i g

PA3PABOTKA TEXHONOIUU
NA3EPHOIO CUHTE3MPOBAHMS
AHTUOPUKLLUOHHOM
MOBEPXHOCTU TPEHUS
KPYNHOTABAPUTHDIX CY0OBbIX
rPEGHbIX BAJIOB®
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AO «LleHmp mexHoAozuu cydocmpoeHus u cydope-
MOHmMA», CaHl<m—Heme6ypz, Poccusa

K cypam apKTMyeckoro njiaBaHus 3akasymk
npeabsBASeT NOBbllWEeHHble Tpe6oBaHUSA

Nno HaAeXHOCTU, 3KCNyaTauuoHHOM 3pPeKTUBHOCTU
M 3KOJIOTUYHOCTU. IBUXUTE/IbHbIE CUCTEMbI CYA,0B
apKTM4eCcKOoro rnjlaBaHus, B YaCTHOCTU J1Ie[f,0KOJ0B,
COCTOST U3 MOLLHOW MHOIr0BaJIbHOW CUJ1I0BOM
YCTaHOBKU, eAUHUYHAS MOLWHOCTb KOTOpOM
coctaBnset 20 MBT n 6on1ee, n KOPOTKOIr0 XeCcTKoro
BasoNpoBoOAa C MUHUMAJIbHbIM KOJINYECTBOM
noawunHukoB. NMpeanoxeHo ans popMupoBaHus
AHTUPPUKLUOHHOMN NOBEPXHOCTU TPeHUS
MCNOoJIb30BaTb TEXHOJIOTUIO MOPOLLUKOBOW J1a3epHOM
HanaaBkKW 6pOH3bl HA CTA/IbHOM BTY/IKe.

afesKHOCTh U 3PPEeKTUBHOCTD 3KCIUIYATALIMH

TPAHCIIOPTHBIX CYAOB XapaKTepPHU3yeTCsl B TOM

yucie 6e3aBapUHON paboTOM IBUKUTEIbHOHN
CHUCTEMBI, YTO MOYKHO 00eCIIeUHTE TOTBKO KOMIIJIEKCOM
IIPOIPeCCUBHBIX KOHCTPYKTHBHO-TEXHOJOTHYeCKUX
pelleHMI, peanu3yeMbIX IPH IIOCTPOMKe CYAHA.
910 0c0b60 KacaeTcs CyLOB apKTHYECKOro IUIABAHUS,
K KOTOPBIM 3aKa34MK IIpe[bsIB/IsieT [IOBBIIIEHHbIE TPe-
60BaHMS 10 HAIEKHOCTH, SKCIUIYaTAaLlHOHHOM 3pdeK-
THBHOCTHU U 3KOJIOTUYHOCTH [1].

JIBHKHTeNIbHBIE CHCTEMBl COBPeMEHHBIX CYJOB
APKTHUYeCKOro IIJIABAaHWSI, B YAaCTHOCTH JI€IOKOJIOB,
OTHOCSITCSL K Pa3psily TSKeJIOHATPY>KeHHBIX U COCTOSIT,
KaK IIPaBHJIO, M3 MOIIHON MHOTOBAJIbHOM CH/IOBOK
YCTaHOBKH, eJUHHUYHAas MOIIHOCTh KOTOPOM COCTaB-
nsieT 20 MBT u 6onee, ¥ KOPOTKOTO SKeCTKOTO BaJIOIIPO-
BOJA C MUHHMAaJIHBIM KOJIMYECTBOM ITOAIIUIIHUKOB,
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DEVELOPMENT OF TECHNOLOGY
FOR LASER SYNTHESIS OF
ANTIFRICTION FRICTION SURFACE
OF LARGE-SIZED SHIP PROPELLER
SHAFTS’

N.A.Afanasyev
Centre for Shipbuilding and Ship Repair Technology, JSC,
St. Petersburg, Russia

Customers have increased demands on reliability,
operational efficiency and environmental friendliness of
ships of the Arctic navigation. The propulsion systems of
Arctic navigation ships, in particular icebreakers, consist
of a powerful multi-shaft powerplant with a unit capacity
of 20 MW and more, and a short rigid shaft line with a
minimum number of bearings. It is proposed to use the
technology of powder laser deposition of bronze on a
steel sleeve for forming an antifriction friction surface.

he reliability and efficiency of the operation of

transport ships is characterized, among other

things, by the trouble-free operation of the pro-
pulsion system, which can be ensured only by a set of
progressive constructive-technological solutions imple-
mented during the construction of the ship. This is
especially true for Arctic navigation ships, to which the
customer places increased demands on reliability, opera-
tional efficiency and environmental friendliness [1].

The propulsion systems of modern Arctic navigation
ships, in particular, icebreakers, are classified as heav-
ily loaded and usually consist of a powerful multi-shaft
powerplant with a unit power of 20 MW and more, and
a short rigid shaft line with a minimum number of
bearings, while the shafts have a diameter 700 mm and
above [2]. On the icebreaker of the project 22220 “Arktika’
(Fig. 1a), the shaft diameter is 860 mm, and in the pro-
jected icebreaker of the project 10510 “Lider” (Fig. 1b) will
be more than 1050 mm.

Design features and significant mass-dimensional
characteristics of propulsion systems require special man-
ufacturing techniques, centring and installation, since
the existing technologies mastered by the shipyards in
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IIpH 3TOM BaJIbl KMeIOT AxameTp 700 MM U Belle [2].
Ha nemoxkorne mpoekTa 22220 «ApKTHKa» (puc. la) nua-
MeTp Bajia cocTabigeT 860 MM, a B IIPOEKTHPYyEeMOM
nemoxosie mpoekTa 10510 «/Iumep» (puc. 1b) cocTaBUT
6oee 1050 MM.

KOHCTPYKTUBHBIe 0COOEHHOCTH W 3HAUHUTebHBIE
MaccorabapuTHble XapaKTePUCTHUKU IBHKUTEIBHBIX
CHCTeM TPeOyIOT CIlellMa/IbHbIX TeXHOJIIOTHH H3TOTOB-
JleHus, LeHTPOBKH U MOHTa)Ka, TaK KaK CYILeCTBYIO-
IIHe TeXHOJIOIHH, OCBOeHHBIe BeppsMH B 70-X rogax
IIPOLIJIOTO BeKa, He obecrievyaT peaH3allMIo TeX Tpe-
OOBaHMI, YTO IPeIBSBSAIOTCS B HACTOsIee BpeMs
K JBMKUTEIbHBIM CHCTEMaM CyOOB apKTHYEeCKOIo
[IJIaBaHHS.

CywlecTBymolnas TeXHOJOTHUS (GOPMHPOBAHUSI
AHTHQPUKIHOHHON II0BePXHOCTH TpEeHHS JAeu[-
BYZIHOTO MOZIIUIIHMKA 0a3upyeTcs Ha YCTAaHOBKe
06MUI0BOK 13 6pOH3BI Ha IpeGHOM Bl C HATITOM
«B ropsiuyoo». YUMUTbIBas rabaputsl rpebHoro Baja
1 OOJMLIOBOK, BecbMa BeIHUK PHUCK 3aKIHMHHUBAHMUS
0O/MMIOBKY IIpM Hacajgke. Kpome Toro, mpu Takoi
TeXHOJIOTUH OO/IMIIOBKA SIB/ISIETCSl KOHLIEHTPaTOPOM
HaIIpPSDKeHHH, YTO CHHKAeT yCTaJIOCTHYI IIPOYHOCTD
rpebHOro Basia ¥ MOSKeT IIPUBECTH K €TI0 II0JIOMKe.

JJisi 3aMeHBl TPagHUIIMOHHOM TEeXHOJIOTMU YCTa-
HOBKH [IOPOTOCTOSIIHX OOIHIIOBOK K3 OPOH3bI Ha
rpebHort Banm AO «LITCC» mpemioskyia KCIIONb30BATh
TeXHOJIOTUIO IIOPOIIKOBOM JIa3epPHOM HAaIUIABKH [JIs
CO3[aHUS aHTUOPUKIIMOHHOTO (/1051 6POH3BI Ha CTaNlb-
HOM BTYJIKE.

OIHMM M3 [VIaBHBIX TeXHOJIOTHYeCKUX JOCTOUHCTB
MeTo[ia JIa3epPHOI HaIUIaBKU B CPaBHEHHH C TAKKMMH
TPaJULMOHHBIMH MeTOAAMH, KaK 3JIeKTPOAYroBas
WM IIJIa3MeHHas HaIlIaBKa, SBISeTCS HU3KUH II0f-
BOJl TeIUIa K OCHOBHOMY MaTepHany. ITO CII0cob-
CTByeT CHIJKeHHUIO JiepopMaliiy CO3[aBaeMbIX H3[ie-
NMHUHA. BBICOKasi CKOPOCTh OXIaKAEHHS CIIOCODCTBYET
bOPMHUPOBAHUIO KeJlaeMOK MeIKO3epHUCTON MUKPO-
CTPYKTYypbl. J[laHHasi TexXHONOrus obecredyrBaeT
[IOJIHOe MeTaJlIypruyeckoe CLeIlJIeHHe HaIlJIaBou-
HOTO CJI0S1 C OCHOBOM M HM3KOe pa3KHKeHHe (CMe-
IIeHHe C MeTaJ/UIOM OCHOBBI) IO CPaBHEHHIO C Tpa-
OULHOHHBIMU MeTofaMu. TakuM 06pa3om, OZHOIO
C710s1 TIOKPBITHUSI OBIBaeT OCTATOYHO AJIS IIOJTHOIO
3aMelleHUsT 6a30Boro Marepuana. IIpu 3Tom fgomy-
CKHM IIO TOJIIMHE M KadyecTBO IIOBEPXHOCTH OKa3bl-
BAIOTCSl BIIOJIHE IIpHeM/IeMBIMH H, B 3aBHCHMOCTHU
OT 3aJa4H, TpebyIoT NI MUHUMAJIbHBIX J0PaboTOK
WJIM Cpa3y IOJHOCTBIO COOTBETCTBYIOT TeXHHUYECKHM
TpebOBAHMUSIM.

OCHOBHOM 3ajauell IpU pa3paboTKe TeXHOIOIH-
YeCKOro IIpollecca JIa3epHOM IIOPOIIKOBOM HaIlIaBKH
SBJISIeTCS IOJIy4eHHe ITOKPBITHS BBICOKOIO KauecTBa
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Puc. 1. CospemetHbie Cyda apKmu4eckozo NAdsaHusl: a) AedoKon
npoekma 22220 «Apkmuka»; b) nedokoa npoekma 10510 «/Tudep»
Fig. 1. Modern ships of the Arctic navigation a) icebreaker of the
project 22220 "Arktika”; b) icebreaker of the project 10510 “Lider”

the 70s of the last century will not meet the requirements
that are currently imposed on the propulsion systems of
Arctic navigation ships.

The existing antifriction technology of forming fric-
tion surface of the stern shaft bearing is based on the
installation of bronze linings on the propeller shaft with
a “hot” fit. Considering the dimensions of the propeller
shaft and linings, the risk of jamming of the liner during
the nozzle is very high. In addition, with this technol-
ogy, cladding is a stress concentrator, which reduces the
fatigue strength of the propeller shaft and can lead to its
breakage.

To replace the traditional technology of installation
of expensive bronze linings on the propeller shaft, CSSRT
JSC suggested using the technology of powder laser sur-
facing to create an antifriction layer of bronze on a steel
sleeve.

One of the main technological advantages of the laser
deposition method in comparison with such traditional
methods as electric arc or plasma surfacing is a low heat
supply to the base material. This helps to reduce the
deformation of the created products. High cooling rate
contributes to the formation of the desired fine-grained
microstructure. This technology provides a complete met-
allurgical adhesion of the surfacing layer to the base
and low liquefaction (mixing with the base metal) as
compared with traditional methods. Thus, one coating
layer is enough to completely replace the base material.
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Puc. 2. Po6omu3uposaHHbil KOMNAEKC nopowKosol razep-
Hol Hannasku
Fig. 2. Robotic complex of powder laser deposition

Puc. 3. lNpobbl ¢ HanaaeneHHbIMU CAOSIMU
Fig. 3. Samples with deposited layers

(6e3 11op), ¢ XOPOIIKM CLIeIIJIeHHeM C OCHOBHBIM MaTe-
puanom. IIpu stom TpebyeTrcs obecreduTb MHHH-
MajIpHOe CMellleHHe K PacTBOpPeHHe HallJIaBJIeHHOIo
MaTepHaga C OCHOBOM. [IJisi 3afaHHBIX CKOPOCTEH
IepeMeIlleHUsI M CKOPOCTH IIOJAUYM HaIlJIABOYHOTO
[IOPOIIKA BO3MOXKHO OIIpefle/INTh ONTHMAJIBHBIN
pasmep MATHA M IUIOTHOCTH MOIIHOCTH, IIPH KOTO-
PBIX obecrieunBaeTcss MaKCUMATIbHBIE KO3OGHULIMEHT
HaIUIaBKH.

[Ipyu peanu3alyy IIpoliecca Ja3epHOM HaIUIABKU
[IOPOIIKK IIOfAOTCSI, KaK IIPAaBHIO, C IIOMOIIBIO
HAIIOPHBIX WM Ta30MHKEeKTOPHBIX IIHTaTeneH-
[03aTOPOB HEIIOCPe[CTBEeHHO B 30HY [eLCTBHUS Ja3ep-
HOTO H31y4deHUs . [IpU 5TOM IOPOIIOK CMeNIHMBAeTCs
C Ta30BOM CTpyel, YCKOpSIeTCsl CTPyelr U HarpeBaeTcs
3a BpeMs IIpojieTa OT 30HBL CMe-

At the same time, the tolerances in thickness and surface
quality are quite acceptable and, depending on the task,
require only minimal modifications or immediately com-
ply with technical requirements.

The main task in the development of the techno-
logical process of laser powder deposition is to obtain a
high-quality coating (without pores), with good adhesion
to the base material. It is required to ensure minimal
mixing and dissolution of the deposited material with
the base. For given speeds of movement and feed rate of
surfacing powder, it is possible to determine the optimal
spot size and power density at which the maximum depo-
sition rate is ensured.

During the implementation of the laser deposition
process, powders are fed, as a rule, using pressure or gas-

IIeHUs] [0 HaIIbUISeMOM II0BepX-
HOCTH, IIOCJIe Yero IIONajfaeT Ha
[IOBEPXHOCTh IOIJIOKKH. B Kaue-
cTBe pabouer OblTa HpPHUHSATA
CXeMa YeTBIPeXCTOPOHHEH KOaK-
CHQJIPHON IIOJA4YU IIOPOIIKOBOTO
MaTepHaa.

B xome mpoBeleHHUS 3KCIIEPU-
MEHTAIBHBIX paboT 6bUIO ompere-
JIeHO TPU XapaKTepHBIX ITPODHII,
OIIMCBHIBAIOIINX B3aHMOELMCTBHE
HAIlJIAaBJIEeHHOTO0  MaTepHasa.
[Ipy BBICOKMX 3HAYeHHSIX CKOPO-
CTH IIOJAYM IIOPOILIKA H/IH Hemo-
CTAaTOYHOM IUIOTHOCTH MOITHOCTH

Puc. 4. Makpowaugbl HanAasAeHHbIX NPo6
Fig. 4. Macrosection of weld samples

H3/lyuyeHHs] BO3HHKaeT POpPMHPO-
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Puc. 5. Mukpocmpykmypa nonepe4yHo20 wauga HanaagneH-
H020 €A0$ ¢ npumeHeHuem nopowka EuTroLoy 16625G.04
Fig. 5. Microstructure of the transverse section of the depos-
ited layer using EuTroLoy 16625G.04 powder

Puc. 6. Mukpocmpyxkmypa npodoAbHO020 WAUGA Nosepx-
HOCMHO20 CA0SI HUKeAesozo cnaasd (x1000)

Fig. 6. Microstructure of the longitudinal section of the sur-
face layer of nickel alloy (x1000)

BaHHe NpodUIIS IPaBUIBHOM chepruyieckor GopMBI Ha
MOBePXHOCTH H3fenus (Tl 1), He obecrieunBaOIIeH
BO3MO>KHOCTb KOPPEKTHOTO IIePeKpBITHS c/10eB. H36bI-
TOYHOEe PaCTBOPeHHE U II0BEPXHOCTHBIE AedopMalhuu
dopMBl HAIlJIAaBIEHHOIO C/10s1 (THUII 2) XapaKTepHHI,
Ha060pOT, MPHU BBICOKUX 3HAUEHHUSIX IIJIOTHOCTH MOII-
HOCTH H3/Iy4eHHS W HeJOCTaTOYHOM IIofade HaIlla-
BOYHOrO Iopoluka. Hanbosmee mpenmoyTHUTETbHBIM
AB/IsIeTCS. TMPOOUIIb 3IIUITHYECKON QOPMBI C 4YeT-
KHMH TPaHHULAMH K ONTHMAJIbHBIM CIIIaBJIeHHEeM
C MHUHHMAaJbHBIM pPacTBOpeHHEM B OCHOBe (THII 3).
Taxoil mpoduIb ABISETCS NPeNNoYTHUTeIbHBIM [
BBIIIOJIHEHMSI HAIIJIABKKM Ha IOBEPXHOCTh C IIepeKphl-
THEM CJI0€B.

XapakTepuUCTMKM MOPOLLIKOBbIX MAaTEPUAJIOB
Characteristics of powder materials

Mapka nopotika TBEPAOCTb MOKPLITUA

MaccoBas f0/1s 3/IeMeHToB, %

injecting feeders directly to the laser radiation area. In
this case, the powder is mixed with the gas stream, is
accelerated by the jet and heats up during the flight from
the mixing zone to the sprayed surface, after which it
falls on the substrate surface. The working scheme was
adopted four-sided coaxial powder feed.

In the course of the experimental work, three char-
acteristic profiles were determined, describing the inter-
action of the deposited material. At high values of the
powder feed rate or insufficient radiation power density,
a regular spherical profile is formed on the surface of
the product (type 1), which does not allow the layers to
overlap correctly. Excessive dissolution and surface defor-
mations of the form of the deposited layer (type 2) are
characteristic, On the contrary, at high values of radia-

Pasmep dpakuum, MKm

Brand of powder

Coating hardness

RotoTec 19850 130HV1O Cu

Mass fraction of elements, %

Size of fraction, pm

Al 53-150

90

10

RotoTec 19868 130-160 HV10 Cu

Al Ni Fe 53-150

83

10 5 2

EuTroLoy 16625G.04 210 HV30 Cr Mo

Nb+Ta Si Opyrve 53-150

215 90

5,0 37 0.4

0,35% Mn
0,02% Al
0,02% Ti

ocTanbHoe Ni
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B xo[le HaIlJIaBKH C IIePeKPBITHEM C/I0€B BO3MOXKHO
1opoo6bpasoBaHHe IIPH XapaKkTepe IlepeHoca IOPOLIKa
Ha OCHOBY, 6/IM3KOMY K THIIY 1, [/1SI C/lydaeB BBICOKOTO
[IOTOKA IIOpPOIIKAa M 6osiee TOJCTBIX HAaIUIABIEHHBIX
crnoeB. TakUM 06pasoM, Io Xxapakrepy dopmoobpaso-
BaHHS OAMHOYHBIX CJI0€B MOXKHO CIIPOTHO3MPOBATh
[osiBJIeHKe BHYTPeHHel ITOPHUCTOCTH IIPH MHOIOIIPO-
XOJHOM HaIlJIaBKe C ITepeKpbITHEeM BaJIUKOB.

B KavecTBe MaTepHajia OCHOBBI HCIIOJIb30Ba/IMCh
cTany 40XPA u 38X2H2MA. [lj1s1 co3naHUS aHTUPPUK-
LILOHHOTO CJIOSI IIPUMEHSIUCh OPOH30Bble ITOPOIIKHU
RotoTec 19850, RotoTec 19868 u MeTa/UIMYeCKHUH
nopouok EuTroLoy 16625G.04 ¢ pasMepoM ¢paxkiuu
53-150 MKkM (cM. Tabm.).

OTpaboTKa TeXHOJIOTHMU J1a3epHOI0 CHHTe3HUpOBa-
HUs (HaIJIaBKM) ITPOBOAM/IACh Ha pa3paboTaHHOM
AO «IJTCC» poBOTHU3UPOBAHHOM KOMILJIEKCE IIOPOII-
KOBOI Jla3epHOHM HaIIaBKU (puc. 2). Komiiekc
IIOCTPOEH I10 MOAY/JIBHOMY IIPHHIMIIY, YTO II03BO-
NsleT OCYIeCTB/SATh IMOKyI0 IepeHaCTPOKKY, 3aMe-
HSITh MOAY/IH, a TaKKe aflalITHPOBATh 060PyOBaHHE
II0Z, OIIpefe/IeHHYI0 TeXHOJIOTHMYeCKyIo 3amady. Kom-
[VIEKC OCHAIeH BOJIOKOHHBIM JIa3epPHBIM MCTOYHU-
KOM MOIIHOCTRIO 4 KBT, MoayaeM IepeMelleHHs
Y MO3MLIMOHHUPOBAHUS (LIeCTHOCEBON MaHUIIY/ISTOP
C JBYXOCEBBIM I1O3HIIHOHEPOM), ONTHYECKHUM MOAY-
71eM, MoJy/eM II0JauyH IIOPONIKA U CHCTeMOU yIIpaB-
neHUsi, obecriedMBaIONIeN HACTPOHKY U pabory 060-
PyZOBaHHS B PyYHOM M aBTOMAaTH4YeCKOM PpekKHUMe.
KoMILiekc Takke OCHaIlleH CHCTEMOM BHIeOHA6IIo-
JeHUs )11 MOHUTOPKMHIA IIPOLiecca B PesKMMe peasib-
HOT'0 BpeMeHH, a TaKKe 3alIUTHOMN KabUHOM 115 0be-
criedeHUs TpebOBaHUI J1a3epHON U IIPOMBIIUIEHHON
6e30macHOCTH.

B xone HCCIeJOBaHUU 38871 [oJy-
YeHBl IpobObl ¢ HaIIaBJIeHHBIMH BaJHKaMU
(puc. 3) B OAMH WIK HeCcKOJbKO IIPOXOA0B. Makpoul-
nudsl 1pob (puc. 4) U3roToBIEHHBI Ha MIIKPOBATIBHO-
IIOIMPOBATBHOM CTaHKe Buehler MetaServ 250.

HccnemoBanre MMKPOCTPYKTYPhHI M pa3smepa
3epeH IT0BEPXHOCTHOIO C/I0s IUIHM(OB ITPOBOIHM/IOCH
Ha MeTa/utorpaduieckoM Mukpockore Nikon MA200
opu yBenudeHuH oT 100 g0 1000 KpaT B 3aBUCHMOCTH
OT MeTOJIOB HCCIel0BaHHUH .

IlluprHa IepexoJHOH 30HBI MeX[y OCHOBHBIM
MeTa/I/IOM U HaIUIaBJeHHBIM Cj1oeM cocTtaBuiaa 0,1-
0,2 mm. CTpyKkTypa CIUIaBa, IIOJIyYeHHOrO HAaIlIaB-
nenuveMm mnopomka EuTroLoy 16625G.04, cocTouT
M3 HUKeJIeBOI'0 TBePA0ro pacTBOPa U BbIAIeHUU Kap-
6umoB xpoma, OOPUAOB K CHIHUIKIO0B, PaBHOMEPHO
pacmpefieleHHBIX B MaTpHlie cmaaBa (puc. 5, 6).
ITepexoAHBIM YYaCTOK XapaKTepHU3yeTCcd CMellaH-
HOM ayCTeHUTHO-MapTeHHCTHOM CTPYKTypoM. Brige-
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Puc. 7. Co30aHue aHmu@puKyUOHH020 CA0S1 BPOH3bl HA CMANb-
Holl 8mynke
Fig. 7. Creating an anti-friction bronze layer on a steel sleeve

tion power density and insufficient supply of surfacing
powder. Most preferred is an elliptical shape with clear
boundaries and optimal fusion with minimal dissolution
at the base (type 3). Such a profile is preferable for surfac-
ing with overlapping layers.

During surfacing with overlapping layers, pore forma-
tion is possible with the nature of powder transfer to the
substrate close to type 1, for cases of high powder flow and
thicker weld layers. Thus, by the nature of the formation
of single layers, it is possible to predict the appearance of
internal porosity during multi-pass surfacing with over-
lapping rollers.

40HFA and 38X2H2MA steel were used as the base
material. To create an antifriction layer, bronze powders
RotoTec 19850, RotoTec 19868 and metal powder EuTroLoy
16625G. 04 with a fraction size of 53-150 microns were used
(see the table).

Development of the technology of laser synthesis (sur-
facing) was carried out on a robotic laser-deposited laser-
developed complex developed by CSSRT JSC (Fig. 2). The
complex is built according to a modular principle, which
allows for flexible reconfiguration, replacing modules,
and also adapting equipment to a specific technological
task. The complex is equipped with a 4-kW fibre laser
source, a displacement and positioning module (a six-
axis manipulator with a two-axis positioner), an optical
module, a powder supply module, and a control system
that ensures the setting and operation of equipment
in manual and automatic mode. The complex is also
equipped with a video surveillance system to monitor the
process in real time, as well as a protective cabin to meet
the requirements of laser and industrial safety.
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NneHHs KapbuAHBIX, OOPUAHBIX KM CHJIMLHIHBIX $a3
MCYe3al0T [0 Mepe MPUONIMKEHHUSI K OCHOBHOMY
MeTajny.

Ha mpobax, HM3rOTOBJIEHHBIX C HCIIO/IIb30BAHHEM
OpPOH30BBIX IIOPOIIKOB, CTPYKTYpa C/I0SL COCTOUT
[IpPerMYIIeCTBeHHO H3 MeOH C pasMepoM 3epeH
oT 5 10 15 MKM. IlepeXOZHBIN Y4acTOK 30HBI CILIaB-
neHUs] OPOH3Bl M CTAJIbBHOK OCHOBBl XapaKTepH3y-
eTcsl HaJHW4HeM BbIJleIeHHH TBepPAOro pacTBopa
Meniu B GeppUTHO-O6eMIHUTHOM CTPYKType CTaJIbHOM
MaTpHLIBL.

BrinosHeHa ITpobHasi MHOIOIIPOXOAHAs HaIlIaBKa
Ha 3aroTOBKY Baja JHaMmeTpoM 218 MM (puc. 7) Ond
IIO/IyYeHM s U3Me/IH C AUAMeTPoM 220 MM I10 YePTeXKY.
CKOpOCTh IIOJAYM IIOPOIIKA COCTaBjseT 14 I'/MHH.
[IlMprHa IepeXoJHOH 30HBI MeXXIy OCHOBHBIM MeTal-
JIOM H HaIlJIaBJIeHHBIM c10oeM cocTtaBuiaa 0,1-0,2 MmMm.
CpenHee 3Ha4yeHMe BBICOTHI HAIIJIABOYHOIO Ba/JIMKa H
(TONILMHEI €105, IONy4eHHOIo /a3epPHOL HaIlJIaBKOX
33 OOUH npoxou) coctannset 0,6 MM.

YCTaHOBJIEHO, YTO IIPH MHOIOIIPOXOJHOM Jjia3ep-
HOM CHHTe3HPOBAHHUHU HeOOXOZHMO OCYIIeCTBIISTH
3a4YMCTKY HaIlJIaBJIeHHOH II0OBEPXHOCTH OT TIpaTa
rnepes HaHeCeHMEeM KasKAO0TO0 IIOC/IeAYIOIIEero C/I0s.

M3roroBneHHble 06paslbl ¢ aHTHOPUKLIMOHHBIM
coeM 6pOH3BI IPOLUIM HCIBITAHUS Ha abpasuBHOe
HM3HaAIIMBaHHe [0 cXeMe bpeHesns-XaBopra. Hccie-
TOBaHHUS IIPOBOAMIIOCH CIeAYIOIIMM 06pa3oM: K Bpa-
LIAOIIEMYCS Pe3SMHOBOMY AMCKY B TedeHHe 10 MMHYT
IIpHKUMaIU obpasell ¢ HAIUIaBJIEHHBIM CJIOEM, I10Ja-
Basg B 30Hy TPeHMsl KBapLEeBBbIM IIeCOK C Pa3sMepoM
vactul, 200-600 MKM. ITo pe3ynbTaTaM KCIBITAHHUH
Tpex 06pasloB ompefensiiach CpelHsiS BelHUYHHA
IIOTePY MAaCChl HAIlJIABJIEHHOIO ITOKPBITHS .

Pe3ynpTaTel HCIOBITAHHUH IIOATBEPAHM/IH BBICO-
KHe aHTHUQPHUKIIMOHHbBIe CBOKMCTBA OPOH30BOTO C/IOS.
[ToTeps Macchl HaIUJIaBJIEHHOIO IIOKPBITHS B XOfe
HCIOBITAHUK Ha abpasvBHOe H3HAIIMBaHHE COCTa-
BHJIa He 6ojtee 0,0055 .

IlpoBemeHHbBIe  HMCCIENOBAHUSA  TeXHOJOTHH
7a3epHOTO CHHTE3UPOBAHUS AHTHPPHUKIIKMOHHOU
IIOBEPXHOCTH TPeHMUs [I0Ka3hIBAIOT BO3MOKHOCTh
ee YCIeNHOIo IPHMeHeHMs [JIs H3TOTOBJIEHHS
y3/710B OBMIKHUTEIBHBIX CHCTEM CyJOB apKTHYeCKOIro
IUIaBaHUA.
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In the course of research, samples were obtained
with weld rollers (Fig. 3) in one or several passes. Sample
microsections (Fig. 4) were made on MetaServ 250 grind-
ing and polishing machine (Buehler).

The study of the microstructure and grain size of the
surface layer of thin sections was carried out on a Nikon
MA200 metallographic microscope, with an increase
from 100 to 1000 times, depending on the research
methods.

The width of the transition zone between the base
metal and the deposited layer was 0.1-0.2 mm. The struc-
ture of the alloy obtained by the fusion of the EuTroLoy
16625G.04 powder consists of a nickel solid solution and
precipitates of chromium carbides, borides and silicides
uniformly distributed in the alloy matrix (Fig. 5.6). The
transitional area is characterized by a mixed austenitic-
marten structure. The precipitates of carbide, boride,
and silicide phases disappear as they approach the base
metal.

On samples made using bronze powders, the layer
structure consists mainly of copper with a grain size of
5 to 15 microns. The transitional zone of the fusion of
bronze and steel base is characterized by the presence of
precipitations of a solid solution of copper in the ferritic-
bainite structure of the steel matrix.

A test multi-pass surfacing on a shaft billet with a
diameter of 218 mm (Fig. 7) was performed to obtain a
product with a diameter of 220 mm in the drawing. The
powder feed rate is 14 g/min. The width of the transition
zone between the base metal and the deposited layer was
0.1-0.2 mm. The average value of the height of the surfac-
ing roller H (thickness of the layer obtained by laser weld-
ing in one pass) is 0.6 mm.

It has been established that with multi-pass laser syn-
thesizing it is necessary to clean the weld surface from
burr before applying each subsequent layer.

Fabricated samples with anti-friction bronze were
tested for abrasive wear according to the Brenelle-
Haworth scheme. The studies were carried out as fol-
lows: a sample with a deposited layer was pressed to a
rotating rubber disk for 10 minutes, feeding quartz sand
with a particle size of 200-600 pm into the friction zone.
According to the test results of three samples, the aver-
age value of the weight loss of the deposited coating was
determined.

The test results confirmed the high antifriction prop-
erties of the bronze layer. The weight loss of the deposited
coating during the abrasive wear tests was no more than
0.0055g.

Studies of the technology of laser synthesis of antifric-
tion friction surface show the possibility of its successful
application for the manufacture of propulsion systems for
Arctic navigation ships.
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