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MNoBepxHOCTU U3aennn, paboTaloLmX B XeCTKNX
KJIMMaTU4YeCKUX yCa0BuUAX, BOKHbI 061apaTtb
KOPPO3MOHHOM CTOMKOCTbIO, TPM6O/IOrM4eckumm
XapakTepucTUKaMm 1 BbICOKUMU MeXaHUYeCKUMun
cBoCcTBAMU. DTUM 3afa4aM OTBEYAIOT MeTOoAbI
HarnJ1aBKM MefAHbIX CNJ1IaBOB Ha CTaJlb, 0630p KOTOPbIX
npeacTas/ieH B cTaTbe. PaspaboTtaHa TexHoorus
NasepHoOM HanJ1aBKM aHTUPPUKLMOHHbIX MOKPbITUN
Ha OCHOBE Me[M NOpOLIKOBbIM MaTepuasiom
MP-BpAMU 9-2. NpepcTaBaeHbl NapaMeTpbl Npouecca.
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CY[OCTPO@HMH, XMMHYECKOM MAaIlMHOCTPOCHUH
U [PYTUX OTPac/gX IIPOMBILIUIEHHOCTH, ILe CO03-
JAIOTCS U3Me/Ius, MpefHa3HaueHHbIe I SKCIUIY-

aTalliM B KeCTKHUX YCJIOBHUSAX, K JeTAJIIM IIPeIbsIBIISIOT

IIOBBILIIEHHBIe TpeboBaHMUsS. KX ITOBEPXHOCTH OJDKHBI

0bmagaTh KOPPO3MOHHOM CTOMKOCTBIO, AHTHUGPUKIU-

OHHBIMHU CBOMCTBAMH, TeIUIO- U 3/EeKTPOIIPOBOLHOCTIO

U IIPY 3TOM UMeTb BBICOKKE MeXaHH4eckue CBOMCTBA [1].

H3roToBieHUe H3MeNUil U3 MeOU U ee CIUIABOB JOPOro

C SKOHOMMWYECKOM TOYKHU 3peHUs, a B psfe ClydaeB IIpo-

CTO HEBO3MOKHO I10 IIPUYMHE HU3KOIO0 IIpefieia IIPOYHOo-

CTHU MeZH U CIUIaBOB. [IjIs yMeHblIeHHs Pacxoa MeIHbIX

CIUIABOB M3[€/IHS MOKXHO CO3[aBaTh ITyTeM HaIlJIaBKU

MeJHBIX CIIJIABOB Ha CTa/ib. [IpMeHeHHe JyroBbIX MeTO-

[IOB HAIlJIAaBKH COIIPOBOMKAAETCS 3HAUMTEIbHBIM PaCIlIaB-

JIleHHueM CTIBHOM IO[JIOKKH, HaJgpe3aMH MaTepHhaia

OCHOBBI W IIepeMeIlIMBaHKMeM CTaju C pacilIaB/IeHHBIM

IIPHCATOYHBIM MaTepHhajoM. Kak pe3yabTaT HaIlIaBIeH-

HBII CJION MOXKET COAEpsKaTh [0 30% >kenesa.

H3BecTHBI 3KCIIEPUMEHTBI, B KOTOPBIX JIa3epHYIO
HaIUIaBKy MeJHOIO CJI0sl IIPOBOSU/IM IIPOBOJIOKOM
MHJXKT 5-1-0,2-0,2 guamerpom 1,2 MM Ha CTaJIbHYIO
IIacTUHY CT3CI TONMIIKMHOMN 7 MM [2]. B KadecTBe HMCTOY-
HHKa JIa3epHOr0 U3/y4eHHUs HCII0NTb30Ba/Id BOJIOKOHHBIH
nasep JIC-15, OITHUYECKYI0 CBAPOYHYIO TOMOBKYy YWS50.
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The surfaces of products operating in rough
climatic conditions must possess corrosion
resistance, tribological characteristics and high
mechanical properties. These tasks are addressed
by the methods of copper alloy cladding on

steel, which are reviewed in this article. The
technology of copper-based antifriction coating
laser cladding with the powder material
PR-BrAMts 9-2 has been developed. The process
parameters are introduced.
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he increased demands are made to the details

in the shipbuilding, chemical engineering

and other industries, where the products
intended for operation in rough conditions are
created. Their surfaces must possess corrosion
resistance, antifriction properties, heat and
electrical conductivity, as well as high mechanical
properties [1]. The manufacture of products
from copper and its alloys is expensive, from an
economic point of view, and in some cases is
simply impossible due to the low strength of copper
and alloys. To reduce the consumption of copper
alloys, the products can be created by welding
copper alloys to steel. The use of arc cladding
techniques is accompanied by a significant melting
of the steel substrate, cuts of the base material and
mixing of the steel with the molten filler material.
As a result, the deposit may contain up to 30% iron.
The experiments are known where the laser
and copper melting of the copper layer was carried
out with a welding wire MNKZhT 5-1-0.2-0.2 with
a diameter of 1.2 mm on a steel plate St3sp with
a thickness of 7 mm [2]. A fiber laser LS-15, an
optical welding head YW 50 were used as a source
of laser radiation. The cladding was carried out

DOI:10.22184/FR0s.2019.13.2.170.176



EESSSSSSSSSSSSS ADDITIVE TECHNOLOGIES [UBGM
NI —

HarutaBky IpOBOAMIIM IIPM MOIIHOCTH H3/1y4eHHs 5-10
KBT, Bappupys JUAMETp jIy4a, CKOPOCTh HAIUIABKU U CKO-
POCTh IIOJaYHM IIPOBOJIOKH. MeTamiorpapuyecKuMU
HCCIIeIOBAaHUSIMHU YCTAHOBJIEHO, YTO ITyOHHA IIPOHUKHO-
BEHMS MeJU B CTaJ/Ib IIPH MOIIHOCTH M3y4eHusa P=5 u 10
KBT 1 AriaMeTpe jJIa3epHOro IaTHa D=3,6 MM COCTaB/IsIeT
50-130 MKM, a ipu P=10 KBT 1 D=6 MM IIybHHA [IPHUK-
HOBeHMs yKe cocTasisger 100-300 mxm. CpenHee comep-
SKaHMe JKejle3a B HaIlIaBJIeHHOM CJI0e OIIPe/Ie/IeHo Kak 3,6
u 20,3% COOTBETCTBEHHO. MMKPOTBEPAOCTh HAIlJIaBJIeH-
HOT'O BaJIMKa IIPH MOIIHOCTH H3/IyuyeHHs 5 KBT H3MeHs-
ercs B mpefenax 7/-115 HV ,, a Ipy MOIIHOCTH H3/1yd4e-
Hus 10 KBT Haxonuiack B ripenenax 77-330 HV ,.

B paborte (3] omrcaH 3KCIIEpEMEHT, KOTOPBIM IIPOBO-
[OUJICS IIPH KCIIO/NB30BAHHM SHUOLHOIO Jia3epa MOIIHO-
CThIO 10 1600 BT. [Iy11 HaIUlaBKU 6pUT BBIOpAH ITOPOIIOK
6pon3sl Cul5Sn0,4P ¢ pa3mMepaMu YacTui 150-180 MKM.
B KavecTBe IIOJIOKKY [IPUMEHS/IN JIeTHPOBAHHYIO CTaJlb
AISI 4340. JlasepHBIN J1yd (QOKYCHPOBAJICS C IIOMOLIBIO
JIMH3BL JHaMeTpoM 50 MM C QOKYCHBIM PacCTOSHHEM
250 MM. Ha IOBepXHOCTH IIOAJIOKKKM (HOPMHPOBAIH
IIATHO JIa3epa JHAMETPOM 3 MM. EMMHUYHEBIE JTOPOSKKU
HAIUIAB/ISUIM IIPM MOINHOCTH Jjasepa 1000 Brt, cxopo-
CTH IepeMellleHHd jyda 10 MM/C K pacxofe IIOpOIIKa
24 r/MuH. CpegHss IUIOTHOCTb MOLIHOCTH H3/Iy4YeHHs
cocTapnsiia 142 Br/mm?. IIMpHHA eIMHUYHOM HaIlIaB-
JIEHHOM JIOPOKKK ObTa 3 MM Ipu BeicOTe 0,8 MM.
HaruiaBky ITOBepXHOCTH 0OpasIioB BBIIIOTHSUIM C KO3¢-
duIMeHTOM mepeKphITUS 66%. TBepmOCTh GPOH30BOrO
NOKpbITHSL HV 172412, 1 oHa Bblllle, 4eM y $ocHoprHCTOr
6ponssl 100 HB mu 110 HV. TBepAOCTb 30HBI TepMHUUe-
CKOT0 BJIMSIHUS TOJIITUHOM 710 0,5 MM cocTaBistiaa 630+50
HV, 4To 3HAYMTE/IbHO BhIIE, YeM TBEpPHOCTb JIETHPOBAH-
HOH cTat (335+40 HV).

Pe3yqbTaThl JIa3€pPHOM HAIUIAaBKU 0Opa3LIOB CTATH
SAE1045 c pasmepaMu 40x30x8 MM, BBIIIOIHSIEMO
¢ nmomo1tupio CO,J1a3epa MOIIHOCTBIO H3/1y4deHHs 2 KBT,
IIpH CKOPOCTSIX IIepeMelleH s j1y4da 5, 9 1 13 MM/c U 1Ha-
MeTpe JIyda 3 MM, OIMCaHBl B cTaThe [4]. Ha moBepx-
HOCTb 00paslia HaHOCHJIU IIIMKEPHOe ITOKPBITHE TOMIIH-
HOH 110 1 MM, comepkaiiee ropomok Cu5Al u cesisyromiee
BelllecTBO. [Ipu cKopocTy obpaboTku 5 MM/c Habmona-
I0TC cPepUYeCcKHM YacTHIIbl Kejle3a, PaBHOMEPHO pac-
IIpefie/leHHBle B 30He HAIlIaBKH, KpoMe JIeHIPUTHOU
CTPYKTYpbl, PacIlOIOKeHHOM y IOAJIOKKH. IIpH yBenu-
YeHUH CKOPOCTH CKAaHHPOBaHHUS A0 9 U 13 MM/c geH-
JPHUTHBIE MHKPOCTPYKTYpPhI MCY€3aI0T, pacIpele/ieHue
cheprueckyx YacTHII Kejle3a CTAHOBUTCS FeTePOreHHBIM,
a 37IeKTpHUYeCcKoe COIPOTHB/IeHHEe HaIlJIaBJIeHHOIo CJI0s
YMEeHBbIIAeTCs C YBe/IMYeHHeM CKOPOCTH IlepeMelleHMs]
ay4a.

ABTOpBI paboThl [5] HAHOCWIM Ha CTAIBHYIO IUIA-
cruny Q235 ¢ pasmepamu 100x100x10 MM paBHOMEPHBIM

with a radiation power of 5-10 kW, varying the
beam diameter, the cladding rate and the wire feed
speed. The metallographic studies have established
that the depth of penetration of copper into steel
with a radiation power of P=5 and 10 kW and a
laser spot diameter of D=3.6 mm is 50-130 pm, and
at P=10 kW and D=6 mm the depth of penetration
is already 100 to 300 pm. The average iron content
in the deposited layer is defined as 3.6 and 20.3%,
respectively. Microhardness of the weld bead with
radiation power of 5 kW varies between 77-115 HV, ,,
and with radiation power of 10 kV it was in the
range of 77-330 HV,, ,.

In (3] an experiment is described which was
carried out using a diode laser with a power of up
to 1600 W. For cladding, Cul5Sn0.4P bronze powder
with a particle size of 150-180 pm was chosen. AISI
4340 alloy steel was used as a substrate. The laser
beam was focused with a 50 mm lens with a focal
length of 250 mm. A laser spot with a diameter of
3 mm was formed on the substrate surface. Single
paths were deposited at a laser power of 1000 W,
a beam moving speed of 10 mm/s and a powder
consumption of 24 g/min. The average radiation
power density was 142 W/mm?. The width of a
single weld bead was 3 mm with a height of 0.8
mm. Cladding of the sample surface was performed
with an overlap ratio of 66%. The hardness of the
bronze coating HV is 172+12, and it is higher than
that of phosphorous bronze 100 HB or 110 HV.
The hardness of the heat-affected zone, up to 0.5
mm thick, was 630+50 HV, which is significantly
higher than the hardness of alloyed steel (335+40
HV).

The results of laser cladding of SAE1045 steel
samples with dimensions of 40x30x8 mm,
performed using a CO2 laser with a radiation
power of 2 kW, at beam speeds of 5, 9 and 13
mm/s and beam diameter of 3 mm are described
in [4]. A slip coating with a thickness of up to 1
mm, containing Cu5Al powder and a binder, was
applied to the sample surface. At a processing
speed of 5 mm/s, spherical particles of iron are
observed, uniformly distributed in the weld zone,
except for the dendritic structure located near the
substrate. As the scanning speed increases to 9 and
13 mm/s, the dendritic microstructures disappear,
the distribution of spherical iron particles becomes
heterogeneous, and the electrical resistance of the
deposited layer decreases with increasing beam
moving speed.

The authors of [5] applied a powder containing
copper, nickel and tin in a ratio of 77:15:8 with
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C/10eM TOJIIMHOM 1,2 MM IIOPOLIOK, COLEpsKallHH Melb,
HHKeJIb M OJI0BO B IIPOIIOPLHH 77:15:8, IepemelinrBas
€ro mepeq HaHeceHHWeM. HarlllaBKy ITPOBOAM/IM HeIlpe-
peIBHBEIM H3nydyeHHeM CO,J1a3epa MOIIHOCTBIO 2 KBT
IIPX CKOPOCTH IlepeMelleHus jy4da 400 MM/MHH U OHa-
MeTpe JIyya Ha IIOBepXHOCTH obpasia 4,5 MM. 3areM
IIPOBOJIM CTapeHHe obpasua mpu Temrepatype 370 °C
B TeyeHue 30-480 MHHYT. MHKPOTBEPAOCTb ITOKPHITHS
OKa3ajiach BBOE BBILIE I10C/Ie cTapeHus pu 370 °C B Teye-
HHe 2 4acoB, U ee MaKCHMaJIbHOe 3HaueHHe COCTaBHJIO
390 HV. IIpu 3TOM yme/lbHOe 3IeKTPHUECKOe COIIPOTHB-
JleHue MOKPBITHS YMEHBLIMIOCh ¢ 2,87:10° mo 1,52:107
Om-cMm.

JI71s1 HaIUTaBKY JIIOMHHKEBOM OpoH3bl B pabote [6]
ucnonb3oBanin  CO,-nmasep «Komera-2»  MOIIHOCTBIO
usnydeHus 1 KBT. IIJIOTHOCTh MOIIHOCTH COCTaBJIsjIa
~1,27-105 Bt/cM?. B KauecTBe IIOMJIOKKH MCIIOIb30Ba-
7ack cTanb 45. EAMHUYHbBIe JOPOKKHM U MHOIOCJIOMHAs
HaIl/IaBKa OPOH3BI [/ UCIIBITaHUS 06pasLioB Ha TpeHHe
Y M3HOC ObUIM HaHeceHBI IIPH CKOPOCTH IepeMelleHus
ny4a 100-300 MM/MUH U PaCcCTOSHUM COIUIA Hafl [IOBEPX-
HOCTBIO 10-14 MM. B yC/IOBUAX HCIIBITAHUS IIPH TPEHHUH
6e3 CMa304HOro MaTepHaaa IIPH CKOPOCTSX HAILIABKHU
HWwKe 140-160 MM/MHH KO3QOUIIMEHT TpeHHUS CTa-
6mIbHBIN 0,17-0,2 ¥ 3HAYUTE/IbHO HUKe I10 CpaBHEHUIO
C IUTBIMH QJIIOMHUHHEBBIMU OPOH3aMHU.

3afaya CHH KeHHUS H3HALIMBAHMSA TOJIOBKU >KeJe3-
HoZOposKHOro bydepa pemanace B pabote [7]. JKemes-
HOZIOpOkKHbIe Oydepsl BO BpeMs PabOThI HAXOMSTCS
B IIPaKTHYeCKH IIOCTOSHHOM KOHTaKTe APYr C JPyroM
U MMEKT 3HA4yMTeJIbHble H3HOCH. [ yMeHbIIeHUs
MHTEHCHBHOCTH H3HAIIMBAaHUS TOIOBKU Oydepa IMOKphI-
BalOT TIPaQUTHU3UPOBAHHOM CMa3KOH, OJHAKO 3TOT
criocob MMeeT MHOTO HEOCTAaTKOB. BBIIO ITpeIosKeHO
pellleHHe IIOKPBITh TooBy Oydepa c OPOH30H € IIOMO-
IIBIO JIA3€PHOM HAIUIaBKU. B KauecTBe MPHCAZOYHOIO
MaTepHajia BbIOpaTKU aTIOMHHHEBYI0 6poH3y CuAl9Fe3.
JlazepHyI0 HaIUIaBKy IIPOBOJHIM C IIOMOIIbIO POBOTH-
3MPOBAHHOIO CTeH[A, OCHAIIEHHOIO IIPOMBIIIIEHHBIMH
poboramu ABB, U IHOAHOTrO JIa3epa BHICOKOM MOIIHOCTH
HPDL LDF 4000-30 ¢upmbl LaserLine ¢ MakCHMa/JbHOH
BBIXOJIHOH MOITHOCTBIO 4,0 KBT. MaTepHal OCHOBEI — KPYT
M3 MSTKOM CTIH S355J2, MMEIOIIME HOMHHAIbHBIN THa-
metp 38,0 MM, TBepmOCTh HAILIABJIEHHOTO IIOKPBITHS
Konebanach B rpesieniax 178-189 HV ,.

HavMeHBIINI HM3HOC IMOKAa3IH 06pasipl C TIOMH-
HUEeBBIMHU CJI0SIMU 6pOH3BI (B cpefiHeM 10 MT) U CTAIBHBIE
06pasLpl CO CMa3aHHBIMU ITOBEPXHOCTSIMU (B CpelHEM
7,5 Mr). F3HoC 06pa3LioB oKa3aics OAMHAKOBBIM Ha ITpo-
TSDKeHUU BCexX 4deTbIpeX cepril. TakuM obpa3oM, MOXKHO
[IPefIIONOKUTE, YTO IpPHMeHeHHe aJTIOMHHHEeBOH
6poH3bl CuAl9Fe3 moc/ie 1a3epHOM HAIUIABKU II03BOTUT
OTKA3aThCs OT HEOOXOOHUMOCTH CMa3bIBAHMUS SKeIe3HO0-
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a uniform layer of 1.2 mm thick onto a steel
plate Q235 with dimensions of 100x100x10 mm,
mixing it before the application. The cladding
was performed by continuous radiation of a 2 kW
CO, laser with a beam displacement speed of 400
mm/min and a beam diameter of 4.5 mm on the
sample surface. Then, the sample was aged at a
temperature of 370 °C for 30-480 minutes. The
microhardness of the coating was twice as high
after aging at 370 °C for 2 hours, and its maximum
value was 390 HV. At the same time, the electrical
resistivity of the coating decreased from 2.87-107 to
1.52:10° Ohm-cm.

For cladding aluminum bronze, the authors
of [6] used a CO2 laser «Comet-2» radiation power
of 1 kW. The power density was ~1.27-10° W/cm?.
Steel 45 was used as a substrate. Single paths and
multilayered cladding of bronze for testing samples
for friction and wear were applied at a beam moving
speed of 100-300 mm/min and a nozzle distance
above the surface of 10-14 mm. Under the test
conditions for friction without lubricant at cladding
speeds lower than 140-160 mm/min, the friction
coefficient is stable 0.17-0.2 and is significantly
lower compared to cast aluminum bronze.

The task of reducing the wear of the rail buffer
head was solved in [7]. During operation, railway
buffers are in almost constant contact with
each other and have significant wear. To reduce
the wear rate, the buffer head is covered with
a graphitized lubricant, however, this method
has many disadvantages. It was proposed to cover
the head buffer with bronze using laser cladding.
Aluminum bronze CuAl9Fe3 was chosen as the filler
material. Laser cladding was performed using a
robotic stand equipped with ABB industrial robots
and a high-power diode laser HPDL LDF 4000-30
with a maximum output power of 4.0 kW. The base
material is a circle of mild steel S355]J2, having a
nominal diameter of 38.0 mm. The hardness of the
weld coating varied within 178-189 HV, ,.

The samples with aluminum layers of bronze (10
mg on average) and steel samples with lubricated
surfaces (7.5 mg on average) showed the least wear.
The wear of the samples was the same for all four
series. Thus, it can be assumed that the use of
CuAl9Fe3 aluminum bronze after laser cladding
will eliminate the need for lubricating the railroad
buffer during the operation of the rolling stock.

The objective of the work is to determine the
effect of transverse oscillations of the laser beam
on the mixing of the deposited charge with the
base material and on the cladding rate.
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PposkHOro bydepa B IIpoliecce SKCIUTyaTallMH [IOIBHUKHOTO
COCTaBa.

Hensmu paboThl SIBISIETCS OIpefie/leHHe BIHUSHHUS
TIOTIepeYHBIX KolebaHUN JIa3epHOro jayda Ha IlepeMe-
MIMBAHKe HaIUIaB/IseMOH IIHXThI C MATePHAIOM OCHOBBI
Y Ha [TPOK3BOUTE/IBHOCTb HAIUIABKH.

OBOPYNOBAHUE A1 HAMNJIABKU OBPA3LLOB
U METOZbl UCCNEAOBAHUN

B sKcIleprMeHTaJIbHBIX MCCIeLOBAHUAX HCIIOIb30Ba/IU
nasepHbINl KoMIutekc MMAIIL PAH [6]. Obpasupl H3ro-
TaBIUBaIU K3 CTatu 40X pasMmepamu 15x20x70 mM.
Jlns HaIvlaBKM BbIOpaH IIOPOLIOK Ha OCHOBE MeAU
ITP-bpAMIy, 9-2 ¢ pasmepom vactury 40-150 MKM. B Kave-
CTBe BapbUPYeMBIX ITapaMeTpoB OBUTH BBIOpaHBI MOII-
HOCTb K3/1ydeHus P=700-1000 BT, ckopocTs 06paboTKu
V=5-10 MM/Cc ¥ OHaMeTp Iy4YKa d=1-3 MM. B Kaue-
CTBe [OIIOJIHMTE/NIbHOr0 (aKTopa pacCMaTpHUBaIOCh
CKaHHUPOBaHHe Jyd4a C QUKCHPOBAHHOM YaCTOTOH
f=220 Tu.Hcrionp30Baicsl CKAHATOP Pe30HAHCHOTO THIIA
C YyIOPYTMM 37eMeHTOM, Ha KOTOpPOM ObLIO 3aKpeIjieHO
3epKajio. MeTayorpapuyeckyie HCCIeJ0BaHUS HaIlaB-
JIeHHBIX TIOKPBITUH IIPOBOAHMJIM Ha MHKPOTBepIoMepe
[IMT-3 mpu Harpyske 0,98 H, meTamnorpapuieckom
mukpockorie Anpramu MET 1C 1 1$poBoM MUKPOCKOIIE
AMA413ML.

CTpyKTypa M XHMHYeCKHI COCTaB HaIlJIaBIeHHBIX
CJIOEB MCCIeNOBaJIM Ha CKAaHUPYOLIEM 3JIeKTPOHHOM
MuKpockore TESCAN VECA 3 SBH ¢ cHCTeMOH 3Heprogu-
CIIePCHMOHHOIO aHA/IM3a C [IPUMeHeHHeM PesKMMOB OTpa-
SKEHHBIX ¥ BTOPUYHBIX 3/IeKTPOHOB.

Jlns orpesiesieHHsl TPUOOTOIMUECKUX XapaKTEPHUCTHK
HaIUIaBlIeHHBIX 00paslioB IpHMeHsIach YHHBepCaslb-
Hasg MamiuHa TpeHus MTY-01. HcrbITaHHS ITPOBOIM/IN
I10 CXeMe “IUIOCKOCTb (HaIlIaB/IeHHbIH 0b6pa3selr) — KOJIbLIO
cTa1b 40X (48-52 HRC).CKOPOCTB CKOJIBKeHUS U IaB/IeHHe
Ha o6pa3eu M3MEHSIKCh JUCKPeTHO B MHTepBase 0,1-1,1
M/c u 1-3 MIIa coOTBeTCTBEHHO. B KadyecTBe CMa304HOIO
MaTepHajyia MKCIIONb30BaIM MAacI0 TPAaHCMHCCHOHHOE
TC3m-8.

PE3YJ/IbTATbl SKCNMEPUMEHTAJIbHbIX
NCCNELLOBAHU

JlasepHasl HaIl/IaBKa 00paslioB BBIIOJIHSUIACh HA OITH-
Ma/IbHBIX PeXKHMMax pacGOKyCHPOBHAHHBIM JIy4OM
U C IIOIIepeYHBIMH KOTeDaHHSIMHU JIyda II0 HOpMaIH
K BEeKTOPY CKOPOCTH JlasepHON obpaborku. Ha pmc. 1la,
b mpencraBieHbl MUKpOLUTHQE! HAIlIABIEHHBIX IOPO-
JKeK € pasmepamu 0,75x2,1 MM, TBEpAOCThIO (181-208 HV),
1 0,68x3,38 MM - (204-224 HV), mony4eHHBIX pacHoKycH-
POBaHHBIM Jy4OM M CKaHHPYIOMIKUM C 4acToToH 220 I11
JIy4OM COOTBETCTBEHHO. 30Ha IIPOIIABIIEHUS OCHOBBI
rpu 06paboTke pachOKyCHPOBAHHBIM JTYUOM U CKAHHPY-
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SEM HV: 200 kV |
View field: 3.68 mm |

WD: 15.95 mm
Det: BSE

I

SEM HV: 20.0 kKV WD: 15.00 mm VEGA3 TESCAN|

Puc. 1. Hannaaska nopouwka 6poH3bl MP-GpAMUy, 9-2 Ha

cmanb 40X x75: a) Hanaagka pacokycuposaHHbIM Ay4oMm,

b) Hanaaska ckaHupytowum ¢ yacmomot 220 Iy Ay4om

Fig. 1. Cladding of PR-BrAMts 9-2 bronze powder on steel 40X
x75: a) cladding with a defocused beam; b) cladding with a
scanning beam with a frequency of 220 Hz

EQUIPMENT FOR CLADDING SAMPLES
AND RESEARCH METHODS

In the experimental studies, the laser complex by
IMASH of RAS was used [6]. The samples were made
of 40X steel with dimensions of 15x20x70 mm.
For cladding, copper-based powder PR-BrAMts 9-2
with a particle size of 40-150 pm was chosen. As
the variable parameters, we chose the radiation
power P=700-1000 W, the processing speed V=5-10
mm/s, and the beam diameter d=1-3 mm. An
additional factor was beam scanning with a fixed
frequency £=220 Hz. A resonant type scanner was
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IOLIKM JIy4OM cocTaBuiIa 380 1 150 MKM COOTBETCTBEHHO.
Il1omans IOIePeYHOro CeYeHUs eIMHHYHOIO HaIllaB-
JIEHHOTO CJI0S1 ITPY CKAHUPOBAHUK /1y4a B 1,5 pa3a bonbiire,
4YeM IIpH HaIuIaBKe PacGOKyCHPOBAHHBIM JIYYOM.

Ha puc. 2a, b moxasaHbl 30HBI CIUIABJIEHHUS [TOKPBI-
THS C OCHOBOM U XMMUYECKHH COCTaB B 30HE HaIlJIaBKH,
B IIepeXOIHOM 30He M OCHOBHOM MatepHase. M3 mpen-
CTaBJIeHHBIX Pe3y/IbTaTOB C/IefyeT, YTo HIpH 0bpaboTke
pacPoKyCUPOBAaHHBIM JIYYOM B HaIUIABJIEHHOM CJIO€
HabnmonaeTcst 6oiblilee COAEPsKAHMUE SKele3a, UTO SIBIISIeTCS
crnencTBreM 6oree ITybOKOro IIPOILIABIEHHSI OCHOBBI.

Ko3pduiiieHTsl TpeHHsI HU3MEHSIMCh B IIpefeiax
0,016-0,022 u 0,014-0,021 Ip¥ HCIBITAHUH o6pa3u013,
HaIlIaBJIeHHBIX PacHOKyCHPOBAHHBIM M CKAHHPYIOIIHUM
JIYy4YOM COOTBETCTBEHHO, YTO B [IBa pa3a HIDKe, YeM Ha
obpasuax M3 nuTor OpoH3bI. YCTAHOBJIEHO, YTO IUIO-
Qb IIOIIEPEeUHOr0 CeYeHMs HAIUIABJIEHHOU JOPOXKKU
CKAaHUPYIOIIKMM JIydoM B 1,5 pasa 6osnblre, yeMm pacdo-
KyCHPOBAaHHBIM JIyYOM IIPU OOHHUX U TeX >Ke pekKHUMax
06paboTKu.

JIazepHas HamjlaBKa aHTHQPHUKIMOHHBIX ITOKPBITHI
Ha CTa/JIbHBIE MTOBEPXHOCTH MOYKET OBITh HCIIONB30BaHA
B CYZJ0BOM MAIIMHOCTPOEHHMH, y3/1aX TPEHUS TMPaBIIH-
YeCKUX arperaToB, B TSDKEI0 HarpPYysKeHHbIX ITOAIIMITHH-
KaX CKOJIBKeHHUS U OBICTPOXOOHBIX MexaHK3Max. CoBpe-
MeHHOe TexHOJIOrHYecKoe obOpymoBaHHe, OCHAIeHHOe
BOJIOKOHHBIMH, [OHOOHBIMH MU [APYTUMH Ja3epaMH,
T103BOJISIET HAIUIAB/IATH paboyre MOBEPXHOCTH ITIOCKUX
JeTajien, Tesl BPallleHUs U JieTaler CJI0’KHOM IIPOCTPaH-
CTBeHHO! (OpMBI. [IPOYHOCTH ClLieI/IeHHs HaHeceHHBIX
Jla3epHBIM JIY4OM IOKPBITUM Ha OCHOBE MeIH BBbIIIe
IIPOYHOCTH Ha CABUT HOPMa/IM30BaHHOM U YIy4IIeHHOMH
CTa/IU U cocTaBiseT 350-480 MI1a.

BbIBO/bl

Pa3zpaboTaHa TEeXHOJIOIMs JIa3epHOM HAIUIaBKU aHTHU-
OPUKLMOHHBIX MOKPBHITUH Ha OCHOBE MeNM IIOPOIIKO-
BbIM MaTepraaoM IIP-BpAMIL 9-2. KoapduiiyieHT TpeHH s
CKOJIBKE@HHM S ITPU UCII0Ib30BAHMH B KaYeCTBe CMa304HOI0
MaTeprajia Macjla TPaHCMUCCHOHHOro TC31m-8 cocTaBUII
0,016-0,022 u 0,014-0,021 mpu HaruIaBKe pacHoKyCHpO-
BaHHBIM M CKAaHHUPYIOIIMM C 4acToTor 220 I sydom
COOTBETCTBEHHO, YTO B [IBa pasa HIDKe, 4eM Y JIUTOH
OPOH3BI.

ITpOM3BOAUTE/ILHOCTD JIa3ePHOM HAIJIaBKH IIPH IIOIe-
PEeUHBIX KOJIebaHHUSIX JIyda K BEKTOPY CKOPOCTH HAIlTABKH
IIOBBIIIAETCS B 1,5 pasa Mo CpaBHEHMIO C HAIJIaBKOM pac-
(GOKYCHPOBAHHBIM JIYYOM.

CI‘I NCOK JIUTEPATYPbI
Pbi6uH B.B., BaiinepmaH A. E., bapaHo A. B., AuapoHoB E. B., Muuyx-
KuH C.A. VccnenoBatme 0c06eHHOCTeN 1 pa3paboTka nporpeccuBHbLIX TEXHOMOr Ui
CBApPKI MeZHbIX CMNABOB CO CTANSMIA U HANNaBKW MeAHLIX CaBOB Ha CTa/u. Bonpochl
mamepuanogederus. 2006; 1 (45): 220-229.
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used with an elastic element with a mirror attached.
Metallographic studies of the deposited coatings were
carried out on a PMT-3 microhardness meter with a
load of 0.98 N, a metallographic microscope Altami
MET 1C, and an AM413ML digital microscope.

The structure and chemical composition of the
deposited layers were studied on TESCAN VEGA 3
SBH scanning electron microscope with an energy
dispersive analysis system using reflected and
secondary electron modes.

The universal friction machine MTU-01 was
used to determine the tribological characteristics
of the deposited samples. The tests were carried out
according to the «plane» (deposited sample) - steel
40X ring (48-52 HRC). The slip rate and pressure on
the sample were changed discretely in the range of
0.1-1.1 m/s and 1-3 MPa, respectively. Transmission
0il TSZp-8 was used as a lubricant.

EXPERIMENTAL STUDY RESULTS

Laser cladding of the samples was performed at
the optimal modes by a defocused beam and with
transverse oscillations of the beam along the normal
to the vector of the laser processing speed. Fig. 1
(a2 and b) shows microsections of the weld tracks
with dimensions of 0.75x2.1 mm, hardness (181-208
HV), and 0.68x3.38 mm - (204-224 HV) obtained by
the defocused beam and scanning with a frequency
of 220 Hz, respectively. The zone of penetration of
the base when processing the defocused beam and
the scanning beam was 380 and 150 pm, respectively.
The cross-sectional area of a single deposited layer
when scanning the beam is 1.5 times larger than
when cladding with a defocused beam.

Fig. 2 (a, b) shows the zone of fusion of the
coating with the base and the chemical composition
in the cladding zone, in the transition zone and
the main material. From the presented results, it
follows that the processing of a defocused beam in
the deposited layer has a higher iron content, which
is a consequence of a deeper penetration of the
base.

The friction coefficients varied between
0.016-0.022 and 0.014-0.021 when testing the
specimens of the deposited defocused and scanning
beams, respectively, which is two times lower than
on the cast bronze specimens. It is established that
the cross-sectional area of the weld path by the
scanning beam is 1.5 times larger than that of the
defocused beam with the same processing modes.

Laser cladding of antifriction coatings on steel
surfaces can be used in marine engineering, friction
units of hydraulic units, in heavily loaded sliding
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bearings and high-speed mechanisms. Modern
technological equipment equipped with fiber, diode
and other lasers makes it possible to build-up the
working surfaces of flat parts, bodies of revolution
and parts of complex spatial form. The adhesion
strength of the copper-based coatings applied by
the laser beam is higher than the shear strength
of normalized and improved steel and is 350-480
MPa.

CONCLUSIONS

The technology of laser cladding of antifriction
coatings based on copper with the powder material
PR-BrAMts 9-2 has been developed. The coefficient
of sliding friction when using transmission TSZp-8
as a lubricant was 0.016-0.022 and 0.014-0.021 when
cladding defocused and scanned at a frequency of
220 Hz, respectively, which is two times lower than
that of cast bronze.

The performance of laser cladding with transverse
oscillations of the beam to the vector of the cladding
rate increases by 1.5 times compared with the
cladding of a defocused beam.





