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BBEAEHWE

[ToBbIlIeHHe pecypca PaboThl meTaneil U y3JI0B Tpe-
HMUS CeJIbCKOX03SMCTBEeHHON TeXHUKU SBJISEeTCS aKTy-
alIbHOM 3a/lauerl. TpaiUIIMOHHbBIE KOHCTPYKI[HOHHBIE
MaTepHasbl U TeXHOJIOTHH TepMHYeCKor 06paboTku
B GOJIBIIMHCTBE C/Iy4aeB YCTYIAIOT I10 U3HOCOCTOMKO-
CTH HOBBIM TeXHOJIOTHSIM YIIPOUHEHUS U [IOKPBITHUSIM
C IIpUMeHeHHeM KOHIIeHTPUPOBAHHBIX HMCTOYHHKOB
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INTRODUCTION

Increasing the service life of parts and friction
units of agricultural machinery is an urgent task.
In most cases, traditional structural materials and
heat treatment technologies are inferior in wear
resistance to new hardening technologies and coat-
ings using concentrated energy sources, in particu-
lar, high-power lasers. As a cladding material [1],
a spherical nickel-based alloy powder (Ni-Cr-B-Si-
Fe-C) with a particle size of 50-150 pm was used.
Laser cladding was performed on 316L stainless
steel samples with an RFL-C3300 fiber laser (Raycus,
Wuhan, China) using a DPSF-2 powder feeder. The
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3HePruM, B YaCTHOCTH MOIIHBIM ja3epaM. B Kkaue-
CTBe HAIIAaBOYHOIO0 MaTepuana [l1] mcmonb3oBascs
IIOPOIIOK CIJIaBa Ha ocHoBe HUKens (Ni-Cr-B-Si-Fe-C)
chepuueckorl GopMBl C pasmMepom dacTtul 50-150
MKM. Jla3epHyl0 HaIUIaBKy BBIIIOJHSIM Ha o6pas-
LlaX Hep>KaBewIllet cTalu 3161 BOJTOKOHHBIM J1a3epoM
RFL-C3300 (Raycus, YxaHb, KuTal) C HCIO/Ib30Ba-
HHeM I0poLIKoBoro mnurtartenss AIICP-2. O6paborky
IIPOBOAM/IN IIPH MOIIHOCTU Hu3Iy4deHus 1,8 kBT,
JuaMeTpe IIATHAa 4 MM, CKOPOCTH IlepeMelleHHus
5 MM/c. McnbITaHMS Ha TPeHHe U U3HOC IIPOBOAMIIH
o cxeme map (AL,O; fuameTpom 10 MM) - IIIOCKOCTb
(HamnaBlIeHHBIM obOpasell W/IKM OCHOBA) B COOTBeT-
CTBUHU cOo cTaHZaprom ASTM (C99-05 Ha MamuHe
Tperus UMT-2. IlyTb TpeHHs COCTaB/sl 18 M Ipu
CKOPOCTH CKONBXeHus 10 mm/c. CpemHAS MHUKPO-
TBepLOCTh OMHOCITOMHBIX U TPeXC/IIOMHBIX ITOKPBITHU
cocrapisia 593 u 640 HV,, COOTBETCTBEHHO, YTO
IIOYTH B 2,5 pasa BhIllle, YeM Y I10Z105KKH 316L (okomo
250 HV,,). Hanbonpuiyo H3HOCOCTOMKOCTb HMeJIO
TPeXCI0MHOe ITOKPBITHE.

[ToxpsiTust Ni-Cr-B-Si [2] 6bIIHM HaHeceHBI BOJIO-
KOHHBIM JIa3€pHBIM KMCTOYHHMKOM C KOAaKCHabHBIM
IIOPOIIKOBLIM COILIOM Ha IIOJIOKKY M3 HH3KOYIJIe-
pomucTon crtanud AISI 1020. IIpoBemeHBl HCIIBITA-
HHUS Ha abpasuBHBIN U3HOC 110 CTaHAapTy ASTM G65.
Jlyumue TpUOONIOTHYECKHe XapaKTepUCTHKU Oblau
IIOJIy4€eHBl /15 IOKPBITUH C MEHBIIHUM KOITHYeCTBOM
XOJIOOHBIX TpPemuH U 6ojiee BBICOKON 06BEeMHOM
nornel Kapbumos.

OmpeneneHo BAMSHHE MOINHOCTH  Jjasepa
1500-1900 BT, muameTpa IATHA 3-5 MM M CKOPOCTH
CKaHHMPOBaHUA Jydya 2-4 MM/C Ha reoMeTpUYecKHe
IapaMeTpbl, MHUKPOTBEPAOCTb M H3HOCOCTOMKOCTb,
HaIUIaB/IeHHOTro IOKPHITUSL Ni-Cr-B-Si Ha obpasmax
ctanu 42CrMo [3]. MUKpPOTBepAOCTh HaIlIaBIeHHBIX
CJI0€B M3MeHsIach B Ipefenax 520-690HV. IllupuHa,
BBICOTA [IOPO>KEK HAIlZIaBKU W INy6HHa IIpoIliaBiie-
HUs coctaBasinu 1,47-1,8, 3,57-4,23 u 0,52-1,44 mm
COOTBETCTBeHHO. [lo/lydyeHHBIe pe3yJbTaThl I10Ka-
3a/IM, YTO MOIIHOCTh jia3epa SB/SAAaCh OCHOBHBIM
baxToOpoM, BIMAIONIMM Ha BBICOTY IIOKPBITHS. Hawu-
6onpmUK 3PdeKT Ha MHUPUHY eTUHHUYHOTO BaTHKa
OKasbIBa/I IHaMeTp IITHA. CKOPOCTh CKAHUPOBAHUS
MMeJla 3HauMTe/IbHOe BIMSIHHE Ha IMyOHHY pacIias-
JIeHHOM BaHHEI. MOIIHOCTH J1a3epa IOKa3ajaa Hau-
bonpllee BIMSHHEe HA MHUKPOTBEPAOCTh M H3HOCO-
CTOMKOCTb ITOKPBITHSI. MexaHH3M H3HOCA IOKPBITHS
abpa3uBHBIN U afiTe3MOHHBIN.

JlazepHas HamnaBka MopomkoB Ni-Cr u Ni-
Cr-TiC Ha crtanp AISI 420 IpoBOAMIACE KHMIIYJIbC-
HBIM Nd:YAG-na3ep0M C OJHOBpPeMeHHOH IIofa-
4yer mopomKa [4]. HccienoBaHo BAHSIHHE CKOPOCTH
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treatment was carried out at a radiation power of
1.8 kW, a spot diameter of 4 mm, and a travel speed
of 5 mm/s. Friction and wear tests were carried
out according to the ball (A,O; 10 mm in diam-
eter) - plane (deposited sample or base) scheme in
accordance with ASTM G99-05 standard on a UMT-2
friction machine. The friction path was 18 m at
a sliding speed of 10 mm/s. The average microhard-
ness of single-layer and three-layer coatings was
593 and 640 HV, ,, respectively, which is almost 2.5
times higher than that of the 316L substrate (about
250 HV, ,). The three-layer coating had the greatest
wear resistance.

Ni-Cr-B-Si [2] coatings were deposited with a fiber
laser source with a coaxial powder nozzle on an AISI
1020 mild steel substrate. Abrasion tests carried out
according to ASTM G65. Better tribological charac-
teristics were obtained for coatings with fewer cold
cracks and a higher volume fraction of carbides.

The influence of the laser power 1500-1900 W,
spot diameter 3-5 mm and beam scanning speed
2-4 mm/s on the geometric parameters, microhard-
ness and wear resistance of the deposited Ni-Cr-B-Si
coating on 42CrMo steel samples was determined [3].
The microhardness of the deposited layers varied
within 520-690 HV. The width, height of the clad-
ding tracks and the penetration depth were 1.47-1.8,
3.57-4.23 and 0.52-1.44 mm, respectively. The results
obtained showed that the laser power was the main
factor affecting the coating height. The spot diam-
eter had the greatest effect on the width of a single
ridge. The scan speed had a significant effect on the
depth of the molten bath. The laser power showed
the greatest influence on the microhardness and
wear resistance of the coating. The wear mechanism
of the coating is abrasive and adhesive.

Laser cladding of Ni-Cr and Ni-Cr-TiC powders on
AISI 420 steel was carried out with a pulsed Nd : YAG
laser with simultaneous powder supply [4]. The
influence of the powder feed rate, the radiation
power and the beam scanning speed, the influence
of each parameter on the laser cladding process was
investigated, and the optimal parameters of the
laser cladding were selected. It was found that the
weight loss of the Ni-Cr-TiC composite coating is
less than that of the Ni-Cr and steel substrate.

Fe-WC coatings on mild steel are obtained by laser
cladding using a disk laser [5]. The processing was
carried out at a laser beam power of 600, 700, and
800 W.The beam scanning speed was the same for
all coatings and amounted to 600 mm/min. The
spot diameter was 1.64 mm. Two modes of powder
feeding were used, 6.25 g/min and 12.5 g/min.
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[ofauy IIOpOIIKA, MOIIHOCTH H3y4YeHHS U CKOPO-
CTU CKAaHMPOBAHHMSA JIyda, BAUSHUE KaKIOTO I1apa-
MeTpa Ha IpOIlecC Jia3epHOM HAIUIaBKH M BBIOPAHBI
ONITHMaJbHBle IapaMeTpHl Ja3epHOM HaIlIaBKH.
BbUIO YCTAaHOBJIEHO, YTO IIOTEPS MACChl KOMIIO3HUT-
Horo mnokpeITUsl Ni-Cr-TiC MeHbmie, yeM y Ni-Cr
Y IIOJJIOKKH U3 CTaJIH.

IToxkpeiTHsg Fe-WC Ha MajoyIepogHCTyiO0 CTalb
I10/Iy4eHBbl JIa3ePHOM HaIIABKOM C MCII0/b30BaHHEM
OHCKOBOTrO yasepa [5]. O6paboTKy BBHIIIOIHSIUIM IIPU
MOIIHOCTH Jjay4a jasepa 600, 700 u 800 BT.Cxo-
POCTh CKAaHUPOBAHHUS Jy4da OblIa ONWHAKOBOM /IS
BCeX IOKPBITUM M cocTaBasina 600 MMm/MHUH. [Jua-
MeTp IISITHA COCTaBIsI 1,64 MM. IIpUMeHAIHCH ABa
pe>kuMa mojauu mopouka 6,25 r/MuH U 12,5 r/ MuH.
Hawmbonpmass MUKPOTBEPAOCTh M KOPPO3HMOHHAS
CTOMKOCTh HaAbGIIONANUCh ISl IIOKPBITHH, IIOJy4YeH-
HBIX IIPU pPacxojie IIOpOoIIKa 12,5/ MuUH.

Jns 1monydeHHsS IIOKPBITHM M3 Iopomka Crej-
nuT-6/WC  HCIOOMB30BaJCS JHUCKOBBIM  JIa3ep
Ha Yb:YAG ¢ HOMHUHAJIBHOM MOILIHOCTBIO 1 KBT [6].
[TOKpPHITHSI HAHOCHJIM Ha bopcomepsKallyio cTanb B27.
O6paboTKy BBIIIOJIHSUIM IIPH MOILIHOCTH JIa3epHOI0
ny4a 550 Bt, ckopoctu nomayu 400 MM/MHH U pac-
xofie rmopomika 10 r/MUH. YCTaHOB/IEHO, YTO ITOKPbI-
st CTennuT-6/WC crocobcTBOBaIK yBelIHUYEHUIO
JO/ITOBEYHOCTH CeIbCKOXO3SMCTBeHHBIX OPYAUH,
HCIIO0JIb3YeMBIX JI71s1 06paboTKHU ITOUBHI.

[TopomKK CIJIABOB Ha oOcHoBe HuKens (Ni)
C pasIUYHBIM cofiepkaHHeM KobanbTa (Co) 6bLIM
HaHeCceHBl Ha II0BEPXHOCTb CTAJIBHOM IIOAJIOKKH
U3 42CrMo c IOMOIIbI0 BOJIOKOHHOrO jasepa [7].
C yBenuueHueM copepkaHusg CO KOJIHYECTBO Kap-
6unos u 6opunos M,(C, B);, M,; (C, B); u M,B mocte-
[IEHHO YMEHBIIAIOTCA. MUKPOTBEPIOCTh CHHKALTCH,
HO H3HOCOCTOMKOCTb HAIUIABJIEHHOIO (/10 II0CTe-
[IeHHO IIOBBIIIAETCS C yBeIHYEHHUEM COJepsKaHHs
Co. H3nococTtoukocTh cost NiCo30 B 3,6 pas3a BhllIe,
yeM y cnost NiCo00. C yBenudyeHHeM cofepkaHus Co
MeXaHH3M M3HOCA ITIOKPBITHS MeHseTcsi ¢ abpas3us-
HOTO Ha aJre3vOHHBIH.

JlasepHyI0 HaIJIaBKy IIOPOIIKOB Ha OCHOBe
skene3a Fe-Cr-Ni-Mo-Mn-C-Si BBIIOJHSUIM Ha CTajlb
AISI 4130 [8]. IToKpBITHSI MMeJIH BBICOKYI H3HOCO-
CTOMKOCTh KM KOPPO3HOHHYI0 CTOMKOCTb. MHKpO-
CTPYKTypa B OCHOBHOM COCTOSI/Ia M3 [eHIPUTOB
M 3BTeKTHUYecKHUX (a3, Takux Kak (y+o)-Fe u TBep-
nopiri pactBop Fe-Cr(Ni). HamaBieHHBIe ITOKPBITHS
Ha ocHoBe Fe uMenu 6osee HU3KHUe KO3QOULIEHTHI
TPeHHUs, YeM IIOJJIOXKKA, B OCHOBHBIM MeXaHHM3MOM
M3HOCA SBJISJICS yMePeHHBIH abpa3uBHBIN H3HOC.

[ToKphITHe Ha OCHOBe HHKess ObUIO HaHeCeHO
Ha IIOBEPXHOCTh CTajd 42CrMo ¢ IIOMOIIBIO BOJIO-
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The highest microhardness and corrosion resistance
were observed for coatings obtained at a powder flow
rate of 12.5 g/min.

To obtain coatings from Stellite-6/WC powder,
a Yb:YAG disk laser with a nominal power of 1 kW
was used [6]. The coatings were applied to B27 boron
steel. The treatment was carried out at a laser beam
power of 550 W, a feed rate of 400 mm/min, and
a powder flow rate of 10 g/min. It was found that
Stellite-6/WC coatings contributed to an increase in
the durability of agricultural implements used for
soil cultivation.

Nickel (Ni) based alloy powders with different
cobalt (Co) contents were applied to the surface of
a 42CrMo steel substrate using a fiber laser [7]. With
an increase in the Co content, the amount of car-
bides and borides M7 (C, B) 3, M23 (C, B) 6, and M2B
gradually decreases. The microhardness decreases,
but the wear resistance of the deposited layer gradu-
ally increases with an increase in the Co content.
The wear resistance of the NiCo30 layer is 3.6 times
higher than that of the NiCo00 layer. The wear resis-
tance of the NiCo30 layer is 3.6 times higher than
that of the NiCo00 layer. With an increase in Co con-
tent, the wear mechanism of the coating changes
from abrasive to adhesive.

Laser cladding of iron-based powders Fe-Cr-Ni-
Mo-Mn-C-Si was performed on AISI 4130 steel [8]. The
coatings had high wear resistance and corrosion
resistance. The microstructure mainly consisted
of dendrites and eutectic phases such as (y+a)-Fe
and Fe-Cr(Ni) solid solution. Fe-based coatings had
lower coefficients of friction than the substrate and
the main wear mechanism was moderate abrasive
wear.

A nickel-based coating was applied to the surface
of 42CrMo steel using a 6 kW fiber laser [9]. The addi-
tion of Mo powder resulted in a crack-free composite
coating. The main phases of the Ni45 + 10% Mo laser
cladding layer are (Fe, Ni), Cr23C6, Cr3C2, Mo2FeB2
and Cr2B3. Composite coating Ni45 + 10% Mo had
wear resistance 1.7 times higher than that of Ni45
coating and 2.4 times higher than that of 42CrMo
steel.

The influence of processing parameters on the
microhardness and wear resistance of an alloy
based on Ni and titanium carbide (TiC) was investi-
gated [10]. The results show that microhardness cor-
relates with laser power and TiC powder additives.
The amount of wear decreased with an increase in
the proportion of TiC powder. The optimum machin-
ing parameter was a coating hardness of 62 HRC to
obtain minimal volumetric wear.



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
| TECHNOLOGIES & TECHNOLOGY EQUIPMENT
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

KOHHOIO j1a3epa MOIIHOCTBIO 6 KBT [9]. IIpu pmobas-
JeHHH MOopoIlka Mo 6blIO MOTyYeHO KOMIIO3UTHOE
noKpeITHe 6e3 TpemuH. OCHOBHBIMU da3aMH C/IOS
nasepHor HariaBku Nid5+10% Mo saBnsiorcs (Fe,
Ni), Cr23C6, Cr3C2, Mo2FeB2 u Cr2B3. KoMmo3uTHOe
nokpbThe Nid5 + 10% Mo HMMeso HM3HOCOCTOMKOCTD
B 1,7 pa3sa BhIllle, yeM HOKpeITHe Nid5 u B 2,4 pasa
BhIIlle, YyeM y cTtanu 42CrMo.

HMccnemoBaHo BIMSIHUE IapaMeTpoB 06paboTku
Ha MHKPOTBEPIOCTh M M3HOCOCTOMKOCTb CIIaBa
Ha ocHoBe Ni u kapbuma tutana (TiC) [10]. Pe3syns-
TaThl I10KA3BIBAIOT, YTO MHKPOTBEPAOCTbh KOPPeIH-
pyeT C MOIIHOCTBIO ja3epa U J0ob6aBKaMH IIOPOLIKA
TiC. ObveM H3HOCA YMEHBIIAJICS C yBeIHUYeHHeM
nonu mopomka TiC. ONTHMalbHEIM IapaMeTpoM
0bpaboTku 6blIa TBEpHOCTb MOKPHITUS 62 HRC mis
IIOTy4eHHsI MUHUMAJIbHOI0 06be MHOTO M3HOCA.

LensiMu paboTsl SIBISAIOTCS OIpefie/ieHHe IIapaMme-
TPOB 30H JIa3epPHOM HAIUIaBKU U TPHOOIOTHYeCKHUX
XapaKTePUCTUK MOKPBITUH NPU BBeleHHUH B IIUXTY
HaHO IOPOIIKA Kapbuaa TaHTana.

OBOPYAOBAHMUE

U METOAbl UCCNIEQOBAHUN

B oKCIepMMeHTANbHBIX HCCIeNOBAHUAX HCIIONb30-
Ba/IH 1a3epHyIo cucteMy MMAIII PAH. O6pasiibl U3ro-
TaBIMBAIH U3 cTasien 45(490-525HV), 65I(570-625HV)
Cc pasmepamu 15x20x70 mM. [ HM3TOTOBJIEHHUS
INMXTHl BHIOPAHBI IIOPOIIKK Ha OCHOBe kerne3a (Fe-
Cr-Ni-Si) u Hukeng (Ni-Cr-B-Si) B cooTHomeHUH 3:1
COOTBETCTBEHHO C pasMepoM dYacTul, 40-150 MKM.
[Topomiok HaHO Kapbuzaa TaHTana TaC 5 u 10 06.%
no6aB/IsIIN B MHUXTY C pa3MepoM 4dacTHIl 40-100 HM.
[IInyMKepHBIe MOKPBITUSA HAHOCHUJIH TONLHMHOH 0,67-
0,8 MM. B KauecTBe CBA3YIOIIEr0 MaTepraia UCIIOIb-
30BaJId BOJHBIH PaCTBOP OKCHAITHIILIE/IIONO3HL.
Mertannorpapuyeckyue MHCCIeNOBaHMS HaIlJIaBJIeH-
HBIX IIOKPBITHH BBIIONHSAJIN Ha MHKPOTBepAoMepe
I[IMT-3 ipu Harpyske 0,98 H, MeTaniorpapuieckom
mukpockorie AnbTaMu MET 1C 1 nudpoBOM MHKPO-
ckorme AM417. CTpyKTypa M XHMHYeCKHH COCTaB
HaIlJIaBJIeHHBIX C/I0€B HCCIefO0BaMCh Ha CKaHUPY-
IoleM 371eKTpOHHOM MHKpockome TESCAN VEGA 3
SBH c cucTemMol 3HeprofHCIIepCHOHHOIO aHalIH3a
C IpUMeHEeHHEeM PeKMMOB OTPa’KeHHBIX U BTOPHUY-
HBIX 3JIeKTPOHOB. [l ompeneneHUs Tpubosoru-
YeCKUX XapaKTepUCTHK HAIlJIaBJIeHHBIX 00pa3IoB
[IPOBOJM/IM HCIBITAHHE IIPH HOPMaJIbHOH TeMIlepa-
Type II0 CXeMe IVIOCKOCTh (HaIlJIaBJIeHHBIN obpa3sel) -
KonbI1lo (ctanp HMIX15, 60-62). CKOpOCTh CKOJIBKEHHU S
U [aBaeHHe Ha obpasell M3MEeHSIIHCh JHCKPETHO
B MHTepBase 0,25-3,5M/c 1 1-6 MIla COOTBETCTBEHHO.
B KayecTBe CMa304YHOIO0 MaTepHajia KCIIOIb30BaIH
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The objectives of the work are to determine the
parameters of the laser cladding zones and the tribo-
logical characteristics of multicomponent coatings
when an ultradispersed titanium carbide powder is
introduced into the charge.

EQUIPMENT AND RESEARCH METHODS

In experimental studies, the IMASH RAS laser
system was used. Samples were made from steels
45 (490-525HV), 65G (570-625HV) with dimensions
15 x 20 x 70 mm. For the manufacture of the
charge, powders based on iron (Fe-Cr-B-Si) and
nickel (Ni-Cr-B-Si) in a ratio of 3: 1, respectively,
with a particle size of 40-150 microns were selected.
Powder of ultrafine titanium carbide TiC 5 and 10
wt.% Was added to the charge with a particle size
of 0.5-5 microns. Slip coatings were applied with
a thickness of 0.67-0.8 mm. An aqueous solution
of hydroxyethyl cellulose was used as a binder.
Metallographic studies of the cladded coating were
carried out on a PMT-3 microhardness tester at
a load of 0.98 N, an Altami MET 1C metallographic
microscope, and an AMA417 digital microscope.
The structure and chemical composition of the
deposited layers were investigated using a TESCAN
VEGA 3 SBH scanning electron microscope with an
energy dispersive analysis system using reflected
and secondary electron modes. To determine the
tribological characteristics of the deposited samples,
a test was carried out at normal temperature
according to the plane (deposited sample) - ring
(steel IIX15, 60-62 steel) scheme. The sliding speed
and pressure on the sample varied discretely in
the range 0.25-3.5 m/s and 1-6 MPa, respectively.
M10G2 oil was used as a lubricant. Abrasive wear
tests were carried out according to the disk-plane
scheme. A flat sample with a deposited coating
with a load of 15 N was pressed against a rotating
rubber disk. Quartz sand with a particle size of
200-600 microns was used as an abrasive. The test
duration was 10 minutes.

The radiation power P=700-1000 W, the process-
ing speed V=7-10 mm/s, and the beam diameter
d=2.5-3.5 mm were chosen as the variable param-
eters. Scanning of the beam with a fixed frequency
=217 Hz was considered as an additional factor. To
construct mathematical models when performing
a full factorial experiment (FFE), the height H and
width B of the deposited beads were considered as
responses of the system. Table shows the levels of
experimental factors.

Since PFE 23 was performed, the number of exper-
iments was 8 for each series.
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Ta6n. YpoBHM HaKTOPOB 3KCMepUMEHTA
Table. Experiment factor levels

DaKkTop z BepxHui ypoBeHb HWXXHWI ypOBEHb LleHTp WHTepBan 3aBUCUMOCTb KOANPOBAHHOM

Factorz dakTopa z;* dakTopaz; nnaHa z° BapbMpOBaHMA A; rnepemMeHHOW OT HaTypasibHOM
Upper factor level z* | Lower factor level z;~ Plan Variation Dependence of the encoded

center z° interval A; variable on the natural

P, BT _ P-850

PW 1000 700 850 150 =150

V., Mmm/c, —

V. mm/s 9 7 1 x,=V,-8

d, mm, d-3

d, mm 3,5 2,5 0,5 Xi = F

Maciao MI10T2. McnbeITaHMsS Ha abpa3suBHOe H3Ha-
MHBaHHE IIPOBOAM/IH IO CXeMe JHUCK-IIJIOCKOCTh.
K Bpamamoiemycs pesuHOBOMY JHCKY IPHKMMaJICI
IUIOCKUK obpasel], C HaIUIaBJIeHHBIM IIOKPBITHEM
Harpyskor 15 H. B kadecTBe abpa3mBa HCIIOTB30-
BaJIM KBapLEBBIH MIECOK C pa3MepoM 4dacTul, 200-600
MKM. IIpOJO/IKMTENIbHOCTh UCIIBITAHUM COCTaB/IA/Ia
10 MHHYT.

BappupyeMBIMH IapaMeTpaMu ObUIKM BbIOpaHBI
MOIIHOCTh M31y4yeHUs P=700-1000 BT, CKOpPOCTb
obpaborku V=7-10 MM/C U guameTp myd4Ka d=2,5-
3,5 MM. B KavecTBe [OOIOJHHUTE/IBHOIO ¢aKkTopa
paccMaTpHBaA0Ch CKAHMPOBaHUE JIy4a C QHUKCHUPO-
BAaHHOW 4acTOTOX f=217 T'u. [Isl IIOCTPOEHHsI Mare-
MaTH4YecKUX Mojesel MPU BBHIIIOTHEHHUH IIOJHOTO
dakTopHOro 3KCriepruMeHTa ([1P3) B KauecTBe OTK/IH-
KOB CHCT@MBI paCCMaTpHUBaIKCh BBICOTA H M IIMpHUHA
B HamaBlIeHHBIX BAaJHMKOB. B Tabnuie mpexacTas-
JIeHBI YPOBHH GaKTOPOB 3KCIIEPHMEHTA.

[TocKoJIBKY BBIIIOMHSUICS [1PD 23, KOMHUUYECTBO 3KC-
[IepHMeHTOB COCTaBHIIO 8 AJIS1 K&KAOM CePHUH.

YpaBHeHHEe perpeccuy KMeeT BU/I:

y=bo+byx;+b,x,+byx;+
+Dy3xX3 + bisX X3+ by3XoXs + Dipsxxox;, oy
Ife: y - OTKIMK CUCTeMBI;
X; = yPOBHU HaKTOPOB;
b - K03pPHULIIEHTHI ypaBHEHHS PerPecCHH.

PE3YJ/IbTATbl SKCNMEPUMEHTAJIbHbIX
WCCNEQOBAHUN

JlazepHass HamiaBka o00pa3loB  BBIIIOTHSIACH
Ha ONTHMAJIbHBIX peXKHMaxXx PacHOKyCHPOBAH-
HBIM JIyYOM U C IIONEpPeYHBIMH KOTebaHUSIMHU
Jlydya [0 HOPMAaJIH K BEKTOPY CKOPOCTH JIa3epHOM
06paboTku. MUKPOTBEPAOCTh HAIIABIEHHBIX
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The regression equation is:

y=bo+bx;+byX, +byxs +
+by3X X3+ by3X X + DygXoXs + biosxxoxs, 1)
where: y - system response;

x; - levels of factors;
b - coefficients of the regression equation.

EXPERIMENTAL RESEARCH RESULTS

Laser cladding of the samples was carried out in
optimal modes with a defocused beam and with
transverse oscillations of the beam along the
normal to the laser processing speed vector. The
microhardness of the cladded coating was (Fe-Cr-
B-Si, Ni-Cr-B-Si), (Fe-Cr-B-Si, Ni-Cr-B-Si + 5 wt% TiC),
(Fe-Cr- B-Si, Ni-Cr-B-Si + 10 wt% TiC) - 792-920, 870-
998, 960-1270 HV. Fig. 1(a, b) shows microsections of
deposited tracks with an ultrafine titanium carbide
content of 10 wt.% with dimensions 0.77 x 2.04
mm, and 0.79 x 4.26 mm, obtained by a defocused
beam and a beam scanning at a frequency of 217 Hz,
respectively.

The penetration zone of the base during pro-
cessing with a defocused beam and a scanning
beam was 174 and 56 pm, respectively, which indi-
cates a high adhesion strength of the coating. The
dimensions of the disordered blocks of the structure
were 3-5 pm. The cross-sectional area of a single
deposited layer when scanning the beam is 2.16
times larger than when cladding with a defocused
beam.

The equation for determining the height of the
roller without scanning, H, is:

H=0,695+0,035x,-0,0725x,+0,0075x, X, +

+0,0125x; x;-0,01x, X;+0,01x; X, X3. )



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
I TECHNOLOGIES & TECHNOLOGY EQUIPMENT
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

MOKpHITHUEM cocTaBuna (Fe-Cr-Ni-Si, Ni-Cr-B-Si),
(Fe-Cr-Ni-Si, Ni-Cr-B-Si + 506% TaC), (Fe-Cr-Ni-Si,
Ni-Cr-B-Si + 1006% TaC) - 670-750, 870-980, 960-1280
HV. Ha puc. 1(a, 6) mpemcTaBieHsl MHKPOIUTHQBI
HaIUIaBJI€HHBIX JOPOXKEK C COofep>kaHHeM HaHO Kap-
6bunma tanTana 10 06.% c pasmepamu 0,77x2,04 MM,
u 0,79x4,26 MM, II0JIyYeHHBIX PacPOKYCHUPOBAHHBIM
Jy4OM M CKaHUPYIOIMM C 4YacToTod 217 I'n nydom
COOTBETCTBEHHO.

30Ha IIpOIJIaBIeHMs OCHOBBI IIpU 06paboTke pac-
$OKYCHPOBAaHHBIM JIYYOM U CKAHUPYIOIIHUM JIY4OM
cocTtaBuia 174 ©U 56 MKM COOTBETCTBEHHO, YTO CBU-
JeTelbCTByeT O BBICOKOM IPOYHOCTH CLeIlJIeHHUS
IOKPBITHSI. Pa3Mepsl pa3ymnopsiouYeHHBIX OI0KOB
CTPYKTYPBI COCTABISAIHN 3-5 MKM. IlIoIans mmomepey-
HOrO Ce4YeHHS eOJUHUYHOTO0 HAIIAaBJIE€HHOIO C/10s
IIpY CKAaHUPOBAaHUHU Jy4ya B 2,16 pasa fosplIe, yeM
[IPY HaIlJIaBKe pacPOKyCHUPOBAHHBIM JIYYOM.

YpaBHeHHe [JIs OIlpefiesieHUs BRICOTHL BaJIHKaA be3
CKaHHWpPOBaHMS, H UMeeT BUL:

H=0,695+0,035x,-0,0725x,+ 0,0075x,; X, +
+0,0125x; x;-0,01x, x;+0,01x; X, X;. )

Bead height when cladding with transverse beam
vibrations, H,:

H,=0,70125+0,03125x,- 0,04625x,+ 0,00875x; +
+0,01875x; x;+0,01625x, x;+0,00125x, X, X;. (3)

Width of the deposited bead without beam scanning, B:

B=1,87375+0,11625x,- 0,09375x, + 0, 06125x; -
-0,02125x; x,+0,00375x, x;-0,00875x; X, X3. (4)

Width of deposited beads with transverse oscilla-
tions of the beam B_:

B,=4,34625+0,43375x,-0,26875x,+0,11625x%; -
-0,26625x; x,-0,03875x, x;+0,02375x, X, X;. (5)

Calculations were carried out according to the
regression equations (2-5), which were compared
with the results of the experiment. The calculated
values differ from the actual values of the depth
and width of the hardening zones by no more
than 2.98%.

SEM HV: 20.0 kV
View field: 276 pm

WD: 15.00 mm
Det: BSE

Loialiinl

50 pm

a)

a defocused beam; b - surfacing with a scanning beam

Puc. 1. Mukpocmpykmypbl HanaasneHHbIX NOKpbimul Ha cmanb 45 ¢ codep>kaHuem HaHo Kapbuda maHmana 10 06.%:
a - Hannaska pac@oKycupo8aHHbIM AY4oM; b — HANAABKA CKAHUPYIOWUM AY4OM
Fig. 1. Microstructures of deposited coatings on steel 45 with a nano tantalum carbide content of 10 wt.%: a - surfacing with

SEM HV: 20.0 kV
View field: 276 pm

b)

WD: 15.00 mm
Det: BSE
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BpIicOTa Ba/MKa IpH HaIlJIaBKe C IIONE€pPeYHBIMU
KonebaHUAMU 1yya H :

H,=0,70125+0,03125x,- 0,04625x, + 0,00875x; +
+0,01875x,; x;+0,01625x, x;+0,00125x, X, X;. (3)

[IypyHa HAIUIAaBJIeHHOrO BaJIMKa 0e3 CKaHHPOBa-
HUS 1y4da B:

B=1,87375+0,11625x; - 0,09375x, + 0,06125x; -
-0,02125x; x,+0,00375x, x;—0,00875x; x, ;. 4)

For dependences of the type H(P,V), B(P,V), com-
parative surfaces were constructed using the MsEx-
cel program (Fig. 2) with a spot diameter of 2.5
mm.

The radiation power has the greatest influence on
the geometrical parameters of the deposited beads.
With increasing power, the width and height of the
welded tracks grow. With increasing travel speed,
the depth and width of the rollers decreases. With
an increase in the diameter of the laser radiation,
the height and width of the rollers increase.

H, MM
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1,0 | x 1,5
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Puc. 2. 3agucumocmb 8bicombl (a, b) u wupuHsl (¢, d) HaNAdeAeHHbIX 8AAUKO8 0M CKOpOCMU U MOUHOCMU 06pabomku npu dua-
mempe Ay4a 2,5 MM: a U ¢ —pac@okycuposaHHbimM Ay4om, b u d ckaHupyowum Ay4om
Fig. 2. Dependence of the height (a, b) and width (c, d) of the deposited beads on the speed and processing power with a beam
diameter of 2.5 mm: a and ¢ — with a defocused beam, b and d scanning beam
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a) IasneHue P, MITa b) CKOPOCTH CKOJIbKEHUS V, M/C
Puc. 3. 3asucumocmb ko3¢duLueHmos mperus om dasneHus (a) u ckopocmu ckoabxkeHus (6):1- Cmaab 45, 2 - (Fe-Cr-Ni-Si, Ni-
Cr-B-Si) 3- (Fe-Cr-Ni-Si, Ni-Cr-B-Si) + 5 TaC 06.%, 4 — (Fe-Cr-Ni-Si, Ni-Cr-B-Si) + 10 TaC 06.%
Fig. 3. Dependence of friction coefficients on pressure (a) and sliding speed (b): 1- Steel 45, 2 - (Fe-Cr-B-Si, Ni-Cr-B-Si) 3- (Fe-Cr-B-
Si, Ni-Cr-B-Si) + 5 TiC wt%, 4 - (Fe-Cr-B-Si, Ni-Cr-B-Si) + 10 TiC wt%

[IMpHUHA HaIUIABI€HHBIX BAJIMKOB C IIOII€PEYHBIMHU
KorebaHUSIMHU 1y4a B,:

B,=4,34625+0,43375%,- 0,26875x, +0,11625x, -
-0,26625x; x,-0,03875x, X3+ 0,02375x; X, X3. (5)

1.5 Meters

2.5 Meters

CNOBAMK, CHETEME NOJ KOHKPETHEIA 3aKal.

8 PO fearemen Komrasus «Eapofiaiias,

Ogruyuasprem npedcmaoaumensy somnanuy Aerotech (CLUA)

The dependence of the friction coefficients of steel
45 in the hardened state and cladded coatingis shown
in Fig. 3. One of the most important characteristics
of friction units is a low coefficient of friction, which
affects the indicators of fuel and lubricant consump-
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[To ypaBHeHUSIM perpeccuu (2-5) mpoBefeHbl pac-
YeThl, KOTOpPBIe COIIOCTAaBJIEHBI C pe3y/lbTaTaMU 3KC-
IIepUMeHTa. PacueTHble 3HAaYeHUS OTIMYAIOTCA
OT paKTHYECKUX 3HAYeHUH ITTyOUHBI U NIMPHUHBI 30H
3aKajiky He 6oee yem Ha 2,98%.

Ins 3aBucuMocTen tuna H(P,V), B(P,V) moctpo-
€HBl CpaBHHTeJIbHBIE IIOBEPXHOCTH C IIOMO-
b0 mporpaMmbel MsExcel (puc. 2) mpu auamertpe
IISITHA 2,5 MM.

Haubonplnee BIHSIHHe Ha TeoOMeTpHYeCKHe
IapaMeTphbl HAIlZIABJIEHHBIX Ba/IMKOB HMeEET MOII-
HOCTb H3aydeHHUs. C yBeJIHMUYeHHEM MOIIHOCTH
pacTyT IIMpHMHA M BbICOTA HAIUIABJIEHHBIX OOPO-
skeK. C POCTOM CKOPOCTH IlepeMellleHHs IybrHa
Y IIMPHHA BaJIMKOB YMeHbIIaeTcs. C yBeIHUYeHHeM
JHaMeTpa JIa3epHOT0 M3J/IyYeHHs BBICOTA U IIMPHHA
BaJIMKOB PaCTeT.

3aBUCHUMOCTh KO3OQPUIIMEHTOB TPeHHUS CTald
45 B 3aKaJleHHOM COCTOSSHHMM U HaIlJIaBJIeHHBIX
IIOKPBITHI IIpefCcTaBleHa Ha pUC. 3. OOHOM U3 BaXK-
HeHNIINX XapaKTePUCTUK Y370B TPeHMS SBISIETCA
HU3KUHN KO3QOULMEHT TPeHHUsI, KOTOPbIM BIHUSET
Ha IIOoKas3aTejM pacxofa TOIJIMBA M CMAa304YHBIX
MaTepHanoB MpPH 3KCIJyaTallMH CeIbCKOXO35M-
CTBeHHOI TeXHUKH. Kak IIpaBu/O, Iapbl TpeHUS
C HU3KUM K03PPHUIIMEeHTOM TpPeHHUs HUMeIT boiee
BBICOKYIO HAarpysKy 3aemaHus. C yBeJIHYeHHEM
Harpysku c 1,2 1o 4,0 MIIa Ha 3aKkaseHHbIe 00pasiibl
ctTanu 45 Ko3pPuLMeHT TpeHHUd mnagaer c 0,11
u 0,09. IIpyu fganpHeUIIeM yBelMYeHHH HArpy3KH
IJ1SL YJIY4IIeHHOTO obpasma Ko3QPULIMEHT TpeHHUSs
Bo3pacTaeT. Ko3dpPULIMeHT TpeHUs /i1 MHOIOKOM-
[IOHEeHTHOIO IIOKPHITHSA H3MeHsdeTCd B IIpefesnax
0,04-0,05. MUHUMaNBHBIN K03QPUIMEHT TpPeHUs
0,018-0,025 mony4yeH Ha MOKPHITHHU C nobaBKaMU
10 06.% HaHO mopomKka TaC. C yBeIH4YeHHEM CKO-
pOCTU cKonbkeHUs (puc. 3, 6) ot 0,25 mo 1,3 M/c,
npu Harpyske 2,0 MIla, Ko3QOUIIMEHT TpeHUS [AJis
ctanu 45 ymensmaerca ¢ 0,11 go 0,092. IIpu manb-
HelIleM yBeIH4YeHHU CKOPOCTH M0 1,6 M/c He3Ha-
YMUTENBHO YyBelIHYHBaeTcsa. J[lg HaIIaBIeHHBIX
MOKPBITHI B MHTepBane 0,6-1,6 m/c ko3pPULIMEHT
TPeHHUs IIJIaBHO BO3pacTaer.

Ha puc. 4 npuBeneHbl 3aKOHOMEPHOCTH H3MeHe-
HUS Harpys3KH 3aefaHHsI OT CKOPOCTH CKOJIBKeHHS.
3aKkaseHHbIe 00pa3Iibl CTAIH 45 yCTYIIAIOT HAIl/IaB/IeH-
HBIM MHOTOKOMIIOHEHTHBIM IIOKPBITHSIM U C HobaB-
JIeHHeM II0pOoIIKa HaHO Kapbupaa TaHTana. Ilpu mas-
nenuu 5,5 MIla 3aemaHve HAcTymaeT Ha CKOPOCTH
B 1,5-3 pasa MeHbLIeN sl 3aKaJeHHOro obpasia
CTalH 45 10 CpaBHEHUIO C HAIlJIaBKOKM MHOTOKOMIIO-
HeHTHBIM IIOKPBITHEM H C mobaBkamu 10 TaC 06.%
COOTBETCTBEHHO.
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JaBneHue P, MIla
S
T

0 | | |
0 1,0 2,0 3,0 4,0

CxopocTb V, M/C

Puc. 4. 3asucunmocmp Hazpy3Ku 3aedaHusi om cKOpoCmU CKONbXKe-
Hug: 1- Cmanb 45, 2 - (Fe-Cr-Ni-Si, Ni-Cr-B-Si) 3- (Fe-Cr-Ni-Si, Ni-
Cr-B-Si) + 5 TaC 06.%, 4 — (Fe-Cr-Ni-Si, Ni-Cr-B-Si) +10 TaC 06.%
Fig. 4. Dependence of the seizing load on the sliding speed:

1-Steel 45, 2 - (Fe-Cr-B-Si, Ni-Cr-B-Si) 3- (Fe-Cr-B-Si, Ni-Cr-B -Si) +
S5TiC mass%, 4 — (Fe-Cr-B-Si, Ni-Cr-B-Si) + 10 TiC mass%

tion during the operation of agricultural machinery.
As a rule, friction pairs with a low coefficient of fric-
tion have a higher seizure load. With an increase in
the load from 1.2 to 4.0 MPa on hardened samples
of steel 45, the friction coefficient decreases from
0.11 and 0.09. With a further increase in the load
for the improved specimen, the coefficient of fric-
tion increases. The coefficient of friction for a multi-
component coating varies in the range of 0.04-0.05.
The minimum friction coefficient of 0.018-0.025 was
obtained on a coating with additives of 10 wt.% of
TiC ultrafine powder. With an increase in the sliding
speed (Fig. 3, b) from 0.25 to 1.3 m/s, with a load of
2.0 MPa, the friction coefficient for steel 45 decreases
from 0.11 to 0.092. With a further increase in speed to
1.6 m/s, it increases slightly. For cladded coatingin the
range of 0.6-1.6 m/s, the friction coefficient increases
smoothly.
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Ha puc. 5. moxa3’aHbl MHTeHCHUBHOCTH H3HAIIU-
BaHMs 3aKaJeHHBIX 06pasuoB cTanu 45 U Hamias-
JIeHHBIX IOKPBITHH. M3HOCOCTOMKOCTb, BeIHYHHA
obpaTHasT MHTEHCHBHOCTH H3HAIIMBAaHUM, BO3pac-
TaeT I MHOTOKOMIIOHEHTHOIO IIOKPBITHS Ha 30%
3aKaJleHHOM CTa/Iblo 45 1 Ha 57 U 67% I10 CpaBHEHHUIO
c ¢ mobaBKo B IHUXTY 5 1 10 06.% HaHOMmOpomKa TaC
COOTBETCTBEHHO.

HcnbplTaHus Ha abpasuBHOe M3HAIIMBAaHHUE IIPU
TPEeHUH He3aKpeIlJIeHHBIM a0pa3suBHBIM 3ePHOM
06pa3LoB 3aKaJeHHOM CTaltu 65 U C HaIJIaBleH-
HBIMHU Ha Hee NOKpHITHUsAMHU (Fe-Cr-Ni-Si, Ni-Cr-B-Si),
(Fe-Cr-Ni-Si, Ni-Cr-B-Si) + 5 TaC 06.%, (Fe-Cr-Ni-Si,
Ni-Cr-B-Si) + 10 TaC 06.% IOKa3alu, 4YTO IIOTepHU
Maccel 0bpasnoB coctaBuiu 0,064-1074, 0,046-1074,
0,032:10* 1 0,028-107* KI' COOTBETCTBEHHO.

OBCY>XXAEHWE PE3YJ/IbTATOB

[TonyueHHBbIe B paboTe pe3y/bTaThl [I0KA3bIBAIOT, YTO
IIOBBIIIEHHEe HaJEKHOCTH JeTajell OCHOBHBIX arpe-
raToB U pabodyuX OPraHOB CeTbCKOXO3SMCTBEHHOM
TeXHHKH BO3MOYKHO IIPHU IIPUMeHEeHHH HOBBIX COBpe-
MeHHBIX TeXHOJIOIHH HaHeCeHHUsI IOKPBITUI C BbICO-

KHMH 3SKCIUIYaTAaOHOHHBIMH XdPdKT€PHCTHKAMH,
OKd3bIBAIOIMKMMHK CYIIeCTBEHHOE BJ/IMSHHE Ha OOJIIO-
BEYHOCTD IIPOAYKLKMH CEJIbXO3MAIIHMHOCTPOEHHUS .

Fig. 4 shows the regularities of the change in the seiz-
ing load from the sliding speed. Hardened samples of
steel 45 are inferior to deposited multicomponent coat-
ings and with the addition of ultrafine titanium carbide
powder. At a pressure of 5.5 MPa, jamming occurs at
a rate 1.6-3 times lower for a hardened sample of steel
45, in comparison with cladding with a multicomponent
coating and with 10 TiC mass additives. % respectively.

In fig. 5. Shown are the wear rates of hardened speci-
mens of steel 45 and deposited coatings. Wear resistance,
which is the reciprocal of the wear rate, increases for
many component coatings by 1.4 times as compared to
hardened steel 45 and by 2.4 and 3 times as compared to
the addition of 5 and 10 wt% TiC ultrafine powder to the
charge, respectively.

Tests for abrasive wear during friction with a loose
abrasive grain of samples of hardened steel 65G and with
coatings deposited on it (Fe-Cr-B-Si, Ni-Cr-B-Si), (Fe-Cr-
B-Si, Ni-Cr- B-Si) + 5 TiC mass%, (Fe-Cr-B-Si, Ni-Cr-B-Si) +
10 TiC mass% showed that the weight loss of the samples
was 0.064-107, 0.046-10%, 0.033-10* and 0.029-10™* kg,
respectively.

DISCUSSION OF THE RESULTS
The results obtained in the work show that an increase
in the reliability of parts of the main units and working
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JlazepHas
IIOKPBITUM, C JoOaBleHHMeM HaHO IIOPOIIKAa Kap-
6uza TaHTana, MOXeT OBITh HCII0JIb30BaHa IIPHU BOC-
CTaHOBJIEHUY H3HOIIEHHBIX KY/JIa4YKOBBIX M KOJIE€H-
YaThIX BaJIOB, IIOPIIHEBBHIX IIaJIbLIEB, I[IOCAJOYHBIX

HaIl/IaBKa MHOTOKOMIIOHEHTHBIX

MeCT BajIiOB IIOJ, MOJIIMIIHMKH KadyeHHUs U OPyTrUX
IeTased cenbxo3MallMH. Kpome TOro, 3Ta TexHO-
JIOTHSI MOKeT IIPUMEeHSTbCS A1 MOBBIIIEHUS U3HO-
COCTOMKOCTH I104B00OpabaThIBAIOMUX OPYIHH,
JIeMeX0B, AHCKOBBIX OOPOH, Jall KyJIbTHBATOPOB,
KOTOpBEle M3rOTaBIHBAIOTCS M3 cTanerd 45 u G5I.
[ToTepu Ha MPOCTOM CeJIbCKOXO3SMCTBEHHBIX MAIIHH
B IIepPHOJ, BBIIIOJIHEHHUS Ce30HHBIX IIOJIEeBBIX pabor,
CBSI3AHHBIX C YOOPDKOM WM BO3[eJBIBAHHEM CeIbX03-
KYJbTYp MPHUBOIASAT K 3HAYHTEJIbHBIM 3KOHOMHYe-
CKHM 3aTpaTaM.

Bonpuioe 3HaveHue Aasl 3GPeKTUBHOU PaboThl
Jam KyJIbTUBATOPOB M [OHCKOBBIX OOPOH HMeeT
3¢PeKT caMo3aTauHMBaHHS PeXXylllell KpOMKH. IIpu-
MeHeHHe TeXHOJIOTHHU Jla3epPHOM HaIlJlaBKU MHOTO-
KOMIIOHEHTHBIMH MaTepHalaMu C mobaBieHHeM
HAHO IIOPOIIKA Kapbuaa TaHTana ¢ TONIIMHOM CI0s
0,5-0,8 MM IpaKTH4YeCcKHd He U3MeHseT reOMeTPUIo
PEeXYIIHNX KPOMOK U B TO Ke BpeMsi obecliednBaeT
camo3aTauMBaHUe OpyAHUN. BBegeHHe B COCTaB
IIMXTBl IIOPOIIKA Ha OCHOBE HHKeJsl 3HAYUTe/bHO
IIOBBICUT KOPPO3UOHHYIO CTOMKOCTb IIOKPBITHI .

3AK/TIOYEHUE

PaspaboTaHa TeXHOJIOTHS JIa3epHOM HAIUIAaBKU MHO-
FOKOMIIOHEHTHBIX ITOKPBITHUH C f00aBKaMHK HaHO Kap-
6uma TaHTaga 5 U 10 00.%. M3HOCOCTOMKOCTh 3THUX
ITIOKPBITUH 3HAYMTEIBHO BBILIE 3aKa/IEHHOM CTalu 45.
ITpu CKOpPOCTH CKOJIBKEHHUS 2,5 M/C JaBleHHe 3aefa-
HUSI HaIUIaBJIeHHBIX IOKPBITUM C HAaHO Kapbumamu
6p10 B 1,8-2,5 pasa Bhlllle IO CPaBHEHHIO C 3aKa-
JIeHHOH cTanbio 45. ITOKpHITHSL C HAaHO KapbumaMu
TaHTajla HMeJIH HH3KHe KO3QOHIMeHTHl TpeHHs
0,02-0,034.
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Puc. 5. lHmeHcugHoCcmU U3HALWUeaHus 06pasuos:

1- Cmanb 45, 2 - (Fe-Cr-Ni-Si, Ni-Cr-B-Si) 3- (Fe-Cr-Ni-Si,
Ni-Cr-B-Si) + 5 TaC 06.%, 4 — (Fe-Cr-Ni-Si, Ni-Cr-B-Si) +
10 TaC 06.%

Fig. 5. Wear rates of samples: 1- Steel 45, 2 - (Fe-Cr-B-Si,
Ni-Cr-B-Si) 3- (Fe-Cr-B-Si, Ni-Cr-B-Si) + 5 TiC mass%,

4 - (Fe-Cr-B -Si, Ni-Cr-B-Si) + 10 TiC mass%

bodies of agricultural machinery is possible with the
use of new modern technologies for applying coatings
with high performance characteristics, which have
a significant impact on the durability of agricultural
machinery products.

Laser cladding of multicomponent coatings, and
with the addition of ultradispersed titanium carbide
powder, can be used for the restoration of worn cam-
shafts and crankshafts, piston pins, shaft seats for roll-
ing bearings and other parts of agricultural machinery.
Furthermore, this technology can be used to increase
the wear resistance of tillage implements, plowshares,
disc harrows, cultivator paws, which are made of 45
and 65G steels. Losses on idle time of agricultural
machines during the period of seasonal field work
associated with harvesting and cultivation of agricul-
tural crops lead to significant economic costs.

The effect of self-sharpening of the cutting edge is
of great importance for the effective operation of the
tines of cultivators and disc harrows. The use of laser
cladding technology with multicomponent materials
with the addition of ultradispersed titanium carbide
powder with a layer thickness of 0.5-0.8 mm practi-
cally does not change the geometry of the cutting
edges and at the same time ensures self-sharpening
of tools. The introduction of a nickel-based powder
into the composition of the charge will significantly
increase the corrosion resistance of the coatings.
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CONCLUSION

The technology of laser cladding of multicomponent
coatings with additions of ultrafine powder of
titanium carbide 5 and 10 wt.% Has been developed.
The wear resistance of the coatings is 1.4 times higher
than that of hardened steel 45 and 2.4 and 3 times
higher than the addition of 5 and 10 wt% TiC to the
charge, respectively. At a sliding speed of 2.5m/s, the
seizing pressure of cladded coating with nano carbides
was 1.8-2.5 times higher than that of hardened
steel 45. Coatings with ultradispersed carbides had
friction coefficients of 0.018-0.033. The abrasive wear
resistance of the coating with 10 wt% TiC is 2.2 times
higher than the hardened steel 65G.
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