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McnbiITaHUM 06pasuyoB cTanm 20X13

1 06pasu,oB cTanm 20X13 ¢ 1asepHOM
LUMPOKOMNOJIOCHOW HAaMJ1IaBKOW MOPOLLKOM
20X13. HannaB/IeHHbIN C/ION UMeN AeHAPUTHYIO
pPa3sHOOPMEHTUPOBAHHYIO CTPYKTYPY.
MukpoTBepAoCTb MOKPbITUSA cOCTaBAsANA
501-575 HV. YcTaHOB/1EHO, YTO UHTEHCUBHOCTb
M3HaLUMBaHMUSA HaMn/1aB/1€HHOr 0 NOKpPbITUSA

B 3,16 pa3a HMXe, YeM OCHOBHOIo MaTepuana.
MHTEHCUBHOCTb M3HALUMBAHUS KOHTpo6pasua
13 3aKaJIeHHOM cTanu 45 6bl1a HUXe B Nape
TPeHUs € HanJ1aB/IeHHbIM 06pa3uoM no
CpaBHEHMWIO C OCHOBHbIM MaTepuanom. CpegHue
KO3¢$PULMEHTbl TPEHUS A1 Han/1aBJeHHbIX
o6pasuoB MMenn 3HavyeHus 0,043, a maTepuana
ocHoBbl 0,078. Mpon3BOANUTENbHOCTb J1Ia3epHOWN
LUIMPOKOMNO/IOCHOM HaNaBku B 5-7 pas Bbilue,
yeM npu o6paboTke pachoKyCMpOBaAHHbIM
ly4yom.
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The paper considers the results of
metallographic and tribotechnical tests

of 20X13 steel samples and 20X13 steel
samples with laser broadband cladding

with 20X13 powder. The deposited layer had

a dendritic differently oriented structure. The
microhardness of the coating was 501-575 HV.
It was found that the wear rate of the cladded
coating is 3.16 times lower than that of the
base material. The wear rate of the counter
sample made of hardened steel 45 was lower
in the friction pair with the cladded sample
compared to the base material. The average
friction factors for the cladded samples were
0.043, and for the base material was 0.078. The
performance of broadband laser cladding is
5-7 times higher than when processing with

a defocused beam.
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INTRODUCTION

The development of new laser powder cladding tech-
nologies is an important task of modern mechanical
engineering. The following are the research mate-
rials conducted by foreign and domestic authors
in the field of developing laser cladding technolo-
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BBEAEHWE
Pa3paboTKa HOBBIX T€XHOJOTMI JIa3epPHOM IIOPOLIKO-
BOM HAIIJIABKU SIBMISETCS BaKHOM 3aJader COBpPeMeH-
HOI0 MalIMHOCTpOeHMs. HuKe IpefcTaB/ieHbl MaTe-
PHaIBl HUCCIIEIOBAHUM, IIPOBeIeHHbIe 3apyOesKHBIMU
1 OTe4eCTBEeHHBIMH aBTOPAMHU B 06/1acTH pa3paboTku
TeXHOJIOTUH JIa3epHOHM HaIl/IaBKU. MaTepuajioM
ocHOBHI [1] 06pa3noB c pazmepamu 76,0x25,4x10,0 MM
6pi1a BeibpaHa crans AISI 1020 (0,18-0,23%C). s
7Ma3epHOM HAIlJIaBKHM HCIIOJb30BAJIHM IIOPOIIOK
Ni-Cr-B-Si ¢ pasmepom yactuil 53-150 MKM MapKu
1545-00 c 3aaB1eHHOM TBepAocThI0 490 HV30 1 r1oTHO-
cTeio 7,1 r/cm3. O6pa3u1:1 6BUIM HaIlIABJIEHBL C IIOMO-
IIBI0 BOJIOKOHHOTO JIa3€pPHOT0 HMCTOYHMKA (QUPMBI
«IPG PHOTONICS» mpyv MOIIHOCTH H3ny4eHHs 1,05,
1,4, 1,75 kBT, cKopocTH IlepeMelleHus ayda 5 (Cl),
21,7 (C2), 30 (C3) MM/c KoabdPULIEHTe IepeKPhITHS
noposkek 30%. HcrbITaHUs o6paslioB Ha abpasuBHOe
M3HaIllMBaHUe BBIIIOJHSIN II0 cTaHAapTy ASTM GG65
II0 CXeMe: «KOJIblleBasl IIOBEPXHOCTb 3JIaCTHYHOIO
KpyTa — IJIOCKUI obpasel] (MaTepHas OCHOBBI, ITOKPHI-
THe)» C IIOfader B 30HY TPeHHs KBapLIeBOIO IlecKa
TPAaBUTALIMOHHBIM CII0CO60M. Pe3ylbTaThl HCIIBITA-
HUHM Ha abpasuBHOe H3HAIIMBAHHe II0KA3/IH, 4YTO
obpasusl Cl MMenHM MaKCHMaJIbHYIO abpasHBHYIO
CTOMKOCTD, 32 HUMH I10 YOBIBAHIIO aOpa3uBHOI CTOM-
KOCTH CJIeIoBa/Ixu o6pa3ub1 C2 u C3. Ha 06pa3uax C2
1 C3 6p11K 06HAPY>KEHBI IIOIIePeYHble TPEIINHEI, YTO,
10 MHEHHIO aBTOPOB, MOKHO OBUIO ITPefOTBPATHTh
IIpefBapUTeIbHBIM II00IPeBOM 06pa3LIoB.

st m3roToBneHus o6pasnoB [2] Op1a BriOpaHa
cTaib 45, KoTopas MIKMPOKO KMCII0/b30Ba/lach B IIPOM3-
BOZ,CTBe THPOLIMJIMHIPOB. [/ JIa3epHOM HaIUIaBKH
HCIIO/Tb30BAIM CTAaHAAPTHBIM MeTaJ/IMYeCKUM I10POo-
oK Mapku 316L ¢ pasmepom dYacTtul, 53-150 MKM.
O6paboTka 06pasioB 6blIa IIpOBefieHA Ha JHCKOBOM
nasepe (TruDisk 4002, FepMaHUSs) C AIUHOM BOJIHBL
1030 HM B cpefe 3alMTHOIO ras3a, aproHa, C pac-
xomgoM 10 s/MHUH HOpH KOMHATHOHM TeMIlepaType,
MOIITHOCTH H3/1y4yeHHs 2600 BT, CKOPOCTH CKaHUPO-
BaHUs 10 MM/c U KoadpdulleHTe IepeKPhITUS OPO-
KeK HaIUIaBKU 50%. TpuboTexHHUUYeCKHe MCIIBITA-
HMSI IPOBOJKIIM II0 cxeMe: «map (Si;N,, AHaMeTpoM
4 MM c TBepmocThio 78 HRC) - m10CKKE 0obpa3selr) IIpH
Harpy3ke 5 H u 4dactore BpameHus 100 mun! ¢ mpo-
JOJIKHUTEIBHOCTBIO IHK/IA 30 MUH. JJIT UCOBITAHHUH
Ha H3HOC U KOPPO3HOHHYIO CTOMKOCTh OBIIM H3rO-
TOBJIEHBI [JHCKOBble 0OpasIpl pasMepoM IHaMeTPOM
40 u TonmuHOM 10 MM. HarpeB 06pasiioB B COSHOM
BaHHe IIpOBOAMIICA IpU TeMIiepaType 1050 °C B Teye-
HUe 1 9aca B me4u sl TepMoobpaboTKU C Iocieny-
IOIMM OX/TKIeHHEM Ha Bo3ayxe. MHKDOTBEPIOCTh
HAIl/IaBJIeHHBIX IIOKPBITHH cOCTaBasIa 170-200 HV,
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gies. AISI 1020 steel (0.18-0.23%C) was chosen as
the base material for [1] samples with dimensions
76.0%25.4x10.0 mm. Ni-Cr-B-Si powder with a par-
ticle size of 53-150 microns of the 1545-00 grade with
a declared hardness of 490 HV30 and a density of 7.1 g/
cm? was used for laser cladding. The samples were
cladded using an IPG PHOTONICS fiber laser source
at radiation power of 1.05, 1.4, 1.75 kW, beam travel
speeds of 5 (Cl), 21.7 (C2), 30 (C3) mm/sec, a track
overlap coefficient of 30%. The samples were tested
for abrasive wear according to the ASTM G65 stan-
dard according to the scheme: “annular surface of an
elastic circle - a flat sample (base material, coating)”
with quartz sand being gravity-fed into the friction
zone. The results of the abrasive wear tests showed
that samples C1 had maximum abrasive resistance,
followed by samples C2 and C3 in descending order
of abrasive resistance. Transverse cracks were found
on samples C2 and C3, which, according to the
authors, could have been prevented by preheating
the samples.

For the production of samples [2], 45 steel was
chosen, which was widely used in the manufacture
of hydraulic cylinders. A standard 316L grade metal
powder with a particle size of 53-150 microns was used
for laser cladding. The samples were processed using
a disk laser (TruDisk 4002, Germany) with a wave-
length 0f 1030 nm in an environment of protective gas,
argon with a flow rate of 10 l/min at room tempera-
ture, a radiation power of 2600 W, a scanning speed of
10 mm/s and a 50% overlap coefficient of the cladding
tracks. Tribotechnical tests were carried out accord-
ing to the scheme: “a ball (Si;N,, 4 mm in diameter
with a hardness of 78 HRC) is a flat sample) at a load
of 5N and a rotational speed of 100 min! with a cycle
duration of 30 min. Disc samples with a diameter
of 40 mm and a thickness of 10 mm were produced
for wear and corrosion resistance tests. The samples
were heated in a salt bath at a temperature of 1050 °C
for 1 hour in a heat treatment furnace followed by air
cooling. The microhardness of the deposited coatings
was 170-200 HV, and after heating in a salt bath it
was 240-280 HV. The increased corrosion resistance of
the deposited layer with 316L powder treated in a salt
furnace was explained by an increase in the micro-
hardness of the surface. The typical mechanism of
destruction during corrosion wear was abrasive wear
and plastic deformation, while the main mechanism
of destruction under normal wear conditions was
brittle fracture of microzones and abrasive wear. The
corrosive environment accelerated the wear process
by about 3 times compared to what happened without
the corrosive effect.
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a IoC/le HarpeBa B COJMSHOM BaHHe OHa COCTaBHJIA
240-280 HV. IloBblilleHHe KOPPO3HOHHOK CTOHMKOCTH
HaIUIaBJIEHHOTO €105 IIOpPOIIKoM 316L, obpaboraHHOr0O
B COJISIHOM ITeYM, OOBSCHSIIOCH ITOBBIIIEHHEM MHKPO-
TBePAOCTH IIOBEPXHOCTH. THUIIMYHBIM MeXaHH3MOM
paspylleHusl NIpKU KOPPO3HOHHOM H3HOce 6bl1 abpa-
3UBHBIM HM3HOC U IUIaCTH4YecKasl Jedopmalius, B TO
BpeMs KaK OCHOBHBIM MeXaHH3MOM pa3pylIeHHs
IIPU HOPMAaJIPHBIX YCJIOBHUSIX M3HOCA OBUIM XPYIIKOe
paspylleHHe MHKPO30H K abpa3suBHBIN H3HOC. Kop-
pO3HOHHAas cpela yCKOpsjaa IIPOLIeCC HM3HAIIMBAHHSA
IIPXMEPHO B 3 pa3a M0 CPAaBHEHHIO C TeM, YTO IIPOMC-
Xomuo 6e3 KOppO3LOHHOI'O BO3JEHCTBHUSL.

15 3KCIIepUMeHTOB [3] 10 /a3epHON HaIlJIaBKe
HCIIO/IB30BAIK 00pasLpl CcTany 27SiMn guaMeTpom
150 MM M TOIIIHUHOM 60 MM. B KauecTBe HaIIJTaBOYHOI'O
IIOPOIIKA MCIIOJIB30BaJICA CIJIaB Ha OCHOBE >Kejesa
¢ nobaBkamu Cr, Ni u Si (cpegHsist TBepmocTh 51 HRC)
CO CpeJHHM Pa3MepOM YacTHL, 38 MKM chepHUeCcKOr
dopMbl, UTO obecrieuHrBaso ero JIyYNIyI0 TeKy4ecTb.
HamtaBky o6pa3slLioB BBIIIONHSUIM Ha JIa3epHOM yCTa-
HoBKe RFL-C4000 (Raycus Fiber Laser, Yxaus, Kuraii)
C KOAKCHAJIBHOM IToJadyel IIOpPOIIKA aproHOM, KOTO-
PBIM TaKoKe MCIIO/B30BalIM /I 3aLIHUTHl PacIllaB/IeH-
HOTO MeTaUla IIPU MOINHOCTH jiasepa 2,7 KBT u cTe-
IIeHU IIePeKphITHUS Nopoxkek 80%. TprboTexHUYeCKHe
HCIIBITAaHUS IIPOBOAUIN Ha MHOTOQYHKLKOHAIBHON
MamuHe TpeHus (CFI-I, WKyHKeKalxya, JIaHBWKOY,
KuTai) 6e3 cMa304yHOro MaTepHasa IO CXeMe: «IIap
(Si;N,, nuamerpom 5 MM) — obpasell C ITOKPBITHEM»
IIpY HOPMaJIBHOM Harpyske 30 H, yacToTe BpaleHUs
500 MuH! 1 BpeMeHHM LKKIa 30 MUH. [IjIs oripenese-
HHS XapaKTEePHUCTHK HAIUIABIEHHOIO IIOKPBITHS M3T0-
TaBIMBaIN 06pasLbl ABYX BUAOB A (BepxXHssl 0671acTh
HaIlJIaBJIEHHOTO C/I0s1, TOJIIIMHA KOTOPOro COCTaBJIsIa
1,1 Mmm) U B (cpeLLH;m 06/1acTh 0BJIMIIOBOYHOTO CJIOS,
TOJIIIMHA OT ITOJJIOKKHM I10C/Ie IIPOTOYKH COCTaBJIs/a
0,55 MM). HaruiaBiieHHBIN CIIOH o6pa3ua A comepskai
6omnblle coefMHEHUH METalJ0B M KapOUAHBIX a3
C MeJIKKMH 3epHaMH, a CTPyKTypa obpasua b cocTosna
B OCHOBHOM M3 yIJIMHEHHBIX JeHIPUTOB. MUKpPOTBEp-
noctb obpasua b 6su1a BhllIe, yeM y obpasua A. CTo-
KoCTh 0obpasna b K HCTHpPAHUIO IIPUMEPHO B 2,7 pa3a
BbllIe, yeM y obpasiia A. MexaHH3M H3HOca obpasia
A 3aKJII04asIcs B a/iITe3MOHHOM U abpa3svBHOM HM3HOCe,
a 151 o6pasua b - B abpa3suBHOM HM3HOCE.

B xauecTBe MOMJIOKKH [4] OblIa HCIIOTB30BAaHA
IJIACTUHA M3 HepykaBelollen cTanu SS316L pasme-
poM 100x20x60 mMM. [l /a3epHOM HAIUIaBKHU IIPH-
MeHsIM nopomok WC-NiCrMo c pasmepom coepu-
YyecKUX dYacTUl, 30-53 MKM. [ HaIIaBKU ObLia
HCII0/Ib30BaHA AMOAHAS Ja3epHAsl CUCTeMa C THOKUM
BOJIOKHOM LDF400-2000 (1600 BT) C KpyIJabIM IISIT-
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For experiments [3] on laser cladding, 27SiMn steel
samples with a diameter of 150 mm and a thickness
of 60 mm were used. An iron-based alloy with Cr, Ni
and Si additives (average hardness 51 HRC) with an
average particle size of 38 microns of spherical shape
was used as a cladding powder, which ensured its bet-
ter fluidity. The samples were cladded using an RFL-
C4000 laser installation (Raycus Fiber Laser, Wuhan,
China) - with coaxial argon powder supply, which
was also used to protect molten metal at a laser power
of 2.7 kW and a track overlap of 80%. Tribotechnical
tests were carried out on a multifunctional friction
machine (CFT-I, Zhongkekaihua, Lanzhou, China)
without lubricant according to the scheme: “ball
(Si;N,, diameter 5 mm) - coated sample” at a normal
load of 30 N, the rotation speed of 500 min™, and the
cycle time of 30 min. To determine the characteristics
of the cladded coating, samples of two types were pro-
duced: A (the upper region of the cladded layer, the
thickness of which was 1.1 mm) and B (the middle
region of the lining layer, the thickness from the sub-
strate after cutting was 0.55 mm). The cladded layer
of sample A contained more metal compounds and
carbide phases with fine grains, and the structure
of sample B consisted mainly of elongated dendrites.
The microhardness of sample B was higher than that
of sample A. The abrasion resistance of sample B was
about 2.7 times higher than that of sample A. The
mechanism of wear of sample A consisted in adhe-
sive and abrasive wear, and for sample B in abrasive
wear.

An SS316L stainless steel plate with dimensions
of 100x20x60 mm was used as a substrate [4]. WC-
NiCrMo powder with a spherical particle size of 30-53
microns was used for laser cladding. A diode laser
system with flexible fiber LDF400-2000 (1600 W) with
a round spot with a diameter of 4 mm and a diode
laser system FL-DLight-3000-976 (2400 W) with a rect-
angular spot of 12x2 mm were used for cladding. The
laser scanning rate was 420 mm/min for the first and
180 mm/min for the second samples, with a powder
consumption of 10 g/min for both coatings. 10 tracks
were cladded with an overlap factor of 50%. Metal-
lographic tests have established that the width and
height of the cladded rollers for a round and rect-
angular spot were 5 and 0.86 mm, 9.2 and 1.27 mm,
respectively. The maximum penetration depth of the
substrate when surfaced with a circular beam was
0.62 mm, which is 6 times greater than when treated
with a rectangular spot. The hardness for the first
and second coatings also differed and amounted to 50
and 60 HRC, respectively. The wear resistance of the
coatings was evaluated during wear tests according
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HOM JHaMeTpoM 4 MM M JHOJHas jasepHas CUCTeMa
FL-DLight-3000-976 (2400 BT) Cc IpsSIMOYTOIBHBIM IISIT-
HOM 12x2 MMm. CKOPOCThb /1a3€pPHOI0 CKaHHPOBaHHS
coctaBuna 420 MM/MUH Jj1s nepBoro u 180 MM/MHUH
IJIsi BTOPOro o00pasloB IPH Pacxofe IIOPOLIKA
10 r/MuUH 1Sl 060UX IOKPBITHIH. BRUIM HaIlIaBlIeHBI
10 mopokek ¢ Ko3QPHUIIMEHTOM IepeKpuITHUS 50%.
MeTaorpa@uuecKMMU KCCAeLOBAHUAMMU YCTaHOB-
JIEHO, YTO INMPHMHA M BbICOTA HAIUIABIEHHBIX BajlH-
KOB ISl KPYIVIOTO M IIPSIMOYTOJIbHOTO IISITHA COCTa-
Buinu 5 u 0,86 MM, 9,2 U 1,27 MM COOTBETCTBEHHO.
MakcuMasnbHas I1ybrHa IIPOIUIaBIeHHS OCHOBBI IIPU
HaIjaaBKe KPYIJIBIM JIy4OM cocTaBisiaa 0,62 MM, 4TO
B 6 pa3 bombire, yeM IIpu 06paboTKe IIPSIMOYTOIBHBIM
IATHOM. TBEPIOCTD [IJIsl IIEPBOr0 ¥ BTOPOTO IIOKPBITHS
TaKKe pasjauvasnack 1 coctaBuia 50 u 60 HRC cooTBet-
CTBEHHO. M3HOCOCTOMKOCTD ITOKPBITHUI OLIeHHBAIACh
B XOfle UCIBITAHUK Ha M3HOC 0 cxeMe: «map (Si;N,,
1300 HVO0,2) -guck (obpaser c moxpeiTHeM) 6e3 cma-
304YHOro MaTepHajia IpU YacToTe BpallleHMs OHCKa
350 MHH"!, HOpManbHOM Harpy3ske 400 r, ¥ BpeMeHH
nukiaa 2 gaca. Ilocme oKOHYaHMSA 3KCIIEDHMEHTa Ha
IIOBEPXHOCTH obpasiia 611 06pa3oBaH KPYroBOM Cref
JOPO>KKHU TPeHHUsI AUaMeTpPoM 6 MM. MI3HOCOCTOMKOCTb
IIOKPBITHS, IIOJIYyYeHHOIO IIPHM HaIlIaBKe IIPSIMOY-
TO/IbHBIM IISITHOM, OBl/Ia BhIIIE, YeM I10C/Ie HaIlIaBKHU
KPYTJIBIM JIy4OM.

O6paswsl [5] u3 HepskaBeromel cranu 0Crl7Nil2Mo2
c pasmepamu 300x120x10 MM 6BUIM HCIIOTB30BAHEI
I7is JIa3epHOM HaIlJIaBKU. B KadecTBe HaIl/IaBOY-
HOM IIMXTHI OBUIM IPHMeHEeHBl IIOPOLIOK Ha OCHOBe
HuKess Ni60 (24-48 MmrM) u rtoporok WC (16-48 MKM)
5@, 7,5 2 u 10 (3) macc.%. JlasepHyto 06paboTKy
BBIIIOJIHSAIM Ha ycTaHoBKe Raycus RFL-C1000, ocHa-
IleHHOM MAaHMITYJISTOPOM C IIeCTBIO CTelleHSIMH CBO-
60z1bl, IPK MOIIHOCTH J1a3epa 800 BT, 1raMeTpe ISATHA
1,8 MM M CKOPOCTH CKaHHUPOBAaHHS 8 MM/C CO CKOPO-
CThIO IIOJAYM IIOpOWIKa 6,5 I'/MHH, a [ 3aLIKUThI
30HBI OT OKMC/IeHHUS IIPUMEHSIN aproH. McIbplTaHus
Ha TpPeHHe U M3HOC OBUIM IIpOBeJeHBl Ha MallHHe
TpeHus MPX-3 G mpu Temmeparype 20, 300, 1 600 ° mo
cxeMe: «IIap (HUTPUA KpeMHHSI [HaMeTpoM 6,35 MM)-
JOHCK» IIpH Harpyske 50 H, yacTtoTe BpaleHUs OHCKA
400 MUH™! U BpeMeHHU IHMKJIa 50 MHHYT. B obnactu
Jla3epHOM HaIUIaBKU Habmromanu TBepasle ¢passl WC,
W,C, Mn,;C,, Fe;C u Cr3Ni,SiC, ¥ MHKPOTBEPLOCTh
IIOBBIIIAJIACE C yBeTHUeHHeM comepskanus WC. Koad-
GULIMEeHTHI TPeHHUS C IIOBBIIIEHHeM TeMIIepaTyphl [0
300 °C moBbllIanAMCh, a IIpu 600 °C Habnromanu ux
CHMKeHHe. MHHHMa/lbHasi CKOPOCTb M3HOCa Oblia
y HaIUIaBJIeHHBIX IOKPBITHH (1), a VISl IOKPHITHH (2)
OHa Pe3KO yBeTHYHUBAJIACh, U y 0OpasloB C ITOKPHI-
TUSIMU (3) 6bUIA HUKe, YeM Y IOKPHITHH (2). ITOBBHI-
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to the scheme: “ball (Si;N,, 1300 HV0.2) - disc (coated
sample) without lubricant at a disk rotation speed of
350 min!, a normal load of 400 g, and a cycle time of
2 hours. After the experiment was completed, a circu-
lar trace of a friction track with a diameter of 6 mm
was formed on the surface of the sample. The wear
resistance of the coating obtained by cladding with
a rectangular spot was higher than after cladding
with a circular beam.

Samples [5] made of stainless steel 0Cr17Nil2Mo2
with dimensions of 300x120x10 mm were used for
laser cladding. Ni60 nickel-based powder (24-48
microns) and WC powder (16-48 microns) of 5 (1),
7.5 (2) and 10 (3) %wt were used as the charge mate-
rial. Laser processing was performed on a Raycus
RFL-C1000 installation equipped with a manipulator
with six degrees of freedom, at laser power 800 W,
a spot diameter of 1.8 mm and a scanning speed of
8 mm/s with a powder feed rate of 6.5 g/min, and
argon was used to protect the zone from oxidation.
Friction and wear tests were carried out on an MPX-3
G friction machine at temperatures of 20, 300, and
600 Celsius degrees according to the scheme: “ball
(silicon nitride with a diameter of 6.35 mm) - disk”
at a load of 50 N, a disk rotation speed of 400 min-,
and a cycle time of 50 minutes. In the field of
laser surfacing, solid phases WC, W,C, Mn,;C,, Fe,C,
and Cr;Ni,SiC were observed, and the microhardness
increased with increasing WC content. The friction
rates increased with an increase in temperature to
300 Celsius degrees, and their decrease was observed
at 600 Celsius degrees. The minimum wear rate was
for the cladded coatings (1), and for coatings (2) it
increased sharply, and for samples with coatings
(3) it was lower than for coatings (2). Increase in
temperature led to increase in the wear rate of the
samples.

Rectangular samples [6] of W10V5Co4 steel were
coated with W10V5Co4 powder and Si: 2%wt and
B: 4%wt additives with the help of a diode laser
with a radiation power of 1800 W, a 4x4 mm laser
spot size, a scanning speed of 8 mm/s, and a 40%
track overlap coefficient. Tests for dry sliding friction
during reciprocating motion were performed using
an Rtec universal tribometer (MFI-5000) according
to the scheme: “flat ladded sample-ball (aluminum
oxide)” at a load of 10 N and a double stroke frequency
of 200 min? in accordance with the ASTM G132-96
standard. W10V5Co04Si2B4 coatings with a hardness
of 908 HV0.2 had the highest wear resistance. The
wear rate of these coatings was 1.5x10® mm?/(N-mm),
which is 2.8 times lower than that of the original
alloy steel W10V5Co4.
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HIeHHe TeMIIepPaTyphbl IIPUBOAUIIO K POCTY CKOPOCTHU
M3HaIIMBaHMS 06pa31ioB.

Ha mpsimoyronbHbIe obpasiiel [6] ctanu W10V5Co4
HaHOCHJIH C IIOMOIIIBIO JIa3epa MOKPHITHS IIOPOIIKOM
W10V5Co4 u ¢ mobaBkamu Si:2 mMac. % U B: 4 mac. %
JUOMHBIM JIa3epOM IIPU MOLIHOCTH H3y4YeHHS
1800 BT, pasmepe JiasepHOro ImsaTHa 4x4 MM, CKOpO-
CTH CKaHMPOBaHHMSA 8 MM/C M KO3QPHULIMEHTe Iepe-
KPBITHSA JOposkeKk 40%. HMCIBITAaHHA Ha CyX0e TpeHHe
CKOJIBKEHUS IIPHU BO3BPATHO-TIOCTYIIATe/IbHOE [BHIKE-
HUU OBUIM BBHIIIOJIHEHBI C IIOMOIIBIO YHUBEPCATBHOTO
tpubomerpa Rtec (MFT-5000) 1o cxeme: «IIJIOCKHH
obpasel] ¢ HaIl/IaBKOM-IMIap (OKCHUJ aJTIOMHUHMUS)» IIPU
Harpy3ke 10 H u 4actoTe ABOMHBIX X0L0B 200 MUH!
B COOTBETCTBHH CO CTaHAapToM ASTM G132-96. IToKphI-
tusi WI10V5C04Si2B4 ¢ TBepmocThio 908 HVO0,2 obna-
nanu Haubonbllel H3HOCOCTOMKOCTHIO. CKOPOCTH
HM3HOCA 3THX IMOKPHITHUH Opina 1,5-1078 mm3/(H-MM),
4TO B 2,8 pasa HHXXe, 4YeM Y HCXOLHOM JIerHPOBAaHHOU
ctanu W10V5Co4.

Ha mpsmoyronpHble o6pasmsl [7] u3 cranu Q235
OBIIM HAIUIaBJIeHBl C IIOMOINBIO JIa3epa IIOPOIIKH
MSS 410 u ¢ mobaBkamu Kapbupa turtana TiC (0, 5%,
10%, 15%). Ilepen HaIlIaBKOM AJIS IOJy4eHHUsI PaBHO-
MEepHOro pacrpefe/eHHsi oba IOPOLIKA CMeLIHMBAIH
C IIOMOIIIBIO maPOBofI MenbHUIBI QM-3SP04L ¢ yacto-
TOX BpaileHus 120 MuH"! B TedeHHe 2 4, 3aTeM BBICY-
IIMBaJIK B IeYH IpU TeMmiepartype 100 °C B TeyeHUe
2 4. ITopomku TiC UMeNH B CBOEM COCTaBe OGOJIBIIMH-
CTBO MeJIKHX YacTHI] pa3MepoM 7 MKM U HeboJblIoe
KOJIMYeCTBO YaCTHL], HelpPaBHUJIbHOM (GOPMBL C Pas-
MepaMu 4YacTul 20-50 mMkrM. JlasepHas HaIlIaBKa
ObL1a BBIIIOJIHEHA IIPU MOIIHOCTH H31ydeHHs 480 BT,
JuaMeTpe IISiTHA 1,2 MM, CKOpPOCTH IIepeMelleHMs
480 MM/MHH, IUIOTHOCTH 3Hepruu 100 [K/mMm?3,
C IIepeKphITHEM [0POsKeK HaIlJIaBKH 50% U CKOPOCTbIO
II0JAa4 M IIOpoIIKa 6,5 I/ MuH. TpruboTeXHUYEeCKHe IKC-
IepUMeHThl Ha o0bpaslax C MOKPBITHUSIMH IIPOBOLM-
JIMCh Ha MAIIMHEe TPeHHMS I10 CXeMe: «IIap-AKMCK» IIPU
KOMHATHOM TeMIlepaType. B KadecTBe KOHpobpasia
6p11 BBIOpaH map u3 Si;N, (1700 HV, ¢ mepoxoBaToCThIO
[IOBepXHOCTH 0,2 MKM) IaMeTpoM 5 MM. HICIIBITaHUS
6bLIM ITPOBeZEHBl IIPH YaCTOTe BpalleHus 840 MUH™,
panuyce TpeHHs 3 MM, IIpU Harpyske 10 H u BpemeHu
uukiaa 30 MHH. YCTaHOBJIEHO, YTO MHKPOTBEPIOCTh
M M3HOCOCTOMKOCTb ITOKPBITHE IOBBIIIAINCh C YBEIH-
YeHHeM COAep>KaHMs Kapbuma ThuTaHa mo 10%, a npu
15% comepskaHuu TiC oOHapysKeHbl MHKPOTPEIIHHBI,
KOTOpble CHU>KATK M3HOCOCTOMKOCTb 06pasLIoB.

Obpasnsl [8] cTamm AISI 1045 HarutaBIsIu j1a3ep-
HBIM JIY4YOM IIOpOIIKOM Fe-Cr-N MpM MOIIHOCTHU
H31y4eHud 3 KBT, cKOpocTH IepeMelleHud 5,1 MM/c.
KOppO3HOHHYIO CTOMKOCTb OLIeHHBAIU MeTOLOM
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MSS 410 powders and titanium carbide TiC addi-
tives (0, 5%, 10%, 15%) were laser-cladded onto rectan-
gular samples [7] made of Q235 steel. Before cladding,
to obtain a uniform distribution, both powders had
been mixed using a QM-3SPOAL ball mill with a rota-
tion speed of 120 min for 2 hours, then dried in an
oven at 100 Celsius degrees for 2 hours. TiC powders
contained most of the small particles of 7 microns in
size and a small number of irregularly shaped par-
ticles of 20-50 microns. Laser surfacing was performed
at a radiation power of 480 W, a spot diameter of
1.2 mm, a travel speed of 480 mm/min, an energy den-
sity of 100 J/mm3, with a 50% cladding track overlap
and a powder feed rate of 6.5 g/min. Tribotechnical
experiments on coated samples were carried out on
a friction machine according to the “ball-disc” scheme
at room temperature. A ball made of Si;N, (1700 HYV,
with a surface roughness of 0.2 microns) with a diam-
eter of 5 mm was chosen as a counter sample. The
tests were carried out at a rotational speed of 840 min’,
a friction radius of 3 mm, a load of 10 N and a cycle
time of 30 min. It was found that the microhardness
and wear resistance of the coatings increased with
an increase in the titanium carbide content to 10%,
and microcracks were found at 15% of the TiC content,
which reduced the wear resistance of the samples.

Samples [8] of AISI 1045 steel were cladded with
Fe-Cr-N powder with a laser beam at a radiation
power of 3 kW and a displacement speed of 5.1 mm/s.
Corrosion resistance was assessed by the method of
potentiodynamic polarization in a 10% NacCl solution
prepared from distilled water at room temperature.
The coating was resistant to corrosion, and the polar-
ization resistance was increased six times compared to
stee] 1045.

Stainless steel powders 316L, 410 and 420 were used
as materials for cladding of rollers [9] from wheel
steel, while the counter sample rollers were made
of rail steel. Laser cladding was performed at a laser
beam power of 500 W, a spot diameter of 2.2 mm,
a scanning speed of 10 mm/s for 316L stainless steel
and 8 mm/s for 410 and 420 steel, a layer thickness of
2.2 mm, a powder feed rate of 1.2 g/min, and a protec-
tive gas flow rate of 12 I/min. To study roller wear dur-
ing rolling, a “roller-roller” test scheme was applied.
The rotation speed of the counter sample roller made
of rail steel was 500 min, the contact pressure accord-
ing to Hertz was 1100 MPa, the slip coefficient was
0.75%, and the test duration was 100,000 cycles. All
three coatings had low wear compared to the non-
cladded rollers made from the original steel. As the
hardness of the deposited materials increased, the
wear rate decreased. Small surface cracks were found



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

=

[IOTeHIIMOJUHAMUYECKOH IIOsSpU3alMUd B 10%-HoM
pactBope NaCl, ImpHroTOBIeHHOM H3 JUCTHIIHPO-
BAaHHOM BOJBI IIPH KOMHATHOL TeMIlepaType. IIoKpbI-
THe 6BUIO CTOMKHUM K KOPPO3HH, a IONSIPU3ALMOHHAS
CTOMKOCTD MOBBIIIAJIACH B IECTh Pa3 10 CPABHEHHMIO CO
CTasbio 1045.

B KauecTBe MaTepHasIOB [/151 HAIIaBKHU (9] PO/IHKOB
13 KOJIeCHOM CTaau OBUIM MCIIO/Ib30BaHA IOPOIIKH
Hep>kKaBeloIux cTanel 316L, 410 u 420, B To BpeM4
KaK KOHTpOOpPasIbl POTHUKH OBUIM H3TOTOBJIEHBI M3
PEeIBCOBOM CTAIH. JIazepHasi HaIUIaBKa Oblla BBIIIOJ-
HeHa IIPH MOIITHOCTHU jy4a jasepa 500 BT, qpuameTpe
ISITHA 2,2 MM, CKOPOCTH CKaHHPOBaHUS 10 MM /C A4
HepykaBelomlen ctanu 316L u 8 mm/c ms cranu 410
u 420, TONIIKHE HAIIJIaBISIeMOro C10s 2,2 MM, CKOPO-
CTH II0AAYH IOPOIIKa 1,2 I/ MHH, pacxoje 3aljiTHOIO
rasa 12 g/MuH. [ KCCIeAOBAHUS U3HOCA POIHKOB
IIpH KadeHHU Oblyla IIPUMeHeHa CXeMa HCIIBITAaHUI
«POJIMK-PONMK». YacToTa BpalleHHs POJIHMKa KOHTPO-
fpasua K3 penbcoBOM CTaiu 6puta 500 MHH!, KOH-
TaKTHoe JaBjeHHe 110 ['epuy 1100 MIla, Ko3ddunirieHT
IIpocKanb3blBaHus 0,75%, POLOIKUTENIBHOCTD HCIIBI-
TaHuu 100000 pUKIOB.Bce TpU MHOKPBHITUS HMeNH
HM3KHUH M3HOC, [10 CPaBHEHHIO C HeHaIlIaBleHHbBIMU
POIMKaMH, H3TOTOBJIEHHBIMH K3 HCXONHOM CTalH.
C yBenMyeHHeM TBEPIOCTH HaIlIaBJIeHHBIX MaTepH-
aJIoB CKOPOCTb M3HOCA CHMKajach. Ha IoBepXHOCTH
OTZe/NBbHBIX 00Pa3loB C Ja3ePHOM HAIUIABKOM OBLIM
obHapy>keHbl HebOOJNbIIMe ITOBEPXHOCTHbIE TPEIIHHBI.
Ha rpaHuIle MeXIy IOKPHITHEM U IIOJJIOKKOM ObIIH
obHapyskeHBl TI1ybOKKe TpemUHbl. TpeluHBl BO3-
HHUK/IM TaM, IJe IO, [TI0BePXHOCThIO CGOPMUPOBAIHChH
MaKCHMaJ/IbHbIe HAMPSDKEHHS COBUIA, W [ajee OHHU
PaCIIpOCTPAaHSIMCh BOOJIb IPAHULBI MEXKAY IIOKPBI-
THEeM K OCHOBOM.

Hcrionb30oBaHHUe 1a3epHOM HaIlJIaBKU [P PeMOHTe
ropHoro obopymoBaHus [10] ocTaercs akTyalabHOM
3agadert. [Is Jla3epHOM HaIlZIaBKU OBUIM BBIOpaHBI
obpasier u3 cranu 38XMA (0,38%C) u 42XPA (0,42%C)
U mopomiku 38XMA, 42XDA u HMukoHenb 718. Jlasep-
Has HaIlIaBKa ObUIa BBIIIONIHEHA C MCIIOJIb30BAaHHEM
cucteMbl Optomec LENS 450, koTopas BK/IIOYaaa
JIa3ep U CUCTeMY II0JAYH II0OPOIIKa. B KauecTBe 0bpas-
LIOB /IS MCHBITAaHHUM OBbUIM BBIOpaHBI LIMJIMHApPHYe-
CKHe CTep>KHHM H3 cTanu 38XMA u 42XPA (miuHOM
30 MM, guameTrpoM 10 mMM). Tpubonorudeckue CBOM-
CTBa ITOKPBITHH OIpeAeNsIMCh IIPH CyXOM TPeHHH
CKONBKeHHUH II0 cxeme: «MTHOT (HamaaBaeHHBIH
obpaser uwin obpasel] cTaau) - AUCK (ZrO,)» MpHU CKO-
poctu ckonbkeHHs 0,52 M/c ¥ Harpyske 160 H Ha
nyTH TpeHHs 300 M. CrtaB HMHKOHens 718 obrmamant
JTYYIIMMH MeXaHHUYeCKHUMHU KU TPHUOOIOrHYecKUMU
CBOMCTBAMH II0 CPaBHEHHUIO C APYTMMH HaIlUIaB/IeH-

on the surface of individual laser-cladded samples.
Deep cracks were found at the boundary between the
coating and the substrate. Cracks appeared where the
maximum shear stress was formed below the surface,
and then they spread along the boundary between the
coating and the substrate.

The use of laser cladding [10] in the repair of mining
equipment is an urgent task. For laser cladding, sam-
ples of 38XMA (0.38%C) and 42XFA (0.42%C) steel and
38XMA, 42XFA and Inconel 718 powders were selected.
Laser cladding was performed using the Optomec
LENS 450 system, which included a laser and a powder
supply system. Cylindrical rods made of 38XMA and
42XFA steel (30 mm long and 10 mm in diameter) were
selected as test samples. The tribological properties of
the coatings were determined with dry sliding friction
according to the scheme: “pin (cladded sample or steel
sample) -disc (ZrO,)” at a sliding speed of 0.52 m/s and
a load of 160 N on a friction path of 300 m. Inconel 718
alloy had better mechanical and tribological proper-
ties compared to other deposited powders. The wear
resistance of the cladded coatings with 38XMA and
42XFA powders was 1.7 times lower than that of the
Inconel 718 powder-coated samples.

For the production of samples [11], H13 steel with
dimensions of 60x50x5 mm was used. A CO, laser with
transverse pumping of gases DL2000, China, was used
as equipment for laser cladding at a radiation power
of 1300 W, a displacement speed of 240 mm/min,
a beam diameter of 3 mm, with a track overlap of 30%.
High-entropy FeCoCrNiAl alloy (WEC) powder with
a particle size of 50-80 microns was used for the
coating. Friction and wear tests of H13 steel samples
and WEC coated samples were carried out at elevated
temperatures of 623, 723 and 823 K using a reciprocat-
ing friction machine according to the scheme: “ball
(ZrO, with a diameter of 6.5) - flat sample” at a load of
20 N, a double stroke frequency of 5 Hz with a stroke
length of 3 mm with a cycle time of 30 minutes. The
microhardness of the coating was 500 HV0.1, which is
2.5 times higher than that of the substrate (200 HV0.1),
due to solid solution hardening, fine crystalline struc-
ture and dislocation hardening. The type of wear
of HI13 steel can be attributed to abrasive, adhesive,
fatigue and oxidative one, while the mechanism of
wear of the WEC coating was abrasive and oxidative
wear. Compared to H13 steel, the degree of coating
wear was reduced by 59.20%, 70.79% and 78.20% at test
temperatures of 623, 723 and 823 K, respectively.

An ASTM A-36 carbon steel sheet (0.12%C) with
a thickness of 6.35 mm was chosen as the base [12].
AISI 431 (METCO 42C) martensitic stainless steel pow-
der obtained by gas spraying, with particle sizes
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HBIMH IIOPOIIKaMH. K3HOCOCTOMKOCTh HaIlJIaBJIeH-
HBIX IIOKPBITHM IIOpomKaMu 38XMA u 42XPA 6bl1a
B 1,7 pasa HIXe, 4eM y 06pa3IioB C HaIIAaBKOM ITOPOII-
Kom MHKoHesb 718.

s y3rotoBneHus o6pasuos [11] 6pU1a KCIIONB30-
BaH obpaser cranu H13 ¢ pasmepamu 60x50x5 MM.
B kauecTBe 060pymOBaHUS AJIS JIa3epHOM HAIIaBKHU
6p11 mpuMeHeH CO,-71a3ep C IIOINepeYHOM ITpOKau-
KON Tra3oB DLZOOO(HPOI/BBOL{CTBO Kurtan) IIpyU MOII-
HOCTH u3nydeHus: 1300 BT, CKOpPOCTU IepeMelleHUs
240 MM/MHH, AHaMeTpe J1y4a 3 MM, C [IepeKpbITHEM
noposkek 30%. [I71s1 MOKPBITHS 6bLT HCII0IBb30BAH I10PO-
IIOK BBICOOKO3HTPOIUEHOTO cIutaBa (B9C) FeCoCrNiAl
C pasmepom dYactul 50-80 MKM. HcIbITaHHS Ha
TPeHHe U M3HOC 00pasuoB cTtanu H13 u obpasiioB
¢ IOKpbITHEeM BOC 6bIIM IIPOBefeHBI NP IIOBBIIIEH-
HBIX TeMIIepaTypax 623, 723 u 823 K ¢ MCII0/Ib30BaHHUEM
MalllMHbl TPeHHSI IPHU BO3BPATHO-IIOCTYIATEIbHOM
IOBWXEeHUH Mo cxeMe: «map (ZrO, nuamerpoMm 6,5) -
IIJIOCKKE obpasew» IIpy Harpy3ke 20 H, dacToTe gBOU-
HBIX X0Z0B 5 I'll C IJIMHOU X0Ja 3 MM IIPH BpeMeHH
uKaa 30 MHHYT. MUKPOTBEPAOCTh IIOKPBITHS ObLIa
500 HVO,1, uto B 2,5 pasa BeIllIe, YeM Y IIOJIOKKH
(200 HVO0,1), 6raromapsi yIIpOUHEHHIO TBEPABIM pac-
TBOPOM, MeJIKOKPHUCTa/UIMYecKOM CTPYKType W [IHC-
JIOKALIMOHHOMY YIIPOYHEHHIO. BuA H3HOCa CTanu
H13 MOKHO OTHeCTH K abpa3suBHOMY, afiTe3OHHOMY,
YCTaJIOCTHOMY M OKHC/IHTEIIbHOMY, B TO BpeMsl KaK
MexXaHH3MOM H3HOCA ITOKPBITHSA B3C HOCUIT XapaKTep
abpasKMBHOIO X OKHUCIUTETBHOIO M3HOca. IIo cpaBHe-
HHUIO O CTajbio HI3 cTereHb M3HOCA ITOKPLITUS OblIa
CHIDKeHa Ha 59,20%, 70,79% u 78,20% mIpu TeMIlepa-
Typax MCIBITAHUA 623, 723 1 823 K COOTBETCTBEHHO.

B KauecTBe OCHOBBI [12] 6T BBIOpPAH JIKCT YITIepO-
IMcToH cTanmu ASTM A-36 (0,12%C) TonIuHOM 6,35 MM.
JlIsT 7a3epHOM HAIUIaBKU OBUI HCIIONB30BAaH IIOPO-
IIOK MapTeHCHUTHOM HepskaBewolled cTanu AISI 431
(METCO 42C), mony4eHHBIH Ia30BBIM pacIbUIeHHEM,
C pa3smepaMu 4acTul, 69-101 MKM. O6paboTka Obl1a
Ipou3BefieHa AHCKOBBIM sasepom (TruDisk 6002,
Trumpf Inc.) npu MomHOCTH ay4da 1400 u 1600 Bt
M CKOPOCTH IlepeMellleHUs 9, 14 1 16 MM/C, ISATHOM
2,4 MM. [lng IepeMelleHHUs OITHYECKON TOSOBKHU
HCII0/Ib30BAJICS. BBICOKOTOUHBIM pob6oT KUKA KR 60.
[y TIoAauM MPUCaIOUHOr0 MeTasula 6bUl IPUMeHeH
nutatens (GTV PF21). B JOPO’KKax HaIlJIaBKH 6pl1a
olpesmesneHa MAeHAPUTHas cTonbdaTtas CTPYKTypa,
KOTOpasi ITpefCTaBIsIa 060k MapTEeHCUT B BUJeE JIeH-
OpUTOB U GeppUT B MEXKIEHIPUTHHIX 30Hax. Cpen-
HHe 3Ha4yeHHs TBEPIOCTH B HaIlJIABJIEHHBIX JOPOXK-
Kax cocTaBisuin 522+4 HVO0,5. B 30He TepMHYECKOro
BIMSIHUSL 3HA4YeHHUs TBEPAOCTH ObUIM BBIIIE, YeM
B IIOJIJIOKKe,
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of 69-101 microns was used for laser cladding. The
treatment was performed with a disk laser (TruDisk
6002, Trumpf Inc.) at beam power of 1400 and 1600 W
and travel speeds of 9, 14 and 16 mm/s, with a spot of
2.4 mm. A high-precision KUKA KR 60 robot was used
to move the optical head. A feeder (GTV PF21) was
used to supply the filler metal. A dendritic columnar
structure was determined in the cladding tracks,
which structure consisted of martensite in the form
of dendrites and ferrite in the inter-dendritic zones.
The average hardness values in the deposited tracks
were 522+4 HVO0.5. In the zone of thermal influ-
ence, the hardness values were higher than in the
substrate.

The purpose of this work is to determine the geo-
metric parameters of the tracks cladded with 20X13
powder, microhardness, and wear resistance of the
coating compared with the original 20X13 steel.

EQUIPMENT AND RESEARCH METHODS

To conduct experiments on broadband laser pow-
der cladding, an automated technological complex
based on a semiconductor technological laser PLD-6
manufactured by INJECT RME LLC with a power of
6 kW was used. The cladding was carried out in an
argon medium at a laser radiation power of 5.6 kW,
a beam scanning speed of 3 mm/s with a powder feed
rate of 35 g/min. Rectangular steel samples of 20X13
with dimensions of 40x80x20 mm were chosen as
the base material. The cladded samples were cut per-
pendicular to the track on a 10 mm thick POLYLAB
P55 cutting machine for the manufacture of polished
sections. The polished sections were made accord-
ing to a standard procedure using a P12 grinding
and polishing machine. The thickness and width of
the cladded tracks were determined using an AM413
ML digital microscope (UNICO, United Products and
Instruments, USA). The microhardness of the depos-
ited coating and the base material was determined
on a PMT-3 microhardness tester equipped with an
MC(-8.3S digital camera at a load of 0.98 N. The struc-
ture of the cladding zone was determined using the
MC-1000 optical system.

Friction and wear tests were carried out according
to the scheme: “rectangular sample (cladded sample,
base)-end face of the annular counter sample of the
sleeve (steel 45, HRC49-54)” at a pressure of 2 MPa on
the samples when one drop per second of MGE-10A
hydraulic oil is applied to the friction zone.

EXPERIMENT TESTS RESULTS
Figure 1 shows a microsection of the sample with the
measurement results of the 20X13 powder laser clad-
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Llesiblo HACTOSIEH PaboTHI SB/SIETCS OIIpefie/leHHe
reoMeTpHYeCKHMX I1apaMeTpPOB HaIlJIaBJIeHHBIX [O0pO-
>KeK IMopomrkoM 20X13, MHUKPOTBEPAOCTH, H3HOCOCTOM-
KOCTH ITOKPBITHS 110 CPABHEHHIO C MCXOLHOU CTaJIbIO
20X13.

OBbOPYAOBAHUE

U METOJbl UCCNEAOBAHUN

Hns mpoBefeHUs SKCIIEPUMEHTOB I10 IIHPOKOIIOIOC-
HO JIa3epHOM II0POLIKOBOM HaIl/IaBKe OB IPHMeHeH
AaBTOMATH3UPOBAHHBIM TEXHOJOTMUECKHUIH KOMIIIEKC
Ha 6a3e IIOJyIPOBOJHUKOBOIO TEXHOJIOTHYECKOIO
nasepa PLD-6 mpowu3sBoactBa OO0 «HIIII» MHXKEKT»
MOIIHOCTBI0 6 KBT. HarlaBka IIpOBOAM/IACE B Cpefe
aproHa IIpy¥ MOIIHOCTH JIa3€pHOIo M3/1y4eHus 5,6 KBT,
CKOPOCTH CKaHHMPOBAHHS y4a 3 MM/C CO CKOPOCTBIO
[oJa4H IIOpoLIKa 35 I/MHH. B KadecTBe MaTepHaia
OCHOBBI BBIOPAaHBI IIPSIMOYTOJIBHBIE 0OPA3Lbl CTAIH
20X13 ¢ pasmepaMu 40x80x20 MM. HariaBieHHbIe
00pasipl paspesanu MepIeHIUKYISPHO NOPOXKKe Ha
oTpe3HoM cTaHKe ITOJIMJIAB P55 TonmuHOM 10 MM
IJIs. U3TOTOBIeHHUS IUIHGOB. III1HBI 6BUIM H3rOTOB-
JIeHBI I10 CTAaHJAPTHOM METOAHKE C MCII0/b30BaHHEM
NUIKMGOBAIILHO-TIOJIMPOBabHOrO CcTaHKa II12. Toi-
IIMHY W IIHPHHY HaIlJIABJIeHHBIX JOPO’KeK OIlpere-
JSJIM C IIOMOIIBIO LIUPPOBOTO MHUKPOCKOIIA MOJEIH
AM413 ML (UNICO, United Products and Instruments,
CIIA). OmpepmeneHHe MHKPOTBEPJOCTH HaIllaB/IeH-
HOI'O IIOKPBITHS U MaTepHaJia OCHOBBI IIPOBOAMIM Ha
MHUKpoTBepAoMepe IIMT-3, ocHameHHOM LH(POBOU
KaMmepor MC-8.3C, mpu Harpyske 0,98 H. CTpykrypa
30HBI HaIUIaBKU ObLIa oIlpefiesieHa C IpHMeHeHHeM
OIITHYeCcKOoH cucTeMbl MC-1000.

HcnplTaHUSL Ha TpeHHe M HM3HANIMBaHHe ObUIH
[IpOBefIeHBl II0 CXeMe: «IIPSIMOYTOJIBHBIN obpasers
(obpaser; ¢ HaIIaBKOM, OCHOBA)-TOPEL] KOJIBLIEBOIO
KOHTpoOpasia BTYIKU (cTaTb 45, HRC49-54)» mipu naB-
JIeHWH Ha obpasupl 2 MIIa Ipu ropade B 30HY Tpe-
HMSI II0 OFHOM KaIlZle B CeKyHJy T'MApPaBIHYecKOro
macia MI'E-10A.

PE3YJIbTATbl SKCNMEPUMEHTAJIbHbIX
NCCNEAOBAHUN

Ha puc. 1 mpexactaBneH MHUKpouuind obpasua
C pesyabTaTaMH 3aMepoOB [AOPOKKHU Ja3epHOH
HAIUIaBKY Imopomkom 20X13 Ha cranb 20X13. [luprHa
30H HAIJIaBJIEHHBIX OOPOKEK COCTaBasia 22-23 MM
IIpY BBICOTE HAIUIABKU 1,23-1,29 mMM. B HaIlulaB/ieH-
HBIX JOPOXKKaX OTCYTCTBOBaIU JedeKkThl B BHIE IIOP
U TpelMH. MHKPOTBEePIOCTh 30H HAIlJIaBKU IIOPOII-
KoM 20X13 coctaBisia 496-561 HV, 3a HeHl cienmo-
BaJjia 30HA 3aKajJKH cTanu 20X13 ¢ MHUKPOTBEPAOCTHIO
501-575 HV, H1>Ke 30HA HEIIOJTHOM 3aKaJIKY 245-485 HV

i g

ding track on 20X13 steel. The width of the cladded
track zones was 22-23 mm with a surfacing height
of 1.23-1.29 mm. There were no defects in the form
of pores and cracks in the cladded tracks. The micro-
hardness of the 20X13 powder cladding zones was
496-561 HV, followed by the 20X13 steel hardening
zone with a microhardness of 501-575 HV, below the
incomplete hardening zone of 245-485 HV, and then
the base material zone of 190-216 HV. The graph of
the microhardness change in the thickness of the
deposited coating and the base material is shown in
Fig. 2. The structure of the cladding zone (Fig. 3) con-
sisted of differently oriented dendrites. The penetra-
tion depth of the 20X13 steel base material was 30-65
microns.

The results of the wear intensity tests of the sam-
ples are shown in Table No. 1. The average wear rate
of 20X13 laser-coated powder samples was 0.199-107°,
which was 3.16 times lower than the wear rate of
the base material of 20X13 steel. The wear rate of the
counter sample made of hardened steel 45 was lower
in the friction pair with the cladded sample compared
to the base material. The average values of the friction
rates for the cladded samples were 0.043, and the base
material was 0.078.

DISCUSSION OF RESULTS

As a result of the work carried out, for the first time
in domestic practice, a technology for laser broad-
band cladded of single tracks with a layer width of

S DL1
| L=1,263 MM

i+ Sl DLO
b S 1 =22,232 MM

L IE
ey

Puc. 1. Mukpowaug 0opoxxku Aa3epHol HANAAa8KU dUOOHbIM
nasepom cmaau 20X13

Fig. 1. Microsection of the track of diode laser cladding of
steel
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U Jajee 30HAa OCHOBHOro Marepuana 190-216 HV.
['paduK HM3MeHEHHSI MHUKPOTBEPAOCTH II0 TOJNIIHHE
HAIUIaBJIeHHOIO IIOKPHITHUS M OCHOBHOIO MaTepHaJia
peAcTaB/lieH Ha puc. 2. CTPYKTypa 30HBI HAIIaBKHU
(puc. 3) cocrosiia U3 pPa3sHOOPUEHTHPOBaHHBIX JeH-
nputoB. [71ybKHA IIPOIUIaBIeHUSI MaTepHaa OCHOBBI
ctanu 20X13 65112 30-65 MKM.

Pe3ysbTaThl HCIBITAHUK 00pa3loB Ha HMHTEHCHB-
HOCTh M3HALIMBAaHHUS IIpUBeNeHbl B Tabnuie Ne 1.
CpemHssi WHTEHCHBHOCTh HM3HAIIMBAaHHUS 00pasIioB
C J1a3epHOM HaIlJIaBKOM IopomKkoM 20X13 cocTaBisiia
0,199x10-°, uyrto 6p7I0 B 3,16 pa3a HIKe, YeM HHTeH-
CHBHOCTb H3HAIIUBAHMS OCHOBHOI'O MaTepHasa CTAIU
20X13. MHTeHCHUBHOCTb M3HAIIKMBAaHUS KOHTpobpasLa
13 3aKaJIEHHOM CTanu 45 6bUIa HIDKe B I1ape TPeHUs
C HaIUIaBJIeHHBIM 00pa3LioM II0 CPAaBHEHHIO C OCHOB-
HBIM MaTephasioMm. CpenHue 3HadeHUI KO3QOULIU-
€HTOB TPEHMUs [JIs HaIUIaBJIeHHBIX 00pa3lioB MMeIu
3HaueHus 0,043, a MaTepHasa oCHOBHL - 0,078.

OBCYXAEHWE PE3YJ/IbTATOB

B pesynbTaTe IpoBeleHHBIX PaboT BIIepBbIe B OTeve-
CTBEHHOM IIpakTHKe 6pUla pa3paboTaHa TeXHOIOTHS
7la3epHOM MIMPOKOIIONIOCHOM HAaIlJIaBKK eQHUHHYHBIX
JIOpOsKeK C MIHUPUHOM C/10s1 22-23 MM IIpPH €ro BbICOTe
1,2-1,3 MM C HCIOJb30BaHHEM IIEeJIeBOM HacCaaKHU
IUiS TMOAAYH IIOPOIIKOBOIO MaTepHaja C PacXodoM
opomKa 36 I'/MHH, 4TO B 5-7 pa3 Bhbllle, 4eM IIPH
HaIlJlaBKe KPYIJIBIM PacPOKyCHPOBAHHBIM JIYYOM
AHaMEeTPOM 2-5 MM,

HoBasi TexHO/NOTHSI MOXKET HAaHTH CBoe IpHMeHe-
HHe IIPH BOCCTAHOBJI€HHH II0BEPXHOCTeH KaTaHHS
SKeJIe3HOMOPOKHBIX KOJIeCHBIX IIap I1acCa’kKUPCKUX
1 0cODeHHO I'PY30BBIX BaroHOB. Kpome Toro, 3Ta Tex-
HOJIOTHSI MOKeT ObITh NpHMeHeHa IIPH HaIlIaBKe
M3HOIIEHHBIX I10BEPXHOCTEH KPYIHOrabapHUTHBIX
IITAMIIOB, KOTOpble B OOJBIIMHCTBE CBOEM HMEIOT
TBepHocTh 42-45 HRC.

JpyruM Hampas/eHHeM IIPHMeHeHHUs 3TOM TeXHO-
JIOTHH MOTYT OBITH JIeMeXa IITyTOB, JaIlbl KyJbTHBATO-
POB, AMCKOBBIe GOPOHEI U IpyTHe I04Bo0bpabaThIBato-
LIKe Opyaus.

3AKJ/TIOMEHUE
Pa3paboTaHa TEeXHOJIOTHS LIMPOKOIIOIOCHOM J1a3ep-
HOM HaIUIaBKU CTanu 20X13 mopomkoMm 20X13 mpu
IIHPHHEe 30H HAIlJIABKM 22-23 MM M BBICOTe HAIlJaB-
JIeHHBIX Cj10eB 1,2-1,3 MM.

CpenHsisi MHTEHCHBHOCTb M3HAILIMBAaHUS 00pa3loB
C JIa3epHOM HaIUIaBKoOM Oblna B 3,16 pasa HiKe, 4eM
WHTEHCHUBHOCTh M3HAIIMBAHHS OCHOBHOIO MaTepH-
ana cranu 20X13. MHTeHCMBHOCTb M3HAIIHMBAHMS KOH-
Tpobpasia 13 3aKaJIEHHOM CTAIH 45 6bL1a HEKe B I1ape
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Puc. 2. 3agucumocmb MUKpomeepdocmu noKpuimus
nopouwxom 20X13 om moAWUHbl HANAABAEHHO20 CAOS

Fig. 2. Dependence of the microhardness of the 20X13 powder
cladding on the thickness of the cladded layer

22-23 mm at a height of 1.2-1.3 mm was developed
using a slot nozzle for feeding powder material with
a powder consumption of 36 g/min, which is 5-7 times
higher than when cladding with a circular defocused
beam with a diameter of 2-5 mm.

The new technology can find its application in
restoring the rolling surfaces of railway wheel sets of
passenger and especially freight wagons. In addition,
this technology can be used for cladding of worn sur-
faces of large-sized dies, which for the most part have
a hardness of 42-45 HRC.

Puc. 3. Mukpocmpykmypa cAost Hanaasku nopowkom 20X13
Fig. 3. Microstructure of the 20X13 powder cladding layer
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TPEeHHsS C HAIUIAaBJIeHHBIM 0Opa3loM II0 CPaBHEHHIO Tabnnua. Pe3ynbTaThl UCALITAHUA MHTEHCUBHO-

C OCHOBHBIM MaTepHanoM. CpegHHe 3HAUeHHS KO03d- || CTW M3HAWMBAHMA 06pasL0oB M KOHTpoObpa3LoB

OUIIMEeHTOB TpeHHUs I HaIlJIaBJIeHHBIX o6pa3u0B n3 ctanm 45, HRC49-54

UMenu 3HaveHus 0,043, a MaTepuasna ocHOBEI - 0,078. || Table. Test results of wear intensity of samples and

[Tpon3BOAUTENBHOCTD JIA3€PHOU IIHPOKOIIONOCHOK counter-samples made of steel 45, HRC49-54

HaIlJIaBKU B 5-7 pas Bhlllle, 4yeM HaIlJIaBKU PacPoKyCH NE GEREalE VHTEHCUBHOCTS -

POBaHHBIM JIa3€PHBIM JIYYOM JHAMETPOM 2-5 MM. Sample U3HALMBAHUS N3HALINBAHUS

number obpasua KOHTpOo6pasua
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I'K Softline 06'bSIBHJ/IO O CMEeHEe Ha3BaHHUS KOMINaHHH HTO «HUP23-IToaroc»

Ha VPG Laserone c 7 mapTta 2025 roga

MK Softline, NOCTaBLUMK pewweHni 1 CepBucoB B 06MaCTV LMQPOBOI TpaHChopma-
UMM 1 MHGOPMALMOHHON 6e30MacHOCTI, 06LSBIN O CMeHe Ha3BaHWS KOMMaHWK
HTO «MP3-Tontoc» Ha VPG Laserone ¢ 7 mapra 2025 roga (Fopuanyeckoe HaumMeHoBa-
Hue - 000 «BT Nasepyar»). K Softline npuo6pen KOHTPOAUPYIOLLLYHO KONKO KpyMHE-
LLIero Npow3B0AYTENS BOMOKOHHIX 1a3epoB B Pocciu i CHITy MeXaYHAPOAHOM rpynnbl
IPG Photonics B ceHTsibpe 2024 roga.

HayuHo-TexHnyeckoe mpegnpusite «MPI-Tlonoc» Bbino ocHosaHo B 1991 ropy
POCCMIACKMM  y4eHbIM BaneHTHOM [anoHueBbiM. [lepast yacTb HasgaHus VPG
Laserone cocTasneHa 13 MHUALMAIO0B OCHOBATENS — BbIAAIOLLErocs GU3Ka, MHXEHepa
W NpeAnpvHAMATeNs. Ha npeanpusTUM NpoM3BogMTens pabotaet BbICOKOKBAMGHULMA-
poBaHHas R&D KOMaHZ YNCIEHHOCTLHO 1,1 ThIC. YenoBek, bonee YETBEPTM 113 KOTOPbIX —
NH)KeHepbI-pa3paboTUku, KOHCTPYKTOPbI W CMELManuCTLbl Mo paspaboTke COBCTBeH-
Horo UT-codiTa 4ns nasepHoro 060pyA0BaHNS.

BxoxgeHue VPG Laserone B cocTas 'K Softline no3sonser rpynne komMnaHmi pac-
WMPSTb CBOE MPUCYTCTBUE B MPOMBILLIEHHOM CEKTOpe, TeneKOMMyHUKALMOHHON
1 MEMLMHCKOR OTPACNSX 33 CHET AOCTYNA K YHUK/IbHBIM TEXHONOTMAM W Pa3BUTUIO
MpOV3BOACTBEHHDLIX BO3MOXHOCTe. KomnaHua VPG LASERONE nmpuHsina yyactve
B XVI MexzayHapoaHoi KoHdepeHLmm TransNet: MarucTpaibHble CeTi CBSI31, OpraHi-
30BaHHON MHdopmaLmonHoi rpynnoit ComNews, re NpOAEMOHCTPUPOBAA YHUKAL-
Hble peLueHus 41 MarucTpasbHOM MHGPACTPYKTYPbI HA OCHOBE 3p6UeBLIX yCunTeNeil
W ycunuTenei C PaMaHOBCKOW HAKauKoW A1l MOCTPOEHUS OHOMPOMETHDIX NHNIA
MPOTSXEHHOCTBIO CBbILe 500 kM. Ha pbiHke cayr casi3n VPG LASERONE npencrasnger
ONTUYECKYI0 TPAHCMIOPTHYIO Nnatdopmy «TOPU3OHT» co criekTpasbHBIM YNAOTHEHUEM

BENOMO

OnNTHE

KaHas10B 15 nepeaayy AaHHbIX Ha AucTaHumy 6000 KM 1 BbilLe. MprMeHeH1e MHOro-
YPOBHEBbIX (POPMATOB OMTHHECKOI MOZYNSLIAN B COBOKYMHOCTM C KOTEPEHTHOM TeXHO-
NOr1eil NO3BONSIET OPraHM30BaTb MAKCUMAbHYIO eMKOCTb Nepefiayy Tpaduka — Jo
30T6uT/C Ha ONTMeCKoe BONOKHO NP MCTI0Nb30BaHNMK KaHanoB 600 [ouT/c.

B 2025 rogy VPG Laserone HaLienieHa Ha AbHeMLLee PasBUTIE W Pea3aLmio CBO-
€ro BbICOKOr0 Hay4HO-1CCNE0BATENLCKOMO NOTEHLMANA KK HA POCCUACKOM, TaK W Ha
3apybexHbIX pbiHKax. B coctase 'K Softline komMmaws npogoMXMT NPOM3BOATB BCIO
CYLLECTBYIOLLYIO IMHENKY NPOAYKLMAW, B TOM YMCTIe BONOKOHHbIE, AOAHbIE 1 THOPUA-
Hble 1a3epbl; aBTOMATM3VPOBAHHbIE U PyyHbIe CCTEMbI 1a3epHOit 06pabOoTK; OnTHye-
CKMe KOMMOHEeHTDLI 19 OCTABKY W YNpaBNeHus Na3epHbIM M3y4eHUeM; TenekoMmMy-
HUKALMOHHOe W MeZnLMHCKoe 0bopyaoBaHue. B nnaxax VPG Laserone 3aHsTb 40O
Ha pbIHKe TeneKOMMYHIUKALMOHHOMO 0B0pYA0BaHNS, MACLITABMPYS 3TO HanpasneHue
613HECA W YHACTBYA B 3aKa3aX NS KPYMHEMLLMX UTPOKOB Teekoma. Mpou3BoauTeNb
TaoKe NPOAOMKMT YKPerasTb CBOW MO3NLMK B NPOM3BOACTBE MEAULIMHCKYX N1a3epoB
W XMPYPrU4eCKX BOJIOKOH.

Hukonaii EBTUxMeB, reHepanbHbid avpektop VPG Laserone, MOATBEPAWN, 4TO
HTO «MP3-Momtoc» npogomkaeT MCToputo NoA HOBbIM UMeHem VPG Laserone, npu
3TOM Clefiyst CBOMM LIEHHOCTSM U CO34aBas NIyHLLMe N1a3epbl HA POCCUIACKOM PbIHKE.
OWHAHCOBDLIA Pe3yALTaT OT peau3auni npogykumn komnadun 000 HTO «MP3-
Momoc CTan OfHUM W3 Hambonee peHTAbENbHLIX HANMPABMEHUA [eSTENLHOCTI
K Softline B IV kapTane 2025 roga.

o mamepuanam: https://www.cnews.ru/news/line/ 2025-03-07;
https://www.comnews-conferences.ru/ru/conference/tn2025
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