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NOBbILEHWE PECYPCA PABOTDI
AETAJIEA MALLUH
NMPU NA3EPHOWN HAMABKE

B. Bupiokos, K.m.H.,
OT'BYH HHcmumym mauuHoseoeHus
um.A.A. Baazonpasosa PAH (MMAILI PAH)

MeTopabl nazepHo MoAUPUKALLMU NOBEPXHOCTU
NOCTOSIHHO Pa3BMBAIOTCS U NPOrpeccupytoT
napasn/ie/ibHO C pa3BUTUEeM HOBbIX BUAOB

Nla3epHbIX UCTOYHMKOB. Ha TeXHOJIOrM4eckom
KOMMJ1eKce, OCHALL,eHHOM BOJIOKOHHbIM J1a3epom,
msrotosseHHoM B OOO HTO "UP3-Montoc”, oTrpaboTaH
TeXHON0rMYeCckuin NpoLecc 1a3epHOM Han1aBKu.
OnpepeneHbl NOPOLLKOBbIE MaTepUasibl Ha OCHOBE
HUKeNS N peXXUMbl HaN1aBKU, No3BossAoLMe
NOBbICUTb YCTA/IOCTHYIO MPOYHOCTb 06PasLLOB.

BICOKOHAIPy>KeHHBble [eTall H y3JIbl MeXa-

HHU3MOB IIpUOOpeTaroT MOIOJHUTEbHELe

OYHKIIMOHA/IbHbIE BO3MOXHOCTH MPH MOJH-
dMKallMK IIOBEPXHOCTHBIX CJIoeB HX Ppaboumx
[IOBePXHOCTEeM KOHLIeHTPHPOBAHHBIMHU IIOTOKaMH
sHepruu. Takue cou 0671aJa0T CyIeCTBEHHBIMU
IIperMYyIleCcTBAaMHU I10 CPAaBHEHHUIO CO C/IOSIMH, II0JIY-
YeHHBIMU TPaJHLUOHHBIMHU MeTOAAMH I[IOBepX-
HOCTHOI'O YIIPOUYHEHMs], HalblJICHUS U HaIlJIaBKHU
(1-4]. MeTonpl n1a3epHOM MOAUPHKALUH IIOBEPX-
HOCTH IIOCTOSSHHO Pa3BHBAIOTCA U IIPOTPeCCHUPYIOT
Iapa’ssieabHO C pa3BUTHeM HOBBIX BH/OB JIa3ePHBIX
HCTOYHHKOB.

B coBpeMeHHOM MaNIMHOCTPOMTEJIbHOM IIPO-
M3BOJCTBe IIOBHIIIeHHe pecypca paboTsl HeTanei
1 y3JI0B TPeHU s BBIIIYCKaeMOH W BBeJJeHHOH paHee
B 3KCIUIYaTallMI0 TeXHUKH CTAJI0 BaKHEHIIe! 3a1a-
yer. Takue J[eTalH, KaK BaJibl 37TeKTPUYECKHX
MallKH, POTOpPH Tra3olepeKauMBAaIOIIMUX CTaH-
LMI, KOJeHuaTble Bajbl BBIXOASAT K3 3KCILIyaTa-
LHHU [0 IPUYHHEe HM3HOCA [O0CAaJO0YHBEIX [OBEPXHO-
cTed. B HacTodIee BpeMs IIapK 3KCILIyaTHPYyeMOTO
060pymoOBaHMS U MAIIMH HMeeT M3HOC IOAO0OHBIX
y3/10B TpeHU A B nipefenax 60-80%. TeXHOIOIUHU BOC-
CTaHOB/IEHUSI PabouynX IOBEPXHOCTEH I103BOJSIOT
pOAIUTh PaboTocrocobHOCTh MAaIIMH. K TakUM
TeXHOJIOTHSIM OTHOCHUTCSI BOCCTAHOBJIEHHEe Pabouux
Pa3MepoB fieTajel 1a3epHOL IIOPOIIKOBOK HaIlJIaB-
KoH. s moAaTBepXKAeHUs 3G PeKTUBHOCTH IIpUMe-
HeHMS TaKMX TeXHOJIOTHH B IIPOLeccax BOCCTAHOB-
NTeHHUs fAeTajled NpHBeJeM Takod mpumep. lleHa
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INCREASE THE SERVICE LIFE
OF MACHINE PARTS
WITH LASER CLADDING

V. Biryukov, Cand. of Technical Sciences, Federal
budget-Funded Research Institute for Machine Science
named after A.A. Blagonravov of the Russian Academy
of Sciences (IMASH RAN)

Laser surface modification techniques are constantly
evolving and progressing in parallel with the
development of new types of laser sources. At the
processing facility, equipped with a fiber laser,
manufactured by LLC NTO "IRE-Polus”, perfected laser
cladding process. Defined powder materials based

on nickel and welding modes, allowing to increase
fatigue resistance.

he development of advanced methods of modifying

the surfaces of highly loaded parts of working

units and mechanisms using concentrated energy
sources due to the possibility of formation of surface
layers , which have significant advantages as compared
to layers produced by conventional methods of surface
hardening, spraying and surfacing [1-4] .

In modern engineering production the most
important task is to increase the service life of parts
and assemblies manufactured friction and introduced
earlier in the operation of vehicles. Details such as
electrical machinery shafts, rotors for gas pumping
stations, crankshafts out of service due to wear of
the seating surfaces. Currently, the park operated
equipment and machinery has wear similar friction
units within 60 - 80 %. Recovery technology work
surfaces can extend performance machines. These
technologies include the restoration of working part
dimensions laser powder cladding. Replacing one rotor
gas-pumping station averages 15 million rubles, and the
cost of restoring cervical rotor laser cladding is within
100 - 200 thousand rubles, depending on the size of the
rotor, which indicates the high efficiency of the process
of recovery.

Laser cladding is applied in the case where the heat
affected zone should be minimized. Using laser cladding,
depending on the operational requirements may be
applied to the surface coating composed wear, corrosion,
and other components that can satisfy the increasing
demands for high wear resistance and toughness in a
broad range of operating conditions, including dynamic
loading.



I
S TECHNOLOGY EQUIPMENT AND TECHNOLOGIES UGN
I

3aMeHBl OJHOLO0 pOTOpa rasolepeKauylBalollen
CTAHLIUM COCTaB/IseT B cpegHeM 15 MiH. pyb., a cTo-
HMOCTb BOCCTAHOBJIEHH S IMIEHKHU POTOpa Ja3epHOM
HaIJIaBKOM HAaXOAHUTCA B Ipefenax 100-200 TwiC.
pyb. B 3aBUCHMOCTH OT TUIIOpa3Mepa poTopa.

JlasepHas HaIIaBKa IIPUMeHAeTCsl B Clydae,
KOTla 30HAa TepMHYeCKOro BIJIHSHUS [OJIKHA
OBITH JIOKQJIBHOM M MHHHUMAIbHOH. C IIOMOIIBIO
HAaIlJIaBKH JIa3€pOM B 3aBHCHMOCTH OT 3KCIIIya-
TAallUOHHBIX TpPeGOBAHHM MOXHO HAHOCHUTHh Ha
IIOBEPXHOCTbh MOKPBITHS, B COCTAB KOTOPBIX BXOIST
HM3HOCOCTOMKHe, KOPPO3MOHHO-CTOMKHE U Apyrue
KOMIIOHEHTBI. DTO II03BOJISIeT YAOBJIIETBOPATH BCE
Bo3pacTampuue TpebOBAHUS COBPEeMeHHOIO II0Tpe-
buTens U3genUN MAIIMHOCTPOeHH . IIpu aKcIIya-
TallMK U3[eJHH B CJIOKHBIX YCIOBUSIX, B TOM YHCJIe
U npu paboTe B AUHAMHYECKOM HATpPy>XKeHHH,
OCTPO BCTaeT BOMPOC NPUSAHUS UM BBICOKOM H3HO-
COCTOMKOCTH U IIPOYHOCTH.

B mpoliecce na3epHON HAIJIaBKH C KOAKCHaJb-
HOM IIofayell IIOPOLIKAa TPAaHCIOPTUPYIOIIHUK ras
dbopMHUpyeT CTPyH HAIJIAaBJIgeMOIO IIpHCaL0Y-
HOTO MaTepuasa, KOTOPBIM MepelaBiseTCs IO[
BO3[eHCTBHMeM MOIIHOIO JIa3epPHOrO M3J/Iy4YeHHS.
Ha nmoBepXHOCTH IOAJIOKKHU BO3HHMKAeT BAHHA pac-
II71aBa, KOTOpas IOoC/e 3aTBepAeBaHUs GOPMHUPYeT
eIMHUYHBIN HaIlJIaBJIeHHBIN BalUK [3-6]. II10THOE
IIOKPBITHE OOJBIION IIOMIAAHM IIONYYAIOT MyTeM
HaJIOKeHH S eIUHHUYHBIX BaJIUKOB C IIepeKpbITHEM
30-50% oT mMaMeTpa 1a3epHOro ayya.

Llenplo paboTsl 6BLIO OIlpemeseHKE BIHUSHUS
coCTaBa IIOPOIIKOBOTO MaTepHhasla KU pPexXHuMa
7a3epHOM HalJAaBKU Ha IIPOYHOCTb CLeENIeHUS
IIOKPBITHS C MaTepHajOM OCHOBBI, IIOBBIIIEHHE
H3HOCOCTOMKOCTH M CONPOTHBIEHHSA YCTAJIOCTHU
06pasLoB.

BrilloJIHeHHe DJKCIIEPUMEHTOB C IIOPOIIKOM
Ha OCHOBe HHKeJIs IIPOBOAMIIM HA TeXHOJOTH4Ye-
ckoMm Komimnekce HUFFMAN HC-205, ocHaIlleHHOM
BOJIOKOHHBIM j1a3epoM JIC-3,5 momHocThIO 3500 BT,
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Puc.1. Mukpowau¢ obpa3ua: a - 0bw,uli 8U0 30Hbl HANAABKU
nocne mMmexaHu4eckol 06pabomku; 6 — 0eHOpUMHas cmpyk-
mypa 30Hbl HANAABKU

Fig. 1. Microsection sample: a — general view of the zone
surfacing after machining, b - dendritic structure zone
surfacing
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HU3roToBieHHOM B OOO HTO "HP3-Ilomroc” [3-6].
Onst oTpaboTKM TEeXHOJIOTHYeCcKOro IIpoliecca
JTa3epHOHM HAIJIaBKM HCIIONb30BaJTH MaCCOBBIM
IIOTOK IIOpOIIKa — 1,5-6 I/MHH; JaBleHHe aproHa - 2
aTM, IOTOK aproHa - 3 JI/MHH; IOPOILOK C pa3Me-
pom yactuin 40-160 MKM. MOIIHOCTh M3TyYeHUS
IIpU HaIlJIaBKe Ha o6pasiel cranen 35 u 38XH3MA
coctaBasia 500-1000 BT, CKOpOCThH IIepemelle-
HUA 525 MM/c. MHUKPOCTPYKTypa HaIllJaBJIeH-
HBIX IIOKPBITUH 6blNa HCC/leJOoBaHA C IIOMOIIBIO
OIITHYECKOTO0 MeTajjorpapuyeckoro MHKPOCKOIIA
Neophot-30 ¢ yBenuueHueMm mo 500 KpaT GUPMBI
Carl Zeiss JENA. HccnemoBaHHasi MUKPOCTPYKTypa
IpejcTaBjeHa Ha puc.l.

MukpoTBepAocTb 06pa3soB  H3Mepsilach
II0 MeTOAY BUKKepca ¥ coCTaBad/a A1 HaIlIaBJIeH-
HBIX C/10eB 42505200 MIla. HcnpITaHUS 06Pa310B Ha
IIPOYHOCTD CLeIVIEHU A IOKPBITHS C OCHOBOK IIPOBO-
IOUJIUCh B COOTBETCTBUU € PM250-87 "OmnpeneneHue
IIPOYHOCTH CLEMJIEHUS Ta30TePMUYECKOT0 IIOKPhI-
THS C OCHOBHBIM MeTaja/IoM. MeToOgMUYeCKHEe PEKO-
MeHJALHUH" U MeTOOUYeCKHUMH PeKOMeHAALHIMH
OO0 HTO "UP3-Tlontoc".

CyThb METOOMKHM COCTOMT B TOM, UYTO ILIMJIMH-
opuYecKUN obpasel M3 HCCIeAyeMOro MaTepH-
aja Cc Hal/JaBJAeHHBIM Ha Hero B BHJe KOJbLEBOIO
[OsICKa CJIOeM IIPOJAB/IMBAeTCs 4Yepe3 MaTpHLy.
ITpu 3TOM MOJA JeHCTBHeM KacaTeJbHBEIX HaIlpsKe-
HUUM IPOHUCXOOUT Cpe3aHHe HaIlJIaBJIeHHOIO CJI0,
a HaIpspKeHHe COBUIA XapaKTepU3yeT HPOYHOCTh
CLeIVIEHH I HAaIJIAB/IEHHOTO CJIOSL C OCHOBOH.

O6pa3eu B BUJe LNHIHHApPA JHAMeETPOM 24 MM
U JJIMHOM 25 MM OBbLI M3TOTOBJIEH M3 HCCIefye-
MOTO OCHOBHOTO MeTajjaa. TonIIyMHa HaIllJlaBJIeH-
Horo cmnod cocrasiasgna 0,8-1,3 mMm. HlupuHa

Pe3ynbTaTbl TPUBONOrMHECKUX UCTbITAHWUI
Results of tribological tests

Mapa TpeHus
Friction pair
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In the process of laser cladding with coaxial powder
feeding a carrier gas stream forms a weld filler metal,
which is melted under the influence of powerful laser
radiation. On the surface of a molten pool of the substrate
occurs, which after hardening forms a single weld bead
[3-6]. Dense cover a large area is obtained by imposing
single rollers with overlapping 30 - 50 % of the diameter
of the laser beam.

The objectives of the work was to determine the
influence of the composition of the powder material and
mode of laser cladding on the strength of adhesion of the
coating to the base material, increased wear and fatigue
resistance of the samples.

Performing experiments on the basis of nickel
powder produced at the processing facility HUFFMAN
HC- 205 equipped with a fiber laser LS- 3, 5 power 3500 W
manufactured by LLC NTO " IRE- Polus" [3,6] . For testing
laser cladding process used powder mass flow - 1.5-6 g /
min; argon pressure - 2 bar . stream of argon - 31/ min;
powder having a particle size of 40 -160 pm. Surfacing on
steel samples 35 and 38HN3MA produced when radiation
power 500 - 1000 W, the velocity of the 5-25 mm/s. The
microstructure of deposited coatings was investigated
using an optical microscope metallographic Neophot - 30
, manufactured by Carl Zeiss JENA increasing to 500 -fold.
The microstructure shown in Fig.1.

Microhardness of the samples was measured by
Vickers and was deposited layers for 4250 - 5200 MPa.

Test samples for adhesion strength of coating to the
substrate were carried out in accordance with the RM250

-87"Determination of adhesive strength of thermal coating
to the base metal. Guidelines "and the methodological
recommendations LLC NTO" IRE - Polus."

The technique consists in that a cylindrical
specimen of the test material, weld it in the form of

VMIHTEHCMBHOCTb U3HALUMBAHUS

Ko3 NUNEHT
Wear-out rate bbuy

TpeHus
1,X10 f

,x107°

1 giggﬁ EizicsizgffggxxHHfm 475 0,166 0,02
2 R 0,178 0,050 001
3 Sttt 1,757 0,076 0,02
: e 4,59 0,084 0,02
5 abit eoa—coverna 0,280 0,049 0.01
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HaIlJIaBJIeHHOTO mosicka 10-0,5 MM, a mocje IIpo-
TOYKM CHUMMETPHYHO OTHOCHTEJIbHO TOPIIOB
obpasua cocraBasima 4-0,05 mm. B pesynabrate
MIpPOBeeHHBIX HCHOBITAHUM IOJY4YeHbl 3HaUYeHHUSI
IIPOYHOCTH CLeINJeHHS IOKPBITUH B Ipefdenax
295524 MIIa B 3aBHCHMOCTH OT pekHMa 06paboTku
M COCTaBa IIOPOIIKOBOrO Marepuana. [ljis cpaBHe-
HUSI [IPOYHOCTh CLeNJIeHUS MMOKPBITHUI MPH BHICO-
KOCKOPOCTHOM HaIlblJIeHHUH He ITpeBbiIiaeT 80 MIIa.
Kpome Toro, ompeneneHsl KacaTe/JbHbIe HaIpsKe-
HHs Cpe3a OCHOBHOIO MaTepHasia, KOTOpble COCTa-
Buau 330 MIla.

MCIOBITAaHUSIM Ha HM3HOCOCTOMKOCTb OBLIM IIOJ-
BeprHyTHl 00pas3libl, CTPYKTypa KOTOPBIX codeTasa
pasHble MaTepHabl. M3HOCOCTOMKHE IIOKPBITHS
Ha ocHOoBe Ni HaHOCHUJIHM Ha 06pa3lLbl-pPONIHKHU
U3 CpefHeyITIepONUCTON JIeTHPOBAHHOM CTalH
38XH3MA (TOCT 4543-71) B HOpMa/H30BaHHOM
COCTOSIHHU M, HMeIoIeHl cne/:LonmHﬁ coctaB: 0,33-
0,4% C, 1,2-1,5% Cr, 3-3,5% Ni, 0,35-0,45 % Mo.
HccnemoBaHO 4YeThIpe BHUA J1a3€PHOTO IOKPBITHS,
ycioBHO obo3HadeHHBle Kak II.1.; I1.2; I1.3 u I1.4.
HCIOBITBIBAIM TaKke 06Pa3Ibl-PONHUKH 6e3 MOKPHI-
Ths. O6pa3lbl-KOJOAKHU H3TOTAaBIUBAIU U3 YIJe-
POOMCTON KadeCTBeHHOM CTalu 35 B HOPMaJH30-
BaHHOM cocTogsHUHU (TOCT 1050-88). Ha paboume
[I0BePXHOCTH 00pa3I[0B-KOJIOLOK HaHOCHIH 6ab-
6uTOBOE MOKpBITHE. MaTepuan IOKPBHITHS 0bpas-
[IOB-KOJIOLOK — 6a66uT 583 Ha 0/JI0BSHHON OCHOBE
(TOCT 1320-74), uMeOIHN cocTtaB: 83% Sn, 11% Sb,
6% Cu. McIpITBIBAaJM II0 TPHU IIaphl KaXXKJZOI0 coye-
TaHUS MaTepHasaoB. I[IpegBapHUTenbHO 06pa3Iibl
nmojBepraau npupaborke B TedeHHe 30 MHH IIpHU
rmogave B 30HY TpPeHHUs cMas3ouHoro macia TII-22C
npu Harpyske 125 H. IIpupaboTKON AOCTHUTraNHU
PaBHOMEPHOTO pacIpefejeHUs CJIefoB H3Hoca
[0 TPYLIMMCS IOBEPXHOCTIM oboux o6pasLoB
mnapsl. /lajee UCIBITAHUS IPOBOAU/IN B TeUeHHe 2 U
P AaBieHUU 2,5 MIIa B yC/IOBUSIX HellpePbIBHOM

=

a)
6)

Puc.2. Obpasuypi 0as ucnbimanuli Ha ycmanocme: d — 06pasey,
6e3 Hannasku; 6 — 0bpasel, ¢ HANAABAEHHbIM NOKPbIMuem

Fig. 2. Samples for fatigue tests: a - sample without
surfacing; b - sample coated with weld

an annular girdle layer is extruded through the die .
While under the influence of shear stresses occur slice
of the deposited layer and the shear stress characterizes
the adhesion strength of the deposited layer to the
substrate .

Sample was made of the test of the base metal in
the form of a cylinder of diameter 24 mm and length 25
mm. The thickness of the deposited layer was 0.8 - 1.3
mm. The width of the weld girdle 10 - 0.5 mm, and
symmetrically relative to the bore after the end of the
sample 4-0,05 mm. As a result of the tests, the values
of adhesion strength of coatings within 295 - 524 MPa,
depending on the mode of treatment and composition
of the particulate material. For comparison, adhesion
strength of the deposition of coatings at high speed does
not exceed 80 MPa. Furthermore, the slice identified by
the shear stresses of the base material, which amounted
to 330 MPa.

Abrasion tests were the following combinations of
materials. Wearresistant coating based on samples of
Ni - coated rollers from medium alloyed steel 38XH3MA
(TOCT 454371 ) in a normalized state, having the
following composition: 0.33-0.4%C, 1,2-1,5% Cr, 3-3,5%
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Iojayy B 30HY TpPeHHs CMa304YHOro MaTepuana.
Pe3y/nbTaTel UCIBITAHHMI Ha HM3HOC IIPeACTaB/IeHbl
B Tabnulle. [IpoBeleHHbIe HCIBITAHUS Ha MallHHe
TpeHHUs1 MUM-1 HamaBlIeHHBIX NHOKPBITUH B Iape
TpeHUs1 ¢ 6a66uTom B83 mokasanu MOBHIIEHHE
HM3HOCOCTOMKOCTH B 2-4 pa3a I10 CpaBHEHHIO CO CTa-
namu 35 u 38XH3MA [6, 7].

Jis OLleHKY BIAMSHHUS MaTepuaja HallJlaB/IeH-
HOLO CJIOS Ha 3aJHPOCTOMKOCTb MCIIOJb30BATH
MamuHy TpeHus MTVY-01, MCIBITAHUS IIPOBOIHIIN
II0 CXeMe TOpLeBOro TpeHusa. I[lpenBapuUTeNbHO
06pasipl 6bLIK MOABEPrHYTH IMpHPaboTKke B Teue-
Hue 30 MUH IIpHU IIofladye B 30HY TpeHUs pabouero
Macjaa 4 Harpyske 150 H mpu yacToTe BpallleHUS
mnuHAeas 200 060poToB B MUHYTY. [IpupaboTKoi
JOCTHUTaeTCS PaBHOMEPHOe pacmpezesieHue CIeg0B
M3HOCA 10 TPYIIMMCS IIOBEPXHOCTSIM 060uX 06pas-
LIOB Iaphl. Jlajee UCIBITAHUS [IPOBOAU/IM IIPHU CTY-
[IeH4YaToOM HM3MeHeHMWH YaCTOThl BpalleHHus B IIpe-
nenax 200-900 muH? c marom 100 MuH? B ycJI0BHSIX
HeIIpepHIBHOM II0Ja4YX B 30HY TPeHHS Macaa. Bo
BpeMs HCIBITAHHSA POU3BOSUIHN HEIPEPBIBHYIO
3aIlMCh MOMEHTA TPeHHU s B KOHTaKTe. 3aA1p B 1ape
TPeHHUSI QUKCHUPOBANIU II0 CKAUYKOOOpa3HOMY yBe-
AUYEHMI0O MOMEHTa TpeHHs. Pe3ynbTaThl IIpoBe-
NeHHBIX HUCIBITAHUH Ha MalluHe TpeHHs MTVY-01
Ha Tpex HUcclefyeMblx 06pasmax Aas Kask/A0Tro BUJA
MOKPBITHS MOKA3a/JH, UTO 3aLUP Ha obpasuax bHes
IIOKPBITUM IIPOUCXOOMT IIPH 4YacTOTe BpallleHHS
500 muH!, a Ha HamlJIaBlIeHHBIX 06pa3lax MOPOII-
KOM Ha OCHOBe HHKeJs IPH 4YacToTaxX BpalleHHs
600-900 mun™.

Ins ompeneneHUs ONTHMAa/JbHOU TeXHOJIOTHHU
YIOPOUYHEHHUS IIOBePXHOCTH C LIeJBI0 ITOBHIIIEHUS
3KCI/IyaTallHOHHBIX CBOMCTB IIOKPBITHUM II0 KPHUTe-
PHIO YCTAJIOCTU OBLIN MPOBeHeHbl CPABHUTE/IbHEIE
HUCITBITAHMSA Ha YCTAJIOCTh. MCIIBITAHUS TPOBOAUIH
npu usrube c BpalleHHeM IPH CHMMeTPHUYHOM
LIMKJIe HarpykeHHs. ba3a HUCHOBITaHUM Oblla IpHU-
HSTa paBHOU 2:10° UKIIOB. Peructpanus 4ucia
IUKI0B N OCYIIEeCTBASANIACh C [IOMOINBIO CYETUMKA
U OJHOBPeMeHHOH OQHKCAallMer BpeMeHH HCIIbI-
TaHUU. [Ipu paspyueHHH obpaslia IMPOHUCXOAHIIA
aBTOMAaTHUYecKas OCTAHOBKA MaIlHHBEL.

HccmemoBanuchk obpasmsl INafgKUe SHAMeTPOM
7,5 MM, H3roToB/JeHHEBIe U3 cTaau 35 u 38XH3IMA.
Bup 06pasioB A/ UCIBITAHUN HA YCTAOCTh IIpej-
CTaBjieH Ha puc.2. [JTapaMeTpsl KPUBBIX YCTAIOCTH
ompenensid C HCIIO0Jb30BAHHEM PerpecCHOHHOIO
aHanaMh3a. YpaBHeHHe KPHBOH YCTAaJIOCTH 3aIlMCHI-
BaJIU B BUJIE:
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aii

28 ®OTOHUKA N°3/45/2014

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
TEXHOJ/IOTMYECKOE OBOPYAOBAHUE U TEXHOJIOrMN
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

350
300
1
250
© o\ O» o>
-
= 2
5
200 o>
O»
150 +
3
lOO 1 11 111l 1 11 1111l 1 11 1 1111
10* 10° 108 107
N, umMKnoB
Puc.3. Kpusbie ycmanocmu 06pasuoe us cmaau 35 0o u nocae
AasepHoU HanAasku nopouwka M2:1-cmanb 35 6e3 Hanadeku,
2 - HannasneHHbIl 06pasel, 6e3 0bpabomku, 3 — HANAABAEH-
HbIL NOAUPOBAHHbIL 06padsey,
Fig. 3. Fatigue curves of specimens of steel 35 before and after
laser cladding powder C 2: 1~ 35 steel without surfacing, 2 -
weld sample without treatment, 3 - weld polished sample

Ni, 0,35 - 0,45 % Mo. Investigated four types of laser
resurfacing: C.1.; C.2; C.3; and C.4. Also tested samples
clips uncoated. Samples - pads made from quality carbon
steel 35 in the normalized condition (TOCT 1050-88). On
work surfaces specimens pad applied babbitt coating.
Coating material samples - Pad - Babbit B83 from tin
(TOCT 1320-74), having a composition of 83 % Sn, 11 % Sb, 6
% Cu. Tested three pairs of each combination of materials.
Samples were pre- run-in for 30 minutes by supplying toa
zone of friction of the lubricating oil TP - 22C under a load
of 125 N. burnishing achieved even distribution of wear
on the friction surfaces of both pairs of samples. Further
tests were carried out for 2 hours at a pressure of 2.5 MPa
in terms of continuous supply of lubricant the friction
zone. Results of wear testing are presented in Table.

The tests carried out on the friction machine MI -
1 deposited coating against friction with babbitt B83
showed an improvement in wear resistance 2 - 4 times
compared with steels and 38XH3MA 35 [6, 7]. To assess
the effect of the deposited layer on the material to scoring
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OmpeneneHre IapaMeTPOB KPHUBBIX YCTaJOCTH
M KX IIOCTPOeHHe MPOBOAMIK C ydeToM obpas-
1I0B, He Pa3pyLUIMBUIKUXCS [0 IPUHSTOM 6a3bl HCIIBI-
TaHUH 2:10° mUKIOB. Pe3ynbTaTsl yYCTaJOCTHBIX
UCIBITAHUU 06pa3u0}3 M3 CTaJIH 35 HaIlJIaBJI€HHBIX
nopomKkoM I12 mpencraBieHbl Ha puc.3 [8]. Touku
CO CTpelKaMHU II0Ka3blBalOT, UTO 06pa3iibl He CJIO-
MaJIKCh 10 IPUHATON 6a3bl UCIIBITAHUH.

i1 [JaHHOTO MaTepHana M TeXHOJOTHH
HAIlJIAaBKU IIPOBe/IeHHBIe YCTATOCTHBIE UCIIBITAHHUS
[IOKa3BIBAIOT CHMKEHHEe XapaKTepHUCTHUK COIPO-
THUBJIEHHUSI YCTAJIOCTU IIOCJIe JIa3epHOM HaIlJIABKU
(IMHHUU 2 U 3) 10 CPAaBHEHUIO C UCXOJHON KPHUBOH
ycTanoctH (1).

MexaHudeckasi o6paboTka U MOJIHpOBaHHE
HaIlJIaBJIeHHOIO CJI0Sl CyIlecTBeHHO IIOBBHIIIANT
YyCTAJIOCTHBIE XapPaKTePUCTHUKH HaIlJIAaBIeHHBIX
06pasioB, 4TO OBLIIO OTMEYEHO W paHee B paboTe
[9]. Inst moOBBILNIEHUSI COIPOTHUBIEHUS YCTATOCTH
06pas1ioB MPOBOAM/IACH ONITHMH3ALHsI TEXHOIOTUHU
JTa3epHOM HaIlIaBKHU IIOPOIIKOBEIX MaTepHaJOB.
BnusiHHe TeXHOJOTMH HaIlJIaBKH HUCC/IeJ0BaIOCh Ha
obpasmax u3 cranu 38XH3MA c 4eTBIpbMS IIOPOLI-
KaMH Ha OCHOBEe HUKeJIs, pa3/TMYaIoU[ M XCS 110 CBOUM
nmapamerpaM (MOIIHOCTb H3Jy4YeHMs, IIHPHHA
eIUHUYHON NOPOXKH HaIlIaBKH, CKOPOCTb IIepe-
MellleHHs yd4a). LIMpHHA HaNJIaBAeHHON 30HBI
Ha obpasiie 65112 B penenax 30-35 MM. OCHOBHBIM
KpPUTepHeM OINTHMM3ALUK SBJISIOCh OTCYTCTBHE
TPeIlMH B HaIll/IaBJIeHHBIX C/I0X. [Ioc/ie HaIllJIaBKU
obpa3npl MoxBeprajiu MexXaHHUYecKoM obpaborke
1 MOJINPOBaHHUIO. [IolydeHHBIe KPUBbIE YCTANIOCTH
IpeACTaB/IeHbl Ha PUC.4.

500

450

g, MMMa

350 f

300

1 I ey 1
10° 10* 10° 10° 107
N, ynknos

Puc.4. Kpusbie ycmanocmu ucxodHbix 06pasuo8 u 06pasuos
C HanaasKol: 1 - UcXo0Has Kpusast ycmanocmu; 2 — HanAaska
nopouwxom I11; 3 - Hannaska nopowkom 2, 4 - Hannaska
nopouwkom l13; 5 - Hanaaeka nopowkom 14

Fig.4. Fatigue curves of the initial samples and samples with
surfacing: 1-initial fatigue curve; 2 - surfacing powder C1;
3= surfacing powder C 2; 4 - surfacing powder C3;5-C4
powder surfacing

tests were carried out on the machine friction MTU- 01
scheme of mechanical friction. Samples were pre- run-in
for 30 minutes at a feed zone of the working oil and the
friction load of 150 N at a spindle rotation speed of 200
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AHa/IM3 KPHUBBIX YCTAJIOCTH IIOKAa3bIBaeT, YTO
[0 peXXHMaM 2 U 5 (CM. pHC.4) MOJNy4eHO IIOBBI-
IIeHHe CONMPOTHUBJIEHUS YCTaJIOCTH, 0CODeHHO IpHU
bonpmux Harpyskax. Bmecrte ¢ Tem B pabote [10]
YCTAHOBJIEHO, UTO C yBeJIHYeHHEeM pa3mepa obpas-
LIOB M3 CTa/IH 45 HeraTUBHOE BO3/IEHCTBUE J1a3epPHOU
HallJlaBKHM Ha XapaKTePUCTHUKH COIPOTHBIIEHUS
YCTAJIOCTH yMeHbIIaeTcsi. MccieqoBanuch o6pasiibl
JHaMeTpoM OT 7,5 mo 17,5 MM KaK B HCXOJHOM
COCTOSTHHH, TaK M IOC/Ie HaIlJIaBKU. [TosToMy mpu-
MeHeHHe JIa3epHOU HAIUIAaBKH Ha JeTalu, UMeIo-
mye 3HAUYMTEJbHYI0 MacCy U pa3Mephl, TaKHe KakK
POTOpHI 37IeKTPHUUYECKUX MallMH, rasolepekayuBa-
IOIIMX CTAaHLMM, Ky/JauKOBble M KOJIeH4YaThble BaJlHl,
P€3KO IIOBBIIIAET KX YCTAJOCTHYIO IPOYHOCTb.

I[IpoBeseHHBIe MCCIeAOBAHUS II03BOJNSIOT
3aKJIOYUTh, YTO pa3paboTaHHAs TeXHOJOTHUS
Ja3epHOM HaIlJIaBKH IOBBIIIaeT H3HOCOCTOMKOCTD
Iapel TpeHUS B 2,4 pasa. [I03TOMy OHa MOKeT OBIThH
HCII0JIb30BaHA B 3aJladaxX BOCCTAHOBJIEHHS IIOCa-
JNOUYHBIX IIOBEPXHOCTel POTOPOB Ta3ollepeKadHBa-
IOIIMX arperaToB, BajiOB 3JeKTPUYECKHMX MAaIIHH,
IeeK KOJEHYATHIX BaAJIOB U APYIrUX IOLOOHBIX
neTaueu.

[Ton6op ONTHMAaAbHON TeXHOJOTMH HAIlIaBKU
[I03BO/ISIeT IOBBICUTb XapaKTePHUCTHKH COIpPO-
THBJIEHHS yCTaJOCTH. IIprMeHeHHMe IOC/Ie Ja3ep-
HOM HAaIlJIaBKH IIOCJAeAyOIled MexaHH4YeCKoH
06paboTKM IOBBIIIAET XaPaKTePUCTHUKH COIIPO-
TUBJIEHHUS] YCTAJIOCTH HAIlJIABJIeHHBIX 00pasLoB.
OmnpefeneHbl INOPOLIKOBble MaTepHa/bl Ha OCHOBe
HUKelIs K PeXHMbl HaIlJlaBKH, I[103BOJIAIOLIHe
IIOBBICUTh YCTAJOCTHYIO IIPOYHOCTh 00pa3IioB.
IIpOYHOCTD CLIeIJIEeHUSI Hall/IaBJIeHHOI'O MOKPBITU S
BBbIIIEe IIPOYHOCTH OCHOBHOIO MaTepHasia Ha CIABHI,
M3 KOTOPOrO HM3rOTOBJI€HBl AeTalHd MAILIWH, IpHU
OIITHMAa/bHBIX PeXKKMMaX HaIlJIaBKH.

Pabora BeIIIOJIHEHA NpH QGUHAHCOBOM IOA-
nepskke OO0 HTO "UP3-Tlonroc".
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min-l. Burnishing equal distribution of wear on the
friction surfaces of both samples couples. Further tests
were carried out to a step change in the speed range of
200 - 900 min-1 in 100 min-1 under continuous supply
of oil to the friction zone. During the test, a continuous
record of the friction torque in contact. Bullies in the
friction pair fixed by an abrupt increase in the frictional
torque. As a result of the friction test machine MTU 01 at
three samples is set for each type of coating that seizure
uncoated samples occurs at a rotational speed of 500 min-
1, and the samples deposited on the nickel-based powder
with speeds of 600 - 900 min 1.

To determine the optimal surface hardening
techniques to improve the performance properties of
coatings by fatigue, comparative tests were conducted on
the fatigue. Tests were carried out at a bend with rotation
in a symmetric loading cycle. Base test was taken as 2.106
cycles. Registration number of cycles carried out with
a counter and concomitant fixation test time. With the
destruction of the sample occurs automatically stop the
machine.

Investigated samples smooth 7.5 mm diameter, made
of steel 35 and 38HN3MA. Type specimens for fatigue
tests is shown in Fig.2. Parameters fatigue curves were
determined using regression analysis. Fatigue curve
equation is written as

6 N=cN;=C.

Determination of parameters of fatigue curves and
their construction was carried out taking into account
the sample without destroying the base to the highest
test 2.106 cycles. The results of fatigue tests of specimens
of steel 35 deposited powder IT 2 shown in Fig.3. [8].
Points with arrows indicate that the samples did not
break up the highest base tests. For a given material
deposition techniques and conducted tests show a
decrease in fatigue resistance fatigue performance after
laser cladding (2 and 3) compared to the fatigue curve of
the original (1).

Machining and polishing the deposited layer
significantly improves the fatigue properties of
deposited samples, as was noted earlier in [9]. To
improve the fatigue resistance of the samples was
carried out optimization technology of laser cladding
powder materials. Influence of deposition technologies
investigated on samples from four 38HN3MA steel
powders based on nickel , characterized by its
parameters ( power of the radiation width of the
track surfacing unit, movement speed of the beam),
build-up zone on the width of the sample was within
30 - 35 mm. The main optimization criterion was
the absence of cracks in the deposited layers. After



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
TECHNOLOGY EQUIPMENT AND TECHNOLOGIES m
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

10.

2010, Ne3, c.18-21.

I'puropesann A.I'.. lluranos U.H., Mucio-

poB A.H. TexHo/lIOTHYeCKHE IIPOLIECCHI J1a3ep-
HoM 06paboTku:YuebHoe mmocobue as By30B /
ITox pen. A.T. TpuropegHua. - M.: U3a-so MI'TY
um. H.2. baymana, 2006.

I'puropssaui A.I'., Muciopos A.H., Tperbs-
KOB P.C. AHanu3 BIUSAHKS [IapaMeTPOB KOaK-
CHAJIBHOMU JIa3epHOM HaIlJIaBKX Ha OpMHPOBa-
HMe BaJIUKOB. —~ TeXHOJIO0THUS MaIlMHOCTPOEHUS,
2011, Nell,c.19-21.

buproxos B.II. IToBbIIIeHK e LOJITOBEYHOCTH
PaboThI ap TPeHUS CKONIbKEHUS IIPHU JIa3epHOHI
HaIl/IaBKe [IOPOIIKOBLIX MaTepHaJioB. — TsKesoe
MalIHuHOCTpoeHue, 2013, Ne9, c.14-17.
bupiokos B.II., JlanteBa B.I'., XpeHHHKOBa
H.A. u ap. BoccTaHOB/IeHHE /1a3ePHOM HAIlJIaB-
KOM PaboTOCIIOCOOHOCTH Iaphl TPEHHUS BaJl -
BKJIQJBIII IIOAIIMIIHKMKA CKOJIbKeHUS. ~ IIpo-
671eMbl MaIIMHOCTPOEHUS U HaJIeXKHOCTH
MamuH, 2013, Ne5, c.91-95.

bupiokos B.II., IlerpoBa U.M., 'agonuHa H.B.
BnusgHMe na3epHON HAIlJIaBKU Ha XapaKTepH-
CTUKU COIIPOTHUB/IEHHS YCTANIOCTH . — MallIKMHO-
CTpoeHHe U UHKeHepHoe obpa3oBaHue, 2013,
Ne2, c.54-58.

MeTobl M Cpe[iCTBa YIIPOYHEHH S 10BepPXHOCTeH
neTajel MallKH KOHIeHTPHPOBAaHHBIMH I1OTO-
KaMu 3Heprud /Ilog pen. A.Il. I'yceHKkoBa. - M:
Hayka, 1992.

Apxunos B.E., buprep E.M., ITonsxkos A H.
BiusiHMe 1a3epHOM HaIlJIaBKU Ha COIIPOTHUBIIe-
HUe YCTaJIOCTH K U3HOCOCTOHMKOCTD CTAJIH 45. -
MuTOM, 1988, Nel, c. 55-58.

i g

surfacing samples were machined and polished. The
resulting fatigue curves shown in Fig. 4.

Analysis of fatigue curves shows that modes 2 and
5, indicated in Fig.4. Exhortation increase fatigue
resistance , especially at high loads. At the same time
in [10] found that with increasing sample size, made of
45 steel in the initial state and after laser surfacing with
a diameter of 7.5 mm to a diameter of 17.5 mm negative
impact on the performance of laser cladding fatigue
resistance decreases. Therefore, the use of laser cladding
on parts having considerable weight and dimensions,
such as rotors of electrical machines, gas compressor
stations , cam and crankshafts, dramatically increases
their fatigue strength compared to samples used for
fatigue tests .

Studies suggest that the developed technology of laser
cladding increases the wear resistance of the friction
pair in 2 - 4 times and can be used to restore the seating
surfaces of the rotors of gas pumping units, electrical
machinery shafts, crankshafts necks, etc. In addition,
for the surfacing of new parts with to increase the
reliability and longevity of their work.

Selection of optimal cladding technology can improve
the fatigue resistance characteristics. Application after
laser cladding subsequent machining characteristics
enhances fatigue resistance weld samples.Defined
powder materials based on nickel and surfacing modes
allow to increase fatigue strength. Adhesion strength
of the deposited coating strength of the base material
above the shear from which manufactured the machines,
under optimal cladding.
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