operations definition




Komparacija RP tehnologija

Proporcionalni
model

jumi:
¢ina radne komore (modela) _
FDM Ergonomski
st modela model
izrade
Dizajn
Velidina radnog model
prostora Visa tanost Duze vreme
S O D S —— P - B ST Funkcionalni
model
o I T ..o — i smmiemeaiamemmarsmseans i mm—————— - - - T SLS

0 SRS S N A T e U b D Prototip

FOM

LOM

Realni deo

naknadni

procesi



Komparacija RP tehnologija

Karakteristika

Postproce-
siranje potrebno

Potpore
potrebne

Materijal

Laser potreban
Debljina

sloja (um)
Tacnost (um)

Maksimalne
dimenzije dela
(mm?)

Cena masine
(x 1000€)

Epoksi smola,
akril

da
50

+100

500x500x 584

225 -600

da
ABS, MABS,

vosak,
elastomer,
polietilen,
poliamid
ne

125 -250

+127

254x254x 254

POSTUPAK
SLS

da

ne

Najlon, metal,
vosak,
polikarbonat,
polistirol

da
76

51

330x380x 425

375-550

Keramika,
metalni prah

ne
177
127

355x457x
355

Papir, plastika,
keramika, drvo,
tanak lim

da
76 —203
127

813x559x
508

180 - 350




Komparacija RP tehnologija

Steren- Wide Area aingle et Three
lith ography [rikjet celective Laser |Fused Deposition [rikjet Dirnensional Laminated Ohject
Technology == Sinteting hodeling Printing hanufacturing
Representative . . Cubic
Vender >» 3D Systems Stratasys Solidscape Z Corp. Technolo gies
General Qualitative Features
Maximum Part
Size (inches) 20 %20 x 24 O xExh ExOx8 24 %20 x24 a2 xixl 20 x24x% B |92 x22 %20
Speed avelage good average 1 fali_|poo posl_ excellent o od
Accuracy Vely good o od o od tal eicellent tal tal
tali te peol
Surface Finish _|vely good tal tali tali sxcellent
markst lawdar, markst [asdar, markst [awdar, office ﬁm, OO,
Inrga part slEw, |offion o kny, |oourway, 7] les. 'ﬂl‘lll‘l.
mOCUTEOY, materinls, matetlali. offloa o kay,
wicha pro duct [ire
Strengths A
|po st pro caswing, siza and vaight, siza and vaighi, |mpaad paad, part stabliity,
masey liqulds raglle pats, wystam prics, limited muterisis, I:mnlu
limied meterinie, urfwon finish part sea Imlmh wrd woourwsy
Weaknesses part siza
System Price TESHOK 150K 130K $30-300K TeKSEK KR VI2e240K
Material Costs $/pound
plastics iFE-11¢ 1104 33040 $115-18% L10¢ 4
metal LIRS0
other 13 [mtwroh: RS ipap ¢
(foundry wand) .35 enln
|pimstar:
W.AC culn
* InfIkrant




Komparacija RP tehnologija

Materials Technologies

Parts built through polymerization Parts built through Parts built through melting
bonding agent

Ceramic

Metal

Sand

Plastic

Lower Durability
Smoother Surface finish Rougher
Higher Detail Lower

Prototypes | Indirect processes Application Functional parts

* MJ achieves smooth surface finish and high detail © additively.com




Komparacija RP tehnologija sa konvencionalnim
tehnologijama za generisanje modela

I
Troskovi Vreme
/ .
g 4 E;r:gi in
’ j / , typing
1 g . / ./ = =+ NCglodanje
prototipa P ;S glodan;
____’_-7-51—."""——_ i B e Visokobrzinsko
R i T glodanje
- .
Kompleksnost Kompleksnost

Binder Injection
. O T S R Y

Cost- Low Volume
Cost- High Volume X X
Lead Time v v
-

Material Selection

% <

Surface Finish

Tolerance

X ALK X
X L4 L XL X

Integrated Assembly

Complexity

S NENE N
RN

SRR R
CAAx X1 K %4
L% x x %L
X %X X LA %K X%
X X XL \x1

1
x

Customizability

‘/ is good, == is fair, s poor



Rep Rap
Model:
RepRapPr
o Huxley

Price:
$599

Eventorbot

Model:
Delta Micro
Up Afinia
H-Series
Price:
$1,500

Printrbot

Model:
Printrbot
GO

Price:
$1,500

Makerbot

Model:
Replicator
2X

Price:
$2,800

The Future
is 3D
Model:

Glacier
Steel

Price:
3000

3D Formlabs
Systems Model:
Model: Form 1
CubeX Price:

Price: $3,300
$3000

Stratasys

Model: U
print SE
Plus

Price:
$15,000




