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JIazepHe 3MIITHEHHS JeTaliell aBTOMOO1JIbHOTO
Tpancnopty B AIIK

HaBenmeno pesynpTaTH Jla3epHOTO BIUIMBY Ha MIKPOTBEPHICTH 30H KOBKOro 4aByHy KY60-3 mnpu
JIa3epHOMY 3MilJHEHH]I po3()OKyCOBAaHUM IIPOMEHEM Ta MPOMEHEM 3 TONEPeYHUMH KOJIMBaHHIMU. BusiBieHo, mo
MaKCHMaIlbHI 3HaueHHs1 MikpoTBepaocti 12100 MIla oTpumaHi B 30HI OIUIABICHHS TIPH 00pOOIIi 3 MOMepeIHIMHA
KOJIMBaHHAMU TpomeHst. [IpencraBieHo pe3ysbTaTid BU3HaYeHHs KOE(ILi€HTIB TEPTs B 3aJI€)KHOCTI BiJl IBUIKOCTI
koB3aHHA map TepTd 40X-CU20. BusHaueHO 3aieKHICTh iHTEHCHBHOCTI 3HomryBaHHS map TepTs 40X-CU20 Bix
HIUTBHOCTI MOTOKY JIa3€PHOT €Hepril Mmij yac 00poOKHM JOCIIHKYBAaHHX 3pasKiB.

JiazepHe 3MillHEHH$, rapTyBaHHS, MiKpOTBepAicThb, iHTEHCUBHICTh 3HOLIYBaHHSA, ieTaji aBTOMOOLILHOIO
Tpancnopty B AIIK

IloctanoBka mnpodaemMu. JIis MABUINCHHS 3HOCOCTIMKOCTI PI3HHUX JeTaliel
aBTOMOOUIBHOTO ~ TPAHCIOPTY B Taly3l CUIBCBKOTO TOCIOJAPCTBA €  aKTyaJIbHUM
BUKOPUCTAHHS MOYJIMBOCTEH METOTy JIa3epHOi 0OpOOKH.

Jlnst  epexkTUBHOrO 3aCTOCOBYBAaHHS JIaHOTO METOAY HEOOXITHO  JTOCIIIWTH
OCOOJIMBOCTI JIa3€pHOTO BIUIMBY Ha TIOBEPXHIO OOpOOJIIOBAaHUX 3pa3KiB, BHU3HAYUTH
3aJIKHICTh OTPUMAHMX HHMH XapaKTePUCTHUK BiJl TMapaMeTpiB IMPOIECY Ja3epHOTO
3MIIIHEHHS.

Bigomo, mo B pe3ynbTaTi 3MIIHEHHS JIa3€poOM pI3HUX JeTajel aBTOMOOLIIB
BaXUTUBUM (DaKTOPOM BIUIMBY Ha iX pecypc BUPOOITKY € MIKPOTBEPAICTh Ta XapaKTePUCTUKHU
y mapax TepTs, Kl 3aJIe)KaTh BiJ MapaMeTpiB MOBEPXHEBOI 1a3epHOi 0OPOOKH.

Bnanmii min6ip napameTpiB mpolecy Ja3epHoro 3MIIIHEHHS MOKe 3a0€3MeYnTH 3HaUHe
MiBUIICHHSA EKCIUTyaTallifHUX XapaKTEePUCTUK OOpOOIIOBaHMX JeTaliell aBTOMOOLIBHOTO
tpancnopty B AIIK.

ToMy akTyadbHUM € JOCHIDKEHHS BIUIMBY JlazepHOi OOpOOKM Ha Taki mapameTpu
00po0TIOBaHUX 3Pa3KiB, SIK MIKPOTBEP/IICTh iX MOBEPXHEBUX 30H Ta XapaKTEPUCTHKHU y Tapax
TepTSL.

AHaJii3 ocTaHHIX Joc/igxkeHb Ta myOaikaniii. [3 ananizy myOmikaiif ocTaHHIX POKiB
MOKHa 3pOOMTH BHCHOBOK, IIO 0araTo HAayKOBIIIB Ta BUYEHUX NPUIUISIOTH CBOIO yBary
3aladyaM, TIOB'SI3aHUM 3 BH3HAUEHHSM BJIACTUBOCTEH 3ai30BYTJCIeBUX CIUIABIB, IO
MiAaThes JlazepHid 00poOui. Hampukman, DOCTiIKEHHSM LBOrO MUTAaHHS 3aiiMaluch
HaykoBLi TokapeB A., AdanackeBa O.B., Jlanazaposa H.O., ®enopenko €.I1. Ta i, sKi
aHaNi3yBalld BIUIUB JA3€PHOTO MOTOKY Ha MOBEPXHIO 3aJ1130BYTJICLIEBUX 3pa3KiB I PI3HUX
MaTepialiB Ta y pi3HUX Bunagkax [1-3].

Takoxx BIIMBOM Ja3epHOi OOpOOKM Ha EKCIUTyaTalliiiHI XapaKTEepPUCTUKH PI3HHX
Jerajgeil MamuH B ocTaHHI poku 3aiimManuck Jlo6pac /[I., Jlecuk [.A., I'pymka M., Cinyn
K.1O., Aynin B.B., 3aBoiiko O.C. Ta iami [4—12].

He nmo kiHIS BHUpPINIEHMM 3aJUINAETHCS MUTAHHS OLIBII JETATHLHOTO Ta TIMOOKOTO
JOCITIJKEHHS BIUIMBY JIa3€PHOTO BUITPOMIHIOBAaHHS HA MIKPOCTPYKTYPY MOBEPXHEBHX ILIAPIB
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Ta Ha BIAMOBITHI XapaKTEPUCTUKU Yy Tapax TepTS pI3HUX JeTajeil aBTOMOOILILHOTO
tpancnopty B AIIK 3 MeToro migBuIieHHs X 3HOCOCTIHKOCTI.

IocTanoBka 3aBaaHHsA. MeToro poOOTH € BUBHAUCHHS BIUIMBY Jla3epHOI 0OpOOKH Ha
MIKpOTBEpPIICTh 30H KOBKOTo u4aByHy KY60-3 mpu #oro 3MmilHEHHI pPo3(OKycOBaHUM
Ja3epHUM MPOMEHEM Ta IMPOMEHEM 3 IIONEPEeYHUMHU KOJMBAHHAMU. TakoXX HeoOXiIHO
BCTAHOBUTH 3aJICKHICTh KOE(ILIEHTIB TEPTs BiJ WIBUAKOCTI KoB3aHHA nap Tepts 40X-CU20
Ta BU3HAYUTHU JJIS IUX [ap TEpTs 3aJE€KHICTh IHTEHCHUBHOCTI 3HOLIYBaHHS BiJ IIIIBHOCTI
MOTOKY JIa3epHOi eHeprii miJ yac 00poOKU JOCTIIKYBAHUX 3Pa3KiB.

Bukaax ocHoBHoro marepiaay. IIpoananizyemo BIIMB Jja3epHOi 0oOpoOKHM Ha
MOBEPXHIO YaBYHIB, 110 BUKOPHCTOBYIOTHCS JI BUPOOHMLITBA PI3HOMAHITHUX JeTayel
CLIBCHKOTOCTIOAAPCHKUX MAaIllUH.

JU1s1 1a3epHOro 3MIIIHEHHS! BUKOPUCTOBYBaIH 3pa3ku ciporo CHY20 ta KOBKOTo
KY60-3 ugaByHiB 3 po3mipamu 15%20%70 mm. OOpoOKy 3pa3KiB MPOBOAMIHN 32 TOMOMOIOIO
HerepepBHOro BunpomiHioBanHs CO,-na3zepa 3 goBxuHO0 xBwiIi 10,6 MkM Ha 6a3i 1a3epHOi
yctanoBku «Kometa-2». [Ipu BH3HAUeHHI MapameTpiB 3MIIIHEHUX 30H UIUIBHICTH MOTOKY
nasepHoi eHeprii 3MiHioBanack B Mexkax 20—60 Jix/mm” (CU20) ta 24120 Jhx/mm®
(K460-3), mBuakicte mnepemimeHHs npomens 7-10 mm/c ta 2-9 MM/c BIANOBiIHO,
BUKOPUCTOBYBABCS JiaMeTp IUIIMU mpomeHs 3,5-5,5 mM. JlazepHe 3MILlHEHHS MPOBOJIMIN
po3(poKyCOBaHMM IMPOMEHEM Ta 3 MONEPEYHUMHU KOJIMBAaHHSAMH IMPOMEHs 3 4acToToro 216 I'm.
Jnist ocnipKeHHs TBEPAOCTI MOBEPXHI BUKOPUCTOBYBaBCs MikpoTrepaomip [IMT-3.

BumnpoOyBaHHs Ha TepTs 1 3HOC NMPOBOAMIM 332 CXEMOIO: IMIMPOKA CTOPOHA YaBYHHOTO
3pazka CY20 — Topemnp BTyJnKH, mo obepraerbes, ctanb 40X (49-53 HRC). IIBuakicth
KOB3aHHs 3MiHIOBaJIM MOCTYNoBO B Mexkax 0,25-3,5 m/c npu HaBanTaxkeHHi 2 MIla. ¥V 3ony
TEpTS MOAaBalH IHIycTpiagbHe Macio [-20 kpaneasHIM CIIOCOOOM.

JlazepHe rapryBaHHs KoBKoro 4aByHy KY60-3 posdokycoBaHuM mpomMeHeM mpu
IIBUJKOCTI CKaHyBaHHs MEHIIE 7 MM/C IPU3BOAMIIO 10 Ae(DEKTiB TUITy PAaKOBUH Ta HAIUIUBIB
Ha TOBEepxHi 3paskiB. [lomepeuHi KOMMBAaHHS TNPOMEHS JO3BOJSUIM BUKIIOYMTH TOIIOHI
neeKkTH Ta BapiloBaTH TIIMOMHY 30H 3MIIHEHHS 3 PiIKOTro crany B Mexax 10-800 mxwm.
MaxkcumanpHa IMOMHA Ta MKpHUHA 30H TapTyBaHHs 4aByHy KU60-3 cxmamu 1,8 mm Ta 11,7
MM BiANOBIAHO. 3aJI€KHICTh MIKPOTBEPAOCTI 30H I[LOT'0 YaBYHY 32 INIMOMHOIO MPH JIA3EPHOMY
3MilIHEHH] po3(OKyCOBaHUM MPOMEHEM IPEJCTaBICHA Ha pUC. 1, a Ipu 3MILHEHHI IPOMEHEM
3 MOTIEPEYHNUMH KOJIMBAaHHSIMH — Ha puUC 2.
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Pucynok 1 — MikpoTBepaicTh 3a MTHOMHOIO 3MIIHEHOTO JIa3epoM 3paska i3 yaByrny KU60-3

3 BUKOPHCTaHHAM PO3(hOKYCOBAHOTO IIPOMEHS
Hoicepeno: pospobneno agmopamu
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Pucynox 2 — MikpoTBepAiCcTh 3a IIHOMHOIO 3MIITHEHOTO J1a3epoM 3pa3ka i3 uaByny KU60-3
3 BUKOPHUCTAHHSIM POMEHS 3 TOMEPEYHUMHE KOJIHUBAHHIMU
Licepeno: pospobaeno asmopamu

MaxkcumanpHi 3Ha4eHHs MikpoTBepaocti 12100 MIla otpumaHi B 30HI OIUIaBICHHS
npu 06poO1Ii 3 MONEPEYHUMH KOTUBAHHSAMU MPOMeHS. MIKpOCTPYKTypa 30HH OIUIABJICHHS €
ayCTEHITHO-MAPTEHCUTHOIO CYMIIIIIITIO.

Pesynpratu Bu3HaYeHHsSI KOE(IIIEHTIB TEPTS KOB3aHHS B 3aJ€KHOCTI Bif MIBUAKOCTI
nap tepts 40X-CU20 npu 3minHenHi yaByHy CU20 na3epHUMHU OTOKaMH Pi3HOI OIUTBHOCTI 3
MOTIEPEYHUMHU KOJIMBAHHIMH IPOMEHS MPEICTaBICH] Ha puC 3.
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1 — Ge3 3minuenns, 2 — 25 Jhx/mMm>, 3 — 32 hx/mm?, 4 — 46 Tix/mm’

PucyHok 3 — 3anexHicTh KoedilieHTiB TepTs KOB3aHH BiJ mBHAKOCTI nap tepts 40X-CU20
nipy 3MinHeHH] yaByHy CU20 nazepHUMH TOTOKaMH Pi3HOT MILTEHOCTI
Loicepeno: pospobaeno agmopamu
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s Bcix 3pa3kiB O MIBHUAKOCTI KOB3aHHA 1,5 M/c crmoctepiranocst 3HMKEHHS
koedimieHTiB TepTs. MakcumanbHi koedimientu tepts 0,13-0,145 orpumani mis marepiamy
ocHoBu CUY20 3 tBepaictio 180-210 HB. MinimanbHi 3HaueHHs koediuieHTiB Teptsa 0,07—
0,09 orpumanHi Ha 3pa3kax, OOpOOJEHWUX NTpPH MIUIBHOCTI EHEeprii JI1a3epHOTO IMOTOKY 46
JIk/MM.

Ha puc. 4 mpencraBieHo 3alie)XHICTh IHTEHCUBHOCTI 3HOINYBaHHA map tepts 40X-
CY20 Bix 3minHeHHs yaByHy CY20 nazepHUMHU MOTOKAMH Pi3HOI IIIJIBHOCTI 3 MONEPEYHUMHU
KOJINBAaHHSIMH ITPOMEHS.

0,30

0,25

»

0,20

[-10-9

0,15

0,10

0,05

1 2 3 4

1 — Ge3 3minuenns, 2 — 25 Jhx/mMm>, 3 — 32 Jhx/mm?, 4 — 46 Tix/mm’

PucyHok 4 — 3anexHicTh iHTeHCUBHOCTI 3HOIIyBaHHsI ap Tepts 40X-CY20 Bix 3MiLHEHHS
yapyHy CU20 yia3epHUMHU IOTOKAMU Pi3HOT IIIBHOCTI
Lowcepeno: pospobaeno agmopamu

3 MiJBUIIEHHSAM IIIJIBHOCTI MOTOKY JIa3epHOI €Heprii 3HOCOCTIHKICTh 3pa3KiB 3HAYHO
3pocTana B 2,5-3,5 pa3u B MOPiBHSIHHI 3 HE3MIITHEHUM 3Pa3KOM.

BucnoBku. OTpuMaHni pe3yJbTaTH IOKa3ald, L0 MpH Ja3epHiii oOpolii yaByHIB
MIKPOTBEPICTh 3MIITHEHUX IIapiB 3HAYHO 30UIBIITYETHCS B MOPIBHIHHI 3 MaTEPiaJioM OCHOBH.
Po3pobneHa TeXHONIOTiA Ja3epHOro 3MIIHEHHS 3 BUKOPHCTAaHHSM IIONEPEYHUX KOJIHBAHb
MIPOMEHS Ma€ OUTBITY MPOAYKTHUBHICTD, HIXK TIPH 3arapTyBaHHI po3(DOKYCOBaHHM MPOMEHEM.

Jlazepne 3mirHeHHs ciporo yaByHy CU20 Ta koBkoro yaByHy KU60-3 i3 3acTocyBaHHSIM
MOTIEPEYHHUX KOJIMBAHb JIA3€PHOTO TTPOMEHS JO3BOJIWIIO MIIBUIIUTH MPOAYKTUBHICTh 0OpOOKH y
1,5-2,0 pasu. IIpu BukopucTanHi iHaycTpiagbHoro mMacna [-20 migBUIEHHS MIIJIBHOCTI €Heprii
npu JazepHoMy 3MitHeHHI YaByHy CU20 npu3BOAWUTH A0 MiABUIIEHHS HOTO 3HOCOCTIMKOCTI y
2,5-3,5 pasu Ta 3HIKY€ BTpAaTH Ha TepTs y mapi 3i crammo 40X Ha 30-60%.
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Laser Strengthening of Automobile Transport Parts in the Agro-industrial Complex

The purpose of the work is to determine the effect of laser processing on the microhardness of the zones
of ductile cast iron KCh60-3 when it is strengthened by a defocused laser beam and a beam with transverse
oscillations. It is also necessary to establish the dependence of friction coefficients on the sliding speed of
friction pairs 40H-SCh20 and to determine for these friction pairs the dependence of the intensity of wear on the
density of the laser energy flow during the processing of the studied samples.

Laser hardening of ductile cast iron KCh60-3 with a defocused beam at a scanning speed of less than
7 mm/s led to shell-type defects and inflows on the surface of the samples. Transverse oscillations of the beam
made it possible to exclude similar defects and vary the depth of the solidification zones from the liquid state in
the range of 10-800 pm. The maximum depth and width of the hardening zones of cast iron KCh60-3 were
1.8 mm and 11.7 mm respectively. The maximum microhardness values of 12100 MPa were obtained in the
remelting zone during processing with transverse beam oscillations. The microstructure of the melting zone is an
austenitic-martensitic mixture. A decrease in friction coefficients was observed for all samples up to a sliding
speed of 1.5 m/s. The maximum friction coefficients of 0.13—0.145 were obtained for the base material SCh20
with a hardness of 180-210 HB. The minimum values of friction coefficients of 0.07-0.09 were obtained on
samples processed at a laser flux energy density of 46 J/mm®.

The obtained results showed that during laser processing of cast iron the microhardness of the hardened
layers significantly increases compared to the base material. The developed technology of laser hardening with
the use of transverse oscillations of the beam has a higher productivity than when hardening with a defocused
beam. Laser hardening of gray cast iron SCh20 and malleable cast iron KCh60-3 using transverse oscillations of
the laser beam made it possible to increase processing productivity by 1.5-2.0 times. When using I-20 industrial
oil, the increase in energy density during laser hardening of SCh20 cast iron leads to an increase in its wear
resistance by 2.5-3.5 times and reduces frictional losses in a pair with 40H steel by 30—-60%.
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