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JOCJIJI)KEHHSI BIIHOBJIEHOI'O IIOBEPXHEBOI'O 1LLIAPY JIETAJIEM
I3 CTAJII 45 I3 3SMIITHIOIOYOIO OBPOBKOIO HA 3HOCOCTIMKICTh

B pobomi pozensinymi cyuachi memoou 3MiyHeHHs: GIOMBOPEHUX POOOYUX NOBePXHell Oemdalel,
nioibpaHi MexHON02IUHI pedcumMu Haniasku, oOpooOKu i 3miyHenHs nogepxuesux wapis. Ilposedeni 0o-
CRIOJCEHHS MIKDOCMPYKMYPU, peHmeenopazoe020 ananizy, mpuboiociuni icnumu 3MiyHeHux uapis
cmani 45 3 nanaaenenum wapom enexkmpodis O3 -3 oemaneil amomooOinie. po3enAHymi NUMAHHSL
DOpMOYMEOPEHHS NOUWAPOSUX 30H 8 NOBEPXHEGUX WAPAX BIOHOBNIOBANLHOI Oemani, 0COOAUBOCH
cmpykmypHoi 6yoosu i eracmusocmi pobouoi nosepxui nicis aazeproi 06pobku 3 boposmiugyrouoi
obmasxoro. Ilposedenuil Yyuxi BUMIPIOBAHL MIKPOMBEPOOCMI POOOYUX WADI6 3MIYHEHO20 WAp).

Knrouegi cnosa: 6i0meopernHsi; 3MiyHeHH s, MIKDOAHANL3, 3HOCOCMINIKICMb, MIKDOCMPYKMYpPA;
peHmeeHohaz08ull aHA3.

Modern methods of strengthening the reproduced working surfaces of parts are considered in
the work, technological regimes of surfacing, processing and strengthening of surface layers are
selected. Microstructures, X-ray diffraction analysis, tribological examinations and hardened layers
of steel 45 with a layer of electrodes OZS-3 of car parts have been carried out. the questions of
formation of layered zones in the surface layers of the restorative part, features of structural structure
and properties of the working surface after laser treatment with a batting pad are considered.
Conducted a cycle of measurements of microhardness of the working layers of the strengthened layer.

Keywords: reproduction; strengthening, microanalysis;, wear resistance; microstructure;
X-ray diffraction analysis.

IMMocTranoBka npo6JjeMu

Bix 3HOCOCTIHKOCTI p0o0O0Y0i MOBEPXHI METANCH MAITHH B OLIBIIIOMY pa3i 3aJIeKUTh 1 edek-
TUBHICTh KOHIIEBOT'O PE3yJIbTaTy — HAAIWHICTb, JOBIOBIYHICTH 1 CTA0UTBHICTE POOOTH arperartis, By3-
JIB 1 B IIJIOMY aBTOMOOUIS. PimeHHs mpo0iieM 3HOCOCTIMKOCTI KOHTAKTYOUUX Tap TepTs € Oe3nepey-
HO BXJIMBUM (haKTOPOM ISl 3a0e3MedeHHs] BUCOKOTO pecypcy poOOTH BHPOOIB, 2 BUMOTH i YMOBH
T IBUTIICHHS 3HOCOCTIMKOCTI CIIOHYKAIOTh 3aCTOCOBYBATH HOBITHI TEXHOJIOT] 1 TEXHOJIOT1YHI METO/IH.

AHaJIi3 OCTaHHIX JOCTiIKeHDb i myOaikamiii

Bimomo 6araTo MeToiB 3MiITHEHHS MOBEpXHEBUX MIapiB [1, 2], aje y cydacHOMY BUPOOHHIITBI
BIIPOBAKYIOTHCS HOBITHI TEXHOJIOTII 3 BUKOPUCTAHHIM BHCOKOCHEPTETHIHMX 3ac00iB, MPUIAIIB, 1110
Jla€ 3MOTY MiJBUCUTH €(peKTUBHICTh, IPOIYKTUBHICTB i COOIBAPTICTh TEXHOJOTIYHUX MPOIIECiB, 3a0e3-
NEYUTH 33JaHUMH XapaKTEpPUCTUKAaMH MIIIHOCTIi, TBEPJOCTi, 3HOCOCTIMKOCTI 00poOmoeMi mMoBepxHi
JIOKAITFHUX poO0YMX 30H KOHTAKTYIOUHX Iap aeranei [3, 4]. BukopucraHHs KOMOIHOBaHMX TEXHOJO-
il JJO3BOJISIE TTOCTIIOBHO (JOPMYBATH TOIMIAPOBHUIA CKJIaJ] CTPYKTYp y MaTepialli 3 3aJlaHMU BIIACTH-
BOCTSIMH 3 BUKOPUCTaHHSIM JITOBaHUX €JI€MEHTIB 1 (a3 BrpoBakeHHs. [lepeBaraMu HOBITHIX KOMOi-
HOBaHHUX TEXHOJIOTiH Oe3nepedHo € Te, mo poboya MOBEpXHs AETalli HMiAJsIrae nomnepesgHboMy Hacu-
genHto enementramu (O, C, B, N) 3 moganemioro azepHoio o0podkoro, oopodkoto TBY, mo yTBOpIo-
I0Th HaJTBEP/Ii 3MILHIOIOYH CTPYKTYpHU (OKCUIH, KapOinu, Oopumu, HUTpian, abo CKIIaaHi iX KOMOiHa-
1ii — xapO6oOopuan, KapOOHITPUAN, OKCHKapOOHITpUIN) [5, 6].

@DopMyBaHHS MeTH J0CTiIKEHHS

Meta poOOTH — BCTAaHOBUTH 3aKOHOMIPHOCTI MeXaHi3My (hOpMyBaHHs 3HOCOCTIHKHX, Ha-
TBEPIUX MIKPOCTPYKTYP B IOBEPXHEBOMY LIapi 3a paXyHOK BUKOPHCTaHHS KOMOIHOBAaHMX TEXHOJIOTiH
OopyBaHHS 1 Ta3epHOi 0OPOOKH.
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BukJsax ocHOBHOTO MaTepiairy

Sk moBenmeHO BCEOIYHMMHM AOCIIIKCHHSIMH, JIa3epHAa 0O0pOoOKa CIIpHse MOAPIONICHHIO 3epeH
OCHOBHOI CTpYKTypH Marepiaiy [6,7]. B moBepxHeBoMy mapi B pe3ylbTaTi Iiepe3arapTyBaHHsS YTBO-
PEHHX CTPYKTYp BHHHMKAIOTh HOBI CTpYKTypH i ¢azu. KapOiau, HiTpunu, Oopuan, OKCUAN B NESKUX
BHITAJIKaX B PE3yiIbTaTi JIa3epHOI 00pOOKH, 110 XapaKTepHU3YETHCS HAI MMBUAKAMH MIPOIIECAMH HATPiBY
1 OXOJIOJPKEHHSI, CTBOPIOIOTH HOBI CTPYKTYPH 1 CKJIaJHI (OpMOYTBOPEHHS, TaKi SIK KapOOHITPUIH, OK-
cUKapOOHITPUAU, OOPOKAPOIIH, 0 € HEBIIMIHHOIO CKJIAJIOBOIO NPU HAsIBHOCTI B PI3HUX CTANIAX Jie-
TOBAaHUX €JIEMEHTIB 1 SKi TAKOK CAMOCTIHHO BCTYNAIOTh B MPOIIECH YTBOPEHHS CTPYKTYP 1 pa3. Yacom
BHUSIBUTH 1 iHAM(IKYBaTH HOBI CTPYKTYpH 1 da3u — MOBOJII CKIIagHa 3ajada, o MmoTpedye BceOidHy
iHpopMarliiiny 0a3y, creliaibHe 00NafHaHHS 1 TPUCTPOT YIS MiATOTOBKH, MOCTIKSHHS 1 BUBYCHHS
cnenudiuHuX YTBOPEHb.

st BimHOBJIEHHS po0OOYO0i TOBEpXHI KyJAdKiB i3 cTaii 45 BHUKOPHCTOBYBAIHM EICKTPOIHN
O3I1I-3 3 HactynuuMm ximigyaum ckiaagom (C — 0,4 %; Mn — 0,5 %; Si — 1,9 %; Cr — 9,9 %;
S — 0,013 %; P — 0,021 %) [6, 7]. TexHonorisi BiIHOBJICHHS 3A1MCHIOBAJIACH HACTYITHUM YHHOM.
CrpanboBaHi TIOBEpXHI MEXaHIYHO OOpOOIIIOBANUCS pi3allbHUM 1HCTPYMEHTOM. 3HIMaBCs Iap [0
2 MM TOBEpPXHI 3 HACTYITHUM BiJHOBJICHHIM 32 JONOMOTOI0 3BaproBanbHuX enekrpoxis O31-3. [Tns
(dopmyBaHHS OTPiIOHOT reomeTpii GopMu Kynauka i 3HATTS 1Iapy HEPiBHOCTI MOBEPXHi, IO YTBOPHU-
Jacsi B HACHiZOK 3BaplOBAIILHOTO HAIUIABICHHS, BUKOPHUCTOBYBAIM JIe3BiHY 0OpoOKy 3 (iHIimIHIM
nuTriyBaHHIM poO0UY0l ToBepxHi. [ 3MIITHEHHS TTOBEPXHEBOTO IMIapy AETalll 3aCTOCOBYBAIH IMITY-
ascHmi nazep [OOC-1 3 eneprieto HakonuueHHsa 40 Kk, BincTanHo 10 Mimeni 290 MM, aiaMeTpom
nazepHoi waMu 9 MM. [lonepennro 30Hy NazepHOi 0OPOOKH MOKpHUBANIK OOPOBMIILYIOUOI0 0OMa3KOI0
(xnefioBa cymim nopomkoBoro 6opy dpakii 0,3—0,5 i «Supermonolity (TU U-2406-30440956-003-
02). ToBmuHa OOPOBMIIIYIOY0i 00Ma3KH Ha MOBEPXHI Kyjauka ckiamana 1,1—1,5 mm. JlazepHy o0-
POOKY HPOBOAMIM 3 MEPEKPUTTAM BiANOBIAHUX 30H OOpOOKM 3a PaxyHOK IEpPEMILICHHS Ja3epHOro
MIPOMEHS 0 TIOBEPXHi, MEePEMIIy0ur 1 00epTatoyH TiIO KyJadka HaBKOJO Bici oOepranHs. Komoro-
Ni0Ha TUTSIMA JIa3epPHOTO BHIPOMIHIOBAHHS TiaMeTpoM 9 MM TIpH TTOCITiIOBHIN J1a3epHiit 00pooIIi mepe-
KpHBAa€ MO0 TUIOIII BCi BiAMOBiAHI 30HU 00poOKH. J{iIst Kyladka po3NOAUTFHOTO Baly IBUTYHA BHYTpI-
IITHBOTO 3rOPaHHA JETKOBOTO aBTOMOOLIS 3Hamo0mnocs no 10 mazepaux immysbciB. [HTepBan o0poOku
3a JOIIOMOTOIO JIAa3epHUX IMITYJIBCIB CKIIaJaB 10 5 XBWJIMH JIJIs1 HAKOITMYEHHS BiAIMOBiMHOI eHeprii. 3a-
JIMIIKY TPOAYKTIB JIa3ePHOTO BUIIPOMIHIOBaHHS Ha TIOBEPXHI yCYBalld MEXaHIYHUM CIIOCOOOM 1 po3-
ynHiB. [loBepxHI0 00poOKH nuTidyBany 3a nomomororo nutigysansaoro namipy Ne 1, Ne 0 1 momipy-
BaJIU 3a JOIIOMOTOIO TIacT 3 BMicToM kapoimy Titany KT 3/2 HOMI™ (TVY ¥ 22545935,001-2000).

Ha puc. 1 a (609), 6 (613) Hagana otorpadis, Mo oaepkaHa 3a JOMOMOTOK €IEKTPOHHOTO
Mmikpockormry PEM-2, GiuHOi MOBEpXHI HAIUIaBJICHOTO KyJadka Jie YiTKO BUPaXKeHI OCHOBHI LIapH i
30HHM JIa3epHOro BIUIMBY. HannaBnenuii moBepxHeBuid map TOBIIMHOIO 10 40 MKM Mae Milko moapio-
JIEHY CTPYKTYpY i OUTeI TeMHe 3a0apBiaeHHs. YiTKo BUpaKeHA i TpaHUYHA 30HA TIEPEXOAy Bia Haruia-
BJICHOI 30HM /IO OCHOBHOTO MeTany 3 (QepiTo-epiiTHOI cTpykTypoto. Ha dororpadisx puc. 1 B
(601x5,00K), T (602x2,500x), 1 (603x1,00k) mpu pi3HUX 30LTBIMICHHSX CTali 45 3 HAIJIABJICHUM IIa-
POM CITOCTEPITracThCsl CKOMMMYEHHS BUTATHYTHX TOJKOMOMIOHNX PIiHOK, IO XapaKTepHi 30HaM BidIyc-
KY 1 BIJIIIOBIIal0Th CTPYKTYPaM BEPXHBOTO OCHHITY.

PefikononiOHi CTPYKTypHI YTBOPEHHS € HACTIIKOM TEMIIEPaTypHHUX KOJMBaHb MPU OXOJIO-
JOKEHHI Ha TIOBITpi 1 KIacu(iKylOThCs SK BepxHiil OcitHiT. DepuTo-IIeMeHTUTHA CTPYKTypa y Imapi
CTIOCTEPITraeThCs 10 TPAHUISIX 3epeH Y BUMIIAI macTul ¢eputy. Po3mipu 3epeH 1 piliok KOJIHBaIOThCS
Big 10-20 MKM.

Ha puc. 1 e (605%2,500k), x (607%x1,00k), 3 (606x1,00k) croctepiraerbes ¢epito-kapOimgHa
CTPYKTypa OCHOBHOTO METaJTy CTalli 45 — KOJIOHII 3epeH TEMHOTO 1 CBITJIOTO 3a0apBIeHHS 3 pO3Mipa-
MU BianoBigHo 8—15 MkM i 5—10 mxM. Dotorpadii 3paskis (606x2,500k), x (607x1,00k), puc. 1 3,
X 1 pHuC. 2 a BUSABJSIIOTH B TTIMOMHHOMY IIapi CKYITYEHHS 3€peH IUIAaCTHHYATOrO MEPIITY 1 HEMEHTUTY.
ITix moBepxHeBmiA map (25 MKM Bif moBepxHi) puc. 2 a (608x500) 6 (610%x5,00k), B, T (612x5,00K)
Mae OKpeMi OiIi BKpaIuIeHHs 00py, 110 € pe3yJIbTaTOM JIa3epPHOro OopyBaHHs. PO3Mipu IUX OKpeMux
YaCTOK HE MEPEBUILYE 5 MKM.
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Puc. 1. (a-3) MikpocTpyKTypH BiIIOBIZHHMX 30H 3pa3Ka i3 cTaji 45 3 HaIUIaBJICHUM ILApOM
O311-3
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Puc. 2. (a-B) MikpOoCTpyKTypH BiIIIOBIIHUX 30H 3pa3ka i3 crami 45 3 HalUIaBICHUM IIapoM
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Puc. 3. Pentrenicpka nudpakTorpama  Kyjauka 3 CTaini 45 3 HalJIaBICHUM IIapoOM
enexrponamu O3I1I-3 Co-Ka BunpoMiHIOBaHHS
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PentrenodaszoBuii aHai3 NpoBOAMIN Ha peHTreHoBckoMy audpaxkromerpi JJPOH-2 B MoHOX-
pomatuzoBanHOMy Co-Ka BunpominroBanai (A =1.7902 A). Inertudikamiro $ha3 mpoBOIMIH IIITXOM
NOPIBHSHHS MIKIDIOIIMHHKUX BifcraHed (d, A) i BimHocHux iHTeHcuBHOCTeH (I otn-I/ly) ekcrepu-
MEHTaJIbHOI KpHBOT 3 TaHHUMHU eneKkTpoHHOoi kapToTeku PCPDFWIN[8,9,10].

SIK MOIIMBO CIIOCTEpIraTH 3 PEHTI€HIBCHKOI AMQpakTorpaMu KyJadka 3 ctaii 45 i Hamas-
neruM mapom eiekrpoaamu O3I1I-3 npu Co-Ka BunpomiHioBaHHS puc. 3 HaHOLIbINI IHTEHCUBHI JIi-
Hii BimmoBinawTth a-Fe (2.02; 1,43; 1,01), Takoxk MPUCYTHI MEHII iHTEHCUBHI JiHii Fe,B(3,66; 2,75;
1,73; 1,31) i FeB(2,2; 1,9; 1,56; 1,49; 1,1). OxkpeMO MOXIHBO BHUAIIUTH (a3u KapOimy 3aiiza
Fe;C(2,38; 1,97) 1 FeCr (2,14). lle miaTBeppKy€e HasiBHICTh B TOBEPXHEBOMY IIapi OKPUTTS OOpHUIiB
3ami3a Fe,B 1 FeB, o € oiHi€0 3 TEpeayMOB AJIs 3MIIIHEHHS TTOBEPXHI JIeTajl Kyiadka.

Bumipn wmikpotBeprocti po0odoi MoBepXHI Kyjadka MOKa3ajld HACTYNHI pe3yJbTaTH —
6500—7000 MIla ma moBepxHi i 5500—6000MI1a Ha rubuHi 25 MKM Big oBepxHi [11].

s BUnIpOOyBaHHS 3pa3KiB Ha 3HOCOCTIMKICTH BHKOPHCTOBYBaid MamuHa Tepts CMII-2
(puc. 4 a) (murome HaBaHTaxkeHHs 1,5 MIla; mBuakicts Tepts 0,8 m/c; mwsix 1000 m). st excnpec
aHaJi3y 3aJaBaid HAHOLIBII KOPCTKI YMOBH TEPTS — MiABHUILECHY LIBHIKICTH 1 THCK KOHTaKTYIOUHX
nap B yMOBax cyxoro tepts, mo B 10-15 pa3 nepesuiye yMoBH HOpMabHOI ekcrutyaraiii. Jliarpamy
3HOCY KOHTPOJIbHUX 3pa3KiB i3 ctaini 45 i HaruaBineHuM mapom enektponamu O31I-3 micns mazepHoi
00poOku HaBeneHa Ha puc. 4 6 [12—15].

a §)

Puc. 4. a — mammna tepts CMLI-2 (murome HaBaHTaxkeHHs 1,5 Mlla; mBuakicts tepts 0,8
m/c; misx 1000 m. ), 6 — miarpama 3HOCY KOHTPOJBHHX 3pa3KiB i3 cTaii 45 1 HalUTaBIeHNM IIapOM
enexrponamu O31LI-3 micns nazepHoi 00poOKu

BucHoBkn

Ha miacraBi aHami3y psay iCHYIOYMX TEXHOJOTTYHHX CHOCOOIB 3MIlTHEHHS TOBEPXHEBOTO MIa-
MIKpPOCTPYKTYpHI 1 peHTIreHO(a30Bi AOCIIIKEHHS MOBEPXHEBOTO Iapy cTami 45 3 BiTHOBIEHUM poOO-
YUM IIApOM IUIIXOM HaruiaBieHHs enektponam O3LL-3. [IpoBeneHi BUMipu MiKpOTBEpAOCTI 3MilHE-
HUX Ja3epHUM OOpyBaHHSAM poO0OUMX MOBEpXOHb. II0BEpXHEBI CTPYKTYPH, SIKI OTpUMaHO AJIs cTaii 45
3 HAIUIaBJICHUM 1 3MIIIHEHWM IIapOM BBAXKAIOTHCS ILIKABHMH, SIK 3 TOYKH 30py 3a0e3nedeHHs MPOrHO-
30BaHOT MIIIHOCTI MOBEPXHEBOTO Iapy poOOY0i MOBEPXHI AETalli, TaK 1 3 TOYKH 30py 3aKOHOMipHOC-
Teil HopMyBaHHS CTIMKHUX 10 3HOIIYBAaHHS MIKPOCTPYKTYD.
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INVESTIGATION OF THE RESTORED SURFACE LAYER OF STEEL-DETAILED
ELEMENTS 45 WITH STABILIZING PROCESSING ON SENSITIVITY
Cherneta O.G., Suhomlyn V.I., Ralinichenko S.V.

Abstract

Modern methods of strengthening the reproduced working surfaces of parts are considered in
the work, technological regimes of surfacing, processing and strengthening of surface layers are
selected. Microstructures, X-ray diffraction analysis, tribological examinations and hardened layers of
steel 45 with a layer of electrodes OZS-3 of car parts have been carried out. the questions of
formation of layered zones in the surface layers of the restorative part, features of structural structure
and properties of the working surface after laser treatment with a batting pad are considered.
Conducted a cycle of measurements of microhardness of the working layers of the strengthened layer.
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The use of combined technologies allows consistently form the layered structure of structures
in a material with given properties using doped elements and implementation phases. Laser
processing contributes to the grinding of the granules of the main structure of the material. In the
surface layer, as a result of re-hardening of the formed structures, new structures and phases arise.
Carbides, nitrides, borides, oxides in some cases, as a result of laser treatment, characterized by rapid
heating and cooling processes, create new structures and complex forms of formation such as
carbonitrides, oxycarbonitrides, borocarbides, etc., which is an indispensable component in the
presence of various steels of alloyed elements and also independently enter into processes of
formation of structures and phases.

To strengthen the surface layer of the part, a high-power pulse laser GOOS-1 with an
accumulation energy of 40 kG, a distance to the target of 290 mm, a laser beam diameter of 9 mm,
was used. The pre-laser treatment zone was covered with a spin-coating (glutinous mixture of powder
boron fractions of 0.3-0.5 and supermonolite (TU U-2406-30440956-003-02). Laser treatment was
carried out with the overlap of the corresponding treatment zones due to the transfer of the laser beam
by surface, moving and rotating the body of the cam around the axis of rotation.

Leaky structural formations are the result of temperature fluctuations when cooled in the air
and are classified as upper bainite. The ferrite-cementite structure in the layer is observed along the
boundaries of the grains in the form of plates of ferrite. The sizes of grains and rijki range from 10-20
microns.

The ferrite-carbide structure is observed in the base metal of steel 45 — colony of grains of
dark and light color with the sizes, respectively, 8—15 microns and 5—10 microns. Photographs of
samples are detected in the deepest layer of aggregate of grains of lamellar perlite and cementite.
Under the surface layer (25 microns from the surface) there are separate white boron inclusions, which
are the result of laser boring. The sizes of these individual particles do not exceed 5 microns.
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