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MNpepcraBneHbl pesynbTaThbl
3KCNepuMeHTa/IbHbIX UCCIe[0BaHUN

no noa6opy onTMMasibHbIX MapamMeTpoB
IasepHOro ussly4eHus Aas noBbileHUs
TBEpPAOCTU U UBHOCOCTOMKOCTU MOAE/IbHOTIO
TUTaHoBOro o6pasua. Pabota npoBegeHa

C Le/1bo MOUCKa BO3MOXHOCTEN yrpaBieHus
MeXaHUYeCKUMU U GYHKLMOHAIbHbIMU
napameTpamu TUTaHa MeTOLO0M aAaUTUBHOWN
NazepHOM MUKPOO6paboTKM MOBEPXHOCTU
nopj BCNomMoraTesibHbIM c/ioeMm rpaduTa npum
BO34,eMACTBMU J1a3epHOIro U3/lydeHns 6JIMXKHeEro
MK-aguanasoHa. Pe3yabTaTbl UCMbITAHUN
AEMOHCTPUPYIOT MOBbIWEHNE TBEPAOCTU
NoOBEpXHOCTHOrO cJ/iosl 06paboTaHHOro TUTaHa
B 9,3 pa3 U CHUXXeHmne CKOpoCTn abpasuBHOIro
M3HALWMBAHUS NO CPABHEHUIO C UCXOLHBIM
o6pasLoM npumMepHo B 2 pasa.
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yBeNM4yeHme M3HOCOCTOMKOCTH, lasepHas
TEPMOXMMMUSA, 1a3epHOE MUKPOCTPYKTYPUPOBaHME
TUTaHa
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BBEAEHUE

HempepslBHOe IIOBBbILIEHHE IIPOM3BOAHTETBHOCTH
1 3GPeKTUBHOCTH CYILIeCTBYIOIIUX METOOUK, a TakoKe
MoOJepHHU3aLUsI U IIPOJJIeHHe CPOKa CTy>KOBI HCIIONb3Y-
eMBIX YCTPOHCTB IIPeCTABISIOT COOOM CyIeCTBeHHBII
BBI30B [/Is1 UHHOBALIMOHHOK 3KOHOMHKH. [IprMepoM
MOXKET CIY>KUTb ITOMCK HOBBIX MeTOZOB IIOBBILIEHHS
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Features of Additive
Laser Processing

for the Surface Layer
Hardness Increase on
Titanium Samples
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This article presents the research results on the
control of the mechanical and functional titanium
parameters by an additive surface laser micro-
treatment with an additional graphite layer
under the influence of near-IR laser radiation.

The results of experimental studies on selection
of the optimal laser radiation parameters for
increasing the hardness and wear resistance of

a model titanium sample are provided. The results
demonstrate significantly increased hardness of
the treated area (up to 9.3 times) and a decreased
abrasive wear resistance rate by about 2 times
compared to the original sample.
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INTRODUCTION
Continuous improvement in the performance and effi-
ciency of existing methods, as well as upgrading and
extending the service life of the devices used, represent
a significant challenge for the innovation-based economy.
A good example can be the search for new methods to
increase the wear resistance of assemblies and parts sub-
ject to the frictional wear, including the cutting edges of
guillotine-type knives, scissors, cutters, etc. Since the wear
resistance is directly related to the hardness parameter of
the part, the scientific challenge is in the need for an exper-
imental search for methods and approaches to increasing
the hardness of the surface layers of functional alloys.

It is well-known that the traditional quenching meth-
ods, i.e. increase of the material hardness during the
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HM3HOCOCTOMKOCTH Y3/I0B W JleTaleH, I0JBeprawo-
IKXCS GPUKIHOHHOMY HM3HOCY, BKIIOYAsl PEXYILHe
KPOMKH THJIBOTHHHBIX HOXeH, HOXKHHIL,, (pe3 U IIp.
ITOoCKO/IBKY YCTOMYHBOCTh K HM3HOCY HAIIPSIMYIO CBSI-
3aHa C IapaMeTpOM TBepAOCTH JeTa/lH, Hay4dHasl Mpo-
61eMa 3aK/I04aeTcss B HeOOXOOUMOCTH 3KCIIEPHUMeH-
TaJIBHOT'O ITOMCKA MeTO/IOB U IOJXO/I0B K ITOBBIIIEHHIO
TBEpPIOCTH ITOBEPXHOCTHBIX CJ10€B QYHKIIMOHATBHBIX
CIIaBOB.

Vi3BeCTHO, YTO TPagHUIIMOHHBIE METOABI 3aKAJIKHU
(roBBILIEHUS TBEPAOCTH MAaTepPHAIOB IPH H30Tep-
MHYEeCKOM HarpeBe) TpeOyIOT IpoBeeHHUsS IIOC/Iemy-
IOIel ITpOLlefypbl OTSKMIa ISl YMEHBIIEeHHs OCTa-
TOYHBIX HAIIPSDKEHUH Ha IIOBEPXHOCTH MeTaia [1, 2].
YacTUYHO 3TH HeMOCTaTKHU MOIYT OBITh KOMIIEHCH-
POBaHBl HCIIONb30BAaHHEM METOJ0B ITOBEPXHOCTHO
JIOKAJIBHOM JIa3epHOM 3aKaJKH H TepMOYyIIpOYHe-
Hus [3-5]. C Apyrom CTOPOHBI, METOAUKH I1OBBILIIEHHU I
TBEPIOCTH Ha OCHOBE JIa3epHOro K Hela3epHOro Hallbl-
JeHHsI BBICOKOTBEPABIX MaTepHanoB (KapOHUIHBIX,
aJIMa3onof06HbIX U APYTMX IOKPBITHEI) II03BOJSIOT
JOCTUIATh HY>KHBIX pe3yIbTaTOB, HO IIPU 3TOM Orpa-
HHU4YeHbI PaKTOM HeDOOJIBIION PAaCTBOPUMOCTH IpadrTa
B MeTa/J/le U TPebyIOT OOJNBbIIEro KoaU4YecTBa MaHU-
nyasanun (6, 7]. KoMIleHCHpPOBaTh HeNOCTaTKH yKa-
3aHBIX TeXHOJIOTHH MOYKHO C IIOMOUIBIO aIUTUBHBIX
Ja3epHBIX MeTOMIOB, I103BOJISIIOMIMX CHOPMHPOBATH
[IOBEPXHOCTHYIO CTPYKTYPy C HY>KHBIMH TeOMeTpH-
YeCKHUMH U QU3UKO-XMMHUYEeCKMMH CBOMCTBAMH 3a
cueT KOMOMHHUPOBAHUS [TAPAMETPOB U CXeM J1a3epHOMU
06paboTKU K BCIIOMOTaTeTbHBIX MaTepHasoB [8-10]. B
HacTosiller paboTe IIpeACTaBlIeHBl Pe3yIbTAThl 3KC-
[IepPUMEHTA/IPHOTO HCC/IeloOBAHUS BO3MOXKHOCTEH,
KOTOpBle IIPe/loCcTaB/lsieT MeTOAHKA Ja3epHOro ¢op-
MHPOBAHMUS [I0BEPXHOCTHBIX C/I0€B C IIOBBIIIEHHBIMU
3Ha4YeHHSIMU TBepPIOCTH U M3HOCOCTOMKOCTH, 3a CYeT
06paboTKku MeTa/UIMYeCKOH [AeTalH IO CJI0eM TIpa-
GUTHOrO IIOPOLIKA B CKATBIX YCIOBUSIX.

MATEPUAJIbl UCCNIEAOBAHUA

M ObOPYANOBAHUE

B KkauecTBe MOEIBHOIO MaTepHasia I KCCIe[oBa-
HUs 6bU1 BBIOpaH TeXHHUYECKHUM THTAH Mapku BTI-0,
IIHPOKO IPHMEHSIeMBIH KaK QyHKIHOHAIbHBIN
MeTa/u1 67aromaps BBICOKOM ITPOYHOCTH, THUIIOAJUIEP-
TeHHOCTU M OHOIOrMYeCcKor COBMEeCTUMOCTH, a TakkKe
BBICOKOM HM3Yy4YeHHOCTH MEXaHHM3MOB TePMHUYeCKOro
U TePMOXHMMHYECKOIO JIa3ePHOIO BO3LEHCTBHS B BO3-
nymHou cpefe (11, 12]. B paboTe HCII0/Ib30BaHBI ILIA-
CTHHBI TOIIIMHOM IOPsiAKa 1 MM; CTPyKTypPHPOBaHHUe
bo/lee TOHKMX JieTajled IO IIpeljaraeMor MeTOLHKe
TaK>Ke BO3MOSKHO, OJHAKO )11 COXPaHeHHS FeOMeTPHH
JeTald MajloM TOMIIMHBI HeoOXOAMMO HCIIOIb30BaTh
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isothermal heating, require a subsequent annealing pro-
cedure to reduce residual stresses on the metal surface
(1, 2]. Such shortcomings can be partly compensated
by application of the surface local laser quenching and
thermal strengthening methods [3-5]. On the other part,
the hardening methods based on the laser and non-laser
deposition of highly rigid materials (carbide, diamond-
like, and other coatings) make it possible to achieve the
desired results. However, they are limited by the low
graphite solubility in the metal and require more produc-
tion steps [6, 7). It is possible to compensate for shortcom-
ings of the mentioned technologies using the additive
laser methods that make it possible to evolve a surface
structure with the desired geometric and physicochemi-
cal properties by combining the laser processing param-
eters and schemes with auxiliary materials [8-10]. This
paper presents the experimental study results of the pos-
sibilities provided by the laser formation of surface layers
with the increased hardness and wear resistance values
due to the metal part processing under a layer of graphite
powder in the compressed conditions.

RESEARCH MATERIALS AND EQUIPMENT
Crade2 commercial titanium being widely used as a func-
tional metal due to its high strength, hypoallergenicity
and biological compatibility, as well as high exploration
state of the thermal and thermochemical laser exposure
mechanisms in the air, was selected as a model material
for the study [11, 12]. In the present research the plates
with a thickness of about 1 mm were used. Structuring
of thinner parts according to the proposed method is also
possible; however, in order to preserve the geometry of
a part with small thickness, it is necessary to use addi-
tional design clamping devices to avoid the occurrence of
thermomechanical deformations.

Prior to the laser processing, the parts were treated by
the abrasive paper with various grain sizes (P600-P2500).
The final polishing was performed with the felt discs
using the Luxor corundum paste with various sizes of
structural elements (from 0.5 pm to 0.1 pm) and a Dre-
mel 300 mini-drill. All samples were cleaned in an ultra-
sonic bath with distilled water for 20 minutes to remove
the polishing paste particles.

The samples were structured using a commercially
available laser machining system based on a pulsed ytter-
bium optical fiber laser (Minimarker-2 produced by Laser
Center LLC), with a power of up to 20 W and an emission
wavelength of 1070 nm. Laser radiation was focused on
the titanium sample surface into a spot with the diam-
eter of about 50 pm; irradiation was carried out in the
air.

The morphology of the obtained structures was studied
using a Carl Zeiss Axio Imager Al.m optical microscope.
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JOTIOIHUTEJIbHbIe KOHCTPYKTOPCKO-IIPUKUMHBIE IIPH-
criocobyeHHsT Bo H3beXaHHe BO3HHMKHOBEHHS TepPMO-
MeXaHH4YeCKUX feGopMaliiu.

I[lepen mpoBefeHHEM JIa3epPHOM 06paboTKU HeTanu
OBUIH TIOABEPrHYTH 06paboTKe NUIMPOBATBHOM OyMa-
TOM Ppa3lIMYHON 3epHHUCTOCTH (600-2500P). duHunI-
Hasl [TIOJIMPOBKa 6bl1a ITPOK3Be[jeHa BOMIOUHBIMHU JAUC-
KaMH C MCIIO/Ib30BaHHEM KOPYH[OBOI IIacThl Luxor
C PasJIMYHBIMH pPa3sMepaMH CTPYKTYPHBIX 3JIeMeHTOB
(ot 0,5 MKM 1o 0,1 MKM) U MUHHU-ZApenu Dremel 300.
Bce 06pa3isl 6BUIH OYHIIEHBI B YIBTPA3BYKOBOM BaHHE
C OUCTHJIMPOBAHHOU BOLOHM B TedyeHHe 20 MHUHYT [
yIa7eHHs YaCTULI [TI0/IMPOBOYHOM I1aCThI.

CTpyKTypupoBaHHe 06pas3ioB 6bLIO IIPOBefeHO
C MCIONb30BaHHEM KOMMepPUeCcKH [OCTYIIHOM Jasep-
HOM TeXHOJIOTUYeCKOM YCTAaHOBKM Ha 6ase MMITy/IbC-
HOrO0 MTTepbHeBOro BOJIOKOHHOTO Jasepa (MuHH-
MapKkep-2 mpou3BoacTBa OOO «Jla3epHBIN ILIeHTpP»),
MOIITHOCTEIO0 0 20 BT U JJIMHOM BOJIHBI HU3JTyYeHHUs
1070 HM. JIazepHoe H3/1ydeHHe ObIIO CPOKYCHPOBAHO
Ha IIOBEPXHOCTH THUTAaHOBOro obpaslia B MATHO Aua-
MeTPOM IopsiaKa 50 MKM, 0b6TydeHHe TPOBOAHIIOCH Ha
BO3MyXe.

H3yuenre MOpPOOJIOTHH IIOYYEHHBIX CTPYKTYP
IIPOBOJMIIOCH C IIOMOIIBIO OITHYECKOI0 MHKPOCKOIIA
Carl Zeiss Axio Imager Al.m. HcribITaHHe Ha TBEPAOCTh
IIPOBOOMJIOCH C IIOMOIIBIO TBepmomepa IIMT-3 meTo-
JoM BuKKepca oz, IeCTBHeM CTaTU4eCKOM Harpy3KH.
B maHHOM MeTole HHIEHTOpP - 4YeThbIpeXI'PaHHas
MHMpaMUJa C KBaAPAaTHBIM OCHOBAaHHEM U HMeeT yIroJl
MesKly TPaHSIMH IIPU BepLIKHe, PABHBIN 136°.

HcceoBaHue MeXaHUUeCKOM YCTOMYUBOCTH ObII0
BBIIIOJIHEHO C IIPUMeHeHHeM HCIIBITaTe/IbHOIO CTeH A
JUIsl TIPOBefleHUsI MCC/IefIoOBAHUN Ha QPUKIIMOHHBIN
M3HOC M POJTHKOBBIM KOHTPTenOM. Jisi IpUbIsKe-
HHUS YCIOBHM MCIBITAHHUM K 3KCIUIyaTallMOHHBIM
6p1 momobpaH KIacc MaTepHasia KOHTpTeNla, COOT-
BETCTBYIOIIMM MaTepuajaM Oyayiiero pabouero B3a-
UMOIencTBUS (AIIOMHUHUH), OOIIOJHUTEIbHO OBLIU
IIpOBe/leHbl HCCAeI0OBaHHS Ha abpasvBHBIM HM3HOC
C IpUMeHeHHeM KOHTpTeNla U3 IMOTHMMeTH/IaKpuaaTa
C a/IMa3HBbIM IIOPOIIKOM, JHAMETP YaCTHUL] AJIMa3HOIO
IIOPOIIKA COCTaBIsAI 0,3 MKM.

Ha mpemBapuTeNbHOM 3Talle IIOATOTOBKU IIOJIH-
poBaHHOro obpasuia MIpoU3BOAUTCS POPMHPOBAHHUE
Jla3epHO-MHIYLIMPOBAHHBIX OKCUHBIX CJI0€B, a OCHOB-
Has cTagus obpaborku - ynasepHas obpaborka THTa-
HOBBIX 00pasLoB Iof Cl1oeM TpadUTOBOrO IIOPOIIKA,
HaXOASAMIEeMCSI B CKaThIX YCTIOBHSX II0[, BCIIOMOTATeNIb
HBIM IIpeJMeTHBIM CTeKJIoM. CxXeMa 3KCIIepHMeHTa
IIpUBeeHa Ha pUC. la. JI/isg IIpefoTBpallleHHs pa3jieTa
rpaduTHOrO Ca0si 6BUIO HCIIONBb30BAHO IIpeMeTHOe
CTeK/0, TOMIMMHOM mopsiaka 1,12 mm (TOCT 9284-75).
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The hardness test was performed using a PMT-3 hardness
gauge by the Vickers test method under the static load.
In this method, the indenter was a tetrahedral pyramid
with a square base having an angle between the sides at
the top equal to 136°.

The mechanical stability was tested using a friction
wear test bench and a roller counterbody. To bring the
test conditions closer to the operational ones, the coun-
terbody material class was selected in compliance with
the future operating interaction materials (aluminum).
Additional abrasive wear test was carried out using
a counterbody made of polymethyl acrylate with the dia-
mond powder. The particle size of the diamond powder
was 0.3 pm.

At the preliminary stage of preparing a polished sam-
ple, the laser-induced oxide layers were formed. The
main processing stage was laser processing of titanium
samples under a layer of graphite powder being in the
compressed conditions under an auxiliary glass slide.
The visual framework of the experiment is shown in Fig.
1a. To prevent the graphite layer expansion, a glass slide
was used with the thickness of about 1.12 mm (State
standart 9284-75). The hardness increasing mechanism
for the surface layer was based on the laser radiation
conversion due to its high absorption by graphite and
generation of a compressed microplasma [13]. It led to
restructuring of the titanium surface layer. After the
treatment, the glass slide and unused graphite powder
were removed from the surface. To completely remove
the powdered graphite particles, the sample was placed
in an ultrasonic bath for 20 minutes, then the sample
was air-dried.

The hardness of structures placed on the oxide layer
preliminarily formed at a scanning speed of V=100 mm/s
reached 500-700 HV (Fig. 1b, c). The recording param-
eters corresponded to generation of a two-layer structure
consisting of an inner TiO, film with the thickness of
about 20+3 nm and an outer Ti;Os film with the thick-
ness of about 40+5 nm [11]. Moreover, the preliminary
stage of sample preparation makes it possible to effi-
ciently adapt this method to specific tasks by varying
the final hardness values in the presence of one set of
materials, simply by selecting the thickness of the initial
oxide layer.

IMPACT ASSESSMENT OF LASER
PROCESSING PARAMETERS ON THE
HARDNESS OF THE TITANIUM SAMPLE
SURFACE LAYER

The revealed operating modes of a titanium sample
structuring under a layer of graphite powder and an
array of measured hardness values of the treated areas
are presented in the form of comparative diagrams
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MexaHK3M IOBBIIIEHHS TBEPAOCTH IIOBEPXHOCTHOIO
CJIOS OCHOBAaH Ha KOHBEPCHHM JIa3ePHOT0 H3JIy4YeHHs
32 CYeT BBICOKOIO MOIVIOLIEHHS ero rpaduTom, U ¢op-
MHPOBaHHHU CKaTOM MUKPOILIa3MHl [13], mpuBoasIen
K PeCTPYKTYPHPOBAHHIO [I0BEPXHOCTHOTO C/104 TUTAHA.
ITocne mpoBeeHUsI 06pabOTKU C IIOBEPXHOCTH yHAJIS-
eTcsl IIpefiMeTHOe CTEeKIO K He3a/leliCTBOBAHHBIM I'pa-
$HTOBBIM ITOPOIIOK, [JIs1 IIOJIHOTO yAa/JeH s IOPOLIKO-
00pa3sHBIX IPaPUTOBBIX YACTUI] obpasel] IMOMellaeTcs
B Y/IbTPa3BYKOBYIO BAHHY Ha 20 MUHYT, Jaee obpaserr
BBICYIIIMBAETCS Ha BO3ZyXe.

TBepaoCTh CTPYKTYpP, 3aIllMCAHHBIX Ha OKCHUIHOM
cjioe, IIpefBapUTeNbHO CHOPMHPOBAHHOM CO CKOPO-
CTBIO CKaHUPOBaHUA V=100 MM/c, JOCTUTaeT 3HAUeHUH
500-700 HV (pmc. 1 b, c). [lapaMeTpsl 3aIIUCH COOTBET-
CTBOBa/IM (GOPMHPOBAHUIO JBYXCIOMHOM CTPYKTYPBHI,
COCTOsIIIeH M3 BHYTPeHHeH IUIeHKH TiO, TONLIMHOM
nopsiika 20+3 HM UM BHeIllHeH IJIeHKH Ti;Og mopsiaka
40+5 uM [11]. IIpu 9TOM IIpeABapUTEeIbHBIL TAIl I10JII0"
TOBKHU obpasiia 1o3BosseT 3¢PpeKTHBHO aJallTHPOBaTh
METOAMKY II0[, KOHKpPeTHbIe 3aJa4yM IIyTeM BapbHpPO-
BAaHHS UTOTOBBIX 3HaUEHUH TBEPAOCTH IIPU HaJTHUYHU
omHOro Habopa MaTepHasoB, IIPOCTO 3a cYeT BbIOOpa
TOJILIMHBI HA4Ya/IbHOI'0 OKCHUIHOTO CJI0S.
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(Fig. 2). As a result of processing, an increase in the
Vickers hardness value up to 9.3 times (2330 HV)
compared to the value typical for the original surface
layer of the titanium plate (244 HV) was shown. One or
two exposures are sufficient for the efficient formation
of structures with high hardness, since an increase in
the number of exposures has not led to an observed
improvement in the sample specifications.

IMPACT ASSESSMENT OF LASER
PROCESSING PARAMETERS ON THE WEAR
RESISTANCE OF THE TITANIUM SAMPLE
SURFACE LAYER

Aluminum was selected as the counterbody material
for testing, since it is one of the main materials used
in industry, in particular, in the manufacture of semi-
finished products (for example, sheets, plates, sections,
rods, stampings) that are subsequently subject to
cutting and processing. When studying the structures
using an optical microscope, it was found that the
grooves formed by the laser radiation were filled with
the counterbody wear products, without abrasion of
the entire sample structure. This result indicates a high
mechanical stability and efficient operation of the

a) b)

Puc. 1. SKcnepumeHm: a) 8U3yanbHAs cxema npodedeHus 06pabomku, U ebisieneHHAs 3a8UCUMOCMb 3HAYeHUst meepdocmu om
napamempos npedsapumenbHoli 06pabomku npu cmpyKkmypuposaHuu ¢ mouiHocmbto 10 Bm (b) u 20 Bm (c). CnaowHas AuHus -
3HaueHUe meepdocmu UCX0OHO20 MUMAaHosozo 06pasya (210 HV [1]), nyHKmupHas AuHUs — 3Ha4eHus meepdocmu OKCUAHBIX cAoes,
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Fig. 1. Experimentation: a) A visual diagram of the processing, and the dependence of the hardness value on the pretreatment
parameters during structuring with a power of 10 W (b) and 20 W(c). The solid line is the hardness value of the original titanium
sample (210 MPa [1]), the dotted line is the hardness values of the oxide layers formed the pretreatment parameters specified in [11]
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OLLEHKA B/INAHNA NAPAMETPOB
NA3EPHON OBPABOTKU HA TBEPAOCTb
MOBEPXHOCTOIO C/10A TUTAHOBbIX
OBPA3LIOB

BeisiBieHHBIe pabourie pPeKMMBI CTPYKTYPHPOBAHUS
THUTAHOBOI0 06paslia I1of cioeM rpadUTHOrO ITOPOIIKA
M MacCHUB M3MepeHHBIX 3HauUeHUI TBepIOCTH 06pabo-
TaHHBIX 30H IIPe/CTaBlIeHEl B BH/e CPaBHHTEIbHBIX
nuarpamm (puc. 2). B pesynprare 06paboTku IIpo-
JeMOHCTPUPOBAHO IIOBHIIIEHHEe TBEePAOCTH IO BHK-
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structured elements during the frictional interaction
with the parts made of aluminum alloy.

Additional abrasive wear tests were performed using
a counterbody consisting of polymethyl acrylate with
the diamond powder. The contact profilometry results
(Fig. 3) show that there is a difference in the height of
the maximum structural peaks equal to 5 pm between
the area of the original structure and the area to which
the center of the roller counterbody side face arrives.
This result indicates a slight erosion of structure during
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Kepcy mo 9,3 pa3 (2330 HV) o cpaBHeHHIO CO 3Haue-
HHEeM, XapaKTePHBIM 151 KCXOLHOI0 II0BEPXHOCTHOIO
€701 TUTAaHOBOM IUIACTHUHBI (244 HV). IIpoBemeHus
O HOTO-JIByX 3KCIIOHMPOBaHMI JOCTATOYHO AJIS IIPO-
H3BOJUTEIBHOI0 GOPMHPOBAHHUS CTPYKTYP C BEICOKOM
TBEPAOCTHIO, IIOCKOJIBKY YBeIMYEHHEe YHC/Ia SKCIIOHH-
POBaHUM He IIPUBOAMIO K HablofaeMoOMy yilydlle-
HHUIO XapaKTepUCTHK obpasLa.

OLUEHKA B/IUAHUA NMAPAMETPOB
NA3EPHON OBPABOTKU HA
M3HOCOCTOMKOCTb MOBEPXHOCTOIO
C/104 TUTAHOBbLIX OBPA3LLOB

B KkadecTBe MaTepHasa KOHTpTeja sl NPOBeleHHS
WCIIBITAaHUN OBUT BBIOPAaH QTIOMHHHN KaK ONMH W3
OCHOBHBIX MaTepHaJIOB, HCIIOJIB3YIOIIKXCS B ITPOMBIIL-
JIeHHOCTH, B YaCTHOCTH, IPHU H3TOTOBJIEHHH IIOJY-
$abpukaToB (HampuMep: JIMCTOB, IUIUT, IPOdU-
7er, IIPyTKOB, IITAaMIIOBOK), KOTOpble B Aa/bHeHIleM
II0/IBEPraloTcs Hapeske U obpaborke. IIpy H3ydeHHH
CTPYKTYP C IIOMOIIBIO OIITHYECKOr0 MHKPOCKOIA 6bII0
BBISIBJIGHO, YTO IIPOM3OLUIO 3arO/JHEHHe KAaHAaBoK,
CGOPMUPOBAHHEIX JIa3epPHBIM HM3JIy4eHHEeM, IIPOAyK-
TaMH H3HOCA KOHTpTesa 6e3 MCTHPAaHUS CaMOM CTPYK-
Typhl obpasia. JaHHBIM pe3yabTaT TOBOPUT O BBICOKOM
MeXaHHYeCKOH yCTOMYMBOCTH U 3pdeKTHBHON pabore
CTPYKTyPHPOBAaHHBIX 371eMEeHTOB, NPH QPHUKIHOHHOM
B3aMMOJICHICTBUH C JETa/IIMH, IPOM3BelEeHHBIMH H3
QTIOMHUHHEBOTO CIUIaBa.

JloTIONHUTeIbHbIe HCC/IeOBAaHUS Ha abpasuBHBIN
M3HOC OBUIM IIpOBeZleHBI C IpHUMeHeHHeM KOHTpTesa,
COCTOSIIIEr0 K3 IOJMMeTHJIAKpPWIaTa C aJMa3HbIM
[IOPOIIKOM. Pe3y/nbTaThl IPOBeJeHHOH KOHTaKTHOMU
npodunoMeTprun (PUC. 3) MOKa3bIBAIOT, YTO MEXKAY
30HOM MCXOOHOU CTPYKTYPBI K 30HOK, Ha KOTOPYIO IIPH-
XOIUT LieHTp GOKOBOM TPaHU POIHMKOBOrO KOHTPTeNa,
HMeeTCsl pasHUIA II0 BBICOTe MaKCHMAa/IbHBIX ITHKOB
CTPYKTYp, PaBHasg 5 MKM. JJaHHBII Pe3yJbTaT TOBOPUT

il 4

interaction with the counterbody. Moreover, the struc-
ture contains residual materials of the counterbody;
probably, with a longer interaction time, filling of the
structure grooves with the counterbody material would
occur.

The measured wear rate of the titanium sample ini-
tial surface layer is about 4.8-:10* m/h, and the wear
rate of the treated surface is about 3.0-10* m/h. Thus, it
is shown that the wear parameter can be reduced by at
least 1.6 times due to the proposed processing method,
and the treated structure belongs to the 4t wear resis-
tance class [14] in the case of abrasive impact.

CONCLUSION

As a result of experimental studies, the effect of laser
radiation modes on the morphological and functional
properties of the VT1-0 titanium alloy surface layer by
modification under the layers of auxiliary substances
was examined using a commercially available laser
machining system based on a pulsed optical fiber
laser.

An efficiency enhancement method of additive pro-
cessing with the use of an auxiliary cover glass hold-
ing the graphite powder in the laser impact zone was
tested. It was possible to obtain the increased hard-
ness of the titanium sample surface layer by about 10
times (2330 HV) compared with the hardness value of
the original titanium (244 HV). During the additive
processing procedure using the laser radiation under
a layer of graphite with different modes, it was found
that the most promising processing modes suitable
for the functional applications are obtained at 1-2 con-
secutive exposures with a power of 7-8 W (for pulses
with a duration of 100 ns) and 15-17 W (for pulses with
a duration of 200 ns), with the pulse repetition rates of
60-80 kHz.

Additionally, we have determined the possible reduc-
tion in the abrasive wear rate of the titanium sample

30Ha MCXOZHOM | 30Ha, Ha KOTOpYIO 30Ha, HAKOTOpYlO

CTPYKTYpbI NOCTe MPUXOAMT Kpail MPUXOAMT LiEHTP 6
Na3epHom 60KOBOI FpaHm 60KOBOI FpaHm
0bpaboTky KOHTpTENa KOHTpTENA 0

Puc. 3. PesyAbmambl KOHMAakmHol npoguaomempuu 2pyn-
NosbIX UcNbiMaHul, NPo8eOEHHbIX 8 8030y WHOL cpede npu
Hazpy3ke 8 5,0 H, ckopocmu epauieHust 0bpazua 60 06/mMuH,
ckopocmu epauieHusi KoHmpmeaa — 600 06/MUH U 8pemeHU
8030elicmaus 8 60 ¢

Fig. 3. Results of contact profilometry of group tests carried
outin an air environment with a load of 5.0 N, a sample
rotation speed of 60 rpm, a counterbody rotation speed of
600 rpm and an exposure time of 60 s
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0 He3HAUWTeJbHOM CTHPAaHUH CTPYKTYpPBl IIPH B3aM-
MOJICHICTBUH C KOHTPTe/IoM. Ha CTpyKType Takke MMe-
IOTCSL OCTATOYHBle MaTepHasibl KOHTPTeNa, BepOsITHO,
npu 6onpieM BpeMeHH B3aMMOJEMCTBHH ITPOH30-
110 OBI 3aII0JTHEHHEe KaHaBOK CTPYKTYPhl MaTepHaIoM
KOHTpTea.

VM3MmepeHHasi CKOPOCTb HM3HALIMBAHUS HCXOIHOIO
IIOBEPXHOCTHOTO C/10S1 TATAHOBOIO 0bpasiia COCTaB/IsIeT
nopsigka 4,810% M/4, a CKOpPOCTh M3HAIIMBaHHUS 0bpa-
OOTaHHOI TOBEPXHOCTHU — ITopsiAka 3,010 m/4. Takum
06pa3oM I10Ka3aHO, YTO MapaMeTp M3HOCA MOXKeT ObITh
CHIDKeH KaK MUHHMYM B 1,6 pa3 3a C4eT Ipe/jaraeMom
MeToIUKHU 06paboTKH, a 06paboTaHHasI CTPYKTypa OTHO-
CHTCSL K 4 KIaccy M3HOCOCTOMKOCTH [14] mpm abpasus-
HOM BO3/IeHCTBHH.

3AKJ/TIOMEHUE

B pesynpTaTe SKCIIepHMEHTA/IBHBIX MCC/IeLOBAaHHUN
OBLIO M3y4eHO BIHSHME PeKHMMOB JIa3epHOTO H3JIyde-
HUSI Ha Mopdosorudeckue M QyHKIHOHA/IbHEIE CBOM-
CTBa I[IOBEPXHOCTHOIO /10 THTaHOBOIO cIuiaBa BTI-0
IyTeM MOAX(PUKALIMU 107, CJIOSMH BCIIOMOTATeIbHBIX
BeILIeCTB C HCIIOJIb30BAHHEM KOMMepUYecKHd IOCTYII-
HOM TeXHOJIOTMYeCKOM JIa3epHOM YCTaHOBHU Ha 6ase
HMMIIYJILCHOI'O BOJIOKOHHOTO J1a3epa.

ArpobrpoBaHa MeTOAMKA IOBBIIIEHUS 3QPeKTHBHO-
CTH aJTUTHBHON 06paboTKH C IIPHMeHeHHeM BCIIOMOra-
TEJIBHOI'O IIOKPOBHOIO CTeKJIA, YAeP>KHUBAIOILEro rpadpu-
TOBBIH IIOPOIIOK B 30HE JIa3€PHOI0 BO3JIeLCTBUS. YIA/I0Ch
JOCTUTHYTb IIOBBILIEHHE TBEPHOCTH ITOBEPXHOCTHOIO
71051 TUTAHOBOrO obpasiia IrpruMepHO B 10 pa3 (2330 HV)
[I0 CPaBHEHMIO CO 3HadyeHHeM TBePIOCTH HKCXOLHOIO
TUTaHa (244 HV). IIpu agAuTHBHON 06paboTKe C IpH-
MeHeHHeM JIa3ePHOI0 M3/IyYeHHs IO C10eM rpapura
C Pa3sHBIMH PeKHMaMHU OBUIO BBISIBIIEHO, YTO Hauboree
IepCIIeKTHBHbIE PeSKUMBI 06paboTKU, TIOAXOSIINE IS
GYHKUMOHANIBHBIX [IPUMEHEHMM, HaxoHaTCa IIpu 1-2
IIOC/IeJOBATE/IBHBIX 3KCIIOHMPOBAHUAX C MOIIHOCTBIO
7-8 Bt (m1s MMITY/IBCOB JJIMTEIBHOCTEI0 100 HC) 1 15-17 Bt
(mna HMMITY/IbCOB IJIUTEIBHOCTBIO 200 HC), C YaCTOTaMH
CJIeJ0BaHUS UMITY/I5COB 60-80 KI'L1.

JIOTIOJTHUTE/IBHO IIPH JAHHBIX peKMMax OIlpefie/ieHa
BO3MOYKHOCTb CHHKEHHSI CKOPOCTH abpa3sUBHOIO HM3HA-
IIMBAHUS [IOBEPXHOCTHOIO C/I0SI TUTAHOBOIO obpaswa
I10 CPaBHEHHUIO C HCXOJHOH He MeHee, 4eM B 2 pasa, 3a
CUeT IIPOBeAeHHUS JIa3ePHOI0 CTPYKTyPUPOBAHUS IIO[
cnoeM rpadura.

[Tony4yeHHBIe B HACTOAIIEM IIPOEKTe Pe3y/IbTaThl
MMEIOT IIePCIIeKTHBBl [ IIHPOKOIO0 IIpHMeHeHHs
B MeTa/U1000pabaThIBaOIek IPOMBIIIJIEHHOCTH B BUIE
Pa3paboTKU TeXHOJIOTHH aJAUTHUBHOM JIa3epHOM obpa-
OOTKM IUIOCKHX PEXYIIHX HHCTPYMEHTOB IS yBeIH-
YeHHsl SKCIUTYaTAl[OHHOIO Pecypca CTAaHOYHOro 06o-
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surface layer by at least 2 times compared with the
initial one due to the laser structuring under a graphite
layer.

The results obtained in this project have prospects
for wide application in the metalworking manufactur-
ing industry in the form of an additive laser processing
technology for flat cutting tools to increase the service
life of machining facilities. Additionally, the results
can be easily scaled up for similar machining of bulky
tools (milling cutters, turning cutters, drills) by chang-
ing the laser action sweep from flat-field to the cylin-
drical one.
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