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3ABPIIHA OBPAJIA METAJIA BASUPAHA HA
KOTPJ/bAILY KPYTOI' AJIATA

Pe3sume

KibyuHe peun: oOpaga KoTpibambeM KyIJWIE, KPYTH ajaT, MOBPLIMHCKA XpamaBoct, FEM
aHaJM3a, 3a0CTaJIN HAIIOHHU, TUMEH3HOHA U T€OMETPH])CKa TAYHOCT

OsBaj pan ce 0aBW MPOLECOM 3aBpIIHE 00pajse MeTana KOTPJhbameM KYTJIUIE MO IMOBPLIMHH
npeamera oOpane. Pa3BujeHa cy aBa anata BHCOKE KPYTOCTH: anar 3a oOpaay paBHUX U
IIMHIPUYHUX TOBPIIMHA W anaT 3a oOpaay oTBopa. Teopwjcku je pa3smarpaH yTHIA]
KPYTOCTH ajlaTa Ha IMapaMeTpe MOBPIIMHCKE XPAalmaBOCTH a €KCIIEPHUMEHTAIHO je YTBpheH
YTHII3] TTapaMeTapa mpolieca odpajie, MHULUjalTHe XPanaBoCT U AeUHICaHa je ONTHMAaIHa
TpajekTopuja KpyTor amarta. KpyruMm amatom ca KyIJIMIIOM Koja mpojupe y mnpodui
XpamaBocTH 10 TpeneuHUCaHe TyOWHE IMEHETpalyje Ce MOCTHXKE ONTHMAIHU KBAJIUTET
noBpmuHe 0e3 003Mpa Ha MHUIMjATHYy MAalIMHCKY 00pany. Ha ocHOBy aHanu3e KMHeMaTuke
TJI0JIatha je Pa3BHjeH MOJEJ XpamaBoCcTH Koju je xopumhen 3a FEM anmammsy. Hymepuuke
cUMyJanuje ¥ KOpuIheH! MOJIEN XparaBoCcTH MOTBplyjy TBpAmY /1a ce MpoAupamkeM KPyTor
ajaTa 10 Cpelme JIMHHUje Mpoduia XpamaBOCTH MOCTHXKY HajOOJBH pe3yaTaTdh ca aclekTa
no0oJpIamha MOBPUHCKE XParmaBOCTH. HakoH aHanm3e yHYTpalllbUX HAllOHA y IpPEAMETY
o0pajie yCIOCTaBJ/bCHA j€ 3aBHCHOCT YHYTPAIIBbUX HAloOHA 10 AYOWHU OTBPAHYTOT CJOja U
nyouHe mneHerpaunuje Kyrimue. OcuM Tora, ()eHOMEH Teuemha Marepujaja ca BpXOBa
HEpaBHUHA je pa3zjanimbeH. [IpumapHu 1usb 00pajie alaToM 3a 00paay OTBOpA je IMOCTH3AmE
JMMEH3MOHE M T€OMETpHjcKe TayHOCTH oTBopa. KopumthemeM crenujaiHo KOHCTPYUCAHOT
KpYTOT ajaTa OTBOpH Cy MPOLIMpPeHH y mpoceky 3a 0.06 mm mpu uemy cy rpemike Kpy>KHOCTH
U UWIMHIPUYHOCTH JPAaCTUYHO CMameHe, MmoceOHO mpu BehuM ayOMHama mNeHeTpaluje
kyruie. JlogaTHo, MOBpIIMHCKA XpamaBoCcT je peaykoBaHa 3a 35%. FEM anammzom je
onpehena nucTpuOyIMja HAllOHA Y IpeIMeTy o0pajie Kao M 3a0CTajIl HallOHU HaKOH o0paje.



METAL FINISHING BASED ON STIFF TOOL ROLLING

Abstract

Keywords: ball burnishing, stiff tool system, surface roughness, FEM analysis, residual
stresses, dimensional and geometrical accuracy

This paper is focused on the process of ball burnishing. Two high stiffness tools are developed:
tool for processing of flat and cylindrical surfaces and tool for processing of openings. The
influence of tool stiffness on surface roughness parameters was considered theoretically, while
experimental investigation was conducted to define the influence of process parameters, initial
surface roughness and optimal trajectory of stiff tool. The ball within the stiff tool system,
which follow a predetermined depth of penetration into the roughness profile, very likely
provide optimum surface quality, regardless of the initial machining. For the purpose of
numerical simulations, a surface roughness model based on milling kinematics was used.
Numerical simulations and the used roughness model support the claim that penetrating with a
stiff tool up to the mean line of the roughness profile yields best surface quality. The analysis
of internal stresses within the workpiece after ball burnishing allowed a relationship to be
established between internal stress distribution along the depth of the hardened layer and ball
penetration depth. Furthermore, the phenomenon of profile peak deformation is substantially
clarified. The primary goal, when using tool for processing of openings, was to achieve
dimensional and geometrical accuracy. Using a specially designed stiff tool, the openings were
widened by 0.06 mm on average, while the roundness and cylindricity errors were drastically
reduced, especially at greater ball penetration depths. In addition, the surface roughness was
improved by 35%. FEM analysis was conducted to determine the stress field distribution in the
workpiece, as well as to approximate the residual stresses after the ball burnishing.
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Cnucak cJmKa

I'eomerpujcke rpemike oopaje
CTpyKTypa MOBPIIMHCKOT cioja: a) o Schmaltz-y u 0) mo Jwepuyoin-y

3aocTaiy HAINOHH, HUXOBA MPOMEHA MO AYOWHH MOBPIIUHCKOT CJoja U
MIpoOMeHa MUKPOTBpAOhe HACTAIH Y MPOIIeCy 00pajie MeTalla pe3ameM

BanoButoct u xpanaBoct oOpaleHe noBpiInHe
ITonpeuHa u y31y’KHa XpanaBocT
ITpodun xpanaBoctu

I'paduuka uHTEpHIpETaLIUja CPEIHET APUTMETHIKOT OJICTYNama Ipoduia
0]l cpeambe nuHuje mpoduia Ra, Makcumaine BucuHe HepaBHUHA R; (Rmax),
MaKCcHMaJHe BUCHHE Bpxa npodmia Rp u MakcuManHe n1yonHe yayOsbema
npoduna Ry

I'padmuka naTEpIIpEeTaNIja CpEIHE BUCHHE HepaBHUHA R;
PaznuunTy npoduim xpanaBocTu ca uctoM BpenHomhy Ra
Kpuga Homema npoduia

Aunar 3a o0paay KJIM3ameM ajara 1o MOBPUIMHY TpeameTa oopane (slide
burnishing): a) 3a criospartimby 00pay u 0) 3a yHYTpalllby 00paay

Anar 3a 00paay KOTpJbamkheM ajnarta Mo MOBPIIMHU IIpeIMeTa oopaje

Aunar 3a 00paay KOTpJbamkeM KYTIIHIIE T10 TOBPIIMHY MTpeaMeTa 00paie Ko
KOTa c€ HEOMETaHO KOTpJbamkhe KYIIIHIIEC U 3a/laBarbe CUJIe BPIIN MOMOhy
(baynna noj NpUTUCKOM

Anar 3a o0pany KOTpJbarkbeM KYTJIHIIE 110 MOBPIIMHYU IIpeaMeTa oopaje ca
noMohHMM KyTriuIama kKoje 06e30el)yjy HeoMeTaHO KOTpJbamke KYTJIUIIE ca
3aJlaBam-eM CHJIe TOMOhy KanmuOpucaHe onpyre

Amnar 3a 00pajly KOTpJbamkeM KYIJINILIE 110 MOBPIIUHU NpeAMETa 00paje Ko
KOora ce KyIJulla ocjama Ha CTPMY paBaH ca 3aJaBambeM CHIle TTOMOhy
KamOpucaHe onpyre

CrienijaHo pelieme anara 3a 00paay KOTpJbamkbeM KYTJIHIle MO MOBPITUHU
npeamera oOpaze ca HocaueM ajiata Koju omoryhaBa Opxy oOpamy
BEJIMKUX PaBHUX MOBPIIMHA KOJ MPU3MAaTUYHUX MpeaMeTa oopaze

[IlemaTcku mpuka3 mapamerapa oOpaje KOTpJbamkeM KyIJuIe IIo
MOBPIIMHY NpeaMeTa obpaje

MOJIGJ'I €JIaCTO-IINIaCTUYHOT onTepeheH)a Cca KOHIOCHTPUCAHOM CHIIOM
(Bussinesque nipo0iem)

Mopen nedpopmucama Marepujana ca HeneGopMaOHUITHOM KYTJIMIIOM
(Hertz-oB mozen)
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Mogen nedgopmanije MaTepujaia KyrJIMIIOM KOja ce KOTPJba IO MOBPIIUHA
obpaheHe moBpimHe

Mogen nedopmanuje MaTepujana KyrJIMIIOM KOja KiH3a MO TOBPIIWHU
npeamera odpaje

VY3ajamHu nputHcak chepe U paBHE MOBPIIUHE
VY3ajamHu nipuTHCaK chepe u NUInHIpa
[Ilema anata y 3axBaTy TOKOM Ipoiieca oOpae

[ITemaTcku npukas mnpoueca o0paae KOTpjbambEM KYIJIUIE MO0 MOBPLIMHU
npeamera o0pajie 3aCHOBAHOT Ha KPYTOM CUCTEMY ajlaTa

30Ha KOHTAaKTa U MPEANOCTaBJbEHH MPABIH T€UCHa MaTepHjaia
[lemaTcku mpuKa3 MOCTyIKa 00paie IIIo1ambeM
[IemaTcku npuKa3 MocTynka o0pajie rioiamkeM ca ajJaToM Koju uma i 3yoa

Hujarpamcku mnpuka3 myTamwe 3y0a miojana u mnpoduna obpahene
MOBPIIMHE MPU a) KCTOCMEPHOM M 0) CYTPOTHOCMEPHOM TOCTYTIKY 00pajie
rinofameM ca mapamerpuma d=10 mm (Ri=5 mm); v=9.4 m/min; v,=200
mm/min u z=4 3y6a

JlujarpaMcKu MpUKa3 MmyTame i-Tor 3yba riojana u mnpoduiaa obpalhene
MOBPIIMHE TPU HUCTOCMEPHOM TJI0Jamy ca napaMmerpuma obpaae: d=10
mm, v=630 obr/min, v,=2500 mm/min, z=4 3y6a

Mogpen xoju je kopumihen 3a 2D FE ananuzy

[lemaTcku mnpuka3 wmonena kopumihenor 3a 2D FE anmamuzy: a)
TPOIUMEH3NOHATHAIHH [TPUKa3 Moela, 0) IpruKa3 Mpexe Ha KYTIIHIIH, IT)
NpHKa3 Mpeke KOHAUYHUX eJieMeHara Ha mpeaMeTy oOpajne u 1) yBehaHu
MpUKa3 MPEKe KOHAYHUX €JIEeMEHATa Y HHTEPECHO] 30HU MIpeaAMETa 00pajie

HpO(I)I/IJ'I XparaBoCTH €Ca MPEKOM KOHAYHUX CJICMCHATA

Mognen kopumnihen 3a FE ananmmsy: a) 3D npukas u 6) kapakrepuctuunu 2D
IIPECEK ca MpPEeKOM KOHAUHUX eleMeHara

3D mozen anaTa HAMEHEHOT 32 CIIOJhAIIY 00paxy KOTpJhambeM KYTIIUIE
10 MOBPIIMHYU MPU3MAaTHYHUX U HIWIMHIPUYHUX NpeaMeTa o0paae

[Tpuka3 anmara TOKOM Tpolieca 3aBpiIHe 00paje KOTPJbameM KYTIIHUIE 110
MOBPIIMHY NpeaMeTa obpaje

3D monen MoaudHUKOBAHOT ajara ca OMPyroM HaMEHEHOT 3a CIOJhAIIhY
o0pany MpU3MaTUYHUX U IMIMHIPUYHUX MIpeMeTa oopajie

a) Ilpuka3 ompyra kopumheHMX TOKOM €KCIepUMeHTa U 0) mpukas
Mo Iu(pUKOBaHE BEp3Hje anata TOKOM Iporeca oopaje

3D Moen aaTa HAMEHBECHOT 3a 00pay OTBOpa

Anar HaMemeH 3a 00pajJly OTBOpa KOTPJbalkeM KYIJIHIIE ca MO3UIlMjaMa:
1) Hocau anarta, 1a) npxkau, 10) »e0 Ha HOcauy anara, 2) 6a3Ha miaoya, 3)
HOcau JiexajeBa, 4) HaBpTKa, 5) ocOBHHHUIE, 6) Kyrinia, 7) KOTpJbajHU
JekajeBy, §) IMMEHHU Hocay KyIJuLe U 9) CrieliMjaiHy 3aBpTamkb
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[Tpuka3s anata HAMEHEHOT 3a 3aBPIIHY 00pa1y 0TBOpa
[IemaTcku mpuKa3 riaHa eKCIepruMeHaTa

CNC rnogamuma HAAS TM — 1 HE

VYuuep3anuu ctpyr Prvomajska DK480
Tpoxommonentau quaHamometap Kistler

a) Koopnunarna mepHa mamuna Carl Zeiss Contura G2 u 6) Tunu4Ho
panHo okpyxeme Calypso Software-a

Taylor Hobson Talysurf 6
CAD mopen miiove kopuirheHe 3a eKCIIepUMEHTATHA HCTPaKUBAba

[prex moue ca MNPEeIXOJHO MPUIPEMIBEHUM II0JbMMa PAa3IUYUTHX
MHUIM]ATHUX TOBPLIIMHCKUX XParnaBoCTU

[Ilemarcku npuka3 pacrnopesa 1ojba Ha IJI0OYH HAKOH 00paje KOTPJbAkbEeM
KYTJIMIIE IO MOBPIIKMHY NpeaMeTa o0pae

[llemaTckn TpHKa3 IUaHa EKCIIEPUMEHTA ca TpajeKTopHjaMa KpeTama
ayata 1o MpeaxoIHO MPUINPEMIbEHO] III0YH

Tunuyan 3amuc cute ca Kistler aunamomerpa

IIpukaz amata TOkOM oOpaze: a) ajaT BHCOKE KpPYyTOCTH H 0)
Mo I(pUKOBaHA BEp3Hja ajaTta ca Oornpyrom

[Hlemarcku mpuka3 1nosba y KojuMa Cy MEpEeHe Cujle KOjuMa ce Kyriula
MIPUTHUCKA O TIOBPIIMHY MpeIMeTa 00pajie ¥ MoJI0XkKaj H3BOIHUIIA IO KOjUMa
CY MEpEHH ITapaMeTpH XparnaBocTu

[Ipuxka3 anaparype kopuirheHe TokoMm odpaze

[Tpukas3u: a) KpyTor ajara y 3axBaTy TOKOM €KCIEpUMEHTa H 0) mioue
HAKOH €KCIEepUMEHTa

[Tnan ekciepumenTa u3BeaeHor Ha CNC rioganumny kopuihemem KpyTor
ajylaTa HaMEeHCHOT 3a YHYTpAIlkhy 00paay MIIHHAPUIHUX TOBPITHHA

AJnat 3a 3aBpIIHY YHYTpaIlky 00paay KOTpJbamkbeM KYTIHUIE: a) MOHTHPAH
Ha TJIofanuIly U 0) y 3axBary 3a Bpeme oOpaje

VYnpomwhenn Mozen yHyTpallme o0paje KOTpJbamkeM KYyIJIHIE I10
MOBPIIMHYU [HJIMHIPHYHUX TTOBPIIUHA

Mpexa KOHaYHHX eJleMeHaTa Ha ajaTy HaMEeHhEeHOM 3a YHYTpallkby 00pany
WINHAPUYHUX TOBPIIMHA

ITpodun xpanaBocTH MoJba ca MHUIMjATHOM XparnaBoihy Raniy=0.99 um
[Tpodwun xpanaBocTy moJba ca MHUIHjATHOM XparaBonihy Raginiy=1.39 um
[Tpodun xpanmaBocTH MmoJba ca MHUIMjATHOM XparnaBomhy Ragniy=2.08 xm
3ammc cuiie 3a MpBO M0Jbe ca MHUIHjATHUM Ra(iniy=0.99 pm

3amnuc cuse 3a Apyro Mmojbe ca MHUIMjamHUM Ragni)= 0.99 um

3ammc cuie 3a Tpehe mosbe ca MHUIHjaTHUM Ragini)= 0.99 pm
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3amuc cusie 3a 4eTBPTO N0Jbe ca (PUHOM IMPETXOAHOM 00paoM
3amuc cuiie 3a IeTOo MoJbe ca PUHOM MPETXOIHOM 00paIoM
3amuc cusie 3a mecTo MmoJbe ca GUHOM MPETXOIHOM 00paoM

3aocTanu HaloHU y IpeaMeTy o0pajie HaKOH 00pajie KOTpJbakbeM KyTIHUIe
ca JyOMHOM TIEHETpaIlHje KYyTIUIle y MaTepujall IpeaMeTa oopae 0=5 um

3aocTanu HaloHU y IpeaMeTy o0pajie HaKOH 00pajie KOTpJbakbeM KyTIUIe
ca JyOMHOM TICHEeTpaIyje KyTJIMIle y MaTepujalt mpeamera oopane 6=10 um

3aocTanu HaloHU y IpeaMeTy o0pajie HaKOH 00pajie KOTpJbakbeM KyTIHUIe
ca TyOMHOM TIEHEeTpaIlfje Kyriule y MaTepujall nmpeamera oopaae 0=15 um

3aocTaiay HAMlOHU Y MIPEIMETY 00pajie HAKOH 00pajie KOTPJhambeM KYTIIUIE
ca JyOMHOM TICHEeTpaIyje KyTJIMIle Y MaTepHjalt mpeamera oopane 0=20 um

3aocTanu HaTloHU y IpeaMeTy o0pajie HaKOH 00pajie KOTpJbakheM KyTIHUIe
ca JyOMHOM TICHEeTpaIyje KyTJIMIe Y MaTepHjall mpeaMeTa oopaje 0=25 um

3aocTaiay HAMlOHU Y IPEIMETY 00pajie HAKOH 00pajie KOTPJhbambeM KYTIIUIE
ca JyOMHOM TICHEeTpaIyje KyTJIMIle y MaTepHjalt mpeameta oopane 6=30 um

3aocTanu HaTloOHU y IpeaMeTy o0pajie HaKOH 00pajie KOTPJbamkheM KyTIHUIle
ca JyOMHOM TICHEeTpaIyje KyTJIMIle Y MaTepHjall mpeaMeTa oopaje 0=35 um

[Ipuka3 mporeca Mepema: a) MpeaMeT o0pajae Ha CTONY KOOpAWHATHE
MEepHE MallliHe Yy TIPoliecy akiimMaTu3aiidje, 0) mporec Mepema, B) MepHHU
MUTAK AYKHHE 75 MM ca MPeYHUKOM KYTIHUIE 2.5 MM U T') cTe3HU Tpubdop
KOpHUIIThEeH TOKOM TpoIieca Mepema
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Cnuka 6.5.8:
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3aocTany HAMOHU Y TPEIMeTy o0pajae HAaKOH yTUCKHBaWba KYTIHUIIE 0
nyoune ox z=10 um

3aocTaii HAMOHU Y TPEeaMeTy o0paje HAaKOH yTUCKHBAaWba KYTIHUIIE 0
nyoune ox z=20 um

3aocTaii HAMOHU Y TPEeaMeTy o0paje HAaKOH yTUCKHBAaWba KYTIHUIIE 0
nyoune ox z=30 um

3aocTaii HAMOHU Y TPEeaMeTy o0paje HAaKOH yTUCKHBAaWba KYTIHUIIE 0
nyoune on z=40 um

3aocTaid HAMOHU Y TPEeaMeTy o0paje HAaKOH yTUCKUBAaWba KYTIHUIIE 0
nyoune o z=50 um

3aocTaid HAMOHU Y TPEeaMeTy o0paje HAaKOH yTUCKUBaWba KYTIHUIIE 0
nyoune o z=60 um

3aocTanM HaloOHU y MPEIMETYy 00pajie HAKOH YTHCKUBama KYTIHUIE JI0
nyoune on z=70 um

3aocTanM HalmoOHU y MPEIMETYy 00pajie HAKOH YTHCKUBama KYTIHUIE JI0
nyoune on z=80 um

3aocTany HaloOHU y MPEIMETy 00pajie HAKOH YTHCKUBama KYTIHUIE JI0
nyoune on z=90 um

3aocTany HAloOHU y MPEIMETy 00paje HAKOH YTHCKUBama KYTIHUIE JI0
nyoune ox z=100 um

Juctpubyiuja HarmoHa y npeamety odpajne Ha 25% mpoiieca yTHCKUBamba
KYTJIUIE y MaTepujai npeamera oopane 3a cinydaj z=30 um

Juctpubyiyja HaroHa y npenmety oopane Ha 50% mpoiieca yTUCKUBamba
KYTJIUIe y MaTepujai npeamera oopanae 3a cinydaj z=30 um

JluctpuOyiyja HarmoHa y npeamety oopajie Ha 75% mpolieca yTUCKUBamba
KyTJIUIe y MaTepujai npeamera oopanae 3a cinydaj z=30 um

Juctpubyiuja HaroHa y npeamery oopazae Ha 100% mporieca yTHCKUBamba
KYTJIUIE Y MaTepujai mpeamera oopanie 3a cinydaj z=30 um

Color map ca BpemHOCTMMa TMOMEpama YBOPOBA MPEKE KOHAYHHX
eJeMeHara: a) 1enu ajat u 0) yBehanu nerasb ca KyrJIMIoM

Tpenn mpomene Ra 3a pa3nmuumTe BpEITHOCTH CHIIE, MOCMaka W Opoja
MpoJIa3a Mpy MHHIIM]ATHO] TIOBPIITMHCKO] XparmaBoCcTh Raini)=0.99 um

Tpenn npomene Ra3a pa3nnuure BpeIHOCTHU CUIIE, TOCMaka, Opoja mposasa
MIPY MHHIIN]ATHO] TIOBPIIMHCKO] XparmaBocTh Ra(iny=1.36 xm

Tpenn npomene Ra3a pa3nnuure BpeIHOCTH CUIle, TOCMaka, Opoja mposasza
MIPY MHUIIH]jATHO] TIOBPITMHCKO] XparmaBocTh Ra(iniy=2.02 xm

3aBHCHOCT NOBPIIMHCKE XpamaBocTH Ra oA cuie Mpu pasiuyuTUM
BpEIHOCTUMA KPYTOCTHU CHCTEMa ajara

[Ipeknonsbenu npoduan XpanaBocTH Mpe U HaKOH 00paje

[Ipexnonsbenn npoduian XpamnaBocTH T0OHWjeHH HAKOH 0Opaje mojba ca
rpyoom nperxoanom obpanom cuinama og F=32 N, F=47 N u F=67 N
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[Ipexnmonsbenn npoduiIr XpanaBoCcTH AOOHJEHH HAKOH o0pane Imojba ca
rpyoom nperxoaHom obpagom cunama o F=55 N, F=213 N u F=320 N

[IpexnmonsbeHn npoduiIM XpanaBoCcTH JAOOHJEHH HAKOH oOpane Imojba ca
¢buHOM npeTxoaHoM oopagom cunama og F=81 N, F=166 N u F=194 N

[IpexnmonsbeHn NpoduIM XpanaBoCcTH AOOHJEHH HAKOH oOpane Imojba ca
¢dbuHOM mpeTxoaHoM o0pagom cunama ox F=444 N, F=305 N u F=322 N

[pekonsbenu MpouIM XparnaBoCcTd HHUIMjATHE TOBPIIMHE W TOBPIINHA
N00MjeHUX HAKOH HyMEPUYKHUX EKCIIEpUMEHATa ca pa3InduTHM TyOnHama
MeHeTpaIrje KyrJMIle y MaTepujai nmpeMmera oopase

PenatuBHa KprBa HOLIEHA 32 Pa3IMYUTE TyOMHE TIEHETpalUje KYTJIHIEe Y
Marepujaj mpeaMera oopaje

3aBUCHOCT 320CTaJINX HAIOHA y TIOBPIIMHCKOM CJIOjy IpeaMeTa o0pajie o
nyOuHe MeHeTpalyje Kyriuie Ha pa3IndyuTuM TyOnHama

[Ipodwunm xpanaBocTu: a) Mpe U HAKOH 00pajie KOTPJbambeM KYTIIUIE U 0)
yBehaHU jieTasb MIaCTHYHOT TeUeHha MaTepHjajia BpXa HepaBHUHE npoduita
XpanaBoOCTH

[ToBpiInHCKa XpamaBocT: a) Bapujanuja Ra 3a cBUX mIecT oTBopa U 0)
MPEKJIOIJbEHN TPOQHIN XPAIaBOCTH MPEe M HAKOH 00pajie KOTPJhameM
KYTJIMIIC TIO TIOBPIIIMHYU OTBOPA 32 OTBOP IMOJI peAHUM OpojeM 3

I'paduuka uHTEpIIpETaIja TPEIIKe KPY>KHOCTH: a) TIPBU OTBOP, 0) Apyru
OTBOp, 0) Tpehu oTBOp, I') YUETBPTH OTBOP, 1) IIETH OTBOP U Ij) IIECTH OTBOP

Pesynratu CAD uncnekuuje

3aBuCHOCT u3Mel)y cuie KOjoM ce Kyriiuia NPUTHCKA O TMOBPIIMHY
npenMera oOpajie u 1yOWHE MEeHeTpaInrje KyrJHIle Y MaTepujall IpeIMeTa
oOpane ayx z-oce

3aBUCHOCT MOBPILIMHCKE XpanaBocTu Ra 011 1yOMHe neHeTpanyje Kyriume
y MaTepHjaJ npeamera oopazae Yy

3aBUCHOCT M3Mel)y MOBPIIMHCKE XpanaBocTH Ra M ayOuMHE neHeTpaiuje
KyTJIMIle Yy MaTepHjai nmpeamera oopase o nodujeHa noMmohy HyMepuuKux
eKCIIepUMeHaTa

3aBucHOCT U3Mel)y moBpIIMHCKE XpanaBocTH Ra W 1yOuHe meHeTpauuje
KYIJIMIE y MaTepHjasl mpeaMera oopane o qo0ujeHa eKCrepuMeHTaTHUM
nyTemM
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Cnucak raoesia

Opujentannone BpeaHocTd Ra koje ce Mory mocTuhu pa3iuyuTUM
BpcTaMa pydHe U MalInHCKe oOpaje

[Tnan ekcriepumenTa u3Beaenor Ha CNC rioganumnum kopumhemeM KpyTor
ajaTa HaMEHEHOT 3a CIOJballby 00paTy

[Inan excnepumenta wuzBeaeHor Ha CNC rmomamuuu kopumhemem
Moau(rKoBaHE Bep3uje anaTa ca Onpyrom

[Inan ekcriepuMeHTa U3BEICHOT HAa YHUBEP3AIHOM CTPYry KOpHIIhemeM
KPYTOT ajlaTa HaMEHEHOT 32 CIIOJbaIllby 00paTy

IInan CKCIICpUMCHTa HU3BCACHOT KOpI/II_HheH)eM MozA€cia mpoueca o6pazle
KOTPJbalkbEM KYTJIUIIC

[Inan Bepudukamuonor excrnepumenta uzBegaeHor Ha CNC rmomanunu
KopuihemeM KpyTOrT ajlaTa HAMEHCHOT 3a CIIOJballliby 00paTy

[Tnan excriepumenta u3BeaeHor Ha CNC rimopanuim kopunrhembeM KpyTor
ajlaTa HaMEHEHOT 3a 00paay OTBOpa KOjU C€ OJHOCH Ha JUMEH3HOHY
MPELM3HOCT OTBOPa

[Tnan ekcriepumenTa u3BeaeHor Ha CNC rioganimm kopumhemeM KpyTor
aaTa HaME’mEHOT 3a 00paJy OTBOpa KOjU C€ OJHOCH Ha T€OMETPH]CKY
HPEIU3HOCT OTBOpa

[Tnan excriepumenta u3BegeHor Ha CNC rimopanuim kopunrhembeM KpyTor
ajlaTa HaMEmBEHOT 3a 00paay OTBOpa KOjU CE OJHOCH Ha TMOBPIIUHCKY
XparaBocT

[Inan HyMepHUKOr €KCIIEpUMEHTa W3BEACHOI KOopulIhewmeM Mojena
nporeca o0pajie KOTpJbamkeM KYTIIUIIE 110 MOBPIIMHUA OTBOPA

Xemujcku cactas Jierype anymuaujyma EN AW-6082 (AIMgSil) T651

du3NUKo-XeMHjCcKe KapakTepucTuke jerype anymuHujyma EN AW-6082
(AlMgSil1) T651

Xemujcku cactaB uenuka A 295 52100 (USA/ASTM)
Xemujcku cactaB uennka 36CrNiMo4
dusnuko-xemujcke kapakrepuctuke dennka 36CrNiMo4

W3mepene BpeTHOCTH MapamMeTapa MOBPIINHCKE XPAMaBOCTH 3a JI€0 IJI04e
ca MHUIIM]aJTHOM MOBPIIMHCKOM Xpamnasoiihy Ra=0.99 um

N3mepene BpeTHOCTH apamMmeTapa MOBPIINHCKE XPAMaBOCTH 3a J1€0 MJI04e
ca WHUIM]aJTHOM MOBPIIMHCKOM XpamnaBoihy Ra=1.36 um

H3mepene BpeTHOCTH MapameTapa MOBPIINHCKE XPAMaBOCTH 3a JIE0 III04e
ca WHUIM]aJTHOM MOBPIIMHCKOM Xpamnapoinhy Ra=2.02 um

Bpennoctn mapamerpa xpamaBocTH Ra HakoH o00pane kopuiihemem
Moau(dUKoBaHE BEp3Uje anara ca ornpyrama pa3aIuauTuX KpyTOCTH
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Pe3ynrati ekcriepuMEHTAIHOT UCTPpaXKHBamba Ha JIelly mpeaMeTa oopaje
ca rpy0oOM MPEeTXOHOM 00paoM

Pe3ynrati ekcriepuMEHTAIHOT UCTPpaXKMBamba Ha JIelly ImpeaMeTa oopaje
ca GUHOM IPETXOTHOM 00paoM

[TapameTpu MOBPIIMHCKE XPAMABOCTH MPE M HAKOH CUMYJIalija mporeca
o0paie KOTpJbamkbeM KYTIIUIIE TI0 TOBPIITUHY MpeaMeTa odpaje

[TapameTpu MOBPIIMHCKE XpamaBOCTU Mpe M HAKOH Ipolieca obOpaie
KOTPJhamkhEeM KYTIIMIIE TIO TTOBPIIUHU TpeaMeTa oopae

Pesynratu Mepema MHUIMjaTHE TOBPITMHCKE XPAraBOCTH 32 CBUX HIECT
OTBOpa

Pesynratu mepema pe3ynTyjyhe MoBpIIMHCKE XparaBOCTH
Pesynratu mepewma npeuyHrnKa 0TBOpa

Teopujcka, 3axTeBaHa W MOCTUTHYTa AyOWHA NEHETpalMje KyIJune y
MaTepHjai mpeaMera oopaje

Pesynratu Mepemwa rpeuike HUIMHIPUIHOCTH
Pesynratu Mepema rpenike Kpy>KHOCTH

[Tomepama uBOpa KOjU je Y KOHTAKTy ca KyIJIMIIOM TOKOM 00pajie U HaKOH
pactepehema

Perpecrone jemHaumHe H CTENEH KOpEJalMje EKCIIEPUMEHTATHUX
pesynarara



Canpixaj

KZAj Ze

1 M\h~ 1
2. lj_le_" b ZgZebaZ ebl_jZImjgbo ba\hjZz 4
2.1. Tlpermen oCHOBHHX ITOjMOBa 4
99 Knacudukanuvja u HameHa mpoieca o0paje KOTpJbamkbeM ajlaTa Mo MOBPITUHU 19

" mpenmera oOpaje
2.3. Auatu 3a 00pay KOTpJbamkeM 10 MOBPUIMHU IpeaMeTa oopaje 22
24 [TapameTpu mporeca oOpaze KOTpJjbambeM KYIJIHIE 110 MOBPIIMHHU MpeaMeTa o5

" oOpaze

VYr1unaj mpomeca oOpajge KOTpJbameM IO IMOBPIIMHM IpeaMeTa o0pajae Ha

25 ($U3NUKO-XEMHUjCKE U TPHUOOJIOUIKE KapaKTepUCTUKE oOpaljeHe MOBpIIMHE U 26

yTHla] mporeca obpaie Ha MOOOJbIIAKE TUMEH3UOHE U TEeOMETPHjCKe
npeuusHocTy odpal)eHux noBpiIuHa
2.6. Kputuuku ocBpT Ha TUTEpaTypHE U3BOPE 37
L_hjbekd_ hkgh\_ ijhp_kZ az\jrg_ h[jZz”~_ aZkgl
dimlh] ZeidlZh\jrbgb ij_~f_1Z h[jZ"_
Knacuyam mozpenu mporueca 3aBpirHe o0pajie 3aCHOBAHOT Ha KOTPJbamy ajlaTa
10 TIOBPIIIMHY MpeaMeTa o0paje
3.2. VY3ajamHM npuTHCaK chepHUX ¥ HWIMHAPUIHUX Tena — Hertz-os mpurucax 43
33 Teopujcka aHanm3a mporeca oOpajae KOTPJhbakbEeM KYTIUIE MO TOBPIIWHU
" mpeamera oOpaje MPUIMKOM Kopulihema eTacTHIHUX anara
Teopujcka aHanmu3a mporieca oOpaje KOTPJbalkbeM KYIIUIE 1O TOBPIIUHH
npeaMera o0paje NpUINKoM Kopuirhema anata BUCOKE KPYTOCTH
ljhe _dlgz j_r_fzZ kbkl_fzZ djmlag ZXKeH|Zrfm hJ
4. ijbafZlbggbo b pbebg”jbggbo ij_"f_|Z h[jZz"_ b r 59
pbebg”jbggbo ih\jrbgZz

[IpojekTHO pelleme KpyTOr ajaTa HaMEHEHOr 3a CIoJballlby o0paay

3.1.

3.4.

4.1 NPU3MAaTUYHUX U IUIMHIPUYHUX MpeaMeTa o0pajie 59

42 [IpojekTHO pememe KpPyTOr ajaTa HAMEHEHOr 3a YHyTpalmy olpamy 62
" OWIMHAPUYHUX MMOBPUIMHA

5. lezg b ijh]jzf _dki_jbf_glZegbo bkljz b\zZzfZz 65

5.1. Omnpema kopuiheHa 3a eKClIepUMEHTAIHA UCTPaKUBAbha 72

[Tman excriepumenTa u3BereHor Ha CNC rmomamuim kopuinhemeM KpyTor
5.2. ajara HaMEHEHOTI 3a CHOJbAlllky 00pagy NMPU3MATHUYHUX U LUIMHIPUYHUX 75
npeaMeTa oopae
[Tnan excrnepuMeHaTa M3BEIEHUX HAa YHHBEP3aJHOM CTpPYry Kopuinhemem
5.3. kpyTror ajata HAMEHCHOI 3a CHoJbamimy o0pamxy mnpmsMmarnuaux u 80
WIMHAPUYHUX TpeaMeTa oopaje
[Tran HyMepHUYKUX eKCIIepUMEeHaTa H3BeIeHNX KopuThemeM Mojiena mpormeca 83

54 o0pajie KOTpJbakbeM KYTJIUIIE 110 MOBPIIMHUA IPU3MAaTHYHOT TpeaMeTa oopae

55 [Tnan excriepumenTa u3BereHor Ha CNC rmomamuim kopuimhemeM KpyTor 85
ajylaTa HAMEH-CHOT 32 YHYTpalllkby 00paay WIMHAPUYHUX HOBPIINHA

56 [Tran HyMepHUYKUX eKCIIepUMEeHaTa U3BeIeHNX KOpUIThemeM Moiena mporeca 86

06pa;[e KOTPJbalkbEM KYIJIUIIC 110 TOBPIIMHU OTBOPA
6. J amelZlb _dki_jbf_glZegbo bkljZ b\zfZ 91



	00.Naslovna strana.pdf
	01.Identifikaciona stranica i rezime.pdf
	02.Spisak slika i tabela - final.pdf

