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Annomayus: B cratbe paccMOTpeHa IpoOJeMa MOBBIIICHUSI H3HOCOCTOWKOCTH pabouymMXx MOBEPXHOCTEH neraneil ma-
[IMH, OCHACTKH U METALIOPEXYIIEro HHCTpyMeHTa. OHUM U3 Hanbosee MepCeKTHBHBIX HANpaBICHUH B JaHHOH obac-
TH SIBIISIETCS] TEPMUUECKast 00pabOTKa M3HAIIMBAEMBIX TOBEPXHOCTEH 3a CUET BO3JICHCTBHS KOHIIEHTPUPOBAHHBIMH TEILIO-
BBIMH TIOTOKaMH, CO37[aBaeMbIMU JTy4oM Jasepa. Hambomnee mepcrieKTUBHBIMU C TEXHOJIOTMYECKONW TOYKH 3pEHHUS Hpea-
CTaBJIAIOTCSI COBPEMEHHBIE OITOBOJIOKOHHBIE JIa3ephbl. M3yueHne u MpOrHO3MPOBAHUE CTPYKTYPHI 30H MEPEKPBITHS MpU
MHOTOIIPOXOTHOH J1a3epHOH 00paboTKe SIBISETCS BAXKHBIM DJIEMEHTOM ITOJATOTOBKH TEXHOJIOTHYECKOTO Tpolecca U Ha-
NPSIMYIO BIHSET Ha BHIOOpP PeXUMOB 00paboTKu. [IprBOASTCS pe3ysbTaThl SKCIIEPUMEHTAIBHOTO HCCIIEIOBAHHS BIUSHUS
rapaMeTpoB Jla3epHOil 00pabOTKN ONTOBOJIOKOHHBIM JIa3€pOM Ha COCTOSIHHE IIOBEPXHOCTHOTO CJIOSI 30H MEPEKPHITUS IIPU
MHOTOIIPOXOJTHOM TepMHYecKoil 00paboTKe cTanell W 4yryHOB. B SKCHepHMEHTaNbHBIX HCCIEAOBAHUSIX HCIIOIb30BAIN
ontoBoJIoKOHHBIH J1azep JIK/(4-015.150. O6paboTKy MpOoU3BOAMIN B HEMPEPHIBHOM PEKHME C YACTUYHBIM OILIABICHHEM
TTOBEPXHOCTH 00paboTKu. Pexxumbl 00pabOTKH BRIOMpATT UCXOMS U3 JaHHBIX pa0boThl « Moaudukanus moBepXHOCTH CTa-
Jed ¥ YyTyHOB IIPH IIOMOINM OIITOBOJIOKOHHOTO Jiazepa». B kadecTBe 00paslioB MCIIONB30BANIN IDIACTHHBI pa3Mepamu
15x15x3 MM n3 cramm X12M® n ayryna CU21. [Tocie 06paboTKy TOPIOBYIO IOBEPXHOCTH KaXKI0T0 00pa3na mumpoBani
Ha MUHUMAJIBHBIX PEKUMaX Ul NCKITIOYEHHUS TIOBTOPHOTO TEPMHUUIECKOTO BIMSHHS HA CTPYKTYPY, IOCIIE Y€Tr0 Ha HEH H3-
TOTaBIMBaIH MUKpONUTU(HL. B kauecTBe TpaBurens ucrnonb3oBamu 4 %-HBIH CIHPTOBOW PAacTBOP a30THOW KHCIIOTHI
HNO;. TBepaocTh U3MepsIIM IpU MOMOIIK MUKpoTBepaoMepa Shimadzu HMV-2. CtpykTypy 00pa3iioB H3ydasid Ha MHUK-
pockore Zeiss AXIO Observer.DIm, a Takke Ha 3JIEKTPOHHOM CKaHUpyroiieM mukpockore Zeiss LEO1455VP. B xoxe
paboThl MPOU3BEACH aHAIN3 CTPYKTYPBI 30H MEPEKPHITHS, K3MEPEHa UX MUKPOTBEPAOCTh. [IpencraBieHbl pacueTHas cxe-

Ma u GopMmyria pacueTa KodpPUIMEHTa IEPEKPBITHS P MHOTOIPOXOIHON 00paboTKe.

BBEJEHUE

VY3161 1 MEXaHU3MBI COBPEMEHHBIX MaIlliH pa0oOTaloT B
YCIIOBUSIX TOBBIMIEHHOTO M3HOCA. Ero MHTEHCHBHOCTH Ha-
NPSMYIO 3aBHCHUT OT KauyecTBa IpeJIBapUTEIbHON 00paboT-
KM TIOBEPXHOCTH TpeHus. [loaTomy dopmMHupoBaHUE CIISITH-
ANBHBIX CTPYKTYP B TIOBEPXHOCTHOM CJIO€ M3HAITHBAEMBIX
MOBEPXHOCTEN JleTanel MallliH, MOBBILAIIIUX UX U3HOCO-
CTOMKOCTb, SIBJISICTCS aKTyalbHOU 3amadeir. OMHUM U3 Tep-
CTHEKTUBHBIX HANpaBICHUH B JaHHOW OOJIACTH SIBJISETCS
MoIuGbHUKAIS H3HANTHBACMON MOBEPXHOCTH HPHU MTOMOIIN
nazepa [1-3]. Tlpu pemieHUM pa3IMYHBIX TPUOOTCXHHUYC-
CKHUX 33/1a4 JIa3epHBIN JIyd 00J1alaeT pSoM IPEUMYIIECTB
nepes TPaAUIHOHHBIMU TEXHOJIOTHAMH, K KOTOPBIM OTHO-
CATCA CTaHAAPTHBIE METOJBl TEPMHUYECKOH 00paboTKH,
TEXHOJIOTUH IIIACTUIECKOTo JeopMupoBanus u ap.[3].

3a mpome e roJp! ObUIO BHIITOIHEHO OOJIBIIOE KOJIH-
YEeCTBO HCCIEIOBAHUH MO JTa3epHOH TepMooOpaboTke. s
WCCIIeIOBAaHIN MPUMEHSUTUCHh Kak MHUpoko nzydeHHsle CO,
W TBEPHOTENFHBIC JTa3ephl, TAK U COBPEMEHHBIE OMTOBOJIO-
KOHHBIC W OHUOJHBIC JIa3€phbI. TexHonorusm YIOPOUYHCHUA
MpU MOMOIIM TBEPAOTENBHBIX WM ra3zopa3psaHeix CO,-
JIa3epoB MOCBSAIICHO MHOXKECTBO paboT [4-16]. K uuciy
SIBHBIX HEJIOCTATKOB JTHX JIa3€POB, B CPABHEHHHU C COBpE-
MEHHBIMH ONTOBOJIOKOHHBIMHU J1a3€paMH, MOKHO OTHECTH
Hmskuii KIIJ myda B 30He 00pa®oTKM, MpPHUMEHEHWE IS
JIOCTaBKH JIyda B 30HY OOpaOOTKM CIOXKHBIX ONTHYECKHX
CHCTeM, HU3KYIO TNIOTHOCTH MOIIHOCTH 00pabOTKH, a Tak-
e OOJIBIIIOE TIATHO KOHTAKTa B 30He 00padoTku [17-19].

Bo3MoxxHOCTE OOEcIiedeHusT 3aKaIKH JIOKATBHOW 30HBI
SBIISICTCS HEOCTIOPUMBIM TPEUMYIIECTBOM JIa3epHOU 00pa-
6oTkn. OAHAKO JOKATBLHOCTH OOpPabOTKH SIBISIETCS Kak
MPENMYIIECTBOM JIa3epHOW 00pabOTKH, Tak M HEJOCTaT-
koM. Ecmm tpeOyercs obecrnednTs 3aKaiKy JOCTaTOYHO
0osbIIoN 007acTH, 00PaOOTKY JIa3epOM MPOHU3BOIAT C IIe-

pexpeiTieM. [Ipu 3TOM OueHb Ba)KHO 00ECHEUYHThH Tpedye-
MBI€ XapaKTePUCTUKU 30H MEPEKPBITHSL.

[lenpro paboTHI SABISUIOCH OTpE/EICHUE BIMSHUS Ia-
paMeTpoB Jla3epHOH YNMpOYHsIOmEel 00pabOTKH ONTOBO-
JIOKOHHBIM JIa3€pOM Ha CTPYKTYpPy U CBOMCTBA 30H Iepe-
KpBITHS WHCTpyMeHTanpHOH ctamm X12M® u ceporo
gyryHa CY21.

METO/IAKA ITPOBEJIEHUAA UCCJIETOBAHUI

B mporecce 3KCIEpUMEHTAIBHOIO MCCIEAOBAHUS H3Y-
YaJIM MPOLIECC Ja3ePHOH 3aKaJIKU C MEPEKPhITHEM 00pa3LioB
u3 ctamu X12M®, a takxe gyryna CU21 ¢ nmomomisto om-
TOBOJIOKOHHOT'O UTTEPOMEBOro KBa3HHENPEPHIBHOTO Jiazepa
JIKJ14-015.150 B pexxume HempepbIBHOro aeictBus. U3y-
YaJyu BJIWSHHE IUIOTHOCTH MOIIHOCTH HM3IIydeHus E U Ko-
s duIeHTa TepeKpHITHI HA MUKPOCTPYKTYPY U CBOMCTBa
30H MepeKphITH 001acTi 00padoTku. [II0THOCTE MOIITHOCTH
6buta paBHa 4,5-10° Br/cm?, a mepekpsitie coctasmio 10 %.
O6paboTKy 00pa3IoB MPOBOAMIN C YACTHYHBIM OILTABJIC-
HHUEM ITOBEPXHOCTH.

ITocne 00pabOTKHM TOPIIOBYIO MOBEPXHOCTH OOpasia
nutQoBany Ha MUHUMAIIBHBIX PEXHUMax JJIsl HCKITIOYCHUS
MOBTOPHOT'O TEPMHYECKOTO BIMSIHUS Ha CTPYKTYpY, HOCIE
4Yero Ha HeW M3roTaBIMBaIM MHUKpouutudsl. TBepmocTh
n3Mepsun MukpotBepaomepom Shimadzu HMV-2. Crpyk-
Typy o00pa3lnoB u3y4danun Ha MuKpockore Zeiss AXIO
Observer.D1m, a Taxke Ha 3JEKTPOHHOM CKaHHPYIOIIEM
mukpockorne Zeiss LEO1455VP.

Jns obecnieueHnss TpeOyeMOro HEepeKphITHS Ja3epHBIN
Jdyd CMEINAAM HA BEIMYHHY |j;, KOTOPYHIO pacCYMThIBAIIM
cornacHo Gopmyiie
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Puc. 2. Ilonepeunoe ceuenue 30ubl aazeproi oopabomru cmanu X12M®.

1 — 30na onnaenenus; 2 — 3TB; 3 — ochosnas cmpykmypa, 4 — nepexoOHas 30Ha

Puc. 3. [lonepeunoe ceuenue 30mbl nazephoti oopabomku yy2yna CH21.

1 — 30na onnasnenus; 2 — 3TB; 3 — ocHosHnas cmpykmypa, 4 — nepexoonas 30Ha

Puc. 4. Ilonepeunoe ceuenue nepexoorot 30nvl obpasya cmanu X12M®.
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.

Puc. 1. Cxema nazepnozo ynpouneHus ¢ nepekpbimuem.
1 — 30na onnaenenus; 2 — 30na mepmuyecko2o enusHus, 3 — 30Ha nepekpolmusi; 4 — 0CHOBHOU Mamepua

E=4,5-10° Bm/cs?, nepexpoimue 10 %.

E=4,5-10° Bm/cat?, nepexpovimue 10 %.

1 — 30na onnaenenus; 2 — nepexoOHast 30Ha

T
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a) 0)

Puc. 5. Ilonepeunoe ceuenue nepexoouvix 30n obpaszya uyeyna CU21:
a) — 8 HeNOCPeOCMBEHHOU DIUZOCMU K 30HE ONAAGNEHUsL, ) — MeCmo CIMbIKA 08YX 00pabamvléaeMubix yUacmKo8
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Puc. 6. Pacnpocmpanenue muxpomeepoocmu 621y0b oobpasya.
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Puc. 7. Pacnpocmpanenue Mukpomeepoocmu no wupume 0opabomanHo2o y4acmxa.
1-XI2M®; 2—-CY21
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Cxema nazepHOil 00pabOTKH C TpeOyeMBIM MEePEKPHITH-
€M TIoKa3aHa Ha puc. 1.

PE3YJIbTATBHI UCCJIEIOBAHUI

Ha puc. 2 u 3 nokxa3aHbl nonepeyHble CEUEHHUs! 30HBI
obpaborku st cramu X12M® (puc. 2) m uyryna CY21
(puc. 3). Ha puc. 4 noka3zaHo nomnepeyHoe cedeHHe Inepe-
XOIHOH 30HBI 0Opasna u3 cramu X12M®. Ha puc. 5 moka-
3aHO IOTIEPEeYHOe CEeUCHNE TIEPEXOAHBIX 30H 00pa3ma uyry-
Ha CY21.

H3mepenrie MHKpOTBEpAOCTH 00pasmoB MPOM3BOIMIN
BIITyOBb 00pasiia 1 BAOJb MOBEPXHOCTH Ha paccTostHuH 0,3 MM.
Puc. 6 u 7 WumoCTpUPYIOT NOITYYECHHBIE B X0J¢ H3MEPEHHUN
3HAYCHHUS.

Kax BugHO U3 puc. 2, Ipu paBHOM TEIIOBJIOKEHUU Ha
moBepxHOCTH cTanu X12M® xapakTepHO HajgHuue SpKo
BBIpR)KEHHOH 30HBI OIUIABJICHUS, IPECTaBISIONeld co0o0i
JICHJIPUTHYIO CTPYKTYpy TIityOuHO#M 110 170 MKM ¢ MHKpO-
tBepaocThio 380—420 Hv. [lanee cnemyeT 30Ha TepMuUe-
CKOTO BIUSHUS ¢ MEKpOTBepaocThio 400 Hv. Tlpu cxoxmx
napameTpax oOpaOOTKM JOJIS OTUIABJIEHHOHN 30HBI YyTyHA
CUY21 HeBenuka, COCTOMUT M3 JieZIcOypUTa ¢ MHKPOTBEPIO-
cthio 460-540 Hv. 30Ha TEpMHUYECKOTO BIHSHUS TpE[-
CTaBJIsIET COOOW peevHbIil MapTEHCUT ¢ HEOOIBIINM KOJIH-
YECTBOM AayCTEHHTA OCTAaTOYHOTO M HMMEET MHKpPOTBEP-
qocts 10 930 Hv. 30HBI mepekphiTusi 00pa3loB HMEIOT
CTPYKTYpPY 30H TEpMHUECKOTO BIHMSHHUSI C PaBHOH MHKpO-
TBEPAOCTHIO.

OBCYXJIEHHME PE3YJIbTATOB HCCJIEJOBAHUSA

[TpenBapuTenbHble HCCIEAOBAHUS TEPEXOTHBIX 30H
[20, 21] yka3piBanu Ha HaIW4YUE B HUX TPOOCTHUTA, Xa-
PakTEepHOTO /sl 30HBI OTIYCKA, MMEIOIIEro IMOHMXKEH-
HYI0O MHKpPOTBEPOCTh, B CPABHEHUH C 30HAMH JIa3epHON
3aKaJKH. OJTO CBSI3aHO C MaJOW IJIOTHOCTBIO 3HEPTHUH
B 30HE Jla3epHOT0 Bo3aelcTBus. [Ipu moBTOpHOM Nazep-
HOM BO3JCHCTBUHM B TMEPEXOJHOW 30HE HM3-3a OOJBIION
MPOTSHKEHHOCTH M0 IIMPUHE TeMIlepaTypa HE yCIleBaeT
MOBTOPHO JOCTHUYb BEJIMYUH, XapaKTEePHBIX IJs o0pa3o-
BAaHMSI 3aKAJIOYHBIX CTPYKTYp, U MO3TOMY BO3HHUKAET 30-
Ha OTMyCKa.

Hccnenyemple TepexoAHble 30HBI HMEIOT  OOIIyFO
CTPYKTYPY C 30HOM TEPMHUYECKOTO BIMSHUSA. MUKpOTBEp-
JIOCTh MEPEXOAHBIX 30H paBHAa MUKpoTBepaoctd 3TB. Oto
oOycnaBnuBaercsi 6osiee BHICOKOH IUIOTHOCTBIO MOIIHOCTH
Ja3epHOTO M3IYYCHHUs, BBEICHHOH B 30HY 00paboTku. On-
HAaKo JUIA CTalW XapakTepHa HeOOoIbIIas pa3HUIA MUKPO-
TBEPJOCTH 30HBI OIIABICHUS, 30HBI TEPMHUYECKOTO BIIHS-
HUSI M TIEPEXOJHOM 30HBI MEXIY JBYMsI 00pabOTaHHBIMH
y4yacTkamu. s 4yryHa XapakTepHO HajJu4Me SIPKO BbIpa-
KEHHOW TPaHMIBI MEXIYy MHKPOTBEPAOCTHIO COCTaBIISIO-
KX DJIEMEHTOB 30HBI 00PA0OTKH.

3AKJITIOYEHUME

HccrenoBanust 30H MEPEKPBITHS OOpas3OB U3 CTaJleH
W YYT'YHOB IIOCIIC Ja3epHOW 3aKalK{ IMO3BOJIIIN CHEaTh
3aKJIFOUYCHHE O BO3MOXKHOCTH TPHUMEHEHUSI ONTOBOJIOKOH-
HBIX JIa3epOB JUIs MOBBIIICHUS IKCILTYaTA[MOHHBIX Xapak-
TEPUCTUK JeTajell MAIlIWuH, TEXHOIOIMYeCKOW OCHACTKH U
METaIOPEXKYILEro HHCTpyMeHTa. OTCYTCTBHE 30H OTIYCKA
B IIEPEXO/IHBIX YYaCTKaX FOBOPHUT O BO3MOXKHOCTH 3aKAJIKU
ydacTka obpabaTeiBaeMON MOBEPXHOCTH IO BCEH MIMPHHE
00paboTKH.
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ILA. Orun  «CTpyKTypa H CBOHCTBA 30H IEePeKPBITUS NPH Ja3ePHOIi 3aKajIKe...»

THE STRUCTURE AND CHARACTERISTICS OF THE OVELAP AREAS
DURING THE LASER HARDENING OF STEELS AND IRONS
© 2015
P.A. Ogin, post-graduate student of the Department «Equipment and technology of machinery production»
Togliatti State University, Togliatti (Russia)

Keywords: fiber optic laser; heat-affected zone; laser hardening; thermohardening; microhardness.

Abstract: The article considers the issue of wear resistance improvement of working surfaces of the parts of machines,
equipment and metal cutting tools. One of the most prospective directions in this field is the thermal treatment of wearing
surfaces by means of the action of focused heat flows created by laser light. Modern fiber optic lasers are the most ad-
vanced from technology viewpoint. The research and estimation of the structure of the overlap areas during multi-pass
laser operation are the key elements of preparing of technology process and influences directly the selection of treatment
modes. The author gives the results of experimental research of the influence of fiber optic laser treatment parameters on
the state of surface layer of the overlap areas during the multi-pass heat treatment of steels and irons. LKD4-015.150 fiber
optic laser was used for experimental research. The treatment was performed in the continuous mode with the partial
fusion of processed surface. The process mode was selected according to the data of the work “Modification of steel
and iron surfaces using the fiber optic laser”. X12MF steel and SCh21 iron plates 15x15x3 mm in size were used as
the samples. After treatment, end surface of each sample was burnished at minimal modes in order to eliminate the ad-
ditional thermal influence on the structure; after that, microslices were produced on the surface. 4-% alcohol solution of
hydrogen nitrate (HNO3) was used as an etchant. The hardness was measured using the Shimadzu HMV -2 microhard-
ness tester. The samples’ structure was studied using the Zeiss AXIO Observer.DIm microscope and the Zeiss
LEO1455VP electron scanning microscope. During this research, the author carried out the analysis of the overlap areas
structure and measured their microhardness. The article displays the computational scheme and calculation formula of
engagement factor during the multi-pass processing.
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