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PA3PABOTKA TEXHONOMuu

NA3EPHOIO CMHTE3UPOBAHUS

AHTUOPUKLIMOHHOJ
MOBEPXHOCTU TPEHUS

KPYNMHOTABAPUTHbBIX CYA0BbIX

F'PEBHbIX BAZIOB®

H.A. Adanacves

AO «Llenmp mexnonozuy cydocmpoetiug u cydope-
MOHma», CaHKm-Hemeﬁype, Poccug

K cynam APKTUYECKOro nnasaHusg 3aKasyumk
MpeAbaABNseT nosbiweHHble TpeboBaHug
ho HapexHocTwy, KcnayaTaumoHHo 3¢ dekTUBHOCTU
M 3KonoruyHocTy. ABuxuTeNbHBIE CUCTeMbl cynos
apKTUyeckoro NiaBaHus, B yacTHocTU Nlefokonos,
COCTOAT U3 MOWHO MHOroBanbHo cunogoi;
YCTaHOBKM, eAUHUYHa g MoLuHoCTL KoTopoiX
cocTtaBnseT 20 MBT u 6onee, u KopoTkoro xecTkoro
Basnonpooga c MUHUMaNbLHBIM KonuyecTeowm
NoAWMNHKUKOB. Mpegnoxeno Ana popmMuposanug
AHTUPPUKLUOHH O NOBEpPXHOCTU TpeHus
ucnonb3osath TexHoNOrUIO MopoLwkoBowi nasepHoii
Hannaeku 6poH3bl Ha CTanbHOM BTy Ke,
H TPaHCIOPTHEIX cymos XdPaKTepPU3yeTcs B Tom
"HCTTe Ge3aBapHiTHOL PaboTow ABMKKTENbHOL
CHCTEMBI, YTO MOKHO obecrieunTs Tonmpro KOMIUIEeRCOM
IIPOTpPeCcCUBHEIX KOHCTp)IKTI/IBHO'TEXHOJIOTI/IT-IECKI/IX
H3YeMBIX mpu IIOCTPO¥Ke CynHa.
TCS CymoB apKTHueckoro IJIaBaHUs,

K KOTOPBIM 3dKa34yuK IIpenwsBiser IIOBBINIIeHH BIE Tpe-

6oBaHMs 110 HaZIeKHOCTH, SKCITYaTallMOHHOLY sddex-
THBHOCTH U 3KOIOTHYHOCTH (1].

HABY>KUTeNbH IO CHCTEMEI (O
APKTHUYeCKOro IJIaBaHUS, B yac
OTHOCSTCY K paspsny TsDKeJIOHarp
KaKk TpaBuio, us mommown MHO
YCTAaHOBKHM, eMUHUYHAg MOII[HO
7s1eT 20 MBT u boree, u KOPOTKO
BOZa ¢ MUHUMaTbHBIM KOJTHYecC

AASKHOCTE U 3peRTUBHOCTS 3KCIIyaTaliumu

BPEMEHHBIX CyzmoB
THOCTH JIejoKoJIoB,
Y’KEHHBIX U COCTOST,
TOBAJIPHOM CHJIOBOLL
CTb KOTODPOH cocTap-
T'0 3KeCTKOT0 BaJIOIpo-
TBOM MOAMIMITHUKOBE,

* Hpumeuanue pedaxmopa: Cratss PEKOMeHIOBaHA mporpammusm

KOMHTETOM KoHQepeHIuH, IIPOXOAMBIIel B pamkax CIernua-
/IH3UPOBAHHOM BEICTAaBKY /Ia3€PHOM, OIITHYECKOL 1 OITTO3JIeK-

TPOHHOH TeXHUKH “@oToHMKa. Mup nasepos u OIITHKH. 2019,
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DEVELOPMENT OF TECHN
FOR LASER SYNTHESIS OF
ANTIFRICTION FRICTION S
OF LARGE-SIZED SHIP PRO
SHAFTS®

N.A.Afanasyev

Centre forShipbuilding and Ship Repair Tech
St. Petersburg, Russia

Customers have increased demands on reliat
operational efficiency and environmental frie
ships of the Arctic navigation. The propulision

Arctic navigation ships, in particular icebreake
of a powerful multi-shaft Powerplant with a y
of 20 MW and more, and a short rigid shaft lin
minimum number of bearings. It is Proposed t
technology of powder laser deposition of bron
steel sleeve for forming an antifriction friction.

he reliability and efficiency of the of

l transport ships is characterized, am
things, by the trouble-free operation ¢
pulsion system, which can be ensured only [
progressive constructive-technological soluti
mented during the construction of the shi
especially true for Arctic navigation ships, to y
customer places increased demands on reliabilj
tional efficiency and environmental friendliness
The propulsion Systems of modern Arctic p:
ships, in particular, icebreakers, are classified
ily loaded and usually consist of 3 powerful my
powerplant with a unit power of 20 MW and
a short rigid shaft line with a minimum ny
bearings, while the shafts have a diameter 700
above [2]. On the icebreaker of the project 22220
(Fig. 1a), the shaft diameter is 860 mm, and in

jected icebreaker of the project 10510 “Lider” (Fig,
be more than 1050 mm

Editor's Note: The article was recommended by the
committee of the conference, held as

part of the sp
exhibition of laser,

optical and optoelectronic |
“Photonics. World of lasers and optics. 20197,
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[IpH 3TOM Ba/Ibl UMEIOT fHaMeTp 700 MM U Bbime [2].
Ha nemoxone mpoexra 22220 “ApkTHKa» (puc. la) nua-

METp Basta cocrapser 860 MM, a B IIPOeKTHPyeMOM
JIEA0Ko/Ie TIpoexTa 10510 «/Iumep» (puc. 1b) cocTaBut
6omee 1050 mm.

KOHCTpyKTHBHEIE 0COBEHHOCTH M 3HAYMTENBHBIE
MaccorabapUTHBIe XapaKTePHCTUKU MBEKUTETbHbIX

CHUCTeM Tpeﬁ}/IOT CIIeIIUA/IPHBIX TeXHOJIOTHE H3r0TOB-
JIeHHSI, LI€EHTPOBKHU U MOHTa)Xa, TaK Kak CyIIecTBYIO-

IHe TeXHOJIOTHH, OCBOEHHEBIE Bepbsamu B 70-x romax

IIPpOINJIOTO BeKa, He obecreyar peanu3anumn tex Tpe-

0OBaHMI, YTO MpemBSBIASIOTCS B HaCTosIlee BpeMs

K ABMOKHTENIbHBIM CHCT@MaM Cy/0B APKTUYECKOro

IIJIaBaHMS,
CymecTByromas

TeXHOJIOTU A (I)OPMI/IPOBB.HI/IH

AHTHQPUKLMOHHON II0BEPXHOCTH TPEeHHUS [eus-

BYAHOIO IOAMMOHUKA 6asupyeTcss Ha yCTaHOBKe
001IMII0BOK U3 6POH3BI Ha rpebHOI Bal ¢ HaTsIrom
“B TOpSAYYI0»: YYUThbIBas rabaputsl rpe6HOro Basia
U OOJIMIIOBOK, BeChbMa BEIHK PHCK 3aKIHMHHUBAHMS
06/ TH1I0BKU IIpH Hacazike. Kpome TOro, mpu Takom
TeXHOJIOTHH OO/IHUIIOBKA SIBJISETCS KOHLIEHTPATOPOM
HaIpSDREHUM, YTO CHUSKAET YCTQJIOCTHYIO IIPOYHOCTh
IpeGHOrO Bajla U MOKET ITPUBECTH K €ro II0JIOMKe,

JUISL 3aMeHbl TPaAMIIMOHHON TeXHOIOrHH ycTa-
HOBKH NOPOTOCTOSAIIMX OBIMIIOBOK M3 GPOH3BI Ha
rpebHOM Basm AO «LITCC» IIpenIosKuia HCII0Ib30BaTh
TEXHOJIOTHIO TIOPOIIKOBOK J1a3epHON HAIlIABKH IS
CO3AAHHS AHTUGPUKIIMOHHOTO /105 GPOH3bI HA CTA/Ih-
HOH BTYJIKe,

ONHUM U3 [IaBHEIX TEXHOMOTHYECKUX JOCTOMHCTR
METOZIA JIa3ePHOH HAIUIABKU B CPAaBHEHHMM C TAKHUMHU
TPaAHLHOHHBIMH METOLAMH, KakK 3JIEKTPOLYyTOBas
WA I1a3MEHHAsl HAIUIABKA, SB/ISETCS HU3KHI MO
BOA Temia K OCHOBHOMY MaTepwany. JTo Croco6-
CTBYET CHIDKEHMIO NepOpMallMK CO3/[aBaeMBIX M3je-
UK. BBICOKAst CKOPOCTh OXJIasKIeHUS criocobcTByet
dopMHUpOBaHHIO KemaeMo MeJIKO3ePHHUCTOM MHKPO-
CTPYKTYpbl. JIaHHAs TeXHOJOIHS obecleYuBaeT
[I0/THOE MeTa/ITypruv4eckoe ClelyIeHHe HAIlIaBoY-
HOTO C/10sL C OCHOBOM M HM3KOE pas3kIKeHue (CMme-
IMEHHE C METa/lVIOM OCHOBBI) I10 CPAaBHEHHIO C Tpa-
AULHOHHBIMHU MeToaMu. TakuM o6pa3oM, omHOro
CI0S. TIOKPBITHSL OBIBAET [JOCTATOYHO IS [IOIHOTLO
3aMeleH st 6a30BOro Martepuara. IIpu stom momy-
CKH TIO TONIIMHE M Ka4eCTBO [IOBEPXHOCTH OKA3bI-
BAIOTCSL BIIO/IHE IIPUEMJIEMBIMU U, B 3aBHCHMOCTH
0T 3a71a4H, TPebyIOT IUIIb MUHUMAa/IBHbIX nopaboTox
W1 Cpasy IOMTHOCTBIO COOTBETCTBYIOT TeXHUYECKHM
TpeboBaHUSIM .

OcHOBHOM 3amaver mpu paspaboTke TeXHOIOrU-
HECKOTO IIporecca J1a3epHOH MOPONIKOBOM HAIlIABKH
ABIIACTCS TOJyYeHHe MOKPBITUS BBICOKOTO KAadYecTBa

TECHNOLOGIES & TECHNOLOGY EQUIPMENT
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Puc. 1. CospemetHbie Cyda apKmu4eckozo naasauus: a ) nedokon
npoexma 22220 «Apkmuka»; b) nedokon npoexma 10510 «/ludep»
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
shaftand 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.

PHOTONICS vOL. 13 N2 42019 349
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Puc. 2. Po6eMU3LPOBAHHbIL KOMNAEKC nopowkoeou Aazep-
Holl HanAaeKu
Fig. 2. Robotic complex of powder laser deposition

(6e3 mop), C XOPOIIAM ClieTIeHHeM C OCHOBHBIM MaTe
puasom. IIpu 3TOM TpebyeTcst 0beCriedrTh MUHU"
MaIbHOE CMelleHHe U pacTBOPeHHE HarU1aBIeHHOTO
maTepuana ¢ oCHOBOM. [l 3aJaHHBIX CKOpOCTeH
repemenieHuss ¥ CKOPOCTH mogadyy HaIlIaBOYHOTO
[IOpOIIKA BO3MOXHO orpesenuTh OTITUMAa/IbHbBIH
pasmep IMiTHA U [JIOTHOCTH MOILHOCTH, MPH KOTO”
prix obecriedrBaeTcsl MaKCAMAIBHBIA KOIQOUIIEHT
HarUIaBKH.

[Ipy peanu3aliiy IIPOTIECca Jla3epHOM Hall/IaBKH
[IOPOLIKM TOAATCS, KaK [IpaBuio, C TOMOILBIO
HAIOpHBIX WA ra30MHKeKTOPHBIX uTaTeIer-
J103aTOPOB HETIOCPeICTBEHHO B 30HY JIeHCTBHUS J1a3ep”
Horo m3jydeHus. IIpu 3TOM [IOPOIIOK CMEITHMBALTC
C Ta30BOM CTpyeH, YCKOpseTCd CcTpyell U HarpeBaeTcsd
3a Bpems IIpojieTa OT 30HBI cme-
[TeHusl A0 HAIbIISeMOM IOBEPX”
HOCTH, TIOC/Ie 4ero morajaer Ha
[TOBEPXHOCTh ITOJJIOKKH . B kave-
crpe paboueit Opira IPUHATA
cxeMa UeThIPeXCTOPOHHEH KOak”
CHA/IbHOM IO[aYH IIOPOIIKOBOTO
Marepuana.

B xojie IIpOBefieHs SKCIIepPH”
MeHTa/IbHBIX PaboT ObLIO OIPENe
JleHO TPU XapaKTepHBIX npoduss,
OLUCHIBAIOLIMX B3aUMOJCHUCTBUE
HaIJ/aBJeHHOI0 MaTepuana.
[Ipy BBICOKHMX 3HATEHMAX CKOPO~
CTH [Ofady TOpOIIKa MK HEA0
CTATOYHOM IJIOTHOCTH MOIIHOCTH
W3/yueHns: BO3SHHUKAET dopmMuUpo-

350 POTOHUKA TomM 13 N2 42019

Puc. 4. Maxpownudbl HanAaeneHHbIX Npob
Fig. 4. Macrosection of weld samples

Puc. 3. [pobwbi HanadeAeHHbIMU cAoaMU
Fig. 3. Samples with deposited layers

the tolerances in thickness and surface

At the same time,
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 oOr gas-
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Puc. 5. Mukpocmpykmypa nonepeuHozo waupa HanaagneH-
HO020 €nos1 ¢ npumeHeHuem nopowka EuTroLoy 16625G.04
Fig. 5. Microstructure of the transverse section of the depos-
ited layer using EuTroLoy 16625G.04 powder

Puc. 6. Muxkpocmpykmypa npodonbHozo wauga nosepx-
HOCMHO20 cA0S HUKenegozo cnaasa (x1000)

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

BaHMe IIPOGUIIS [IPABUIBHOM ChepruyuecKor GOpMbI Ha
IIOBEPXHOCTU u3fenus (TUI 1), He obecrieduBaromen
BO3MOSKHOCTb KOPPEKTHOTO IIePeKPBITHUS CJI0eB. U3651-
TOYHOEe PACTBOPEHHE U IMOBEPXHOCTHBIE HedopMaruu
GOpMbI HAIUIaBI€HHOTO €105 (THUII 2) XapaKTepHBI,
Hao60pOT, MPU BBICOKUX 3HAYEHHUIX IJIOTHOCTH MOLI-
HOCTU M3y4YeHMs U HeJOCTATOYHOM Iomade Halljla-
BOYHOTrO Iopomka. Haubosee IpenmoYTHTeIbHBIM
SIBIISIETCST NPOQUIL S/UIMITHYECKONM (OPMBI C YeT-
KUMH TPaHUIAMHA M ONTHMAaJIbHBIM CIUIABIEHHEM
C MHUHHUMAQJIBHBIM PaCTBOPDEHHEM B OCHOBe (THIT 3).
Takoll TIPOQHIIb SIBJISIETCS IIPENIIOYUTUTEIbHBIM IS
BBITIOJIHEHUS HAIlJIABKK Ha ITOBEPXHOCTH C ITEPEKPHI-
THEeM CJI0€B.

XapaKTepuUCTUKMN NOPOLLIKOBbIX MAaTEPMAIOB
Characteristics of powder materials

- TBEpAOCTb MOKPbLITUS
Coating hardness

Mapka nopoluka

Brand of powder

MaccoBas noss 31eMeHToB, %

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 ppakumm, MKm

RotoTec 19850 130HV1O

Mass fraction of elements, %

Size of fraction, um

Al 53-150

RotoTec 19868 130-160 HV10

53~1506

EuTroLoy 16625G.04 210 HV30 Mo

9.0

0,35% Mn
0,02% Al
0,02%Ti
ocTanbHoe Ni
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B xonie HarIaBKM € ITepeKpPEITHEM C/I0€B BO3MOSKHO
[10poobpasoBaHue IIPU XapaKTepe [IePeHoca MOPOIIKa
Ha OCHOBY, 6/IM3KOMY K THITY 1, I7IsI C/IydaeB BEICOKOTO
[I0TOKA TOpOmKa K 6osiee TOJNCTBIX HAIUIABIEHHBIX
cnoeB. Takum obpasom, 1o xapaktepy Gpopmoobpaszo-
BAaHHS OAMHOYHBIX C/I0€B MOXKHO CIIPOTHO3HPOBATh
II0sIB/IeHKE BHYTPEHHEeN IIOPUCTOCTH ITPU MHOTOIIPO-
XO[THOU HaIlIaBKe C [IepeKPBITHEM BaTUKOB,

B kavyecTBe MaTepHasa OCHOBBI HCIIOJb30BA/IKCh
cranu 40XPA u 38X2H2MA. [Iis1 co3MaHUST aHTUDPUK-
LHOHHOTO C/I0S1 IPUMEeHSIMCh OPOH30BBIE MTOPOIIKH
RotoTec 19850, RotoTec 19868 u MeTa/UTHYeCKHUI
nopomok EuTroLoy 16625G.04 ¢ pa3mepom ¢pakiuu
53-150 MKM (cM. Tabi.).

OTpaboTKa TeXHOJOTHH JIa3€PHOT0 CHHTE3UPOBa-
HUsl (HAIUIaBKH) MPOBOSMIACH HA pa3paboTaHHOM
AO «LITCC» po60TH3MPOBAHHOM KOMIIJIEKCE IIOPOII-
KOBOM JIa3epHOM HaIUIaBKKU (puc. 2). Komriuiekc
IIOCTPOEH II0 MOAY/JIbHOMY IMIPHUHLHIIY, YTO II03BO-
JISIeT OCYLIeCTB/IATh TUOKYIO IIePeHACTPOMKY, 3ame-
HSTh MOJY/IH, a TaKXKe alalITHPOBATh 000OpynOBaHLe
II0J] OIlpe/leJIeHHYI0 TeXHOJOIHYecKyro 3amady. Kom-
IVIEKC OCHAIleH BOJIOKOHHBIM JIa3ePHBIM HKCTOYHH-
KOM MOIIHOCThIO 4 KBT, MonyneMm IepeMenieHus
Y MO3UIIMOHHUPOBAHUS (IIeCTHOCeBOM MaHHUITYISATOP
C ABYXOCEBBIM IIO3UI[MOHEPOM), ONTHYECKHUM MOLY-
7eM, MOAyJIeM IIOJAYH IMOPOIIKA M CHCTeMOH YIIPaB-
neHus, obecrieynBarIer HACTPOHUKY U paboTy 060-
PyZOBaHHS B PyYHOM M aBTOMAaTHUYECKOM PeXKHMeE.
KomIuterc Takke OCHallleH CHCTEMOM BHAEOHABIIIO-
AeHUS IJIsT MOHUTOPUHTA IIPOLIeCCca B PeSKUMe pealb-
HOT'0 BpeMeHH, a TakoKe 3alUTHON KabMHOM 1g 0be-
crieyeHus TpebOBAHUH J1a3ePHOM U IIPOMBIIIIEHHOM
be3oIracHOCTH.

B Xole  HMCCIefoBaHUM 5082 IIOJIy-
YeHbl Npobbrl C HAIUIAaBIEHHBIMH BaJMKaMH
(puc. 3) B OMWH MJTH HECKOJIBbKO IIPOXOJ0B. Makpor-
mudbl 1pob (prc. 4) U3roTOBIEHbI HA NUIU(OBAIBHO-
[I0JIMPOBa/IbHOM cTaHKe Buehler MetaServ 250.

HccnenoBaHre MHMKPOCTPYKTYPhl M pa3mepa
3epeH IIOBEPXHOCTHOIO C/10s IIIKQPOB ITPOBOJUIOCH
Ha MeTayutorpadpuyeckoM MUKpockorre Nikon MA200
py yBenu4veHUH oT 100 1o 1000 KpaT B 3aBUCHMOCTH
OT METOZ0B MCCIeJOBAaHUM.

lluprHa MepexXomHONM 30HBl MeXKAy OCHOBHBIM
METaJI/IOM M HAIUIaBJIeHHBIM CJIoeM cocTaBmia 0,1-
0,2 mm. CTpyKTypa cIUIaBa, IIOJIy4eHHOrO HaIlIaB-
neHreM T1opomka EuTroLoy 16625G.04, cocTtout
13 HUKeJIEBOTO TBEPIOTO PacTBOPA M BhIIENIEHUI Kap-
6umoB xpoma, 60PHUIOB U CHIHLIM/IOB, PABHOMEPHO
pacrpeneneHHBIX B MaTpHulle cIaBa (puc. 5, 6).
[lepexoHBIM Y4YaCTOK XapaKTepH3yeTCs CMeIlaH-
HOU ayCTeHHTHO-MapTeHHCTHON CTPYKTYpOM. Bbize-

352 ®OTOHUKA TOM 13 N2 42019

Puc. 7. Co30aHue aHmu@puKkyUuoHH020 A0S 6pOH3bI HA CMAAb-
Holl smynKe
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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NIeHHs KapOUAHBIX, 60PUAHBIX U CHIMIMAHBIX $as
HCYe3al0T 10 Mepe NPUOIMKEHHS K OCHOBHOMY
MeTasny.

Ha mpobax, M3TOTOBIEHHBIX C KCIIOTb30BAHHEM
OPOH30BBIX IOPOIIKOB, CTPYKTyPa C/IOSI COCTOHT
NPeUMYIIeCTBEHHO H3 MeIH C pPa3MepoM 3epeH
0T 5 mo 15 MKM. IlepeXomHBIH Y4acCTOK 30HBI CILJIaB-
TeHHs] OPOH3BI M CTalBHOM OCHOBBI XapaKTepPH3y-
€TCs HaJW4ueM BBIIE/I€HUH TBepJOro pacTBOpa
Menu B GpeppUTHO-6EMHUTHOM CTPYKType CTalbHO
MaTpHIIBL.

BeinioniHeHa npobHast MHOTOIIPOXOHAs HaIllaBKa
Ha 3aroTOBKY BaJa AuameTpoMm 218 mm (puc. 7) ans
[IOTyYeHUS U3Ae/IHS C [THAMETPOM 220 MM I10 YePTEXKY.
CKOpOCTh TOfa4YM IIOPOIIKA COCTaBiseT 14 r/MHH.
[luprHa MepexoIHOM 30HbI MEXKAY OCHOBHBIM MeTasI-
JIOM H HaIlJIaBJIEHHBIM Cj10eM cocTaBuia 0,1-0,2 MM,
CpenHee 3sHa4YeHHe BHICOTHI HAIJIABOYHOrO BajMKa H
(TOMIMHBI €101, ITOYYEHHOTO Ta3ePHON HaIlIaBKOH
3a O H MPOXOJ) cocTaBiseT 0,6 MM.

YCTaHOB/IEHO, YTO TPH MHOTOIPOXOLHOM Jia3ep-
HOM CHHTE3HPOBAHHHU HEOOXOZHMO OCYILIeCTB/IATH
3a4YMCTKY HAIUIaBJIEHHOHW II0BEPXHOCTH OT [IpaTa
nepes; HaHeCeHHUEeM KaXK0ro MOC/IeLyIOLIero CJIos.

H3rotoBneHHble 06pa3nbl ¢ AaHTUGPUKLIHMOHHBIM
coeM GpOH3BI TIPOITH MCIBITAHUS Ha abpasHBHOe
H3HalIMBaHMe II0 cxeMe bpenemns-XaBopra. Hccie-
AI0BaHUS IMPOBOAHIOCH CJIEAYIOIIMM 06pa3oM: K Bpa-
IMAOIEMYCs pe3SHHOBOMY AHCKY B TedeHHe 10 MUHYT
Ipr>KMManu obpaser; c HaIUTaBJIeHHBIM CI0eM, TI0[a-
Basg B 30HY TPEHHSI KBapLIEBBIM IIECOK C pa3MepoM
dacTun 200-600 MrM. ITo pe3ynbTaTaM HCIIBITAHHI
Tpex 06pasloB oIpefensnach CpefHss BeTHYHHA
II0TepPH MaCChl HAIUTABJIEHHOIO IIOKPBITHS.

Pe3ynpTaTel HCOBITAHHK TIOATBEPAUIHA BBICO-
Krie aHTHOPUKIIMOHHBIe CBOMCTBA GPOH30BOrO cmod.
[loTepss Maccel HamnIaBIeHHOTO IIOKPHITHS B XOJe
HCIIBITAHUU Ha abpasHBHOE H3HANIMBAHHE COCTA-
Bwia He 6oee 0,0055 .

IlpoBeleHHBIE  HCC/IELOBAHHUS  TEXHOJIOTHUU
JIA3€pHOTO CHHTE3WPOBAHHSA aHTUQPUKLIHUOHHOMN
IIOBEDXHOCTH TPEHHS II0Ka3bIBAIOT BO3MOXKHOCTH
ee YCIIeIIHOTr0 MPHMEHEeHHMS [JIS U3TOTOBJIEHUS
y310B IBHJKHUTEIBHBIX CHCTEM Cy[JOB apKTHUYECKOTO
[/IaBaHUS.
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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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