=

NA3EPHASl NOBEPXHOCTHAS
MOANOUKALUSA BAHAAXHBIX
CTAJNIEW KAPBUJIOM
BO/Ib®PAMA

A.TI'.Tpuzopbanu, A. B.IlepecmopoHuH,
a.v.perestoronin@bmstu.ru,

A.H. Muctopos, Y. H. Illu2axos

MITY um. H. 3. Baymana, Mockea

dopMUpoBaHMe NOBEPXHOCTHbIX MeTaJI/IokepaMuyeckmnx
KOMIMO3UTHbIX C/1I0€B MO3BOJISET 3HAYNTE/IbHO NOBbICUTb
M3HOCOCTOMKOCTb. [1711 3TOro MOXeT 6bITb UCMOJ/Ib30BaH
npouecc 1asepHO-NOPOLLKOBOM 06pa6boTku. Mpu nogaye
MOPOLLKA COOCHO J1a3epHOMY Jly4y MOXHO B,06UTbCS
¢opmmpoBaHUS r1y60KOro ynpoYHeHHOro c10s, 0AHaKo
npwu Bbibope napameTpoB 06paboTku ciefyeT yunuTbiBaTh
CHUXKEHNEe MHTEHCUBHOCTMU Jly4a NMpu NpOXOXKAEHUN
NnoToKa NopoLuKa 1 Harpes 4YacTul, B NoseTe Yyepes
o6ny4yaemyio o61acTb. PacyeTbl NOKasanu, 4To npum
peanusyemMbix Ha NpakTUKe napameTpax o6paboTku
CHUXXEHNEe MHTEHCUBHOCTM J1a3epHOro U3/TyYeHUs Ha
NnoBepxHOCTU geTann MoxeT gocturatb 10%. CoctosiHue
YyacTuvL, NonNaaaroLWwmX B XXUAKYIO CTaNlb, 3aBUCUT OT UX
pasmepa. YacTuubl CpaBHUTE/IbHO HE60/bLUNX Pa3MepoB
MOrYT UCMbITbIBaTb OMNJ1aB/€eHUE, B pesy/bTtaTe
MHTeHcupuumpyetcsa gudpPysus soibppama B CTasb.
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7Sl 71a3epHOro MOOUQUIIMPOBAHUS II0BEPXHOCTH
HauboJIblllee PacIIpOCTPaHeHe IOYUK/IN TaKKe
IIpoLiecckl, KaK II0BepXHOCTHOe JierdpoBaHHUe
U J1a3epHas Hamaska [1]. ITlosiBneHHe BbICOKOI)PEKTHB-
HBIX MCTOYHHKOB, TaKHMX KaK BOJIOKOHHBIE M ITHOIHBIE
71a3epbl, A0 HOBBIM UMIIY/IbC Pa3BUTHIO 3THUX TEXHOJIO-
THM, a TaKKe MOSIBIEHUIO HOBBIX ITPOLIeCCOB 06paboTKH.
MonuduKalys OBEPXHOCTH MCIIONB3YeTcs, B Ilep-
ByIO ouepellb, B TeX CIydasix, Korga TpeOyeTcsl IIOBBI-
CHUTh MU3HOCOCTOMKOCTD M3JeUM. I KoJleC >Kele3HOM0-
POKHBIX JIOKOMOTHBOB H3HOC I'pebHS SIBISeTCS OTHHUM
13 OCHOBHBIX (aKTOPOB, OIPaHHUYHBAIONIUX MeXKPEMOHT-
HBIH ITpober. [103ToMy 15l aKTya/IbHOM 3aJ]a4uH YIIPOYHe-
HUs 6aH/aKa [TPeJIOSKeHO MHOKECTBO pellleHHH, TaKKX
KaK IUIa3MeHHas [T0BePXHOCTHas 3aKajKa [2-5], anekrTpo-
KOHTaKTHast obpaboTka [6], MexaHH4YecKast obpaboTka [7].
ITOCKOMBKY Il M3TOTOBJIEHUS 9TUX U3[e/HUH IIpUMeHS-
I0TCSI YIJIEPOAUCTble CTAlIM, YIIPOYHEHHe JOCTHIAeTCS
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LASER SURFACE MODIFICATION
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Surface metal-ceramic composite layers formation
provides significant wear resistance increasing. For
this aim, laser-powder processing can be used. With
the powder feeding coaxial to the laser beam, it is
possible to make a deep hardened layer, but the laser
radiation intensity decreasing when the beam paces
through the powder flow and the heating of the
particles flying in the irradiated region are to be taken
into consideration. The calculations showed that
when realizable process parameters are used, laser
beam intensity decreasing reaches the level of 10% on
the component surface. The condition of a particle
that is injected into the melted steel depends on its
size. The relatively small particles can be partly melted,
and it causes the intensification of the tungsten
diffusion into the steel.
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or laser surface modification, such processes as

surface doping and laser surfacing are most widely

used [1]. The emergence of highly efficient sources,
such as fibre and diode lasers, has given new impetus
to the development of these technologies, as well as the
emergence of new processing processes.

Surface modification is used, first of all, in those
cases when it is required to increase the wear resistance
of products. For wheels of railway locomotives, wear of
the flange is one of the main factors limiting the turna-
round time. Therefore, for the actual task of hardening
the bandage, many solutions have been proposed, such
as plasma surface hardening [2-5], electric resistance
machining (6], and mechanical machining [7]. Since
carbon steels are used to manufacture these products,
hardening is achieved primarily by changing the phase
composition of the material. In the initial state, as a
rule, it has a troostite structure, after processing it is
bainitic [4] or martensitic [2, 3]. The increase in hard-
ness achieved in this way makes it possible to increase
the mileage of locomotives up to 3 times, however, this
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B IIEPBYIO ouepesib U3MeHeHHeM (a30BOro cocTaBa Mare-
pHaia. B MCXOMHOM COCTOSIHUM, KaK IIPaBU/IO, OH MMeeT
TPOOCTUTHYIO CTPYKTypy, IIocie 0b6paboTKu - GelHHT-
HYyI0 (4] MM MapTeHCUTHYIO (2, 3]. JlocTuraemoe TaKUM
06pa3oM IIOBBHIIIEHHE TBEPHLOCTH I103BOJISIET YBETHYIHTD
mpober JIOKOMOTHBOB [I0 3 pa3, OJHAKO 3TOr0 HeNOCTa-
TOYHO [/ JOCTHIKEHHS MAKCHUMaabHO 3dGeKTHBHOIO
LIMK/IA UX 9KCIUTyaTallkuH.

[IpMeHeHHe J1a3epHOM 06paboTkU I03BONSET
nobuTbcst 6osee BBICOKOM TBEPAOCTH CTATH 3a CUET
M3Me/Ib4eHUs] MapTeHCUTHOK CTPYKTYpbl, OJHAaKO IIpH
ee IIpHMeHeHUH INTy6rHa 06paboTaHHOIO CI0Sl OTHOCH-
Te/IbHO HeBeTHKa (10 1,5 MM r1pu 06paboTke be3 orinasiie-
HUSI [IOBEPXHOCTH) (8], a /151 TOCTHIKEHHS BBICOKOM IIPO-
M3BOJUTE/IbHOCTH TpebyeTcsl IpUMeHeHHe CIIel[ua/IbHbIX
OITHYeCKUX CHCTEM K BHICOKOMOIIHBIX JIa3epoB [9].

O6mMM HEeJOCTaTKOM BCeX IIePeuHCIeHHBIX CII0CO-
60B SIBISIETCSI OTPaHHUYeHHe MaKCHMA/IBHO JOCTHKHUMBIX
pe3sy/IbTaToB 06pabOTKK CBOMCTBAMHU MaTepHhala H3Je-
nusi. JlanbHel1Iee IIOBBIIIEHHe CBOKCTB II0BEPXHOCTHOTO
C/10s. MOKHO 00eCIleurTh IyTeM HaIUIaBKU KM JIeTH-
POBaHHUsI, B 0DOHX C/Iy4asix [JISl JIOKQJIM3AI[UK BO3MEH-
CTBUSA 3PPeKTUBHO IIPUMEHEeHHe JIa3epPHOr0 TeIlIOBOIO
HCTOYHUKA.

JlasepHasl HaIlIaBKa MeTaJ/IOKePAaMUYeCKUX KOMIIO-
3UTHBIX C/I0€B I103BOJISIET JOOUTBCS PEKOPAHBIX ITOKa3a-
Tesler TBePAOCTH M U3HOCOCTOMKOCTH (10, 11], HO BHOCHUT
CyIlleCTBeHHOe M3MeHeHHe B TeOMeTPHIO H3/le/Ihsl U Tpe-
byeT mpuMeHeHHUs 60NBIIMX O6BEMOB IOPOTOCTOSIIHX
IIPHUCAIOYHBIX MATEpPUAIIOB. B TO >Ke BpeMsi IONYYUTh
[IOBEPXHOCTHBIM KOMIIO3UTHBIM C/IOHM CHCTEMBI CTa/Ib-
Kapbuz Bobdpama MOKHO 6e3 HCII0/1b30BaHHsI [IOPOIIKA
a1 GOpMUPOBaHUS MaTPHLBI, HCIIOAb3ys IIPOLIecC,
POZICTBEHHBII JIETHPOBAaHHMIO, a MMEHHO: IyTeM BBeJle-
HHSI aPMUPYIOLIUX YacTHL, HEeIlOCPe[CTBeHHO B BaHHY
pacIlylaBa Ha IIOBEPXHOCTH H3Jelus. B YacTHOCTH,
[IOKa3aHa BO3MOXKHOCTb YIIPOYHEHMS IyTeM IIpHMe-
HeHMs IJ1a3MeHHo-TlopomKkoBor [12, 13] u sasepHo-
IIOPOIIKOBOX (14, 15] 06pabOTKHU CTa/IBHBIX eTa/IeH.

Kak mokasaHo B pabote [15], 1a3epHO-TIOPOILIKOBasI
o6paboTka I03BOJISET IONYYUTh KOMIIO3UTHBIN CJIOH
co chepuveckumu vactunamu WC. Hawboree parimo-
HaJIPHO KMCII0/Ib30BaHMe YACTHULL AHaMeTpoM 90-150 MKM.
OnHaKo, B OT/IMYHeE OT IIPOLIECCOB HAIUIABKHU, IIPH 3TOM
TuIle 06paboTKu TpebyeTcst, YTOOBI 1a3epHOE U3/TyIeHHe
B IIepBYIO O4epe/lb MCIIOIb30BATIOCH [/ PaCIlIaBlIeHus
MeTaJIIa IOAJIOKKH . IIpH 3TOM pa3BUTHe IIpoLiecca McIa-
PeHHS MeTa/lla Heske/laTellbHO, TaK KaK MOXKeT IIPUBECTH
K 3aTpyAHEHUIO BBefleHUs Iopomika [16]. H36bITOUHBII
HarpeB MOYKeT OIUIABJISTh UK [ake Pa3pyLIaTh YaCTULIBL
IIOPOIIIKA, YTO CHHU3UT ero pojib Kak apMHUPYIOILEro KOM-
IIOHEeHTa KOMITO3UTHOTO C/I0$1, a TakKe MOKeT ITPUBEeCTH
K U3MeHEeHHI0 XMMHUEeCKOro CoCTaBa CTanu [17].

is not enough to achieve the most effective cycle of their
operation.

The use of laser processing allows to achieve a higher
steel hardness due to the grinding of the martensitic
structure, however, when applied, the depth of the
treated layer is relatively small (up to 1.5 mm when pro-
cessing without melting the surface) [8], and to achieve
high performance, special optical systems are required
and high-power lasers [9].

A common disadvantage of all these methods is
the limitation of the maximum attainable processing
results by the material properties of the product. A fur-
ther increase in the properties of the surface layer can be
achieved by surfacing or doping, in both cases the appli-
cation of a laser heat source is effective for localizing the
impact.

Laser surfacing of metal-ceramic composite layers
allows achieving record-breaking indicators of hardness
and wear resistance [10, 11], but makes a significant
change in the product geometry and requires the use of
large volumes of expensive filler materials. At the same
time, the surface composite layer of the steel-tungsten
carbide system can be obtained without using powder to
form a matrix using a process related to doping, namely,
by introducing reinforcing particles directly into the
molten bath on the surface of the product. In particular,
the possibility of hardening by using plasma-powder [12,
13] and laser-powder [14, 15] processing of steel parts was
shown.

As shown in [15], laser-powder processing makes it
possible to obtain a composite layer with spherical WC
particles. The most rational use of particles with a diam-
eter of 90-150 microns. However, unlike the processes of
surfacing, while the processing requires that laser radia-
tion is primarily used to melt the substrate metal. At the
same time, the development of the metal evaporation
process is undesirable, since it can lead to difficulty in
the introduction of powder [16]. Excessive heating can
melt or even destroy powder particles, which will reduce
its role as a reinforcing component of the composite
layer, and can also lead to changes in the chemical com-
position of the steel [17].

Thus, when developing the technology of laser-
powder modification of the surface in order to form a
composite layer of steel-tungsten carbide, it is necessary
to evaluate the decrease in the intensity of laser radia-
tion during the passage of the gas-powder flow. Moreo-
ver, it is necessary to evaluate the heating of the parti-
cles, as well as determine the possibility of changing the
chemical composition of the steel matrix.

In this work, steel of grade 2 according to GOST
398-2010 was used as the matrix material, and spheri-
cal tungsten monocarbide powder containing particles
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TakuM obpa3om, IIpu pa3paboTKe TeXHOIOTHH
7a3epHO-TIOPOIIKOBOM MOAHUPUKALIUMN I1OBEPXHOCT-
HOCTH C LIe/bi0 GOPMHPOBAHHSA KOMIIO3UTHOIO CJI0S
cTanb-kapbup BonmbdpaMa HEobXOOUMO OLIEHUTh CHU-
SKeHMEe HHTEeHCHBHOCTH JIa3€pHOTO HM3/IyYeHMs IIPHU
IIPOXOKAEHUH Ia30II0POIIKOBOrO I0TOKa. Kpome 3T0rO,
CJleflyeT OLIeHUTh HarpeB YacTHUILIL, a TakKe OIpele/IUuTh
BO3MOKHOCTb M3MeHeHHs XMMUYeCKOI0 COCTaBa CTa/lb-
HOM MaTpPHLIHI.

B maHHOM paboTe B KayeCcTBe MaTepHasa MATPHIIBI
MCII0/Ib30Ba/IaCh CTalb Mapku 2 1mo I'OCT 398-2010,
B Ka4yeCTBe apMUPYIOIIKX YacTHULL ~ cheprUIecKUH I10pPo-
IIIOK MOHOKapbuia BonbdpamMa, comepsKallri YacTHUIIBL
oyaMeTpoM oT 50 1o 200 MKM c mipeobnafaromen gppax-
LIKeHr 0Kojo 100 MKM. [Iisl 3KCIIepHMeHTaIbHBIX HCCTIe-
INOBAaHUI HCIIONb30BAJICSI POOOTH3UPOBAHHBIN TeXHO-
JIOTMYeCKHI KOMIUIEKC Ha OCHOBe BOJIOKOHHOTO JIa3epa
JIC-5 mpoussogcTBa OO0 «HTO HP3-Tlomroc», reHepu-
PYIOIIMI HeIIpepblBHOM Ja3epHOe M3AyueHHe MOII-
HOCTBhIO 0 5 KBT Ha miuHe BoaHBL 1070 HM. Ilomaya
IIOPOIIKA OCYIIECTBJISIZIaCh COOCHO C MCIIO0/Ib30BAaHHEM
TeXHOJIOTHYEeCKON ONTHYeCKOH TOJIOBKHU /IS J1a3epHOM
HaIUIAaBKU U IUTaTeNs], 00eCIIevrBaIoONIero HellpephIB-
HoOe IIOCTYIUIeHHS IIOPOLIKA B II0TOKe TPaHCIIOPTHPYIO-
mero rasa (aproHa). B3auMHOe pacIonoXXeHHe Jasep-
HOI'O JIyYya M IIOPOILIKOBOIO II0TOKA IIPefCTaBIeHO Ha
puc. 1.

IToTOK YacTHL, IIPOXOISLIMM Uepe3 00/1acTh pac-
IIPOCTPaHEHHUS JIa3€pHOro Jjy4ya, AO/KEH OKa3blBaTh
BO3JeHCTBHe Ha MHTEHCHBHOCTb M3/Iy4eHHs, IOIafa-
IOIIET0 Ha CTAJIbHYIO IIOJJIOXKKY.

[Ipy OLleHOYHOM pacyeTe NOIH H3JIy4eHHUs, IIPO-
XOJsIIEeHN Yepe3 MOPOLIKOBBIM IIO0TOK, MOKHO HCII0/Ib30-
BaTh CJIeAYIOLIKe JOMYLIIeHHA:

* YacTHULBl MONAJAIOT IO OEHCTBHS JIA3epPHOIO
M37yYeHMs TOJBKO Ha 3aBeplIaiolleM y4acTKe
nyTH, B6/IK3K PoKyca ISTHA TOPOLIKA;

* B IIpefenax 3aBepllamollero yd4acTka IYTH
OHaMeTp Ja3epHOro Jiyya U AHUaMeTp II0TOKa
[IOPOIIKa MOXKHO CYHUTaTh IIOCTOSSHHBIMH,
Y, C yYETOM OITHMHM3ALIMH PACcXofa II0CTeSHero,
PaBHBIMHU;

*  pacrpeferneHHe IUIOTHOCTH MOILIHOCTH IIO IIOIIe-
pedyHOMY CeueHMIO JIa3epHOro Jydya B TOH >Ke
30He MOKHO CYUTATh PABHOMEPHBIM;

*  TIOPOIIKOBBIM IIOTOK COCTOUT M3 YaCTHL OFHOIO
OHaMeTpa, ABIDKYIIMXCS C OLUHAKOBOLM CKOPO-
CTBIO.

ITocKOMBKY AHaMeTp IMOPOMIMHOK (MHHHMaJbHas
dpakums 50 MKM) CyIIeCTBEHHO DosbIle IMHbI BOTTHBL
H3/y9eHHUs BOJIOKOHHOro nasepa (1,07 MKM), Ko3ddu-
I[MeHT 3aTyXaHHUs B 00JIacTH, comepsKalledl YacTHIBI,
MOXXHO PaCCUMTaTh II0 MeTOAHKe, MpeAJIoKeHHOU
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with a diameter of 50 to 200 microns with a predomi-
nant fraction of about 100 microns was used as rein-
forcing particles. For experimental studies, a robotic
technological complex based on LS-5 fibre laser (NTO
IRE-Polyus LLC) was used, which generates continuous
laser radiation with a power of up to 5 kW at a wave-
length of 1070 nm. The powder was supplied coaxially
with the use of a technological optical head for laser
surfacing and a feeder, ensuring continuous flow of the
powder in a stream of carrier gas (argon). The mutual
arrangement of the laser beam and the powder flow is
shown in Fig. 1.

The particle flux passing through the area of propaga-
tion of the laser beam should affect the intensity of the
radiation falling on the steel substrate.

When estimating the fraction of radiation passing
through a powder stream, the following assumptions
can be used:

 particles are affected by laser radiation only on
the final part of the path, near the focus of the
powder spot;

+ within the final section of the path, the diameter
of the laser beam and the diameter of the powder
flow can be considered constant, and, taking into
account the optimization of the flow rate of the
latter, equal;

 distribution of power density over the cross sec-
tion of the laser beam in the same zone can be
considered uniform;

Jla3epHBIN Ty4
Laser beam

Ta30II0POIIKOBBI
IIOTOK
Gas-powder flow

Puc. 1. Cxema 83aumH020 pacnonokeHusl Aa3epHozo Ay4a

U 2a30N0pOLIKOB020 NOMOKA

Fig. 1. Scheme of the relative position of the laser beam and
gas-powder flow
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M HU3ydeHHOH B paborax [18-19], mis xosdpduimeHTa
3aTyxaHMS 3allHIeM BeIpakeHHe (1):

3
k, = ﬂ, )

2(1 ~Ppwc ) dWc

rze ky -~ Ko3pOHUIIHMEHT 3aTyXaHHUs U3Ty4deHUs, M}

Pfwc ~ OTHOCHTe/IBHAS IIOTHOCTb CONEPKAHMSL

HeITPO3PayHBIX YaCTHULI B 00JIACTH PACIIPOCTPAaHEHHS

ny4a;

dyc - IMaMeTp yacTull Kapbua Bonbdpama, M.

dopMyJsa yUUTHIBAeT IIOTEPU H3IYYeHHUs Ha IIOLTIO-
I[eHKe U paccessHUe Ha YacTULIAX U II03BOJISET OLIEHUTh
IajieHue WHTEHCUBHOCTU JIy4a, IIPOXOASIIEro depes
IIOTOK YaCTHII,

[IIOTHOCTh YaCTHIl MOXKHO PacCYMUTATh U3 reoMe-
TPHUECKUX Co0bpaskeHUI. Ha mocienHeM y4acTKe IMyTH
dopMy /yda U IIOTOKA ITOPOIIKA MOKHO CYMTATh LIHUIHH-
OPUYECKHMU M IIPHMEPHO PaBHBIMH II0 pasMepaMm Ha
nnvHe hyc, obbeM obnacTu, comepsKalledl YacTHIIBI
Y BIMSIOIIEN Ha ITPOXOXKIEHHUe JIa3epHOro JIyda MOXKHO
paccurTaTh 1o popmyie (2):

AT ey

i g
11T

« powder flow consists of particles of the same
diameter, moving at the same speed.

Since the diameter of the powder grains (minimum
fraction is 50 pm) is substantially larger than the wave-
length of the fibre laser radiation (1.07 pm), the attenua-
tion coefficient in the region containing particles can be
calculated by the method proposed and studied in [18-19],
the following expression can be used for the attenuation
coefficient (1):

3p
k, = ———MC___ 1)
' 2(1— Pch)dwc

where ky is the attenuation coefficient of the radia-
tion, ml;
pywc is the relative density of the content of
opaque particles in the region of propagation of
the beam;
dycis the diameter of tungsten carbide particles,
m.

The formula takes into account the loss of radiation
due to absorption and scattering on particles and makes
it possible to estimate the drop in the intensity of a
beam passing through a stream of particles.
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e V) - o6beM 06/1aCTH pacripocTpaHeHHs Iy4a, Colep-

JKalllero YacTUIIBI Kapbua Boabdpama, M3;

hyc ~ IVIMHA TTyTH YacTULIBL Yepe3 obydaeMBbIH y4a-

CTOK, B J]AHHOM pacyeTe Ha OCHOBE 3KCIIepHMeH-

Ta/IBHBIX JAHHBIX IPUHUMAaeTcs paBHOM 0,002 M.

d, - TMaMeTp 1la3epHOro y4a, B JAHHOM pacueTe

coctasiset 0,003 M.

JlomycTuM, 4TO BCe MOpPOMIMHKH WC UMEIOT PaBHBIM
avamerp 100 MKM, TOorma 0bbeM, 3aHHMaeMbIl UMHU
B HCCTefyeMON 06lacTH, 3aBHCHUT OT KX KOIHMYECTBA,
KOTOpOe B CBOIO OY€pefib 3aBUCHUT OT MACCOBOIO pacxoza
[IOPOIIKA M CKOPOCTH JIBUYKeHMS OTZE/IbHBIX [IOPOLIMHOK.
OTHOCHTe/NbHAasI IVIOTHOCTb YaCTHL MOXKET OBITh OIlpesie-
neHa 1o dopmyie (3):

\Y/

Prve =2 = 7MWC
fwe \4 nVWCdIZch '

3)

e My, ~ MacCoBBIN PACcXOf IIOPOIIKaA, KI-C'L,

Vi ~ CPeRHSISE CKOPOCTh IBHSKEHH S YaCTHULL, M*C L,

Ywc ~ IVIOTHOCTB IIOPOIIIKA Kapbuaa Bonbdpama,

coctasyseT 15670 kr-m=3,

HHTEeHCHBHOCTb JIA3ePHOTO H3/Ty4YeHHUs, PacIpocTpa-
HSIOLIETrocsl B cpefie ¢ KO3QUIIMEHTOM 3aTyXaHHUs ky,
ompefienseTcs 1o popmyie (4):

I, = I,e lhue, @)

rael, - IJIOTHOCTh MOIIHOCTH JIa3€PHOTO H3JTyYeHHS,
BBIXOJSIIIIETO M3 OIITHYeCKOM CHCTeMbI, BT-M?;
I} - IUIOTHOCTb MOIIHOCTH JIa3epHOI0 H3/TydYeHHS,
IIOITa/IAIOIIEro Ha MOJJIOKKY, BT M2,
Ha ocHoBe BbIpaskeHHH (1) - (4) Wi JoMU H3MydeHUs,
TOCTHTAOIIEH TOJI0KKH, MOSKHO 3aIIMCaTh BEIpakeHHe (5):

8 =exp| - 6 Muychyc . (5)
| o Mae gy
TWVyc 12 Ywe werTwerR e

Pe3ynpTaThl pacdeTa Io dopmyse (4) O/ MaCCOBBIX
pacxomoB B uHTepBase ot 0,005 o 0,05 K["MHH U CKO-
POCTer ABYKEHM S YacTHLI 0T 5 10 10 M-c! ripesicTaBiieHsl
Ha pHC. 2.

U3 rpaduKoB BHUAHO, YTO AONA HU3MY4eHHUS, JOCTUI-
IIero IoAJIOKKH, cocTasisgeT or 0,90 mo 0,99 mpu mpak-
THUYeCKH pealM3yeMbIX IIapaMeTpaX IIOJauyM IIOPOIIKA.
[lonyyeHHBle Pe3yabTaThl KadeCTBEHHO COIIACYIOTCS
C 3KCIIePUMEHTAIbHBIMU JAHHBIMHU, IIPUBeJeHHBIMHU
B pabote [20] i aHAIOTMYHOM TeXHOJIOTHYECKOHM YCTa-
HOBKH. IIOCKOJIBKY KOTHMYeCTBO BBOOMMOL SHEPIHH BIH-
sleT Ha obbeM BaHHBI PacIlIaBa, ClefyeT KOPPeKTHPOBATh
PEKUM J1a3epHOM 00pabOTKU B 3aBUCHMOCTH OT Iapa-
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Particle density can be calculated from geometri-
cal considerations. In the last section of the path, the
shape of the beam and the powder flow can be consid-
ered cylindrical and approximately equal in size over
the length of hy,, the volume of the region containing
particles and affecting the passage of the laser beam
can be calculated using formula (2):

V, = thy &, @

where V) is the volume of the propagation region of
the beam containing tungsten carbide particles,
m3;
hy,cis the path length of a particle through the
learning site, it is assumed to be 0.002 m in
this calculation based on the experimental data;
d, is the diameter of the laser beam, it is 0.003 m
in this calculation.

Suppose that all WC powder grains have an equal
diameter of 100 pm, then the volume occupied by them
in the studied area depends on their quantity, which
in turn depends on the mass flow of powder and the
speed of movement of individual powder particles. The
relative density of particles can be determined by the
formula (3):

\ My
e = o= e G)
e V, 1-[Vvvcdlz Ywe

where My, is the mass flow rate of the powder, kg-s;
Ve is the average particle velocity, m-s™;
Ywec is the density of tungsten carbide powder,
which is 15670 kg-m™.

oy 1,00
o
. E 0,99 - CKOPOCTb YaCTHLI,
¥5 098F T~ , m/c
go= 097 Particle velocity,
HES S m/s
g g'g £ 0,96 10
2953 0,05
ggcg ;
w2 o 0,94rF 7,5
s © o .
é; 5% 0,93
5E 0,92}
& 2 "5
S 0,91 |-
P 0,90 | | | | |
0 10 20 30 40 50 60

MaccoBBIH PACcXO[, ITOPOIIKA, I'/ MUH

Puc. 2. 3asucumocmb 0oAu u3AyveHUs), docmuzaroweti noo-
AOXKKU, 0mM napamempos noda4yu nopowKa

Fig. 2. Dependence of the fraction of radiation reaching the
substrate on the powder feed parameters
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MeTpOB II0fa4l IOpPOIIKa. [IpU coXpaHeHHH MOLIHOCTH
JTIa3epHOT0 M3/Ty4eHHs Ha OHOM YPOBHE C POCTOM II0Ja4uK
IIOPOIIIKA CTIefyeT OKK/ATh YMeHbIIeHHsT o6beMa BaHHbI
pacIiaBa U yMeHBbLIEHHUS ITyOHHBI 06pabaThIBaeMoro
(o)(:8

PacueTsl HarpeBa YacTHI] IO AeHCTBHEM J1a3epPHOro
M3Iy4eHHs IOKa3ald, YTO HUX TeMIlepaTypa 3aBHCHUT
OT pa3sMepa 4YacTHLBI, IIpUYeM I OPOIIMHOK MHHU-
MaJIBHOTO M MaKCHMJIBHOTO pa3Mepa, MPHCYTCTBYIO-
IIUX B BBIOPAHHOM IIPHC3fIOYHOM MaTepuaje, MOTYT
PEaIK30BBIBATHCS TIPUHLIUIIMAJIBHO Pa3/IMYHbIE CI€Ha-
PUH. B 4acTHOCTH, YacTULIBI JuaMeTpoM bonee 100 MKM
MOI'yT IONaAaTh B PacilIaB, MMesl TeMIIEPaTypy HEKe
TeMIIepaTypsl IUIaB/IeHUs CTald, 61arogapst uemy OHHU
[IOTeHIMaJIbHO MOIYT CTaTh LIEHTPAaMH KPHUCT/UIM3a-
UMK, YacTHULBI JUAMeTpOM MeHee 60 MKM MOIYT IIpe-
TepIeBaTh OIUIaB/IeHHe. M3 pabotsl [21] M3BecTHO, YTO
IIpU BBICOKHX TeMIlepaTypax Bo3MOXKHa AUGPY3Hs BOIb-
dpama B CTajlb, UYTO MPUBOOUT K M3MeHEHHIO CBOMCTB
[IOC/IeJHeH .,

Ha puc. 3 npuBefeHEl Pe3y/IbTaThl K3MEePeHHUs Colep-
SKaHMS SKeime3a M Bonbdpama BOnm3u dactuisl WC
B YIIPOYEHHOM CJI0e Ha 37IeKTPOHHOM MHKPOCKOIIe MeTO-
nom IJIC.

HabiniofaeTcss IpUCYTCTBHE 3TOrO 37eMeHTa B CTajIb-
HOM MAaTpHlle, YTO IIPUBOJUT K HEOJHOPOLHOCTH ee
CBOJCTB.

TakuM o0b6pasoM, sa3epHasi MOAHUQPUKAIIUS IOBEPX-
HOCTH 6aH/aKHOM CTaJK KapOuaoM BOMbdpaMa MOKET
OBITh peann3oBaHa Ha PEXKHUMax, obecreunBaOIIKX Fe
HeIIO/IHOe IIaB/IeHHe II0PoIlKa K Auddy3Hio Bonbdpama
B CTaJIBHYIO MaTpHLy. IIpH 3THX YC/IOBHUSX IIOBBIIIAIOTCS
MexaHHYeCcKHe CBOMCTBA IIOBEPXHOCTH M HM3HOCOCTOM- b)
KOCTb, KaK IT0Ka3aHo B pabore [15].

100 prm

95,5%

78,1%

BbIBObl
1. Ta30mOpoIIKOBBIK IIOTOK, HCIIONb3yeMBbIH [I/Is1 BBe-
JeHus 4actul, WC B IIOBEpPXHOCTHBIM C/IOH IIpU
Na3epHON 00paboTKe, CHIKAET MHTEHCHBHOCTD
[IPOXOJAIIET0 H3/y4eHUs Ha BeJIMYMHY [0 10%,
YTO C/IeflyeT YYUTBHIBATh IPH ONTHMHU3ALUHU I1apa-
METPOB PeKHMa;
2. Harpes mopolIKa jia3epHbIM H3/1y4YeHHeM BbI3bl-
BaeT HMHTeHCHPUKALUIO ITUPPy3sHH Boabdpama,
B IEpBYI0 oO4epenb - M3 HeDONBIIMX YaCTHI,
B CT/IBHYIO MaTPULy KOMIIO3UTHOIO CJIOS;
3. H3MmeHeHMe cofepKaHHs BoibdpaMa IIPHUBO-

OUT K JIOKJJIbHBIM H3MEHEHHU S CBOMCTB CT/IU Ha Puc. 3. M3mepeHue xumuyeckoz2o cocmasda ynpouyHeHHo20 CAoS:
TIOBEPXHOCTH a— AUHUS pacnoAoXKeHUs mo4vek usmepeHus, b - usmereHue
codepykaHus Fe; ¢ — usmeHeHue codep>kaHus W

U . Fig. 3. Measurement of the chemical composition of the hard-
CCTefOBaHME  BBIIONHEHO TPU  QHHAHCOBOU | nodjqver g - fine of measurement points location: b - change

nozepkke POOM B paMKax HAy4HOTO IPOEKTA | jnthe Fe content, ¢ - change the W content
Ne 17-20-03230.
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The intensity of laser radiation propagating in a
medium with a damping coefficient k) is determined by
formula (4):

I, = I,e e, (@)

where I, is the power density of the laser radiation
emerging from the optical system, W-m?2; I is the
power density of the laser radiation incident on the sub-
strate, W-m?.

Based on expressions (1) - (4) for the fraction of
radiation reaching the substrate, we can write down the
expression (5):

6 Mychye
4 M,

2
Twwcdl Ywe

(5)

8, =exp| -
-

J : dWCnVWCdIZYWC

The results of the calculation by formula (4) for mass
flow rates in the range from 0.005 to 0.05 kg-min™
and particle speeds from 5 to 10 m-s? are presented
in Fig. 2

From the graphs it can be seen that the propor-
tion of radiation reaching the substrate is from 0.90
to 0.99 with practically implementable powder sup-
ply parameters. The results obtained are in qualitative
agreement with the experimental data presented in [20]
for a similar process installation. Since the amount of
energy input affects the volume of the molten bath, the
laser treatment should be adjusted depending on the
powder feed parameters. While maintaining the laser
power at the same level, with an increase in the powder
feed, a decrease in the volume of the molten bath and
a decrease in the depth of the treated layer should be
expected.

Calculations of the heating of particles under the
action of laser radiation showed that their temperature
depends on the size of the particles, and fundamentally
different scenarios can be realized for powder particles
of the minimum and maximum size present in the
selected filler material. In particular, particles with a
diameter of more than 100 pm can ingress into the melt,
having a temperature below the melting point of steel,
due to which they can potentially become crystallization
grains. Particles less than 60 pm in diameter may par-
tially melt. It is known from [21] that at high tempera-
tures tungsten diffusion into steel is possible, which
leads to a change in the properties of the latter.

Fig. 3 shows the results of measuring the content of
iron and tungsten near the WC particle in the hardened
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layer on an electron microscope using the EDS method.The
presence of this element in the steel matrix is observed,
which leads to the heterogeneity of its properties.Thus,
laser modification of the surface of the banding steel
with tungsten carbide can be implemented in modes
that provide incomplete melting of the powder and dif-
fusion of tungsten into the steel matrix. Under these
conditions, mechanical surface properties and wear
resistance increase, as shown in [15].

CONCLUSIONS

1. Gas-powder flow, used to introduce WC par-
ticles into the surface layer during laser pro-
cessing, reduces the intensity of the transmit-
ted radiation by up to 10%, which should be
taken into account when optimizing the mode
parameters;

2. Heating the powder with laser radiation causes
an intensification of the diffusion of tungsten,
first of all from small particles, into the steel
matrix of the composite layer;

3. Changing the content of tungsten leads to local
changes in the surface properties of steel.

The reported study was funded by RFBR according to
the research project Ne 17-20-03230.
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