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$GLWLYQD SURL]JYRGQMD $0 RPRJXuDYD ODNX L]JUDGX VOI
HOHUJLMH L PDWHULMDOD X XVSRUHGEL V WUDGLFLRQDOQF
IDRVWDMH ]D XNOMXpLYDQMHP X JODYQH SURL]JWREQHWRLAQ
QHPD PRIXUQRVW SURGXNFLMH YHOLNRJ REXMPD QHGRVMW
XWMHpPpH QD XNXSQX NYDOLWHWX SURL]JYRGD 6 RE]JLURP Q
RIJUDQLpPpHQMD L UD]JYLWL SRX]GDQL SURFHYV

1DQRAHQMHP VORMHYDRRGR]|GRQHUHPDQLK L] ' &$'" PRGHO
SRYUALQH NRMH VX GUXJDpLMH X XWBRDHGEDMX NR QK HQH
UD]J]OLpLWH $0 WHKQRORJLMH L SRVWXSNH PDWHULMDOH
XVSMHK OHAL X SUDYLOMRNYRRELD ¥FHUXPDWQMIKOD SRMDYD AH
RSWLPL]JLUDR SURFHV L QDNQDGQD REUDGD |]D GRELYDQMH

8SUDYR L] WRJD UD]J]ORJD RYDM UDG SURXpDYD XWMHFDM J
L SDUDPHWDUVWOIRGBEQMLJHDYHQLP SUREQLP X]J]RUFLPD

WHKQRORJLMH RGQRVQR SRVWXSND )'O L 6/6 X] XSRWUFEL
3(7* L 3% L GYLMH QDNQDGQH REUDGH NRPSULPLUDQL JU!
DQRDOL]LUDQL SPDDRPHWILULS®OU 5] L 5PD[ ]D SURFMHQX SRY
ub]OLpLWLP XYMHWLPD LJ]UDGH 3ULND]DQD MH QMLKRYD
GRELYHQLK UH]XOWDWD YLGOMLYR MH GD VD SRYHUDQMH]I
UDVWX GR PDNWAHWPOQH L f QDNRQ pHJD VH VPDQMXMX
SRYHUDQMH GHEOMLQH VORMD X]JURNXMH YL&H YULMHGQRYV

1DVORY WHPH
SBWMHFDM GHEOMLQH VORMD L QDJLED SRYUaLQH QD KUDSD
WHKQRORJLMDPD

.OMXpPQH ULMHpL
DGLWLYQH WHKQRORJLMH DGLWLYQD SURL]YRGQMD ' SUL



SUMMARY

,Q FRPSDULVRQ WR WUDSG®IL\W DD OMKFKHDEWXHN.QJ $0 DO
DQG VPRMRBEMK.FDWLRQ SRIRFREFRIIH FRQVXPLQJ OHVV HQHUJ\
'HVSLWH KDYLQJ PDQ\ DGYDQWDJHV WKH OLPLWDWLRQV F
PDMRULW\ RI SURGXFW OLQHV ,Q DGGLWLRQ WR QRW EHL
ODFMWDELOLW\ DQG UHSHDWDELOLW\ ZKLFK DIIHFWV WK
FRQVWUDLQWY DQG GHYHORSLQJ D UHOLDEOH SURFHVV I
SRWHQWLDO

6 XUIDFHV WKDW GLIIHU ITURP FRQYHQWLRQDO RQHYVY DQG YL
SURFHVVHV PDWHULDOV JHRPHWU\ DQG SURFHVV SDUDPH
XS OD\HUV JHQHUDWHG IURP " &%' PRGHOV 7KH NH\ WR VX
WKH VDPH ZKLFK ZLOO VWHKGXFIHQ W KHHITH/AWD IDR G RSWLPL]H
VXEVHTXHQW SURFHVVLQJ WR UHDFK DQ DFFHSWDEOH ILQD

JRU WKH VWDWHG UHDVRQ WKLV VWXG\ DQDO\]HV WKH LPS
DQRG SDUDPHWULF OD\HU WKLFNQHVYVY RQ IDEULFDWHG WHV
DQE®B ZHUH XVHG WRJIJHWKHU ZLWK WKUHH GLVWLQFW PDYV
WZR SFRORFHVVLQJ PHWKRGY FRPSUHVVHG DLU DQG JODVYV
SURILORPHWHU URXJKQHVV SDUDPHWHUV 5D 5] DQG 5PD
VXUIDFHEHUDWHG XQGHU YDULRXV SURFHVV FRQGLWLRQV
DERDO\VLY DUH SUHVHQWHG 7KH REWDLQHG UHVXOWYV LQGL
f WR f WKH YDOXHV LQFUHDVH WR WKHLU PD[LPKH\ EHW
GHFUHDVH IURP f WR f ZKLOH LQFUHDVLQJ WKH OD\}
URXJKQHVY SDUDPHWHUYV

Thesis
,QIOXHQFH RI OD\HU WKLFNQHVYVY DQG VXUIDFH VORSH RQ U
E\ DGGLWLYH WHFKQRORJLHYV

.H\ZRUGYV
DGGLWLYH WHFRXQROIRGH HPD QXIDFWXULQJ ' SULQW VXUIDF
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DGLWLYQD SURL]YRGQMD HOHNWURQVNLP VQRSR
$GGLWLYH ODQXIDFWXULQJ
WDOMHQMH HOHNW UR@WHFWURDR% R P P HGID
WDOR&QR RPYUAULYDQMH HQJ )XVHG 'HSF
PHWRGD NRQDPQLK HOHPHQDWD HQJ )LQlL
JOLNRO

SROLHWLOHQ YLVRNH JXVWRUH
SROLVWLUHQ VD PMHEDYLQRP SROLEXWDG
3RO\WW\UHQH

WYUGREGDFSRUV X

PHYyXQDURGQD RUJDQL]DFLMBQD V@WAGOD
2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ
SROLHWLOHQD QLVNH JXVWRUH

ODVHUVNR REOLNRYDQMH NRQDpPQRJ REOL
6KDSLQJ

SURL]YRGQMD ODPLQDUQLK SUHGPHWD HC
ODQXIDFWXULQJ

HNVWUXGLUDQMH PDWHULMDOD HQJ ODW
PDJQH]LM

SULQWDQMH PDWHULMDOD HQJ ODWHULD(
IX]LMD V YLAHVWUXNLP P O-DWLKYRRQHQJ
PROLEGHQ

QRELM

QXPHULPNR XSUDYOMDQMH HQJ 1XPHULFI
QNDO
SULEOLAQR JRWRYRJ REOLNDKDISWD] HQJ
WDOR&HQMH QDQR pHVWLFD HQJ 1DQR3D!
NLVLN

SROLDPLG

SROLDPLG QD RVQRYL DPLQRXQGHNDQVNH
SROLDPLG QD RVQRYL GRGHNDQVNH NLVHC
SROLDPLG QD RVQRYL 0 NDSURODNWDPD
SROLDPLG

SROLDULODW




3%) VSDMDQMH SUDaANDVWRJ PDWHULMDOD X VORMHY
3%, SROLEHQ]JLPLGD]RO

3%7 SROLEXWLOHQ WHUHIWDODW
3& SROLNDUERQDW

3&/ SROLNDSURODNWRQ

PE SROLHWLOHQ

3((. SROLHWHUHWHUNHWRQ

3(, SROLHWHULPLG

3(. SROLHWHUNHWRQ

PES SROLHWHUVXOIRQ

3(7 SROLHWLOHQ WHUHIWDODW

3(7* SROLHWLOHQ WHUHIWDODW JOLNRO

3, SROLLPLG

3/$ ELRSROLPHUQD SROLODNWLPQD NLVHOLQD
3/& SURJUDPLELOQL ORJLPNL NRQWUROHUL H!
300% SROLPHWLOPHWDNULODW

320 SROLRNVLPHWLOHQ

PP SROLSURSLOHQ

33% SROLIWDODPLG

PPE SROLIKHLOHQHWDU

332 SROLIHQLOHQ RNVLG

PPS SROLIHQLOHQ VXOILG

336) 3368 SROLIHQLOVXOIRQ

PS SROLVWLUHQ

PSU SROLVXOIRQ

37)( SROLWHWUDIOXRUHWLOHQ

39& SROL-NQRUODG

5 ( UHYHU]JLELOQR LQ&A&LQMHUVWYR HQJ 5HYH
50 EUJR]JUDYQD SURL]JYRGQMD HQJ 5DSLG OI
53 EU]D LJUDGD SURWRWLSD HQJ 5DSLG 3UR
6$1 WV L-DHN@Q LORQLWULO

6L WOLFLM

6 L1 WOLFLMHY QLWULG

6L& VLOLFLMHY NDUELG
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VLOLFLMHY GLRNVLG
ODPLQLUDQMH IR O L B HMHVHWPLLMIDOVL RHDQ J
VWHUHROLWRJUDILMD HQJ 6WHUHROLWKF
VHOHNWLYQR ODVHUVNR VLQWHULUDQMH
VWDQGDUGQL MHJLN WURNXWD IRUPDW G
RVQRYX ]D UH]DQMH P RIGHO B VWD\QWROWKEY HULD QJ O+
/IDQJXDJH LOL 6WDQGDUG 7THVVHOODWLRQ /DQJXLE
WWDQLM

WHUPRSODVWLPQL HODVWRPHU
WHUPRSODVWLPQL SROLXUHWDQ
SROLHWHULPLGL YLVRNLK SHUIRUPDQVL V

XOWUDYLROHWQR JUDPpHQMH
SROLPHUL]DFLMD PDWHULMDOD X NRPRUL
FLUNRQLMHY GLRNVLG




POPIS OZNAKA

Simbol Jedinica Opis

P - SUHILNV SDUDPHWSUMRIISQWDLPDUQF

W - SUHILNVY SDUDPHWDUD YDORYLWEF

R - SUHILNVY SDUDPHWDUD KUDSDYR\

c mm SURILOQL ILOWHU KUDSDYRVWL

f mm SURILOQL ILOWHU YDORYLWRVWL

s mm ILOMHDUWWNH YDOQH GXOMLQH

It mm GXOMLQD LVSLWLYDQMD

In mm GXOMUBGQRYDQMD

Ip mm UHIHUHQWQD GXOMLQD SULPDUQ

Iw mm UHIHUHQWQD GXOMLQD SURILOD

Ir mm UHIHUHQWQD GXOMLQD SURILOD

m mm VUHGQMD OLQLMD SURILOD

n - EURM WRpPpDND SURFMHDMLYDQML

X P GXaLQD X]G X & POINHIUGHH

Ra P VUHGQMH DULWPHWLpPpNR RGVWXSE

Rz P QDMYHUD YLVLQD SURILOD

RZisosa) P VUHGQMD YLVLQD QHUDYQLQD W]
(prema staroj 1ISO4287:1984 normi)

RZpin) P SURVMHPpQD PDNVLPDOQD YLVLQTL
(prema staroj DIN4768:1990 normi)

Rmaxoiny iii P QDMYHUD YLVLQD QHUDYQLQD

Rz1max (prema staroj DIN4768:1990 normi)

Rp P QDMYHUD YLVLQD YUKD SURILOD

Rv P QDMYHUD GXELQD GROD SURILOD

Rt P XNXSQD SU\NRIQOD

RSm P SHULRGLpPNL SURILO

Z(x), Zx P YLVLQD SURILOD KUDSDYRVWL V
SURILOD

Zi VXPD QDMYL&H L QDMQLA&H WRpNH

Zp YLVEQRILQDMYLE&HJI YUKD

YAY; GXEL®M IQDMQLaAH XGROLQH

XV
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WUDBL@DPLPND pYUVWRUGD
JUDQLpPQL EURM FLNOXVD
SRyuaLQbD VORMD

aLuLQb VORMD

GHEOMLQD VORMD

SRYUGLQVNL NXW
NDUDNWHULVWLpPpQL SRYUSGLQVNL
NXW SURILOD SRYU&LQH
YHNWRU XQXWUDaQMH VWUXNWX




1. UvOD

7TUDGLFLRQDOQD SURL]JYRGQMD RVODQMWMD XHWDQHDVERI®E WRIP L
QHNROLNR GHWHWQRBREANRI VWDMPRBXEWDULS GRL$VYRGE PYNRES L
VLURYLQH NRULGAWHQMHP OMXGVNRJ UDGD L UHVXUVD NRM
EL VH RSUHQLWR VPDWUDWL GD MH WR ]DSUDYR SUHWYDUD
1D SULPMHU WUXSDF VOXaL NDR VLURBPVABRU|IDVWIUDGR G UWY
]D SURL]YRGQ¥M&@ VWROLFD

6DP]UD] SURL]YRGQMD SRWMHpH RG ODWLQVNH ULMHpL APCLC
LJUDYHQ 3URFHVL NRML VX VH QHN & pSULHPWHGEDQ\R LPHD Y DIV D
VRILVWLFLUDQH SURFHVH NRULVWHUOL QDMNDWRYEUR B HR.GMXM\D
X SRVOMHGQMD WUL VWRQMDB WB GGIRND Y M H KD QQ HINFRLAIDAN RD X W\
SRVOMHGQMH YULMHPH GQRIRHUCD W R]BZRUMDXYY NRNIDDMBH GLJL
SRSXODUQRSKRR] @DWAY R?SL V3 (eng. 3D Printing). + @

' LVSRGQRWRDQIGMMWLYQD SURL]YRGQMD LOL D]FMW\WPRSGNJ L
MH LJUDGH ILJLPNRJ REMHNW G [RIG WABEBRERLEP D Q RERGRAQWRO D.
PQRJLK X]DVWRSQLK WDQNEI@VORMHYD PDWHULMDOD

'DNOH L]JUD] L]JUDYQD GLJLWDOQD SURL]YRGQMD LOL DGLYV
SUHODVND G'LPIRGHOPRUR LIS WRPBHMY R UHRG®XXpMD XSRWUH
PQRJREURMQD RGQRVQR SURL]YRYyDpPL PRJIX NRULYRGDVL
SULMH RGODVND X SXQX SURL]YRGQMX 8 REUD]JRRQRP RN
XSRWURNMBHEL®WURFHVPIRGHOMGHDQLK V SURMHNWLPD ' SL
XSRWUHEX L RW ¥mUIpESIumeR GRIPRJIX 1 XM X \BWRDMNMREBWDHNR G N
L QD WDM QDPLQ SULGRQRVH NRQFHSW XK GYLR/WHIDEXR MR @ HL [
JUDNRSORYQH VYUKH LPDMX SRVHEQH NRULVWL RG SULPM
XGDOMHQLP UHJLMDPD VYLMHWD JG MH QR YD BR PRISEEWV]D
VH SR\EWIDLSURL]YRGQMD |DPMHQUNNK @LQRHOR¥E, PMHV WI
SRGPLULYDQMH K& QLK SRWUHED

.RQFHSW ' LVSLVD SUYRWQR MH URK LRP&KIDY N H\5 D WHKX@W
DODW ]D VWHUHRQOQLWRIGD RVMXRYYOQEL K SROLPHUQHKUBBEHG P H
NRULVWL PHGJLFDQGX NH|BBUKHHPELK JUDNRSORYQLK L DXWRPRI



SULPMHQMXMH X PRGQRM L SWRREBDR&EXNMR M. LIAFXRWE UMM C
NXUDQVNLK DODWD L HOHNWURQLNH SD @4 GR VORAHQLK

2YLVQR R |DB@IMMHLYYXQD SURL]YRGQMD RPRJXUXMH NRULA&W
RGQRYQRLPHUD NRMHHMBLO PR P S.RIHWOMLIPQ W H ($ IRWDL. @ MRIHDW D O D
PR&H VH VPDWUDWL 4LURNR UDVSURVWUDQMHQLP VWDQGD
PHWDOD LOL NHUDPLPNLK NRRGRIDWMPHMRE X H X]STARRWIXH E D
PDWHUNBD®WOIP MERQEBRISGS RO LN DL B R QWL O K@ MWDBL/BHD-H Q
$%6 SROINIORULGD 3%PeHWIBER/®INUBOOWD HSRNVLGQLK VPF
SROLXUHWDQIFOLWMWHGHpPROWDOWLWDQ DOXPLQLMOIM®RMWMWD C
PLPEHQLFL NRG RGDE LNDU P DWW HRH MBQPND \LY RMRAWLY HDE O M L
]JDYUSEQH WYRUHYRBWDGDY WEHHQO®QRVWDYQR UXNRYDQMH L VN
VDPRJ PDWH@LMDOD

2SUHQNVWR RNRAMMLVH NRULVWN A B HMIDEGMHYLOMHR WHKQRORJL M}
fabricator-* RGQRVQR LPDMX VSRVRE Q&y.WabtiddteD G WR L |NDR/GQJ &L
Arototyper-*, SRIJRGQL VDPR ]D L]JUDGX SURWRWLSRYWDWURME DI
DGLWWHXIQ ROR BLWH pA PD?* SDOLQ WAHWHPWR V SUHILNVRP ]D F
SURIHVLRQDOQX@OCSRR WUBEXLQD RSIRWQUWERDWHIYDMDO X pY!
REOLBXIJDpNH QLW YX MROAGPFMWSDSLU IROLMD ODPLQDW

.OMXpQD SUHGQRVW DGLWLYQH WHKQRORJLMH QDG IRUPD
QSU JORGDQMH PHWRGDPD MH VSRVREQRVW@SH/{RAWY.RG Q|
@VWDYQR QD VYH SUBGRRMWRSRINBHRMH EHRMQL QHGRVWDF
3ULPMHULFH GRVWXSDQ MH PDOL EURM YUVWD PHWDOD L
" LVSPRVWRMH RJU D Q INPHHIOM PYLRICRXERCH W WX W W K UMEY INDHV Q L M |
REUDGH NDNR EL VH XNORISRY WIEGRY RD\W BIVDWEDQID NY D O LV
SRYUALQH

.YDOLWHWD ]DYU3ZRUWDSRBXBYMYHR IMH RJUDQLPDYDMXiUL IDN
SURL]YRGQMH 3RVWRMH PHWRGH ]D@EDINRICRGERYUNDRR W
SRYHUIDNDRAHQRRWHRRQPOIQRVW XVSMHEQH QDNQDGQH RE
VPDQMX@ONR MH XNODQMDQMH WRJ QHGBWWRDWR BRK®RM X p Q|
GLSORPVNRISUDME DR E O XKXDWIDIGEBEOMLQH VORMD L QDJLE
KUDSDYRVW SUREQLK X]JRUDND GRELYHQLK DGLWLYQLP WHI



11. 5SD])YRWHKQRORJLMH DGLWLYQH SURL]JYRGQMH

3R VYHPX VXGHUL " LVSLV VDGD SRNUBNHR \EXLVN?RWJ B D&M
XYLGBRWEXQL XWMNBBFPMMH DRGCSOVLYQH SURL]YRQRYWHD ORR!
SURL]YRGQH SURFHVH NRMH '2®SLV EU]JR |IDPMHQMXMH

9D&QR MH UD]XPMHWL GD DGLWLYQH WHKQRORJLMH QLVX U
YHUX VWDOH NDR UH]XOWDW UD]YRMD X UDFO L pROR.PHWSHKXQ
SURL]YRGIE®RQRIRMHUD]YRM. WPIXQMHO®MH PDVRYQH SRKUL
SXW ]D XSEREWWENOLNLK NROLPLQD SRGDWDND WLSLpQLK |
SRGUADQL GL]®Q Q®EQMH Y ULMHPR OEDRRNQX QD pXQDOD L
VORAHQH DXWRPDWNRNMD QB W W N B KX&XNHX \I HSERNGRH NDEPIE NGROLRV b
VX VH SLROQLDLUDRWRBMHY®LWLYQH WBKQRORJLMH

BUHGLAQMX NRPSRQHQWX RERQHGLIPIMIQOR HN RRREBYHQ G
NRPXQLFLUD V GUXJLP HOHPHQWLPD VXVWIR®DW B END y X |
1. SULND]XMH SRYH]DQH SURMHRIDGQWHYQXUWBKQRORJILMX

Aktuatori Senzori
Kontrola okolisa - Kontrola medusloja - Kontrola kretanja Kontrola kretanja kod
temperatura, vlaznost, ponovno premazivanje, platforme za izradu — izrade sloja —
atmosferski tlak, itd CiScenje glave, itd. Zos XiYos

A L J A
Kontrolori
procesa

A

Korisnicko sucelje

Generiranje Generiranje
slojeva izrade potporne strukture «—» Internet
Parametri izrade Kontrola procesa

6GOUNRSUHQLWD LVOWHWRMDGEGILWMDYQH BMBMKQRORJLMH



5DQLMD UDpPpXQDOQD RNUX&HQMD ]DILSURNM®G NNMR UD QMG R] LK
PDQMLK UDPpXQDOBVBRMROH VREQW® VWDQLFH 5DGLOR VH \
JERYHOLNH FLMHQH SURFHVRUVNLK L PHPRULMVNLK NRPSR
RYLK NRPSBRPIQDIOD VX SRVWDOHDROWXYPRUBHENORWUHE
QHPD PRJIJXUQRVWL JHQHULUDQMD ' JUPDLNWH QDB RMOMNRW
VSRVREQRVWL LJUDGH IL]JLPNLK REM@NDWD XSRWUHERP 'L

6WRJD VH PRBAIXVQRAIX GD EH] UDpXQDOD NRMD GDQDV LP
SUDWLWL UD]YRM DGLWLYQH WHKQRIYRMM I U HIG\WQS/LOHNDL
Computer-Aided Design WHKQRORRGQRMRRVWUXLUDQMH V SRPRIiX
VWYDUDQMX PRGLILFLUDQMX DQDOL]JL LOL RSWLPL]DFLML

&$' WHKQR®RVHED VIAWNMH SRYH]DQR V RGUHVHQRP YU\
XNOMXpXMXiuL JHRPHWULMVNH HOHNWURQLPNH WRSBLQVN
VDGUADYDWL SUDYLOD NRMD RPRJXUXMX NRULVQLNX GD VI
EH] SUHYL3H EULJH PIR®H PLREDUIRDMWREGLWLYQH WHKQRORJL
NRML SURL]JOD]H L] &$' VRIWYHUD |D ' PRGHOLUDQMH pYU\
RYR VDPR MHGDQ GLR YHUHJ VNXSD &$' VXVWDYD NRML Mt
SD VH XVUHGRWRpXMHBP@RDRIQR ¥ L& RIMQOMBINIDWL REOLNH QL
XPLQNRYL®® QDpLQ

5DQLML &$'" VXVWDYL ELOL VX L]QLPQR RJUDQLpPHQL WHKQTF
LPDOL VX PDOH PRJIJXUQRWVWRVDW®S$D QX PEHLOLRD NI WHNVWD
SRVHEQL VSHFLMDOL]JLUDQL JUDILpNL L]OD]QL XUHYyDML N
WHNVWXDOQLK QDUHGEL 3ULND] VH JHQHULBBRHEBHENWR L
MHGQRERMQRVWL YaMHR QW H HVVR@QD S'ULNBRRPHWWMH/ NLK REC
HIHNDWD RVYMHWOMEB®@MD L |IDVMHQMLYDQMD

&$' QH EL GRALYLR QDSUHGDN GD VH&SDSDRHO@GBQALDMH
Computer-Aided Manufacture RGQRVQR XSUDYOWW QIRMH ©SUDBAOH. U
RSURPX SURFHVX L]JUDGH SURL]YRGDE&¥] SEARYWDYR N D ONDL
SUHWYDUDQMH YLUWNXDLOIGROQK RPWREPE W BAL]LPNH SURL]YRGH N
VYRMX WYBRYHWNS' WXVWBQHUNBBO]D QXNRKEUPYOMDQMH
VW U R(Bhg. YNDmerical control X RVQRYL NRPELQLUDMXUL SRGDWNI
DQDORQQUMGEDRGDIBLDNWLYLUDQMBDYIHNE@ LKEDWIBHKMPRORJILMI



EL &$0 SRGDWNH NRMQADESRWOIR KGN RVAWHYHQLK JQDpDMNL S
V@ VOMHGHUHP NRUYDARpBPBL OH VWURMDNRPR WREBDERRMH
VWURMHYL GRND]DOL VYRMX SIXIQRNLHIQRYMNO Q BXW RPRMW VW UD
VH SRYHBDOGIRPRU UDHUXGIDEGDXFLMH X UDpXRQESQBRYOQMPIYW
SURL]Y R G QedddCamptater Numerical Control) W VH SUAREQD PRJIJXUQRVW RI
YUOR VORAHQLK SRYUILYD NHBEBRGORIDRWDMNEDOD MH VL
SRYUALQVNR PRGHOLUDQMH D NDVQLMLP GRODVNRP DGLW
NRULAWHQMHP NRPSOHWQLK ' PRGHOD 7DNYL PRGHOL V
SRYU3ALQH L LPDMX VYRM YROX®HQ QMR SKRIGH®ML WR VXD @ +
SRGUADQRJ LQAHQMHULQJD SRSXW DQDOLIHGPROBPMIHK &%
SURL]Y RsGAGR M H.

OHULQD &$' VXVWDYD VDGD VHQ@DR R RPERAH SRNRMHECRSUWE) L W
UH]XOWDW XQDSULMHG VSRPHQXWLK SREROM&DQMD UDpXC

SREROMADQMD X QDpLQX QD NRML VH &$%$' SRGDFL B®@H]HQW

'DQDV PQRREDY@MDPLRIWYHUD XVUHGRWRpPXMX VH QD ¢
LOQWHJULUD QRN UXAHNRMIR RPRIRAKMQPMHULPD UDG X WLPX
UD]OLPLWLK SPODHYLRODBIAERG\W HQ&aHQMRWRMX UDGLWL V SU
PDUNHWLIJBROLWLPpDULPD L VD PQRJLP GUXJLP JUDQDPD R
SURL]YRG 7DNYH JUDQH PRJX ELWL X UD]JOLpLWLP UHJLI
RUJDQL]DFLMH LOL GMHORYDWL NDR SRGL]YRYyDpL ,QWH
VRIWYHUVNLP VXVWDYLPD X] RGJRYDUDM SR bW BWDE WD VEX
LQWHOHNWXDO®RI YODVQLAWYD

1X48QR MH WDNRYHU LJUDYQR PDQLSXOLUDWL &$' GDWRWHI
SRWUHEQL ]D ' LVSLV D WR VH RELpPpQRDQDDPRIMBAMUP Y QRF
EL ]QDPLOR GD VYDNIRGBPDAXYWPYDYDQ DOJRULWDP ]D Ut
NRPSDMYBLOYLP UD]JOLPLWLP YUVWNDE O VDHU QU W G REE BVNVDIR
DGLWLYQLK VXVWDYD PRUDRWEIQ XPIDWLYGNLLQEUDRXWDY 21
QHSUDNWLpPQD 5MHEHRMHRRDPEAPRSVREOMMRULIWHQMX JHQH
MH UD]JYLR ' 6\WWHPV SUYD MLOMDONDLYNBROMD MEGLWRPEX WH
67/ IRUPDW GDWRWHNH )RUPDW GDWRWHNH 67/ MH SRVW
GREDYOMMBPDPRPRJIXULR GIPMXQWPRFOMX L LQWHJIUDELMX X \



VWUDWHJLMD MH ELOD XVSMH&aQDb WH MH VDGD 67/ VWDQG
VD NRPSOHWQLP '"PRGHOLPD NRMHUDGXWIWYRML@XVVWDLYBR E

6 7/ (eng. Standard Triangle Language ili Standard Tessellation Language NRULV WL
JHRPHWULMVUMPNBE®RENY SRYUALQH PRGHOD 6YDNL WWHBIRNXYV
YHNWRURP QRUPDOQH VWUDQH R]QDpD#& @NXINDSYDLONNDY XM H
SUHWYRBUPRGHOD X 67/ IRUPDW VD RSLVRP MHGQRJ WURNX

facet normal  -4.470293E- 02 7.003503E - 01-7.123981E-01
outer loop

vertex - 2.812284E + 00 2.298693E + 01 0.000000E + 00
vertex - 2.812284E + 00 2.296699E + 01- 1.960784E- 02
vertex - 3.124760E + 00 2.296699E + 01 0.000000E + 00
endloop

endfacet

CAD STL

6O0OINBUHWYRUED &%$' PRGHOD X 67/ IRUPDWEWD RSLVRP

2VLP UDPpXQDOQH SRVWRML QHV XGVH JU B] BRI R/IL D G LNARL
D YULMHG QHEWXG % D& G HV XHE D OGFOQLHFH SRE RV ME@MIKNI XD N D

-HGQD RG WDNYLK WHKQRORJLMD MH VYDNDNR ODVHUVND
DGLWLYQL VXVWDYL 1MLKRYD XORJD MH ]QDpDMQD L] UD
XVPMHUHQLK JUDND YLVRNRJ HYW HRNRGWUDR LQ B D HVMHW LN
QDpPLQ S3RIRWRDDXKSRWUHEX XQXWDU DMH W IRPQRLIKKHIKHKXY R © @
RpYUauLYDQMH X VYDNRFP@QYORMX PDWHULMDOD

7HKQRORJLMD LVSLVD POD]Jey.FRkRetll BU]R D\GHO DB POD SRV
JRGLQD 3REROMADQMD X XWHRBNRYDM XQD ¥POR WHIQWL VR N X
PHVWR X YL&ZH ERMD GRVWXSQX NDR GLR QD&HJ VYDNRGQF
QLVNH YLVNR]JQRVWL L PRJOH VX VH NRULVWLWDO]®MQMLFL



UD]YRMHP RPRJXUHQR MH RWLVQXWL ERMH YHBBW MR\ NMDQ
QSU VPROD SUDIQXWDW OURINERJBNLP SUDWYMNWRPUDNWHU I
LVSLVQLK JODYD GRYHOH VX GR NUHWHXQ@WRD RNR FRPN WL
NDSOMIRAWH VX SRJRGIDGLWQXQH UV %RORIOR NRWRH G MIDRFQ M D
RVWYDUXMH VH SRWHNIWDRWHPLNURNRQWUROHUD NRML pLC
ORJLPNLK NR QWe&hB @isdianndabte Logic Controllers). 5§ @ OLNBULND]XMH
XSUDYR MHXY®DYD QD WHPHOMX JRUH RSLVDQLK WHKQROF

Ispisna glava X 0s

Y os

UV svijetlost

Tvorevina

Potporna struktura

Platforma za izradu Zo0s

6OLNBSRWUHED WHKRODR QLR BRABUWEH DGLWIBYAY H WH K

.DR SRVOMHGQMH ]D UD]YRM DGLWLYQLK WHKQRORJLMD
PDWHUBDIQDMH DGLWLY QIR WNKNRBBRVKMBOHN X YHU ELWL G
UD]JYLMHQL GD RGJRYDUDMX GUXJLP SURFHVLPD OHYyXWLI
LGHDOQL ]D RYDNYH QRYH SULPMHQH 1D SULPMHU NRULA
LIJUDGALPML VX ELOL NUKNL WH SRGORA&QL GHIRUPDFLML |
L]JUDWNBEH N YODNMORIWHWHPDWHULMDOL SULODJRYHQL GD RGJ
UD]JOLPpLWLKRYUBRXHD®MX EROMH L]OD]QH WYRUHYRQRJR=ERJ
SUHFHIQGMAQAMEXLRWBE@MQLM



1.2 7TUHQGIRBULPMHQD X EXGXUQRVWL

OHGLML XVPMHUHQL QD WHPH WHKQRORJLMH L SURL]JYRGQ
QD]YDOWHKQRORUYSIYBWYUWRP LQGXVWUEMYRRRUUBH Y REDXF

PRJXiUH NUHLUDWL UD]JOLpPLWH WYRUH QKRS J&RWUQEIK;HERM'I-
D

SRNUHQXOL 4aSHNXODFLMH RNR L]JEDFLYDQ RVWDOLK W/

WUDGLFLRURLOORIGQMH ]JERJ UD]JQROLNH ' SIVAPLWDQHI MH OXLSIR
SUHWMBUDUQLORJ WRPH LGHKQPDYMRHQLF®PGIRWHQFLMDOX ]D
DGLWLYQH WHKQRORJLMH SUHGVWDYOMDMX VDPR
SURL]YRIGE®@® B AN ULND]XMHQODPGUBQIMDV W X SDNPMISYH! V H
NRUDGWWIYRL]YDRGQM

3RGUXpMD QDPMHQH 3RGUXpMH SULPMHQH
" Vizualna Arhitektura /
Edukacija/  Ostalo . J Ostalo Autoindustrija
LvwupaLenem i Y HER S 2B zentacisid Viada/ "L DYHY LRI 160%
10,8% 0 modeli 6,8% Vojska 5,1% 1.9% :
Akademskoe Zrakoplovstvo
3URYMHUD YH potrebe 7.9% 18.9%
PR QW I53Pb

Medicina /
Stomatologija
) 11,3%
Uzorci za
prototipove alata
5,7%

R ’ 3RWUR&DpPNL SURL]YRGL
Uzorci za lijevanje elektronika 11,7%

Funkcionaln(s; Dijelovi metala 6,9% Strojevi i alati 20,0%
tvorevine 33,1% alata 7,.3%

6OMUNDBRGUXPpMD QDPMHNERHMB BIMWHN HDGH WL ¥@XQSURL]YRC

SBUYHQVWYHQR VDPL L]JUD] ' LVSLVD SRPDOR MH QHVSUHYV
SURL]JYRGQMD LOL WHKQRORJLMD 7DM L]JUD] RNXSOMD P
PHWDIRURPUDRQLWXMH aWR ' iIWCEBMIX MWURMHYLPD VH SRO
VORM LWYORXERIGDH D QRAHUPALQYDQMHP PDWHULMDOD SUHPD

L] WURGLPHQ]JLRQDOQRJ PRGHOD GL]RMOIDIJDR R J QOB pXHQ
LPSUHVIDMQOMH SXQRED@POMLYLML

6LIXUQR MH GD ' LVSLV PRAHEX{HXQLWDY B HWYDRRHRR XRL]UDY
SR GL]IDMQX WH VH KODBDQMDD MXDODMGY L SULKYDWQH C
SURWRWLSRYD EUaH LWHUDFLMH GL]DMQD L SURL]YRGQI
SUHGQRVW ODQDFD RSVNUEH XNOM BpXEWHHIS INNRFQYR IO IVEI D RLSV ¥
ELWL QDSUDYOMHQ X MHGQRP NRPDGX 7R VPDQMXMH XODJ



vQeDJX 2GMHOL ]D PDUNHWLQWYROBOQMHVEHSOLND L SUH
SURL]YRPOQPMXMH VH YULMHPH L]JODVND QD WUaB@U® L SR

OHYyXWLP QRYL DODWL Q BRINIHQ QW YBISA YDIFE DS ULMDWHOM
WHKQRORJLMD =DKWLMHYDMX XYRYyHQMH SRW SR 8X3&MLYC
NDNR VH W]IWIMMNRREL VUXELOH SRG Y GRODAMWWLUWREFNW/HDIE LSRRPS R
]JDKMHYD SRJRUQRVW QD QMLKRYX FLMHQX YULMHPH RULM
JDJRQHWNX SUHGVWDYOMD NYDOLWHWD ODOR VH WRJD ]Q
LVSLVD XWMH pXWQMR NV HWHWRGH LJUDYXMX WYRUHY
]DY U &SR UALRMH JDKWLMHYDMX QDNQDGQX WUDGLFLRQDOC
EROML UH@RO@WDW

=DJULMDYDQMH L KD REMMS W FOUHWR. QRIRINR N ASRD ROUFAL M H

2QH L]JUDRE&QHMVDOD |DKWLMHYDMX QDNQDGQX W REBROV\@ § KK
QDSUH]DQMD 7DNRYyHU ' LVSLV V PHWDOLPD VOLpPDQ MH
LQHUWQLP RNUX&HQMLPD SD MH SRAH@V@D XSRWUHED ]D3

-HGDQ RG QHGRVWDWDND DGLWLYQH SURL]YRGQQHINRK B LINR
GHVHWDND YUVWD ]D VYD®XWRRMWXHWE QR QRROER B QY R VWXUH/MDH
]D NDUDNWHUL]DFLMX QRYLK PDWHULMDOD 2YDNYD VLWXL
WRJD GaWR YUHEBYWPLY OMD ]QDpDMQL GLR WHRGEARRYD JRWRY|

Model 1 Model 2
Brzina ispisa 9ULMHPH LJUDGH Brzina ispisa 9ULMHPH LJUDGH
PP V K PLQ PP V K PLQ
PP V K PLQ PP V K PLQ

6OLNBULED]LQH LVSLVD QD GYD X@2SBUHGEHQD PR(



.RQDpPQR EU]LQ W XNRWHRBLQEHW D yXGIXWLYQLP WHKQRORJLMDP
6WYDUDQMH pYUVWLK YROXPHQD SRPRiUX ' SLVDpD YUOF
HOLPLQLUD XSRWUHEX ' LVSLVD X% @ DR V]LYFROOQQ\WL EOH B E®L K\

- PPV SD MH WDNR ]D LVSLVY PDQMLK PRGHOD SRWUHE
- K(6OLND:l@

6XPLUDQR SUHWYWYRBQRRAEAGHSMHWMHUDQR DOL QLMH GDO
VHRPHNXMH X EXOOUNONRWWIRULVWH ' LVSLV NDR NRPXQLND
GHWDOMQXRS®IRIDIMRGD V G R BIPYDMWIHQRDD BRGUHPLH QDG H.
8]RUDN PR&H VWYRULWL YMHURGRVWRMQRVW ]D QRYX LG
NOLMHROWHVWLWRUH R IXQNFLRQDOQRWWK X]XPPWUKBEBRL]YIR
]D SURL]YSRURQWNEROG. DX PMHVWD XSRWWV HE B N HPDV]DKXKQWHQM D
WURANRYD 1D SULPMHU 1%$6% NRULVWL ' LVSLV X VYHPI
UHJHUYQL MHGQRVWDYQR QH PRJX ELWL LQYHQWDULJLUD
UHSURGXFLUDQMD IXQNFLMD R]BENRW HOND [WE®D ) O7HIQQR D
UDGH VD &LYLP VWDQLFDPD NDNR EL |DPLMHQLOL RUJDQH |
SLVDpH NDNR EL SRWDNQXOL XpHQLNH FIL O/MHKRS HEEW @ ROMDL
QLAWD WDNR BRWYSDYRRXiH QHJR JOHGDWL NBMR@H LGH

ORIJXUQRVW SURL]JYRGQMH &L HRNRHMHMPWNRM DRRR/IXIDH SL
SULSDGBDMWHIULMDOD SUHP BRWLIMGHMWOHRW Q D MEQHREMI®D MH XSRYV
PDWHULMDOD ]D SURL]YRGQH SULPWMKQHMBOMRRNNRE ULWMR QB BH
WHN VDGD GRALYOMDYB VRNW QIO RMDDYRM SUDEANDVWL F
JHQHUDFLMH VXVWDYD NDR aWR VX QHKUNDRRDL JJODONRLL €
GUXJL Px2\@DOL

1RYL L]JERUL PDWHULMDOD SREROMADQMD SULSUHP®MHQF
EROMD SRX]GDEXHR¥WMHQH SULGRQLMSIW RiMH@BS MQIM M PV Y DF
VHNWRULPD $@G®VWULMH

7DNRYHU X WLMHNX MH UD]JWRIW RB@NMD RN\PWUXBRIDVYRMX NF
SULPMHQX DOL QDJRYMHAEUXMHNRQR ¥ \B HWRINFEDKOE-SHRM. M H E X

WYRUHYLQH QWUWHMERWX XSRVDpPD WH LPDMX PRJIXUQRVW W
YUHPHQD D X QHNLP VOXpDMHYLPD pI2EQRPARWPOQRU LVAL
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"LVSLVD PRIJXUD MH WUDQVIRUPDFLMD WURGLPHQGDR@DOQ
6. > @

1D 2D 3D 4D

z z+@;.

60LANDGKHPDWVNL SULND] GLPHQ]LBM@mDGLWLYQH Wi

7DNRULODJRGOMLYL L UD]YLMHQIR ML RP®L PHRW.M N Y N RPLS ARV §
SRGUDADMD PRJX SURPLMHQLWL VYRM REOLN IXQNFLRQ
VWDWISHNRIKYRGD RQLK NRML MHGQRVWDY QRUHGMRNOWID MW,
PQRJREURMQH SULPMHULFH WNDQLQD YRMQH RGRUH L]JUDY
YDQMVNLP XYMHWLPD WH PDVNLUDWL L VDNULWL YRMQLNI
XYMHWLPFLUDMGHDP SREROMADYDQMD VYRMVWDZXDDIN QY RNRH Q|
SRVWXSDN SUHGVWDYOMRDDGURJPPLMHYSRMH &M UXNW XUH
SRND]DWL RSUDYGDQRVW R QMHJRYLP RpHMLYDQMLPD L VY

11



2. ADITIVNA PROIZVODNJA

BURL]YRGQLUDQRMHVY X ELCGEN SDNWHAQR RWGQRVQR WURGLP
VX QDVWDMDOR & YDWIFRES/QM® VWRJ EORND VLURYRJ PDWHUL
VWURMQRP REUDGRP LOL QHNLP GUXJLP QDpPLQRP 1DVXS
WURGLPHQ]JLRQDOQL ' LVSLV NRQWUROLUDQR MH GRGDY
QDQREAHQMHP VORMHY\H PO HULRMDIDD X®PN U L MR & JX K XIMH. U |
LJUDGX SUHGPHWD UD]JOLpLWH VOR&HQRVWL YHOLpPLQH L F
GR UHSOLND @VRPRELOD

2YDM VXVWDYQL SULEWXSLRPRIX IXWRWRWLSRYD L SULODJ
PRJXUD L]UDGMRALDDPMUPEER. |DGRYROMLOL SRMHGLQDpPQH VSt
RG WUDGLFLRQDOQLK SURFHVD SRSXW LQMHNFLMVNRJ SUI
SULVWXS REGR]BRSGHHNRG DGLWLYQLK \WHY@GERARROR)GRULV
SUHPD JRWVWRIJD QH ]DKWLMHYDWKYRN CPIDAWHIUQAMIBD OD RG NRQI
SRPRiUX DODWD NDNR EL ELR X VNODGX V SRpHWQLP QDF!
SURL]YRGQL SURFHVL XNOMXpXMX XNODQMDQMH GR PDW
SURL]YRGD 7R GRYRGL GR QDVWDQND RWSDGD NR#®& LPD
6OLNDSULNDXXSRHUIKHGEDGLFLRQDOQRJ SVREWWVD NBIGENDRQ
SURL]YRGQMH.

6OLNBVSRUNZGEWUDINWGYYHYQHHS@RL]YRGQM

%XGXuL GD MH DGLWOQRYDMWHEX Q RIYRIEQMWD JRWRYR GD QLM
VWDQGDRBAXDELM] JRGLQD RVLP QHNLK SUHOLPLQDUQLK LU

-LK OHYyXWLP JRGLRYB UKRHMOPWPHR RDUVNL LQaHQMHU
VXUDGQML V XBHXYBEHNIDMWHWSLWLYDQMH L PDWHULMDOH $67

12



YODVWLWLK SRVWXSDND VWDQGDUGAHD MEMG H 12\ RE®IDDOOWEL
SURL]YRGQMWD $GGLWLYH OD@XI®@FWXULQJ

,GHMD 3D model 5HDOL]DF

60OLNDD]YRM SURL]YRGIDHPRG LG BMMHG R

$GLWLYQD SURL]YRGQMD MH IRUPDOL]JLUDQ L]JUD] ]D RQR
SURWRWLSRYD 53 HQJ 5988 %GU/RWRWRSLRID] LYW D] EU]D L]
SURWRWLSRYD NRULVWL VH X UD]JQLP LQGXVWULMDPD ]D
VWY DUD QM DL YDXWSWID WIH LINORODD\QLRMDIQMPPHUFLMDOL]DFLMH '
QDJODWH QD EU]JRP VWY D UDEQWRRNRGBOMLY QR N RIM M B \i\W LVGD O M
QD NUDMX NRQOPQLNSBRLYRRGP ' RPRUXDHQRUBMQ@RILUD QM
NRQDpPQRJ SURMNBGRP NRUDNX EH] LJUDGH SURWRWLSD
SURFHVD NRIGPRVWDOLK SURL]YRGQLIGSWRPHW\QD)R EWEN M Y
JHRPHWUIRMHNRIMHVH LJUDYXMH NDGIRSROYM REGREDOQMHG
UD]JOLPLWLK ]QDHDRFMIFWIRODWH LV®YRULOD SRWUHED ]D R
QHDGHNYDWQLK SRMPRDGL W LRSYH DVERARYRORJL M H

Prikaz slaganja slojeva 3D tvorevina

6OLNBUL@RUSNLYQLK SRVWXSDND SBRL]YRGQMH SU

PULQFLS QDpLQD UDGD DGLWLYQH WHKQRORJLMH REXK)
GRGDYDQMHP PDWHULMDO L VODJDQMHP X VORMHYLPD ¢



SRGMHGQDNH GHEOMLQH WYRUHYLQH L]JYHGHQ L] L]YRUQR
VWHSHQDVWX VWUXNWNDX6SRND &&WYH NRPHUFLMDOL]JLUDQ|
WHKQRORJLMH NRULVWH SULVWXS WHPHOMHQ QD VORMHYL
NRULVWLWL QDpPLQX NDNR VX VORMHYL VWYRUHRDN YLHNIHN R
UD]JOLNH RGUHGLWL pLPEHQLNH SRSXW WRPQRVWL ]DYUAa
EUJLQH LJ]UDGH SRW REED @D NQYDRBMVWDYD PDWHULMDOD L
SURF HB\@

.RQDpQL L]JIJOHG .RQDpQL L]JJOHG
(debljina sloja 2h) (debljina sloja h)

,,,,,,,,,,,,

777777777777777777

;
I
i
; !
4 i b
i
T
;
I
I
}
|

6OLNNDSWMHFDM GHEOMLQH VORMHYD>Q® ®RQDpQL L]J
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21. 2SHUDWLY Q LfaReV3E NWISYRH ]YRG QM H

$GLWLSQRL]YV)RRGCOOMWPYM-RUDME SRWUHEQL ]D LPWMREXY RGDp I
5D]OLPpLWL $HRRJYY@WBID]O LPDMMXH UD]JOLPLWRP RSVHJIX 0DO
MHGQR\WWRYMRGWHRYH WHKQRORJLMH VDPR ]D YL]XDOL]I
SURL]YRGL V YHULP LQA&HQMHUVNLP VDG UA&DMHPUPR UM EK NN
UD]JYRMQRJ SURFHVD 1DGDOMH UDQH |D]H UDRANBXH] DEKHAPLXV M b
VPR ELWQD EUJLQD L]JUDGH LgUNDIEFRWNM MR YDM¥Y PLEGIHQMH
REUDGX XNOMXpXMXiL EUXZ&HQMH SULSUHPX SRYU&ELQH L
WHKQRORJLMD NRULVQD ]JERJ VORAHQRVWL REDQDERGENRML V
5HJLPLUDQR YHULQD SURFHVD DGLWLYQLK WH K®QR®KpXWD
VOMHGHULK RVECPLIMB B8@N D

1. JUD&$' PRGHOD

2. PUHW YB&SD PMGHOD X 67/ GDWRWHNX
PUHEDFH&DQIDWRWHNH QD $0 VWURM

4. PRGHADNDIMWDPHWDUD $0 VWURMD
,JUDW YRUHYLQH

6. SNODGIBRYMAHQH WYRUHYLQH
1IDNQDREDD G
USRUDED NRULAWHQMH

o
[+
° o
(o
o
1. Izrada CAD model
2. Pretvaranje CAD modela u STL datoteku @
3. Prebacivanje STL datoteke na AM stroj
4. PodeSavanje parametara AM stroja Q

. lzrada tvorevine

. Uklanjanje dovrSene tvorevine
. Naknadna obrada

. Uporaba / koriStenje

o0 N O U

60LUND)D]H DGLWLYQHH@WHKQRORJLMH



2.11. ,]JUDGD &$' PRGHOD

3UYL NRUDN X SURFHVX ]DSRpPpLQMH L]JUDGRP WRBBOPHQ
NRQDPQH WWMRHWMKHH SRWUHEQR ]D LJUDGX RYLVD]R JHRF
SURMHNWLUDQMD YUOR MH YDAQD ]0L]5DRBNY NID NRIJO HA N
UH]XOWL U D WR Pii HRQURAYHRCPM\N, . RNUIHRY WEIRNPBI O LUSKIRFHW L JXELW
YUHPHQD L UHVXUMIS URBM I QW LMHDEBM HONRSURWUDPL ]|D ' PRC
VD PRIXUQRVWL VWYDUD@QNB WCHYILQH OSJHNRAHUAMMDOQH &9
SULPMHULFH $XWR&$' 6ROLG:RUNY DOIPHELY @ D IEHIVRS OTRWVGWF
RGQRVQR 7LQNHU&S$' BS5HSHWLHU 6NHWFKS&5H YWHQ EHWAQ |
L Q &H QM H U ¥ngy. RBvefsge Engineering WDNRYHU VH PR&H NRULVWLWL
GLIJILWDOQRJ PRGHOD SXwW@P ' VNHQLUDQMD

21.2. 3UHWYDUDQMH &$' PRGHOD X 67/ GDWRWHNX

.UHLUDWRGLPHQ]JLREBCEBERKIDQMXMH WH/ XG B BONRHIND D
PRIXUQRVW SULND]D PRGHOD X.RNR I6KDA PRIRHIIEHI QVRNRW XSW D N |
SRGDWER®BRWH U MDELQLEGD BV ROILIERILPP D MNGRBDWQR MH XYl

JRGLIQWPDW $0) eng.Additive ManufacturingBI& DY QRYL IRUPDW M|
VWDQGDUGVIHNDR. RWQWY D JDHIMOIRMKHYD NRML pLQH WHPHO
8QXwWDU $0) GDWRWHNH REMHNWL VX UDVSRUHYHQL X YH
YROXPH®HI L PLWHERP WURNXWODNSERAPONE QDpB@MND]XMX
VH ERMH L PDWHULMDO SRMHGLQRJYDIRR X PAHORON YAMBEN® UPDUNHV
21 @

SUHEDFLYDQMH 67/ GDWRWHNH QD $0 VWURM

IDNR® QHU L&D QQVIDMRY RN.HK SURJUDRPUID®X |ID @ @ R MHRWDL M H
SRYH]DQ WDWERNKMPM SURRBUBPWGDW R WHDX \LI RIUP {NURIG,
RGQRVQURJUDPVNL MH]LN ]D QXPHULpPNR XSUDYOMDQMH
SRWSRPRJQXWRM SURL]YRGQML &$0 ]D XSUDYOMDQMH T
XNOMXpXMXiL &1& VWURMHYH L ' SLVDpH 3URJUDP ]I
SWLARGERUDPHWDDGOGH XNOMXpXMXiL SR B/CHWRIRIMKD VIW R M NMEXC
WY R U HY @Q H.
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2GDEUDQL VPMWUORMMPDEXMDQ MH ]D pYUVWRGX REMHNWD Y
SRYU3ELQH =D MHGQRVWDYQH ' PRGHOH WR MH WULYLMDO(
VORMD VPMHU UH]DQMD SRVWDMH VYH YD&QLML =D QD!
NRPELQDFLMD UD]OLpLWIRS WX RIR BB LINB|XQENBD @) @M

Ulazni mode! Smyjer izrade ReSetka radnog prostora Optimizacija Optimizirani slojevi
/ Izradun pogreske

6OMURD3UHIRDFWLPLIDFLMH NXWR2@H]DQMD VORMH"®

2SWLPL]DFLMD SRpLQMH V PRGHORP NDR XOD]QRP PUHARP
pbLML VX RVQRYQL YHNWRUL RNRPLWL MHGDQ XQW y& Y R QLM D=
SRIDINSDH]DQMD X VYDMWNWRE VMERMEWWLDPRXWRHUWIDQMD 1D RYDM
VH RVLJXUDYD EU&H YULMHPH LJUDGH L VPDQMHQMH JHRPH!
t@2@YDNYL PRGHOL RSWLPL]JDFLMH XJUDYyXMX% H XRMULRJIL
RPRIJXUXMH WUDQVIRUPDFLMX L] MHGQRJ &%$' VXVWDYD

SRMHGQRV®RGEOMEQ M D

8 QHNLP SRVWXSFLMB XBRWHHED SRWSRUQH VWUXNWXUH
WYRUHYLQH ]J]DMHGQR VD QMHJRYLP NERKWRHQRDMBDINDLPUS R
GHIRUPDFLMD WYRUHY&#@H@VLMHNRP LJ]UDGH

214, 3BRGHaDYDQMH SDUDPHWDUD $0 VWURMD

$0 VWM PRUD ELWL SUDYLOQR SRVWDYOMHQ SULMH SURFHYV
QD SDUBRPWULPMKBHEMHMLQD VORMD VQDJD EU]JLER® YU
OHKDQLpPpND YL]XDOQD L PRUIRORAND VYRMMVDXBIRNV¥ W R HY L
WOoPW]ILQD SWRHWEBNDDWNRIGREMWWARWMD L EU]JLQD LIUDGH 6V
RSwWLPL]LUDWL WH SDUDPHWUH NDNBR@&L VH SRVWLJOL QDM

1HNL VX VWURMHYL GL]DMQLUDQL VDPR ]D UDG V QHNROLN
PRRXUQRVWL ]D SURPMHQX GHEOMLQH VORMD LOL GUXJLK
GLIDMQLUDQL VX ]b ubG V UD]OLpLWLP PDWHULMDOLPD



IDKWLMHYDMX RSWLPL]DFLMX X VNODGX V YUVWRP WYRUH
JUDGX DOL V OR&GLMARP NYDOLWHWRP

2VLP SRVWDYOMDQMD SDUDPHWDUD VWURMD YHULQD VWL
LIUDGX WYRUHYLQD 2SHUDWHU PRUD SURYMHU QRRMQRH O
PDWHULMDOD ]D GRYU&HWDN LJUDGH =D VWURMHYH NRML
]IDWLP XEDFXMMHLXHYMRBAGL R SPBRWKERNPDQMD =D SRVWXSNFE
SODWIRUPX, RQDHJPRXYD XPHWQXWL L L]UD Y\WWDRMD X IRHONHRR &
RSHUDFLMD SRVWDYOMDQMD VWURMHYD DXWRPDWL]JLUDQH
VWURMHYD WH RSHUDFLMH UXp®®& L]YRGL REXpHQL RSHUDV

,JUDWYRUHYLQH

,JUDGWY RUHXYJIIOPHY QRP MH DXWRPDWL]LUDQL SURFHV L PRAI
QDG]RAMWWURM UH VOLMHGLWL DXRWRIRIEM. MIPR) IGEMHRRIPY P QRS
NDNR EL VH XNORQLOH SRJUH&NH SRSXMQ QBMWIIHQ NOL PIDUA
VRVY HUXRJL $0 VWURMHYL NRULVWH RVMHWOMLYX WHKQRO
MH SRWUHEQR SDAaOMLYR (BUDAQEWYLP QHY QR & Q \NIRMUKA |
VWURMHYL RSUHQLWR SURMHNWLUDQL ]D UDG EH] QDG]RUD
UHGRYLWH&B®RYMHUH

2VLP VWURMHYD SRWUHEQR MH SDAOMLYR UXNRYDQMH P
QHNLP $0 SURFHVLPD LPDMX RLBIRDADU i B @GRDEENVH DN B B MR M
VSUMHPDYDMX RG QH&HOMHQLK NHPLMVNLKX UHGWNEKIMD

]DJDYLY DWUME DRPERMELU DYDRVDHNL ORGW ¥YRIXiQRVW UHFELNOL
PDWHULMDOD SRQRYOMHQD XSRUDED PR aPDWH X¥OED@ D W L

2.1.6. SNODGIBROMAHQH WYRUHYLQH

IDNRQ AWRRBIOGRN UAL WYRUHYLQX TRRBRAH AR KDY XVNHOYRIQA WV |
LQWHUDNFLMH VD VWURMHP ]JERR SIUILPWMHRMFIHK GEDO RN DUEIDG C
GRYROMQR RKODJHQ |]D VLIXUQR XNODQMDQMH WYRUHYLQ!
3RQHNDG MH SRWUHEQR X QHNLP SRVWXSFLPD QDNQDGC
SROLPHUL]DFLMH NDNR EL VH SREROMA&DOD PHKDQLpPND \
XQXWDUQMLK VORMHYD L]JUDWND



=D QHNH WHKQRORJLMH DGLWLYQH SURL]JYRGQMH XNODQMLEL
WYRUHYLQH RG SODWIRUPH |]D M\JNDKS X HWOR G X J H. MLRAGHDV W
WYRUHYLQH YLVRNR MH WHKQLpPpNL SURFHV NRML XNOMXpXI
XYLMHN |]DWYRUHQD X PDWHULMD @ WLRIRFL]QD GO L2FUIL P AW
]JDKWLMHYDMX VORAHQH SKRVWRXNSR H XINOLWD QMDIJPMMH W XNRYL
IDMHGQR VD VLIXUQRVQRP RSUHPRP L>N@QWUROLUDQLP RN

IDNQDGQD REUDGD

1IDNRQ &WR VH L]YW® R UHP RLVEGIFONKDV L M H Y PV i FEGRMGHD W QRMH Q|
EXGX VSHIBPXBRUDEX 7R XNOMXpXMH b LRGWQ M B Q/NLE X D QAVDHN §
VWUXNWXERMDQRHEL VH GRELOD SULKYDWOMLYD WHNVWX
6WRJD WR pHVWR ]DKW L MRQ@RYQLRV H\PNIX I/ G X AQNSEK@ D Q L S X

2VWDOL SRVWXSFL REUDGH RSHW VH W DDPEGHNKMXSROLPER
WYRUHPKQHMHYDMXHB® NRDBH @MY UV Q X UH WRNN-W R ONDHH SRW U |
UDVWHRGDRMWMDOLK QWRBSELMYMBRP GENDWGRRFDVGRNHYLQDP|
PRA4H RGPDK UXNRYDWL O9HUGLQD PDWHULMDOD |D ' LVSLV
GUXJH WHKQLNH QDNQDGQH REUDGH XN O MPUBXINPQUANRLFE Ui H (
SRG YLVRNLP WODNRP SROLUDRDQUWISELSRKD N MB MMM XELR U
> @

8SRUDED NRUL&A&WHQMH

7YRUHYLQH QDNRQ S UPRRXEV WD V GIIKMPEIRBAVLWDH EKH] B RWH. M H Y D V
QMLKRYR VDVWDYOMD QMW DB HBREED VNG Y R QIMSHU R R YIRPALR J
WY R U HsY@ Q H.

1D G D OINDHN RVY R U HPYRUQXHL ] U D G W R JRIGO P DWOHL I R DEDRV N/RAS D Q
GUXJLP SURL]YRGQLP SURFHVREDD G R SGK RANFMBIDCHDINGCH L
PRIJX SRQDADWL X VNODGXVWD § SHEFERGWHIEARLBEEFIDGIU R F H V L
VWYDWIYRNXNHYPOOLP SUDJENRIPR&H LRBWDMAIR@MHORYDQMH
PHKDRRPDSUHIDYMP WRJD QHNL SURFHVL PRJX X]DRMRYDYV
OR&X SRYH]DQRVW LOL QHRW I RPBEGEH N R WRW B OWLY D KIRWX V C



VYRMVWYD VX DQL]JRWURSQD UD]OLpPLWD VYRMVWYD X UD]
$0 SURFHWIR KODGRYRIGLS FBMRDYB]OLPpLWLK P LIN UGSUDNNUNKLNGY >
VYRMVWYRDKWISRJHGQRP V NRRILPHQELRQDOQH SURL]YRGQN
DSOLNDFLD XS URPINAYQD SUHGVWDYOMD S HEG QURNRRI\DVD U XQI VG
WUHEDR ELWL VYMHVWDQ RYLK UDJOLND L X]JHWL LK X RE]L
SURFHVL EU]JR VH SRERG RN WINRKMERIXVEMRIID VY MHVQL QHGL
X PDWHULMDOLPD L SURFHVLPD NDNR EL QDMEROMH RGUHC

22. 3BRGUXpMD SULPMHQH DGLWLYQH SURL]JYRGQMH

.DGD YRYRUL R DGLWLYQRM SURL]YRGQMLWWHD\WPHS QWD M
UD]OLPLWH SRIRRLJXREBWH PRAHPR UD]YLWL YyHVWR MH LQWHL
SRVWXSDN PR&H NRULVWL VDPR ]D MHGDQ LOL PDQML UD
LVNOMXpPLYR SULNODGDQ ]D GUXJX SULPMHQX 8 SUDNVL
SURFHVD SRpPLQMH RGJRYDUDMXiRP DSOLNDFLMRP =DW
GLPHQJLMD NYDOLWHWH JDYUAQH SFY GAMIQOIR YIRYWUHOEHH NI
WHPSHUDWXYHGHQE |RKWGHYGRGULNODGQRJ PDWHULMDOTL
SULNOBRYRXBDHQLWR UD]OLPpLWL $0 SRVWXSFL PRJX V
UMHADYDQMH LVW@®J SUREOHPD

6WRJD SULMH NODVLILNDFLMH L SRGMHOH $0 SRVWXSDND
'D EL VH GHILQLUDOD WDNYD VWUXNWXUD SUYR MH SR\
AWHKQRORJLMD?®* RG ASULPMHQH® 7HKQRORJLMD MH GHILQ
RSLVXMH ]QDQVWYHQL SULVWXS 3ULPMHQD ]QDpL NDNR NR
QMH dWR VH QDJLYD L SUEBNWLpPQLP SULVWXSRP

$0 SURL]YRGQMX NDUDNWHULJLQBD MEX) LGPWEHIGRHL.] D B®EM/IR W L S [
533 L A%WUUDYSYURL]YRGQMD 50° %U]D LJUDGD SURWRWLSD R
GR LJUDGH SURWRWLSD X]RUND PRGHOD LOL PWNHHWD LGR
]DY UAIQUID GIDINDpDN S(BRLINR @
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3 A |
2 |
b Aditivna proizvodnja Aditivni postupci ! Klasi¢ni postupci
< |
______________________________________________________________ ?__________________________
© Konceptno modeliranje | |
S ‘8" Brza proizvodnja !
S & prototipova RP o R Posredna izrada
NS} Funkcijski prototipovi ! .
<R i prototipova
QS !
© \ . .
_q:, _________________________________ Prototip alata _% 'n_: : Posredna izrada alata i
£ ili kalupa S @ | kalupa
Q ST | !
N T 1
Ko g_ = Posredna proizvodnja
< 1
K Izravna izrada g 5
s alata i kalupa m$ |
& Brza proizvodnja RM |
Izravna proizvodnja i
\/ |

6OLNBRGUXPpMD DGUPWMH@H K S@@NV XSDND

Brza proizvodnja prototpaRP PRaH VH SRGLMHOLWL QD GYLMH UD]JLQH
IXQNFLMVNL SURWRWLSRYL

Konceptno modelirane GHILQLUBRWGHEBML VH SULPMHXMRDO QORI U F
VNORFBBFIQDOLNXMX WURGLPHQ]JLRQRODQ\WRWHVVOH AMMDP B L] IV NoXRJ
SURVWRUQH SHUFHSFLMH NDNR EL VH SURFLMHQLR RSUL L
VX DODW ]D HYDOXDFLMX NRQFHSWD M% RMIRENDH FSIRW DA®I L X
SURL]JYRGD L VWUXNVERXOUNMDDSIMN MB MPREMHBGCGQRYQRVMHN

MHGLQLFH PRWRUD V XQX*X@DUQMLP L]JJDUDQMHP

60LMD.RQFHSWQR PRGHOLUDQMH MHGLQLFH3HRBRNERUD V X

Funkcionalna izrada prototipa SULPMHQMXMN H/ R INRDINXKR LEOD SURYMHUD M
LIROLUDQLK IXQNFLMD NDVQLMHJ SURL]JYRGD LOL GRQLMH(«
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PRaH NRULVWLWL KORNDSWLEANXNVEWRY XQUDND P RSHFRGHY LY
UHAKMINL]OD] JUDND LY HQMWIRKDIBRRNGRERD RP D XNVRRWHRREHOXULVW LW
]ID SURYMHUX GISWWRWENBLMMUOR UDQRM IDJ*@D]YRMD SUR

6OLND)XQNFLRQDOQD L]IIDXW B BRIV LSD

Brza proizvodnjaRM VDALPD VYH SURFHVH NRML LVSRUXpXMX NRQ
LIUDWRMH SRWUHEQR VDVWDYLWL NDN®HARIQBRWWMXLSIWRRILY
DNR SULND]XMX VYH NDUDNWHULVWLNH L IXQNFLMH NRMH \
$NR MH UH]XOWLUDMXuUL GLR SR]JLWLYDQ SURFHV VH QD]LYI
da4WR ]QDpL DODW PDWULFD LOL NDOXS QD]:®D VH A,JUDYQ

Izravna proizvodnja YRGL GR |RYWBGRRML VH LJUDYQR LJUDYyXMX $(
'DQDV MH QD UDVSRODJDQMX UDVSRQ L] VYLK HOWDRIENRB/OW H
VH PRJX LIJUDYQR REUDGLWL 2YGMH QLMH YPIRW SXID S RV W
ILILNDOQD VYRMVWWRMDR/H RRWIHVMMDXOWUDGLFLRQDOQLP
OHyXWLP PRUD VH RVLIJXUDWL GD VH VYRMVWYD QD NRMLP
RVWYDULWL RGDEUDQLP $0 SR®ONSNDE P LLNBRXMMH IGM B ® RVFH G (
SURFHV LJUDYQH SURL]JYRGQMH

6OUED3URFHY LIJUDYQH&ES® RL]YRGQMH
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Izravna proizvodnja alatai kalupa WHKQLpNL MH HNYLYDOHQWQR LJUDYQF
SURGXNW MH XPHWDONDO@DMWD VADMNWODOWD WHRMHOMK D $RGE B
R SURIGI¥X SR]JLWLYQR QD QHJIJDWLYQR 2VLP WRJD MB LQ
NRQVWUXNMNRWENDOGHXPDWMLNDRINRHL VH NRPSHQ]WYRORHYNQ® 8
GHILQDUROMD UD]|GDUDYAQRVBMHLOIODVLWL GD VHQGMRVH]UDYV X
VWYDUDMX VDPR NRPSRQHQWH RBODRWID VIR MWV VEHX NRWISRE
VDVWDYOMDMX VORWWIXGRDBGRYPRPEBRISXND NOLPFD@®@D L \
60LND SULNDYREMS ]D LJUDGX NXULXWHYB®BNMNWRNIQ WH. KL
LQMHNFRWHAD@MHP

.DOXS VHULMVNH NRGXQLFMHWUHNYHEWR UHPHRWRL]|YREDQMX P
VHULMD $NR MH SRWUHEQR VDPGRUHQHNR @LNRI GM B MR R K B L@
SULYUHPHQL NDOXS LJUDYHQ RG |[DPMHQVNRJ PDWHULMDOTL
IXQNFLRQDO®RKDSURWNRWIGRYROMDYD EDUHP GMHORPLpPpQ!
DODWD 5D]JLQD SULPMHQH MH L]JPHYX EU]JH SURL]JYRGQMH S
Q D ] LRrbrotip alata i kalupa“. > @

60LND,]UDYQD SURL]JYRGQMD DODWIXUHYP®XSD |D HOH

.DNR $0 SURFHVL L]URBNFP HWIRWVMNMWRPDQ L VNDOLUDQ IL
VNXSD SRGDWDND WDNRyH@® LPDMX QHGRVWDWNH

- UDGH V SURFHVLPD D WLPH V PDWHULMDOLPD RYLVQL

SRJOHGX ERMH WUDQVSDUHQWQRVWL L IOHNVLELOQR\

- QH SRND]XMX QLNDNYR VPDQMHQMH WUR&NRYD V SRYH

- SULOLPQR VX VNXSL NDGD VH NRULVWH |]D VHULMVNX S

.DNR EL VH SUHYODGDOL RYL SUREOHPL $0 SRVWXSFL VH
7DNR SULPMHULFH PRAHPR JHQHULUDWL JHRPHWULMVNL
VYRMVWYD SRSXW ERMH P RIAH R SRIVMDILPL SSRBYNQTSE L P D



23. 6LVWHPDWRLGDLMAIWIH SURL]YRGQMH

$0 VNUDUXMH YWQUWHMYD WURANRYH LJUDGH QRYLK WYRU
NRQDpGRRLPREGLWLYQH WHRKIQXRNBMWOLEHSRIUPENH LVSUDY!
XJURNXMH GRGDWQH WURANRYH X NDVQLMRM ID]JL SURL]YR(
XYLMHN LVSCDWHRX RSEMHUXYEIQRRHPH JDSRMWDBERQD RSUHF
RGUADYDMBIRSHUDWHUD QWWQEEBQD REQRBOQRJ L PDWHULM
VWUXNSVXNRQBRDL LJUDGX SRMHGLQH WYRUHYLQH BRWUHE
SRVWXSREQRVX QD SRWUHEQX NROLPLQX NDNRE@VH RVW)

.DNR EL VH RODNGDR RGDELU SRJRGQRJ $0 SRVWXSND SRV\
SURL]YRGQMH §QODRMWXYSHIRRW L VWUXpQRMS$®BWE URMVKHR.
VDE@UBR QIH UD]OLPLWLK SULND]D NRML VH WLpX VXVWDYQF
OQRJL VX RULMHQWLUDQL VDPR QD W UHR & IMRQ B RARIVEIH
SURFHVD BYQLDSURL]YRGQL SURFHVL VX X NRQDpQLFL L S
RSLVDQL X QRUPAHWRGH DGLWLYQH SURL]YRGQMH UD]YUVW
SUHPD DJUHJDWQRP VWDQMX L]YRUQRJ PDWHULMDOD D
VPLVOX BRIORSW 1D WUHGRM UDJLQL MH SULND]DQ PHKDQL]
PHWYUWD UD]JLQD VDGUSIORISDL RIBH WXSWLRFHRSEELUQLMX L JO
SULKYDWOMLYLMX NODVLILNDFLMX SUHGVWDYOMD $670 N
JUXSD RGQRVQRNRMKQROREUDFHQH X QDUHGQLP SRJODYO

‘ Postupci aditivne (generativne) prozivodnje ‘

Cvrsto Pastozno Kapljevito Plinsko
\
\ \ \
‘ Zica ‘ ‘ Jedno- ili viSekomponenti prah ‘ ‘ Folija ‘
Taljenje i Oc¢vrscivanje s Taljenje i Rezanje i Rezanje i A L Kemijska
P . . e xa L AT Polimerizacija Polimerizacija "
ocvricivanje pomocu veziva || ocvrséivanje lieplienje || polimerizacija reakcija
FDM 3DP SLS LLM polimerizacija polimerizacija LCVD
BMP folija paste
[ [ [
: -~ Svjetlo s dvije Svjetlo jedne
Toplina Svjetilika frekvencije frekvencije
toplinska SGC ocvrscivanje s pomocu
polimerizacija interferencije zrake
Laserska zraka Holografija

ocvrséivanje s
pomocu holografske
interferencije

SL

6OLND6LVWHPDWL [ DFRMAOMPHOMHQD QD REO@NX PDWHU
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3. TEHNOLOGIJE ADITIVNE PROIZVODNJE

2YR SRIGRBLOMMH JODYQH WHKQRORJLMH DGLWLYQH SURL]Y
RG WHKQRORJLMD WDNRYHU LPDMX PIOHY VW UKW IUNDQQMIHP DN
PRaH REYLMDWL NUR] MHGQX LOL YL&H POD]QLFD

6OLND GDSMHHVWMHKQRE®RMHMIX X VNODGX V XVWDOMHQRP W
) RGERUD ]D WHKQRORJLMH NDRGMIV LXQRISSHALWR GQMH,0L Q
QD NRMH VH P DWQHHU XM&HID R B QB DNVY R WHMHRIDR R JLMH GLMH !
RVQRYQLK JUXSD

- 3ROLPHUL]DFLMD P D W$AehgV\TAD PolytneyisaioR U L

- (NVWUXGLUD QM H(eld> Malte bl BATDUSIdh

- 3ULQWD QM H OP (@ny. Hidterhd| Dedtibg

- 3ULQWDHQIMMD QD P&(enyl Bihddi@ting

- 6SDMDQMH SUDANDVWRJ P B3¥jerd..LPdvidiéer BeXF¥MsORMHY LP D

- 7DOR&HQMH QDYDULYDQMH PDWHULMD O b ODR/G I GBMWNDO R
HOHNWUR Q\(N PendJDirddDEnergy Deposition L

- /IDPLQLUDQMH IR SL(6hD. ShEeW atirnatibD O D

6YDND WHKQRMROLMOH QD MHGDQN R MLLAIARGURW/YWWHXQI. D RDW H U L
LIUDGX WYRUHYLQD D QDSRVOMHWNX QDYHGHQL VX SRMt
RSUHFEFBNYRP ODRPR®YRGL VH SRVWXSDNDQPMKEXMWR®DWD
QHJR MH GDOHNR YHUL QHSUHVWDQLP UD]J]YRMHP DGLWLYQ

1IDPMHQD RYRJ SRJODYONMSR Y IMRHB BIRWN MEDIR \GIDML RSUHHQL
I X Q N F LRAVHQ R WRLVKHDRW MMH K QMRHPRVHEDQ QDJODVDN MH VWDY
6/6 SRVWXSDN NRML VX GHWDOMQLMH UDJUDYyHQL SRAWR
RYRJ UDGD
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