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B crarusTa e npencraBeHa HOBa €JHOONEPALIMOHHA JIBYIIPEXO/IHA TEXHOJIOTUs 3a 00paboTKa Ha
OTBOpU BBB BTYJIKM Ha IuTb3ramu jarepu oT Opon3 CuAl8Fe3. TexHomorusra e peaqu3upaHa Ha
BepTHKaieH MamnHeH 1eHTsp Haas MiniMill. [1o Bpeme Ha mbpBus pexol OTBOPBHT 00pabOTEH upe3
criellManeH KOMOMHUPAH PeXel] HHCTPYMEHT U CJIe/l TOBA € TOCPEICTBOM HOB HHCTPYMEHT C €1aCTUYHA
rpena e nmoanoxeH Ha /3. JlebopMupamusaT eneMeHT € MOJMKPUCTAIEH AUAMaHT ChC CEpHUCH Kpail.
2D u 3D napameTpu Ha IOBBPXHOCTHATA TEKCTypa Ha 00pabOTEHUTE OTBOPH, Ca U3MEPEHH CJIe]l IbPBUS
u BTOpus npexoA. [locpeacTBoM enHoleneBa ONTUMHU3ALMS ClIe]l TbPBUS MPEXO]] ca HAMEPEHU ONTH-
MaJIHUTE CTOMHOCTU Ha TEXHOJOTMYHUTE apaMeTpH M0/IaBaHE U CKOPOCT Ha psi3aHe MO KPUTEPUA MH-
HUMaJTHa rpanaBocT. ONTHMAaIHUTE ynpasisBamy (Gakropu (paanyc Ha Bbpxa Ha JTUaMaHTa, CHJIa Ha
IIPUTUCKaHE U ToJjaBaHe) Ha nporeca /I3 ca onpeaeneHu upe3 MHorouenesa ontumusanus. Lenesure
(GYHKIMHA — MUKPOTBBPAOCT, BUCOYMHHU MapaMEeTpu W MapaMeTpu Ha (opmaTa Ha MOBBPXHOCTHATA
TEKCTypa — ca U30paHu B ChOTBETCTBHUE C U3UCKBAHUATA 32 KAUECTBO Ha 00pabOTBaHUTE OTBOPH: MOJI0-
OpeHM yCIIOBHs Ha CMa3BaHE M MOBMIIEHA MUKPOTBBPAOCT. DopMysnpaHaTa 3a1a4a 3a MHOIOLEJIEBA
ONTUMM3AIMS € pElIeHAa 4Ype3 TEeHeTHYEeH alIropuThM 3a HegoMuHupaHo copTupaHe (NSGA-II).
ExcniepumeHTanHuTe MpoBepKy NOTBBpAKXa pesynratute. O0paboTkara Ha cepHsi OTBOPH MOKa3a, 4e
HOBAaTa TEXHOJIOI'Us OCUTYpsIBa 10Opa MOBTOPSAEMOCT Ha XapaKTepUCTUKUTE Ha surface integrity.

The paper presents a new single-operation two-transition technology for processing holes in
sliding bearing bushings made of CuAl8Fe3 bronze. The technology was realized on a vertical machine
center Haas MiniMill. During the first transition, the hole was formed by a new combined cutting tool
and was then diamond burnished via a new device with an elastic beam providing the burning force. The
deforming element was a spherical-ended polycrystalline diamond. The 2D and 3D surface texture
parameters of the processed holes obtained after the first and second transitions were studied via
experiments and regression analyses. Through one-objective optimization of the first transition, the
optimal feed and cutting velocity values were found under a minimum roughness criterion. The optimal
governing factors (diamond insert radius, burnishing force and feed rate) of the diamond burnishing
process were determined through multi-objective optimization. The objective functions — micro-
hardness and height and shape parameters of the surface texture — were selected in terms of processed
hole requirements: improved lubrication conditions and increased micro-hardness. The formulated
multi-objective optimization task was solved via non-dominated sorting genetic algorithm (NSGA-II).
Experimental verifications confirmed the results. The processing series of holes showed that the new
technology ensures good repeatability of the surface integrity characteristics.
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Ennodaszuuar anymunueB Opon3 CuAl8Fe3 e mpeamounTan marepuan 3a MHOTO MPHIIOKCHHS,
M3MCKBAIIM J00pa SKOCT, BUCOKA YCTOWYMBOCT Ha KOpo3usi M u3HOcBaHe. llopaau mo-HHUCKOTO
ChabpkaHue Ha amymuHuid (mon 8,5%), Ta3u CIUTaB He MOXKe Ja ObJe MmojjiaraHa Ha TEPMHUYHA
obpabotka. EpexTsT oT amamanTHOTO 3arnaxaane (/13) BbpXy H3HOCOYCTOMYMBOCTTA HA TO3U OPOH3 €
u3CcieBaHa 4Ype3 TECTOBE 3a M3HOCBAHE B YCIOBHS Ha CyXO M TpaHMYHO TpHeHe. TectoBere ca
MIPOBEJICHU BBPXY TPU TPYNU OOpas3iy, BCAKa OT KOUTO € MOJUIOKEHAa Ha pa3iiMiyeH JOBBPIIUTEICH
npouec: ¢puno crpyrosane, /I3 ¢ equn npexon u 13 ¢ mect npexona. /I3 obOpaser ¢ mect mpexoaa
Mmokasa 5.1 mbTH Mo-BUCOKa U3HOCOYCTOMUMBOCT B yCIIOBUS HA TPaHUYHO TPUEHE B CPAaBHEHHE C 00pasell
obpaboten upe3 ¢uno crpyroBane. I3 oOpaszern; ¢ eauH mpexoa mokasza 1,75 mbTH MO-BHCOKA
W3HOCOYCTOMYMBOCT B YCJIOBHSI Ha CyXO TpPHEHE, B CpaBHEHHE C oOpaszen; oOpaboTeH upe3 (HUHO
CTpyroBaHe. YCTaHOBEHO €, Y€ T'C€OMETPUYHUTE XApaKTePUCTHKH Ha IMOBBPXHOCTHATA TEKCTypa ca
JOMUHHUpAILY IPU YCIIOBUS Ha TpaHUYHO TpueHe. OO6paTHO, GU3UKO-MEXaHUYHUTE XapaKTEPUCTHKU Ha
MOBBPXHOCTHUS CJION JOMUHUPAT, KOTaTO N3HOCBAHETO CE OCHIIECTBIBA B YCIOBHITA HAa CyXO TPUECHE.
VYcTaHOBEHO €, Ye B JOMbJIHEHHE KbM HM3BECTHHUTE MOJOXKUTENHU edektH, I3 ocurypsiBa moaxosiia
MOBBPXHOCTHA TEKCTYpa 3a MOJ00psiBAaHE HA CMA3BAHETO MEXKy KOHTAKTHUTE MOBHPXHOCTH.

Single-phase CuAl8Fe3 aluminum bronze is preferred material for many applications requiring
good strength and high corrosion and wear resistance. Due to its lower aluminum content (below 8.5%),
this alloy cannot be subjected to heat treatment. The effect of diamond burnishing (DB) on wear resis-
tance performance of this bronze was studied via wear tests under boundary lubrication and dry friction
conditions. Three groups of specimens were tested, each subjected to different finishing process: fine
turning, DB with one pass and DB with six passes. The DB process with six passes provided the highest
wear resistance under the condition of boundary lubrication friction and increased the wear resistance
5.1 times more than fine turning. DB with one pass resulted in the highest wear resistance under the dry
friction condition and increased the wear resistance 1.75 times more than fine turning. It was established
that the geometrical characteristics of surface texture are dominant under the condition of boundary
lubrication friction. Conversely, the physical-mechanical characteristics of the surface layer dominate
when the wear is under condition of dry friction. It was found that in addition to the known positive
effects, DB provides suitable surface texture to improve the lubrication between the contact surfaces.
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[lenta Ha TOBa U3ClEBAHE € J]a CE MOBUILHU SKOCTTA HAa yMOpa Ha eqHO(]a3eH aryMUHHEB OpOH3
CuAl8Fe3 wupe3 IIIIJ. Bpon3sr CuAl8Fe3 mputekaBa yHHWKadHa KOMOWHAIUS OT MEXaHUYHU M
XUMHYHU CBOMCTBA: A00Opa SIKOCT, OTIIMYHA EISKTPOXUMUYHA U 001112 YCTONYHUBOCT Ha KOPO3Hsl, BUCOKA
MJTACTUYHOCT U M3HOCOYCTOMYHMBOCT. [lopaau HUCKOTO chAabpkaHue Ha amymuHui (mox 8,5%), To3u
aTyMUHUEB OpOH3 HE MOXE J1a ObJie TepMHUUHO 0OpabOTEeH. YBEIMYaBaHETO Ha SKOCTTa Ha yMopa e
MOCTUTHATO Ype3 AuaMaHTHO 3arnaxnaane (/13). KonmmyecTBenara oneHka Ha yMOPHOTO TIOBEJCHHE HA
aTyMUHUEB OpOH3 € HalpaBeHa upe3 MPOBEXKIAHETO HA TECTOBE HA yMopa ¢ 00pa3ly MOJJIOKEHH Ha
BBPTENNBO orbBaHe. OIeHKaTa 3a Mo00psBaHETO Ha SIKOCTTA HAa yMopa Ha 00pa3iu noajioxenn Ha /13
¢ HarpaBeHa Ha 0a3ata Ha S—N KpuBa, OJIy4eHa OT TECTOBETE HA yMOpa Ha 00pa3iiu 00paboTeHn camo
uype3 ¢uno crpyrosane. [Ipu /I3 Ha oOpasnu ¢ enuH mpexoj, IKOCTTa Ha yMOpa C€ YBelInyaBa MEXIy
12 u 13%, xaro MakcuMangHaTa CTOMHOCT C€ MOCTUIra B HA4YaJIOTO Ha MHOrouukioBara ymopa. C
yBeJIM4YaBaHe Opos Ha MPEXOJUTE CE YBeIu4aBa 3HAYUTENHO SKOCTTa Ha yMopa Mexay 16,6 u 24,4%.
[Monoxurennust edext Ha /I3 BbpXy MOBEIECHUETO HA yMOpa ce ABKU Ha MOJA00PEHUTE apaMeTpu Ha
Surface integrity - moaxonsima TEKCTypa HAa MOBBPXHOCTTA, MOBUIICHA MHKPOTBBPIOCT, TOJE3HU
OCTaThbUYHM HANpPEXKEHUS Ha HATHCK M U3ApeOHsBaHE Ha 3bpHATA B TIOBBPXHOCTHUTE U
MTOIMIOBBPXHOCTHUTE CITOCBE.



The purpose of this study was to increase the fatigue strength of single-phase CuAl8Fe3 aluminum
bronze via surface cold work. CuAl8Fe3 bronze possesses a unique combination of mechanical and
chemical properties: good strength, excellent electro-chemical and general corrosion resistance, high
ductility and wear resistance. However, due to its low aluminum content (below 8.5%), this bronze
cannot be heat treated. Thus, the fatigue strength increase was achieved via diamond burnishing (DB).
The quantification of the fatigue behavior of this bronze was achieved through rotating bending fatigue
tests. The assessment of the fatigue strength improvement (FSI) due to DB was made on the basis of the
S—N curve obtained from fatigue tests of samples processed by fine turning. FSI due to single-pass DB
fluctuates between 12 and 13%, with the maximum value achieved at the beginning of the megacycle
fatigue field. The increase in the number of passes leads to a significant increase in FSI of between 16.6
and 24.4%. Since a direct correlation exists between the surface integrity (SI) and fatigue behavior, the
positive effect of DB on FSI is explained by the improved SI—appropriate surface texture, increased
micro-hardness, useful compressive residual stresses and grain refinement in the microstructure of the
surface and sub-surface layers.
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Ennodazuusar amymunaueB 6pon3 CuAl8Fe3 mputekaBaTt q0o0pa SKOCT M YCTOWYUBOCT HA yMODa,
KaKTO U BUCOKa YCTOWYMBOCT Ha KOPO3Hs M M3HOCBaHE. Thi KaTo Tasu CIUIaB ChABPKA I1O-MAJKO OT
8,5% amymuHuUl, T4 HE MOXe Ja Oble TepMU4YHO oOpaboreHa. CienoBaTenHO MOJOOpPEHUS B Mapa-
Merpure Ha Surface integrity (SI)morat na 6baaT mocturnatu camo upes II1J1. Ta3u cratus uzcnensa
BIMSIHUETO Ha Ipolieca AMaMaHTHO 3araxzaaHe (/13), KakTo M BIMSHMETO HA JAONBIHUTEIHU
TEXHOJIOTUYHU TapaMeTpH, BbpXy XapakTepuctukure Ha Sl Ha amymunueB Oponsz CuAl8Fe3. C
MIOMOIITA HA E€KCIIEPUMEHTH M PErPECHOHHU aHAJIM3U € MPOBEJEHAa MHOIOLENEBAa ONTUMU3ALMS Ha
npoueca Ha /I3 upe3 reHeTH4eH anropurbM 3a HeqoMuHupaHo coptupane (NSGA-II) u ca yctaHOBEHH
ONTUMAJIHU CTOMHOCTH Ha (akropute. IlocpencTBOM MOMyYyeHUTE CTOMHOCTH Ha TEXHOJIOTMYHUTE
napameTpu ca oOpaborenu upe3 /13 obpasum ot amymunueB Opon3 CuAl8Fe3 ca xommuecTBeHO
onpeneneHu xapaktepuctukure Ha SI. Cturnma ce nmo 3akmrodeHueTo, de /I3 BBpXy o0pasmu oT
anmymuHueB OpoH3CuAl8Fe3 moxke ma ce mpuioxu kato mixed burnishing, T.e. /I3 Bomm nmo
OsaronpusTHa KOMOMHAIMsI OT BUCOYMHHM NapaMeTpu U MapaMmeTpu (opMaTa Ha MOBBPXHOCTHATA
TEKCTypaTa, MHOI'O HHCKa IpamaBocT (MOYTH OIJIEJAJIHU MOBBPXHOCTH), rojemMu (Imo aOcCoIOTHA
CTOMHOCT) OCTaThUHU OKPBHKHHU U OCOBH HANPEKEHHs Ha JAbJI0OUMHA mo-rojisiMa oT 0,8 mm, BHCOKa
MOBBPXHOCTHA MUKPOTBBPAOCT M CUJIHO M3pa3eHa MPOMsSHA B MUKPOCTPYKTypaTa Ha IbJIOOYMHA IO
0,15 mm. Te3u xapaxktepuctuku Ha SI mpenmnosarar 3Ha4YUTETHO YBEJIMYEHHE HA SKOCTTa HA ymMopa U
M3HOCOYCTOWYMBOCTTA Ha 00pa3iu oT axymuHueB 6pon3 CuAl8Fe3, o6paboTtenu nocpeacrsom JI3.

The single-phase CuAl8Fe3 aluminum bronzes possess good strength and resistance to fatigue as
well as high corrosion and wear resistance. Since this alloy contains less than 8.5% aluminum, it cannot
be heat treated. Therefore, improvements in surface integrity (SI) can only be achieved via mechanical
surface treatment. This article investigates the influence of the basic diamond burnishing (DB) process,
as well as additional factors, on the SI characteristics of CuAl8Fe3 bronze. Using experiments and
regression analyses, a multi-objective optimization of the DB process has been accomplished via non-
dominated sorting genetic algorithm (NSGA-II) and optimal values of the factors have been established.
Using these factor values, the SI characteristics of diamond burnished CuAl8Fe3 specimens have been
quantified. The conclusion has been reached that the DB of CuAl8Fe3 bronze can be implemented as
mixed burnishing, i.e., DB results in a favorable combination of the height and shape parameters for the
surface texture, very low roughness (nearly mirror surfaces), large (in absolute value) residual hoop and
axial stresses at depths greater than 0.8 mm, high surface micro-hardness and strongly expressed grain-
refined microstructures at depths of up to 0.15 mm. These SI characteristics suggest a significant increase
in fatigue strength and wear resistance of CuAl8Fe3 bronze finished via DB.
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JlnamMaHTHOTO 3ariaKaaHe € METO] 3a MOAU(PHUIIMpPaHEe HAa MOBBPXHOCTTA, HACOUEH KbM MOJ00PsI-
Ba"e Ha Surface Integrity (SI) m ekcruioaTalMOHHOTO TOBEACHUE HA KOHCTPYKIIMOHHH EJIEMEHTH.
Pa3paboreH e peHTaOMICH ONTHMH3AIIMOHEH TTOJXO0/ 32 yBEIMYaBaHe Ha SKOCTTa Ha YMOpa Ha 00pa3Iu
OT CTOMaHa 00pabOTEeHU MOCPEICTBOM TMaMaHTHO 3aryaxaane. OCHOBHATA Ujies €, 4e IKOCTTa Ha yMO-
pa MoKe Jia ce KOHTPOJIHMpa Ype3 KOHTPOJIUPAHE HA HIKOU OT XapaKTepucTHKUTE Ha SI (MOBBPXHOCTHA
MHUKPOTBBPOCT, 1bI00UNHA Ha YSKYEHHS CJIOM U rpanaBocT), YUUTO U3MEpBaHe HE OTHEMA BpEMeE U ca
OTHOCHUTEITHO €BTHHHU 3a omnpenensHe. [locTaBena e u e perieHa MHOTOLIEIeBa ONTUMHU3AI[MOHHA 3a/a9a
C IOMOIIITAa Ha METO/Ia Ha BEKTOpa Ha TEerjoTo. YIpasisBamuTe (pakTopH ca paguychT Ha AMAMAHTa U
cwiara Ha npuTHckaHe. [lomydyenara rpaHuila Ha ymopa ce pa3inyaBa OT MaKCHMaHATa TpaHUIla Ha
ymopa camo ¢ 0,44%, koeTo 10Kka3Ba eheKTUBHOCTTA Ha NMpeANIoKeHus noaxoA. [lomyuenute pesynraTu
3a rpaHdIlaTa Ha yMopa ca oOsicHeHH c momornra Ha X-ray analysis Ha BBBEIACHHTE OCTATHYHH
Hampe)KeHUsT M aHajiu3 Ha MUKPOCTPYKTypaTa Ha MOBBPXHOCTHUS M IMOANOBBPXHOCTHUTE CIIOEBE.
YcTaHOBEHO e, ue Mo-rojisiMaTta JbJI00YMHA Ha apeKTHpaHaTa 30HA, ChUETaHA C MMO-MAIbK IPATUEHT B
HM3MEHEHHUETO Ha MUKPOCTPYKTypaTa B IbJIOOYNHA, OCUTYPsIBA MO-TOJIsIMA SIKOCT HAa YMOpa.

Diamond burnishing 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.
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Crartusita TIpelCcTaBs pe3yJiTaTd OT CPABHHUTEJICH aHANM3, BKJIIOYBAI TPU CTATHYHU Ipoleca
peanmusupanu burnishing metonu: auamantHo 3arnaxaane (/[3), 3arnmaxmane ¢ ponka (RB) u deep
rolling (DR). O6paboTtBanusar matepuan e cromana 41Cr4. M3noi3BaHuTe METOIU 32 M3CIEABAHE Ca
Ham'bJIHO cBbp3aH TepmomexanndeH KE ananus u HaTypHu ekcniepuMenTH. M3cneaBaHeTo e mpoBeIeHO
IpH €IHW W ChIIU CTOWHOCTH Ha yNpaBisBamIuTe (HaKTOPH, KATO OCHOBHATA pa3lIUKa MEXIY
CpaBHSIBAaHUTE MPOILECH € TUIBT Ha KOHTAKT MEXAy JedopMuUpalus eIeMeHT U MOBbPXHOCTTA, KOSITO
ce 00paboTBa - TpueHe MpH IIb3raHe 3a /(3 u KoHTakT TpueHe npu ThpkaisiHe 3a RB u DR. /I3 6e
peaqu3upaHo ¢ MOJUKPUCTAJICH AMAMaHT ChC cepuueH kpai, mokaro RB u DR ca peanusupanu c
MOMOIITa Ha TOPOHJIATTHA POJIKA ChC ChIaTa roJieMUHA Ha pajadyca Ha TOPOUJATHATA TOBBPXHOCT,
KaKTO Ta3W Ha paauyca Ha aedopmupanius nuamant. OOEKTUTE Ha CpaBHEHHE ca CaMH IO cede cu
NpOIECH W Ce OTYMTaxa MPOMEHH B CHCTOSHUATA HA TEPMOJMHAMMYHHTE CHUCTEMH, KaKTO U B
nonyuyenute surface integrities (SIs) Ha oOpaboTBaHWTE 00pa3 U TIAXHOTO YMOPHO ITOBEIICHHUE.



YcranoBeHo Oe, 4e TpH YETBBPTH OT IMpUjlokeHata padora npu /13 ce mpeBpblia B TOIUIMHA B 30HATA
Ha KOHTakT ,,iehopMupall elreMeHT — JAeTalia’, KOeTO BOAU A0 pa3sKyaBaHEe Ha MOBbPXHOCTHHUTE
cioeBe. CpaBHEHHETO Ha CHEPrUiHHUTE OalaHCH TPH U3CJIEIBAHUTE TPOLECH SICHO IIOKa3Ba
TEepMOMEXaHUYHUS Xapaktep Ha npoueca /I3, nokaro mnporecute RB u DR morar na ce npuemar 3a
yructo MexaHnuHu. OT zgpyra ctpaHa, /I3 ocurypsiBa mo-majika rpamnaBoCT, 3HAYUTEJIHO IMO-TOJIIMa
MHUKPOTBBPOCT, O-TOJEMH B 110 aOCOTIOTHU CTOMHOCTH OCTaThUHU HANIPEKEHUS HAa HATUCK, MO-PpUHA
MHKPOCTPYKTYpa U B PE3yJTaT HA TOBA MO-TOJIsIMA SIKOCT Ha ymopa B cpaBHeHHEe ¢ RB u DR.

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 (SIs) 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.
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Hepocrarpimre Ha MIMPOKO W3MOJI3BAHUTE AYCTCHUTHH HEPBKIAEMH CTOMAHU Ca TAXHATa HACKA
TBBHPJIOCT U OTHOCUTEITHO HUCKA SKOCT Ha yMOpa. KOHBEHIIMOHATHUTE XUMUKO-TEPMUYHH TTOBBPXHOCT-
HU 00pabOTKHU ca HEMOIXOISIIH 32 Te3H CTOMaHH, ThH KaTO C€ Ch3/1aBaT YCIOBUS 32 MEKIYKpPHCTAIHA
kopo3us. EdekTuBHa anTepHaTHBA € HUCKOTEMITEpaTypHa MOBBPXHOCTHA 00paboTKa, ch3naBama S-ha-
3a B IOBBPXHOCTHUS CJIOW, HO TIPY Hesl UMa BUCOKO ChOTHOILIEHHUE 11eHa/KaueCTBO. AYCTEHUTHUTE CTO-
MaHHU MOTar Jia yBelIn4aT CBOsITa MOBbPXHOCTHA MUKPOTBBPOCT U KOCT Ha YMOPA Ype3 NOBbPXHOCTHA
rtactuuHa aedopmanus. Korato nenra e 1a ce yBequuu sIKOCTTa Ha yMopa Ha KOHCTPYKLIMOHHU €JIe-
MEHTH MOJIOKEHU Ha BbPTEINBO OT'bBaHE OT ayCTEHUTHU XPOM-HUKEJIOBH CTOMAaHU M U3MCKBAHUSATA 3a
3HAYUTEIHA U3HOCOYCTOMYMBOCT HE Ca OT IIbPBOCTEIICHHO 3HAYCHUE, JUAMaHTHOTO 3arnaxaane (/13)
VMa 3HaYUTENICH MOTeHIINAJ 32 YBEJIMYaBaHe Ha SKOCTTa Ha yMOpa ¥ Bb3 OCHOBA Ha I00pO ChbOTHOLICHHE
LIEHa/Ka4yeCTBO, MOXKE YCIICUIHO J1a C€ KOHKYpUpPa C HUCKOTEMIIEpATypHUTE XUMUKO-TEPMUYHH 00pa-
6oTku. OCHOBHATA 1€ HAa TOBA U3CJIE/IBaHE € J1a c€ YCTaHOBH e(PeKkThT Ha /I3 BbpXY SIKOCTTa HA yMOpa
Ha 00pa3I| OT XpoM-HuKenoBa aycreHuTHa ctomana AISI 304 L nojuioskeHH Ha BBPTEIHMBO OT'bBaHE.
N3cnenBano e BiusiHUETO Ha mapaMmeTpute Ha J13 BbpXy Xapakrtepuctukute Ha Surface integrity (SI).
[Tonmyuyenu ca onTUMaIHUTE CTOMHOCTH Ha MapaMeTpuTe Ha mnpoueca /I3 3a moinyvyaBane Ha MUHHMaIHA
rpanaBoCcT ¥ MaKCUMallHa MUKPOTBBPAOCT. V3BbpIlIeHN ca U3NUTBaHUS Ha yMopa Ha oOpa3iu oopado-
TEHH Ype3 C MapaMeTpH OCUTYpsIBAIld MAaKCUMalHA MHUKPO-TBBPIOCT U 00pabOTEHH caMo upe3 ps3aHe
U € yCTaHOBEHO, Y€ I'paHuIaTa Ha yMopa ce rnoBumiana ¢ 38% B cpaBHeHUE ¢ HeoOpaboTeHuTe 00pasIy.

The disadvantages of widely used austenitic stainless steels are their low hardness and relatively
low fatigue strength. Conventional chemical-thermal surface treatments are unsuitable for these steels
since they create conditions for inter-granular corrosion. An effective alternative is a low-temperature
surface treatment, creating an S-phase within the surface layer, but it has a high cost/quality ratio.



Austentitic steels can increase their surface micro-hardness and fatigue strength via surface cold working.
When the goal is to increase the rotating bending fatigue strength of austenitic chromium-nickel steels,
and the requirements for significant wear resistance are not paramount, diamond burnishing (DB) has
significant potential to increase the fatigue strength and, based on the cost/quality ratio, can successfully
compete with low-temperature chemical-thermal treatments. The main objective of this study is to
establish the effect of DB on the rotating fatigue strength of AISI 304 L chromium-nickel austenitic
steel. The influence of DB parameters on the surface integrity (SI) characteristics was studied. Optimal
DB parameters under minimum roughness and maximum micro-hardness criteria were obtained.
Rotating bending fatigue tests of the diamond burnished (in a different manner) and untreated specimens
were performed. DB implemented via parameters providing maximum micro-hardness increased fatigue
limit by 38% compared to untreated specimens.

1.B.8. Maximov JT, Duncheva GV, Anchev A.P., Ganev N, Dunchev VP. Effect of cyclic
hardening on fatigue performance of slide burnished components made of low-alloy
medium carbon steel. Fatigue and Fracture Engineering Materials and Structure. 42
2019, 1414— 1425. DOI: 10.1111/ffe.13001. ISSN: 1460-2695.

[IponeckT /I3 npean3BUKBa UKJINYHO HATOBapBaHEe Ha 00pabOTBaHaTa MOBBPXHOCT, KOETO MPO-
BOKHpa LIMKJINYHO ysikyaBaHe. [locpecTBOM TecT Ha MPOHUKBAaHE C KOHTPOJIMPaHa CHJla € YCTAaHOBEHO,
4e cTa0WIM3UpaH IUKBI € JOCTUTHAT MIPH MISCTHSI IIUKBJ HAa HATOBapBaHe U pa3TroBapBane. M3cnenBan
edekThT OT Oposi Ha TIpexoauTe U Koeduimenta Ha mukiIngaHo HaToBapBaHe (KI[H) BBpxy ymopHOTO
noBeJieHHE Ha 00pa3u oopadorenu upe3 /3. [IpoBeneHn ca yMOPHH TECTOBE MTOCPEICTBOM BbPTEIUBO
Or'bBaHE Ha JIEBET IPynu 00pas3iy ¢ popMa Ha MsIChYEH YACOBHHK, KOUTO ca JUAMAHTHO 3arjajieHu upe3
paznuuen Opoii mpexoan u KI[H. Crabunu3upan MUKBI HA TOBBPXHOCTHHSI CIIOM, MOCTUTHAT C LIECT
NpeMUHABaHUs, BOJIM A0 Hal-ToJiIMaTa rpaHuiia Ha ymopa, nokaro KIIH oka3Ba He3HAUMTETHO BIUSIHUE
BBPXY XapaKTepHCTUKUTE Ha ymMopa. HabmogaBaHOTO sBIEHHE ce OOSICHABA C Pa3IMUYHU CKOPOCTH Ha
penakcaiysi Ha OCTaThbYHHUTE HAMPEKESHUSI, IbKALIM C€ Ha HATOBAapBaHe OT BbPTEIUBOTO OT'bBaHE, KaK-
TO ¥ C MOJIy4eHAaTa MUKPOCTPYKTypa Ha MOBLPXHOCTHHS CJION. PemakcanusTa Ha ocTaThYHUTE HAIIpe-
JKEHHS € U3CJIeJIBaHa Ype3 YMOPHHU TECTOBE Ha BBPTEJIMBO OI'bBaHE, BbPXY o0Opa3iu o0paboTeHu Mo-
cpeactsoM /13 u nocneasam X-ray diffraction ananms.

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.

1.B.9. Maximov JT, Duncheva GV, Anchev A.P. A Temperature-Dependent, Nonlinear
Kinematic/Isotropic Hardening Material Constitutive Model of the Surface Layer of
37Cr4 Steel Subjected to Slide Burnishing. Arabian Journal for Science and
Engineering. 44 (2019) 5851-5862. DOI https://doi.org/10.1007/s13369. ISSN 2191-
4281 IF 1.092

HuamantHoto 3arnaxmane (/13) e mpoct u ehekTUBEH METO[ 32 JOBBPIIBAIIO 00paboTBaHEe Ha
UWIMHAPUYHKA JAeTainu. TepMoMmexaHnyHaTa npupoja Ha /I3 He e u3cieaBaHa B JIUTepaTypara u clie-



JIOBAaTEITHO € OOCKT Ha M3Cie/[BaHe B Ta3u cratus. M3momssa ce komOunanus or KE ananmmsu u excre-
PUMEHT 3a Je(UHUPAHETO HAa KOHCTUTYTHUBHHUS MOJEN Ha MarepHaja Ha MOBBPXHOCTHHS CIIOM Ha
obpa3uu nozoxkenu Ha /[3. TemnepaTypHO 3aBHCHM, HEJIMHEEH KMHEMATHYEH/U30TPONICH KOHCTUTY-
TUBEH MOJIEJ Ha ysIKYaBaHE HAa MaTepHUalia Ha MOBBbPXHOCTHUS CJIOM OT ctoMaHa 37Cr4 e MoJienMpaH Ha
0azaTa Ha TemIepaTypHO 3aBHCHUMH TeCTOBE Ha MpoHukBaHe u wHBepcHM KE amamusu. 3a nma ce
WIIOCTpUpAT MPEAUMCTBATAa HA TO3M TEPMOMEXAHUYEH KOHCTUTYTHUBEH mojel, ca nposeAaeHu 3D KE
CHUMYJIaLlMU Ha OTBOPH MOJUIOKEHHW Ha J[3; ToBa ycraHOBsBa eekTa Ha TeHEepHUpaHaTa TemIleparypa
BBPXY pa3MpeieJICHUETO Ha MOJIETO Ha OCTaThUHUTE OKPBKHU HAMPEKEHUsI OKOJI0 00pabOoTEeHHs OTBOP.
[IpoBeneH € HaNBIHO CBBbpP3aH TEPMOMEXAHUUEH aHAIU3 C IOCIeABall TeMieparypHo He3aBucuMm KE
aHaJIM3 3a OTNpeieliiHe Ha OCTaThYHUTE OKPBHKHH HANIPEKEHUSI. AJTEpHATUBHO, TE3U HANPEKEHUS Os1Xa
MOJIy4EeHU EKCIIEPUMEHTAITHO upe3 MoauduimpaHus METO]] Ha ,,pa3lieneH npbeTeH™. JlokasaHo e, ue
mociieZioBaTeTHO cBbp3aHusi TepMmomexanndeH KE aHanus ¢ HenmHEMHO KMHEMaTHYHO/W30TPOITHO
ysAK49aBaHC NPCACKa3Ba OCTATHbYHUTC OKPBKHU HANIPCIKCHUA 110 TAKHB HAYUH, UC 1a 6’5,[[6 B IOCTUT'HATO
3aJI0BOJIUTEIIHO ChOTBETCTBUE C EKCIIEPUMEHTATHUTE PE3yITaTH. Y CTAaHOBEHO €, Y€ TeHepHupaHaTa Te-
MIepaTypa HamajsiBa OnaronpusTHUS €(peKT OT BBBEACHUTE OCTAThYHHM HANPEKEHHs, KaTo MO TO3U
Ha4YMH HaMaJsiBa AbJITOTPaiHOCTTA HA yMOpa Ha ChOTBETHUS KOHCTPYKIIMOHEH €JIEMEHT.

Slide burnishing (SB) is a simple and efficient method for finishing symmetric rotary metal parts.
The thermo-mechanical nature of SB has not been studied in the literature and is, therefore, an object of
investigation in this article. A combination of finite element method (FEM) analyses and experiments is
used, and a very important part of building the FEM model is the constitutive model of the surface layer
of the workpiece being slide burnished. A temperature-dependent, nonlinear kinematic/isotropic
hardening material constitutive model of the surface layer of 37Cr4 steel has been modelled on the basis
of temperature-dependent indentation tests and inverse FEM analyses. In order to illustrate the benefits
of this thermomechanical constitutive model, 3D FEM simulations of the SB of holes have been
conducted; doing so establishes the effect of the generated temperature on the residual hoop stress
distribution around the processed hole. Fully coupled thermal stress, sequentially coupled, and
temperature-independent FEM simulations have been conducted to determine the residual hoop stresses.
Alternatively, these stresses are experimentally obtained through the modified “split ring” method. It
has been proven that a sequentially coupled thermal stress FEM simulation with nonlinear
kinematic/isotropic hardening predicts the residual hoop stresses in such a manner as to be in satisfactory
agreement with the experimental outcomes. It has been established that the generated temperature
reduces the beneficial effect from the introduced residual stresses, thus reducing the fatigue life of the
corresponding structural component.

1.B.10. Maximov J. T., G. V. Duncheva, A.P. Anchev, M. D. Ichkova. Slide burnishing—
review and prospects. The International Journal of Advanced Manufacturing
Technology. 104 (2019) 785-801. https://doi.org/10.1007/s00170-019-03881-1.
ISSN 0268-3768.

Crarusita npencraBs 0030p MOCBETEH Ha JMaMaHTHOTO 3arnaxzaaHe (/[3) Ha KOCHTPYKIMOHHU
enemeHTd. /I3 mpuHamsiexku KbM rpynara Ha CTaTHYHUTE METOAM 33 MEXaHMYHA MOBBPXHOCTHA
00paboTKa, M3IMOJI3BAHU NMPEIUMHO B KOCMHUYECKaTa, aBTOMOOWIHATa U Apyru MHIycTpud. [locpen-
CTBOM IIJIaCTHYHATa Aedopmainus Ha TOBbPXHOCTHHUTE CJIOEBE ce Mmoao0psBa 3HaunTenHo Surface in-
tegrity (SI) Ha chOTBETHUS KOHCTPYKIIMOHEH €JIEMEHT 10 OTHONICHHWE Ha MUHHMAJIHA TPAnaBoOCT, MHU-
KPOTBBPAOCT M BBBEICHU OCTAThUHU HANPEKEHHUS HAa HATHCK. B pesynrar Ha ToBa yCTONYMBOCTTa
Cpellly Bb3HMKBAHETO Ha MYKHATUHU OT yMOpa, YCTOMYMBOCTTA Ha BB3HUKBAHETO HA IYKHAaTHHU B
pe3ynTaT Ha KOpO3us, U3HOCOYCTOMYMBOCTTa M KOPO3MOHHATA YCTOMYMBOCT CE€ YBEIMYaBaT 3HAYH-
tenHo. OCHOBHATA XapakTepucTHKa Ha /I3 € KOHTaKThT TPUEHE Upe3 ILTb3raHe MeXIy ehOopMHUpaIIns
€JIeMEeHT 1 00paboTBaHaTa MOBLPXHOCT. Upes nudepenimannms MoppoIoTudeH METO € Ch3aeHa HH-
TerprpaHa KIacu(pUKaIHs Ha CTATHYHATE METOAM U € ouepTaHa 30HaTa Ha npmioxkenune Ha /(3. [Ipen-
JoxeHaTa MOpGOIOTUYHA MaTpUIla, KOSTO MOXe Aa Obe pa3liupsiBaHa W JOMBJIBaHA, ChIbpPKA Ch-
LIECTBYBALLUTE METOM 32 3arjax/aHe, KaKTo 1 KOMOMHAIMK OT €JEMEHTH U B3aUMOJIEUCTBHUS, KOUTO



Morar J1a ObJaT U3MOJM3BAHM 32 CHHTE3MpPAHE HA HOBU METOAHM M MHCTPYMEHTH 3a 3ariaxaane. OcBeH
TOBA € HaIlpaBeH JUTEepaTypeH Mperje]l Ha MyOIuKaIuuTe, mocBeTeHu Ha [[3. V3BbpiieH ¢ aHamu3 Ha
MyOMUKYyBAaHUTE U3CICABAHMS IO PA3IMYHU KPUTEPUU M Ca HANPABEHH TpadUUHHU BU3yaIU3alMHU HA
CTaTHCTHYECKUTE pe3ynTaTH. Ha Ta3u 6a3a ca HanpaBeH! ChOTBETHHUTE H3BOJIN M Ca OUCPTAHH HACOKHUTE
3a ObJaeIIM u3cieaBanus Ha J13.

This review paper is devoted to the slide burnishing (SB) of metal components—state-of-the-art,
achievements and perspectives. SB belongs to the group of static methods for mechanical surface
treatment used largely in aerospace, automotive and other industries. By means of the plastic
deformation of the surface layers, the surface integrity (SI) of the respective component is improved
greatly in terms of minimum roughness, micro-hardness and introduced residual compressive stresses.
As aresult, fatigue crack resistance, crack corrosion resistance, wear resistance and corrosion resistance
increase dramatically. The main feature of SB is the sliding friction contact between the deforming
element and the surface being treated. Using the differential morphological method, an integrated
classification of the static methods is created and the area of SB is outlined. The proposed morphological
matrix, which can be expanded and supplemented contains existing burnishing methods as well as
combinations of elements and interactions that can be used to synthesize new burnishing methods and
tools. In addition, a literature review of the publications devoted to SB has been conducted. Further, an
analysis of the published studies on different criteria has been carried out and graphic visualizations of
the statistical results have been made. On this basis, relevant conclusions have been made and the
directions for future investigations of SB have been outlined.

1.I.1. Maximov JT, Anchev A.P., Duncheva GV, Ganev N, Selimov KF, Dunchev VP.
Impact of slide diamond burnishing additional parameters on fatigue behaviour of
2024-T3 Al alloy. Fatigue and Fracture Engineering Materials and Structure. 42 (1)
2019 363-373. https://doi.org/10.1111/ffe.12915. ISSN: 1460-2695.

Enun ot MeTonuTe 3a yBeNMYaBaHe Ha U3IPHAKINBOCTTA HA YMOpa Ha MIMHAPUIHU KOHCTPYK-
LIUOHHU €JIEMEHTH € JruaMaHTHO 3ariaxaane ([13). OcHOBHO MpearMCTBO HA METOJIA € HPUIIOKEHUETO
My BBpXY KoHBeHITMOHATHN 1 CNC MeTasioo0padoTBaIy MaTuHU TOCPEACTBOM YHUBEPCAJICH HHCTPY-
MeHTH. OCHOBHMTE TEXHOJIOTHYHHU MapaMeTpu Ha /I3 ca paauyc Ha BbpXa Ha TUaMaHTa, CUJlaTa Ha MpH-
THUCKaHe, CKOPOCT Ha MoJjaBaHe 1 nepudepHa CKopocT. JIONbIHUTETHATE TEXHOJIOTUYHH MTapaMeTpH ca
Opoii npexoau, paboTHa cxeMa M yCJIOBHsI Ha cMa3BaHe. EKcriepuMeHTalTHO € M3cieiBaH €eKThT OT
JOMBIHUTETHUTE MapameTpu Ha /I3 BbpXy noBeaeHHeTo Ha ymMopa Ha ciuiaB 2024-T3 Al I'pynu ot
o0pa3uu ¢ popma Ha MSIChYEH YaCOBHHUK ca 00padoTeHu nocpeAcTBoM /I3 1 pa3nuuHu KOMOMHALIMYU OT
NOMBIHUTENHH napameTpu. Cren ToBa ca MOAJI0KEHU Ha TECTOBE 32 yMopa Ha orbBaHe. OCTaTbUHUTE
HanpeXeHus, BbBeJieH! upe3 /13, ca u3MepeHu nocpeicTBOM peHTIeHoBa qudpakromerpus. M3cnensa-
Ha € MUKPOCTPYKTypara Ha oOpa3ii oopabotenu upe3 /[3. Bb3 ocHOBa Ha MONyYeHHTE PE3yNTaTH €
YCTaHOBEHO, ue /I3 nmpoun3Bex/ia 1Ba OCHOBHH €(eKTa, KOUTO 3aBUCST OT JOII'BIIHUTEITHUTE TEXHOJIOT Y-
HU MapaMeTpH Ha rporeca. ChIIHOCTTa Ha MaKpoeeKTa € Ch3/IaBaHEeTO Ha OCTAThYHM HAIPEKECHUS Ha
HATHCK B IOBbPXHOCTHUTE U NOJNOBBPXHOCTHUTE cl0eBe. Te3n HampexeHus 3a06aBsT o0pa3yBaHETO U
pactexa Ha MaKpOITyKHATHHHU OT yMOpPa U MO TO3W HAYMH CE YBEJIMYaBa IBJITOTPAHHOCTTA HA IETAUIH
obpaborenu nocpeactsoM /3. MukpoedeKkThT ce u3passna B MOAU(PUIIMPaHe HAa MUKPOCTPYKTYypaTa Ha
MOBBPXHOCTHUS | MTOJIIMTOBEPXHOCTHUTE CIIOEBE, CHOTBETHO M3APEOHsABaHE HA pa3Mepa Ha 3bpPHATA, XO-
MOTEHHM3MpaHe U HaMassiBaHE Ha MOpUTE B MaTepHaia. TakaBa MUKPOCTPYKTypa ce XapakTepusupa ¢
MOBHIIICHA TIACTUYHOCT U YCTOMYMBOCT HAa PA3BUTHETO HA IMyKHATHHU OT yMOpa. YMOpHATa JBJITO-
TpalfHOCT 3aBHCH OT KOMOMHAIMATA OT Te3U JBa eekra. [To To31 Ha4uMH, KeJIaHOTO NOBEJCHUE HAa YMO-
pa Ha netaitn o6paboTten mocpenctsoM /I3 Moxke na Obae OCUTYPEHO Ype3 MOIXO0AAI U300p Ha yIpaB-
JSIBAILIUTE U TOMBIHUTEIHN TEXHOJIOIMYHH MTapaMeTpu.

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 behaviour 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.

1.I2. Maximov JT, Duncheva GV, Anchev A.P., Dunchev VP. Crack resistance
enhancement of joint bar holes by slide diamond burnishing using new tool
equipment. The International Journal of Advanced Manufacturing Technology. 102
(2019) 3151-3164. https://doi.org/10.1007/s00170-019-03405-x. ISSN 0268-3768

CratusiTa mpencTaBs HOBa TEXHOJIOTHUS 32 00pad0TKa Ha OTBOPHU BbB BPB3KUTE 3a HacTaBoBU JKII
pencu. Bpb3KuTe ca 4acT OT CheIUHEHHETO MeXAy Kpauiiata Ha HacTaBoBH JKII pencu, kouTto ca
KPUTHUYHO MSCTO 32 3apakKJaHe U pa3NpOoCTpaHEHUE Ha MyKHATUHU OT yMOpa, IPUUYNHEHHU OT IUKJIUYHO
HATOBAapBaHEe, JBDKAIO CE Ha MPEMUHABAIIM BIaKOBE. BeposTHOCTTA OT BB3HUKBAHE Ha BIIIOBH
IMyKHATUHHU, 3aMI0YBAIIY OT BhTPELUIHUTE NOBbPXHUHU Ha OTBOPUTE Ha BPB3KaTa, € J0Ka3aHa C MOMOLITa
Ha meroaa Ha kpaiiHute enemenTn (MKE). Ha Ta3zu ocHOoBa ce 000CHOBaBa HEOOXOAMMOCTTa OT HOBA
TEXHOJIOTHsS 3a MOBHUIIaBaHE YCTOMUMBOCTTA Cpelly Bb3HHUKBAHETO Ha IYKHAaTHMHU HAa OTBOPUTE BbHB
BpB3kHTe. TexHONMOTHsATa BKIIOYBA IUaMaHTHO 3armaxaane (/I3) kato moBwpmiBamo obpaboTBaHe Ha
Te3W OTBOpU. Pa3paboTeHO € HOBO MHCTPYMEHTATHO OOOpYJBaHE, BKIIOUBAIIO KOMOWHHPAH PEKEIIT
WHCTPYMEHT U yCTPOMCTBO 3a /I3 ¢ enacTuyHa rpena, 3ajaBaiiata HeoOXoAuMara Ciiia Ha MPUTUCKAHE.
O6opyaBaHeTo € npeaHazHauyeHo 3a Gpe30BU MaIMHU U 00paboTBamu 1eHTpu. ONTUMATHUTE Mmapa-
METpH Ha MpoIecuTe Ha psi3aHe u /I3 ce monmyuaBar upe3 MIaHupaHu eKCIIEPUMEHTH, PerPECUOHHN aHa-
au3u, reHetuueH anroputbM M KE ananmusu. PasnpeneneHueTo Ha BbBEIEHUTE IMOJIE3HH OCTATHYHU
OKPBKHH HampexeHus ce Hamupa upes nposexxaane Ha KE ananus na npoueca /3. Te3u HampeskeHus
320aBAT 3apKIAHETO U PA3BUTHETO HA MyKHATHHH OT YMOpPa, CTApTUPAIIX OT TOBBPXHOCTTA HA OTBOPA.
KakTo MUKpOCTpYKTYypHHUS aHATTU3 IOCPEICTBOM MUKPOCKOII, TaKa ¥ TECTOBETE Ha yMOpa J0Ka3BaT Ipe-
JUMCTBOTO Ha Ta3W TEXHOJIOTHS, M3PAa3sBAIIO CE B MOBHIICHATA YCTOWYMUBOCT CPEIy MOSBATa U pas-
BUTHUETO HA MYKHATUHU OKOJIO OTBOPUTE Ha HACTABOBUTE BPBH3KHU.

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.



1.I.3. Maximov, J.T., Duncheva, G.V., Anchev A.P., |. M. Amudjev. New method and tool
for increasing fatigue life of a large number of small fastener holes in 2024-T3 Al
alloy. Journal of the Brazilian Society of Mechanical Sciences and Engineering. 41
(4) (2019) 1-17. https://doi.org/10.1007/s40430-019-1709-8. ISSN 1678-5878.

Pa3paboTeH e HOB METOA M HHCTPYMEHT 3a 00pab0TKa Ha TOJIsIM OpOit MaJIKi CKPEIUTEIHA OTBOPH
B KOHCTPYKLMH OT BUCOKOSKM Al cruiaBu upe3 CTyAeHa IUIacTU4Ha AedopMaiys, 3a J1a ce HaMalu
BpeMeTo 3a 00paboTBaHe, KaTo ce cla3Ba M3MCKBAHETO 3a BUCOKA SKOCT Ha ymopa. Jlepopmupamiara
4acT Ha MHCTPYMEHTA € CIEeMaIHO NpOoQUINpaHa B HAIPEUYHO CEYEHUE, TaKa Y€ KOHTAKTHT C MOBBPX-
HOCTTa Ha OTBOPA JIa € HEeMPEeKbCHAT. J[naMeThpbhT Ha OMNKCaHAaTa OKPBHKHOCT OKOJIO AedopmMupaniara
4acT € MO-ToJisiM OT AMaMeThpa Ha IpPeABApUTEIHO NMPOOUTHS U paiibepoBaH oTBOp. MHCTPYMEHTHT U
OTBOPBT UMAT 00111a OC, OKOJIO KOSITO MHCTPYMEHTBT C€ BBPTH U B CBHIIOTO BPEME C€ JABIIKH I10 ChIIIATa
oc, 10KaTo IpeMuHaBa mpe3 orsopa. [1o To3u HaunH METOBT MPOU3BEXKA TPU OCHOBHU OJIaronpHUsATHU
edekTa: CTyZICHO pa3lINpeHre Ha OTBOPA, MOBBPXHOCTHA IIacTuyHa aedopmaius (mixed burnishing)
1 MoauduKausa Ha MUKpOCTpyKTyparta (friction stir and torsion). Te3u Tpu edekra ca u3cieaBaHu 1
nokazanu upe3 excriepuMmeHT U 3D KE cumynannu. HarpaBeHa e nHTerpaiHa olieHKa Ha IIPEII0KEHUTE
METOJ| U UHCTPYMEHT 4pe3 U3MUTBAHUS HAa yMOpa Ha LUKIN4YeH onbH. [lomyuenure S—N kpuBu nokas-
BaT, 4€ JIBJITOTPAHHOCTTa Ha yMOpa Ce yBeJInyaBa 3HAUUTEIHO B CPAaBHEHHUE ChC CIydas caMo Ha Mpo-
outu u paiibepoBaHu OTBOpHU. B3 0CHOBA Ha MPOBEAECHUTE NPOYUBAHUS € MPOEKTUPAH U MPOU3BEEH
CYNEpKOMOMHHUPAH HHCTPYMEHT, KOWTO MOCJIEI0BATEIIHO 3BBPILBA MPOOUBaHe, pailbepoBaHe U CTye-
Ha I1actTiuyHa aedopmanus. To3u HHCTPYMEHT 3HAaYUTEHO yBEINYaBa IPOU3BOAUTEIIHOCTTA IIpU 00pa-
00TKaTa Ha roJisiM Opoi CKPEMUTETHH OTBOPU B KOHCTPYKLIMOHHU €JIEMEHTH OT allyMUHUEBH CIUIABH.

A new method and tool for processing a large number of small fastener holes in high-strength Al
alloy structures through cold plastic deformation have been developed in order to decrease labor and
operational time by following the high fatigue resistance requirement. The deforming portion of the tool
has been specifically profiled in cross section so that the contact with the hole surface is disrupted. The
diameter of the circumference around the deforming portion is greater than the diameter of a preliminary
drilled and reamed hole. The tool and hole have a common axis around which the tool is rotating and, at
the same time, moving along the same axis while passing through the hole. Thus, this method produces
three main beneficial effects: hole cold expansion, surface plastic deformation (mixed burnishing) and
microstructure modification (friction stir and torsion). These three effects have been studied and proven
through an experiment and 3D FEM simulations. An integral evaluation of the proposed method and
tool has been made through fatigue tests of cyclic tension. The obtained S—N curves prove that the fatigue
life increases significantly in comparison with the case of only drilled and reamed holes. Based on the
conducted studies, a super-combined tool that consequently performs drilling, reaming and cold plastic
deformation has been designed and manufactured. This tool significantly increases the productivity of
processing a large number of fastener holes in aluminum structures.

1.I.4. Maximov, J.T., Duncheva, G.V., Anchev A.P., Dunchev V.P. Smoothing, deep, or
mixed diamond burnishing of low-alloy steel components — optimization procedures.
International Journal of Advanced Manufacturing Technology. 106 (2020) 1917-
1929 doi:10.1007/s00170-019-04747-2

JuamanTtHOTO 3arnaxjaHe (/I3) e craTudyeH MeToZ 3a MEXaHWYHAa MOBBPXHOCTHa 00paboTka,
0asmpaHa Ha 3HAYMTENIHA IOBBPXHOCTHA IUIACTHYHA JedopManus, HacodeHa KbM 3HAYUTEITHO
nonoOpsiBane Ha Surface integrity ¥ eKCIUIOATallMOHHUTE CBOICTBa Ha 0OpaOOTBAaHUS KOMIIOHEHT.
MHoro decro /I3 HEOCHOBAaTENHO ce BB3IPHEMa KaTo caMo 3arjaxkiaHe. B HacTosmara crarus e
nokasaso, ue /I3 moxe na ce peanusupa kato smoothing, deep, or mixed burnishing B 3aBucumMocT 0T
KOHKpEeTHaTa KOMOHWHAIUS OT TEXHOJIOTWYHM TapaMeTpH, YIpaBlisiBalld mporeca. [IpoBeneHu ca
ontuMu3zanuu Ha mpoueca /I3 3a cromana 41Cr4 mo pasiavyHM KpUTEpUH, 3a Ja CE€ IOJIydar
ONITUMAITHUTE TEXHOJIOTUYHH MapaMeTpu Ha rporieca /[3. M300pbT Ha ynpasisiBamy GakTOpH U IETIEBU



¢yHKuIMK (TpamaBoCcT M TpaHUIA HAa yMOpa), KOUTO ca IMOJyYeHH Bb3 OCHOBA HAa IUIAHUPAHU
EKCIICPUMEHTH U PErPECUOHHY aHAJIM3H, Ca HAITBIHO 000CHOBAaHHU. Upe3 eHOIEeIIeBH ONITUMU3AIINH Ce
noJjrydaBat 6€3KOMHpOMI/ICHI/ITC ONTUMAJIHN CTOMHOCTH HAa OCJIICBUTC (b}IHKLII/II/I U CBOTBCTHUTC
ONTHUMAHA CTOWHOCTH Ha ympasisiBamuTe (aktopu Ha I3 u deep burnishing. Pa3zpaborena e HoBa
ONTUMHU3AIMOHHA TPOIEeIypa 3a pellaBaHe Ha MHOTOIIeNIeBa ONTHMHU3AIMOHHA 33/1a4ya, ¢ IeNd Ja ce
MojlyyaT KOMIIPOMHCHH ONTHUMAIIHU CTOHHOCTH €JHOBPEMEHHO 3a IejieBUTe (QYHKIMH U
ynpasisiBamuTe (akropu npu mporeca J3. 3a ga ce moguepTasT mpeaMMCTBaTa Ha MpeIoKeHaTa
mporeypa 3a ONTHMHU3AIUs, PEIICHHETO Ha MHOTOIIEJeBaTa 3ajada Cce CpaBHSIBA C PE3yJTaTHTE,
TOJIYUCHHU YPEC3 HAKOU OT U3BCCTHUTC MCTOAHU, HAITPUMCP UPE3 MCTOABT HA TCTJIOBHUSA BCKTOP U MCTOABT
OasupaH BbpXy QyHKIHS Ha 3aryOuTe.

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
justified. 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 optimiza-
tion 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.

1.I.5. G. V. Duncheva, J. T. Maximov, N. Ganev, A. P. Anchev. Fatigue Life Enhancement
of a D16AT Aluminum Alloy for Aircraft Components with Fastener Holes. Strength
of Materials. 52 (2020) 1-15. https://doi.org/10.1007/s11223-020-00144-3
ISSN:0556-171X.

Crarusta onensiBa Al-crutaB DI6AT u3non3Bana B aepounayctpusita. CpaBHEHH ca METOJINUTE
friction stir hole expansion (FSHE), solid mandrel cold working and symmetric cold expansion (SCE).
Pesynrature ca 0600meHnn Ha 6a3aTa Ha POBEIEHN TECTOBE HAa yMopa, S—N KpPHBH, PEHTI€HOBA JH-
(bpakTOMeTpHsl 1 MUKPOCTPYKTYpeH aHanu3. B obiactra Ha manounukioa ymopa SCE ocurypsisa mo-
Bede OT 66 MBTH MO-TOJIIMA JBJITOTPAHOCT Ha yMOpa B cpaBHEHHE ¢ MeToja Ha solid mandrel cold
working 1 moeue oT 82 MbTH MO- TOJIIMA IBJITOTPAHOCT HAa yMopa B cpaBHeHHe ¢ MeToa FSHE. Upes
peHTreHoBa qudpakToMeTpus Oerre yCTaHOBEHO, Ye Mo-BHcokaTa epekTuBHOCT Ha MeToaa SCE ce nbi-
KM Ha CHMETPUYHOTO paslpejienieHue (10 OTHOLLICHHE Ha Cpe/lHaTa paBHUHA Ha o0pasela) Ha OCTaThy-
HUTE OKPHKHU HAPEXXEHUs 0KoJI0 oTBopa. Ot npyra crpana, metoasT solid mandrel cold working mpu-
YMHSABA 3HAYUTEJIECH I'PAJUEHT Ha Pa3Npe/eCHUeTO Ha OCTaThUHUTE HAIPEXKEHMs o JeberarHaTa Ha
TUTOCKUS 00pasel], KOeTo € MPEANOCTaBKa 3a 3apaX/IaHe U Pa3pOCTpaHEHHE Ha BIIIOBU YMOPHH ITyKHA-
TUHH. Y CTaHOBEHO €, ue epekTuBHOCTTa HAa MeToaa FSHE 3aBucu 0ocHOBHO OT reHepupaHara TOIJIMHA
Y eKBHBAJICHTHaTa TutacTiyHa aedopmarms. KomOuHanumsTa ot Te3u (pakTopH orpenens OJaromnpusT-
HUSL MUKPOE(PEKT OT MOAU(PHULIUPAHETO HA MUKPOCTPYKTypaTa B OJIM30CT A0 OTBOpPA U MOJIE3EH MAaKpO-
e(deKT, AbKall ce Ha BhBEICHUTE OCTAaThYHHU HampexeHus Ha Hatuck. MetoasT SCE TpsiOBa ga ce
U3I0JI3BA 3a MPeABAPUTETHO 00paboTBaHE Ha CKPEMUTETHN OTBOPU B Hali-HATOBAPEHUTE KOMIIOHEHTH
ot amymunaneBa craB DI6AT kpuma u ¢rozenax Ha camoinera, nokaro meronsT FSHE Moxe nma ce
npuiara 3a o0paboTKa Ha CKPENUTEIHU OTBOPH B MO-MaJKO HATOBAPEHU KOHCTPYKIIMOHHM €JIEMEHTH
Ha cCaMoJIeTa.



DI16AT aircraft Al-alloy was evaluated. The friction stir hole expansion (FSHE), solid mandrel
cold working and symmetric cold expansion (SCE) methods were compared. The results are summarized
on the basis of fatigue tests, S-N curves, X-ray diffraction, and microstructural analysis. Under the high-
cycle fatigue, SCE provides more than 66 times longer fatigue life as compared to the solid mandrel
method and more than 82 times greater fatigue life in comparison with the FSHE method. Through X-
ray diffraction analysis it was found that the higher efficiency of the SCE method was due to symmetric
distribution (with respect to the plate middle plane) of residual hoop stresses around the hole. On the
other hand, the solid mandrel cold working method causes a significant gradient of the residual stress
distribution through the plate thickness, which is a precondition for nucleation and propagation of corner
fatigue cracks. The FSHE method efficiency was established to be primarily dependent on generated
heat and equivalent plastic strains. The combination of these factors determines the beneficial
microeffect of the microstructure modifying in the vicinity of the hole and a useful macroeffect due to
residual compressive stresses. It was concluded that SCE method should be used for prestressing of
fastener holes in the most loaded components in D16AT aircraft structures — wings and fuselage, while
the FSHE one can be applied to processing of fastener holes in less loaded aircraft components.

1..6. J.T. Maximov, G.V. Duncheva, A.P. Anchev, V.P.Dunchev, M.D.Ichkova.
Improvement in fatigue strength of 41Cr4 steel through slide diamond burnishing.
Journal of the Brazilian Society of Mechanical Sciences and Engineering. 42 (4)
(2020) 1-20. https://doi.org/10.1007/s40430-020-02276-8.

HuamantHoto 3arnaxmaane (/I3) e craTudeH MeTo 3a MEXaHHWYHA MOBBPXHOCTHA 00paboTKa,
0a3upaH Ha BHBEXKJAHETO Ha IJIaCTUYHA JAedopmanus Ha MOBBPXHOCTTA, pealu3UpaHa 4pe3 KOHTAKT
TPUEHE MPH IUTh3raHe MEXy Je(pOPMUPALIUAT €IeMEHT U 00paboTBaHaTa MOBBPXHOCT. /13 mogo0psiBa
3HAYUTENHO ApacTU4Ho Surface integrity Ha KOHCTPYKUMOHHHM €JIEMEHTH U MAlIMHHU KOMIIOHEHTH.
Ta3u cratus e mocBeTeHa Ha MOAOOpSBaHE Ha SIKOCTTa Ha yMopa Ha o0Opa3uu ¢ Gopma Ha MACHUEH
yacoBHUK OT ctomaHa 41Cr4, momnmoxxeHu Ha J[3 ¢ MHCTPYMEHT C ITUaMaHTEeH cepudeH BPBHX Upe3
pa3IMyHu KOMOWHAIIMM OT OCHOBHM YINPABIIABAILIM TEXHOJOTUYHU MapaMeTpH. Tl KaTO BbBEICHUTE
OCTaThbUYHM HANpPEKEHUS HA HATUCK WIrpasT 3HAYUTENHA pOJsS 3a TOBEJEHHETO Ha yMopa Ha
00paboTeHnTe KOMIOHEHTH, O€ MPOBEICHO LIIOCTHO MapaMEeTPpUYHO HM3clieABaHe Ha mporeca /13 ¢
MOMOIITa Ha HAIIBJIHO CBBP3aH TepMoMexaHuueH aHanu3 nocpenctBom MKE. AnekBatHocTtTa Ha KE
Mojen Oe Joka3aHa upe3 cpaBHeHHE Ha pesyntarure or KE aHanmm3 3a ocTaTpyHHTE HANPEKEHUS C
M3MEpBaHUs MOCPEICTBOM PEHTTeHOB AudpakiuoHeH aHanu3. [lomydeHurte pesynratu mokasBaT, de
paanychT Ha AMAMAaHTa U CUJIaTa Ha MPUTHUCKAHE UMAaT Hal-CHUJIHO U3pa3eH e(eKT BbPXY OCTaThbUHUTE
HaIpeXeHusl, KOMTO OT CBOS CTpaHa OKa3BaT 3HAYMTEIHO BIIMSHUE BBPXY SIKOCTTa Ha yMoOpa,
PECIEKTUBHO Ha ABITOTPAHOCTTAa Ha yMopa. [IpoBeneHo e o0MHPHO eKCTIEPUMEHTATHO U3CIIeBAHE
Ha e(eKkTa Ha U30paHUTE OCHOBHM TEXHOJIOTMYHM MapaMeTpu Ha /I3 BbpXy rpaHuliaTa Ha ymopa Ha
oOpa3iu obpaboternun upe3 /I3 ¢ momomra Ha Mmetona Ha Locatti. IlocmenHoTo ce ocHoBaBa Ha
XHIIOTE3aTa 3a JIMHEHHO HaTpynBaHe Ha moBpean Ha Palmgren—Miner, KoATo € 4YacTeH ciydail Ha
oOmiara Teopus 3a HaTpymnaHuTe noBpenu. [IpoBeneH e miaHupaH eKCIEPUMEHT, KaTo YIpaBiIsBaIIUTe
(hakTOpH ce yCTaHOBSBAT HA YETHPH HUBA. VI3BBPIIECH € pErpeCHOHEH aHAIN3 Ha €KCIICPUMEHTATHUTE
pe3ynTaTy U € MOoJy4YeH MO 3a MpeAcKa3BaHe Ha rpaHMIlaTa Ha ymopa. Bb3 ocHOBa Ha MOIy4YeHUS
MOJIE]l € U3BBbpIICHAa €IHOLIeJIeBa ONTHMMM3AlMs C IIOMOIITa HAa TIeHETHYeH ainroputrbM. I[lpu
o0paboTBaHeTO Ha 00pa3ly Ype3 ONTUMATHHUTE TEXHOJIOTWYHM MapamMeTpu TpaHHIlaTa Ha ymopa Ha
obpaboTenute obpasnu e nopuieHa ¢ 22,7% - ot 440 na 540 MPa. JIsnrorpaiiHocTTa Ha ymMopa ce
yBenuuaBa noseue ot 100 mbTu cien /I3 ¢ onTUMalHU TEXHOJIOTUYHU MapaMeTPH.

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.

1.I.7. Duncheva, G.V., Maximov, J.T., V.P.Dunchev, Anchev A.P, T.P. Atanasov, J.
Capek. Single toroidal roller burnishing of 2024-T3 Al alloy implemented as mixed
burnishing process. International Journal of Advanced Manufacturing Technology.
111 (2020). 3559-3570 . https://doi.org/10.1007/s00170-020-06350-2. 2.633

Bb3 0oCHOBa Ha LSUIOCTHO E€KCIIEPUMEHTAIHO MPOYYBAHE, METOABT MOBBPXHOCTHO IJIACTUYHO
nedopmupane ¢ Topounanna ponka (IITIJTP) na amymunuesa crutas 2024-T3 Moxke 1a Ob1€ yCIENHO
npuioxkeH kato mixed burnishing process. OnTUMaTHUTE CTOMHOCTH HA Pa3JIMUYHUATE YIPaBJIsSBAIIN
(dakTopu OCUTypsiBAT MUHHMMAaJHA TPAaBOCT M 3HAYMUTEIHO yBEJIMYaBAaHE HA JIBJITOTPAHOCTTa Ha
yMopa Ha ekcriepuMeHTanHuTe odpasuu. [locpeacTBoM miuaHupaH eKCIEpPUMEHT, PErPECHOHEH aHaIn3
U ONITUMM3aNKA, 6a3upaHa HAa TEHETUYEH aJrOPUTHM, Ca YCTAHOBEHU ONITUMAIIHUTE CTOMHOCTHU Ha TeX-
HOJIOTUYHUTE MMapaMeTpy IPU KPUTEPUM MHUHHMMaJIHA rpanaBocT. [loaydeHusaT Moaen npeackaspa Mu-
HuManHa rpanasocT Ra = 0,074 um. ExcnepuMeHTHT ¢ ONTUMAJIHU MapaMeTpU Ha MpolLeca OCUTYPH
cpenna rpamaBoct (Ra) ot 0,1 um. IITTATP npu Te3u onTuMaiau yCIOBHs JaBa OTHOCUTEITHO XOMOTEH-
Ha TOBBPXHOCT 10 OTHOIIEHHWE HAa MMKPOTBBPIOCTTAa C YBEJIMYEHHE HA IOBBPXHOCTHATA MHUKPO-
TBBpAOCT OT 37,6%. [TapameTpr4HOTO M3CaEABAHE HA OCTATBYHNUTE OKPBHKHU U OCOBU HAIIPEKEHUS Ha
MOBBPXHOCTTA € MPOBEACHO Upe3 X-ray stress analysis, mokaszsa, ye [IITJATP ¢ 6;m3ku 1o onTuManHuUTE
CTOMHOCTH Ha MapaMeTpuTe Ha Mpolieca BbBEXKIA 3HAYUTEIHH OocTaThuHU Hampexenus. [ITIJTP na
oOpasiu ot amymuHueBarta ciaB 2024-T3, npunoxen kato mixed burnishing process, cb31aBa moutu
orJieZlalTHa IOBBPXHOCT, OA00psiBa IBITOTpAaifHOCTTa Ha yMopa ¢ noBeye oT 2000 mbTH U yBeIHYaBa
rpanunata Ha ymopa ¢ 35,1% B cpaBHeHHUe ¢ 00pa3nuTe 00paboTEeHN caMo C ps3aHe.

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 pm. The experiment with
optimal process parameters provided an average roughness (Ra) of 0.1 um. STRB under these optimal
conditions yields a relatively homogeneous surface in terms of microhardness with a surface
microhardness 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.

1..8. Duncheva, G.V., Maximov, J.T., Anchev A.P., A.P. V.P.Dunchev, T. P. Atanasov,

J. Capek. Finite element and experimental study of the residual stresses in 2024-T3



Al alloy treated via single toroidal roller burnishing. Journal of the Brazilian Society of
Mechanical Sciences and Engineering. 43 55 (2021).
https://doi.org/10.1007/s40430-020-02775-8. 1.755

CraTusTa MpeacTaBsi pe3yiTaTuTe OT CUMyJalMuTe ¢ MeTos Ha KpaitHute enementu (MKE) n
M3MEpBaHUs Ha OCTaThYHUTE HAIIPEKEHUS BbB BUCOKOsIKa alyMUHueBa ciuiaB 2024-T3, BbBeACHH Upe3
MOBBPXHOCTHO TIaCTUYHO Aedopmupane ¢ Topounanna ponka (IIIITP). ITo oTHomeHne Ha TeomMeT-
pusita Ha Aepopmupaiata TopoujanHa poika, [IIIITP e ocobeHo moaxoasml 3a OChIIECTBIBAHE HA
nporueca deep rolling. Paspaboren e 3D KE monen ¢ momomra Ha konuenuusra flow stress u e cumy-
nupaHa peanHata kuHemaruka Ha [IITITP, 3a na ce OUEHAT KakTO OKPBKHUTE, Taka U OCOBUTE
ocraTbuHM HanpexeHus. KE Monen 6e Banuaupan upe3 cpaBHeHHE Ha pe3yaTartute noiyueHu o KE u
oT X-ray U3MEpBaHuUs Ha OCTaThbUHUTE HamNpexeHus. V3cnenBanu ca BIMSHUETO Ha cUjlaTa Ha PUTHUC-
KaHe, CKOPOCTTa Ha MoJaBaHe U Oposi Ha MPEXOIUTE BbPXY OCTAThYHUTE OKPBKHU M OCOBU HaIpexke-
HUs. Y CTaHOBEHO €, Y€ YBEJIMYaBaHETO Ha CKOPOCTTA Ha M0AaBaHe BOJIU 1O HAMAJISIBAaHE HAa OCTaThYHUTE
OKPBXXHHU OCTaThYHM HAIIPEKEHUS M yBEIMYaBAaHE HAa OCTaTbUHUTE OCOBM HampekeHus. [lo-romsamara
CWJIa Ha MIPUTHUCKAHE yBeJlnyaBa IbJIOOYMHATA HA 30HATAa Ha HATHCK U CaMo JIEKO YBEJIUYaBa MOBbPX-
HOCTHHUTE OCTaTh4HU HanpexeHus. KE 1 peHTreHOBUAT aHaJIN3 Ha HAaIIPEeKEHUATA TOTBBPKAAaBaT e(ek-
tuBHocTTa Ha [IIIJITP Ha amymunueBa cmaB 2024-T3 3a BbBeXJaHE HA 3HAYUTENIHU [0 CTOMHOCT
OCTaTh4YHU OCOBU M OKPBKHH HAIIPEKECHUS HA HATHUCK.

This article presents the outcomes of finite element (FE) simulations and X-ray stress measure-
ments of residual stresses in high-strength 2024-T3 Al alloy introduced via the single toroidal roller
burnishing (STRB) process. In terms of the deforming toroidal roller geometry, STRB is particularly
suitable for deep rolling. A 3D FE model was developed using the flow stress concept, and the actual
STRB kinematics was simulated to evaluate both hoop and axial residual stresses. The FE model was
validated through a comparison of FE and X-ray residual stress distributions. The effects of the burni-
shing force, feed rate, and number of passes on the residual hoop and axial stresses were studied. It was
established that increasing the feed rate leads to a decrease in the residual hoop stresses and an increase
in the residual axial stresses. The greater burnishing force increases the compressive zone depth and only
slightly increases the surface residual stresses. The FE and X-ray stress analyses confirm the effecttive-
ness of STRB of 2024-T3 Al alloy to introduce significant residual compressive axial and hoop stresses.

1.I9. Maximov, J.T., Duncheva, G.V., V. Dunchev, Anchev A.P, T. P. Atanasov.
Improvement in Fatigue Performance of 2024-T3 Al Alloy Via Single Toroidal Roller
Burnishing. Journal of Materials Engineering and Performance. 30 (2021) 2256—
2266. https://doi.org/10.1007/s11665-021-05535-4

MexannyHaTta o0paboTka Ha TOBBPXHOCTTA, 0a3UpaHO HA M3MOJI3BAHE HA CTATUYHU METOIM 32
MITM, e penTabuieH moaxoA 3a NoJ00psiBaHe Ha TapameTpuTe Ha Surface integrity ¥ 1o TO3M HA4WH Ha
€KCIJIOATallMOHHUTE CBOMCTBA Ha KOHCTPYKLMOHHU eneMeHTU. HacTosimarta paboTa pasriexia Bb3-
MO>KHOCTTA 32 U3I0JI3BaHE Ha MOBBPXHOCTHO IUIACTHYHO Jieopmupane ¢ Topouaanna poiaka (IIIIATP)
3a npuiarane Ha koHreniusTa 3a deep rolling. M3cnenBa ce eheKThT Ha TEXHOJIOTUYHUTE IMMAPAMETPUTE
Ha rponeca IIITJITP Bppxy noBeneHneTo Ha ymopa Ha o0pasiu oT anymuHuena ciias 2024-T3. Excre-
pPUMEHTAJTHUTE 00pa3iy ca 00pabOTeHH ¢ HAPOYHO Cch3AaaeHo ycrpoucTBo 3a [T TP. I'panumara Ha
yMopa Ha ainyMuHueBara civiaB 2024-T3 e ycraHOBEHa 4pe3 MOCTposiBaHETO Ha S—N  KpuBa U METOAA
Ha TtaHreHnTtara. Baeapssanero Ha IIIIITP kato mporec 3a deep rolling Ha oOpa3uu OT aaTyMHUHHEBA
cruias 2024-T3 ocurypsiBa MakCMMajlHa KOHBEHLIMOHAIHA(OrpaHUYeHa) TpaHuLia Ha ymopa ot 256 MPa.
B cpaBHeHue ¢ oOpa3uute 06paboTeHn caMo C psi3aHe, TpaHUIaTa Ha yMopa ce € yenuuuia ¢ 38,4%.
[Tpu uznon3saneto Ha Metoza [IITJATP gearorpaiinocTTa Ha yMOpa, OTUETeHA 32 OPOS IIUKINA CHOTBET-
CTBaIll HA OTpaHWYEHATa TPaHMIA Ha yMopa, ce yBennuaBa Haja 2000 metu. C yBenmuuaBane Oposi Ha
MIPEXOJUTE SIKOCTTA HA yMOpa HapacTBa, C HApaCTBaHE HAa TPaHMIIaTa HAa yMOpa Ha allyMMHUEBATa CIIaB
2024-T3. YBennuaBaHeTO Ha OpOs HA MPEXOJUTE WMA 3HAYCHHUE JO IIECTHsA, CJeJ KOETO €PEKThT €
HE3HAYUTEJICH.



Mechanical surface treatment, based on static severe plastic deformation of the surface layer, is a
cost-effective approach to improving surface integrity and thus the operating properties of metal
components. The present work examines the possibility of using single toroidal roller burnishing (STRB)
to implement the deep rolling concept. The effect of the STRB process parameters on the fatigue
behavior of 2024-T3 Al alloy specimens is investigated. The specimens were manufactured using a
newly developed STRB device. The conventional fatigue limit of 2024-T3 Al alloy is established using
the S—N curve approach and tangent method. The STRB implementation as the deep rolling process for
2024-T3 Al alloy specimens provides a maximum conventional fatigue limit of 256 MPa. Compared to
the reference condition, the fatigue limit has increased by 38.4%. Calculated at the number of cycles
corresponding to the conventional fatigue limit, the fatigue life is enhanced more than 2000 times over.
The increase in the number of passes enhances the fatigue strength: as a result the conventional fatigue
limit of the treated 2024-T3 Al alloy increased.

Increasing the number of passes has practical meaning for up to six passes, after which the effect is
negligible.

1.I.10. Maximov, J.T., Duncheva, G.V., V. Dunchev, Anchev A.P. Different strategies for
finite element simulations of static mechanical surface treatment processes—a
comparative analysis. Journal of the Brazilian Society of Mechanical Sciences and
Engineering. 43 371 (2021). https://doi.org/10.1007/s40430-021-03085-3.

Metoaure Ha cTaTMYHA MEXaHWYHa oO0paboTka Ha moBbpxHOcTTa (MOII), Oazupanu Ha
[IPUJIAraHeTO Ha MHOIO TOJIIMa IUIacTH4YHA JedopMalys Ha MOBbPXHOCTHUTE M MOJINOBbPXHOCTHUTE
cioeBe, mogoopsBaT 3HaunTenHO Surface integrity (SI) Ha KOHCTPYKIIMOHHM €JIEMEHTH U 110 TO3H HAUWH
TEXHUTE EKCIUIOATAIlMOHHU cBoicTBa. MetoapT Ha KpaitHuTe enementd (MKE) e ocHoBeHn meron 3a
CUMYJIAI[MH, U3M0JI3BaH IIPYU YUCIIEHUTE u3cieaBanus Ha npouecu 3a MOIL. Brnpeku ue, MKE Bunaru
M3HMCKBA EKCIIEPUMEHTAIIHA [TPOBEPKA HA MOJIYYCHUTE PE3YITATH U MPOBEXKIAHETO HA CKCIIEPUMEHT 3a
YCTAaHOBSIBAHE HA a/ICKBATE€H KOHCTUTYTHUBEH MOJEI HAa MaTepHalla, TO3U METO]l CIIECTSBAa HA U3CIIEN0-
BaTells 3HAYUTEITHO BpeMe U pecypcu. Bb3 ocHOBa Ha aHanu3 Ha MyOJIMKyBaHUTE IPOYYBaHMs, TOCBE-
teHu Ha FE cumynauuu Ha cratuuan MOII npouecy, € yCcTaHOBEHO, Y€ ChLIECTBEHH 3a I0Jy4aBaHETO
Ha anekBareH KE mozen ca mer ocHoBHHM ycnoBusa. TeopeTuuHuTe GOpMYyJIHPOBKH Ca WIOCTPUPAHU
ype3 cb3aaBane Ha FE Mozen Ha poneca JluamanTHo 3arnaxaaHe (/[3) mpu n3non3BaHeTo Ha pa3indHU
CTpaTEeruu, 3a U3BbPIIBAHE HA CPABHUTEJIEH aHalu3 Mexay TiaX. I3 e crarnuen MOII npouec ¢ Tepmo-
MEXaHW4YEeH xapakrep. AnekBaTHocTTa Ha Bceku KE Mopnen, chOTBETHO cTparerus, ce OLCHsBa 4pes3
cpaBHsiBaHe Ha pe3yararute oT KE 3a ocTaThuHNTE HaIpEKEHUs C EKCIIEPUMEHTAITHUTE PE3YJITaTH, MO-
JTy4eHHU upe3 peHTreHoBa audpaxius. M3pbpiieH e HambiHO cBbp3aH TepMomexanudyed 3D KE ananus
Ha nporeca /I3 ¢ HeNMHEWHO KMHEMATUYHO YsSKYaBaHE. Y CTAaHOBEHO Y€, Y€ MPU OTHOCUTEIIHO HHUCKa
nepudepHa CKOpocT Ha 00paboTBaHe, TOIUIMHHUAT €(eKT MOKe Ja Obje MpeHeOperHar.

Static mechanical surface treatment (MST) processes based on the severe plastic deformation of
the surface and subsurface layers improve the surface integrity (SI) of a metal component dramatically
and thus its operational properties. The finite element method (FEM) is a basic simulation method used
in the numerical investigations of MST processes. Although FEM always requires experimental
verification of the results so obtained and an experiment to establish an adequate material constitutive
model, this method saves of the researcher significant time and resources. Based on an analysis of the
published studies devoted to FE simulations of static MST processes, five basic conditions have been
found to be essential in order to build an adequate FE model. The theoretical formulations are then
illustrated by creating FE models of the slide diamond burnishing (SDB) process using different
strategies to make a comparative analysis between them. SDB is a static MST process with a thermos-
mechanical nature. The adequacy of each FE model, respectively, strategy, is then assessed by
comparing the FE results for the residual stresses with the experimental results obtained via the X-ray
diffraction technique. It has been shown that a fully coupled thermal-stress 3D FE analysis of an SDB



process with nonlinear kinematic hardening should be carried out. When the burnishing velocity is
relatively small, the thermal effect can be neglected.

1.I'.11. Kaisheva D., A. Anchev, S. Valkov, V. Dunchev, G. Kotlarski, B. Stoyanov, M.
Ormanova M. Atanasova, P. Petrov. Influence of Beam Power on Structures and
Mechanical Characteristics of Electron-Beam-Welded Joints of Copper and Stainless
Steel. Metals. 12 (5) 737 (2022). https://doi.org/10.3390/met12050737.

B TOBa wM3cinenBaHe ca MpeNCTaBEHU pPE3YJNTATUTE OT EJIEKTPOHHO-THUEBO 3aBapsBaHE Ha
CheIMHEHUs ¢ Hepbkaaema ctoMana 304-L u uncra men. M3cnensaHno € BIMSHHETO HA MOIIIHOCTTA Ha
JTbya BbpPXY MOJIYUYEHUTE CTPYKTYPU U MEXaHUYHU CBOMCTBA Ha 3aBapeHUTE ChequHEeHMs; Exciepumen-
TUTE ca peaTu3upaHy MpH OTKIOHEHUE Ha Jbya oT 0,3 mm B MOCOKa HA YKCTaTa MEA U MOILIHOCT Ha
apya ot 2400, 3000 u 3600 W. ®a30BUAT ChCTaB Ha MOJIYUYEHUTE 3aBAPEHU CHEAUHEHUS € U3CIIE/IBaH
ype3 peHTreHona audpakuus (XRD); MUKpOCTpyKTypaTa U XUMUYHUSAT ChCTaB ca U3CIEABAHU CHOT-
BETHO 4pe3 CKaHupamia eleKTpoHHa Mukpockonus (SEM) u eHepruiiHO-IuCTIepCHOHHA PEHTTEHOBA
cnektpockonusi (EDX). MexannuHuTe CBOMCTBa ca M3CIEABaHHU Ype3 MPOBEXKIAHETO Ha TECTOBE Ha
OITHH U OTIpe/IeIsIHe Ha MUKPOTBBPIOCT. B 30HaTa Ha 3aBapkarta, (pa3oBUAT ChCTaB € 1Moja Gopmara Ha
TBBHPJ pa3TBop Mexay Fe u Cu u uricta MeJ, KOUTO OCTaBaT HEMPOMEHEHH MPHU MPOMSIHA Ha MOIITHOCTTA.
VYcTaHOBEHO €, ye MUKPOCTPYKTypaTa B 30HaTa Ha 3aBAPEHUTE METAIM C€ IMPOMEHS MOCTENEHHO MpPH
MIPOMSIHA HA CTOMHOCTUTE Ha MOIIIHOCTTA Ha €JeKTPOHHUS JIb4. Pe3ynaTarure oT TeCTOBETE 3a OMBH MO-
Ka3BaT [10-BHUCOKHM CTOMHOCTH Ha SIKOCTTA HA OIIbH IIPU IO-HUCKK MOILIHOCTH Ha abua (2400W u 3000
W), u criana Ha sikoctTa Ha onbH mpu 3600 W. OTHOCUTETHOTO YIBIKEHHS Ha 00pa3luTe HapacTBaT C
yBeJIM4aBaHe HAa MOILITHOCTTA HA €NIEKTPOHHUS 1b4. OCBEH TOBa Oellle yCTaHOBEHO, Y€ MUKPOTBBPAOCTTA
CUJIHO 3aBUCH OT IMpPHJIATaHUTE TEXHOJOTUYHH yCIIOBUS (OMpEeNIEHH OT MOIIHOCTTAa Ha €JIEKTPOHHUS
TbY) U TIOJIy4EHUTE MUKPOCTPYKTYPH Ha 3aBapEHUTE ChbEIUHEHUSI.

In this study, we present the results of electron-beam welding of joints with 304-L stainless steel
and copper. The influence of the beam’s power on the structures and mechanical properties of the welded
joints was studied; the experiments were realized at a beam deflection of 0.3 mm to the Cu plate and
beam powers of 2400, 3000, and 3600W. The phase compositions of the obtained welded joints were
studied by using X-ray diffraction (XRD); the microstructure and chemical composition were
investigated by scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX),
respectively. The mechanical properties were studied by using tensile experiments and microhardness
investigations. The phase compositions of the welded joints were in the forms of substitutional solid
solutions between Fe, Cu, and pure copper and remained unchanged in terms of power. It was found that
the microstructures changed gradually with the application of different values of the power of the
electron beam. The results of the tensile tests showed higher tensile strengths at lower beam powers (i.e.,
2400 and 3000 W) that dropped at 3600W. The relative elongations rose with increases in the power of
the electron beam. Moreover, it was found that the microhardnesses strongly depended on the applied
technological conditions (defined by the electron beam’s power) and the corresponding microstructures
of the welded joints.

2.I'1. Kaisheva D., A. Anchev, V. Dunchev, B. Stoyanov, S. Valkov, M. Ormanova, G.
Kotlarski, V. Todorov, M. Atanasova, S. Rabadzhiyska, P. Petrov. Study of the
structure and mechanical properties of electron beam-welded dissimilar joints of
copper and stainless steel with and without offset. Journal of Physics: Conference
Series. 2240 (2022) 012006. Doi:10.1088/1742-6596/2240/1/012006.

[IpencraBsmMe pe3yaTaTuTe OT U3CIE€IBaHE HA CTPYKTYpaTa i MEXaHUYHUTE CBOWCTBA HA 3aBapEeHU
ChEIMHEHUS OT Pa3HOPOJIHU METANIN - MEJl U Hepbkaaema ctoMana 304L, mocpeicTBOM €IEKTPOHHO-
TBYEBO 3aBapsiBaHe. M3cieaBaHuTe oOpa3uy ca 3aBapeHH 0€3 OTMECTBAHE Ha €JEKTPOHHMA JIbY U C
OTMECTBAHE Ha €JIEKTPOHHMSI JIbY [IOCJIEIOBATETHO KbM BCEKH €IMH OT /IBaTa MaTepuaia Ha pa3cTOsHUE



0,3 mm. ®a30BUAT CHCTAB € ONMPE/IEIICH Ype3 PEHTIeHOB (Pa30B aHanu3. CTpyKTypaTa € H3CiIeBaHa C
MOMOIITa HAa CKaHHUpalla eJeKTPOHHa MHUKpockomus. OnpeneneHH ca MEXaHWYHHTE CBOWCTBA -
TBBPJIOCT M SIKOCT Ha OMbH. Da30BUAT CHCTAB HA M3CIIEBAHUTE OOpPA3IM ce ChCTOW OT ABYy(dazHa
CTPYKTypa OT CTCHHO-IIEHTpUpaHa KyOWYHa M OOEMHO-IICHTpUpaHa KyOudHa pemietku. OOpa3ensbT,
3aBapeH 0e3 OTMECTBaHE Ha €JI. JIbY, MOKa3a Hall-BHCOKHM CTOMHOCTH Ha TpaHUIla HA MPOBIAYBAHE H
SIKOCT Ha OITbH. MUKPOTBBPOCTTa HA BCHUKH 0Opa3Iy ce MOBHIIaBa B 30HATA HA TEPMUYHO BIIMSTHHE
OT KbM CTpaHaTa Ha CTOMaHaTa U HaMaJisiBa B 30HATa HaA TCPMHUYHO BJIIMAHUC OT KbM CTpaHATA HAa MCITa
B CpaBHEHHE C MHUKPOTBBP/IOCTTA HA JIBAaTa MaTtepuasa 0e3 TepMHUYHO BIIHSHUE.

We present the results of an investigation of the structure and mechanical properties of dissimilar
joints of copper and 304L stainless steel formed by electron-beam welding. The samples studied were
welded without a beam offset and with a beam offset towards either welded material to a distance of 0.3
mm. The phase composition was determined via X-ray analysis. The structure was investigated using
scanning electron microscopy. The mechanical properties, including hardness and tensile strength, were
measured. The phase composition of the considered specimens consisted of a double-phase structure of
face-centered cubic (fcc) and body-centered cubic (bcc) phases. The sample welded without offset
exhibited the highest yield strength and tensile strength values. The microhardness of all samples
increased in the fusion zone on the steel side and decreased in the fusion zone on the copper side
compared to the initial hardness of the two materials.

3. 1. Selimov K., A. Anchev, |.T. Barzev, Micro-hardness in slide burnishing of D16T
high strength aluminium alloys. UNITECH 2016, Gabrovo, vol.3 p. 96-100.

JloOpe W3BECTHO €, 4e MPOIECHTE pPEaTU3Upalld HMOBBPXHOCTHO IUTACTUYHO AeGopMHUpaHE
MOBUIIIABAT SKOCTTA HA YMOpa ¥ TOBAPOHOCHMOCTTA Ha KOHCTPYKIIMOHHHUTE €JIEMEHTH. 32 POTAllMOHHH
KOHCTPYKIIMOHHH €JICMEHTH, U3PA00TCHH OT BUCOKOSKH AJIyMUHUCBY CILIABH, THAMAaHTHOTO 3arjax/ia-
He (/13) e moaxosIo mopaau CBOSITa MPOCTOTA M JIECHA peanu3anus. AHaTU3UpaH € ePeKThT Ha JI0-
IIBJIHATETHUTE TTapaMeTPH Ha Mpolieca BbPXy MUKPOTBBPIOCTTA, MOTy4YeHa npu /I3 Ha oOpasim OT BU-
cokosika amymunuesa ciiaB D16T. C monydeHnTe onTuMaaHU CTOMHOCTH HA OCHOBHHTE YITPABJISBAILN
(hakTopH € U3CceABAHO BIUSHUETO Ha OpOs Ha IPEXOJIUTE U HATMIMETO HA Ma3aHe BBPXY MHUKPOTBBP-
J0CTTa Ha 00paboTBaHKUTE OOPA3IH MPHU EAHOMOCOYHA U PA3HOMIOCOYHA PAOOTHU CXEMHU.

It is well known that burnishing processes are beneficial for enhancement of fatigue strength and
load-carrying capacity of structural and machine components. For symmetric rotational components
made of high-strength aluminum alloys, slide burnishing is appropriate because of its simplicity and
easy realization. The effect of the additional process parameters on the micro-hardness obtained in slide
burnishing of D16T aircraft aluminum alloy has been analyzed. With the combination of optimal values
of the basic governing factors, the effect of number of passes and lubricantcooler on the micro-hardness
of the surface being treated has been studied for two working schemes.

4.I' 1. Selimov K.F., A. P. Anchev, J. T. Maximov, Y. M. Mitev. Influence of slide burnishing
parameters on the surface roughness of D16T high-strength aluminium alloy.
MawwnHocTpoeHe 1 mawmnHo3HaHue. vol.27, p.65-70. BapHa, 2017. ISSN 1312-8612.

Jlobpe M3BeCTHO €, Y€ OCBEH OCTAaThUHHUTE HAMPEKEHUs HAa HATHCK, HUCKATa IrpamaBOCT Ha IO-
B’prHOCTHI/IH CHOI>’I CHIIIO BOJAU OO0 IMOBUIIIABAHEC HA AKOCTTA HaA yMopa Ha KOHCprKLII/IOHHI/ITe CJICMCHTU.
To3u KOMILTEKC OT CBOMCTBA MOXKe J1a ObJIe MOCTUTHAT YPE3 M3IMOJI3BaHE HA MOBBPXHOCTHA IUIACTUYHA
negopmanus. 3a POTALIMOHHU KOHCTPYKIIMOHHH E€JIEMEHTH, M3PAa0OTEHH OT BHCOKOSIKM aTyMHUHHEBU
CIUIaBH, TMaMaHTHOTO 3arjaxaane ([13) e moaxosio mopaau HeroBata mpoCcToTa 1 JIECHA peaTn3alius.
AHam3MpaHo € BIMSHUETO Ha MapaMeTpUTe Ha Mpolieca BbpXy HOJTydaBaHaTa rparnaBocT, Ha 00pa3nu
OT BUCOKOsIKa amyMuHHeBa ciuiaB D16T nonnoxkenu Ha J13. OnTUMaNHUTE CTOMHOCTH HA OCHOBHHTE
ynpasisiBaniy (GakTopu, KOUTO OCUTYPSIBAT MUHMMaJIHA rpamaBocT (1o 0.05 um ), ca ycTaHOBEHH Ha
0a3ara Ha eTHO(PAKTOPEH EKCIIEPUMEHT, MOCJICABAH OT IUTAHUPAH €KCIIEPUMEHT U IOTIBITHUTEIIHUA SKCIIe-
puMeHTU. C yCTAHOBEHUTE ONTUMAJIHU CTOMHOCTH Ha TEXHOJOTMYHUTE MapaMeTpu Ha mnporeca /3 e



M3CJeIBAHO BIMSHUETO HA OpOs HA MPEXOAUTE M HAJMYUETO Ha Ma3aHe BbpPXY MOJIydeHaTa rpamnaBocT,
KaKTO U paboTHaTa CXxeMa Ha Ipoleca — €AHOIOCOYHA U Pa3HOIOCOYHA.

It is well known that apart from compressive residual stresses, smooth surface of the surface layer
is beneficial for enhancement of fatigue strength of structural and machine components. This complex
of properties can be achieved by using surface severe plastic deformation. For symmetric rotational
components made of high-strength aluminum alloys, slide burnishing (SB) is appropriate because of its
simplicity and easy realization. The effect of the process parameters on the surface roughness obtained
in SB of D16T aircraft aluminum alloy has been analyzed. The optimal values of the basic governing
factors, which ensure minimum roughness (up to 0.05 zm), have been established on the basis of a one-
factor-at-the-time method, followed by a planned experiment and additional experiments. With the
established combination of optimal values, the effect of number of passes and lubricant-cooler on the
roughness of the surface being treated has been studied for two working schemes.

4..2. AH4eB A., MUKPOCTPYKTYPHN M3MEHEHMSA HA BUCOKOSKa anymMuHuesa cnnas 2024-
T3, nognoxeHa Ha AnamaHTHO 3arnaxgaHe. MalwnHOCTpOeHe N MalUMHO3HaHue

T.28, BapHa, 2018, cTtp. 75-79. ISSN 1312-8612.

3a moBUIIaBaHE Ha YMOpHATa ABJTOTPAWHOCT HAa POTAIMOHHM JACTAMIN € 0COOSHO TOIXOISII J1a
Ce U3II0JI3Ba METO/1a IMAMAHTHO 3aryiaxaane. Toil ch31aBa 30Ha C U3KITIOYUTEITHO MOJIE3HUTE OCTaThUHU
Hanpexenus: (OH) Ha HaTHCK, HUCKA TPaMaBOCT W MOBUIIIEHA MUKPO TBHPAOCT Ha 0OpaboOTBaHTA IMO-
BbPXHMHA Ha KOHCTPYKIIMOHHUS eneMeHT. CTaTusiTa mpeCcTaBs pe3yATaTh OT MeTaaorpad)CKu aHaIu3
Ha 00pa3Iy OT BUCOKOsiKa arymuHueBa ciuiaB 2024-T3, oOpaboTeHn MOCpeIcTBOM JUAMaHTHO 3arIaK-
naHe U 6e3 yrmoTpeba Ha CMA30YHO OXJIaXKJallla TEYHOCT. Y CTAaHOBEHO €, Y€ C MOBHUIIIaBaHe Oposi Ha
pexoauTe B 00paboTBaHUTE OOpa3IM Ce MOCTUTA 3HAYMTEIIHO M3pEeOHSBAaHE M XOMOTEH3MpPAaHE Ha
CTpyKTypaTa B AbJa004rHa 0K0JI0 0.5 mm OT moBBpXHOCTTA. Ta3u mpomsiHa € JOKa3aTeJICTBO 3a peasu-
3WpaHe Ha T. Hap. MUKPOeeKT, BOJAEI J0 MOBUIIaBaHEe HA YMOPHATA IBJITOTPAHOCT HA KOHCTPYKLIMOH-
HUTE CIEMEHTH.

To increase the fatigue life of symmetric rotational components, it is particularly suitable to use
the diamond burnishing. It creates a zone of highly beneficial compressive residual stresses, low
roughness and increased micro-hardness of the machined components. The article presents results of
metallographic analysis of samples of high-strength aluminum alloy 2024-T3, processed by means of
diamond burnishing and without the use of lubricating coolant. It was established that by increasing the
number of passes in the processed samples, a significant reduction and homogenization of the structure
is achieved in a depth of about 0.5 mm from the surface. This change is evidence of the realization of
the so-called micro-effect, leading to an increase in the fatigue life of structural components.

4.1.3. O. lNetkos, A. AHuyeB, V. AmympkeB. TexHOMNOrMYHN BBL3MOXHOCTM HA HOB
MHcTpyMmeHT ¢ K-npodpun 3a TMNL Ha mankm otBopn Yact |: BnuaHue Ha
napamMeTpuTe Ha npoueca Bbpxy nonydyaBaHaTa rpanaBocT. MawwuHocTpoeHe u
MaLnHoO3HaHWe T.28, BapHa, 2018, ctp. 80-83. ISSN 1312-8612.

B crarusra ce npezyiara pemieHne 3a J0BbPIIBAII0 00padoTBaHE Ype3 MOBBPXHOCTHO TUIACTHYHO
nedopmupane (III1/]) Ha ManaKu CKpENUTENHU OTBOPU B KOHCTPYKIIMOHHHM €IEMEHTH OT BHUCOKO-sKa
anymunaueBa cruiaB 2024-T3, mocpeactBom uHCTpyMeHT ¢ K-npodun Ha paboTHaTa 4act, ¢ KOATO Ce
ocwiiectBsBa [1I1]] ¢ koHTaKT ,,TpueHe npu mrs3rane’. LlenaTa e ocBeH HHUCKa rPanaBoCT J1a Ce BbBEAAT
IMOJIC3HU OCTAaThbYHU HAIIPCIKCHHUA HA HATUCK OKOJIO OTBOPHUTEC, KATO IO TO3HM HAYUH Oa CC€ YBCINYU
yMOpHaTa JIBJITOTPAHOCT Ha CHOTBETHHS KOHCTPYKIIMOHEH eneMeHT. M3crneaBaHo € BIMSHHETO Ha
napametrpute Ha npoueca [1I1/] (mogaBane, ckopocT, HOMUHAJIHA CTETHATOCT, Opoii Ha cTeHuTe Ha K-
npoduna) BppXy MojiydaBaHata rpanaBocT. IHCTpYMEHTHT € 0COOEHO MOAXOIAII 32 aPOUHIYCTPHSITA,
KbJETO c€ 00paboTBaT rojsiM Opoil MaJKu CKPENUTETHH OTBOPH.



The article proposes a solution for surface plastic deformation (SPD) finishing of small fastening
holes in structural components made of high-strength aluminum alloy 2024-T3, using a tool with a K-
profile of the working part, which fulfils SPD is carried out with contact " sliding friction”. The aim is,
in addition to low roughness, to introduce useful residual compressive stresses around the holes, thereby
increasing the fatigue life of the structural component. The influence of SPD process parameters (feed,
speed, nominal tightness, number of K-profile walls) on the obtained roughness was investigated. The
tool is particularly suitable for the aerospace industry, where many small fastener holes are machined.

41.4. A. AnueB, [1. letkoB, N. AmymxeB. TexXHONOrMYHU BBL3MOXHOCTU Ha HOB
MHCTpYMeHT ¢ K-npodun 3a MO Ha mankm otBopu Yact Il: EHepro-cunosu
napameTpu. MawmnHocTpoeHe n malumHo3HaHue T.28, BapHa, 2018, ctp. 84-87.

B cratusTa ce mpeara pemieHue 3a J10BbpUIBaio 00paboTBaHe ype3 NOBbPXHOCTHO TUIACTUYHO
nepopmupane (ITI1/]) Ha MaNKM CKpENUTEIHU OTBOPH B KOHCTPYKIIMOHHM €JIEMEHTH OT BHCOKO-SKa
anymuaueBa cruiaB 2024-T3, mocpeactBom uHCTpyMeHT ¢ K-mpodun Ha paboTHaTa 4acT, ¢ KOATO Ce
ocbuiectBsBa [II1J[ ¢ koHTaKT ,,TpueHe npu rs3rade’. LlenaTa e ocBeH HUCKa rpanaBocCT /1a C€ BbBEAAT
TI0JIE3HU OCTAaThUHU HAIIPEKEHUSI HA HATUCK OKOJIO OTBOPUTE, KaTO 10 TO3U HAYHH J1a CE YBEJIUYH YMOP-
HaTa JBJIFOTPAHOCT Ha CbOTBETHUS KOHCTPYKIIMOHEH €J1eMEHT. M3cnenBano € BIMSHUETO Ha mapaMeT-
pute Ha niporieca I1I1]] (mogaBane, CkopoCcT, HOMHHAJIHA CTETHATOCT, Opoit Ha cTeHuTe Ha K-npoduia)
BBPXY €HEPro-CUIOBUTE MapaMeTPH (0COBA CHJIa U BBPTSAIL MOMEHT) Ha Iipouieca. THCTpyMeHTBT € oco-
OCHO TOAXOSI 32 APOMHIYCTPHATA, KBAETO C€ 00padOTBAT ToJIsiM OpOM MaJTKM CKPETMTEIIHA OTBOPH.

The article proposes a solution for surface plastic deformation (SPD) finishing of small fastening
holes in structural components made of high-strength aluminum alloy 2024-T3, using a tool with a K-
profile of the working part, which fulfils SPD is carried out with contact " sliding friction”. The aim is,
in addition to low roughness, to introduce useful residual compressive stresses around the holes, thereby
increasing the fatigue life of the structural component. The influence of SPD process parameters (feed,
speed, nominal tightness, number of K-profile walls) on the process power parameters (axial force and
torque). The tool is particularly suitable for the aerospace industry, where many small fastener holes are
machined.

4.1.5. A. AnueB, T. AtaHacos, [. [lyHyeBa. KOHCTUTYTMBEH MOAeN Ha NOBbPXHOCTHUS
cnon Ha anymuHueBa cnnaB 2024-T3, nognoxeHa Ha [1MN0. MexaHuka Ha

mawmHuTte. 123 (2019) 88-93. ISSN 0861-9727

[IpensioxkeH € KOHCTUTYTUBEH MOJEN Ha BHCOKOsIKa aiymuHueBa ciuiaB 2024-T3, npunaraiiku
KoHHenmusTa ,,flow stress®. MonensT aeduHupa 3aBHCHMOCTTAa MEXIY TCH30PHTE HANPEKECHUE U
negopmanus 3a TOYKUTE OT MOBBPXHOCTHMS CJIOM Ha Ta3W CIUIaB, MOAJOXKEHAa Ha MOBBPXHOCTHO
mwiactuuHo aedopmupane (III1/]). MomenbT ¢ pa3paboTeH Ha OCHOBaTa Ha KOMOWHHpAH TOIXOJ,
0a3upaH BbpXY eKkcrmepuMeHTalleH TecT (indentation test) u MHBepceH KpalHO-€JIEMEHTEH aHalu3 Ha
eKCIIEpUMEHTaIHUsT TecT. Pa3paOoTeHUAT KOHCTUTYTHMBEH MOJEN € IpeJHa3HaueH 3a YHUCIIEHU
cumynauuy Ha npoueca I1I1/] Ha BbHIIHY HIMIMHIPUYHE HOBBPXHUHHU C 1€(hOPMUPAIIH POJIKH.

A constitutive model of the high-strength aluminum alloy 2024-T3 is proposed, applying the "flow
stress" concept. The model defines the dependence between the stress and strain tensors for the points
of the surface layer of this alloy subjected to surface plastic deformation (SPD). The model was
developed on the basis of a combined approach based on an experimental test (indentation test) and an
inverse finite element analysis of the experimental test. The developed constitutive model is intended
for numerical simulations of the PPD process of external cylindrical surfaces with deforming rollers.

4.I6. . OyHyeBa, T. ArtaHacoB, A. AH4YeB. KpanHo-enemMeHTHO MofgenuvpaHe Ha

0edopMUPaHOTO CbCTOSAHME Ha MOBBLPXHOCTHUSA CIOM Ha anyMuHuesa cnnas 2024-



T3, nognoxeHa Ha [NMNL ¢ gecdopmupawum ponkn. MexaHuka Ha mawwmHuTte. 123
(2019) 94-100. ISSN 0861-9727

OOGekT Ha m3cienBane B Ta3u padora e npouecwT III1[] ¢ Toponmanna aedopmupaina pojaka Ha
HWIMHAPUYHU 00pa3im oT anymuHueBa cruiaB 2024-T3. Ilpeasun kopenanusta MEXIy MUKPOTBBP-
JOCTTAa U YSKYaBaHETO B IMOBBPXHOCTHUTE CJIOEBE, € HM3CJIECIBAHO BIMSHHETO HA T€OMETPUYHHTE
napaMeTpu Ha pojikaTa U JaedopmupaliaTa Cuiia BbpXy €KBHBaJEHTHATa IUIACTHMYHA Aeopmanus u
IbJI0OYMHATA HA IJIACTHUYHO AepopMHUpaHaTa 30HA. 3a LeTa € MPOBEIEH IUIAHUPAH YHCJIeH eKCIIepH-
MEHT, 0a3upaH BBpXy paspaboreH 3D kpaiiHO-eJIeMEHTEH MOJeN Ha u3ciieqBaHus mporec. Ha tasu
OCHOBA ca MOJY4YeHH PErpecCMOHHU MOJIETIN Ha MaKCHMallHaTa eKBUBAJIEHTHA IJJacCTUYHA AedopManus
Ha MOBBPXHOCTTA M B IBJIOOYMHA U IHIOOUYMHATA HA TIACTHYHO JedopMmupaHara 3oHa. Ha ocHoBa Ha
perpecMoHHUTE MoJIeTH, n3noi3Baiiku QStatLab, e mpoBenena MHOTOIIEIEBA ONITUMHM3AITUS HA TTPOIIECca.
JlepuHupanu ca TreoMeTpUYHHTE MapaMeTpu Ha JeopMmupamiata posika ¥ JaedopMmupalna cuia,
OCHUTYPSIBAIIM MAKCUMAJIHO YSKYaBaHE HA TIOBbPXHOCTTA U B ABJIOOUYNHA.

The object of research in this work is the SPD process with a single toroidal roller of cylindrical
samples of aluminum alloy 2024-T3. Considering the correlation between the micro-hardness and the
hardening in the surface layers, the influence of the geometrical parameters of the roller and the
burnishing force on the equivalent plastic deformation and the depth of the plastically deformed zone
was investigated. For this purpose, a planned numerical experiment was conducted, based on a
developed 3D finite element model of the researched process. On this basis, regression models of the
maximum equivalent plastic deformation at the surface and in depth and the depth of the plastically
deformed zone were obtained. Based on the regression models, using QStatLab, a multi-objective
optimization of the process was carried out. The geometric parameters of the toroidal roller and
burnishing force are defined, providing maximum hardening on the surface and in depth.

4.I'.7. Anchev A., Improvement of surface micro-hardness of 41Cr4 steel by means of
surface plastic deformation. Journal of Technical University Gabrovo. 58 (2019) 16-
19. ISSN 1310-6686

HuamantHoto 3arnaxnane ([I3) u 3armaxkmaneto mocpenctBoMm TtopouganHa poika (TP) ca
CTaTUYHA MEXaHUYHU METOJH 3a MOBBPXHOCTHA 00paboTKa, Oa3upaHH HA MOBBPXHOCTHO IUIACTHUYHO
nedopMupaHe Ha KOHCTPYKIIMOHHUTE €JIEMEHTH U ca MpeaHa3HaueHu Ja monoopsaT Surface integrity
(SI) Ha Te3u enemeHTu. Tasu craTus mpeacrassi pe3yiaTaTUTe OT cpaBHeHHETO Mexay 3 u TP mo
KpUTEPHUH MOJIy4eHa ,,MUKPOTBBPAOCT . biiarojapenue Ha KOHTaKTa TpUEHE NpH TuTb3rane, /13 moctura
3HAYUTENIHO NO-TOJIsIMa MUKPOTBBPAOCT B cpaBHEHUE ¢ TP. 3HaUNTENHOTO yBeIMYaBaHe HA CUJIaTa Ha
MPUTHCKaHE BOJM 10 JIEKO TIOBUILIABAaHE Ha MOJy4eHaTa MUKPOTBBPAOCT.

Slide burnishing (SB) and roller burnishing (RB) are static mechanical surface treatment methods,
based on surface plastic deforming of the metal components and intended to improve the surface
integrity (SI) of these components. This article presents the outcomes of comparison between slide
diamond burnishing and RB under “micro-hardness” criterion. Due to the sliding friction contact, SB
achieves significantly bigger micro-hardness compared to RB. The significant increase of burnishing
force leads to slightly increase of the micro-hardness.

4.I'.8. Dunchev V., A. Anchev, Experimental study of the roughness of low carbon,
medium carbon and tool steel after diamond burnishing. Journal of Technical

University Gabrovo. 58 (2019) 26-32. ISSN 1310-6686

B crarmsta e w3cnmenBaH MpoIechT Ha JUAMAHTHO 3arjiak[JaHe Ha IMIMHIPUYHU OO0pasiiH,
n3pabOTeHNn OT TPU BUAA KOHCTPYKUIMOHHU CTOMaHHM (HHCKOBBIJIEpOgHA cTomMaHa S235, cpemHo
BBIJIEpOJIHA CTOMaHa 45 W MHCTpyMeHTaslHa cToMaHa Y8A). OOeKT Ha Mu3cie/BaHe € BIMSHHUETO Ha
rapaMeTpuTe Ha Ipoleca BbpXy NojidydyeHara rpanaBoctT. OCHOBHUTE TEXHOJOTUYHM MapaMeTpH (cuia



Ha TMPUTHCKAHE, PaANyC Ha BbpXa Ha JMaMaHTa, MoJaBaHe W Opoil MpexoJu) ca M3CICABAHU Upe3
eKCIIepUMEHTAJICH MOAX0/1. 3a meniTa € pa3paboTeHa METOMKa BKIIOYBAIA TPU eTamna. B pesynrar Ha
II'BPBUSL €TaIl Ca OIpPEJIEJICHH MeTTe Hail-qoOpyu KOMOMHALIMY 3a CHJIaTa Ha MPUTHCKAHE M paauyca Ha
BbpXa Ha JUaMaHTa MpPH I[OCTOSIHHA CKOPOCT W monaBaHe. Ha Ta3um OcHOBa BBB BTOpHUS €Tall €
HN3CJICABAHO BIIMAHHUCTO Ha II0JaBaHETO. CJ'ICI[ MPUKIIFOYBAHC Ha BTOpHA CTall Ca OIIPCACICHU
ONITUMAITHUTE OCHOBHU MapaMEeTPH Ha Tpolleca JUaMaHTHO 3arjiaaaHe, OCUTYpsBalld MHHAMAITHA
rpanaBocT. B TpeTus etamn e n3ciaeaBaHoO BIUSHUETO Ha Opost Ha mpexoauTe. bposT Ha mpexoauTe Bapu-
pa MEeXIy eIMH U OCeM MPeXo/ia 3a J1Ba BUJa paOOTHH CXEMH — €JHONIOCOYHA ¥ Pa3HOIIOCOYHA CXEMa.
[Ipu exHOMOCOYHATA cXeMa Ha pealu3upaHe Ha Mpoleca € MOoJydeHa MUHUMAJIHATA IPanaBocT R, =
0.109 ym 3a uHCTpyMEHTaJIHaTa CTOMaHa. 3a TPUTE U3CIEIBAHU CTOMAaHU MOJOOPEHUETO Ha rpamna-
BOCTTA € MO-TOJISIMO TPH €HONIOCOYHATa paboTHa cxeMa. PazHomocouHaTa cxeMa He ce MpernophyiBa 3a
ctomaHa S235, Thi KaTo MOJy4YeHaTa rpamnaBoOCT € ¢ MUHUMAaJIHa CTOMHOCT clie]l mbpBus mpexona. B
yCIIOBHATA Ha Pa3HOIIOCOYHATA CXeMa Ha paboTa 3a CPEIHO BBIJIEPOJIHA CTOMaHa 45 rpamaBocTTa Ha-
MaJjsBa A0 IIecTUs Mpexoia, Ciel KOeTo ce yBeiauuaBa. ToBa HamaneHue obaude e 19%, nokato mpu
emaHonocoyHara cxema goctura 31%. Kakto u mpu npuiaraHeTo Ha mporeca TuaMaHTHO 3ariiax/IaHe
BBPXY IPYT'H MaTepHaIH, CKCIIEPUMEHTATHUTE PE3yJITaTH MOTBBbPXKIABaT, 4¢ (GaKTOPUTE OT C HAH-TO-
JsIMa TEXKECT 3a MoJTyyaBaHaTa rpanaBoCT ca CujlaTa Ha MPUTHUCKAHE U painyChT HA BbpXa Ha JMAMaHTA.

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 R, = 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 S235 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.

4.I'9. . B. AyHyeBa. A. . AHuesB, T. . AtaHacos, Jiri Capek. 3D kpanHo-enemeHTHO
n3crieBaHe Ha OCTaTbyYHUTE HanpexeHnsa B obpasum oT anymuHuesa cnnas 2024-
T3 nognoxeHa Ha I ¢ ToponaanHa ponka. MalwwmHOCTpoOeHe N MallMHO3HaHKE.

30 (1). 2020. 39-43. ISSN 1312-8612.

B Ta3sum pabora ca wu3cnenBaHM OCTATHUYHUTE HANPEXKEHHUS B LMIMHIPUYHM OOpa3nu oOT
armymuHuena criaB 2024-T3, noxnoxenn Ha [1I1]] ¢ Toponnanna nepopmupaiia posika. 3a u3cienBaHe
Ha BIMSHUETO Ha JAedopMupaliata cuia U IOJaBaHETO BbPXY pa3Npe/IeIEHHETO Ha OKPBKHUTE U
OCOBUTE OCTATHhYHM HANPEKEHHsI ca MPOBEIACHM UYMCIEHM CUMYNaluu. 3a nenra e paszpaboreH 3D
kpaitHo-enementeH (KE) Monen, xaTo e wM3moi3BaH MeTOJa Ha MHBEPCHATA CIPSIMO cCHCTeMarta
nedopmupania poika—3aroToBka. [IpomnecsT e cuMyupaH upe3 B3aUMOJICHCTBUE HA 3aroTOBKara ¢ 9
€lHaKBU J1e(pOpMHUpAIIM POJIKH, MO3ULMOHUPAHU B OCOBO HAIIPaBJICHME Ha pa3CTOSHUS, PaBHU Ha
ChOTBETHaTa CTOMHOCT Ha mojaBaHeTo. Heobxommmoto nedopmupaiino BB3ACUCTBHE HA POJIKHTE €
OCUTYPEHO upe3 KOHTpoI 1o npemectBane. Ha 6a3a Ha KE pe3ynratu e ycTaHOBeHa IPOTUBOIOJIOKHA
TCHACHIWA 3a BJIMAHUCTO HA MOJABAHCTO BbPXY OKPBKHUTE U OCOBU OH-c HapaCTBAaHC HA MOJAaBAHCTO
OKPBXHUTE OCTaThYHM HANPEXKEHHUsS Ha MOBBPXHOCTTa HaMalsBaT, a OCOBUTE HapacTBaT. 3a



Bepudukanus Ha KE monen e nposeaen X-ray diffraction ananuz. KE u excnepumeHTannu pesynratu
MOTBBPKJABAT HATMYMETO HAa 3HAUYNTEITHA HATUCKOBA 30HA B TOBBPXHOCTHHUTE CIIOCBE.

In this work, the residual stresses in cylindrical samples of aluminum alloy 2024-T3 subjected to
surface plastic deformation with a single toroidal roller were investigated. Numerical simulations were
carried out to investigate the influence of the burnishing force and the feed on the distribution of hoop
and axial residual stresses. For this purpose, a 3D finite element (FE) model was developed, using the
inversion method for the single roller-workpiece system. The process is simulated by interaction of the
workpiece with 9 identical deforming rollers positioned in the axial direction at distances equal to the
corresponding feed value. The necessary burnishing effect of the rollers is provided by displacement
control. On the basis of KE results, an opposite tendency was established for the influence of the feed
on the hoop and axial residual stresses - with an increase in the feed, the hoop residual stresses on the
surface decrease, and the axial ones increase. X-ray diffraction analysis was performed to verify the FE
model. FKE and experimental results confirm the presence of a significant compression zone in the
surface layers.

4.I".10. T. . AtaHacos, A. I. AHu4eB, Bn. . [lyH4yeB. EkcnepumeHTanHo nscrnegsaHe Ha
nonyyeHarta rpanaBocT B 06pa3sum oT anymmHueBa cnnas 2024-T3, noanoxeHn Ha
M4 c ToponganHa ponka. MawwnHocTpoeHe M mMawmnHo3HaHne.30 (2020). 44-48.
ISSN 1312-8612.

[IpoBeneH e HaTypeH eKCIIEPUMEHT 3a OMPEICNITHEe Ha ONTHUMAIIHUTE CTOWHOCTH HAa TEXHOJIOTHY-
HuTe napamerpu Ha nporieca [I1J] ¢ ToponaanHa ponka Mo KpUTepril MUHUMAaJIHA TPANaBOCT, BHPXY
o0pa3uu OT BUCOKOsIKa amymuHueBa ciuiaB 2024-T3. KoHcTpynpaHo € HOBO YCTPOMCTBO, C pa3IIUpeH
00XBaT Ha cWjaTa Ha TPUTUCKaHE. MeToabT ce peanusupa BbpXy koHBeHIMOoHATHH 1 CNC meTano-
00paboTBaIIM MAIIMHU, KATO OCUTYPSIBA MTOAXOIAIIa ChBKYITHOCT OT CBOWCTBA HA MOBBPXHOCTHUS CIIOM,
T.H. Surface Integrity: HuCKa TpamaBocT, TOJIEMH O a0COIOTHA CTOMHOCT OCTAaThUHU HANIPEIKCHHS Ha
HATHUCK, BUCOKA MUKPOTBBPJIOCT ¥ BICOKA TOYHOCT Ha pasmepute u popmara. [locTuraara e MUHUMAI-
Ha rpanaBoct oT R, = 0.085 um, K0eTo yJI0BIIETBOpSIBA KPUTEPUHTE 3a MPoIieca MOJTUpaHe.

A full-scale experiment was conducted to determine the optimal values of the technological
parameters of the surface plastic deformation process with a single toroidal roller according to the
criterion of minimum roughness, on samples of high-strength aluminum alloy 2024-T3. A new device
has been constructed, with an extended range of burnishing force. The method is implemented on
conventional and CNC metalworking machines, providing a suitable set of properties of the surface
layer, the so-called Surface Integrity: low roughness, high residual compressive stresses in absolute
value, high microhardness and high dimensional and shape accuracy. A minimum roughness of R, =
0.085 um, which satisfies the criteria for the polishing process, was achieved.

4. 11. Duncheva G., A. Anchev, D. Drumeva. Diamond Burnishing process efficiency to
increase the wear resistance of sliding bearing bushing made of CuAI8Fe3 bronze.
Journal of Technical University Gabrovo. 62 (2021) 3-10. ISSN 1310-6686.

B Ta3u ctatus 00EKT Ha €KCIIEPUMEHTATHO M3CIEABAHE € M3HOCOYCTOMYMBOCTTA HA TUIB3Talld
narepu, u3padorenu ot 6pon3 CuAl8Fe3 cmen nmuamantHo 3arnaxmane ([13). IIpoBexenu ca Tpubo-
JIOTUYHU U3CJICIBAHUS B YCIIOBUS HA TPAHUYHO U CYXO TpHUEHE. 3a /1a ce OlleHU e()eKTUBHOCTTA Ha TPO-
1eca Ha /I3, e HarpaBeHO CpaBHEHUE HAa XapaKTePUCTUKHUTE HAa M3HOCBAHE Ha TPU Irpymu obpasuu: odpa-
00TeHH caMo upe3 psA3aHe, MOUIoKeHU Ha /I3 ¢ exuH mpexon; mojuiokeHu Ha /I3 ¢ mecT mpexopa.
JlokazaHo e, 4e B yCJIOBHSTa Ha TPAaHUYHO TPUEHE, 00pa3ebT MoAIokeH Ha JI3 ¢ mect mpexoaa nMa
2,27 IbTU MO-BUCOKA H3HOCOYCTOMYMBOCT B CPaBHEHHUE C M3HOCOYCTOWYMBOCTTA Ha 0Opasena, oopabdo-
TEH 4upe3 pszaHe, u 1,42 MbTH MO-BUCOKA M3HOCOYCTOMYHMBOCT OT 0Opaserna, mojioxkeH Ha /I3 ¢ equn
npexoJ. B ycrnoBus Ha cyxo TpueHe oOpa3ensT, nouiokeH Ha 13 ¢ equn npexox, uMa 2,45 mbTH 10-
BHCOKa YCTOWYMBOCT Ha U3HOCBAaHE OT M3HOCOYCTONYMBOCTTAa Ha o0Opaseria, 00paboTeH upe3 psi3aHe, U



MO-HUCKA U3HOCOYCTOMYMBOCT OT 0o0Opaseria, moayiokeH Ha /I3 ¢ mect npexona. [Ipunaranero Ha /13 ¢
IECT MPEeXoa BOJHU 110 2,3 MbTH MO-BUCOKA U3HOCOYCTOMYHUBOCT B YCIOBUS HA CYXO TPUEHE B CpaBHE-
HUE ¢ KOHBCHLIMOHAIHUSA CiIydail Ha 00paboTKa Ha OTBOPH.

In this article, the object of the experimental study is wear resistance of sliding bearing bushings
made of CuAl8Fe3 bronze after diamond burnishing. Tribological studies were performed under
boundary lubricant conditions and dry friction conditions. In order to evaluate the efficiency of the
diamond burnishing process, a comparison of the wear characteristics of three groups of specimens was
made: treated only by cutting, subjected to diamond burnishing with one pass; subjected to diamond
burnishing with six passes. It has been proved that under boundary lubricant conditions, the specimen
subjected to diamond burnishing with six passes has 2.27 times higher wear resistance compared to the
wear resistance of the specimen treated by cutting, and 1.42 times higher wear resistance than that of the
specimen subjected to diamond burnishing with one pass. Under dry friction conditions, the specimen
subjected to diamond burnishing with one pass has 2.45 times higher wear resistance than the wear
resistance of the specimen treated by cutting, and lower wear resistance than that of the specimen
subjected to diamond burnishing with six passes. Applying of diamond burnishing with six passes leads
to 2.3 times higher wear resistance under dry friction conditions compared to the conventional case of
holes machining.

41.12. A. Anchev. Enhancement of fatigue strength of bronze CuAl9Fe4 via diamond
burnishing. Journal of Technical University Gabrovo. 62 (2021) 24-28. ISSN 1310-6686.

AnymuHHMEBHUTE OpPOH3M Ca LIBETHH CIUIABH, XapaKTEpU3HUPAIH ce ¢ 100pa SKOCT, H3HOCOYCTOI-
YUBOCT U YCTOMYMBOCT Ha KOPO3Us, OPAAH KOETO Te€3H OpPOH3M ca MPeArnovYUuTaHd KOHCTPYKLIHMOHHU
MaTepHalI 32 pa3IndHu npusoxkeHus. [Ipu cbabpikanue Ha amyMUHUN Hal 9% MOXe Ja ce U3BbpIIU
TepMHYHA 00paboTKa C 11eJ1 M000psBaHe Ha MEXaHUYHUTE CBOMCTBA — IKOCT Ha OITbH, SIKOCT Ha yMOpa.
[lo-HaTaTBIIHOTO MOBUIIABAHE HA SKOCTTAa HAa YMOpPAa MOXXE [1a CE OCBIIECTBH UYpE3 MOBBPXHOCTHA
mactuyHa Aedopmanusa. EnuH oT MeTomuTe 3a ToBa € auaMaHTHOTO 3arnaxnane (/[3). Cratusra
Moka3Ba e(eKTa OT M3MOoJI3BaHeTO Ha /|3 BbpXy MOBEAEHUETO Ha yMOpa Ha 00paslu, U3paboTeHH OT
anymunueB 6pon3 CuAl9Fe4. /I3 ¢ enun mpexo/1 moBHIlIaBa orpaHUYeHaTa rpaHuiia Ha ymopa ¢ 11,9%
- oT 420 Ha 470MPa. B cp11oTO BpeMe yMOpHaTa IbIrOTpaiHOCTTa ce yBenndaBa noseue oT 40 bTH.
YBennuaBaHeTo Ha Oposi Ha MPEXOJUTEe OT €IUH Ha IIecT yBenuyaBa edekra Ha J[3 mo oTHoLIeHHe Ha
YMOPHOTO IOBEJIEHUE - OTpaHMYEHAaTa I'paHula Ha ymopa ce yBenuuyasa oT 420 Ha 490 MPa, T.e. ¢
16,7%, a ymOpHaTa qBJITOTPAHOCT C€ yBeJIMYaBa nosede oT 77 mbTU. Bb3 OCHOBA HA pe3ysTaTuTe OT
YMOPHHUTE TECTOBE CE€ CTUTA JI0 3aKJII0UEHUETO, ue /I3 e edekTuBeH, Ha/IexKIeH 1 UKOHOMHYEH METOJ 3a
yBEJIMYaBaHE Ha SKOCTTAa Ha yMOpa U ChOTBETHO HAa yMOpHAaTa ABJATOTPAMHOCT Ha KOHCTPYKLMOHHU
eJleMeHTH oT aryMuHueB OpoH3 CuAl9Fe4.

Aluminum bronzes are non-ferrous alloys characterized by good strength, wear resistance and
corrosion resistance, because of which these bronzes are preferred construction materials for various
applications. When the aluminum content is over 9%, heat treatment can be performed in order to
improve the mechanical properties - tensile strength, fatigue strength. Further increase of fatigue strength
can be realized by means of surface plastic deformation. One method of this is diamond burnishing. The
article shows the effect of using diamond burnishing on the fatigue behavior of samples made of
CuAl9Fe4 bronze. DB with one pass increases the limited fatigue strength by 11.9% - from 420 to
470MPa. At the same time, the fatigue life increases more than 40 times. Increasing the number of passes
from one to six increases the effect of DB in terms of fatigue behavior - the limited fatigue strength
increases from 420 to 490 MPa, i.e., by 16.7%, and the fatigue life increased more than 77 times. Based
on the results from the fatigue tests, it was concluded that DB is an effective, reliable and economical
method for increasing the fatigue strength and, respectively, the fatigue life of CuAl9Fe4 aluminum
bronze components.

4.I'13. A. Anchev. Effect of diamond burnishing process on the treated surface

topography of specimens made of CuAI8Fe3 aluminium bronze. Journal of Technical



University Gabrovo. 62 (2021) 29-33. ISSN 1310-6686.

AnymunueBusat 6pon3 CuAl8Fe3 mpurexkasa n1oOpa SKOCT, HU3HOCOYCTOMYMBOCT M KOPO3HOHHA
YCTOMUYUBOCT, BKJIIOUUTEIHO B cOjIeHa BoAa. Hannuunero Ha xeins30 BOAU 10 U3ApeOHsIBaHEe HA 3bPHOTO,
KOETO TpuJaBa JOMBIHUTENIHA 3JpaBUHA Ha Ta3u cmiaB. [1o TO3M HauMH amyMmMHHHEBHS OpOH3 €
NPEANOYUTaH KOHCTPYKIIMOHEH MaTepuan 3a pa3iMyHM  NPWIOKEHUsS, BKJIIOYHUTEIHO B
KopabocTpoeHeto. Thil karo ToW He ce Mmojajara Ha TepMU4yHa oOpaboTKa, MOpagul IMO-HUCKOTO
ChIbpKaHUE Ha aTyMUHMH, napameTpute Ha Surface integrity (SI) ce mogoOpsiBa upe3 miacTUYHa Je-
¢dopmanms. Cratusita pasriaexkaa AMamMaHnTHOTO 3ariaxnaaHe (/[3) ma amymunueB Opon3 CuAl8Fe3.
OO6ekT Ha u3cnenBaHe e nobpxHocTHaTa Tonorpadus (I1T). OGMKHOBEHO HE BCHUKM MapamMeTpH Ha
IIT ce usnonssar Ha npakTuka. [lapameTspsT R, € €1MH OT Hal-U3M0JI3BaHUTE B 3a OLIEHKA IIPU IIPOLE-
CHUTE Ha IIPOU3BOJICTBO U B Mpolieca Ha KOHTPOJ Ha KaYeCTBOTO MOPAAU JIECHOTO My u3MepBaHe. To3u
napaMmeTsp o0aye He € 10CTaThY€eH, 3a J1a onulle xapakrepuctukure Ha 1T, oT kosTo 10 ronsiMa cTenex
3aBUCAT EKCIUIOATAllMOHHUTE CBOMCTBA HAa CHOTBETHHUS KOHCTPYKIMOHEH eneMeHT. CraTtusra pas-
riexnaa epekra Ha 13 Bbpxy ocem napamerspa Ha IIT - miect BUCOUMHHY MapameTbpa U JiBa rapame-
Thpa Ha (popmaTa. Bb3 0OCHOBa Ha MOJIy4Ye€HUTE PE3YATATH CE IPOrHO3UPA TOBEICHUETO Ha ChbOTBETHHUS
KOHCTPYKILIMOHEH €JIEMEHT OT IJIe/IHa TOUKa Ha U3HOCOYCTONYHBOCT.

CuAl8Fe3 aluminum bronze possesses good strength, wear resistance and corrosion resistance,
including in salt water. The presence of iron leads to grain refinement, which gives extra strength to this
alloy. Thus, this bronze is the preferred construction material for various applications, including marine.
As this bronze is not subjected to heat treatment due to the lower aluminum content, surface integrity
(SI) is improved by cold work. The article deals with diamond burnishing (DB) of CuAl8Fe3 bronze.
The object of study is the surface topography (ST). Usually not all ST parameters are used in practice.
The parameter R,is one of the most used in the production process and in the process of quality control
due to its easy measurement. However, this parameter is not sufficient to describe the features of the
surface texture, on which the performance properties of the respective component largely depend. The
article examines the effect of DB on eight ST parameters - six height and two shape parameters. Based
on the obtained results, the behavior of the respective component is predicted from the point of view of
wear resistance.

4.I.14. A. Anchev. D. Drumeva. Experimental study of friction coefficient in diamond
burnishing of CuAI8Fe3 bronze. Journal of Technical University Gabrovo. 62 (2021)
34-37. ISSN 1310-6686.

Cratusita mpejacTaBs pe3ylATaTHUTE OT EKCIEpUMEHTAIIHO H3CJEeABaHEe 3a OIpelessHe Ha
KoeHIMEeHTa Ha TPUEHE MPH Mpolleca Ha JUAMaHTHO 3arjiakJaHe Ha oOpas3luu OT OpOH30Ba CIUIAB
CuAl8Fe3. ExcnepruMeHTaTHOTO U3CIeIBaHe € U3BBpIeHO BEpXyY cTpyr Cl1 ¢ momorira Ha crienuaiHo
pa3paboTeHo yCTPOHCTBO, M3MEPBAILIIO0 TPOBUCBAHETO HA rpeia MOCPECTBOM TeH3ocucTteMa. M3cnensa-
HUSAT MpoLeC Ha AMAMaHTHO 3arjlaXk/JIaHe € peaqu3upan upe3 aehopMupaill HHCTPYMEHT Cbe cheprudeH
BpPBX OT MOJMKPUCTATIEH U3KYCTBEH IUAaMaHT. EKCIIEpUMEHTATHOTO U3CJIEIBAHE € IPOBEJEHO B JUarna-
30Ha Ha CKOPOCT Ha Turb3rane v=43-172m/min. V3BbpIilieH € perpecuoHeH aHaiu3 U € TIOJIy4eH MaTe-
MaTH4YEH MOJIe] Ha Koe(pUIIMeHTa Ha TPUEHE B 3aBUCUMOCT OT CKOPOCTTA Ha TUIb3TraHe.

The article presents the results from an experimental study to determine the friction coefficient in
diamond burnishing process of specimens made of CuAl8Fe3 bronze alloy. The experimental study was
performed on a lathe C11 using a specially developed device containing a strain gauge beam. The studied
burnishing process was implemented through a deforming tool with a spherical tip made of
polycrystalline artificial diamond. The experimental study was performed in the range of sliding velocity
v =43 — 172m/min. A regression analysis was performed and a mathematical model of the friction
coefficient depending on the sliding velocity was obtained.



4.I".15. A. Anchev. Influence of the process parameter on the micro-hardness obtained of
diamond burnished AISI 304L stainless steel. Journal of Technical University
Gabrovo. 64 (2022) 45-49. ISSN 1310-6686.

XpOM-HUKEJIOBU ayCTEHUTHH HEPBAKIAeMH CTOMAHM C€ H3IMOJI3BAaT B MHOTO HHIYCTPHAIHU
o0jacTu mopaau TsAXHaTa J00pa SKOCT, OTJIMYHA YCTOWYMBOCT Ha KOpO3MS, JIECHO IUIACTUYHO
nepopmupane u ao6pa 3aBapsemocT. Huckata MM TBBPAOCT, JIOIIUTE TPUOOJIOIMYHHM CBOWCTBA U
BB3MOKHOCTTA 32 BH3HHKBAHE HAa KOPO3HUs B CHIEHM(PUUHH CPEIM MOTAT JIa OTpaHU4aT yroTpedara muMm.
B temneparypuus nuanazon 500-700°C Te3u cToMaHHU ca ys3BUMHU Ha MEXIyKpHCTalHa Kopo3us. B
pe3yaTar Ha TOBa KOHBEHIIMOHATHUTE XUMUKO-TEPMUYHU 00pabOTKH, KaToO a30THpaHe U IIEeMEHTHpaHe,
MoraT Jja yBeJIM4aT MOBbPXHOCTHATA TBBPJOCT, HO 3a CMETKa Ha YCTOHYMBOCTTA HAa KOPO3Ms MOpaau
oOpa3yBaHETO Ha XpOMOBM KapOujau. To3um HENOCTaThK CE MPEOJOJsiBa UYpe3 HUCKOTEMIIEpaTypHO
a30THpaHE U LIEeMEHTHPaHe, KOUTO Ce OCBILECTBABAT MpH Temneparypu noj 500°C, Ho Te3u 06paboTKu
ca CPaBHHUTEIHO CKBITH. AYCTEHUTHT JIECHO MOBHIIABA CBOATA TBBPAOCT MPH IUIACTUYHA e(OpMAaIIs.
[Ipu mo-BHCOKa cTeneH Ha IUIaCTHYHA AeopMaius ayCTEHUTHT YaCTUYHO C€ MPEBpbHIIA B O -
MapTEH3UT, KaTO HEroBaTa TBBPAOCT CE€ yBeIMuYaBa 3HauMTeNHO. CTaTHATa MpelCTaBs pe3yiTaTH 3a
MOBBPXHOCTHATa MUKPOTBBPIOCT HAa LIMIMHIPUYHHA 00pa3Ly OT XpOM-HUKEJIOBA AyCTEHUTHA CTOMaHa
AISI 304L, 06paboTeHu ¢ [uaMaHTHO 3arjaxJaHe, KOeTo € eBTHHA eKochoOpa3Ha TexHojorus. Excre-
PUMEHTBT € U3BBPIIECH Ha KOHBeHLMOHaeH cTpyr C11, kato riacTuuHOTO AeopMupane ce peanusupa
MOCPEICTBOM WHCTPYMEHT C €JIaCTUYHA OCHOBA Ha JJMaMaHTHHS cheprueH BpbX, NO3BOJISIBALL PETYIIH-
paHe Ha cujaTa Ha NpUTUCKaHe. MUKPOTBBPAOCTTA, MOJyUYeHa clies (UHO CTPYyroBaHe Ha 0Opa3LuTe
ot 366 HVo,05, € yBenuuena 1o 609 HVo 05 upe3 auamaHTHO 3arjiaxiaaHe, T.e. yBEIMYeHHETO € 66,4%.

Chromium-nickel austenitic stainless steels are used in many industrial fields due to their good
strength, excellent corrosion resistance, easy deformation in the plastic field and good weldability. Their
low hardness, poor tribological properties and the possibility of localized corrosion in specific
environments may limit their use. In the temperature range 500-700°C these steels are vulnerable to
inter-granular corrosion. As a result, the conventional chemical-thermal treatments, such as nitriding and
carburizing, can increase the surface hardness, but at the expense of the corrosion resistance due to the
formation of chromium carbides. This disadvantage is overcome by low-temperature nitriding and
carburization, which are realized at temperatures below 500°C, but these treatments are relatively
expensive. As is well known, the austenite is easily hardened by cold plastic deformation. With a higher
degree of plastic deformation, the austenite partially turns into alpha prime strain-induced martensite,
where the hardness increases significantly. The article presents results for the surface micro-hardness of
AISI 304L cylindrical steel specimens treated with diamond burnishing, which is a cheap green
technology. The surface cold work was performed on C11 conventional lathe using a burning device
with elastic fixation of the deforming polycrystalline diamond insert. The micro-hardness obtained after
a previous fine turning of 366 HVo,0s was increased to 609 HVo,s via diamond burnishing, i.e., the
increase is 66.4%.



