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B.1. Effect of slide burnishing parameters on fatigue performance of 2024-T3 high strength
aluminium alloy

Abstract

The effect of slide burnishing (SB) on the high-cycle fatigue (HCF) performance of 2024-T3
high-strength aluminium alloy has been studied. After SB with optimum basic process
parameters under ‘minimum roughness’ criterion, the I 0’ cycle fatigue strength increases
with 25% — from 180 to 225 MPa, fatigue life is increased more than 50 times, and the
roughness obtained reaches up to Ra = 0.05 um. Further, various combinations of burnishing
force and deforming element radius have been applied to reach maximum HCF performance
despite roughness obtained. It has been established that with the optimum combination under
‘maximum HCF performance’ criterion, 10" cycle fatigue strength increases with 44% — from
180 to 260 MPa as the roughness obtained is Ra = 0.25 um. This significant enhancement in
the HCF performance is due to introduced beneficial residual compressive stresses. They shift
the fatigue crack initiation site from surface to subsurface layers and, as a result, the
nucleation and propagation of the first-mode fatigue cracks are retarded. In order to
establish the fatigue limit (based on 2 x | 0° cycles), a combined approach, based on limited
Wéhler’s curve and Locatti’s method, has been applied. The fatigue limit of 2024-T3 high-
strength aluminium alloy can be increased up to 250 MPa using SB with optimal basic
parameters under ‘maximum HCF performance’ criterion.

B.1. BausiHue Ha mapameTpuTe Ha JMaMaHTHO 3arjlaXkJaHe BbPXY YMOpPHAaTa JbITOTPaitHOCT
Ha BUCOKOsIKa alyMuHHeBa ciiaB 2024-T3

Pesrome

Bnuanuemo Ha Ouamanmuomo 3aenaxcoare (/3) 6wvpxy MHO2OYUKIO8AMA YMOPA HA
sucokosika amymunuesa cniae 2024-T3 e uzcreosano. Cned /3 ¢ onmumaninu OCHOSHU
napamempu no kpumepuu ,, Munumaina epanasocm*, npu 10" yuxwaa, skocmma na ymopa e
nosuuwerna ¢ 25% - om 180 na 225 MPa, a ymopnama 0viecompatinocm e ygeauueHa ¢ nogeue
om 50 nvmu, a usmepenama epanasocm oocmuea 00 Ra = 0.05 um. Cneo mosa ca
U3CIe08AHU PA3TUYHU KOMOUHAYUU HA Oedhopmupawyama cuia u paouyca Ha oegpopmupaujus
e/leMenm 3a 00Cmueane Ha MAKCUMAIHA SAKOCH NPU MHOZOYUKIO8A YMOPA HE3A8UCUMO OM
noxyyeHama 2panasocm. YcmanoeeHo e, ue npu onmuMdaiHama KoMOUHayus no Kpumepuil
MAKCUMATHA AKOCM NPU MHOOYUKIO8ama ymopd, spanuyama na ymopa npu 107 yuxwia e
nosuwena ¢ 44% (om 180 0o 260 MPa), npu uzmepena epanasocm Ra = 0.25 um. Tosa
3HAYUMETHO NOBUULABAHE HA AKOCMMA HA YMOPA 8 MHO2OYUKIIO8AMA 001aCm e NOPOOeHO Om
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8bBeoeHume NoJle3HU HAMUCKO8U OCMAMbYHU HANPpESHCeHUA. Te uzmecmeam qbopMupaHemo
HA ymMopHama nyKHamuHa ont n06bpxXHocnima KoM nodnoeprHocmHume cuoeese, 6 pesyaimam
HA KOemo 6b3HUKBAHENO U HApACcmeaHeno HA YMOPHU NYKHAMUHU OmM nvbpeuU pod ce 3abaeA.

C yen 0a ce onpedenu epanuyama Ha ymopa (basupana na 2 x 1 0° YUKDIA) € NPUTONCEH
KOMOUHUpau nooxoo, basupaun Ha kpusama wa Woéhler u memooa na Locatti. I panuyama na
ymopa Ha sucoxosaxka arymunuesa cnaas 2024-T3 ce nosuwasa oo 250 MPa npu uznonzsane
Ha J[3 ¢ onmumanuu OCHOSHU napamempu no Kpumepuii MAaKCUMAIHA SAKOCM Hpu
MHO2OYUKII08AMA YMOPA.

B.2. Effect of slide burnishing method on the surface integrity of AISI 316Ti chromium—
nickel steel

Abstract

Chromium—nickel steels are widely used in various fields of the engineering practice because
of their increased corrosion resistance. One of the most used chromium—nickel steel is AISI
316Ti. It is known from the engineering practice that processing this steel by cutting creates
difficulties and problems. However, there is no information regarding the effectiveness of the
slide burnishing (SB) method in terms of quality of the processed surface of this chromium—
nickel steel. A comprehensive experimental and FEM study of the surface integrity of slide
burnished specimens made of AISI 316Ti austenitic stainless steel has been carried out. The
effect of the SB parameters on the obtained roughness, microhardness, residual stress, fatigue
strength (life) and wear resistance has been studied. A fully coupled thermal-stress FEM
analysis has been conducted to be appreciated the effect of the generated temperature in SB
process on the residual stress formation. The SB of AISI 316Ti steel achieves: roughness of Ra
= 0.055 um; microhardness increased by more than 32%, significant wear resistance;
introduced residual stress with a maximum absolute value, which significantly exceeds the
yield limit of the bulk material; increased fatigue strength by 38.9%; fatigue life increasing
more than 385 times. The obtained experimental outcomes for the main characteristics of the
surface integrity prove that SB can be successfully applied as a mixed burnishing for finishing
symmetrical rotational components made of chromium—nickel steels.

B.2. Bnusnue Ha MeTO]a TMaMaHTHO 3ariaxkaaHe BbpXy surface integrity Ha XpoM-HUKEIOBa
cromana AISI 316Ti

Pesrome

Xpom-Hukenosume cmomaHu ce U3NOI36am WUPOKO 8 PA3IUdHU 0OIACMU HA UHMCEHepHama
NpaKmuKa nopaou noSUWEHama um yCmouyueocm Ha koposus. Eona om naii-usnonzeanume
xpom-nukenoeu cmomanu e AISI 316Ti. Om umudxcenepnama npakmuxa e U38eCmHO, ue
obpabomxama Ha masu CMOMAHA upe3 pszaHe cb30asa mpyonocmu u npooremu. Hama
obaue uHgopmayus OMHOCHO eHeKMUBHOCMMmMa Ha Memooa OUAMAHMHO 3aznadxcoane (/3)
no OmMHOWeHUe HA Ka4ecmeomo Ha oOpabomeanama NO8bPXHOCM HA MA3U XPOM-HUKEN08d
cmomana. Mzevpuieno e obuiupno excnepumenmanto u KE uzcneosane na surface integrity
8bPXy 0Opazyu noonodxcenu Ha /3, uzpabomenu om aycmeHumHa HepviHcoaemMa CmomMaud
AISI 316Ti. Hzcneosano e erusaHuemo Ha napamempume Ha npoyeca /|3 6bpxy noayueHama
2panaseocm,  MUKPOMEbPOOCH,  OCMAMBYHU — HANPEdXHCeHUs, AKOCM  HA — yMoOpd U
usnocoycmouuusocm. Ilposeden e cevpzan mepmo-mexanuuen KE ananus, ¢ yen oa oyenu
epexkmvm om cenepupanama memnepamypa npu npoyeca /[3 6wvpxy opmupanemo Ha
ocmamvunu Hanpedxcerus. /[3 na cmomana AISI 316Ti ocucypsasa: epanasocm Ra = 0,055
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WUm; MUKpomewbpoocmma ce ygeauyagea ¢ nosede om 32%,; 3HaAUUMENHO e NOBUULEHA
UZHOCOYCMOUYUBOCMMA,; 8bBEOCHUME OCAMBYHU HANPENCEHUS N0 MAKCUMATHA AOCONIOMHA
CMOUHOC 3HAYUMENHO HAOBULABAM SPAHUYAMA HA NPOBLAYEAHE HA OCHOBHUSL MAMEPUAL;
nosuwiena e akocmma Ha ymopa ¢ 38,9%, ymoprnama OvbicompaiHocm ce y8eaiudasa nogeue
om 385 nvmu. I[lonyuenume ekcnepumeHmantu pe3yimamu 3a OCHOGHUME XapaKmepucmuKu
Ha surface integrity ookassam, ue /{3 modice ycnewHo 0a ce npunaea kamo mixed burnishing
3a 008bPUIBAHE HA CUMEMPUYHU POMAYUOHHU KOMNOHEHMU, U3PAOOMEHU OM XPOM-HUKEI08U
CMOMAHU.

B.3. Impact of slide diamond burnishing additional parameters on fatigue behaviour of 2024-
T3 Al alloy

Abstract

One of the methods for increasing fatigue life of symmetric rotary metal components is slide
diamond burnishing (SDB). This method is implemented on conventional and computer
numerical control machine tools by means of simple equipment, which is its main advantage.
The SDB basic parameters are diamond insert radius, burnishing force, feed rate, and
burnishing velocity. The additional ones are number of passes, working scheme, and
lubrication conditions. The effect of SDB additional parameters on the fatigue behavior of
2024-T3 Al alloy was experimentally studied. Groups of smooth and notched hourglass-
shaped specimens were slide burnished using different combinations of additional SDB
parameters and then were subjected to bending fatigue tests. The residual stresses, introduced
by SDB, were measured by X-ray diffraction technique. The near-surface microstructure of
the slide-burnished specimens was investigated. Based on the results obtained, it was
established that SDB produces two main effects, which depend on SDB additional
parameters. The essence of the macroeffect is creation of residual compressive stresses in the
superficial and subsurface layers. This stresses retard the formation and growth of fatigue
macrocracks and thus increase the lifetime of slide-burnished components. The microeffect is
expressed in modifying the microstructure of the surface and subsurface layers,
correspondingly, refining the grain and homogenizing and reducing the pores in the material.
Such microstructure is characterized by increased plasticity and fatigue crack resistance. The
fatigue life depends on the combination of these two effects. Thus, the desired fatigue
behaviour of the slide-burnished component can be ensured through an appropriate selection
of the governing additional SDB parameters.

B.3. BrnusHue Ha TOMBJIHUTEIHUTE MTapaMeTpu Ha AMAMAHTHO 3arjlaxiaHe BBPXY YMOPHOTO
MOBEJICHNE Ha aTyMHuHHUeBa cruiaB 2024-T3

Pesrome

Eoun om memooume 3a ysenuuagsane na ymopHama ObI2OMPAUHOCH HA OCOCUMEMPUUHU
POMAYUOHHU MEMATHU KOMHOHeHmuU e ouamanmuomo 3aenaxcoane (/13). Tosu memoo ce
npunaea 6vbpxy KOHEEHYUOHANHU MAWUHU U MAWUHU C YUPDPOBO-NPOZPAMHO YNpasieHue ¢
nomowjma Ha npocmo 0bopyosane, KOemo e OCHO8HOmMO My npedumcmeo. OcHognume
napamempu Ha J{3 ca paouyc Ha Oeghopmupawus uncmpymenm, Oepopmupawa cuna,
nooasare 3a 060pom u cKOpocm Ha nivs2ae. /lonvinumennume ca: 6pou Ha npoxooume,
pabomua cxema u ycnosus na cmassane. E¢hexkmvm om oonvanumennume napamempu va /3
8bPXY YMOPHOMO hosedeHue Ha arymunuesa cnias 2024-T3 e excnepumeHmanino npoyuen.
I'pynu om cmanoapmuu u npopazanu obpasyu ¢ opma Ha nAacvyeH yacoenux osaxa /I3 npu
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PA3IUYHU KOMOUHAYUY OM OONBIHUMENHU NApaAMempu U ced mosda NOOL0HCEHU HA YMOPHU
mecmose Ha ocveare. Ocmamvunume Hanpexjicenusl, 6beedeHu om /I3, ca usmepenu upes X-
ray diffraction. H3cnedsana e muxpocmpykmypama 6 Oau30cm 00 HOB8bPXHOCMMA HA
obpabomenu upe3 /3 obpasyu. Bv3 ocnosa nHa nonyuenume pesyimamu 6e YCmMaHOBeHO, Ue
/3 6veedcoa 06a ocnosHu egpexma, KOUMO 3a8UCAM OM OONBIHUMETHUME MY NApaAMempu.
CvwyHocmma Ha Mmakpoegekma e Cb30a8aHemo HA NOJNe3HU HAMUCKOBU OCMAMbYHU
HanpexjceHust 8 NOBbPXHOCMHUSA U NOONO8bpXHOCmHUme cioese. I[lonesnume ocmamuvunu
HanpesiceHus 3a6asam o6pa3y8aHemo u HApACMEAHemo Ha MAKpPONYKHAMUHUMeE, KOemo 600U
00 Nosuwlaeane Ha YMOPHAMA ObICOMPAUHOCH U NO MO3U HAYUH YEeIUddsd HCUBOMA HA
Komnonenmume, oopabomenu upes /3. Mukpoeghexmvm ce uspassea 6 moouguyupane Ha
MUKPOCIPYKIMYpAma HA NOBbPXHOCMHUA U  NOONO8bPXHOCHUME Clloede, CbOMEEmHO,
U30pebHABaHe HA 3bPHAMA, XOMOLEHU3UpAHe U HaMAalA8aHe Ha nopume 6 mamepuaia. Taxasa
MUKPOCIMPYKMYPA ce Xapakxmepusupa ¢ NoSUUuleHa NAACMUYHOCH U YCMOUYUBOCH CPewy
8b3HUKBAHE HA YMOPHU NYKHAMUHU. YMOPHAMA ObA2OMPAUHOCH 3A8UCU O KOMOUHAYUAMA
om me3u 08a egexma. I[lo mo3u HayuH, HcelaHOMO YMOPHO nosedeHue Ha obpabomen upe3
J[3 xomnomenm moodce doa 6vOe ocucypeHo upe3 nooxooauws noooop Ha Ynpasisaeawjume
OONBIHUMENHU NAPaAMEempuU.

B.4. Crack resistance enhancement of joint bar holes by slide diamond burnishing using new
tool equipment

Abstract

The article presents a new technology for joint bar holes processing. Joint bars are
components of rail bolted joints, which are a critical place for nucleation and propagation of
fatigue cracks caused by cyclic loading due to passing trains. The probability of corner
cracks arising, starting from the internal edges of the joint bar holes, is proven using the
finite element method (FEM). On this basis, the necessity for a new technology for the
enhancement of crack resistance of joint bar holes is grounded. The technology comprises
slide diamond burnishing (SDB) as finishing of these holes. New tool equipment is developed
including a combined cutting tool and an SDB device with elastic beam in order to set the
necessary burnishing force. The equipment is intended for milling machine tools and
machining centers. The optimal parameters of both cutting and SDB processes are obtained
through planned experiments, regression analyses, genetic algorithm, and FE analyses. The
distribution of the introduced beneficial residual hoop stresses is found by conducting a FE
analysis of the SDB process. These stresses delay the nucleation and growth of fatigue cracks
initiating in the hole surface. Both microscope analysis and fatigue tests prove this
technology’s advantage, expressed in the increased crack resistance of joint bar holes.

B.4. IloBumaBane Ha MyKHaTUHOYCTOMYMBOCTTAa B HACTABOBU BB3JIU C OTBOPH, ITOCPEICTBOM
J13, u3nosn3Baiiku HOB KOMOMHUPAH HHCTPYMEHT

Pesrome

Cmamusama npedcmags Hoea mexHolo2usi 3a obpabomeane HA OMBOPU HA HACMABU.
Hacmaeume ca komnonenmu om Hacmagogume 6b3au, 4pe3 KOUMO peicume ce C8bp36am
ype3 bonmosu 8pwv3kuU. Te npedcmasnasam KpUMu4Ho MACMO 34 3apaxcoane u papascmeane
HA YMOPHU NYKHAMUHU, NPUYUHEHU OM YUKTUYHOMO HAMOBAPEAHEe HA NPEMUHABAUU BTIAKOGE.
Bepoamunocmma om nosea ma nyKHamuuu, cmapmupawju om ebmpeuwHume pvOose Ha
omeopume Ha Hacmasume, e 00KA3aHa upes memooa Ha Kpatinume enemenmu (MKE). Ha
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masu ocHoea ce 000CHOBABA HEOOXOOUMOCMMA OM HO8A MEXHOLO02Us 3d NOBUUUABAHE HA
YCMOU4U80CMma om nosea U pazeumue HA YMOPHU NYKHAMUHU 6 OMEOpU HA HACMABU.
Texnonoeusma 6K046a Kamo 008vbpuIsaujo oopabomeare ouamanmno 3aznaxcoane (/[3) na
omeopume. Paspabomen e H08 KOMOUHUPAH UHCMPYMEHM, KOUMO 6KII0Y8A KOMOUHUDAH
peoicewy uncmpymenm u ycmpoucmeo 3a JI3 66 U0 Ha eracmuyna epeod, no380aA8au0 0d ce
ynpasiaea Heobxooumama Oepopmupawa cuna. KombOunupanusm uHcmpymeHm e
npeoHasHauen 3a Qpe3osu Memanooopabomeawy MawluHu u 0opabomeawju MAawuHu ¢
yugposo npozpamuo ynpasienue. OnmumaniHume napamempu 3a pexcewjusi UHCMpYyMeHm u
uncmpymenma 3a /{3 ca nonyuenu upe3 NIAHUPAHU eKCNEePUMEHMU, PecpecUuoHHU AHATU3U,
eenemuuen arcopumvm u KE ananusu. Pasnpedenenuemo Ha vbeedenume noie3Hu OKPbI*CHU
OCMAamvbuHU HANpedceHUus e YCmanoseHo upe3 nposedcoare na KE ananuz na npoyeca /I3.
Te3u nanpeosicenus 3a0agam 3apancOaHemo U paspacmeaHemo Ha YMOPHU NYKHAMUHU NO
NOBBPXHOCMMA HA OMEopd. AHAIU3LM HA MUKPOCMPYKMYpama U YMOPHUMe Mmecmoge
00Ka36am Noe3HUs eqpeKm Ha Ma3u MexHOI02UA, U3PA3eHa upe3 NOGUUEHAMA YCMOou4U80Cm
Ha N0A6A HA YMOPHU NYKHAMUHU 8 OMEOpUme Ha HACMABU.

B.5. Effect of cyclic hardening on fatigue performance of slide burnished components made
of low-alloy medium carbon steel

Abstract

The slide burnishing process causes cyclic loading of the surface being treated, which
provokes cyclic hardening. Using a forced-controlled indentation test, the sixth “loading-
unloading” cycle was stabilised. The effect of the number of passes and the cyclic loading
coefficient (CLC) on the fatigue performance of slide burnished specimens was investigated.
Rotating bending fatigue tests were conducted using nine groups of hourglass shaped
specimens, which were slide burnished through a different number of passes and CLC values.
A stabilised cycle of the surface layer achieved with six passes, lead to largest fatigue limit,
whereas the CLC exerted negligible influence on the fatigue performance. The observed
phenomenon was explained through different residual stress relaxation rates, due to the
rotating bending load, as well as with the obtained surface layer microstructure. The residual
stress relaxation was investigated through rotating bending fatigue tests, using cylindrical
fatigue specimens, followed by X-ray stress analysis.

B.5. BimaHMe Ha UIUMKINYHOTO YsAKYaBaHE BBPXY YMOpPHATa JBIATOTPAMHOCT IpHU
HUCKOJIETUPAHU CPEIHO-BBIVIEPOIHN CTOMAHU OUI0KEHHU Ha JUAMAHTHO 3arja)/1aHe

Pesrome

Ilpoyecvm oOuamanmuo 3aznaxcoame (/[3) npeouzsuxea YukKIUYHO HAMOBApEAHEe HA
00pabomeanama NOBvLPXHOCM, KOEemo 800U 00 YUKIUYHU YaKuasaHe. Brusanuemo na o6pos na
npexooume u cyclic loading coefficient (CLC) (koegpuyuenmvm Ha yukiuuHo Hamogapsare)
8bPXy yMOpHama Ovacompatinocm npu /3 ca uzcneosanu. H36vpuieHu ca yMopHu mecmoge
Ha 8bpPMeENUBO 02b8aHe, KAMO €A U3NOA36AHU 0eem cPYNU CMAaHOapmuu 0opasyu ¢ popma Ha
NACHYUEH YACOBHUK, KOUMO Ca OUAMAHMHO 3A2IA0eHU C PA3TUYHU OPOll NPexoou u CmMouHOCmu
na CLC. Cmabunusupanuam yukvl HA NO8bPXHOCMHUS CNOU, NOCIUSHAM C WeCcm npexooaq,
800U 00 Hau-eonama epanuya Ha ymopa, ookamo CLC oxazea He3HAUumenHo iusHue 6bpxy
ymopHama owaeompavnocm. Habarooaeanomo senieHue ce 005ACHA8A upe3 pazIuyHume
CMeneHu Ha peraxkcayusi Ha OCMAmMbYHUMe HANPetCeHus, ObIANCAWU Ce HA POMAYUOHHU
o2veauy moeap, KAKmo U HA NOJYYeHama MUKPOCMPYKMYpA 6 NO8bPXHOCMHUSL CIO.
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PEJZCZKCCZL;M}Zma HA oCcmamuvYHUmMe HAaAnpesCeHus e uzCneosana upes YyMOpPpHU nmecmoese Ha
6bpmeu6o 02vBaHre, U3NOJ36AUKU L;uﬂuH()pulmu 06pa3t;u, nooNodMCEHU 8 nocieocmaue Ha X-
ray Stress ananius.

B.6. Improvement in fatigue strength of 41Cr4 steel through slide diamond burnishing

Abstract

Slide burnishing (SB) is a static mechanical surface treatment based on the severe plastic
deformation of the surface for which the contact between the deforming element and the
surface being treated is sliding friction. SB improves the surface integrity of metal structural
and machine components dramatically. This paper is devoted to improving the fatigue
strength of 41Cr4 steel hourglass-shaped specimens subjected to SB with a spherical-ended
deforming diamond via different combinations of basic governing parameters. Since the
residual compressive stresses introduced play a significant role for the fatigue behavior of the
burnished components, a comprehensive parametric study of the SB process was conducted
using fully coupled thermal-stress finite element (FE) simulations. The FE model’s adequacy
was proven via comparison of the FE results for the residual stresses with X-ray diffraction
measurements. The results obtained show that the diamond radius and the burnishing force
have the strongest effects on the residual stresses, which, in turn, have a significant influence
on the fatigue strength, respectively, fatigue life. An extensive experimental investigation of
the effect of the selected SB basic parameters on the fatigue limit of the slide burnished
specimens was carried out using Locatti’s method. The latter is based on the Palmgren—
Miner linear damage hypothesis, which is a particular case of a general cumulative damage
theory. A planned experiment was carried out, with the governing factors changed among
four levels. Regression analysis of the experimental results was carried out, and a model for
predicting the fatigue limit was obtained. Based on the model obtained, a one-purpose
optimization was carried out using a genetic algorithm. By means of the optimal basic
parameters, the fatigue limit of the processed specimens was increased by 22.7%—from 440
to 540 MPa. The fatigue life increased more than 100 times over after SB with the optimal
basic parameters.

B.6. ITono6psiBane Ha sikocTTa HAa ymMopa Ha ctomaHa 41Cr4 upe3 TuaMaHTHO 3arjaxk/IaHe
Pesrome

Jluamanmnomo 3aenaxcoane (/[3) e cmamuuna MexaHuwHa HNOBbPXHOCMHA 00Opabomka,
OCHOBAHA HA MHO20 20JAMA NIACMUYHA Oedopmayusi HA NOBLPXHOCMMA, NPU KOSAMO
KOHMAaxma mesncoy oepopmupaujuss UHCmMpymeHm u 0opabomeanama no8bPXHOCM e mpueHe
npu navzeawe. /3 nooobpssa 3nauumenno surface integrity Ha MemaiHu CMpYKmMypu u
MawunHu Komnonenmu. Tasu cmamus e nocéemena Ha NOBUWIABAHE HA AKOCMMA HA YMOPA
Ha obpasyu ¢ gopma Ha nAcvuen uacosHux om cmomana 41Cr4, noonoscenu na /I3 c
Ooepopmupawy enemenm ¢ popma Ha chepa upe3 paziuuHu KOMOUHAYUU HA OCHOBHUME
ynpaenasawu napamempu. Tvil Kamo 6veedeHume NOJNE3HU HAMUCKOBU OCMAMbYHU
HanpexjCceHusi uspasm OCHOB8HA pOJisi 34 YMOPHOMO nogedeHue Ha J[[3 KoMnoHeHmu, e
HanpaeeHo YAN0CMHO NapamempudHo uszciedeane Ha npoyeca /I3, uznonseariku cevp3au
mepmo-mexanuden KE mooen. Egpexmusnocmma na KE moden e dokaszana upe3 cpaeueHue
Ha pesynmamume om KE mooden 3a ocmamvuHume Hanpexicenus ¢ makued, usmepenu upes X-
ray diffraction. Ilonyuenume pe3ynmamu noxkazeam, ue paouycvm HA 8bpXa HA OUAMAHMA U
Ooehopmupawama cuna umam HaUu-201AMO GIUAHUE BbPXY OCMAMBUHUME HANPEHCEHUs,
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KOUmMo om C6051 CMpAHA OKA38amM 3HAYUMENHO 6lUiHUe 6bpXY AKOCMMmMA HA YMopa,
CbOMBEMHO HA YMOpHama Ovacompatnocm. IIposedeno e 0OWUPHO eKCHnepUMEHMATHO
uscneosamne Ha eghekma Ha uzbpaHume OCHOGHU napamempu Ha [[3 6vbpxy epanuyama Ha
ymopa Ha /[3 obpazyu, uznonssauxku memooa na Locatti. 3a yeaima e usznonzeana xunomezama
Ha Palmgren-Miner 3a nuneilinume nogpeou, Kosimo e yacmeH ciy4ail Ha oowama meopusi 3a
Hampynanu nogpeou. Ilposeden e nianupan ekcnepumenm Kamo ynpaensaeawjume Gaxmopu
ce MeHAm Ha yYemupu Huea. M3evpuieH e pecpecuoHeH aHaIu3 HA eKCnepumMeHmaiHume
pe3yamamu u e noayueH Mooel 3a NPOSHO3UpaHe Ha cpanuyama Ha ymopa. Bv3 ocnoea na
noJiyuenus Mooell e U3BbPUIeHA eOHoyele8a ONMUMU3AYUL C NOMOWMA HA 2eHemudeH
aneopumovm. [lpu onmumannu cmouHoCmuy Ha OCHOBHUMeE NAPAMEMpPU SPAHUYAMA HA YMOpa e
veenuvena ¢ 22,7% - om 440 0o 540 MPa. Ymoprnama ovacompatinocm e ygenuyena noseye
om 100 nemu npu onmumaniHu cmouHOCMU HA OCHOGHUME NAPAMEMPU.

B.7. Smoothing, deep, or mixed diamond burnishing of low-alloy steel components —
optimization procedures

Abstract

Diamond burnishing (DB) is a static mechanical surface treatment based on severe surface
plastic deformation aimed at significant improvement in the surface integrity and operating
properties of the treated component. Very often, DB is unjustifiably perceived of as typical
smoothing burnishing. In the present article, it is shown that DB can be conducted as
smoothing, deep, or mixed burnishing depending on the particular combination of process
governing factors employed. Optimizations of the DB process for 41Cr4 steel under different
criteria are conducted in order to obtain the optimal parameters of different DB processes.
The choices of governing factors and objective functions (roughness and fatigue limits),
which are obtained on the basis of planned experiments and regression analyses, are fully
Jjustified. By means of one-objective optimizations, the uncompromising optimum values of the
objective functions and the corresponding optimum values of the governing factors of
smoothing and deep DB processes are obtained. A new optimization procedure for solving a
multi-objective optimization task is developed in order to obtain compromise optimal values
simultaneously with the objective functions and governing factors of the mixed DB process. In
order to highlight the advantages of the proposed optimization procedure, the multi-objective
task solution is compared with the results obtained via some known methods, i.e., the
compromise weight vector and function of the losses methods.

B.7. 3armaxmpamo (smoothing), nwsnboko (deep) wumu cmeceno (mixed) aUamMaHTHO
3ariakaaHe Ha HUCKOJICTUPAHU CTOMAHEH! KOMIIOHEHTH — MIPOIEAYPH 32 ONITUMHU3HPAHE

Pesrome

Jluamanmnomo 3aenaxcoane (/[3) e cmamuuna MexaHuwHa NOBbPXHOCMHA 00Opabomka,
OCHOBAHA BbPXY MHO20 207AMA NIACMUYHA Oedopmayusi HA NOBLPXHOCMMA ¢ yel 3d
3HayUMenHo nodobpenue Ha surface integrity u eKCHIOAMAYUOHHUME CBOUCMBA HA
obpabomenus komnonenm. Mnozo uyecmo /{3 Heonpagoano e 6b3npuemMano Kamo munuyHo
3a2naxcoawio N08bPXHOCMHO obpabomearne. B nacmoswama cmamusi e nokasauo, ue /3
Modice 0a 6v0e nposedeno kamo smoothing, deep unu mixed burnishing 6 3asucumocm om
KOHKpemHama KOMOUHayusi Ha usnonseanume ynpaeissawu Gakmopu. Ilposedenu ca
onmumusayuu Ha npoyeca /I3 3a cmomana 41Cr4, ¢ yen oa ce nonyuam onmumanHume
napamempu Ha npoyeca /{3 npu paziuunu Kpumepuu. Hz00pem Ha ynpasissawjume
Gaxkmopu u yenesume yHKyuu (2panagocm u cpanuya Ha ymopa), KOUmo ca NOayYeHu Ha
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0aza Ha NAAHUPAHU EKCNePUMEHMU U PecPeCUOHHU AHATU3U, CA HANBIHO 0OOCHOBAHU.
Ilocpeocmeom eoHoyenesu onmumMu3ayuu ca NONYYeHU KOHKPemHume ONMmuMaiHu cmoti-
HOCMU HA yenesume QYHKYUU U CbOmeemHume ONMUMAIHU CIMOUHOCMU HA YAPAGIAGAuUmMe
Gaxmopu, ocueypsasawu pearuzupame Ha /{3 kamo smoothing u deep burnishing npoyec.
Hoesa onmumuzayuonna npoyedypa 3a pewasane mHo2oyenesa 3a0a4a e paspabomena, ¢ yei
0a ce noayyam KOMAPOMUCHU ONMUMATHU CIOUHOCIMU e0OHO8PEMEHHO 3d Yelegume (QyHKyuu
u ynpasenasawume ¢paxmopu npu mixed /[3. 3a 0a ce noduepmasm npedumcmeama Ha
npeonodceHama npoyedypa 3a ONMUMU3AYUS, MHO2OYeNIe80MO peuleHue Ha 3a0adama ce
cpasussa ¢ pezyimamume, NOJIVHUEHU Ype3 HAKOU U3BECMHU Memoou, Kamo Memoo Ha
Me206HUsL BeKMOP U Memo0oa, OA3Upan 6vpxy QyHKYus Ha 3a2youme.

B.8. Slide burnishing versus deep rolling—a comparative analysis
Abstract

This article presents outcomes from a comparative analysis involving three static burnishing
processes: slide burnishing (SB), roller burnishing (RB), and deep rolling (DR). The treated
material was 41Cr4 steel. The investigative methods used were fully coupled thermal-stress
finite element (FE) simulations and natural experiments. Using one and the same magnitudes
for the governing factors, the basic difference among the compared processes was the type of
contact between the deforming element and the surface being burnished — sliding friction for
SB and rolling contact for RB and DR. SB was implemented with a spherical-ended
polycrystalline diamond whereas RB and DR were conducted using a single toroidal roller
with the same magnitude for the radius of the toroid surface as that for the radius of the
deforming diamond. The objects of comparison were in themselves processes and considered
to be alterations in the thermodynamic systems’ states, as were the obtained surface
integrities (Sls) of the treated specimens and their fatigue behaviors. It was established that
three-quarters of the external work in SB converts into heat in the “deforming element —
workpiece” contact area, which leads to the so-called softening effect in the surface layers.
The comparison of the energy balances of the investigated processes clearly demonstrates the
thermo-mechanical nature of the SB process, whereas the deforming processes in the RB and
DR can be assumed to be purely mechanical. On the other hand, SB provides less roughness,
significantly greater micro-hardness, larger-in-absolute-values compressive residual stresses,
a more refined microstructure and, as a result, greater fatigue strength compared with RB
and DR.

B.8. CpaBHuTENCH aHATTU3 MEXKIY AUaMaHTHO 3ariaxaane u deep rolling
Pesrome

Tazu cmamus exnOu6a pezyimamume onm CPAGHUMENEH AHAIU3, GKII0YUEAU MPU CIAMUYHU
npoyeca 3a NOBbPXHOCMHO NAACMUYHO dehopmupare: ouamanmuo 3aenaxcoane (/3), roller
burnishing (RB) u deep rolling (DR). Hsznonzeanusm mamepuan e cmomana 41Cr4.
H3nonzeanume memoou ca: cévp3an mepmo-mexanuyeH xpaino-enemenmern (KE) moden u
HamypHu excnepumenmu. H3nonseatiku eOHu u Covwy CMOUHOCMU HA YAPAGIABAUIUME
gakmopu, ocHo8Hama paziuKa mexcoy CpAaeHABAHUmMe Npoyecu e 6UObM HA KOHMAKma
medxncdy oeopmupawus eremenm u 0Opabomeanama NOBLPXHOCH — MpUeHe NPU Nib32aHe
npu /[3 u mpuene npu mvpkanaune npu RB u DR. /I3 e peanuzupano upe3z noaukpucmaieu
ouamanm cwvc cgepuuen HakpatHuk, ookamo npu RB u DR ce npogejicoa upe3 mopoudaina
POJIKA CbC CbWama 201eMUHa HA paouyca Ha MOPOUOAIHAMA NOBbPXHUHA, KAMO MA3U Ha

8



paouyca na degpopmupawus ouamanm. Obexm Ha cpaenenue ca npoyecume /[3, RB u DR,
Pa3eneHcoan Kamo usMeHeHue Ha CbCMOSHUEMO HA MePMOOUHAMUYHU CUCEMU, KAKMO U
nonyyenume surface integrities (SIs) na obpabomenume obpazyu u MAXHOMO YMOPHO
noseoeHue. Ycmanogeno e, ue mpu uemsvpmu om evHwHama paboma npu /{3 ce npeepvuya 8
MONIUHA 8 KOHMAKMHAMA 30Ha ,, 0ehopmupawy eiemeHm - dematin”, Koemo 600U 00 maxa
Hapeuenus cmexyasawy egpexm 6 nosvpxHocmuume cioege. CpagHenuemo Ha eHepeutiHume
banancu Ha uzcre08aHume NPOYecuU SICHO OEMOHCMPUPA MepPMO-MEeXAHUYHUSL XapaKmep Ha
npoyeca /[3, dokamo deghopmayuonnume npoyecu RB u DR mozam da ce npuemam 3a yucmo
mexanuunu. Om opyea cmpana, /[3 ocucypsaea no-Hucka epanagocm, sHa4umenHo no-20aama
MUKPOMBbLPOOCH, NO-20]leMU 8 aOCONIOMHU CMOUHOCMU OCMAMbYHU HANPEeXCeHUus Ha
HamucK, u30pebHeHa MUKpOCmMpyKmypa u 6 pe3yimanm Ha mosea no-208Ma sIKOCH Had yMopd 8
cpasnenue ¢ RB u DR.

B.9. A cost-effective optimization approach for improving the fatigue strength of diamond
burnished steel components

Abstract

Diamond burnishing (DB) is a surface modification method aimed at improvements in the
surface integrity (SI) and operating behavior of metal components. A cost-effective
optimization approach for increasing the fatigue strength of diamond-burnished steel
components has been developed. The basic idea is that the fatigue strength can be controlled
by controlling some of the SI characteristics (surface micro-hardness, hardened layer depth
and roughness) whose measurements are not time consuming and expensive. Thus, a multi-
objective optimization task was set and solved using the weight vector method. The governing
factors were the diamond radius and burnishing force. The resulting fatigue limit differed
from the maximum fatigue limit by a mere 0.44%, which proves the effectiveness of the
proposed approach. The results obtained for the fatigue limit are explained by means of an X-
ray analysis of the introduced residual stresses and an analysis of the microstructures of the
surface and subsurface layers. It has been established that a greater depth of the affected
zone coupled with a smaller gradient in the alteration of the microstructure in depth provides
larger fatigue strength.

B.9. IkoHOMHUUYeCKH e(bCKTI/IBeH OIITUMHU3AIIMOHCH IIOAXOJ 3a INOBHIIABAHC Ha AKOCTTa Ha
yYMOpa Ha AMaMaHTHO 3arjiiaicHu CTOMaHCHU KOMIIOHCHTH

Pesrome

Jluamanmnomo 3aenadxcoane (3) e memoo 3a moouguyupane Ha NOBLPXHOCMMA HA
MemanHu KoMnoHenmu, yeaaw, 0a nodobpu surface integrity (SI) u excniomayuoHHomo um
nosedenue. Paspabomen e ukoHoOMuuecku egexmueen ONMUMUSAYUOHEH NOOX00 3a
nosuwiagarne Ha AKOCMMA HA YMOpA HA MEMAiHu KOMHOHEHMHU, NoonodxceHu Ha J[3.
OcnosHama udesi e, ye AKOCMMA HA YMOpA Modice 0a 0bOe KOHMPOAUPAHA KAmo ce
KOHmpoaupam uacm om Xxapakmepucmukume Ha SI (nosvpxHocmua MuKpomewspoocm,
O0bAO0YUHA HA YAKYEHUS CIAOU U 2panagocm), UMep8aHemo Ha KOUMO He e CKbHo U
gpemeemxo. 11o mo3u Hauun e peweHa MHO20yene6a ONMUMU3AYUOHHA 3A0ayd, U3NON38AlKU
Memooa Ha meenoeHust 6eKmop. Ynpaeiasawume Gaxmopu ca paouyca Ha OUAMAHmMa u
cunama Ha npumuckaue. [lonyuenama epanuya Ha ymopa ce pasiudasa om MAaKCUuMaiHama
epanuya Ha ymopa c 0.44%, xoemo Ookazea epexmusHocmma HA NPeosloHCeHUs. N0OXO00.
Tonyuenume pezyimamu 3a epaHuyama Ha ymopa ce o0acHA8am nocpeocmeom X-ray anaius
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Ha 6bBeOeHUme OCMAMbYHU HANPENCEHUsT U aHAIU3 HA  MUKPOCMPYKMypama Ha
NOBbLPXHOCMHUME U NOONOBBPXHOCMHUME Cloese. YCmanoseHo e, ue NO-20aAMama
0bAOOYUHA HA aApeKmupaHama 30Hd, CbYemMaHd ¢ NO-MANbK 2PAOUEHM HA NPOMAHA HA
MUKPOCMPYKIMYPAma 8 0vbab0uuta, 6005imM 00 NO-208AMA AKOCM HA YMOPA.

B.10. Single toroidal roller burnishing of 2024-T3 Al alloy implemented as mixed burnishing
process

Abstract

Based on a comprehensive experimental study, single toroidal roller burnishing (STRB) of the
2024-T3 Al alloy can be successfully implemented as a mixed burnishing process. Optimum
values of various governing factors provided minimum roughness and significant
enhancement of the fatigue life of the treated specimens. With a planned experiment,
regression analysis, and optimization procedure based on a genetic algorithm, the optimum
factor values were established under a minimum roughness criterion. The derived model
predicted a minimum roughness Ra.=0.074 um. The experiment with optimal process
parameters provided an average roughness R,=0.1 um. STRB under these optimal conditions
yields a relatively homogeneous surface in terms of micro-hardness with a surface micro-
hardness increase coefficient of 37.6 %. The parametric study of the residual surface hoop
and axial stresses conducted via X-ray stress analysis shows that the STRB with near-optimal
process parameters introduces significant residual stresses. STRB of the 2024-T3 Al alloy,
implemented as a mixed burnishing process, produces a mirror-finish surface, improves the
fatigue life by more than 2000 times, and increases the conventional fatigue limit by 35.1 %
compared to the reference condition.

B.10. Mixed burnishing mporec, mocpeIcTBOM TOPOUIATHA POJIKA BHPXY aTyMHUHHEBA CILIAB
2024-T3

Pesrome

Bv3 ocnosa Ha obwupno excnepumeHmanno usciedgawe, npoyecvm roller burnishing
NnoCpeoCcmeom MopoudaIHa PoaKa Modice YCnewHo 0a ce npuioxcu kamo mixed burnishing
npoyec 6vpxy anymunuesa cniag 2024-T3. Onmumannume CmoOUHOCMU HA PA3IUYHUME
ynpasnasawu akxmopu 800am 00 MUHUMATIHA 2PANA8OCM U 3HAYUMETHO NOsUuLasane Ha
YMopHama Ovreompaunocm Ha obpabomenume obdpazyu. Ypez niamupan excnepumenm,
pezcpecuoHen aHanu3 u ONMUMU3AYUOHHA Npoyeodypd, OCHOBAHA HA 2eHeMUYEH ANIOPUMBM, Cd
onpeodeneHu ONMUMATHUMeE CMOUHOCMU HA YNpagiasawjume Gaxmopu, npu Kpumepui
MuHumanna epanagocm. Ilonyyenusm mooden npoeHozupa munumanna epanagocm R.=0.074
um. Excnepumenmuvm ¢ onmumanuu napamempu Ha npoyeca 600U 00 CpPeOHa 2panasocm
Ra=0.1 um. Roller burnishing nocpedcmeom mopouoaiHa poika npu me3u ONMUMATHU
VCI08USL OCU2YPABA OMHOCUMENHO XOMO2EHHA NOBLPXHOCH 8 ACHEeKM HA MUKPOMEbPOOCH, C
Koeguyuenm Ha nosuwiasane Ha mukpomsvpoocmma 37.6 %. Ilapamempuunomo uscieosane
Ha 0cosume u OKPBbICHUME OCMAMBbYHU HANPeXdCeHUus nposedeHo upes X-ray stress ananuz
noxaszea, ue roller burnishing nocpeocmeom mopoudarna poaka npu OIUKU 00
onmumanHume CMOUHOCMU HA napamempume 800U 00 3HAYUMETHU OCMAMbYHU
Hanpeoicenusi. Roller burnishing nocpeocmeom mopouoanHa poaka, nposeodeH Bbpxy
anymunuesa cniae 2024-T3, uzevpuwien xamo mixed burnishing npoyec 6oou 0o: oz2redanrna
NOBBPXHOCM, NOBUWIABAHE HA YMOpHama Owacompaunocm ¢ nosewe om 2000 nvmu u

10



nosuwiagare Ha Heocpamuuenama epamuya Ha ymopa ¢ 35.1 % e cpaenenue ¢ obpazyu
obpabomenu camo upe3 psazane.

I'.1. Investigation of dynamic response of “bridge girder-telpher-load” crane system due to
telpher motion

Abstract

The moving load causes the occurrence of vibrations in civil engineering structures such as
bridges, railway lines, bridge cranes and others. A novel engineering method for separation
of the variables in the differential equation of the elastic line of Bernoulli-Euler beam has
been developed. The method can be utilized in engineering structures, leading to “a beam
under moving load model” with generalized boundary conditions. This method has been
implemented for analytical study of the dynamic response of the metal structure of a single
girder bridge crane due to the telpher movement along the bridge girder. The modeled system
includes: a crane bridge girder, a telpher, moving with a constant horizontal velocity, a load,
elastically fixed to the telpher. The forced vibrations with their own frequencies and with a
forced frequency, due to the telpher movement, have been analyzed. The loading resulting
from the telpher uniform movement along the bridge girder is cyclical, which is a prerequisite
for nucleation and propagation of fatigue cracks. The concept of “dynamic coefficient” has
been introduced, which is defined as a ratio of the dynamic deflection of the bridge girder due
to forced vibrations, to the static one. This ratio has been compared with the known from the
literature empirical dynamic coefficient, which is due to the telpher track unevenness. The
introduced dynamic coefficient shows larger values and has to be taken into account for
engineering calculations of the bridge crane metal structure. In order to verify the degree of
approximation, the obtained results have been compared with FEM outcomes. An additional
comparison has been made with the exact solution, proposed by Timoshenko, for the case of
simply supported beam subjected to a moving force. The comparisons show a good
agreement.

I'.1. M3cnenBane Ha TMHAMUYHOTO MOBEJACHHUE HA CHCTEMATa ,,IJaBHa rpea — Teadep —
TOBap‘‘ CJIC/ICTBHUE JIBIKCHHUE HA Tendepa

Pesrome

THoosudicnuam moeap npuyuHABA NOAGAMA HA BUOPAYUU 6 CMPOUMETHUME UHICEHEPHU
KOHCMPYKYUU KAmo MOCHMO8e, JiCele30NbMHU  JUHUU, MOCMO8U KPAHO8e U  OpPY2u.
Paszpabomen e nos unscenepen memoo 3a pasoensine Ha NPOMEHAUBUME 8 OUPePEeHYUATHOMO
ypasneHnue Ha enacmuunama aunus Ha bepuynu-Otinep epeda. Memoovm mooce oa ce
U3NOI36a NPU UHICEHEPHU KOHCMPYKYUU, NPU KOUMO ,,MO8ApsbmM ce 08udxcu no epeda‘’’ ¢
00006wenu epanuunu ycrosus. Tozu memoo e npunodceH 3a AHATUMUYHO U3CIe08AHe HA
OUHAMUYHAMA PeaKyusi HA MemAalHama KOHCMPYKYUs HA eOHO2pedo8 MOCMO8 KpaH Npu
osuiceHue Ha menghep no epedama Ha kpama. Mooerupanama cucmema 6KIOYBA. 2NAGHA
2peda Ha Kpaua;, meiagep, osudcewy ce ¢ NOCMOAHHA XOPUOHMAIHA CKOPOCH, MO8ap,
eracmuuno ¢uxcupan Kvm mengepa. Aumanusupanu ca npuHyoeHume KoaeOaHusi Ccue
cobCmeeHU yecmomu U ¢ NPUHYOeHa Yecmoma, ObIAXCaAWU ce Ha O8UNCeHUemo Ha meagepa.
Hamosapsanemo 6 pesynmam uma pasHomepHomo 08udiceHue Ha meigepa no mocmosama
2peda e YUKIUYHO, KOemo e NpeonoCcmasKd 3a 3apaj)coane U paspacmeane Ha YMOPHU
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nykHamuuu. Bweedeno e nomamuemo , ouHamuyer roeguyuenm®, Oedunupano Kamo
OmHOWeHUe Melc0y OUHAMUYHOMO NPOBUCBAHE HA MOCMOo8ama 2peod, HOPOOeHO Om
npuHyOenu subpayuu, u CMmamuiHomo nposuceane. Toea omuouieHue e CPaeHeHoO ¢ NO3HAMUs
om qumepamypama emMnupuyer OuHamuier Koeguyuenm, KOUmo omyuma HepagHocCmma Ha
menghepuama cneda. Bveeoenuam ounamuien KoeguyueHm nokazea no-20iemu CmouHocmu
u mpabea da ce 83eme nPeodsuUod NPU UHHCEHEPHUME USUUCTIEHUs HA MeMAIHama KOHCMPYKYUs
Ha Mocmosus Kpau. 3a 0a ce npogepu 6epHOCMmMA HA NOJYYeHume pesyamamu, me cd
cpasHenu ¢ pezynmamu, nonydenu ypes3 MKE. Hanpaseno e Oonvanumenno cpagHeHue c
MOYHOMO peuienue, npeonodceno om Tumowienko, 3a cayyas Ha npocma epeodd, nooI0NHCeHd
Ha dsudicewya ce cuna. CpasHenusima nokazeam 0oopo cveénadeHue.

I'.2. Effect of ion nitriding on fatigue behavior of steel 35SHGS
Abstract

In this article the fatigue behavior of specimens made of 35HGS low-alloyed steel has been
investigated. A comparative analysis has been made for the effect of hardening process with
subsequent grinding and ion nitriding process. For this purpose, five groups of specimens
have been manufactured. The first group of specimens has been subjected to hardening and
grinding. The other four groups of specimens have been subjected to ion nitriding with a
different process duration - 4, 8, 12 and 16 hours, respectively. The experimental study has
been conducted in two stages- cyclic bending fatigue tests and residual stresses assessment
trough X-ray diffraction analysis. It has been established that the ion nitriding process has a
more favorable effect on fatigue life in the field of high-cycle fatigue compared to the
quenching process followed by grinding. The positive effect by the quenching and grinding
has been observed in the field of low- cycle fatigue. The highest fatigue limit (c.; = 800 MPa
) has been obtained for the specimens subjected to ion nitriding for a duration of 4 hours. The
X-ray diffraction results show that the ion nitriding process provides greater in absolute
value compressive residual stresses compared to the quenching and grinding process. It has
been established that the distribution in depth of the axial and hoop residual stresses created
after ion nitriding is very similar. A different trend has been established between the obtained
fatigue limits and the intensity of the compressive residual stress zone.

I'.2. BnusiHue Ha IOHHO a30THpaHe BbPXY YMOPHOTO NoBeaeHue Ha ctoMaHa 35HGS
Pesrome

B masu cmamus e u3cie08aHo yMOPHOMO nogedenue Ha oopasyu, uspabomeHu om HUCKO-
svenepoona cmomana 35HGS. Hanpasen e cpasnumenen ananuz ma egekma om npoyeca
3aKanseane ¢ NOCIE08AW0 WaUGosane u npoyeca UOHHO aszomupaue. 3a maszu yen ca
uspabomenu nem epynu om oopasyu. Ilvpsama epyna om obpasyu e 3axaieHa u waugosana.
Ocmananume yemupu epynu o0pasyu ca NOONONCEHU HA UOHHO A30MupaHe ¢ pasiudHd
ovieompatiHocm Ha npoyeca, pecnekmusro 4, 8, 12 u 16 uaca. Excnepumenmantomo
uzcneoeame e npoedeHo Ha 08a emana —yMOPHU Mecmose NPU 8bPMENUBO 02bB8AHE U OYEeHKA
Ha ocmamvuyHume Hanpedxceuus upes X-ray diffraction ananusz. Ycmanoseno e, ue npoyeca
UOHHO azomupane uma Oaaconpusmen eghekm 6vbpxXy YMOPHO HO8edeHUe Npu MHO20-
YUKI08ama ymMopa & cpasHenue ¢ npoyeca saxkanasamve u wiaugosane. llozumusnuam eghexm
om npoyeca 3axkaisieare u wWaUposare e upazen 8 30Hama Ha maroyuxkiosama ymopa. Haii-
eonama epanuya Ha ymopa (o.; = 800 MPa ) e omuemena npu epynama oopasyu, noOI0NCeHU
Ha UOHHO azomupaHe ¢ 8pemempaere Ha npoyeca 4 yaca. Pesynmamume om X-ray diffraction
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aHaaiu3la nokaseam, e crneocmeiue npoyeca HUOHHOMO asomupdane ce nojiyvasant no-cojlemu no
abcomomua CmouHOCm HAMUCKOBU OCMAMbYHU Hanpestcenusl 6 CpaeHEHUue ¢ npoyeca
3aKkansiearne u mﬂuqboeaﬂe. Yemanoseno e, ue pa3npedeﬂeﬂuem0 6 Ovabouuna Ha ocosume u
OKPBICHUME OCMAMbYHU HANPEINCEHUA € MHO20 nooobHo. Ycmarnoserno e, e uma pasiuka e
mpeHdoeeme MeDfC()y nojydyeHume cpdHuyu Ha ymopa u 3oHama 6 0babOYUNHA HA NOoJe3HUume
ocmamvyiu HAMUCKOBU HANPEIICEHUAL.

I'.3. Experimental study of the roughness of low carbon, medium carbon and tool steel after
diamond burnishing

Abstract

In this article the slide burnishing process of cylindrical specimens made of three types of
constructional steels (S235 low carbon steel, 45 medium carbon steel and Y8A tool steel) has
been studied. The object of this study is the process parameters influence on the roughness
obtained. The basic parameters (burnishing force, diamond’s tip radius, feed rate and
number of passes) have been studied through experimental approach. For that purpose three
stages methodology has been developed. As a result of the first stage, the five best
combinations for the burnishing force and the diamond’s tip radius under constant velocity
and feed rate conditions have been determined. On this basis, in the second stage the feed
rate impact has been examined. After the second stage end, the optimal basic parameters of
the diamond burnishing process providing minimum roughness have been determined. The
impact of number of passes has been studied in the third stage. The number of passes varies
between one and eight passes for two kind of schemes — one-way and two-way scheme. Under
one-way diamond burnishing scheme the minimum roughness (Ra =0,109 um) has been
obtained for the tool steel. For the three steels studied, the improvement in roughness is
greater for the one-way working scheme. The two-way scheme is not recommended for S§235
steel because the roughness obtained is minimal after one pass. In the conditions of two-way
working scheme for 45 medium carbon steel the roughness decreases to six passes, then
increases. However, this reduction is 19%, while in a one-way scheme it reaches 31%. As
with other burnishing processes, the experimental results confirm that the factors of greatest
importance for the roughness obtained are the burnishing force and the diamond’s tip radius.

I'.3. EKCHepI/IMeHTaHHO HU3CJICABAHC OTHOCHO TIpallaBOCTTa Ha  HHUCKOBBIJICPOOAHA,
CPCOAHOBBITICPOJHA U HHCTPYMCHTAJIHA CTOMAaHa CJIC JUaMAaHTHO 3arjiaXJaHe

Pesrome

B masu cmamus e uscnedsano enusHuemo Ha npoyeca /I3 6vpXy yunuHOpuuHu 06pasyu,
uspabomeru om mpu 8U0a KOHCMPYKYUOHHU cmomarnu (S235 nuckosvenrepooua cmomaua, 45
cpeoHosvenepoona cmomana u  YS8A umcmpymenmanna cmomana). ILlenma nHa mosa
uzcneogame e GIUAHUEMO HA napamempume HA Hpoyeca GbpXy NOLYYEHAma 2panagocm.
OcHosnume napamempu (Oegpopmupawa cuia, paouyc HaA OUAMAHMHUS HAKPAUHUK,
nooasane u Opol Ha npexooume) ca U3CIE08aHU eKCHepuMeHmanHo. 3a masu yen e
paspabomena mpuemanua memooonozus. B pezyimam na nvpeus eman ca onpeoeieHu
nemme Hau-000pu KomMOuHayuu 3a Oegopmupawama cuia u paouyca Ha OUAMAHMHUS
HAaKpaHuK npu NOCMOsIHHA ckopocm u nodasane. Ha 6aza nvpeus eman, 66 smopus eman e
U3Ccne08aHo GIUAHUEMO Ha nooaganemo. B kpas ma emopus eman ca onpedenenu
ONMUMATHUME OCHOBHU NApAMempu HA Npoyeca OUAMAHMHO 3a21adcoane, 0CuUcypasauju
MUHUMATHA 2panasocm. Bauanuemo na Opos na npexooume e uscied8aHo 8 mpemus eman.
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bpos na npexooume eapupa om eoun 00 ocem 3a 08e cxemu HA Npulazane — eOHONOCOYHA U
pasnonocoyna. Ilpu eononocoyna cxema Ha OUAMAHMHO 3a2NAACOAHEe MUHUMATHA 2PAnagocm
(Ra =0,109 um) e nonyuena 3a uncmpymenmanuama cmomauna. M 3a mpume uoa cmomamu
e0HONOCOYHaAma cxema nooobpsaea 2panagocmma, OOKAMO PA3HONOCOYHAMA CXeMd Npu
OUAMAHMHO 3a2nadcoane He 600u 00 000pu pesyrmamu 3a cmomana S235, mvwil Kamo
MUHUMANHA 2PAnaéocm ce Noay4asa cled Nbpsus npexoo, a cied mosea ce enowasa. llpu
npuiaeane Ha PA3HONOCOYHAMA CXeMa 34 CPeOHO-8b2lePOOHA cmomana 45 epanasocmma
Hamansaea 00 wecmus npexoo, cied Koemo 3anoueéa 0a ce nosuuiasd. Bunpexu moea,
nooobpenuemo e camo ¢ 19%, ookamo npu eononocounama cxema oocmuea 31%. Kaxkmo u
npu opyeu cmamuunu npoyecu 3a I1I1J], excnepumenmannume pe3yimamu HOmMewbpHcOABam,
ue napamempume ¢ HAU-20AMO GIUAHUE BbPXY NOLYYeHama 2epanagocm, ca oOepopmu-
pawama cuna u paouycvm Ha OUAMAHMHUSL HAKPAUHUK.

I'4. Comprehensive model of the micro-hardness of diamond burnished 41Cr4 steel
specimens

Abstract

Diamond burnishing (DB), based on severe plastic deformation of the surface layer, improves
the surface integrity (SI) of metal components and thus, enhances their operating properties.
The microhardness is one of the mechanical characteristics of the SI. The increased micro-
hardness due to DB is a precondition for improved wear and fatigue crack resistance of the
treated component. The article presents a comprehensive experimental mathematical model
which predicts the microhardness distribution in depth from the surface depending on the
diamond insert radius and burnishing force. The selection of the significant governing factors
is based on previous study. The experimental model is based on a fourth-order one-
dimensional polynomial whose variable is the depth and the coefficients are functions of the
two governing factors.

I'.4. TlonpoGen mMonen Ha MUKPOTBBPAOCTTa HAa 00pa3iu oT cromana 41Cr4 moanoxxeHu Ha
IMaMaHTHO 3arjaxkaaHe

Pesrome

Jluamanmnomo 3aenaxcoawne (/[3), 0CHOBAHO HA MHO20 207AMA NAACMUYHA Oedhopmayusi Ha
Nno8vbPXHOCMHUME cloege, nodobpasa surface integrity (SI) na memannu KoMnoweHmu, Kamo
no0obpsaea mexHume eKCHA0AMAYUOHHY ceoticmea. Mukpomevpoocmma e eOHa om MexaHuy-
Hume xapaxmepucmuxu Ha SI. Tlosuwenama muxpomewvpoocm cned /3 e npeonocmaska 3a
no00OpeHa U3HOCOYCMOUYUBOCH U NOBUULEHA YMOPHA ObIOMPAUHOCH HA MpPemupanus
komnonenm. Cmamuama npeocmass pazuuper eKCnepuMeHmaien Mamemamuden Mooel,
KOUMO NnpeocKkasea pasnpeoeieHuemo Ha MUKpoOmebpOOCmma 8 O0blOOYUHA OM NOBbPXHO-
cmma, 6 3a8UCUMOCH OM paouyca Ha OUAMAHMHUS HAKPAUHUK U Oeghopmupawama cuid.
Hz60pvm Ha 3Hauumume ynpasnsaeawu (Gaxmopu ce OCHO8A8A HA NPEOUUHO NPOYYBAHE.
Excnepumenmannusm mooden ce ochosasa Ha eOHOMEPEH NOAUHOM OM Yemewbpmu peo, C
NPOMEHAUBA ObIOOUUHAMA OM NOBBPXHOCMMA, A Koeuyuenmume ca YHKyuu Ha 08ama
ynpasaasawu gakxmopa.

I'.5. Finite element simulations of static mechanical surface treatment processes — a review
and prospects
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Abstract

This article reviews finite element (FE) simulations of static mechanical surface treatment
(MST) processes for metal components. These static burnishing methods, based on severe
plastic deformations of the surface and subsurface layers, improve the surface integrity (SI) of
the respective components dramatically and thus their operational properties. The finite
element method (FEM) is a basic method used for numerical investigations of MST processes.
Although FEM always requires experimental verification and an experiment to establish an
adequate material constitutive model, this method saves the researcher significant time and
resources. In this article, a comprehensive analysis of the published studies devoted to FE
simulations of static MST processes has been conducted. Based on the analysis, five basic
conditions have being established in order to build an adequate FE model of the static
burnishing process.

I'.5. KpaiiHo-eneMeHTHH cuMyJialiuy Ha ctaThdHU mechanical surface treatment mpomecu —
0030p ¥ MepCIeKTUBU

Pesrome

Tazu cmamus npasu 00630p Ha Kpauno-enemenmume (KE) cumyrayuu na cmamuyHu
Mechanical Surface Treatment (MST) npoyecu na memannu xomnonenmu. Tezu cmamuynu
Memoou 3a NO8bPXHOCMHA 00pAbOMKA, OCHOBAHU HA MHO2O 20JIAMA NAACTMUYHA Oedhopmayus
HA NOBbPXHOCMHUME U NOONOBLPXHOCMHUME Cloede, noooopsasam OpacmuyHo surface
integrity (SI) Ha cvomeemHume KOMNOHEHMU, KAKMO U MeXHUme eKCnIoamayuoHHu
ceoticmea. Memoovm mna xpatinume enemenmu (MKE) e ocHosen memoo, uznonzeawn 3a
yucnenu uzcieoganus na MST npoyecu. Bvnpexu ue MKE gunaeu usuckea ekcnepumeHmanta
npogepka 3a YCmMaHoeseaHe Ha adekeameH KOHCMUMYMUSEH MoOel Ha Mamepuand, mo3u
Memoo cnecmsasa HAa U3C1e008amenss 3HAYUMETHO epeme U pecypcu. B maszu cmamus e
u3gvpulen noopober ananus Ha nyoauxyeanume uzciedsanus, noceemenu na KE cumynayuu
na cmamuunu MST npoyecu. C yen oa ce uzepaou aodexéamen KE mooden na npoyeca
CMAmu4Ho NIACMUYHO NOBHLPXHOCMHO OedhopmupaHe, ca yCmMaHoB8eHU nem OCHOBHU YCI08US
Ha OCHO8A HA NPOBEOCHUSL AHATIU3.

I'.6. Temperature-dependent constitutive model of the surface layer of 2024-T3 aluminum
alloy subjected to surface plastic deformation

Abstract

A temperature-dependent constitutive model of 2024-T3 high-strength aluminum alloy is
proposed, applying the "flow stress" concept. The model defines the relationship between the
stress and strain tensors for a point of the surface layer subjected to surface plastic
deformation (SPD). The model is developed on the basis of combined approach, which
includes experimental test (identification test) and inverse finite element analysis of the
experimental test. The developed constitutive model takes into account the temperature
influence on the surface and sub-surface layers of 2024-T3 high-strength aluminum alloy in
the range of T = (50 = 300) ° C . The model can be used for numerical simulations in order to
study the stressed and strained state of components subjected to SPD and consequent
mechanical and/or temperatural loads.
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I'.6. TemnepaTypo-3aBUCUM KOHCTUTYTHBEH MOJIENl Ha IOBBPXHOCTHMS CJIOSI HAa allyMUHHUEBA
criaB 2024-T3 nouioskeHa Ha TOBBPXHOCTHA TUIACTUYHA J1ehopMariyst

Pesrome

IIpeonodcen e memnepamypo-3a8ucum KOHCMUMYMUBEH MOOeN HA BUCOKO-AKA AlyMUHUEBA
cnnas 2024-T3 na 6aza na xonyenyuama "flow stress". Mooenvm onpedesis pv3kama mexncoy
meH30pume Hanpedicenue u oepopmayus 3a mouKume om NOSLPXHOCMHUSL CIOU, NOOTIONHCEHU
Ha nosvpxHocmua niaacmuuna degpopmayus (I111/]). Mooervm e pazpabomen na bazama Ha
KOMOUHUPAH NOOX00, KOUMO 6KII0YBA eKCnepuMeHmaneH mecm (mecm HA NPOHUKBAHe) U
UHBEpCeH KpallHO-eleMeHmeH aHanu3 Ha excnepumenmanuus mecm. Paspabomenuam kow-
cmumymueen Mooen 63emMa 8 Npeosud GIUAHUEMO HA MeMnepamypama 6bpxy HO8bp-
XHOCMHUS U NOONOBLPXHOCMHUME Cloese HA BUCOKO-AKa aniymuHuesa cniag 2024-T3 e
memnepamypuus ouanason T = (50 + 300) ° C . Mooenvm modnce 0a ce u3nonzea 3a yucieHu
CUMYNIAYUY 34 U3CTE08AHe HA HANPeSHAMOMO U 0ehOpMUPAHO CbCMOAHUE HA KOMNOHEHMU,
noonooscenu na I/ u nocreosawu mexanuunu u / uiy memnepamypHu Hamo8ap8aHus.

I'.7. Experimental investigation of the roughness obtained in samples of aluminum alloy
2024-T3 subjected to SPD by means of toroidal roller

Abstract

A natural experiment was conducted to determine the optimal values of the technological
parameters of the SPD process with a toroidal roller by the criterion of minimum roughness,
on samples of high-strength aluminum alloy 2024-T3. A new tool equipment is developed,
with extended range of the burnishing force. The method could be used onto conventional and
CNC metalworking machines, providing a suitable set of the properties of the surface layer,
so called Surface Integrity: low roughness, high absolute residual compressive stresses, high
micro-hardness and high dimensional and shape accuracy. Minimal roughness of R.=0.085
um is achieved, which satisfies the criteria for the polishing process.

I'.7. ExcriepuMeHTaIHO M3Cie[BaHEe Ha MOJy4eHaTa rpamnaBocT B oOpas3ly OT alyMHUHHUEBa
crutas 2024-T3, nonnoxena Ha [1I1]/] ¢ ToponnanHa ponka

Pesrome

Ilposeden e namypen excnepumenm 3a onpeoeisiHe HA ONMUMATHUME CMOUHOCMU HA
mexHonocuyHume napamempu Ha npoyeca IIIIJ] ¢ mopoudanna poaka no Kpumepuil
MUHUMATIHA 2panasocm 6wvpxy oopasyu om 6ucoko-axa arymunuesa cniag 2024-T3.
Koncmpyupano e noeo ycmpoiicmeo ¢ paswiupen obxeam Ha cuiama HA HPUMUCKAHE.
Memoovm ce peanuzupa 6vpxy koneenyuonarnu u CNC memanoobpabomseawy MawiuHu,
Kamo ocu2ypsaea nooxooaua Cb8KYNHOCH Om CBOUCMBA HA NOBbPXHOCMHUA CAOU, M.H.
Surface Integrity: uucka epanasocm, 2onemu Nno abOCONOMHA CMOUHOCH OCMAMbYHU
HanpesiceHust Ha HAMucK, BUCOKA MUKPOMEBbPOOCM U GUCOKA MOYHOCM HA pasmepume U
gdopmama. I[locmuenama e munumanua epanagocm om Ra=0.085 um, xoemo cvomeemcmea
Ha npoyeca noaupate.

I'.8. Modeling and optimization of the roughness and micro-hardness in diamond burnishing
of CuAl9Fe3 bronze

16



Abstract

In this article, the object of the experimental study is diamond burnishing of cylindrical
specimens made of bronze CuAl8Fe3 in terms of the roughness obtained and micro-hardness.
For this purpose, planned experiment, analysis of variance and regression analysis were
performed sequentially. The governing factors were the spherical surface radius of the
diamond tip, burnishing force and feed rate. Based on the regression models obtained of the
roughness and surface micro-hardness, one-objective optimizations under the minimum
roughness criterion and maximum surface micro-hardness, and two-objective optimization of
the studied process were conducted. As a result, the respective optimal values of the
governing factors were established. Using the governing factor optimal values obtained from
the two-objective optimization, the impact of the number of passes and working scheme (one-
way or two-way) on the roughness obtained and surface micro-hardness was additionally
studied. It was established that the implementation of the diamond burnishing process with
four passes in the conditions of one-way operating scheme provides roughness of Ru=0.75 um
and surface micro-hardness of HV0.0s=3035.

I'.8. Monenupane U ONTUMH3MpPAHE HA I'PanaBOCTTa U MHUKPOTBBPIOCTTA MPU JUAMAHTHO
3arnaxnaade Ha Opon3 CuAl8Fe3

Pesrome

Obexm Ha eKChepUMEeHmMANHO U3Cie08ane 8 mazu cmamus e OUAMAHMHOMO 3a21axcoane Ha
yununopuynu oopasyu om o6ponsz CuAl8Fe3 no omnowenue na nonyuyenama ecpanasocm u
MUKDO-MEbPOOCM. 3a masu yein ca U38bpuieHUu NOCie008amMeNHO NIAHUPAH eKCHepUMEeHM,
oucnepcuonen u pecpecuonen ananus. Mzopanume ynpaeiasawu gaxmopu ca paouyca Ha
OUAMAHMHUSL 8PBX, CUIAMA HA NPUMUCKaHe U nodasawemo. Bwv3 ocnosa na nonyuenume
PpecpecuoHHu MOOenu 3d 2panasocm U NOBbPXHOCMHA MUKPOMBbPOOCH, €A NPOBeOeHU
eoHoyenesu ONMUMU3AYUU NO  Kpumepus 3d MUHUMAIHA 2Ppanasocm U MAaKCUMAIHA
NOBbLPXHOCMHA MUKPOMEBPOOCI U 08Vyelesd ONMuMU3ayus Ha usciedsanus npoyec. B
pesyimam ca YCMAHOBEHU CHOMEEMHUMe ONMUMAIHU CMOUHOCMU HA YNpAGIAeauume
Gaxkmopu. M3n0a36aiiku onmumaiHume CmouHoOCmu Ha ynpasiasawume Gaxmopu, noayueHu
om 0syyeneeama ONMUMU3AYUSL, OONBIHUMETHO € NPOYYEHO 6b30elcmeuemo Ha Oposi Ha
npoxooume u pabomuama cxema (€OHONOCOYHA UAU PA3ZHONOCOYHA) 6bPXY NOJYyYeHama
2panasocm u NOGbPXHOCMHAMA MUKPOMBbPOOCH. YCMAHOBEHO e, Ye U3NBIHEHUemo Hd
npoyeca OUAMAHMHO 3A21aXcOane ¢ Yemupu npoxood 6 YCI08UAmda HA eOHONOCOYHA

pabomna cxema ocueypsasa epanasocm Ra=~0,75 um u nOBbPXHOCMHA MUKPOMEBLPOOCH
HV,05=305.

I'.9. Surface layer temperature-dependent constitutive model of bronze CuAl8Fe3, subjected
to diamond burnishing

Abstract

In this article, the temperature-dependent constitutive model of CuAdl8Fe3 bronze is
developed, using the "flow stress" concept. The model defines the dependence between the
stress and strain tensors for a point on the surface layer subjected to diamond burnishing.
The adequacy of the chosen constitutive model was achieved by comparing the deformed state
of the surface layer obtained via an experimental test (indentation test) and inverse finite

element analysis of the experimental test. The developed constitutive model takes into account
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the temperature influence on the surface and sub-surface layers of CuAl8Fe3 bronze in the
range of (20 + 250) ° C . The model serves the fully coupled thermal-stress finite element
analysis in order to study the stressed and strained state in rotational components made of
bronze CuAl8Fe3, subjected to diamond burnishing.

I'.9. TemnepaTypo-3aBUCHM KOHCTHUTYTHBEH MOJEJ Ha TOBBPXHOCTHHUS CJIOS Ha OpOH3
CuAl8Fe3, moanoskeH Ha AUaMaHTHO 3arjaKaaHe

Pesrome

B masu cmamus e paspabomen memnepamypHo-3a8UcCUM KOHCMUMYMUBEH MOOel Ha
CuAdl8Fe3 6pons, usnonzeaiiku xonyenyusma "flow stress”. Mooerom Oegunupa
3a6UCUMOCINIMA  MeNHCOY MEH30pume HanpediceHue u oegopmayus 3a MouKume om
NOBBLPXHOCMHUSAL  CNIOU, NOONONCEHU HA OUAMAHMHO 3a2aadxcoane. Aodexeamunocmma Ha
U3OpAHUSL KOHCMUMYMUBEH MOOel € NOCMUCHAMA 4pe3 CPAGHSIBaHe HA 0ehopMUpaHomo
CLCMOsAHUE HA NOBLPXHOCMHUSL CIOU, NOJYYEeHO yYpe3 eKchnepumeHmanen mecm (indentation
test) u uHeepcen KpanHo-eleMeHmeH aHalu3 Ha eKxcnepumenmannus mecm. Paspabomenusm
KOHCMUMYMUGEH M0oO0el OMmyuma memnepamypHomo 6iusHue 6vbpXy HOBbPXHOCMHUME U
noonogvpxnocmuume cnoege Ha CuAl8Fe3 opons ¢ ouanazona (20 +~ 250) ° C. Mooervm
00CNYIHC8A CBP3AH MEPMO-MeXAHUYeH KPAatHO-eleMeHmeH aHalu3, ¢ yel 0a ce uscieosd
HanpezHamomo u 0e)OPMUPAHO CbCMOsHUE 8 POMAYUOHHU KOMNOHEHMU, U3pabomeHu om
oponz CuAdl8Fe3, noonosicenu Ha ouamanmuo 3a21axcoane.

I'.10. Effect of diamond burnishing process velocity on 41Cr4 steel surface integrity
Abstract

Diamond burnishing (DB) is a static mechanical surface treatment process based on severe
plastic deformation on the surface layer of the metal work-pieces. The main feature of the DB
is that the tangential contact type between the diamond deforming element and the surface
being treated - sliding friction contact. DB significantly reduces the roughness (up to mirror-
finish surfaces), increases the surface microhardness, introduces the beneficial residual
stresses and modifies the microstructure of the surface and subsurface layers in terms of
grain refinement. Thus, DB dramatically improves the surface integrity (SI) of the metal
components. The basic governing factors of the DB are the radius of the spherical-ended
diamond, burnishing force, feed rate and burnishing velocities. This article presents the
outcomes from the experimental investigation of the influence of sliding burnishing velocity
on SI of 41Cr4 steel. It was established that the burnishing velocity influences slightly on the
SI. The increased burnishing velocity leads to slightly decrease of the roughness obtained,
slightly increase of the surface micro-hardness and a reduction of the surface axial residual
stresses, in contrast with the residual axial stresses, the residual surface hoop stresses
increase.

I'.10. BnousiHue Ha CKOpPOCTTa Ha IUTh3TaHE MpPHU JUMAMAHTHO 3arjlakJaHe BbpXy surface
integrity 3a cromana 41Cr4

Pesrome
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Huamanmnomo 3aenasxcoane ([3) e cmamuuen mechanical surface treatment npoyec,
OCHOBAH BbPXY MHO20 20IAMA NAACMUYHA 0ePOPpMAYUs HA NOBLPXHOCMHUSL CLOU HA MEMAIHU
3acomoeku. OcHo6Ha Xxapaxkmepucmuka Ha [[3 e maneenyuanHuam KOHMAKm mencoy
oepopmupawus OouamaHmen eieMeHm U 00pabomeanama HNO8LPXHOCH - MpUeHe npu
navseane. I3 3HauumenHo HamManaea spanagocmma (00 021e0aniHy NO8bPXHOCMIL), YEeauvasa
NOBbLPXHOCIMHAMA MUKPOMELPOOCH, 8b8eHCOd NOJe3HU OCMAMBbYHU HANPEHCeHUs U MOOU-
Quyupa MUKpocmpyKmypama Ha no8bpXHOCMHUmMe U N0ON08bPXHOCIMHUME Clloege N0 OMHO-
wenue Ha usdpedHssane Ha 3vpHama. Ilopaou mosa [[3 3Hauumenno nodobpsea surface
integrity na memannu Komnowenmu. OcHoenume ynpasnasawu ¢axkmopu npu /[3 ca
Paouycvm Ha 3aKpveieHue Ha OUAMAHMHUA HAKPAUHUK, Oedhopmupawama cuia, nooasanemo
u ckopocmma Ha navzeaue. Tasu cmamus npeoCmass pe3yimamume Om eKCnepuMeH-
MAIHOMO U3CIe08aAHe HA GIUAHUEMO HA CKOPOCMMA HA NAvb3eane 6wvpxy SI na cmomana
41Cr4. Ycmanoseno e, ue ckopocmma Ha nivzeame eiuse ciabo evpxy Sl Ilosuwenama
CKOPOCM Ha Nib3eaHe 600U 00 JIeKO HAMANA8AHe HA NOLYYeHAma 2panagocm, J1eKo
yeenuuaeamne Ha NOBbPXHOCMHAMA MUKPOMEBLPOOCH U HAMAJIA8AHE HA 0COBUME OCMAMbYHU
HanpexjceHusi HA NOBbPXHOCMMA, 34 PAa3iuKa Om 0CO8Ume OCMAMbYHU HANPENCEeHUs,
OKPBICHUME OCIMAMBYHU HANPENCEHUs. HA NOBLPXHOCMMA Ce Y8eaUtdean.

I'.11. Effect of sliding velocity on microstructure of diamond burnished 41Cr4 steel
components

Abstract

In this article, the effect of the sliding velocity on the microstructures of diamond burnished
41Cr4 steel components was studied. The object of a comparative analysis of the
microstructures of the surface and subsurface layers are three specimens. The specimens
were diamond burnished with the same process parameters, but with different sliding velocity
magnitudes: 50, 200, 300 m/min. The analyses of the microstructures were conducted using
an NEOPHOT 2 metallographic microscope at X100, X400, and X800 magnifications. It was
found that the generated heat increasing in the contact zone between the diamond tip and the
surface been treated due to the increase of the sliding velocity is not sufficient for phase
transformations in the surface layers of the studied steel. On the other hand, the higher
sliding velocity increases the plasticity in the surface layers, which effect is reflected in
changes in the microstructure - there is a tendency to modify the granular perlite to a fibrous
Structure.

I''11. DBumnaaMe Ha CKOpPOCTTa HA IUIB3TAHE BBPXY MHUKPOCTPYKTypaTa Ha JHaMaHTHO
3ariajieHd KOMIOHEHTH oT ctoMaHa 41Cr4

Pesrome

B mazu cmamus e u3zcnedsan eghekmvm om ckopocmma Ha NAb32AHE BbPX) MUKDO-
cmpykmypama Ha OuamMaumuo 3az2nadedu xomnoneHmu om cmomauna 41Cr4. Obexm Ha
CpasHumeneH aHanu3 e MUKpoCmpyKmypama Ha NO8bPXHOCMHUME U NOONO0BbPXHOCMHUME
cnoese Ha mpu obpazeya. Obpazyume ca OUAMAHMHO 3A2NA0EHU C eOHAKBU MEXHON0SUYHU
napamempu, ¢ usKkuodenue Ha ckopocmma na navzeaue. 50, 200, 300 m/min. Ananuzvm Ha
MUKpOCMPYKmypume e npogeder ¢ nomowma na memanocpagcrku mukpockon NEOPHOT 2
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npu yeeauuenuss X100, X400 u X800. Ycmanoseno e, ue eenepupanama mMoONIUHA 6
KOHMAKMHAmMa 30Ha mMexncoy OUAMAHMHUSL 8PBX U 00pabomeaHama no8bPXHOCM, clledcmaue
om NOBUWLABAHEMO HA CKOPOCMMA HA Nib32aHe, He e 00CMambvbyHa 3a Gazosu npespvuyaHus
8 NOBbLPXHOCMHUME Clloese Ha uzciedganama cmomana. Om Opyea cmpawua, no-eucoxama
CKOPOCM HA NIb32aHe Y8eauydsa NIACmMUYHOCMmMA 6 NO8bPXHOCHHUMeE Cloege, KOemo 800U
00 NpOMeHU 8 MUKPOCIMPYKMYPAmMda, Kamo uma meHOeHyus 3a MoOupuyupare Ha 3opHecmus
nepaum KoM 61aKHeCma CmpyKmypa u naacmuH4am nepium.

I'.12. Surface layer temperature-dependent constitutive model of AISI 316Ti high alloy steel,
subjected to diamond burnishing

Abstract

In this article, the temperature-dependent constitutive model of AISI 316Ti high-alloy steel is
developed, using the "flow stress" concept, at the range of (20-200)°C. The model defines the
dependence between the stress and strain tensors for a point on the surface layer subjected to
diamond burnishing. A combined approach is applied, based on an experimental test —
(indentation test) and inverse finite element analysis of the experimental test. The model
serves the fully coupled thermal-stress finite element analysis for components made of AISI
316Ti high-alloy steel, subjected to diamond burnishing.

I''12. Temmneparyno-3aBUCUM KOHCTMUTYTUBEH MOJEI Ha IOBbPXHOCTHHUS CJIOH Ha
MOBBPXHOCTHUS CJION Ha BHCOKO-Nerupana cromana AISI 316Ti, moanoxkeHa Ha TUaMaHTHO
3ariaxxjaHe

Pesrome

Ilpunacaiiku xonyenyusma ,,flow stress”, e paspabomen memnepamypo-3a6ucum KOHCMU-
mymueern Mooden Ha eucoxo-necupana cmomana AISI 316Ti 6 ouanasona (20-200)°C.
Mooenvm Oegunupa 3asucumocmma medncoy meH30pume HanpediceHue u oegopmayus 3a
mouKume OmM NOBLPXHOCMHUA CIOU 6 niacmuyHama obnacm. 3a u3epancoanemo my e
NPULOAHCEH KOMOUHUPAH NOOX00, 6A3Upan 8bpxy eKcnepumenmarien mecm - (indentation test)
U UHBepceH KpauHo-eleMeHmel aHaIu3 Ha excnepumenmannus mecm. Koncmumymuenuam
MoO0en Modice 0a ce U3NO0A36A 3d NPOBeNHCOAHe HA C8bP3AHU MEPMO-MEeXAHUYHU KPAlHO-
efleMeHmHU ananusu Ha komnonenmu om cmomana AISI 316Ti, noonoscenu na ouamanmuo
3aznaxcoate.

I'.13. Sliding velocity impact on surface integrity in diamond burnishing of AISI 316Ti high-
alloy steel specimens. Part I: Experimental study of the roughness and micro-hardness

Abstract

In this article, the effect of the sliding velocity on the obtained roughness and surface micro-
hardness of cylindrical specimens of AISI 316Ti high-alloyed austenitic chromium-nickel steel
subjected to diamond burnishing was experimentally studied. The sliding velocity vary at the
range of v=50+300 m/min. Based on the conducted statistical analysis of the experimental
results, no unambiguous tendency for the sliding velocity impact on the studied
characteristics of surface integrity has been established. The roughness obtained corresponds
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to a polish surface (R.=0.08+0.124 pum), and the surface microhardness is relatively
homogeneously distributed - HV9.05=387+399.

I'.13. BnusHue Ha CKOpOCTTa Ha IUTb3raHe BBPXY surface integrity mpu JuamMaHTHO
3arjaxaaHe Ha oOpasum  OT BHCOKo-nermpana cromaHa AISI 316Ti. Yacr [
ExcniepuMeHTaNHO M3CieABaHE Ha IPAaaBOCTTa U MUKPOTBBPIOCTTA

Pesrome

B masu paboma excnepumenmanno e u3cie08amHo GIUAHUEMO HA CKOPOCMMA HA NAb32aHE
8bPXY NONYYEHAma 2pandagocm U NOBbPXHOCMHAMA MUKPOMEbPOOCH HA YUTUHOPUYHU
obpazyu om BUCOKO-Ne2UPAHA AYCMeHUmMHA Xpom-Hukenoea cmomana AISI 316Ti,
noonodHCeHU Ha duamanmuo 3aznaxcoane. Cropocmma Ha Niv32ane ce npomMeHs 8 OUana3oHa
v=50+300 m/min. Cned cmamucmuuecka oopabomxka Ha eKCHepUMEeHMAIHume pe3yimamu
He e YCMAaHO8eHA eOHO3HAYHA MeHOeHYUs 3a GIUSHUEMO HA CKOPOCMMA HA NIb32aHe 8bpXY
uzcne0eaHume Xapakxmepucmuku Ha surface integrity — noiyuyeHama 2panasocm Cbomeen-
cmea Ha noaupana nosbpxHuna (Ra=0.08+0.124 um), a nosbpxnocmuama MuKpomebpoocm e
OMHOCUMENHO XOMOo2eHHO paznpeodenena — HVo.0s=387+399.

I'.14. Sliding velocity impact on surface integrity in diamond burnishing of AISI 316Ti high-
alloy steel specimens. Part II: Numerical simulations research of the residual stresses

Abstract

In this article, the effect of the sliding velocity on the distribution of the hoop residual stresses
in cylindrical specimens of AISI 316Ti high-alloyed austenitic steel during diamond
burnishing, was studied. For this purpose, a 3D finite element model was developed, on the
basis of which fully coupled thermal-stress finite element analyses of the studied process were
performed for the following values of the sliding velocity: 50, 100, 200, 300 m / min. Based on
the finite element results, it was found that the increase in the sliding velocity in the studied
interval causes a 80 °C higher surface temperature. This temperature effect causes a
relatively small difference in the distribution of the hoop residual stresses on the surface (= 70
MPa) and in depth.

I'.14. BrnusHue Ha CKOpOCTTa Ha IIBb3raHe BBpPXY surface integrity mpu auUamMaHTHO
3arnaxkgaHe Ha oOpa3mu oT BHUcOKo-ierupana ctomana AISI 316Ti. Yacr II: Yucienu
CUMYJIAINH 32 U3CJIeIBaHE HA OCTAThYHUTE HAIIPEIKECHUS

Pesrome

B maszu paboma upe3 uucienu cumyrayuu e u3cie08aHO GIUAHUEMO HA CKOPOCMMA HA
nIb32aHe npu OUAMAHMHO 3A21aANCOAHe 8bPXY PANPEOeNeHUEMO HA OKPBLICHUME OCMAMbYHU
Hanpesxjcenuss 8 YUIUHOPUYHU 00pasyu om GUCOKo-lecupana aycmerHumua cmomana AISI
316Ti. 3a maszu yen e paspabomen 3D Kpaiino-enremenmen mooen, Ha 6a3a Ha Koumo ca
NpoGedeHU CEbP3AHU MEPMO-MEXAHUYHU AHATU3U HA U3CTe08aHUsl Npoyec 3d CleOHume
cmotHocmu Ha ckopocmma Ha navseawe: 50, 100, 200, 300 m/min. Ha 6a3a na Kpaiino-
e/leMeHmuume pe3yimamu e YCMaHo8eHo, Ye HaApaACmEaHemo Ha CKOPOCMMA HA NIb32aHe 6
uscneosanusi unmepsan npudunsasa ¢ 80 °C no-eucoka memnepamypa Ha NO8bPXHOCHIMA.
To3u memnepamypen egexm RPUYUHABA OMHOCUMENHO MAJKA PA3IUKA 8 PA3NpeoeneHUemo
HA OKPBICHUME OCMAMBbYHU HanpediceHus Ha nogvpxnocmma (<70 MPa) u 6 0vabouuna.
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