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AOUTUBHE MPON3BOAHE
TEXHONOTWIE (AMT)

NCTOPWUIAT

»CBW CE U JAJBE NMUTAJY O BYAYRHOCTW 3D LUTAMIME, A1 AA B BUOENU
BYAYRHOCT MOPAMO 3HATW NPOLUOCT ..."

LLiTa nma ckopo 40 rognHa, anun n3rneaa NoTnyHo HOBO?
BepoBanu nnun He, T0 Cy agUTUBHE TeEXHONOrKje.

VCTOPWJA ANT: OBE TEXHO/IOTUJE CY CTAPUIE OZ1 BAC
(AKO CTE M/IABM O/1 30 TOAMHA)

MpBu nokywwaj popmuparba UBpcTor objekrta cnoj no cnoj

Kpajem 1960-mx: ekcnepumeHT Koju je YK/by4nMBao npeceLatbe ABa Jlacepcka CHONA PasINYmUTUX TaNaCHUX AYKUHA
y NOCyAm ca CMOJIOM, Y MOKYLIAjy A3 y4BPCTU GOTOMOAMMEPHY CMOAY Y TaYKK Npeceka.

Kpajem 1970-ux: cepmja nateHaTa Koju cy nogpasyMeBaaun pesatbe nonpevyHux npeceka y3 nomoh komnjytepckor
ynpassbatba, Kopuctehu roganunuy Uam nacep u cnarake ga 6u ce popmupao 3/ komaa.

MpBuY pagoBu TEXHMKA aAUTUBHE NPOU3BOAHE

Hideo Kodama: OkTo6ap 1980, pag Three-Dimensional Data Display by Automatic Preparation of a Three-
Dimensional Model y Kom je AeTa/bHO U310KNO CBOj EKCNEPUMEHT - Mel)y NpBMMa 0CMUCANO NPUCTYN
oyspwhasarba Nnomohy jegHOr nacepcKor 3pakKa.

Hosembap 1981, paa Automatic Method for Fabricating a Three-Dimensional Plastic Model with Photo Hardening
Onuncao K/by4yHM eNeMEHT NpoLieca cTepeosMtorpaduje - ToM OCHOBHE TEXHUKE KOje je KOPUCTUO 3a CTBapakbe
NAacTUYHUX Aenosa ,yuBpwhrBarkbeM TaHKUX, Y3acTONHMX cojeBa ¢oTonoimmepa“




MCTOPWJA ANT: OBE TEXHO/IOMMIE CY CTAPUIE OZ1 BAC
(AKO CTE M/IABM OZ1 30 TOAMHA)
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Charles Hull (cyocHrBau 1 rnaBHU TEXHUYKN ANPEKTOP KOMMaHuWje .), aBrycT 1984. popmanHo
poherbe AGUTUBHUX TexHonoruja. NMogHeo nateHT Apparatus for Production of Three-Dimensional Objects
by Stereolithography, no6ujeH mapTta 1986.

Takohe npeno3Hart Aa je jeaaH og TBopaua popmara gaToTeke , Koju je Hajuewhu popmat wramne.

Carl R. Deckard, CeneKTMBHO nacepcko cuHTepoBame, C/1C, TexHooWwKn n3ym Llapna P.
Jeukapaa goroauo ce 1986. Cnegehe rognHe, 1987, 3D Systems je ucnopy4umo ceoje npee 6eta
jeamHunue kynumuma y CeBepHoj AMepuLLM, HEMOCPEAHO Npe Hero WTo cy GUHaNn30BaHe
NPOM3BOAHE jeANHNLE 3anoyene UCNopyKy y anpuay 1988. To cy 6unun npee KomepuujanHe
WHCTaNaumje cuctema 3a aguTMBNU NPOU3BOAHY MKAA.

1989 - , Hemauka
, ®uHcka - direct metal laser sintering (DMLS)

1989 — [lenoHoBatbe pacTon/beHor matepujana, Fused Deposition Material (FDM)
1991 — Helysys, O6paga namuHuparbem, Laminated Object Manufacturing (LOM)
1999 — Objet Geometries, inkjet 3D npuHTEp
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Stereolitografija

1987.3D Systems (SAD) — SLA-1
SLA 250, viper SLA

1988. SL materijali

1988-89. NTT Data CMET, Sony/D-MEC
(Japan)

1990. EOS (Nemacka) Stereos, Quadrax
(SAD) Mark 1000

1991. Stratasys (SAD) FDM ocvrSc¢avanje taloZzenjem

Cubital (SAD) Tonografski postupak SGC
Helsys (SAD) LOM postupak laminiranja

1992. DTM, Teijin Seiki — SLS Selektivno lasersko sinterovanje
1993. Solingen (SAD) DSPC

1994 Solidscape (SAD) ModelMaker
Meiko (Japan)

Pojava 3D stampaca

1996. Stratasys — Genisys

3D Systems — Actua 2100 (ink-jet)

Z Corporation (SAD) — 7402 3D

Kinergy (Singapur) — Zippy (laminiranje papira)
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1997. AeroMet LAM — Laser Additive Manufacturing

1998. Optomec (SAD) LENS — Laser Engineered Net Shaping

1999.3D Systems - Thermolet
SLA 7000 (800.000 S)

Extrude Hone (SAD) — ProMetal RTS-300 (ink-jet metala)

Fockele & Schwarze (Nemacka) SLM — Selective Laser Melting

2000-Te: 3 wrtamna Aobuja BUA/LUBOCT Meauja

2000. Objet Geometries (Izrael) — Quadra, (3D ink-jet Polylet)

Precision Optical Manufacturing (POM) (SAD) DMD — Direct Metal Deposition
Z Corporation — Z402C prvi visebojni 3D stampac

Stratasys — Prodigy (FDM sa ABS polimernim materijalom)
Cubic Technologies (SAD) preuzela Helisys

2001. Solidimension (lzrael) — LOM tankih folija od PVC

Solidica — ultrazvucni postupak (Ultrasonic Consolidation) — kombinacija
ultrazvuénog zavarivanja i CNC obrade Al delova.

Stratasys — FDM Titan (materijali PC, ABS, PC/ABS)

Texas Instruments DLP — Digital Light Processing (princip projekcije slike na
platno)

EOS — novi materijal DirectSteel 20-V1 (prah na osnovi celika, 20 mikrona)
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2001. RSP Tooling LLC (SAD) i INEELL — RSP — Rapid Solidification
Process

2002. Stratasys — Dimension
Concept Laser — M3 Linear SLM — Selective Laser Melting
Solidscape — T66 — pristupacan ink-jet Stampac

2003. Z Corporation — Zprinter 310 (ink-jet)

Solidscape — T612

EOS — EOSINT M 270 — DMLS - Direct Metal Laser Sintering
Trumpf — TrumaForm LF i TrumaForm DMD 505.

2004.

Stratasys — FDM Vantage (PC, ABS)
EnvisionTEC — Vanquish — DLP od fotopolimera
ProMetal — RX-1 za metalne proizvode

2005. Z Corporation — Spectrum Z510- 3D Stampa u boji 24 bit
3D Systems — Sinterstation Pro

2006. Speed Part (Svedska) — lasersko sinterovanje

2007. Z Corporation — Zprinter 450, prvi 3D Stampac (automatsko
uklanjanje i recikliranje neupotrebljenog praha.
Novi materijali
Stratasys — FDM 900MC i FDM 400C — sofisticiraniji FDM sistemi
kojom je obuhvacen Sirok raspon primene prvenstveno zbog velikog
broja raspolozivih materijala u razli¢itim bojama (od polisulfona do
standaradnih ABS, PC i ABS/PC)
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2010-TE: TOAUHE BUA/BUBOCTMU,
UMHOBALUWUIA UHAQA 3A 34 LUTAMNAKE

2020-TE: AONA3AK HANMPEAHUIUX
MATEPUIANA 3A AAUTUBHY NMPOU3BOAHY
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HAJBPEAHWIE KOMMAHWIE N TIPON3BOBAYN Y
OBJTIACT 31 LUTAMME

1-HP 10 — Protolabs

2 — Desktop Metal 11 — Markforged

3 —Carbon 3D 12 — SLM Solutions
4 — Materialise NV 13 — ExOne

5 — GE Additive 14 - XJet

6 - EOS 15 — Shapeways

7 — 3D Systems 16 — Organovo Prusa Research
Ultimaker

8 — Stratasys Bambu Lab

9 — Formlabs Creality

LLITA AOHOCU BYOYRHOCT?

e 3D wramna y meauumnHn: buo-matepnjana, /byACKMX OpraHa 3a TpaHcnAaHTauujy
¢ 3D wramna xpaHe

* 3D wramnay apxuTektypu (6pxe, jedTuHUje, 6e3 rybutka matepmjana)




PRINCIPI ADITIVNE PROIZVODNJE SLOJ PO SLOJ

* Upotrebom postupaka APT proizvod nastaje dodavanjem materijala sloj po sloj.

* Ovakav princip suprotan je od primera klasicnim postupcima odvajanja materijala (subtraktivno) koji
pripadaju metodama obrade rezanjem (struganje, goldanje, brusenje i sl.)

| |
?H
Subtractive Additive Formative

a) odvajanje materijala, b) dodavanje materijala, c) oblikovanje materijala

PRINCIPI ADITIVNE PROIZVODNJE SLOJ PO SLOJ

* Osnovna klasifikacija aditivnih tehnologija - prosirena

|
l l \ !

Subtractive Additive ’The combined ’ Formative

processes processes processes processes

a) odvajanje materijala, b) dodavanje materijala, c) kombinovano d) oblikovanje materijala
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Why machining is still
important

100
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FIGURE 35.20 Dimensional tolerances as a function of part size for various manufacturing
processes; note that because many factors are involved, there is a broad range for tolerances.

Kalpakjian & Schmid

Compared to Additive

Table 4: Overview of IT-classes for various manufacturing processes ding to FrITZ
[42]

“Process IT-Classes (DIN EN ISO 286-1)
5 6 7 8§ 9 10 11 12 13 14 15 16
Casting o
Sintering A |
Drop forging I I )
Precision forging
Cold extrusion
Milling
Cutting
Turning
Drilling
Face milling
Planing
Stripping
Circular grinding
Additive manufact.

Ref Lienke et al, U. Paderborn, Germany (DIN German Standard for part tolerance)
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Princip tehnologije slojeva, na primeru slagalice HASBRO

lako se postupcima APT formiraju vrlo komplikovani geometrijski 3D oblici proizvoda, u principu je rec 0 2.5D
postupcima pri kojima se 2D slojevi slazu jedan na drugi i tako se dolazi do tre¢e dimenzije proizvoda.

Kao rezultat ovakvog nacina izrade dobijaju se trodimenzionalni proizvodi velike ta¢nosti u ravni X-Y, dok tacnost u
smeru ose z zavisi od debljine slojeva — sto su slojevi tanji, veca je tacnost proizvoda.

Slaganje 2D slojeva u 3D proizvod: a) kompjuterski 3D model
izratka, b) slaganje 2D slojeva, c) izradak dobijen sloj po sloj

) Sliond model

1) Assombly slops
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Formiranje 3D modela

* Modeliranjem (klasi¢no 3D modeliranje pomoc¢u CAD programa)

* Reverzno inZenjerstvo

e Type of CAD Model

* |z oblaka tacaka.

Comer Model

Lﬁ | —

Surface

Surface Model

Saiid / Volume

Solid or

| Volume Model

Figure 2.7 CAD elements and model types




