https://doi.org/10.26160/2474-5901-2022-32-12-14
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AnHoTaums. CTaThs MOCBSIIEHA MOMCKY ONTHUMAJIBHBIX TEXHOJOTHUYECKUX PEKUMOB MPHU JIa3€PHOM
YOpOYHEHHH UWIMHAPOBBIX BTYJIOK TDKENBIX au3enell. Mccmemyercs BIMSHHE CKOPOCTH
CKaHHUPOBAHMS JIA3€PHOTO JIyda HA CTPYKTypHBIE W3MEHEHHS B IOBEPXHOCTHOM CJIO€ H
MHKPOTBEPAOCTh JOPOXKEK YIPOYHCHHSA. OKCIEPHUMEHTAIFHO YCTAaHOBICHO CYIIECTBOBaHHE
JIOPOXKEK YIPOYHEHHS C HamOONbIIeH TBEpHOCThI0. ONTHUMAIbHBIN TEXHOJOTHYECKUH PEXUM
Ja3epHON 3aKaJKH COOTBETCTBYET Haydaly JIa3epHOTO OIUIaBICHHS MOBEepXHOCTH. [lomyueHHBIE
pe3yIbTaTH O3BOJIHIIN pa3padoTaTh MPAKTHYECKUE PEKOMEHAANNH 110 YIIPOYHEHHUIO. IMIHHIPOBBIX
BTYJIOK M3 YyT'yHa.

THE EFFECT OF THE LASER HARDENING TREATMENT SPEED O N
THE HARDNESS OF HIGH-STRENGTH CAST IRON

Alisin V.V.
Mechanical Engineering Research Institute of the Russian Academy of Sciences,
Moscow, Russia

Keywords: laser hardening, microhardness, laser beam saaspieed, cylinder bushings of diesel
engines, high-strength cast iron with sphericaphite.

Abstract. The article is devoted to the search for optimatonblogical modes during laser
hardening of cylinder bushings of heavy diesel eagii The influence of the scanning speed of the
laser beam on structural changes in the surfaes Eyd the microhardness of the hardening tracks
is investigated. The existence of hardening patitis thre highest hardness has been experimentally
established. The optimal technological mode ofrlasedening corresponds to the beginning of laser
melting of the surface. The results obtained magm®ssible to develop practical recommendations
for strengthening. cylinder bushings made of qast.i

BBenenne. JlazepHas 3akanka sBisieTcst 3PPEKTUBHBIM METOIOM IOBBILICHUS
TBEPJOCTH U M3HOCOCTOMKOCTH MOBEpXHOCTH uyryHa [1]. B crathe oTmeuaercs,
9TO B MPOIECCE MHOTOJAOPOKEUHON JTa3epHON 3aKAKH BBICOKOIIPOYHOTO YYT'yHa C
IIAPOBBIM TPa(PUTOM MPOUCXOAUT OTIYCK B 30HE IMEPEKPBITHS, YTO NPUBOIUT K
HEPaBHOMEPHOMY pACHPEACICHUIO TBEPAOCTH M OCTATOYHBIX HANpPSHKEHUW Ha
nmoBepxHOCTH AeTanu. [lokazaHo, 4TO mocienyromas ApoOecTpyiHas 00paboTKa
3HAQYUTEIIBHO YJIYYIIAeT PABHOMEPHOCTh PACIPEAEICHUS OCTaTOUYHbIX HAIIPSKECHUN
U TBepaocTH. B pabore [2] wuccnemoBanoch pacnpeesicHue MHUKPOTBEPAOCTH,
(dazoBble TpEeBpaIeHUS] U W3HOCOCTOMKOCTh 3aKaJiEeHHBIX Jla3epoM OO0pa3IoB
AyCTEHHTHOTO CEpOro 4yryHa. TpHOOJOTHYECKHE WCIBITAaHHWS MPOBOIMINCH Ha
YCTAaHOBKE C BO3BPATHO-MOCTYHNATCIBbHBIM JIBUXXCHUCM. YCTaHOBHCHO, qTO IIOA
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YIIPOYHEHHOH JIa3epOM TMOBEPXHOCTBIO O00pa30BAMCh YEThIPE 30HBI. 30HA
nazeproro ymnpouneHus (neneOypur, HRC 67), BepXHIOIO 30Ha TEPMHYECKOTO
Bo3aetictBus (Maprencut, (HRC 69),HmkHIO0 30HA 3aKanku (ayCTeHUT U QEppHT,
HRC 36) u mnomnoxka (HRC 39). B pabGore [3] wu3y4eHb 3aBUCHUMOCTH
TEOMETPUYECKUX TMapaMeTpOB 30H JIa3epHOH 00pabOTKM B 3aBUCUMOCTH OT
MOIITHOCTH, CKOpPOCTH OOpabOTKM M JuaMeTpa Ja3epHoro iyda. UyryH c
HIapOBUIHBIM rpadutoM oOnamaer [4] CKIOHHOCTHIO K 0Opa3OBaHHUIO TpemiuH. B
pabote [5] Ha uyryne mapku 450 Obula BBITIOJHEHAa KOMIUIEKCHash 00paboTka
MOBEPXHOCTH, BKJTFOUAIONIAS TUTA3MEHHOE a30THPOBAHUE C MOCIIEAYIONIEH JTa3epHON
3aKalKOM MpHU Pa3TUYHBIX YPOBHAX MouiHOcTH u3nydeHus ot 400 mo 514Br.
W3yyanoch W3MEHEHWE CTPYKTYphl M TIIyOMHA YNpPOUYHEHHs. YCTAaHOBJICHO, YTO
npeUiokeHHass 00pabdoTKa CIOCOOCTBYET CO3JaHMIO CIIOEB C 0ojee BBICOKOH
MOBEPXHOCTHOM TBEPOCTHIO M O0JIbIneit riryounoi ynpounenus (300-750mkm).

Leab padoThl COCTOUT B YCTAaHOBIIEHHUH 3aBUCHUMOCTH TBEPIOCTH IOPOXKEK
YIIPOYHEHHUST OT CKOPOCTH CKaHUPOBAHHS JIA3€PHOTO JIyda IPH TPOBEICHHUH
Ja3epHON 3aKaJIKU 00pa3LOB U3 BHICOKOIPOUYHOTO YyTyHA.

Martepuanbl 1 000pyaoBaHue. DKCIIEPUMEHTA BHITIOJIHEHBI Ha 00pasiax B
¢opmMe mIacTWH, KOTOpPbIE BBIPE3AJTUCh M3 HATYPHOW LMJIMHIPOBOW BTYIIKH,
W3rOTOBJICHHON M3 BBICOKONPOYHOTO YyTryHa ¢ IIapoBbIM rpadurom. JlazepHas
o0paboTtka BeimonHeHa Ha COz-a3epe MpH HENPEPHIBHOW MOIIHOCTH W3IY4YEHUS
700BT, kotopoe (GOKYCHpPOBAIOCH B CBETOBOE IMSTHO C IUIOTHOCTHEO MOITHOCTH
185Bt/mm>.

MHUKpPOTBEPAOCTh TOPOXKEK YIMPOYHEHHUS] U3MEpsIach Ha MHKPOTBEpAOMEpE
I[IMT-3.

Pesyabrarbl. [loBepXHOCTh TpeHHsS ISl TMOBBIILICHUS W3HOCOCTOMKOCTH
YIIPOYHsJIACh HAHECEHHWEM JIOPOKEK Jla3epHOM 3akanku. Jlias ompeneneHus
ONTUMAIIFHOTO peXHMa OO0pabOTKM ObUIM HAaHECEHbl HECKOJBKO JIOPOXKEK
OJIMHAKOBBIM JuamMeTpoM msiTHa O=2,2mwm. JlazepHas o0paboTka MOBEpXHOCTEMH
BBIMOJIHSIACH B JUAla30HE CKOPOCTEH CKaHMpPOBAaHUS TMATHA B Ipeaenax
0,5-5M/MuH, B KOTOPOM TapaHTHPOBAIOCH OIUIABJCHHE IMOBEPXHOCTH 4yryHa. Ha
KaXI0M JOPOXKKE YNPOYHEHUS H3MEpsIach MUKPOTBEPAOCTbh B LIEHTPE JOPOKKH.
Ha pucynke 1 npencrasieH rpaduk W3MEHEHHS TBEPIOCTH JIOPOKKH YIPOYHECHUS
OT CKOPOCTH CKaHMPOBAHUS JIA3€PHOTO Jyda.

DKCIIepUMEHTHI MOKa3alH, YTO C yYBEITHYEHHEM CKOPOCTH CKaHWPOBAaHUS OT
0,5m/MuH 10 S5M/MHH KpuBas 3aBHCUMOCTH HMMEET JKCTPEMyM, B KOTOPOM
MHUKPOTBEPJOCTh MOBEPXHOCTH MMEET MaKCHUMAIbHOE 3Ha4eHHe. Bhuin mpoBeeHbI
Metajuiorpauyeckre  MCCieNoBaHUsS  oOpasna  JOPOXKKH — YIPOYHEHHUS C
HanOOJIbIIeH TBEPAOCTHIO (pHC. 2).

Ananus ¢ororpaduu mokaspIBaeT, YTO MaKCHUMajlbHas TBEPAOCTh oOpasia
COOTBETCTBYET JIa3epHOH 0OpabOTKE B pEKUME <«HA TpaHe OIUIABJICHUSY.
[TapameTpsl JOpPOXKKH yHnpouHeHHs: mupuHa Aopokkun 1800MkM; mMakcumanbHas
rTyOnHa 30HBI 3aKaTKH 280 MKM.
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CKODOCTb CKaHMPOBaHWSA. M/MUH
Puc. 1.3aBUCHMOCTE TBEPIOCTH TIOBEPXHOCTH

YyryHa OT CKOPOCTHU MEPEMEILICHUS CBETOBOTO 7
IISTHA 110 TIOBEPXHOCTH YyTyHA

Puc. 2. MnocyKTpa npqueHHoro
nazepom uyryHa AXHMM (x100)

BuiBoabl. Ha ocHoBanuu rpaduka u aHainsa reOMETPUYECKUX MapaMeTpoB
JOPOXKEK, T.€. IUPUHBI JOPOKKH U TITyOWHBI YIIPOYHEHHOTO CIIOS, Ie/Ieco00pa3Ho
BECTH JIa3epPHYIO 0OpabOTKYy IMUIWHIPOBBIX BTYJIOK Tpu MomtHocTH 0,7KBT Ha
ckopoctu V =0,8Mm/MuH 1 1raMeTpoM GOKYCHPOBKH JIa3epHOTo Jyda 2,2 MM.

Cnucok ureparypsl / References

1. Zhan K., Zhang Y., Bao L., Yang Z., Zhao B., JiSurface characteristic and wear

resistance of QT-700-2 nodular cast iron after rlaggenching combing with shot
peening treatment // Surface and Coatings TechyoR@P1, vol. 423, p.127589.
2. Wang B., Pan Y., Liu Y., Barber G., C., Qiu F., Nu Wear behavior of composite

strengthened gray cast iron by austempering aed h@sdening treatment // Journal of

Materials Research and Technology. 2020, vol. 92npp. 2037-2043.

3. buproko B.II. OmnpeneneHue BIUSHUS PEKUMOB JIa3€pPHOTO YIPOYHCHHS U
Ie(OKYCHPOBKH JIydya Ha TEOMETPHUECKHE MapaMeTpsl 30H 3akanku // IIpoGimemsl
MAaIIIMHOCTPOCHHUS U HaaekHOoCTH MarimH. — 2018. -Ne6. —C. 81-88.

3. Biryukov V.P. Effect of laser strengthening and rbedefocusing on the
geometrical parameters of hardened zones // JourhaMachinery
Manufacture and Reliability. 2018, vol. 47, nopf, 550-556.

4. LiY., Liu X., Dong S., Ren X, Yan X., Xu D. Infance of laser power on interface
characteristics and cracking behavior during laseranufacturing of nodular cast iron

/I Engineering Failure Analysis. 2021, vol. 122105226.

5. Writzl V., Lima M.S.F., Guesser W.L., Possoli F.A.Alas Neves J.C.K., Borges P.C.
Influence of laser-hardening on microstructure dmardness of plasma-nitrided

compacted graphite iron // Optics & Laser Technpl@&p21, vol. 144, p. 107441.

AmmcuH Banepwnii BacunbeBu4 — KaHuIaT Alisin Valery Vasilevich — candidate of
TEXHUYECKHUX HAYK, BEIYIINNA HAYIHBIH technical sciences, leading scientific
COTPYIHHK collaborator

vva-imash@yandex.ru

Received 25.10.2022
14



