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OMPEAENEHUE BANAHUS
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JlazepHas HannaBka MeTaIJiokepamMu4ecKmx
NOpPOLLKOB Ha KpynHOrabapuTHble Usgenvs npupaert
MX NOBEPXHOCTSAM HOBble aHTU)PUKLUOHHbBIE
CBOWCTBA. B cTaTbe NpuBeAeHbl pe3ybTaThbl
nccnefaoBaHUM BAUSIHUS XMMUYECKOro cocTaBa
LWNXTbl U PEXXMMOB J1a3epHOM HanJ1aBKu Ha
M3HOCOCTOMKOCTb MOKPbITUI. OnpeaeneHbl
npepesbHble 3Ha4YeHMS NJIOTHOCTU 1asepHoi
3Hepruu, Npu KOTopbiX MPOUCXOAUT BbirOpaHue
JIernpyoLLmnx 3J1IEMEHTOB M HAYUHAETCS CHUXEHUE
M3HOCOCTOMKOCTU. PaspaboTaHa MeTOAMKA OLLEHKU
Ko3pPurLuMeHTa U3HOCOCTOMKOCTHU Ha 6ase meTopa
CK/lepoMeTpUpOBaHUS, KOTopasl No3BoJisieT
COKPaTUTb LUK/ UCMbITAHUA U CPOKM onpeaeneHus
M3HOCOCTOMKOCTU Y3/10B TPEHUS: KOJIeHYaTbIX BaJIOB,
BaJIKOB MPOKAaTHbIX CTAHOB, LLeeK BaJIOB ra3oBbiX

M NapoBbiX TYP6UH U ApYyrux.

75 BOCCTAaHOBJIEHUSI IIOBEPXHOCTEH TpeHHS

JeTajllell MalllMH C [pHMeHeHHeM Ja3epHOro

H3JIy4eHHUs] HCIIONb3YIOT IOPOLUIKK Ha HHUKeJle-
BOM OCHOBe. YIIPOYHSIIOIIMMM $a3aMH TaKHX IIOKPBI-
THUH MOTYT 6bITh Kapbupsl Cr,;Cy, Cr,C,, CrB, Cr,B, Cr,C;
(1,2] mnm BBICOKOIIpOUHBIe Kapbuasl Bombdpama WC,
xpoMma Cr;C,, kpemHus SiC, tutaHa TiC u ap. OHuU
I103BOJISIIOT I10JIy4aTh KPyIIHbIe IEPBUYHBIE U/IH 6o/tee
MeJIKHMe BTOPHUYHBIe KapOubl 3THX 3/leMeHTOB [3].
Yrpounsitomue ¢assl NiCrBSi MOKPBITHI UMeIOT 6071b-
IIMe 3Ha4YeHU s TBePIOCTH 110 CPAaBHEHHUIO C MAaTpHULIeH
M BHOCSIT CyILIeCTBEHHBIN BKJIAJ B OOIIyI0 TBEPAOCTH
MOKPBITUK. OAHAaKO HalHW4dKe TakKUX da3 B CTPyK-
Type MOKPBITHS MOXKeT HeOZHO3HAa4YHO BJAHSTh Ha ero
HM3HOCOCTOMKOCTb. H3BeCcTHO, 4YTO MO [AeHCTBHEM
abpasyMBHOIO 3epHa KPYIHBle KapObUABI CKIOHHBI
K JIOKaJIbHOM ¢parmeHTauuu [4]. Hanuume kpym-
HBIX YIIPOUHSIONIMX YaCTHL] MOXKeT Ja’ke IIPUBOAUTD
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DETERMINATION OF THE
INFLUENCE OF LASER CLADDING
MODES AND COMPOSITION

OF POWDER MATERIAL

ON COATING WEAR RESISTANCE

V.P. Biryukov, PhD., laser-52@yandex.ru FSBES
"A. A.Blagonravov Institute of Machines Science of
RAS", Moscow, Russia

Laser cladding of metal-ceramic powders for large-
sized products gives their surfaces new antifriction
properties. The results of studies of the effect of

the influence of charge chemical composition and
laser cladding modes on the coating wear resistance
are given in this article. The limiting values of the
laser energy density are determined at which the
alloying elements burn out and the wear resistance
begins to decrease. A technique of estimating the
wear resistance coefficient is developed based on
sclerometric method that reduces test cycle time
and period of determining wear-resistance of friction
units: crankshafts, roll mills, shaft necks of steam and
gas turbines, etc.

applying laser radiation, nickel-based powders

are used. The hardening phases of such coatings
can be carbides CryC,, Cr,C,, CrB, Cr,B, Cr,C; [1,2]
or high strength tungsten carbides WC, chromium
Cr;C,, silicon SiC, titanium TiC, etc. They make it
possible to obtain large primary or smaller secondary
carbides of these elements [3]. Reinforcing phases of
NiCrBSi coatings have large hardness values compared
with the matrix and contribute significantly to the
overall coating hardness. However, the presence
of such phases in the structure of the coating can
have an ambiguous effect on its wear resistance. It
is known that, under the action of abrasive grains,
large carbides are prone to local fragmentation [4]. The
presence of large hardening particles can even lead to
accelerated wear [5]. The introduction of significant
amounts of titanium carbide in the chromium-nickel
coating can be accompanied by coating embrittlement
[6l. In [7], NiCrBSi-TiC composite coatings were
characterized by reduced ability under conditions of
repeated elastoplastic deformation. This was explained
by the presence of large TiC carbides in the coating

T o restore the friction surfaces of machine parts
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K YCKOpeHHOMY H3HoCy [5]. BBeleHHe B COCTaB XpO-
MOHMKEJIEBOIO IIOKPBITHS 3HAYMUTEIbHBIX KOIUYECTB
KapbuJa THUTaHa MOXeT COIIPOBOXKIATBHCS OXPYIIUH-
BaHMeM IOKPHITHS [6]. B paboTe [7] KOMIIO3UIIHOHHBIE
nokpbiTuss NiCrBSi-TiC XapaKTepH30BaIHCh IIOHU-
SKEHHOH CII0COOHOCTBIO B YCJIOBUSIX ITOBTOPSIIOIIETOCs
YIIPYTOIIaCTUYeCKOro AehopMHPOBAHUSL. ITO 00B-
SICHSLJIOCh Ha/IMYKEeM B ITOKPBITUH KPYITHBIX KapOHI0B
TiC, crocobCcTBYIOMKMX YCKOPEHHOMY TpellnuHoobpa-
30BaHHUIO MPHU IYIbCUPYIOIIEM MeXaHHYeCKOM KOH-
TaKTe. B KauecTBe MaTepHaJsIOB /I MOKPBITUH ObLIN
HCIIO0/Ib30BaHBI ITOPOLIKK CIUIABOB cHcTeMBl NiCrBSi
CpaHy/JIOMeTpUYecKoro coctaBa 40-160 mxm - III-CP2
(0,48% C; 14,8% Cr; mo 5% Fe; 2,9% Si; 2,1% B; ocTanbHOe -
Ni) u mopomka TiC rpaHYJIOMeTpPHUYeCKOro COCTaBa
50-100 MKM B KonuuecTBe 25 mac. % [8]. [a30mopoIKo-
Bas Jjla3epHas HaIulaBKa mposoamiack CO,1asepoMm
HeIIPepbIBHOIO [eHCTBUS IPU MOLIHOCTH H3/Iyde-
HuA 1,4-1,6 kBT, ckopocTy 160-180 MM/MHH, pacxope
nopomxka 2,9-4,9 r/MuH, pasMepe JIa3epHOIO IISTHa
Ha IT0BePXHOCTH 6x1,5 MM. IIpH JIa3epHON HaIlIaBKe
niopoKkoB III-CP2 u (75%I1I-CP2 + 25%TiC) MUKpPOTBep-
JOCTb IIOKPBITHI COCTaBH/Ia COOTBETCTBEHHO 520+10
1 77060 HV 0,1. PopMHpOBaHHE TBEPABIX YIIPOYHSIIO-
mux dpas TiC (2500-2900 HV) u (Ti, Cr)(C, B)(~2000 HV)
B IOKPBITHH 75% II[-CP2 + 25% TiC obycioBavBaeT
pe3Koe CHH)KeHHe HHTEHCHUBHOCTH H3HAIIMBAHUS
B 2,2-2,5 pa3a II0 CpaBHEHHIO C ITOKpbITHeM III-CP2
[P KCIBITAHHUHM II0 KOPYHAY, TBEPAOCTb KOTOPOIO
6113Ka TBepAOCTH KapbumoB, 6opumoB u Kapbobopu-
IOB XpoMa M 3aMeTHO YCTyIlaeT TBEPHOCTH Kapbuaa
THUTaHA.

MeTanaoKkepaMUYecKre IMOPOLIKM /IS HaIlJaBKU
comepskanu 60% kapbuma Bonbbpama u 40% oponika Ha
OCHOBe HHUKeJIs 1o Macce [9]. IIna3MeHHYI0 HaIlJIAaBKY
ITPOM3BOAMI/IN IIPU HAIIPSsKeHUH 25 B 1 Toke 140-160 A
Y PacCTOSSHUM OT TOPLIA [JIA3MOTPOHA 14 MM IIpH pac-
Xofle mopomKka 25-30 T/MHMH W CKOPOCTH IlepeMelle-
Hu4 0,3-0,5 MMm/c. lllMprHa HalIaB/IeHHBIX JOPOXKEK
coctasisiyia 25-30 MM IIpH TONIKMHe 4-6 MM. MCIIBI-
TaHHe Ha abpa3syBHOe M3HAIIWBAHME IPOM3BOUIIU
o ctaHaapty CIIA ASTM-G65-04. A6pa3uBHasi U3HO-
COCTOMKOCTb YBETUYMJIACH B 2-5 a3, pruyeM bombliue
ee 3HaueHMs HaOMIONAIOTCS IIPU YBeTHYEHUU COAep-
JKaHUA XpoMa 0T 8 1o 14%. TBepooCTh MOPOIIKa Ha
HMKeJIeBOM OCHOBe He IpeBbimiana 50 HRC.

Ha 06pa31ibl BBICOKOITPOUHOM HHU3KOJIETHPOBAHHOM
cranu Q550 ¢ pasmepaMu 10x20x60 MM HaHOCHIIH
[IOPOLIKOBYI0 06Ma3Ky TOMIIMHOM 1,0 MM C HCIIOJb-
30BaHHEM B KadecTBe CBA3ymollero cuuprt [10]. Xumu-
YeCKHM COCTaB HKCIIONb3yeMOro IIOpPOIIKa Ha OCHOBE
HUKeJIs B BecoBbIX ITpoueHTax: C 0,8-1,2%, B 3-3,5%,
Si 3,5-4,0%, Cr 14-16%, Fe 14-15%. B cocTaB IIMXTHI IJIS

that promote accelerated cracking during pulsating
mechanical contact. As materials NiCrBSi alloys system
powders have been used for coatings with particle size
distribution of 40-160 microns - II[-CP2 (0.48% C; 14,8%
Cr; 5% Fe; 2,9% Si; 2,1% B; remaining part - Ni) and
TiC powder with particle size distribution of 50-100
microns in an amount of 25 wt% [8]. Gas powder laser
cladding was conducted with CO, laser at a continuous
output power of 1.4-1.6 kW and a speed of 160-180
mm/min, the powder flow rate 2.9-4.9 g/min, laser
spot size on the surface of 6 x 1.5 mm. In the case of
laser cladding of III-CP2 powders and (75% II[-CP2 +
25% TiC), the microhardness of the coatings was 520
+ 10 and 770 + 60 HV 0.1, respectively. Formation of
hard reinforcing phases of TiC (2500-2900 HV) and
(Ti, Cr) (C, B) (~ 2000 HV) in the coating 75% II[-CP2 +
25% TiC causes a sharp decrease in wear rate by 2.2-2.5
times compared with the II[-CP2 coating during the
corundum test the hardness of which is close the that
of carbides, borides and chromium carboborides and
markedly inferior to that of titanium carbide.

Metal-ceramic cladding powders contained 60%
tungsten carbide and 40% nickel-based powder by
weight [9]. Plasma cladding was performed at a voltage
of 25 V and a current of 140-160A and a distance
from the end of plasma torch of 14 mm at a rate
of powder 25-30 g/min and the travel speed of 0.3-
0.5 mm/s. The width of the weld track is 25-30 mm at
a thickness of 4-6 mm. The abrasion test was carried
out in accordance with ASTM-G65-04. The abrasive
wear resistance has increased by a factor of 2-5, with
its large values being observed when the chromium
content is increased from 8 to 14%. Hardness powder on
nickel basis not exceeded 50 HRC.

The samples of high-strength low-alloy steel Q550
with dimensions of 10 x 20 x 60 mm were coated with
powder coating using alcohol 1.0 mm thick as a binder
(10]. The chemical composition of the nickel-based
powder used in the percentages by weight is as follows:
C0.8-1.2%, B3-3 5%, Si 3 5-4 0%, Cr 14-16%, Fe 14-15%.
20% by weight of monocrystalline tungsten carbide
with a particle size of 100-200 pm was introduced into
the coating charge composition. The samples were
dried at 250 °C for 30 minutes. Laserline LDF4000-100
device with a wavelength of 980 nm, and a maximum
laser power of 4.4 kW was used for laser cladding. The
size of the laser spot on the surface of the sample was
17 x 1.5 mm, the beam travel speed was 3 mm/s. The
argon flow rate was 121/min. The wear test was carried
out on a MM-2000 friction machine.

Coatings obtained at a radiation power of 3.6 kW
have wear resistance by 6.8 times higher than the base
material of the sample.
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obMasku BBOAMIU 20% II0 MacCe MOHOKPHCTAJLIHYe-
CKUH Kapbup Boiabdpama C pa3mepoMm dHacTuiy 100-
200 MKM. O6pasisl BBICYIIMBAIH IIPH TeMIlepaType
250 °C B TeyeHue 30 MUHYT. [IJIs JIa3ePHOM HAIlJIABKH
HCIIONIb30BAIM YCTAaHOBKY ¢UPMBI Laserline LDF4000-
100 ¢ gavHO¥M BOMHBI 980 HM, M MaKCHMaJIbHOH MOIII-
HOCTBIO J1a3epa 4,4 KBT. Pa3Mep j1a3epHOro IIsATHA Ha
IIOBEPXHOCTH 06pasiia cocTaBsia 17x1,5 MM, CKOPOCTb
IepeMeleHMs yda 3 MM/c. Pacxon aproHa cocTab-
nsn 12 1/muH. HcopiTaHMe Ha M3HOC IPOBOJMIIM Ha
MamurHe TpeHuss MM-2000.

[TOKpBITHS, IONYy4YeHHbIe IIPU MOIIHOCTH H3j1y4Ye-
HUS 3,6 KBT, HUMeIOT M3HOCOCTOMKOCTS B 6,8 pa3a BhllIIe,
yeM MaTepHaJl OCHOBBI 06pasiia.

Llensto paboThl sBIsieTCsl ompefeneHHe Ko3ddu-
LIeHTa M3HOCOCTOMKOCTH IIOKPBITUH B 3aBUCHMOCTH
OT XMMMYECKOI0 COCTaBa INMXThl M PEKHMMOB jia3ep-
HOM HAIUIaBKH C IIOMOILIBIO CKJIEpPOMETPHPOBaHUS
Y UCIIBITAHUI Ha abpa3suBHOe H3HALIMBAHUE.

OBOPYAOBAHMUE A1 HAMNJIABKUA
OBPA3LL0B U METOAbl UCCNIEQOBAHUN
JKCIOEePUMEHTHl ITPOBOJMJIM Ha aBTOMATH3HPOBAaH-
HOM KoMmiIltekce MMAII PAH [11]. MomHOCTh H3Iy-
YeHHUS BapbHpoBanu B Ipenenax 800-1200 Bt mpu
CKOPOCTH IlepeMelleHus nyda 5-10 MMm/c. YoenpHas
[IJIOTHOCTb MOIIHOCTHU cocTaBisia 38-126 Bt-c/mMm?2.
JIJ1s1 HaTlTaBKY BBIOPaHBI IIOPOLIKYM HA OCHOBE HUKEJIS
¢ pasMmepoM vactul 40-100 MxM mapok ITP-HX15CP2
u IIP-HX17CP4. B KkadecTBe O06aBOK HCIIONb30BAIH
HAHOIIOPOIIKK KapbuaoB BoibdpaMa U TUTAHA C pas-
MepoM dacTtui 20-100 HM. O6pa3u1>1 H3roTaBJIU-
Banu U3 cTaju 40X u uyryHa BUY60-2 ¢ pasmepaMu
15x20x60 mM. TonmiMHa HAIIJIABJIEHHOIO C/I0SI COCTaB-
asna 0,7-0,8 Mm. Mertannorpapuyeckye HCCIeno-
BaHMS BBIIOJHSINA C MCIIONIb30BAHHEM MHUKPOTBEP-
pomepa IIMT-3 mpu Harpyske 0,98H. CTpykTypa
M XMMHYeCKHI COCTaB HaIlIaBJeHHBIX CJI0€B HcCCIle-
JOBa/IMCh Ha CKAHHPYIOIIEM 3JeKTPOHHOM MHMKPO-
ckorie TESCAN VEGA 3 SBH ¢ cHUCTeMOM 3Heproau-
CIIEPCHOHHOIO aHa/K3a C IMpPUMeHeHHEeM PeXKHMOB
OTPa’keHHBIX U BTOPUUYHBIX 3JIEKTPOHOB. MCIIBITAaHHSA
Ha abpasyBHOe M3HALIMBAaHHe IPOBOAMIM IO CXeMe
bpuHemns - XaBopta [12]. K BpamaromeMycs pesu-
HOBOMY [MCKY IPHKMMAJICS IUIOCKHN obpaserr
C HaIUIaBJIEHHBIM ITOKPBITHEM HIIH 06pasel] U3 OCHOB-
HOTO MaTepHasa C Harpyskou 15H. B 30Hy TpeHHS
IoJaBa/ICsl KBapLieBbIM IIECOK C Pa3MepoM YacTHI]
0,2-0,6 MM. IIpofOISKUTENBHOCTD UCIIBITAHUI COCTAB-
nsia 10 MUHYT. KpoMe Toro, oLieHKYy Ko3bouliueHTa
HM3HOCOCTOMKOCTH IIOKPBITHS M OCHOBHOI'O MaTepHasa
BBIIIOJIHSUIM CKJIepoMeTpupoBaHueM [13]. Harpyska
Ha WHJIEHTOpP IIpPH LapamaHuu coctasnagina 0,98H Ha
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The aim of the study is to determine the coefficient
of wear resistance of coatings, depending on the charge
chemical composition and the modes of laser cladding
using sclerometric method and abrasion testing.

EQUIPMENT FOR SURFACING SAMPLES AND

RESEARCH METHODS

The experiments were carried out on the automated
complex of IMS of RAS [11]. The radiation power varied
from 800 to 1200 W, with a beam speed of 5-10 mm/s.
The specific power density was 38-126 W+s/mm?. For
cladding, nickel-based powders with a particle size
of 40-100 pm of grades ITP-HX15CP2 and ITP-HX17CP4
were chosen. Nano powders of tungsten and titanium
carbides with a particle size of 20-100 nm were used
as additives. The samples were made of steel 40X
and cast iron BY460-2 with dimensions 15x20x60 mm.
The thickness of the deposited layer was 0.7-0.8 mm.
Metallographic studies were performed using a [IMT-3
microhardness tester at a load of 0.98 N. The structure
and chemical composition of the deposited layers were
examined using a TESCAN VEGA 3 SBH scanning
electron microscope with the system of energy-
dispersive analysis using the modes of reflected
and secondary electrons. The tests for abrasive wear
were carried out according to the Brinell-Haworth

EEM HV: 20.0 kW
WView fleld: 1.38 mm

WD 15.00 mm
Det: BSE

VEGAJ TEECA

] ]

200 pm

Puc. 1. Mukpowaug eduHuU4HOU HanaasAeHHoU 00pOXKKU
nopowxom MP-HX15CP2x200

Fig. 1. Microsection of a single track cladded with
[1P-HX15CP2 x 200 powder
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Ta6auua 1. OnpegeneHns Ko3ddULMEHTA U3HOCOCTOMKOCTMN NPU HanAaBKe YyryHa

Table 1. Determination of the coefficient of wear resistance for cast iron cladding

Ne Mapka maTtepuana MukpoTBepaocTb, LwnpuHa uapanuubl,  KoadduumeHT, Ko3dpPpMUMEHT M3HOCOCTOMKOCTH,
n/n  OCHOBbI MW NOPOLLKA MMa Y C pacyeT/3KCNnepuMeHT
Ser. Brand of base Microhardness, Scratch width, Coefficient, Wear resistance coefficient,
No material or powder MPa pHm @ design/experiment

YyryH / Castiron _

1 BUGO-2 3910-4380 35 1 1/1

2 MP-HX15CP2 4950-5520 28 1,2 1,5/1,53

3 MP-HX15CP2 4680-5220 28,5 1 1,18/1,22

4 MP-HX15CP2 4390-4960 28,9 0,7 0,85/0,088

npubope IIMT-3. CKOPOCTb IepeMeleH s aIMa3HOTo
HHIEHTOpa coCTaBsIa 10 MM/ c.

PE3Y/IbTATbI 5KCMEPUMEHTAJIbHbIX
NCCNEQOBAHUI

B mepBoM cepuu 3KCIIePHMEHTOB JIa3ePHYIO HaIlJIaBKy
BBIIIOJIHSIIM IopomkoM IIP-HX15CP2 Ha o06pa3simsl
M3 4yryHa BY60-2. B Tabn. 1 mpeicTaBlIeHbl pe3ynib
TaThl OIpefie/IeHHUs MHUKPOTBEPIOCTH M H3HOCOCTOM-
KOCTH I10 LUK PHHe LIaPAllMHEL B CPABHEHUU C UCIIBITA-
HUSIMU Ha abpasyBHOe KM3HAIIMBAaHUe IIPY HallJlaBKe

scheme [12]. A flat specimen with a fused coating or
a sample of the base material with a load of 15 N was
pressed against the rotating rubber disc. Quartz sand
with a particle size of 0.2-0.6 mm was fed into the
friction zone. The duration of the test was 10 minutes.
Furthermore, the coefficient of wear resistance of
the coating and the base material was estimated
using sclerometric method [13]. The indenter load
during scratching was 0.98 N on the IIMT-3 device.
The speed of movement of the diamond indenter was
10 mm/s.
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4yyryHa. KosdPuliMeHT H3HOCOCTOMKOCTH OIIpefe-
Js171Cs U3 cooTHomenus [13]: K=C-b/d, tme b - IIHpUHA
LIapaIllMHBl OCHOBHOIO Marepuasa, d — MIMpPHHA Llapa-
IIMHBl HAIUIABJAEHHOIO CJIosl, M3MepsieMble B MHKPO-
MeTpax. C - Ko3QOUIIKeHT, onpefe/nsieMblt C y4eTOM
0cobeHHOCTeH Mpoliecca jJa3epHOM HAIJIABKU (TBEp-
IOCTbh ITOKPBITHS, PeKHMBI 06paboTKU U [106aBKM),
BeJIMYHMHA Ko3pduiireHTa C BappHUpyeTCs B IIpefenax
0,7-5,5

[Ipu nasepHON HaIIaBKe obpasma Ne2 riybuHa
30HBl OIUIABJIEHHS OCHOBHOI'O MaTepHa/ia He IIpeBbl-
masaa 100 MKM. 30Ha HAIlJIaBKU 06pasmoB Ne3 u 4
MMeeT IIOHHM)KeHHOe 3HayeHHe MUKPOTBepPHOCTH,
CBSI3aHHOe C ITTyDOKUM IIpOIlJIaBJileHHeM OCHOBBI Ha
0,4-0,5 u 0,7-0,8 MM COOTBETCTBEHHO, YTO BBI3BaHO
IIpeBBIIIEHHEM IIOTOHHOKM SHepruu npu obpaborke
06pasroB.

Bo BTOpOM CepHHM 3SKCIIEPUMEHTOB JIa3epHYIO
HaIlJIaBKy Ha o6pasmsl cTaau 40X BBHIIIONTHSIIH
nopoiikom IIP-HX17CP4. IIpu ONTHMAJIbHBIX PeXKH-
Max 06paboTKkM Iony4deHbl 3HAa4eHHUsI MHUKPOTBep-

| mﬂ/w TEXHOJIOTMYECKOE OBOPYAOBAHUE U TEXHOJIOTUMU |

RESULTS OF EXPERIMENTAL STUDIES

In the first series of experiments, laser cladding
was carried out with powder ITP-HX15CP2 for the
samples from cast iron B460-2. Table 1 presents the
results of the determination of microhardness and
wear resistance, along the width of the scratch in
comparison with the tests for abrasive wear during
the cast iron cladding. The coefficient of wear
resistance was determined from the equation [13]:
K=C-b/d, where b is the width of the scratch of
the base material, d is the width of the scratch of
the cladded layer, measured in micrometers. C is
the coefficient determined with allowance for the
features of the laser cladding process (hardness of the
coating, treatment modes and additives), C coefficient
magnitude varies within the range of 0,7-5,5.

For laser cladding of sample No. 2, the depth of
the burnt-off zone of the base material did not exceed
100 pm. The cladding zones of samples Nos. 3 and 4 has
a reduced microhardness value associated with deep
penetration into the base for 0.4-0.5 and 0.7-0.8 mm,

Tabnuua 2. OnpegeneHns KO3GOULMEHTA M3HOCOCTOMKOCTM NpK Hannaeke ctanm 40X nopowkom MNP-HX17CP4
1 c fobaBKaMm HaHoOKapbmpaa TMTaHa
Table 2. Determination of the wear resistance coefficient for cladding of steel 40X with powder MP-HX17CP4 and with
additives of titanium carbide nano powder

\E Mapka matepuana MukpoTBepaocTb, LUnpuHa uapanuHbel,  Ko3adbuumeHT, Ko3pburuneHT M3HOCOCTOMKOCTH,
n/n  OCHOBbI MW MOPOLLKA MMa MKM C pacyeT/3KCNnepuMeHT
Ser. Brand of base Microhardness, Scratch width, Coefficient, Wear resistance coefficient,
No material or powder MPa pHm C design/experiment

1 Cranb / Steel 40X 1970-2260 40 1 1/1

2 MP-HX17CP4 7840-10600 18 4,5 10/10,3

3 MP-HX17CP4 7180-9640 19,2 3 6,25/6,2

4 MP-HX17CP4 7180-9640 20,3 1,8 3,54/3,52

1360 c pobaBkamu
5 HaHoKapbuaa TMTaHa 8670-11200 18 5 11,1/11,2
10%
1360 c gobaBkamu
HaHokapbuia TuTaHa
10%
6 1360 with additives of 7650-9870 18,7 3 6.41/6,5
titanium carbide nano
powder 10%,
1360 c gobaBkamu
HaHokapbuaa TMTaHa
7 10% 6580-8960 20,1 19 3,78/3,9
1360 with additives of ! ! ! !
titanium carbide nano
powder 10%,

IIpuMevaHUe: Iy6HHa IPOIIaBIeHHS OCHOBH 06pas1ioB 6 1 7 coctaBua 0,4 1 0,8 MM COOTBETCTBEHHO.

Note: the depth of penetration of the base of samples 6 and 7 was 0.4 and 0.8 mm, respectively.
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Fig. 2. Distribution of chemical elements in the cladded layer at the interface with steel 40X
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JOCTH HAIlJIABJIEHHOro ITOKPHITHsA 7840-10600 MIla.
ITpu 3TOM KO3QPUIIMEHT M3HOCOCTOMKOCTH IIPH CKJIe-
poMeTpupoBaHUM paBeH 10, a IpM HMCHOBITAHHUHK Ha
abpasuBHoe u3HamuBaHue 10,3 (Tabn. 2).

IIpy IOBBIIIEHHOM MOIIHOCTH M3/1y4eHHS H/IH
HM3KOM CKOPOCTH IlepeMellleHH s leTalu (1y4a) IPOouc-
XOAUT IIPOIlJIaB/ieHHe MaTepHaa OCHOBBI Ha ITTyOHHY
0,4-1,0 MM. JTO HPHUBOAUT K PE3KOMY YMEHBIIEHHIO
MHUKPOTBEPAOCTH HaIlJIaBJIEHHOTO CJIOS U IOSBICHHIO
IedeKToB B BHe IOp U TpellHH. IIpH OTK/IOHEHHH
OT ONTHMAJbHBIX PEKHMMOB HAIUIABKH M IIPOILJaBIIe-
HHUU OCHOBHI Ha Iy6uHy 6onee 0,1 MM HabmiomaeTcs
yMeHbIlIeHHe H3HOCOCTOMKOCTH IIOKPBITHS.

B TpeThel CepHU 3KCIIEPUMEHTOB Ha 0Opa3Libl
crand 40X Hammasaaau nopomok IIP-HX15CP2
U c fobaBKkaMM HAHONIOPOIIKA Kapbupma Bonbdpama
B KOoJIM4ecTBe 3-7% C pa3sMepom uacTul, 20-100 HM.
Ha puc. 1 mpencTaBleH MHUKPONUING eIHHHYHOMN
HallJaBAeHHON MOOPOXKH mopomkom ITP-HX15CP2
C HaHeCeHHOM a/IMa3sHbIM HHJEHTOPOM LIapPaIlHMHBL.
ITon 30HOM HAIJIABKK PacCIIOIO’KEHA 30HA Ja3epHOU
3aKajK{ M3 TBEPJAOT0 COCTOSHMSA. PaBHOMepHas

respectively, which is caused by excess heat input in
the processing of the samples.

In the second series of experiments, laser
cladding of 40X steel samples was performed with
the IIP-HX17CP4 powder. Under optimal processing
conditions, the microhardness values of the cladded
coating of 7840-10600 MPa were obtained. At the same
time, the coefficient of wear resistance obtained by
sclerometric method is 10 (10.3 in the abrasion wear
test) (Table 2).

With high radiation power or low speed of the
part (beam) travel, the base material is penetrated to
a depth of 0.4-1.0 mm. This leads to a sharp decrease
in the microhardness of the cladded layer and the
appearance of defects in the form of pores and cracks.
When deviating from the optimal cladding conditions
and penetrating into the base to a depth of more
than 0.1 mm, a decrease in the wear resistance of the
coating is observed.

In the third series of experiments, laser cladding
of 40X steel samples was performed with ITP HX15CP2
powder and additives of tungsten carbide nano powder
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Tabnunua 3. OnpegeneHnsa KO3GPUUMEHTA M3HOCOCTOMKOCTM NpU Hanaaeke ctanm 40X nopowkom MP-HX15CP2

1 c aobaBKkaMu HaHOMopoLlKa Kapbuaa Bosibhpama

Table 3. Determination of the wear resistance coefficient for surfacing of steel 40X with powder MP-HX15CP2 and with

additives of tungsten carbide nano powder
Ne Mapka maTtepuana MwnkpoTBEpAOCTb,

Ser. Brand of base Microhardness,

LLnpuHa LapanuHbl,
n/m  OCHOBbLI NV MOPOLLKA MMa MKM
Scratch width,

Ko3dPprUMEHT N3HOCOCTOMKOCTH,
pacyet/3KCnepuMeHT
Coefficient, Wear resistance coefficient,

KoadduuneHT,
@

No material or powder MPa pHm

1 Cranb / Steel 40X 2320-2440 32

@ design/experiment

1 1/1

2 MP-HX15CP2 6400-6600 23

2,5 3,5/3,54

MP-HX15CP2
C pobaBkamu Kap-
6upa sonbdpama 3%
with additives of
tungsten carbide 3%
6920-6600

6920-6600 20,5

2,9 4,6/4,58

MP-HX15CP2
C pobaBkamu Kap-
6uaa sonbdpama 5%
with additives of
tungsten carbide 5%
7180-8060

7180-8060 18,9

3,16 58/5,83

MP-HX15CP2
C pobaBkamu Kap-
buaa Bonbppama 7%
with additives of
tungsten carbide 7%
7620-9160

7620-9160 17,4

3,85 71/712

IMHPHHA LAPAalKMHB B 30HEe HAIJIABKU CBUETEJb-
CTByeT O PaBHOMEPHOCTH MeXaHHYeCKHUX CBOKCTB
B [IOKPBITHH.

Ha puc. 2 moxka3aHbl MUKPOLUIUGBE U IpadUKU
pacmpeneneHuss XMMHUYECKHX 3JIeMEHTOB HallJaB-
JIGHHOTIO (/105 Ha TPaHHUIIe C MaTepPHaIOM OCHOBBI: 2a —
HaIlJIaBKa PacPOKYCHMPOBAHHBIM JIa3epHBIM JIy4YOM,
26 - HamaBKa CKaHHUPYIOIIHM C 4acToTon 220 I
JasepHBIM J1y4YoM. IIprMeHeHHe IIOIepPeYHBIX BBICO-
KOYACTOTHBIX KOIeDaHUI JIa3epHOro Jy4a IIPHBOLUT
K OIUIaBJIeHHIO CcTanu 40X Ha rnybuHy 40 50 MKM.
Ha rpaduxke (cM. puc. 2b) nmosiBnsieTcs skene3o, comep-
SKaHHe KOTOPOro IIPaKTHUYeCKH PaBHO CONEP>KaHHIO
HUKeIsT Ha TpaHHIe co cTajpio 40X. XHMMHYecKoe
CoelHHeHMe MaTepHaja HaIlJIaBKHU U OCHOBBEL CBHUIE-
TEeIBCTBYET O Ooee BBICOKOM IIPOYHOCTH CLEIIeHHS
IIOKPBITHSI IIPH MCIIONB30BAHUM BBICOKOYACTOTHOIO
CKaHHUPOBAaHHUS jyda NPH OLUHAKOBOKM MOIIHOCTH
H3/Iy4eHHUs U CKOPOCTH IlepeMeleHHU st obpasia. Ilomo-
SKHUTeJIbHBIe Pe3y/lbTaThl HaIlJIABKH IIOJIYYeHbl IIPU
IUIOTHOCTH 3HEPruM Hu3nydeHuUs no 50 Br-c/mMm?.
IIpu panbHeMIIeM YBeHMYeHUH IJIOTHOCTH SHEePIUU
IIPOMCXOAUT BHITOPaHME JIETHPYIOIIUX 3JIeMEeHTOB
U pas3iokeHue KapbumHo! ¢assl. M3HOCOCTOMKOCTH

IIPH 5TOM Pe3KO CHHKaeTcs (Tabir. 3).
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in an amount of 3-7% with a particle size of 20-100 nm.
Fig. 1 shows microsections of a single track cladded
with ITP-HX15CP2 powder with a scratch made with a
diamond indenter. There is a zone of laser hardening
from the solid state under the cladding zone. Uniform
width of a scratch in the cladding zone testifies to
uniformity of mechanical properties in coating.

Fig. 2 shows microsections and graphs of
distribution of chemical elements of the cladded
layer at the interface with the base material: 2a -
cladding with a defocused laser beam, 2b - cladding
with a scanning laser beam at 220 Hz.Application
of transverse high-frequency oscillations of the laser
beam results in melting of 40X steel to a depth of
up to 50 microns. The graph (see Fig. 2b) shows the
occurrence of iron with the content practically equal
to the nickel content at the interface with steel 40X.
The chemical bonding of the cladding material and
the substrate indicates a higher adhesion strength
of the coating using high-frequency beam scanning
at the same radiation power and speed of sample
travel. Positive results of cladding were obtained at
a radiation energy density of up to 50 W - s/mm?.
With a further increase in the energy density, the
alloying elements burn out and the carbide phase
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PaspaboTaHHas METOLUKA OIpefeseHus Ko3hdu-
[[M€HTa U3HOCOCTOMKOCTH C [IOMOIIBIO CKIEPOMETPH-
POBaHUSI I03BO/IsIeT HA 06pa3liax-CBUAETENAX MeTall-
norpadpuvyecKUMHU UCCIIeAOBAHUSMHU COKPATUTH LIUKIT
I/ICHI:ITaHI/II;I, aB psme cnyqaeB 6])ITI> e IJUHCTBEeHHbIM
CHOCO6OM, KOoraga HeBO3MOJ>KHO B CXKaThbIe CPOKI/I OHPE'
IeMUTh HM3HOCOCTOMKOCTh KPYIIHOrabapHUTHBIX H3/e-
JIMH: KOJIEHYATBIX BAJIOB, BAJIKOB IIPOKATHAIX CTAHOB,
IIeeKk BaJIOB Fa30BBIX M IIAPOBBIX TYPOHUH U IPYyTHX
y370B TpeHHs. [JlaJbHeHIIMe HCCIIeOBAHHUS B 3TOM
obnmactu mo3BonsAT 6osiee TOUHO OmpenensiTh Ko3dou-
IIHUEeHT H3HOCOCTOMKOCTH C y‘-IETOM CTAaTHUCTHUYEeCKOIo
aHaaM3a.

BbIBO/bl

PaspaboTaHa MeTOAMKA OIpe/ieIeHUsI H3HOCOCTOMKO-
CTH MOKPBLITHH IIPH Ja3€PHOU HaIlJaBKe C [IOMOILBIO
CKJIEPOMEeTPUPOBAHHUSL.

OTk/I0HeHHe K03OUIIHMEeHTOB H3HOCOCTOHMKOCTHU
IIOKPBITUM IIPHU CKJIepOMEeTPUPOBAHHUHK U abpa3uBs-
HOM M3HaAIIKMBaHHUHU COCTaBUJIO He bonee 5%.

ITokasaHo, YTO IIPeBbIIIeHHe JIOTHOCTH SHEPTrUH
Na3epHOro usnayudeHus 6onee 50 BT+c/MM? IPHUBOIUT
K Pe3KOMY CHMKeHHI0 K03 HIIMeHTa H3HOCOCTOM-
KOCTH IIPH /Ia3ePHOL HaIlJIaBKe.

i1

decomposes. Wear resistance in this case is sharply
reduced (Table 3).

The developed technique for determining the wear
resistance coefficient by means of sclerometric method
makes it possible to shorten the test cycle on samples
by metallographic studies, and in a number of cases
it is the only way when it is impossible to determine
the wear resistance of large-sized products in a short
time: crankshafts, rolling mill rolls, shafts of gas
and steam turbines and other friction assemblies.
Further studies in this area will allow more accurate
determination of the coefficient of wear resistance,
taking statistical analysis into account.

CONCLUSIONS

A technique for determining the wear resistance of
coatings in laser cladding using sclerometric method
has been developed.

The deviation of the coefficients of wear resistance
of coatings with sclerometric method and abrasive
wear was not more than 5%.

It is shown that exceeding the energy density of
laser radiation above 50 W - s/mm? leads to a sharp
decrease in the coefficient of wear resistance in laser
cladding.
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PEHTTEHOBCKUM JIA3EP
HA CBOBOJHBIX 3JIEKTPOHAX XFEL

B lam6ypre (fepmaHys) Npu akTMBHOM y4acTUN POCCHIACKMX MHCTUTY-
T0B MAA® CO PAH, UAN PAH, HUM3®A, HULL "KypyaToBCKkmit MHCTUTYT"
BBE/IEH B HAY4HYH) IKCT/IYATALMIO CaMbli KPYMHBLIA B MMPE CBEPXMPO-
BOASLUMIA NIMHENMHDBIA YCKOPUTENL 3N1eKTPOHOB — EBPOMENCKiA peHTTe-
HOBCKWM Na3ep Ha CBOBOAHbIX 3nekTpoHax XFEL. Havanuc nepebie Kc-
nepumeHTbl. EBponenckuit XFEL OTKPLIBAET OrpoMHble BO3MOXHOCTM
LISl M3Y4EHUS XMMUYECKUX W (U3MYECKUX NPOLECCOB, NPOUCXOASLLNX
B BELLECTBE.

ras.ru

MHOTI'OCJ/IOVHBIE 3EPKAJIA HA
OCHOBE BEPW//IHUA /151
3V®-ITHUAIIA30HA (A=11,1-30,4 HM)

B MHcTuTyTe du3nku MuKpocTpyKTYp PAH, BXOASLIEM B denepanbHbIi
Hay4YHO-MCCNeaOBATeNLCKUA LieHTp WHCTUTYTA MpUKnagHoin usuku
PAH (HuxHuit HoBropog), NoAroToBneHa K MpOMbILLIEHHOMY BHeape-
HUIO TEXHONOMNS HambINeHN MHOTOC/IOMHBIX 3epkan Ha OCHoBe bepun-
NUS] € BbICOKUM KO3@ULIMEHTOM OTPKEHWS NS AUANa30Ha ASUH BOH
11,1-30,4 HM. OnTYecKue CUCTEMbI C TaKUMU 3epKanami yBENUYaT KOH-
TPACT 1306paXeHMI TeNeckonoB As M3ydeHust KOpoHbI ConHLA B IYO-
AManasoHe [0 2 pa3. B MUKPOINEKTPOHMKE OHWU MOBLICST 3ddexTns-
HOCTb HAHOAMTOrPAGOB CAEAYIOLIEr0 MOKONEHMS.

ras.



