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6%a(7%.

U ]DYU4AQRP UDGX RSLVDQ MH L DQDOL]LUD A3YRGEFMRG.
(QJLQHHULQJ 2SWLPL]HU?

UYL GLR SRGLMHOMHQ MH X GYLMH YHOLNH FMHOLQH A2S\
obje cjeline VX GHWDOMQR RSL¥YWDh L L QROENHDE)HES R &) lyilkom
postavljanja problema bilo optimizacije X A2SWLPLULJOWIYRQWXDOQRJ WHVWD
21 ([SHULPHQWYV?3

U drugom dijelu je kroz primjere prikazan rad u A2SWLPL]DWLRQ3 L A'HVL
([SHULPHQWV: 3ULNPIROGRWXL L uY NEBONDD BizMtatima

optimizacije s obzirom na odabir postavki.
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1. UVOD

1.1 2SUHQLWR

8 GDQDaQM Hzbdd) gldbadrie Honkurentnosti WU D aL prdiek@ddi proizvod
RVLP EH]SULMHNRUQH IXQNFLRQDOQRVWL EXGH L QDMEROMN

Kriteriji koji igraju veliku ulogu u tome su: dimenzije, vrijeme izrade, kompatibilnost,
pouzdanRVW WUDMQRVW WHALQD L FLMHQD

Stoga YHOLN X Yilréa@iRidizVoda ima optimizacija. Osnovni cilj optimizacije je
QDiUL QDMEROMH UMMé&#.QMH ]D |DGDQH

Optimiranje nije samo proces L QDpLQ SRVWDYOMDQMD LQAaHQMHUVNRJ
SRPDaH X GRQRAHQMX RGOXND X QDMA&ALUHP VPLVOX ,Q&
LOQWXLWLYQLP SXWHP RSWLPLUDWL SURFHVH QR WDNDY (
JUHANDPD 3RVWXSFL rape Kazivejlu ¥& ralintRidj\Vréfesionalnom
LVNXVWYX EURMQLP SRNX&DMLPD LWG

'DQDV MH X] R GRRydribve Dokdgtdmske alate i X] SULPMHQX UDpXQDOD
VQDJH P Rdopiirdiranje WHPHOMH QROJIR MDWXFRX DFLML ILJLpNLK F

Prednostit YLUWXDOQLK PRGHOD MH WPD a@WkV YXDP]UD]&EP NI KD @F
jefWLQLML L X&WHGD YUHPHQD MH YHOLND

Postupci optimiranja primjenjuju se u cijelom nizu linearnih i nelinearnih problema,
WDNYL VX L SUREOHPL RSWLPLUDQMD PHKDQLpNLK NRQVWU

UzaYUAQRP UDGX ISUIVNHD DR XUQRVWL RSWLPLUDQMD X SUF

Catia.

1.2 CATIA
&$7,$ MH VNUD UH QL F EidBdGTh&eR-&irgen¥ibHal Interactive Application
UDpXQDORP SRGUADQ WURGLPHQ]JLRQDORIL LOQWHUDNWLYQ

Program je razvijen od strane tvrtke pod imenom Dassault Systemes u ranim
RVDPGHVHWLP JRGLQDPD SUR&AORJ VWROMHUD SUYHQVWYH

SURJUDP MH GDOMH UD]YLMDQ X] SRGU&GNX WYUWNH ,%0

s oM ]o]“s p eSteEjarsi odjel 1
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ORIJXUQRVWEH&SX, RIJURPQH MHU RVLP FUWDQMD WeWURMQL
QMLKRYR SURUDpPXQDYDQMH V REJLURP QD iZ@dWM&YRiX RG
SURJUDPD |D 1& L &1& VWURMHYH VLPXODFLMX REUDGH L
]JDPLAOMDQMX RGUHYVHQRJ SURL]YRGD L QMHJRYRM L]JUDGL

1DMYLaAH VH NRULVWL X BRUR G&SHID @ QMdgm DMsiRskim

granama.

s oM ]o]“s p eSteEjarsi odjel 2
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2. CATIA MODUL

CATIA VH VDVWRML RG PRGXOD 6YDNL PRGXO MH ¥SHFLMD
dizajna. Najpoznatiji moduli su Sketcher, Part Design, Assembly, Stress Analysis,

Drafting, Simulation...[2]

2.1 CATIAmodul ASURGXFW (QJLQHHULQJ 2SWLPL]JHUS3

ABURGXFW (QJLQHHULQJ 2SWLPL]HU® MH PRE®XQVGHIMHQM
iterativnim metodama RPRJXUXMH RSWLPLUDQMH[BLOR NRMHJ SDUDF

1XGL PRJXu GptivhiManja baziranog na geometriji modela
-RSWLPLUDQMD EDJLUDQRJ QD PHWRGL NRQDPpQ

-virtualnih testiranja (DOE) u svrhu dobivanja informacija o
SRQDaAaDQMX PRGHO/ptika]DGDQLP

-UMHADYDQMH SUREOHPD LVSXQMHQMHP ]DGDQ|

3ULVWXS A3URGXQRW2 $QLLFQHHWL UDGQRP RNUXAHQMX MH S
VSXaWDRIMHP GR .QRZOHGJHZDUH RWYDUD VkbjeRIGDWQL S
se kliknuti QD ABURGXFW (QJLQHEKk&DJ 2SWLPL]HUS

s oM ]o]“s p eSteEjarsi odjel 3
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] start |

.1r1frastructure r
Mechanical Design r

ﬂﬁhape >
Analysis & Simulation r
AEC Plant r
Machining >

@ visitzi Mockup 8
Eguiprment & Systems >
Digital Process for Manufacturing r
Machining Simulation r
Ergonomics Design & Analysis

Enowledgeware E Enowledge Advisor

ENOVIA V5 VPM » ot Knowledge Expert

I*'-..-"J Product Engineering Optimizer

Exit

E‘lu Product Knowledge Termnplate
@ Product Functional Definition

Slika 1. Odabir modula PEO

,]JJOHG VDPRJ UDGQRJ RiNtjex & rqisii Dowhaladnih Raka, na kojima
VH QDOD]H DODWS RRRIIL \WRUKL MHNX GD QD 4WR ODNA&AL QD
rezultata. U ovom VOXpDMX RSWLPLUD 8HOMHQL PRGHO

Na slici (Slika 2) vidi se izgled alatne trake i ikona ]D A 3 WRBEineering
2SWLPL]HUS3

Slika 2. Alatna traka PEO-a

s oM ]o]“s p eSteEjarsi odjel 4
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2.2 Optimization

Ovaj alat R P R J X Uogtvhifanje modela QD QDpPpLQ GD Pamirth Q@D M Y H
LOL WYDANGIGQRVW RGUHYHQRJ SDUDPHWUD 7R PRaH ELWL
sl.

.DNR EL VHGEREOBAHQRJ U H ]XHD WdEWibenZi[e GeDsmiju mijenjati
i kojihse uvieta PRUD SULGUAaDYDWL

1IDNRQ @midupilo ASURGXFW (QJLQHHUULRG QEBWLSFRYHBLYH PLAF
kliknuti QD LNRQX A2SWLPL]DWLRQ?

Automatski se otvara prozor QD NRMHP VH QDOD]H WUL NDUWWWFHL A3U|
A&RPSXWDWHSik&J3)VXOWYV3

s oM ]o]“s p eSteEjarsi odjel 5
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Problem ‘ Constraints | Computations results |

Optimization type: |Minimization
Optimized parameter

| ?

Target value: | Minimum

Free Parameters

Mame | Value Inf. Range Sup. Range | Step

Editlistl
Available algerithms

Algorithm type: |Simu|ated Annealing Algorithm
Selected algerithm settings

Running Criteria

Convergence speed :

Termination criteria

Maximum number of updates EUU
4 Coensecutive updates without improvements |30
d Maximum time (minutes) 3

Optimization data
4 Save optimization data
Run Behavier
120 With visualization update @ Without visualization update

< Disconnect Unde log

Run oetimizati on l

@ 0K I OAppIyI 'ﬁCanceII

Slika 3. Izgled prozora za optimiranje

221 .DUWLFD A3UREOHPS3

1D NDUWLFL ASRKEARNPWLPL]DWeERIQ & \&H optimizacije
AOLQLPL]DWLRQ?®* AOD[LPLDWLRQRDOLAKR QVMRLEDW V3
OGUHydMMH WUD&HQD QDMHFDRQM D QXEjadiRi Mptimiranje se
YUBYNOMXpPLYR EDJLUDMMteL VH QD ]DGDQH

s oM ]o]“s p eSteEjarsi odjel 6
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Nakon toga bira se parametar koji UH VH RS WL PILMdxdivhalnapwhihimalna ili
ciljana vrijednost VH wWuUDalL

3RG A)UHH 3D UdePde¢fiithiju \GLPHQ]LMH pLMRPYBURPRERRWL UH
GRUL GR aHOMHQRJ UH]XOWDWD

Za svaku od dimenzija PRA&H Wdfinirati raspon (YULMHG QdR Y \(Ma AIRIG
R]QDpHQRI Korak (podiela) QD VOLFL R]Q RQYikhQ4R Péddjelom se

RGUH kKA HIH V HdikveDzija uzeti u obzir prilikom S UR U D ppXiQigacije.

Prevelik korak je beskoristan a PDOL NRUDN PRAMLVEULIXM NRQYHUJH

U M H & AIlkQ Mdino sigurni, ne definiramo korak , ali odredimo raspone dimenzija.

Meodify the ranges and the step EE I

k=
=

Slika 4. Definiranje raspona i koraka

Nakon toga definirase tip DOJRULWPD Sde dgtitnviad.P G H

Na raspolaganju ima pet tipova algoritama, koje se PRaH SRGLMHOLWL QD GY
cjeline s obziromna QDpLQ SUH Wadditaka.Yy DQMD

7R MH AGLBROQBWBOGQJ $OJRULWKP3 NRML YU&AL JOREDOQX S
vrijeme prolazi prelD]JL X ORNDOQR S U Hwetli DRAILUYID@ L BigQ etk se

uvode odjednom. OELpQR VH NRULVWL NRG QHOLQHDUQLK GLVNF
SUHSRUXPAEWHQRH NDGD MH QHSR]QDW REOLN IXQNFLMH

s oM ]o]“s p eSteEjarsi odjel 7
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A/IRFDO $0JRULWKP )RU &RQVWUDLQWY DQG 3ULRULWLHV
'HUHYLWLHV 3URYLGHUV3 A*UDGLHQW $OJRULWKP :LWKRX\
'LWK &RQVWWO DQWRW EWPL RRMIUHWAHDA RKNIDOMH SRGDWDND
RYLK DOJRULWDPD VYD RJUDQLpHQMD PRUDMX ELWL GLI
SR]QDWD 'ROD]H EU&H GR UH]XOWDWD QHJR A6LPXODWHG

manjem opsegu funkcija.

,GXUL NeRoddbiNbrzLQH NR QY H Utd k¢ @rzihdvsHorija rezultati optimizacije
VX WRIBXOIMKNXSDQ EURM.UMHaAHQMD MH PDQML

SRG7TAUPLQDWLRQ &ULW HridksbralnR Bad) keyaciv,Horof Heracija bez
SREROMaADQMD UH]XOWDWD L PDNVad#@d& OQR YULMHPH WUDMI

2]QDpDYD@MBEPH RSWLPLIDWLRQ GDWD3 VYL UH]XOWDWL |

datoteku.

7DNRYHU PRABIEVIWWL L]PHYX A:LWK YL]XDOL]DWLRQ XSGDWI
XSGDWH3s¢ RGRIH,\dd M HH Vidfeti proces optimizacije na modelu u toku
VDPRJ SURUDpPXQD

2.2.2. .DUW |Cemstraints 3

1D RYRM NDWULF Lvj&iG Odi P OM KH Qe ukiRajiDu obzir prilikom
SURUDpKiDEsu PD NRQDPQL UH]XOWSIK&5RSWLPL]DFLMH

s oM ]o]“s p eSteEjarsi odjel 8
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Optimization . ==

Problem | Computations results |

Mame | Body | Satisfied | Distance to satisfac... | Precisi... | Activity | Weight |

MNew... ] Mew (derivatives provider) ] Delete]

Constraint definition

MName: |

Comment:

Satisfied: Activity: |False

Run oetimization I

@ 0K l OAppIy] aCanceIl

Slika 5. , ]JJOHG NDUWLFH A&RQVWUDLQWYV?3

Pritskom QD A1HZ3 RWYDUD \sHo<R bvils paRapfetdra koji se mogu
iskoristitizD GHILQLUDQMHKSIRaI®).DQLpHQMD

s oM ]o]“s p eSteEjarsi odjel 9
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Line:’l— % 3&- -’! 74

Dictionary

Design Table

Operators

Pointer on value functions
Point Constructors

Law

Operations Constructors
Line Censtructors
Circle Constructors
String

Direction Constructors
List

Measures

Surface Constructors
Wireframe Constructors
Part Measures

Plane Constructors
Analysis operators
Object

Math

Units

Constant

Members of Parameters

Renamed parameters
Boolean

Length

Angle

Severity
Cstattr_Mode
String

Pressure

Real

Density

Inverse temperature
Elernent Order
MSHOctreeCriteria
Integer

Force

Energy

Mass

Analysis Set

Set Of Relations
Plane

Properties

Feature

Property
Preprocessing Entity
Restraints

Loads

Analysis Results
Restraint

Load

Optimization

“Finite Element Model 1\Maximum Von Mises.3\Maximum Von Mises™

Members of All

‘Nedes and Elements\OCTREE Tetrahedron Mesh.1 : nosac\Criteria® -
‘Nedes and Elements\OCTREE Tetrahedron Mesh.1 : nosac\Geometry Violation™

‘Nedes and Elements\OCTREE Tetrahedron Mesh .1 : nosac\Interior Size

‘Nodes and Elemnents\OCTREE Tetrahedron Mesh.l @ nosac\Max Attempts’

‘Nodes and Elernents\OCTREE Tetrahedron Mesh.l : nosac\Proportional Sag”

‘Nodes and Elements\OCTREE Tetrahedron Mesh.1 : nosac\Min Jacobian®

"Nodes and Elements\OCTREE Tetrahedron Mesh 1 : nosac\Proportional Sag Value™
‘Nodes and Elements\OCTREE Tetrahedren Mesh.l : nosac\Violation Value®

‘Nodes and Elements\OCTREE Tetrahedron Mesh.l : nosac\Max Warp Angle”

‘Nodes and Elernents\OCTREE Tetrahedron Mesh.1 : nosac\Min Geometry Size”

‘Nodes and Elements\OCTREE Tetrahedron Mesh.1 : nosac\Max Interior Size”

"Nedes and Elements\OCTREE Tetrahedron Mesh.1 : nosac\Min Size For Sag”

‘Nodes and Elements\OCTREE Tetrahedron Mesh.l : nosac\Global Split’

‘Finite Element Model 1\ Distributed Force1\Force Vectorl\Forced”

‘Finite Element Model 1\Distributed Force.1\Force Vector.1\Force.2”

“Finite Element Model 1\Distributed Forcel\Force Vectorl\Force3”

‘Finite Element Model 1\Energy\Energy”

‘Finite Element Model 1\ Mass.2\Mass®
Relations\Optimizations.1\Optimization.1\Problem.1\Goal 1\ TargetValue
Relations\Optimizations.1\Optimization.1\Problem 1\ Constraint. 1\ Satisfaction

Relations\ Optimizations.1\Optimization.1\Problem.1\ Constraint 1\ Activity
Relations\Optimizations.1\Qptimization.1\Problem 1\ Constraint 1\ DistanceToSatisfaction
‘Relations\Optimizations.1\Optimization.1\Free Parameter 1\Inferior Range’
“Relations\Optimizations.1\Optimization.1\Free Parameter.1\Superior Range’
‘Relations\Optimizations.1\Optimization.1\Free Parameter.2\Inferior Range’
‘Relations\Optimizations.1\Optimization.1\Free Parameter 2\Superior Range’
Relations\Optimizations.1\Optimization.2\Problem 1\Goal 1\ TargetValue
Relations\Optimizations.1\Optimization.2\Problem 1\ Constraint.3\Satisfaction
Relaticns\Optimizations.1\Optimizatien.2\Problem 1\ Constraint 3\ Activity
Relations\Optimizations.1\Optimization.2\Preblem 1\ Constraint 3 DistanceToSatisfaction
‘Relations\Optimizations.1\Optimization.2\Free Parareter 1\Inferior Range’
‘Relations\Optimizations.1\Optimization.2\Free Parameter 1\Superior Range”
“Relations\Optimizations.1\Optimization.2\Free Parameter.2\Inferior Range’ 2

| m. |

Finite Element Madel.1\Maximum Von Mises.3\Maximum Von Mises

6,6992+007N_m2

@ oK | @ Apply | @ Cancel|

Slika 6.

Odabir parametarao JUDQLpHQMD

1 D N R Q jeaparBmetar izabran, znakovima (<, > ili ==) definira se odnos trenutne
YHOLPLQH V RQRP NRMX AaHOLPR SRVWLpL

7DNRYyMRIABe SRVWDYLWL RGRRYDPHWYR PHYyX VRERP

ALULQD!

A&RQVWUDLQWYV3

8] RIJUDQLPR@MN HVidjeti da li je ono ispunjeno L SULMH SRpHWND

optimizacje. Ako nije, kolika je E U R M fallikalo ispunjenja tog uvjeta.

=D VYDNR RJUD QL pdéiikatio B R &\HX § Bl Q MhbgReautal D &

Aktivirati, odnosno deaktivirati pojedina R J U D Qd. ;AkbGM deaktivirana, QHUH ELWL

X]JHWD X RE]JLU SULOLNRP SURUDPXQD

S oM ]o]“S
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SRG AZHWMKWRGUHYRMBPIRVW SRMHGL Q RupisivdjehD QrojaH Q M D
PRYHUDQMHP EURMD UDVWH L SULRULWHW RJUDQLpPHQ

2JUDQL=EQDu LVNOMXDPLY Ro,S&INHG lieQrid pJednom kada su
upisana redoslijed im se ne P R arHjenjati (jedino izbrisati).

2.2.3. .DUW L FmDpd#taiéhs results 3

1IDNRQjEERSWLPLUDQMHQID WDAHMIFFL A&RP S X WD ide®V UHV X (
GRELYHQD (SIMd7AHQMD

Problem | Constraints | Computations results |

Constraints priorities used to sort the results

Constraint.l | Constraint.2 | Constraint.3 | Constraint.4 | Constraint.5 | Constraint.6 |
1 1 1 1 1 1

< | i r

Adjust priorities from weights I Reset Eriorities to l 1

Settings of the results sort

! @ Historic sort: displays the results in the computation order

) Lexicographic sort: displays the results from the best to the worst
Results to display: |AII j

Sorted results

‘Nb Eval' | Best (md] | T-greda\Inertia1" (md) | T-greda\Relations\Optimizat =
0 0,000055627 0000055627 0,0008 i
1 0,000055627  0,000050697 0,001246166 3
2 0,000060672  0,000060672 0,000380929

3 0,000060672 0000068285 0,000220754

4 0,000065418 0,000065418 0,000272392

5 0,000065418 0,000072146 0,001200863

6 0,000065418 0,000068102 0,000377126

7 0,000065418 0,000075013 0,000559072

8 0,000065418  0,000067475 0,000360128

9 0,000065418  0,000073402 0,000644607

10 0,000065418 0000073246 0,00064072

1 0,000065418 0,000073029 0,000635277

12 0,000065418 0,000077725 0,000627658

13 0,000065418 0,0000773 0,000616591

14 0,000065418 0,000076708 0,000602057

15 0,000065418 0,000075883 0,000581149

16 0,000065418  0,000038769 0,003706134

17 0,000065418  0,000080802 0,000693143

13 0,000083959 0000083959 0,00020307

19 0,000083959  0,000103024 0,000711622

20 0,000088959 0,000098124 0,000118108

pal 0,000088959 0,000083455 0,000500345

22 0,000088959 0,000073786 0,000555703 A
-‘ml — A AnRAAAACA A AnAnA e [T .

Curves

Select parameters l Show curves... I

Run oetimization l

@ oKk | @ apply | @ cancel |
-

Slika 7. , ]JOHG NDUWLFH A&RPSXWDWLRQV UHVX(

s oM ]o]“s p eSteEjarsi odjel 11
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5MH & HQ Midljiva jedino ako je SULMH SRpHWND RREMpLAG DD M D
RSWLPL]DWLRQ GDWD?

2]QDPDYDQMHPFAFRVWRUOL A/RW F RRIGDHSiRAN eRUR. Da
OL iH ELWL SRVOR&HQL SR UHGRVOMHGX NRMLP VX GRELYF
SUHPD QDMJRUHP UMHA&HQMX

Lista s rezultatima PR a&H dbdatno sortirati odabirom koje od rezultata aHOLPR
vidjeti (Slika 8).

Slika 8. Sortiranje rezultata

A$SSO\ WKHVH YDOXHV WR SDUDNHHIHRU RG RPRQY XJiBY DK GUDM |
OLVWH RrEQ DHolenVjé) bude primjenjeno na model.

Pritiskom na AGHOHFW S D U D P seVgridAd Mekdewt ¥eDdddbiru parametri pL M H
NULYXOMH &HIZabriatRseYnho§useid loni koji su bili u procesu optimizacije
(Slika 9).

s oM ]o]“s p eSteEjarsi odjel 12
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Filter OnI-greda
Filter Name | *
Filter Type: |All vl

Available iarameters Parameters to be di;ilaied

sirina Inertia.l

oloir Relations'\ Optimizations.1\Optimization.1\Problem.1'\ Constraint 1\ DistanceToSatisfaction
prirubnica Relations\Optimizations.1\Optimization.1\Problem.1\Constraint 2\ DistanceToSatisfaction
Relations\Optimizations.1\Optimization.1\Problem.1\Constraint 3\DistanceToSatisfaction
Relations\Optimizations.1\Optimization.1\Problem.1\Constraint 4\DistanceT oSatisfaction
Relations\Optimizations.1\Optimization.1\Problem.1\Constraint 5\ DistanceToSatisfaction
Relations\Optimizations.1\Optimization.1\Problem.1\Constraint 6\ DistanceToSatisfaction
Relations\Optimizations.1\Optimization.1\Problem.1\Constraint 7\DistanceT oSatisfaction

@ 0k | & cancel|

Slika 9. Odabir parametra krivulja

SULWLVNRP QBXWBKRZ RWYDUD kojgm SU RiliRakzaneX krivulje

parametara, tj. kako su se njihove vrijednostt PMHQMDOH NUR] SURFHV
optimizacije (Slika 10).

Slika 10. Prikaz krivulja

s oM ]o]“s p eSteEjarsi odjel 13
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1D GHVQRM VWUDQL VH QDOD]L SRSLV VYLK SDUDPHWDUD |
SDUDPHWDUD MH R]QDpHQ SRVHEQRP ERMRP WM ERMRP
strani, tom bojom je prikazan na lijevoj. Klikom na parametar na desnoj strani, naziv

parametra se prikazuje na vrhu ordinate.
*UDILNRQL SRPDAaX DQDOL]LUDWL SRQDADQMH IXQNFLMD L S

=XPLUDQMHP GLMDJVIDGPWDHRMRABD/WMH VDVWDYOMHQ RG WRpD
SRYH]DQH OLQLMDPD 6YDND WFRpNMBUHGWIVD YOLWDN M H XGF
QD WRpPNX RWYDUD VH SUR]JRU X NRMEdnod Harxne®BRIBHGED W

odabranima.

TDNRyposloji PR JIXUQdaVse odabrani parametri iz dijagrama primjene na
model.

2.3 Design Of Experiments

Ovaj alat GDMH P Rsi ¥iaQeR virtualnih eksperimenata s proizvoljnim brojem

parametara.

Daje uvid u: - PH Yy XV R Bb@Xar®st parametara
-UDGL SUHGYLYDQMD UH]XOWDWD
- prepoznaje koji od parametara je najutjecajniji

Prikazuje kako promjena ulaznih parametara djeluje na cijeli sustav, odnosno na

izlazne parametre (Slika 11).

Slika 11. Povezanost sustava

SULWLVNRP QD LNRQX A'HVLJQ 21 ([SHULPHQWV3 RWYDUD V
ASHVXOWYV3 L ASBHUGLFWLRQ?3

s oM ]o]“s p eSteEjarsi odjel 14
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23.1. KDUWLFD A6HWWLQJVS3

Na ovoj kartici definira se koji su ulazni parametri i njihov raspon, odnosno od koje
najmanje, pa do koje nave UH EURMpPDQH YULMHGQRVWUI DNRWBH BURYH
RGUHVXWRM UD]L Q DpojpdinedJkaYridg parametra, te izlazne parametre
Slika 12).

Slika 12. ,]JJOHG NDUWLFH A6HWWLQJVS3

s oM ]o]“s p eSteEjarsi odjel 15
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Ulazni parametri su izabrani SULWLVNRP QD JXPE A(GLW OLVWS3

2WYDUD VH SURJRU QD pLMRM OLMHYRM VW% maida3H QDOD]
R]QDpH &8HOMHQte XSIDEIRPRW VW U H OnaFddsr SttafLD Botvrde s
A 2 . fSlika 13).

Slika 13. Odabir parametara

Nakon toga 0] Q DtipltH VH XOD]QL SDUDPBWX®PHE ACRGIQXWDQJIHV D
QXPEHU RI1 O H yeHdefvitadgrBspbriminimalne i maksimalne vrijednosti i broj
UDJLQD p YSRKd R4Y.D

s oM ]o]“s p eSteEjarsi odjel 16
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Slkal4. 3ULND] pYRUD

8NXSDQ EURM UMH&AHQMD X DQ BWIL projévad raziHaG RaDshci XP QR &N
Slika 14) to je 40.

Izlazni parametri izabranisu QD MHG QD ab iQB4ni. Q N

2]QDpDYDQMHP A6DYH FXUYHV LQ WKH RXWSXW ILOHS3 VYL C
u excel datoteku.

232. .DUWLFD A5HVXOWYVS3
2YD NDWULFD MH MHG AQWR YK COMILDYAPEIRBOLBERY UAH Q D

s oM ]o]“s p eSteEjarsi odjel 17
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Slika 15. , ]JJOHG NDUWLFH A5HVXOWYVS3

Prikazani rezultati su dobiveni analizom svakog pY& U

2]QDpDYDQMHP A4HOMHQRJ UH]XOWDWD V OLVWH L NOLNRP

vrijednosti su primjenjene na model.

7DNRWRPRUX N bagd X geMidjeti kako pojedini ulazni parametar ima utjecaj
na pojedini izlazni i/ili kako svi ulazni parametri imaju utjecaj na pojedini izlazni.
Krivulje se izabiru SRG A$YDLODE QH &FXQLY kEWHaNvl] se u zasebnom
prozoru (Slika 16).

s oM ]o]“s p eSteEjarsi odjel 18
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Slika 16. Prikaz krivulja u DOE

233. .DUWLFD ABUHGLFWLRQ?3

2YD NDUWLFD SUHGVWDYOMD PDWHPDWLpPNL PRGHO NRML
YULMHGQRVWL L]OD]RJ SDUDPHWUD R Elazihpa@mbetsht& HFLILpQ

2QD MH WDNRYHU GRVWXSQD MHG

[SiKA 10

DNRQ |DYUGHQH DQI

s oM ]o]“s p eSteEjarsi odjel
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Slika 17. SULND] NDUWLFH ABUHGLFWLRQ?3

SUHGYLYDQMD VH PRJX GRELWL QD GYD QDpLQD
1. U D p X QrDi€pNside vrijednos WL pYRUD
-QD NDUWLF lLodAbWNYW O WdaR VikHknuti QD A$ YP@\X HV 3
-]DWLP QD NDUWEBFRNOARUHEERQY ISRKHGLFWLRQ?3

-rezultati L]OD]QLK SDUD P prikaRedil déljnjéht piokbru
Slika 17

2. UDpXQDQMH WHRULMVNH YULMHGQRVWL pYRUD XQ.
PUH&H

-QD NDUWLFL A3UHGILYEM BRIQMHRQQIEHMRLUDPHWDU
20

s oM ]o]“s p eSteEjarsi odjel
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-SRG A6HOHFWHG 3D UD/PDMWADIH Dam@ieQHsstX 3 L
potvrditi s enter

-postupak se ponovlja na svim SD U D P H Watijedbogt LVH aHOL

promjeniti
-nakontoga UH VH SUUWRE Q®WQ SUHGLFWLRQ3

-rezultati izlaznih parametara biti U Hbrikazani u doljnjem prozoru
Slika 17

s oM ]o]“s p eSteEjarsi odjel 21
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3. PRIMJERI OPTIMIZACIJE

3.1 Optimiranje grede

8 RYRP SULPMBODXQDHMHGQRVWDYQLML QDpLQ SRND]DWL NDU
QD MHGQRP NUDMX XNOMHAWHQD D QI3 WG RaRIA RSWHUHUH
21 ([SHULPBQRNNH UL W lodRds § Xj¢dRjEr@ametara kojise NDVQLMH &HOH

iskoristiti u samom procesu optimizacije [5].

UYL NRUDN MH PRGHOLUD Q NBhkall8|k

ISHkd 19

Slika 18. Dimenzije grede

Slika 19. Izgled grede

LA3DUW 'HVLJIQ:

s oM ]o]“s p eSteEjarsi odjel
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Radi ODNAHJ VQDODAHQMD L ERljenidd padidedrdfa ididdnzij@QKoj5 UD Y
U Hse kasnije optimirati. Parametri su kreirani QD Q Ddplkiikom P Ladna ikonu
AYRUPMX@®@8éru UH \zibrati tip parametra kojise aHO L Q QSlikar2y) I}SW(E

:

Slika20. ,]JJOHG DODWQH WUDNH L LNRQH A)RUPX

Slika 21. Izrada parametara

U RYRP V Oizaprarivipdrametri su vezani za duljinu (lenght). Imenasuim AYLVLQD?3 L
ALULQDSX WH XSLVDQH 8HOMHQH SIk&MpDQH YULMHGQRVWL

s oM ]o]“s p eSteEjarsi odjel 23
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Slika 22. Prikaz parametara u drvu

Da bi se povezalo parametre s dimenzijaP D F U WX B N H W B idéshirh klikom
WLSNH PL&AD Q BelektireWQ $é& Birlicauz H1IVHW REMHFWRNSID [DWLP
na A(GLW )R URXrD Be prozor u kojemu (i Ke odrediti s kojim parametrom je

ta dimenzija povezana (Slika 23).

s oM ]o]“s p eSteEjarsi odjel 24
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Slika 23. Povezivanje parametra i dimenzija

Zna se da su parametri povezani s dimenzijama ako se uz dimenzije vidi f(x)
Slika 24).

s oM ]o]“s p eSteEjarsi odjel 25
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Slika 24. Prikaz povezanih parametara s dimenzijama

Nakontoga tide QD A$SSO\ ODWa EHD®IHLRDEURQ NDR PDWHULMD

8 A*HQHUDWLYH 6W UXBWRWQDD K HEDRR shEJikeainVietraedri
bLML SDUDAMWULL JXWWR[ED PHYWD VX PP L

*UHGD MH QD MHGQRP NUDMX XNOMH&AWHQD D QD GUXJRP
drvetu iHe SRG A6HQVRUV? Rvydabrath @AQWURIXP YRQ OLVHVS3 L AOD
Slika 25[i|Slika 26).

s oM ]o]“s p eSteEjarsi odjel 26
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Slika 25. 3ULND] UDVSRGLMHOH RSWHUHUHQMD QD

Slika 26. SULND] RGDEUDQLK A6HQVRUVS3

8 ASURGXFW (QJLQHHURQAMH R SdaHKRhjtH @D LNRQX A'HVLJIQ |
([SHULPHQW V3

Pojavio se prozor u kojemu se izaberu ulazni, odnosno izlazni parametri. Za ulazne
parametre suizabrDQL YLVLQD L aLULQD imapidzahj¢ (M2xi@in RanV D
Mises). Za ulazne parametre RGUHYyH @RndgHb LWL QDMPDQMH PP D Q

s oM ]o]“s p eSteEjarsi odjel 27
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80mm duljine. Taj raspon duljine je podijeljen na 8 dijelova. Catia je automatski
LIUDpXQDOD GD UH ELWL PDNVLPDO@GRNR MR BRIEQDBL MB QRN
svihpod MHOD XOD]QLK SDUDPHWDUETslik)&ZQ[ﬁikansvoxpDMX

Slika 27. Prikaz parametara u DOE

s oM ]o]“s p eSteEjarsi odjel 28
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Slika 28. Definiranje raspona i koraka

Klikom QD A5XQ '2(3 SR MD MilkBjeMm Hi EcWBi&i ime i odrediti mjesto
gdje U HCATIA spremiti rezultate u obliku Microsoft Excel tablice.

U tablici VH P RWdjeti kako UH \hienjati masa i naprezanje s obzirom na
promjenu dimenzija, t. QD NRML QDPLQ SURPMHYD XD XM)MKpFDQD L]
Slika 29).

Slika 29. Rezultati DOE u Micorsoft Excel tablici

s oM ]o]“s p eSteEjarsi odjel 29
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Na slici (Slika30) YLGLPR NDNR RED XOD]QD SDUDPHWUD XWMHpX
Von Mises).

Slika 30. Utjecaj ulaznih parametara na naprezanje

1IDNRQ jaWPR Ydnd analiza X A'HQL Rl ([SHULPHQWV:® NOLNRP
A2SWLPL]DWL R Qi3deXlefniva® Ligeti Xptimizacije (Slika 31).

s oM ]o]“s p eSteEjarsi odjel 30
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Slika 31. Uvjeti optimizacije grede

&LOM MH SURQDiUL QDMPDQMX PRJXDXQLDPHOMIX] 3DGDPBW L
SURPMHQRP GL$#&HOQRLRDWMIMDULWL VX YLVLQD L aLULQD 1ML
L X DQDHOMIJIQARI ([SHULPHQ W2 je padjelaRagpddadostavijena da

bude automatska.

s oM ]o]“s p eSteEjarsi odjel 31
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3R G RJUD QelspaMjéni @a masa bude manja od 0.5kg uz odstupanje 0.01kg, te
da Maximum Von Mises bude manji ili jednak 100MPa (100e+006N_m2) uz
odstupanje od 1e+006N_m?2.

Greda koja je konstruirana zadovoljava jedan od dva uvjeta, a to je da je naprezanje
manje od 100MPa.

.OLNRP @R RSWLPL]DWLRQ?3® X SURJIRU ¥thédtiMhe ViHieSRMD Y LR

J G M Hseisptemiti rezultati optimizacije u obliku Microsoft Excel tablice.

IDNRQ aWRHMHRSWRPLUDQMD ]D¢ QDHE RIO M B pribMRHRénd Q M H L
na gredu (Slika 32).

Slika 32. Izgled optimirane grede

s oM ]o]“s p eSteEjarsi odjel 32
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3.2 Optimiranje boce

8 RYRP SULP BeHgokbzatiHGD MH PRJXUH RSWLPLUDWL EH] DQ
elemenata. 8 VS R U H G Lha&ultatidivijuldptimizaciMD NRMH VH RathikMiViR EQR
odabiru algoritma po kojem GHVH YiUS&AWLR U DJpda® radi po principu globalnog
SUHWUDALYDQMD SRGDWDND D GUXJL ORNDOQRJ

8 A3DUW jéindd@i@aha boca i napravljeni su parametri ]D GLPHQ]JLMH NRMH
se koristiti prilikom optimiranja. Za materijal boce je izabrano staklo (Smoked glass).
8] SRPRU LNRQH AO0OHDYV X @ sy @i voNimeénsbote] FShkaH33).

s oM ]o]“s p eSteEjarsi odjel 33



Di '}o “] « AE“v] E

Slika 33. Izgled i parametri boce

s oM ]o]“s p eSteEjarsi odjel 34
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Parametri za optimiranje u oba V O X pdD pdhaki.

Na kartici za optimiranje su: pod Optimization type izabran Target Value,
pod Optimized parameter: InertiaVolume.2\Mass,
pod Target value 0,2kg,

pod Free Parameters: UDGLXVBGQD pLMD MH
vrijednost 25mm; da bude u granici od 23-

27mm:;

raduVBWLMHOD pLMD nvid dY ULMHG C
EXGH L]P H32Mim;

UDGLMXVBGQDBYUDWD pLMD MH YU
EXGH L]P HZ2im;

te PartBody/Shell.1\,QVLGH7KLFNQHVV pLN\
vrijednost 4mm, da EX GH L] P-Brjnk

pod vrileme je zadano 5 min

5DJ]OLND MH NeHiGdd@or idgahr&n Aimulated Annealing AOJRULWKP3 L SR
FRQYHUJHQFH VSHHG AIDVW? WR MH RQR A4WR SUYR SRQX
G U X JR R&radieAt Algorithm Without CRQVWUDLQS® L SRG FRQYHUJHQFH
(jer je to automatski izabrao prilikom odabira tog algoritma).

Svaka od optimizacija je spremljena u zasebnu excel datoteku.

8VSRUHGERP UH]XOWDWD L QDpLQD QD NRML VYDNL RG |
optimizacije vidi se kako G&radient Algorithm Without C R Q V W UraLfiQd razradu
SURUDpPXQD X VPLVOXragike paramietark kbprbaQobtimiramo L]P Hy X
GYDMX UMHAHQMD XUWPERUBPpXMDNRGPBOMHORJ |IDGDQRJ UD
najmanje dimenzije) SDUDPHWUD pLMs$e oftihidsfid G gdontarhL koristi
LVNOMXPNRRHR QM aH P uutaPZ4dmhik arametra (Slika 34).
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Slika 34. Rezultati za Gradient Algorithm Without CRQVWUDL Q3

Simulated Annealing AOJRU LX Krediku od  Gradient Algorithm Without
CR Q VW Wwbavip3dojam kako prilikom optimizacije, dimenzije mjenja bez ikakve
logike. Njihove vrijednosti konstantno variraju i za razliku od &radient Algorithm
Without Constrain® X RE]JLU X]LPD YHUL UDWHPRQLE PHQYHMD RG QD]

(vrijednosti koje su bile prije optimizacije) (Slika 35).
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Slika 35. Rezultati za Simulated Annealing AOJRULWKP 3

2ED DOJRULWPDGRXQEB8RRODNRQDpQRIMUGMBHQMWM IPHYXVREQF
razlikuju, atarazlikau NRQDpPpQLP G L PRMHREH Md)ed Ba slici (Slika 36).

Na slici lijevo vidise QDMEROMH UMH3EHQMH GRELYHQ®Br&igRUDpPXQR
Algorithm Without CR Q VW U B h#@slici desno dobiveno sa Aimulated Annealing
AOJRULWKPS
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Slika 36. 8VSRUHGED N R QdiepoptinkratjdHzp>ola algoritma

s oM ]o]“s p eSteEjarsi odjel 38
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33 2SWLPLUDQMH QRVDpPD

8 RYRP SULPMH YeXREBW\LIPP & WRQRNHRdjdiihalme3a NRMD UH L]GUAD\

]JDGDQR RSWHUH ii He&Q 8HHO LW DINGRN H W L bidiBaNoptivhiranjst e B M
NRQDPQH UH]XOWDWH

8 A3DUW jeiMadean QRVDp D G kejei< Jitaldrehe za parametre s
N R M L PsB ofitirhirati vide se na slici (Slika 37).

Parametre su nazvani AVLULQD UHEDUD3 L A XGDOMHQRVW UHEDUD?3

=D PDWHULMDO QRabinip(ALpDrEcD Q

Slika 37. BULND] GLPHQ]LMD NRMH UH VH RSWLPLU

8 A*HQHUDWLYHAMGWSUXFWBEUNRQDPQH HOHRKQIDH RERBWD QL
tetraedri pLML SDUDPHWUL YHOaLEDILAKVWRID PHV

7HWUDHGDU MH RVQRYQL NRQDpQL HOHPHQW NRML VH |
SDUDEROLpPQL WHWUDHGUL GDMM[(JUHFL]QLMH UH]XOWDWH

1RVD)H QD MHGQRP NUDMX XNOMHA&W H GilonDodd8D0 GIUXJRP RSV
GUYHWX SRG A6HQVR UzdBraRi¢l B QR UP\YRQ 0LV HSIikall AODVV

:
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Slka38. )(0 DQDOL]D QRVDpD

Sveukupno su naprDYOMHQH pHWLUUvjeR S WaaRnmgDiFdoMkBjima su
optimirani su jednaki, jedina razlika je u brzini optimiranja (fast, medium, slow ili

infinite).

Na kartici Problem:
-Optimization type: minimization
-Optimized parameter: mass
-Free parameters: sirina_rebara od 2 do 13mm

udaljenost_rebara od 2 do 13mm

-Algorithm type: Simulated Anealling Algorithm
-Termination criteria: maximum number of updates: 100
-Consecutive updates without improvements: 20

-Maximum time: 15min

s oM ]o]“s p eSteEjarsi odjel 40



Di '}o “] « AE“v] E

Na kartici Constraints
- Maximum Von Misses< 9.2e7N_m2
6YDNR RG UeMpientiendiuzasebnu excel datoteku.

Sva optimiranja su XVSMH4QR REDYOMHQD L NRQDpPQL UH]XOWDYV
RIJUDQLpPHQMD

Na slikama se vide XVSRUHGEH QDM ER Q/NHLAK QNVROID DPREIKY FUQ LK UL

brzinama optimiranja.

Na slikama (Slika 39|i|Slika 40) YLGLPR UH]XOWDWH GRELYHQH RSWL
EUJLQRP 8NXSQL EURM UMHAHQMD MH

Slika 39. ,]JJOHG QRVDpPpD L UH]XOWDWL GRELYHQL AID

s oM ]o]“s p eSteEjarsi odjel 41



Di '}o “] « AE“v] E

Slika 40. SULND] NULYXOMD GRELYHQLK AIDVW?3 EU

Na slikama (Slika 41|i|Slika 42) VX SULND]DQL QDMEROMatbiveiRQDpQL
RSWLPLUDQMHP V APHGLXP3 EUJLQRP 8NXSQL EURM UMH&H

Slika 41. ,]JJOHG QRVDpPD L UHMPHWE DMmMG RELYHQL
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Slika 42. Prikaz krivulja dobivenih APHGEXRJ]LQRP

Na slikama (Slika 43|i[Slika 44) se vile QDMEROMD UMH&HQMD GRELYHQD
AVORZ?®* EUJLQRP 8NXSQL EURM UMH&AHQMD MH

Slika 43. ,]JOHG QRVDpPpD L UHBRVOWZTMN GRELYHQL
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| na slikama

Slika 44. Prikaz krivulja dobivenih AVOGREZU]LQRP

Slika 45| i [Slika 46

se vilL QDMEROMH NR QDK@ UMHEH

RSWLPLUDQMHP V ALQILQLWH?® B|¢BPBBQRP 8NXSQL EURM UMH:

Slika 45.

, ]JJOHG QRVDpPpD L UH]XOWDWL GRELYHQL ALQ

S oM ]o]“S
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Slika 46. SULND] NULYXOMD GRELYHQLK ALQILQLWH:

Usporedbom svih rezultata vidise NDNR VX UMH&AHQMD L Gtint@nhihDPL GRE
EUJLQDPD AIDVW3 APHGLXP3'RNAW®RDIMNDHNRMHUOGRELYHQR
GUXJDpLMH WH GD VH UH]XOWDWL GRELYHQL QD WDM QDpL

5D]ORJ WRPH MH &WR VH EU]LQD ALQILQLWH?3® NRULVWL ]
ORNDOQLK RSWLPXPD 'RN ]D VOXpDMHYH V PQRJR ORNDOQ

brzina.
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3.4 Optimiranje | -grede

U ovom primjeru optimiranjem htjela se SRVWLUL P& NRLIKDVjEUNOSt

momenta tromosti I-grede za zadane uvjete. =D U D] O L N Xh priéhjesd tRsa Ovjeti

]D RSWLPLUD Q KilHizdéfiniranQR®D NDUWLFL A3UREOHP?3 X] SDU
RYRP SULPMHUX YHO LNt X Q RRIX DI LLH¥WAdStaMtRrd kariicH
A&RQVWUDLQWYV?

8 A3DUW 'HYV ladajé QredapWMHP BQ]LMH VX &LULQD RP YLVLQ

prirubnica=20mm i okvir=20mm. Ukupna duljina grede je 2000mm.
Za parametre su izabrani volumen (smartvolume) i moment tromosti (inertia).
Formula za moment tromosti I-grede je:

((sirina*visina*visina*visina)/12)-(((sirina-okvir)*(visina-(2*prirubnica))*(visina-
(2*prirubnica))*(visina-(2*prirubnica)))/12) (Slika 47

Slika 47. Prikaz izgleda i parametara I-grede
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U prozoru Optimization na kartici Problem:
Optimization type: Maximization
Optimized parameter:: Inertia
Free parameters: Visina
Sirina
Prirubnica
Okvir
(za free parameters nije zadan raspon ARGR3 QHJR MH QD DXWRPDWVNL
Algorithm type: Simulated Annealing Algorithm
Convergence speed: Fast
Na kartici Constraints:
smartvolume==0.01m3
Sirina-okvir>0mm
Visina-2*okvir>0mm
Sirina>0mm
Okvir>0mm
Visina>0mm
Okvir-prirubnica==0mm

Ovim uvjetima kao prvo AaH®ISRVWLUL WRpPp QR FKaRdhizQddax R&pdP H Q
dimenzija za pojedini parametar, ostalim formulama je definirano da su vrijednosti
YHUH RG Q Xgoetha hakérbDoptimiranja ne izgubi taj svoj I-oblik.

Rezultati optimiranja su spremljeni u excel datoteku (Slika 48).
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Slika 48. Rezultati optimizacije I-grede u Micorsoft Excel tablici

Problem koiji se javlja kod optimiranja u Simulated Annealing Algorithm-u je taj da svi

uvjetL ]JDGDQL VD ]JQDNRP A

: WRPQD YULMHGQRVW QLNDG

QDpLQD QD NRML WkEdviraD(@alRith), WiDdlikaxda se doELMH anAWRp
UH]XOWDW? M Hskero Qd_jednaBaOnDli. W M

Tose QDMEROMH PRA&H |

[Slika M9

| WalLkofQjB3su \p@lLmajboljim rezultatom

R]QDpH@HYHOLPLQH REeHal®l®RMAWRPQD2 YULMHGQRVW
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Slika 49. SULND] RGVWXSDQMD UH]XOWDWD RG WUDaH

.R QD p D l@d gretle i njene dimenzije vide se na slici (Slika 50).
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Slika 50. . R Q Brpizgled i rezultati optimirane I-grede
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35 2SWLPLUDQMH YLOLPpDVWRJ QRVDPpD
U ovom primjeru htjela se optimiranjem smanjiti masa YLOLpDVWRJ QRVDpPpD ]D

15%. 8] W RjeldBésmanijiti i naprezanje (Maximum Von Misses). Htjelo se vidjeti
koliki utjecaj na rezultate imaju vrijednosti brojeva koje se zadaju X AFRQVWUDLQWYV3
AZHLJIJKWS

Sveukupno su napravijene WUL RSWLPL]DFLMH NRMH VX SR VYHPX EI
brojevima u weight (tim brojem pridodalose QD YDaAQRVWL SRMHGLQRJ RJUD(
je YHUL EURM WR MH RJUDQLpHQMH ]QDpDMQLMH ]D LVSR&WF

8 A3DUW 'He&/mddelxah Y L OLp D VVéfiniaRi\sD parametri i izmjerena je
masa (Slika 51).

Slika 51. ,]JJOHG L SDUDPHWUpRDYLOLpPpDVWRJ QRVD
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Za parametre su izabrane GLPHQ]JLMH NRMH QHUH XW MEdavéan&/du QD REO
AGXELQD XWRUD3® AYHOINVHUWRpPAORD WIL $D UILP#®WLL RGQR
slikama (Slika 52]|i|Slika 53) To VX GLPHQ]LMH NRMH X] VYRMX EURMpDC

£(%).

Slika 52. SULND] SDUDPHWDUD AYHOLNL U3 L A PD

Slika 53. SULND] SDUDPHWUD AGXELQD XWRUD?
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=D PDWHULMDO Yaizahrhj®&/aNiRidij GRidiym).

8 A*HQHUDWLYH 6WUXEWXUDRQBRQB\W O H RIH QW b D BPEUQ L
tetraedri pLML SDUDPHWUL YHOL SLZNn LI VWRGD PHVKD

9LOLpDVWL QRVDp MH QD MHGQRP NraDj¢ defirrbdropdrisk WHQ D
(Enforced Displacement) od 0.254mm. 8 GUYHW X SRG A6 HQWRWI/[EAL PMPEUD
YRQ OLWRéxM&ati DQDOL]H NRQD p QL KyutOwtR#H@ Bliey Sliarsd).

Slika54. )(0 DQDOL]D YLOLpDVWRJ QRVDpD

,GXUL NRRPWLMWH]D F L MapraykeneD $uDtri optimizacije koje su jednake u
VYLP VHIJPHQWLPD RVLP X RGDELUX AWHALQD3® ZHLJKW

UvietL NRML VX LGHQWLpPQL X VYD WUL VOXpDMD VX
Na kartici Problem: Optimization type: minimization
Optimized parameter: Mass

Free parameters: dubina_utora
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veliki r
mali r
(za free parameters nije definiran raspon, ostavljen je na automatski)

Algorithm type: Simulated Annealing
Algorithm

Convergence speed: Fast
Terminating criteria: 100, 20, 30
Na kartici Constraints: Maximum Von Misses<1.4e+008N_m2
Mass<=0.136kg
Dubina_utora<l1lmm
(htielosedanosap ]DGUAL VYRM AL]YRWD @®PLMIKD AGXBO MH U
Veliki r<=19mm
Mali r<=9.5mm (tim dimenzijama rupe ostaju unutar utora)

Veliki r- mali r>0mm

U prvoj optimizaciji (optimization.1) vrijednosti za weight: su:
Maximum Von Misses - 5
Mass - 5
Dubina_utora - 1
Velikir - 1
Malir-1

Veliki r-malir +1

Rezultati prve optimizacije vide se na slici (Slika 55).
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Slika 55. Izgled i rezultati prve optimizacije YLOLpDVWRJ QRVDpD

Ako se malo bolje pogledaju rezultati, vidi se kako svi W U D &je® hisu ispunjeni
Slika 56).
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Slika 56. Tablica s rezultatima prve optimizacije

NelkirsMH YHULPRG VDPLP WLPH XOD]L XeWteMido@R QRVDpD aw

U drugoj optimizaciji (optimization.2) vrijednosti za weight su:
Maximum Von Misses - 5
Mass - 5
Dubina_utora - 3
Velikir - 3
Malir -3

Veliki r-malir +1
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Rezultati druge optimizacije vide se na slici (Slika 57).

Slika 57. lzgled irezul WDWL GUXJH RSWLPL]DFLMH YLOLpPpDV

IDMEROMH SRQXJHQR UMHEHQMH ujer® ToWSK @ REd@t-haV YH [D G
slici (Slika 58) JGMH UMHAHQMH SRG EURMHP X VWXSFLPD NRM
RIJUDQLPHQNMBHGQRYWL VX QXOD 1XOH ]QDpH GD QHPD R
UMH&EHQMD
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Slika 58. Tablica s rezultatima druge optimizacije

8 WUHURM R @®Minikatigidd; irijednosti za weight: su:
Maximum Von Misses - 1
Mass - 1
Dubina_utora - 1
Velikir-1
Malir-1
Veliki r-malir- 1

Rezultatt WUHUH R SW LéPse]ia Elicil1?ka{59[3
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Slika 59. ,]JJOHG L UH]XOWDWL WUHUIQRSDYDPL]DFLMH Y

1IDMEROMH UrbktitatHs® Mde nalsidi (Slika 59) ne zadovoljava sve uvjete jer
je Maximum Von Misses Y H U H1R&3-008N_m2.

Ali ako se gleda tablica V UMHAHQMLPD QD NDUWLF kezAl&@aRkESUW D W L R Q
primijenjeni na model u stupcima di se nalaze RJUDQLpHQ@QMVRB QXOH AawR E
W U H E D OiRda]<p B\p WwVjéti ispunjeni. U plavom pravokutniku u tablici nalazi se

vrijednost odstupanja za uvjet Maximum Von Misses<1.4e+008N_m?2 (Slika 60).
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Slika 60. 7TDEOLFD V UH]XOWDWLPD WUHUH RSWLPL

Zbog ne slaganja u rezultatima ponovljena je analiza NRQDpPpQLK HQ#HdPHQDWI

dimenzije dobivene optimiranjem. Re [ XOWDWL VX LGHQWLpPpQna KI@QLPD NRN
Slika 59

$OL SRYUDWNRP QD UBERR XN XQHQMHHULQJ 2SWILPL]JHUS
na kartici A &R QV W U DdeQuako/dvigt LGEDN QLMH ]JDGRYROMHQ EH] RE]
QD NDUWLFL A&RPSXW D Verural [Slika\6X

oOwvVs: VWRMH LVWL U
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Slika 61. Rezultati nakon ponovljene FEM analize

Tu se vidi kako ponekad nije jednostDYQR GRiUL GR WUDaHQ@®Rj@ UMHAaH
potrebno vratiti se korak u nazad (u ovom VO Xp D M > INGREDDWPIQLK HOHPHQDWD

se dodatno provijerili rezultati.

8 RYRP SULPMHUX MHGLQR MH GUXJD RSWLP le]iokaedddD GDOD
GD L GDYDQMH SULRULWHWD RJUDQLpPpHQMLPD LPD XWMHEFCLC
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4. =$./-8y$.

Optimiranje konstrukcije u svrhu smanjenja mase je vrlo zahtjevan posao. Potrebno
je veliko predznanje i iskustvo kako bi optimizacijiom GRAOL GR RSWLPDOQLK SD
konstrukcije.

Vrlo je bitno kod same optimizacije konstrukcije s naglaskom na smanjene mase da
VH VDpXYDMX u@2nyYBBUDPHWUL WM IXQNFLRQDOQRVW NR¢
definirati ulazne parametre tj. dimenzije koje se mogu mijenjati, a da se pri tome ne

gube prvobitna funkcionalna svojstva modela

&$7,$ PRGXO ]D RSWLPL]DFimilsandHip R RPXNGER dptivhiRanja, u
usporedbi s nekim drugim programskim paketima, nudi veliki spektar opcija kako
GRUL GR AaHOMHQRJ UMH&EHQMD

Kombiniranjem rD]J]OLpLWLK SRVW D Yiitrha, Fo@iney bptriréhjaD @aJ do

GRGDYDQMD QD YDAQRVWL ARWH GGLURKORIPUPR LY HIQ MBI GREI
UH]XOWDWH =ERJ WRJD MH ELWQR UD]XPMHWL aWR NRML
LIDEUDWL QDMEROMX NRPELQDFLMX |D SRVWLUL QDMEROML
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PRILOZI

l.  CD-R disk
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