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MNpepcraBneHbl pesyabTaThl
MeTannorpaduyecknx U Tpu6oTeXHNYECKUX
MCNbITAaHUM YYTYHOB B Napax TPeHUs co
cTanblo 40X. NMokasaHo, YTO UCNoJib30OBaHUe
nonepe4HbixX KonebaHuM 1asepHOro ay4ya

npu o6paboTke 3HAYUTE/IbHO NOBbILWAET

ee Npou3BOAUTENIbHOCTb, UCK/OYaeT
BO3HUMKHOBEHME NOBEPXHOCTHbIX AedeKToB,
BO3HUKAIOLWMX NPU BO3AENCTBUN U3NTYHEHUS
pac¢poKyCMpOBaAHHbIM JIY4OM Ha MOBEPXHOCTb
06pasu,oB 13 YyryHOB. YCTAHOBJIEHO, YTO
NlasepHoe TepMuyeckoe yrnpovyHeHume

B 3aBUCUMOCTU OT peXnMoB 06paboTku
3Ha4YMUTeNIbHO CHMUXaeT Ko3pdULUNeHTbl TpeHUs
M NoBbillaeT MUKPOTBEPAOCTb B 4—6 pas

M U3SHOCOCTOMKOCTb MOAMPULIUPOBAHHbIX
noBepxHoOCTeMn YyryHos B 2,5-3,5 pasa no
CpPaBHEHUIO C UX UCXOAHBIM COCTOSIHUEM.
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BBEOEHWE

YyryHbl OIMPOKO MCIIOB3YIOTCS B IIPOMBIIIIEHHOCTH
M3-332 UX IIPEeBOCXOJHBIX JIUTEHMHBIX CBOMCTB, obpa-
6aTHIBAEMOCTH, MEXaHHUYEeCKHX CBOMCTB M HM3KOH
CTOMMOCTH. Hampumep, BBICOKOIIPOYHBIHM M KOBKHH
YyTYHBI YaCTO HCII0/Ib3YeTCs AJ1S1 U3TOTOBIEHUS AeTa-
7el THUIA: BaJl, KOJIeHYaThIH BaJl, OCh, BTYJIKA LIM/IHH-
Ipa OBUraTend, ILIeCTepPHA M OpPyrhe Ha TPAHCIIOpPTe
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The paper considers the results of
metallographic and tribotechnical tests of cast
iron in friction pairs with 40Kh steel. It is shown
that the use of transverse oscillations of the
laser beam significantly increases the processing
performance, eliminates surface defects that
occur when radiation is applied to the surface
of cast iron samples with a defocused beam.

It is established that laser thermal hardening
significantly reduces the coefficients of friction
and increases microhardness by 4-6 times and
wear resistance of modified cast iron surfaces
in 2.5-3.5 times compared to their initial state,
depending on the processing modes.
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INTRODUCTION

Cast iron is widely used in industry because of
its excellent casting properties, machinability,
mechanical properties and low cost. For example,
high-strength and ductile cast iron is often used to
manufacture parts such as shaft, crankshaft, axle,
engine cylinder sleeve, gear and others in transport
and industrial equipment [1, 2]. Compared to steels
and other cast irons, grey cast iron (CI) has a number
of excellent mechanical properties, such as good
machinability and vibration absorption. The presence
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M IIpOMBIIIIeHHOM obopymoBanHuu [1, 2]. Ilo cpas-
HeHHUIO CO CTa/ISIMH U JOPYTHMH 4YyTyHaMH CepbIn
qyryH (CI) obagaeT psaoM PeBOCXOSHBIX MeXaHHYe-
CKHMX CBOMCTB, TAaKHX KaK Xopoliasi 06pabaTbiBaeMoCTh
U IoriomeHue Bubpanui. Hanmune rpadUTOBBIX
XJIONbeB B MaTpHILie IIOBBHIIMIAeT M3HOCOCTOMKOCTh GI.
CepbIH YyTyH YacTO UCIIO/Ib3yeTCsl IIPU U3TOTOBIEHUH
KOJIeHYaThIX BajIOB [JIsi KOMIIPECCOPOB, HaIlPaBjIsiio-
IIMX CTAHKOB, IIeCTePeH, IOPIIHEeBHIX KOJell ¥ I'UJIb3
LIMIUHOPOB [/15 AU3e/IbHBIX ABUTaTeNneH [3-5].

JKCIIePUMEHTHl II0 JIa3ePHOMY TepMHUYECKOMY
yIpouHeHHI0 obpasLioB [6] ceporo 4yryHa c pasme-
pamu 20x10x7 MM IIPOBOJHIMCh Ha BOJOKOHHO-
ONTHUYeCKOM JIa3epHOH CHCTeMe HeIlpepbIBHOTO
JleHICTBUS IIPU MOIIHOCTH Jasepa 250, 300 u 350 BT,
CKOPOCTH JIa3epHOT0 CKaHMPOBaHUSA 1, 3 U 5 MM/c,
JHaMeTp JIa3epHOro Jiy4ya cocrasnsgeT 1,4 MM, ¢okyc-
HOe PpacCTOSHME OT 3arOTOBKM [0 JIA3€pPHOro COoIlia
cocTaB/IseT 173 MM, a pacxof 3aIUTHOrO ra3a aproHa
coctaBaseT 10 y/MuH. IIpU IIOCTOSIHHOM CKOPOCTH
JIa3€pHOI0 CKAaHHWPOBAHHUA 1 MM/C M yBelIM4YeHHUH
MOIIHOCTH JiazepHoro jay4a c¢ 250 Bt, 300 BT u 350 BT
COOTBETCTBEHHO, MHKPOTBEPAOCTh 3aKa/IeHHBIX J1ase-
pPoM mopokek H3MeHsu1ach ¢ 780, 792 u 819 HVO.3
COOTBETCTBEHHO, YTO O3HadaeT, YTO C yBeJIMUeHHEeM
MOILHOCTH JIa3€PHOIO0 jiyya yBeJIUYKMBa/IOCh 3HAUYeHHe
MHUKPOTBepAOCTH. [Ipy yBeIrYeHHUH CKOPOCTH Jiasep-
HOI'O CKaHHUPOBaHHUA C 1 10 5 MM/C 3HaUYeHHe MHKPO-
TBEPAOCTH AJisi 06pasloB, 06paboTaHHBIX Ta3epoM,
yMeHsp1iaercs ¢ 819, 728 u 666 HV0.3 cOOTBeTCTBEHHO
IIpY ITOCTOSSHHOM MOIHOCTH J1a3epa 350 BrT.

O6pasupl ceporo uyryHa [7] ¢ pasmepaMu
40x10x8 MM 6BUIH BBIpE3aHBI K3 ABTOMOOHIBHOIO
LMIMH/APA 114 1a3epHOM TepMHuYecKas 06paboTku ux
IOoBepPXHOCTHU. O6paboTKa MOBEPXHOCTH IIPOBOAMIIACH
C HCIonb3oBaHHeM HMIynabcHoro Nd:YAG-masepa
(A=1,06 MKM) C MHOIOMOJOBBIM ITPOCTPAHCTBEH-
HBIM pacIipefie/ieHHeM Jlyda B 3allUTHOH aTMocdepe
aproHa. CpegHsas BeIMYHHA KO3QPHUIIMEHTa IIO0IJIO-
IeHHUS [J/1 Ceporo YyryHa COCTaBisIo 32,3+2,0%.

I OTHeNbHBIX MMIIYJIbCOB MaKCHMajbHas IJIy-
6rHa cocraBiasia 190 MKM, a MaKCHUMaJIbHBIN [gHa-
MeTp 880 MKM. MHUKpPOTBepLOCTh OblIIa M3MepeHa Ha
rnybuHe 50 MKM, M ee MaKCHUMaJIbHble 3HAaYeHUS
coctaBuaud 900 HV. ITonyyeHHass TBEPAOCTb H3MEHS-
jack oT 650 1o 900 HV, B 3aBHCHUMOCTH OT rnyGHHbl
B YIIPOYHEHHOM CJI0e.

HccnemoBaHuio monBepranu obpasmst [8] ceporo
YyryHa Cc pasMepaMu 45x20x10 mMm. JlaszepHyro obpa-
OOTKY BBIIIOJTHSUIM IIPU TOKe 120 A, guameTpe jasep-
HOIO IIATHA 2 MM, CKOPOCTH CKaHHMPOBaHHUS 2 MM/C,
C 4YacTOTOH C/l1e[0OBaHHUS HMMIIY/IbCOB 6 [, NIHTeNb-
HOCTBIO 8 Mc. HcIpiTaHHMe Ha M3HOC IIPHU BO3BPAaTHO-
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of graphite flakes in the matrix increases the wear
resistance of GI. Crey cast iron is often used in the
manufacture of crankshafts for compressors, machine
guides, gears, piston rings and cylinder liners for
diesel engines [3-5].

Experiments on laser thermal hardening
of samples [6] of gray cast iron with dimensions
of 20x10x7 mm were carried out on a continuous
fiber-optic laser system with a laser power of 250,
300 and 350 W, laser scanning speeds of 1, 3 and 5
mm/s, the diameter of the laser beam is 1.4 mm,
the focal length from the billet to the laser nozzle
is 173 mm, and the flow rate of argon protective gas
is 10 1/min. With a constant laser scanning speed
of 1 mm/s and an increase in the power of the laser
beam from 250 W, 300 W and 350 W, respectively, the
microhardness of the laser-hardened tracks changed
from 780, 792 and 819 HVO0.3, respectively, which
means that with an increase in the power of the laser
beam, the microhardness value increased. With an
increase in the laser scanning speed from 1 to 5 mm/s,
the microhardness value for laser-treated samples
decreases from 819, 728 and 666 HV0.3, respectively, at
a constant laser power of 350W.

Samples of gray cast iron [7] with dimensions of
40x10x8 mm were cut from an automobile cylinder
for laser heat treatment of their surface. The surface
treatment was carried out using a pulsed Nd : YAG laser
(A=1.06 pm) with a multimode spatial distribution
of the beam in a protective argon atmosphere. The
average value of the absorption coefficient for gray
cast iron was 32.3+2.0%. For individual pulses, the
maximum depth was 190 pm, and the maximum
diameter was 880 pm. Microhardness was measured
at a depth of 50 pum, and its maximum values were
900 HV. The resulting hardness varied from 650 to
900 HV, depending on the depth in the hardened
layer.

Samples of [8] gray cast iron with dimensions of
45x20x10 mm were subjected to the study. Laser
processing was performed at a current of 120 A, a laser
spot diameter of 2 mm, a scanning speed of 2 mm/s,
with a pulse repetition frequency of 6 Hz, a duration
of 8 ms.

Wear test during reciprocating sliding of a ceramic
ball with a diameter of 4 mm on a laser-hardened flat
sample using PAO4 oil. The direction of movement
of the ball was perpendicular to the laser-hardened
tracks. The initial position in the reciprocating motion
was located near the edge of the laser-hardened track.
The laser treatment area with surface reflow has
a high hardness, approximately 67HRC. The wear
resistance of laser-hardened samples was significantly
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[IOCTYIaTeJIbHOM  CKOJbXKEHHM KepaMH4YeCKOTo
IIapyvKa JruaMeTpoM 4 MM I10 3aKa/IeHHOMY JIa3epoM
mockoMy obpasily € HCIIOJb30BaHHe Macia PAO4.
HampapreHue IBU>KeHHUS IIapHKa ObUIO MepleHAUKY-
JIAPHO JOPOXKKAM, 3aKa/IeHHBIM j1a3epoM. HauanbHoe
II0JIOKeHMe IIPU BO3BPATHO-IIOCTYIIATE€IBHOTO JBHKe-
HHH HaXOJU/IOCh BOIIM3U Kpasi yIIPOUHEHHOM JIa3epoM
IOPOKKH. 30HA J1a3epHOI 06paboTKU C OIlsIaBlIeHHeM
IIOBEPXHOCTH HMeeT BBICOKYIO TBEpHOCTb, IIPUOIH-
suTenbHO 67HRC. M3HOCOCTOMKOCTh YIIPOYHEHHBIX
naszepoMm o6pasnoB 6bUIa 3HAYHTENBHO BBIIIE, YeM
Ceporo 4yryHa B HCXOZHOM U 06BeMHO 3aKaJTeHHOM
COCTOSIHUSX.

B nmaHHOM HcclefoBaHHHK [9] HcIonb30BaNu
obpasupl pasmepoM 20x10x5 MM ayCTEHHUTHOIO
KOBKOro 4yryHa ADI. IlapaMeTpsl a3epHou obpa-
OOTKM BapbHUPOBAJIUCh B IIpefie/laX MOIIHOCTH Jy4a
800-1500 Br, cropocTH CKaHHpoBaHHS 20-60 MM/c,
JuameTpa jay4a 1 MM C OIUIaBJIeHHMEeM II0BEPXHO-
CTU U C AePOKYCHPOBKOM Jyda 20 MM MHPH MOII-
HOCTH u3nydeHus 800-1200 BT, ckopoctn 60 MM/c
0e3 oIIaB/leHUS IIOBEPXHOCTH 0OpaslloB COOTBeT-
CTBeHHO. YT06bI M36eKaTh Ype3MepHOro OKHC/IeHHMS,
obydeHHe NPOBOAUIM C HCIIONB30BAHHEM 3aIIUT-
HOIO rasa aproHa C pacxofom 6 J/MHH IO LieHTPY
Iy4yka. MCIbITaHHWS Ha M3HOC BBIIIOJIHSIM II0 CXeMe
«mTHPT - gucK (ctasb HRC 63)». FnyGHHa 30H 3aKa/IKU
B pekMMe OIUIaB/IeHHS cocTaBujaa 320-500 um 120-
300 MKM IIpu MouHOCTH 800-1200 BT 1 ckopocTu obpa-
6otku 20 1 40 MM/C COOTBETCTBEHHO. MUKPOTBEPAOCTb
B 30HEe OIUIABJIeHHS M3MEHSIACh B IIMPOKUX IIpefe-
jnax 500-1000 HV u mocTturasia CBOMX MaKCUMAaJIbHBIX
3Ha4YeHMI Ha 1ybuHe 150-250 MKM B 3aBHCHMOCTH
OT peskuMa 061yueHHUs1. [IpU 1a3epHOM YIIPOUHEHHUHU
6e3 oIUIaBIeHMs ITOBEPXHOCTU 06pas3IjoB MHUKPOTBEP-
IOCTb cocTaBmsia 800-1200 HV u 6bl1a 3HAUUTENTBHO
BBIIIe, YeM Y OILIABJIeHHBIX 0OpasliOB M IIOMTIOXKKH,
HMeolel TBepAocTh 350-450 HV. JIMHEeMHBIN HU3HOC
06pasoB cocTaBu1 28, 57 1 110 MKM Ha IyTH TPeHUS
200 M 6e3 orIaBIeHHUs [I0BEPXHOCTH, C OILIABJIEHHEM
Y MaTepHaJia OCHOBBI COOTBETCTBEHHO.

KoBku# 4yryH [10] 6bI1 H3TOTOBIEHBI B BU/IE OT/IH-
BOK M paspe3aH Ha obpasupl ¢ AHAMETPOM 63 MM
TONIIMHOH 7,6 MM. 3aTeM 3TH 00pa3Lsl I10[Bepraan
ayCTeHHUTHOM o6paboTKe B TeueHHe 20 MUH IIPH TeM-
repartype 832 °C, mjis repexoja MUKPOCTPYKTYPHI IIep-
AUTAa B aycTeHHUT. IIpu claemymooimeM 3Tame TepMO-
06paboTKK 06paslbl ¢ MHKPOCTPYKTYPOH ayCTeHHUTA
OBICTPO ITOMeNaIN B Ileyb C Oosee HU3KOHM TeMIIe-
paTtypou mpu 232 °C, 288 °C, 398 °C mig mpoBefeHHs
IIpoLecca ayCTeHU3aluyu B TeueHHe 120 MUH /14 [Ipe-
06pa3oBaHUSI MHKPOCTPYKTYPBl ayCTEHHTa B MHKPO-
CTPyKTypy O6eiiHMTa. TBepHoCTh 0OpasIoOB IoCiIe

200 ®OTOHUKA TOM 17 N2 3 2023

CECEEEEEEEEEEe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TEXHOJIOTUU U TEXHOJIOTMYECKOE OBOPYOBAHUE |
CECEEEEEEEEEEe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

higher than that of gray cast iron in the initial and
volumetrically hardened states.

In this study [9], samples of 20x10x5 mm
austenitic ductile iron ADI were used. Laser
processing parameters varied within the limits of
beam power 800-1500 W, scanning speed 20-60 mm/s,
beam diameter 1 mm with surface reflow and beam
defocusing 20 mm at radiation power 800-1200 W,
speed 60 mm/s without surface reflow samples,
respectively. To avoid excessive oxidation, irradiation
was carried out using argon shielding gas with a flow
rate of 6 I/min in the center of the beam. Wear tests
were carried out according to the “pin-disc (steel
NRC63)” scheme. The depth of the quenching zones
in the reflow mode was 320-500 and 120-300 pm at
a power of 800-1200 W, and processing speeds of
20 and 40 mm/s, respectively. The microhardness
in the reflow zone varied within a wide range of
500-1000 HV and reached its maximum values at
a depth of 150-250 pm, depending on the irradiation
mode. With laser hardening without melting the
surface of the samples, the microhardness was
800-1200 HV, and was significantly higher than
that of the melted samples and the substrate having
a hardness of 350-450 HV. Linear wear of the samples
was 28, 57 and 110 pm on the friction path of 200 m
without melting the surface, with melting and the
base material, respectively.

Ductile iron [10] was made in the form of castings
and cut into samples with a diameter of 63 mm and
a thickness of 7.6 mm. Then these samples were
subjected to austenitic treatment for 20 minutes at
a temperature of 832 °C, for the transition of the
microstructure of perlite to austenite. At the next
stage of heat treatment, samples with an austenite
microstructure were quickly placed in a furnace with
a lower temperature at 232 °C, 288 °C, 398 °C to
carry out the austenization process for 120 minutes
to convert the austenite microstructure into a bainite
microstructure. The hardness of the samples after
heat treatment was 52 (232 °C), 48 (288 °C) and 33
(398 °C) HRC. Laser hardening of the surface was
performed using a laser spot with a diameter of 2 mm.
The distances between the quenching tracks were
1.5mm, 3 mm and 4 mm. For testing, a UMT3 friction
machine was used when a ball (diameter 4 mm,
7SHRC) was moving along a disk with a stroke length
of 10 mm. The tests were carried out at a normal load
of 400 N, a frequency of reciprocating movements
of 2 Hz, for 50 minutes with the sample completely
immersed in PAO4 oil. The samples with a distance
between the tracks of 4 mm with hardness after
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TepMmoobpaborku coctaBuia 52 (232 °C), 48 (288 °C)
1 33 (398 °C) HRC. JlasepHoe yInpo4YHeHHe [1OBepPXHO-
CTH BBIIIOJIHSUIM C MCII0/Ib30BAHHEM JIa3€pHOIo IIATHA
AuaMeTpoM 2 MM. PacCTOSHHUSA MeXIY HOPOKKAMHM
3aKIKY ObUIM 1,5 MM, 3 MM U 4 MM. JIJ1 UCIIBITAHUH
KCIT0/Ib30BA/IM MaIlMHy TpeHus UMT3 mpu OBHKe-
HUHU IIapHKa (guamerpom 4 MM, 75HRC) mo AuCKy
C OMUHOM xoda 10 MM. HMcIBITaHUS IPOBOAUIH IIPH
HOpMajbHOM Harpyske 400 H, 4acToTe BO3BpPaTHO-
IIOCTyIaTeNbHBIX ABKKeHUHU 2 I'll, B TeueHHe 50 MUH
IIpU IIOJIHOM IIOTpysKeHHH obpasua B Mmacio PAO4.
Hawbosnblnell M3HOCOCTOMKOCTBIO obmamanu obpa3sisl
C PpacCToOsHHEM MeXKAy AOPOKKaMHU 4 MM C TBepAo-
CTBIO II0CJIe 0OBeMHON TepMHUYecKor o06paboTku
pu 232 °C.

O6pasiisl KoBKOro yyryHa [11] GJS-400-18 (ocHoBHas
deppuTHas cTpyKkTypa) 1 GJS-700-2 (0OCHOBHAsI IIEPIUT-
Has CTPYKTypa) OBUIM IIOTy4eHBI IIyTeM pe3KH OT/IH-
BOK C pasmepamu 50x40x30 mMm. IIporiecc j1asepHOro
YIPOUYHEHHUs BBIIIOTHS/IM Ha YCTaHOBKe Laserline,
LDE-3000-100, T'epmanusg. Q®OKycHOe PpaCCTOSHHE
Nasepa [o MOBEPXHOCTH obpasiia cocTaBisieT 195 MM.
HMHTEeHCHUBHOCTD JIa3epHOI0 H3JIyYeHHS COCTaBJIsia
5,69-6,28 II>k/MM3. MICIIBITAHUS Ha U3HOC IIPU CYXOM
CKOJIb’K@HUH BBIIIOJTHSA/IU 110 CXeMe «IIap — IIJIOCKOCTh?
B PeKHMe BO3BPaTHO-IIOCTYIAaTe/lbHOIO JTHHEMHOI0
IepeMelleHHs [IPH KOMHATHOM TeMIIepaType B COOT-
BeTCTBUHU CO cTaHAapToM ASTM G133-05. CaMoe BBICO-
Koe 3HaueHHe TBepAocTH 1054 HV 65110 [0oNTy4eHo pU
obpaborke CJS-700-2 m3nydeHHeM Jia3epa C HHTeH-
CUBHOCTBIO 6,28 JI>k/MM3. MaKkcHMa/IbHas TBEpPIOCThb
obpasua GJS 400 coctammsuia 924 HV mpu ToH ke
MHTEHCHBHOCTH H37y4eHHS. ITO MOKHO OOBSICHHUTb
TeM GaKkTOM, YTO IIPOLIEHTHOE COAep>KaHHe MepIuTa
B GJS-400 B 1aTh pas HiKe, yeM B GJS-700. 3HayeHUS
roteps obbeMa mpu u3Hoce obpasnos GJS 400 u CJS
700 mpu Harpyske 5 H odeHb 61IH3KH Ipyr K IpYTy,
U OHU COCTaBHIHU 4,82x1073 Mm3 u 4,72x1073 Mmm3 cooT-
BeTCTBeHHO. O6BbeMHBIe IOTepH 06pasIoB 3aKajaeH-
HBIX JIa3€pHBIM JIY4OM IIPH Harpyske 5H cocTaBUIH
3,54x1073 MMm3 u 3,27x1073 mm3? maa GJS 400 u GJS
COOTBETCTBEHHO.

O6pasmpl BBICOKOIIPOYHOIO uyryHa [12] ¢ mapo-
BUAHBIM TrpadutoM GGG-60 YIPOUYHSIU JIYUOM
BOJIOKOHHOTO j1a3epa Mmogenu YFL-600 ¢ MakCHMaJlb-
HOM MOIIHOCTRI0O 600 BT c momademr Mg 3allUTHI
OT OKHCJIEHHUs ra3o00pa3HOro aproHa c pacxofoM
25 n/muH. Metannorpadpuyeckue HCCIeLOBAHUS
[OKa3ajJM, YTO CTPYKTypa MapTeHCHUTa MMeJa TBep-
IoCTb Bbimle 1000 HV. [nybrHa U MIMPHUHE JOPOKEK
3aKaJIKKU IPH MOINHOCTH u3nydeHus 500 Bt cocra-
Buaa 0,80 MM u 4,3 MM COOTBeTCTBEHHO. YcCTa-
HOBJIEHO, 4YTO [HAalNa30oH H3MeHeHHS TBepHOoCTH
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volumetric heat treatment at 232 °C had the greatest
wear resistance.

Malleable cast iron samples [11] CJS-400-18 (main
ferritic structure) and CJS-700-2 (main pearlite
structure) were obtained by cutting castings with
dimensions of 50x40x30 mm. The laser hardening
process was performed by the Laserline installation,
LDF-3000-100, Germany. The focal length of the laser
to the sample surface is 195 mm. The intensity of
the laser radiation was 5.69-6.28 J/mm3. Dry slip
wear tests were performed according to the “ball-
plane” scheme in the mode of reciprocating linear
displacement at room temperature in accordance with
the ASTM G133-05 standard. The highest hardness
value of 1054 HV was obtained by treating CJS-700-2
with laser radiation with an intensity of 6.28 J/mm?.
The maximum hardness of the GJS 400 sample was
924 HV at the same radiation intensity. This can be
explained by the fact that the percentage of perlite
in GJS-400 is five times lower than in GJS-700. The
values of volume losses during wear of the CJS 400
and CJS 700 samples at a load of 5 N are very close
to each other, and they amounted to 4.82:10 mm?
and 4.72:107 mm? accordingly. The volume losses of
samples hardened by a laser beam at a load of 5N were
3.54-107 mm?3 and 3.27-103 mm? for GJS 400 and GJS,
respectively.

Samples of high-strength cast iron [12] with
spherical graphite GCG-60 were strengthened
with a fiber laser beam of the YFL-600 model with
a maximum power of 600 W, with a supply of argon
gas with a flow rate of 25 1/min to protect against
oxidation. Metallographic studies have shown that
the structure of martensite had a hardness above
1000 HV. The depth and width of the quenching
tracks at 500 W radiation power was 0.80 mm and
4.3 mm, respectively. It was found that the range of
variation in the hardness of the sample by the overlap
of the tracks is 50% less than that of the sample by the
overlap of 20%.

Laser hardening of ductile iron ADI [13] was
performed on a continuous CO,-laser with a different
pattern of quenching spots: individual spots (the
distance between the spots is equal to the diameter of
one spot) (LS), adjacent (non-overlapping) spots (LA)
overlapping spots with an overlap of approximately
50% (LO). Wear tests were carried out according to
the scheme “pin (diameter 5 mm)-disc (steel AISI D2,
60 HRQ)”. The tests were carried out with boundary
lubrication using AGIP Rotra LSX 75W-90 oil, at the
pressure is 10 MPa and the rotation speed is 1450 min-'.
Contact fatigue tests were performed on a modified
four-ball tester (ball steel 100Cr6 with a diameter of
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obpasia mepekpbeITHEM AOPOKeK 50% MeHblle, YeM
y obpaslia nepexkpboiTHeM 20%.

JlazepHOe ympodHeHHe KOBKOro 4yryHa ADI [13]
BBIIIONIHS/IACh Ha HellpepeIlBHOM CO,-y1a3epe € pas3iny-
HBIM PHCYHKOM IIATE€H 3aKa/IKH:. OTAE/IbHBIE IISATHA
(paccTosiHHe MeXKAY ISITHAMHU PaBHO JHaMeTpy OLHOTO
nsTHa) (LS), cMeskHble (HellepeKphIBAOLIKecs) MsITHa
(LA), mepeKkpeIBaOIIMecs MSITHA C IIepeKpbITHeM IpH-
6nusuTensHo 50% (LO). HcHbITaHMS Ha HM3HOC IIPO-
BOJMUIMCH 10 cxeMe «IITHQT (ZUaMeTp 5 MM) — JUCK
(ctanp AISI D2,60 HRC)». HCHOBITAaHUS MTPOBOAHIIKCH
IIpM IPaHUYHOM CMas3Ke C KCIO/Nb30BaHHEM Macia
AGIP Rotra LSX 75W-90, mpu pmasieHuud 10 MIla
M 4acToTe BpaleHus 1450 MuH"!, UcIIbITaHUS Ha KOH-
TaKTHYIO YCTJIOCTh BBIIIOJIHSIA Ha MOOTHUQUIIMPOBaH-
HOM UYeThIPeXLIapHUKOBOM TecTepe (map ctaap 100Cr6
ouaMeTpoM 12,7 MM) pu Harpyske 300 H 1 KOHTaKT-
HOM JaByieHuH 110 T'epuy 2,5 [Tla. OTaenbHEIe ATHA,
3aKa/IeHHbIe JIa3epOM, MMeIH MapTeHCUTHYIO CTPYK-
TYpy C TBepAocTbio 770 HV rnybunomn 150 MxM. TBep-
JOCTh IIePeKPBIBAIOLIMXCSA MATEH BapbHPOBaaach OT
450 mo 650 HV. McnbITaHKS Ha U3HOC IIPX TPAaHUYHOM
CMa3Ke IIOKa3ajad, 4TO 06pasibl, 3aKaJleHHBIE Ja3e-
POM, IIOKA3aJM JIyYIIHe pe3yabTaThl, deM 0OpasIibl
6e3 yasepHomr obpaborku. O6pasiel ADI, c ympou-
HEHHBIMH JIa3€pOM IIATHAMHU, OTAeIeHHBIMH IpyT
OT Apyra, BelAepsKaIu 2,7x10% muKiIa, a II0BepXHOCTH
06pasLioB M3 CMEXKHBIX ISITEeH II0Ka3aaH YCTAJIOCT-
HYIO JOJITOBEYHOCTh KOHTAKTA ITPHU KaUYe€HUH 6,9%x10°
LIUKJIOB.

MarepuranomM 06pasLoB, HCIIOIb30BaHHBIX B HCCIIe-
InoBaHUM [14], 611 cepridt uyryH ASTM A48 - xitacc 30
¢ pasMepaMu 10x10x10 MM, KOTOPBIM IpHMeHSeTCs
B aBTOMOOMIBHOM ITPOMU3BOACTBE ISl M3TOTOBJIEHUS
LIWJIKHIPOB, TOPMO3HBIX 6apabaHOB M IOpLIHEH.
JlazepHOoe yIpoYHEHHE BBHIIIONHAIM Ha BOJTOKOHHOM
7a3epe MOIIHOCThIO 10 KBT, C 9Hepruen HMIIy/Ibca
100 MK]IK, 4acTOTOHM MOBTOpeHMs 3-500 KIw. Jns
HCIIBITAaHMI Ha H3HOC II0 CXeMe «[MCK — IIaJIel)» II0
ctaHgapty ASTM-F732-82 wucrosib3oBajgach MallMHA
TPeHHUSI C YaCTOTON BpallleHUs ABUTaTens 490 MUH .
IIyTe TpeHHS [0 OHCKY COCTaBJIsI 82 MM, CKOPOCTh
CKONBXeHUs 3,5 MM/MUH, BpeMsl UCIIBITaHUE 15, 20,
35, 50 1 65 MuH. ['nybuHa cios pacmasa 6pl1a H3Me-
PpeHa II0 cpefHEMy M3 IISITH 3HA4YeHHH, COCTaB/Is/Ia
0,3456, 0,462 u 0,5728 MM [j1g Pa3sIUYHBIX IJIKUTE/Ib
HOCTeHM HMMIyabcoB 0,75, 1 1 1,5 HC COOTBETCTBEHHO.
BBIIO YCTAHOBJIEHO, YTO MUKPOTBEPAOCTb yMEHb"
majgach C yBeJIMYeHHEM [JIMTEIbHOCTH HMMIIY/IbCa.
HanMeHbIIHe MOTepPU Macchl 3aKaJleHHBIX 06pa3LioB
Hab/MIOATUCh [IPH HCIIOIB30BAHMU HMIIY/IbCA [JIH-
TeJbHOCTBIO 0,75 HC. CHMIKeHHe CKOPOCTH H3HOCa
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12.7 mm) at a load of 300N and a contact pressure of
Hertz 2.5 GPa. Individual spots hardened by laser had
a martensitic structure with a hardness of 770 HV and
a depth of 150 pm. The hardness of the overlapping
spots varied from 450 to 650 HV. Wear tests with
boundary lubrication showed that laser-hardened
samples showed better results than samples without
laser treatment. ADI samples with laser-hardened
spots separated from each other withstood 2.7-10%
cycles, and the surfaces of samples from adjacent
spots showed a rolling fatigue life of 6.9-10° cycles.

The sample material used in the study [14] was
grey cast iron ASTM A48- Class 30 with dimensions
of 10x10x10 mm, which is used in automotive
production for the manufacture of cylinders, brake
drums and pistons. Laser hardening was performed
on a fiber laser with a power of 10 kW, with a pulse
energy of 100 pJ, a repetition frequency of 3-500 kHz.
For wear tests according to the “disk-finger” scheme
according to the ASTM-F732-82 standard, a friction
machine with an engine speed of 490 min was
used. The friction path on the disc was 82 mm, the
sliding speed was 3.5 mm/min, the test time was 15,
20, 35, 50 and 65 min. The depth of the melt layer was
measured by the average of five values was 0.3456,
0.462 and 0.5728 mm for different pulse durations
of 0.75, 1 and 1.5 ns, respectively. It was found that
the microhardness decreased with increasing pulse
duration. The smallest mass losses of hardened
samples were observed when using a pulse with
a duration of 0.75 ns. The decrease in the wear rate
was 38-78%. The wear resistance after laser treatment
has doubled.

Two samples of nickel-chromium alloy made of
white cast iron [15] were cast into molds in the form
of rods with dimensions of 15x15x80 mm and 10x10x55
mm. The surface treatment was performed on an Nd:
YAG, Rofin-Sinar diode laser with a power of 0.6, 0.8
and 1.0 kW, a beam travel speed of 3, 4 and 5 mm/s at
a radiation power density of 6-17 J/mm?. The wear test
was performed according to the “pin-ring” scheme
without lubrication for samples after volumetric
thermal hardening (VTH) and laser hardening (LH)
at room temperature. The depth of the hardening
zones was 25-500 pm at a radiation power density of
6,17 J/mm?, respectively. The microhardness of the
zones after laser quenching increased almost three
times from 580 to 1455 HV. Optimal conditions for
increasing wear resistance correspond to the highest
energy density of the laser.

The purpose of our work was to determine the
influence of processing modes on the parameters of
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cocTaBHIO 38-78%. MI3HOCOCTOMKOCTD I1OC/Ie JIa3epHOL
06paboTku yBenHu4MIaCh B 1BA Pa3a.

[lBa obpaslia HHMKeIb-XPOMOBOIO CIlJIaBa U3 6enoro
uyryHa [15] 661K OTIMTEI B GOPMBL B BHJIE CTEPSKHEEH
C pasMepaMH pa3zMepoM 15x15x80 MM u 10 x10 x 55 MM.
O6paboTKy II0BEPXHOCTH BBHIIIOJMHSIIM Ha [JHUOA-
HoM nasepe Nd:YAG, Rofin-Sinar momnocte0 0,6,
0,8 1 1,0 KBT, CKOpPOCTBIO IIepeMelleHusa jay4da 3, 4
U 5 MM/C IpPH IIJIOTHOCTH MOIIHOCTH H3/1y4YeHHs
6-17 I>k/MM?. HCIIBITAaHKME Ha M3HOC BBIIOJHSIM I10
cxeMe «IITHUQPT - KOAbLO» 6e3 CMa3Ku A o6pasLoB
nocsie 06beMHOro TepMUueckoro ympouHeHus (OTY)
U J1a3epHoOro ynpouHeHHUs (JIY) IpU KOMHAaTHOH TeM-
nepatype. I7y6brMHa 30H YyHOpOYHeHHS COCTaBjsIa
25-500 MKM OpH IUIOTHOCTH MOIIHOCTH H3JIy4eHHs
6, 17 Ik / MM? COOTBETCTBEHHO. MHUKPOTBEPLOCTh 30H
Iocjle Ja3epHOM 3aKa/IKH IMOBBICHJIMCh IIOYTH B TPHU
pasa c 580 mo 1455 HV. OnTHMasbHbIe YCIOBHS /IS
[IOBBILIEHHUSI M3HOCOCTOMKOCTH COOTBETCTBYIOT HaH-
Oosbller MIOTHOCTH 3HEepPIUH jla3epa.

Lenpio Hamer paboTsl 6bUIO OIlpereseHHe BIIH-
SHUSI PEeKHMOB 00paboTKM Ha IapaMeTpsl YIIPOU-
HEHHBIX 30H U TPHUOOTeXHHUYeCKHe XapaKTepPUCTHUKHU
MOAXPULIMPOBAHHEIX CJIOEB.

OBOPYAOBAHUE U METO/ bl
WCCNEAOBAHNN

JlJIsL ma3epHOro YIIPOYHeHHS HCIIONb30BAIK 0Opa3Libl
ceporo CY20 u xoBKoro KY dYyryHoB C pasmepamMu
15x20x70 MM. O6paboTKy 06pas3LioB ITPOBOSUIM Ha
aBTOMAaTH3HPOBAHHOM JIa3€pHOM TeXHOJIOTHYeCKOM
Komriuiekce MMAIIl PAH. [ljis ompefeneHus IapamMe-
TPOB YIIPOUHEHHBIX 30H IIJIOTHOCTh M MOIIHOCTh K371y~
YeHHUs HU3MeHSUIU B mpenenax 20-60 [sx/mm? (CY20)
U 24-120 Jix/mm? (KY60-3), CKOpPOCTh IlepeMelieHUs
7-10 mMm/c U 2-9 MM/c, AUaMeTp OSTHA 3,5-5,5 MM
COOTBETCTBeHHO. Jla3epHoe yIpo4YHeHHE IIPOBOLUIIH
pacPoKkyCHpPOBaHHBIM M C IOIepeuHBIMH KonebaHu-
SMH JIy4a C 4acToTou 216 I'y. MeTta/iorpadpuyeckue
KCC/IeIOBaHMs I[IPOBOAM/IM C MCIIONb30BaHUEM LUd-
POBOr0 MHKPOCKOIIA, MeTa/l/IorpadHu4ecKor CUCTeMBI
OMOC M1000 1 murpoTBepaoMmepa IIMT-3.

VICIIBITaHHUS Ha TpeHHe KM H3HOC IIPOBOJMIIH IIO
CxeMe: «IIKMPOKas CTOPOHA YyryHHoOro obpasia (C420) -
TOpell Bpalllalolercs BTYJIKU cTanb 40X, 49-53 HRO)».
CKOpOCTb CKOJIbK€HHSI M3MEHSIU CTYIIeHYaTo B IIpe-
nenax 0,25-3,5 M/c ipu Harpyske 2 MIIa. B 30Hy Tpe-
HUS [I0JABa/IM MaCI0 MHAyCTpHasibHOe M20 Kamess-
HBIM CII0CO60M.

ITocTpoeHHe IIOBepXHOCTEH OTKIHMKAa CHCTeMBI
BBIIIO/IHSI/IM 10 yPaBHEHMAM PerPecCHH I101yYeHHbIM
C IOMOILBIO II0JIHOTO $AKTOPHOIO 3KCIIepHMeHTa II0
JTHMHEHNHOMY YpaBHeHHUIo [16].

=

hardened zones and tribotechnical characteristics of
modified layers.

EQUIPMENT AND RESEARCH METHODS
Forlaser hardening, samples of gray G120 and malleable
DI cast iron with dimensions of 15x20x70 mm were
used. The samples were processed at the automated
laser technological complex of IMASH RAS. To
determine the parameters of the hardened zones, the
radiation power density was changed in the range of
20-60 J/mm? (GI20) and 24-120 J/mm? (DI 60-3). The
movement speed is 7-10 mm/s and 2-9 mm/s, the spot
diameter is 3.5-5.5 mm, respectively. Laser hardening
was carried out unfocused and with transverse
oscillations of the beam with a frequency of 216 Hz.
Metallographic studies were carried out using a digital
microscope, the OMOS M1000 metallographic system
and the PMT-3 microhardness meter.

Friction and wear tests were carried out according
to the scheme: “The wide side of the cast-iron sample
(CI20) is the end of the rotating sleeve steel 40Kh,
49-53 HRQ)”. The sliding speed was changed stepwise
in the range of 0.25-3.5 m/s at a load of 2 MPa.
Industrial 120 oil was supplied to the friction zone by
drip method.

The construction of the response surfaces of the
system was carried out according to regression
equations obtained using a complete factorial
experiment using a linear equation [16].

RESULTS OF EXPERIMENTAL STUDIES

The depth and width of the zones of alloying hardening
of gray cast iron with a defocused and oscillating beam
varied widely and is shown in Fig. 1. The maximum
width of 6.5 mm and depth of 0.62 mm were obtained
with transverse vibrations of the beam when treated
with a beam with a diameter of 5.5 mm. The analysis
of the geometric parameters of the cast iron quenching
zones showed an increase in processing performance
with transverse beam vibrations by 1.5-2 times
compared with hardening with a defocused beam.
The microhardness of the SCH20 samples varied in
the range of 6890-11760 MPa, its large values were
observed at the surface of the samples. Fig. 2 shows
the cross-section of the hardening zones of cast iron
DI60-3 obtained by processing modes with a defocused
beam with a diameter of 5.5 mm and with transverse
beam oscillations. Laser hardening of ductile iron
with a defocused beam at a scanning speed of less than
7 mm/s led to defects such as shells and swellings on
the surface of the samples. The transverse oscillations
of the beam made it possible to exclude such defects
and vary the depth of the quenching zones from the
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Puc. 1. Tpaguku 3a8ucumocmu 2ay6UHbI U WUPUHbI 30H Ad3epHOU 3aKanku YyzyHa CH20 npu dumempe ay4a 3,6 mm:

a u ¢ - 3dKanka pacGokKycuposaHHbim Ay4om; b u d — 3akanka ¢ nonepeqHbIMU KoAebaHusiMu Ay4a ¢ yacmomodi 216 Iy,

Fig. 1. Graphs of the dependence of the depth and width of the zones of laser hardening of cast iron GI20 with a beam dimeter
of 3.6 mm: a and c - quenching with a defocused beam; b and d — quenching with transverse oscillations of the beam with a fre-

quency of 216 Hz

PE3YJIbTATbl 9KCNMEPUMEHTAJIbHbIX
NCCNIEAOBAHUN

[nybvHa M IIMPHUHA 30H JIETHMPOBAHHUS YIIpOUHe-
HUg ceporo uyryHa CY20 pacdoKyCHpPOBaHHBIM
M KOJMEOMIOMUMCS JIydOM H3MEHSIach B IIHPOKHUX
opefenax M IIpeicTaBjaeHa Ha puc. 1. Marcumaib-
Has MMpPHUHA 6,5 MM U riybuHa 0,62 MM Ioly4YeHa
IIpH IIOIepeuyHBIX KonebaHUAX jyda IHOpu obpa-
6oTke jydoM AuaMeTpoM 5,5 MM. AHalIH3 reome-
TPUYECKHX I[IapaMeTPOB 30H 3aKaJIKM YyryHa IIOKa-
3371 TIOBBIIIEHHE ITPOM3BOAUTENBHOCTH 06paboTku
C IoIepeYHbBIMH KonebaHHUSIMH Jsyda B 1,5-2 pasa
[I0 CPaBHEHUIO C YIpO4YHeHHEeM pacOoKyCHPOBaAH-
HBIM ITy4YKOM. MHKPOTBepIOCTb 06pa3toB CY20 13mMe-
Hslack B IIpefenax 6890-11760 Mlla, bosblIKe ee
3HaueHMs] HAOIIONANHCh y TOBEPXHOCTH 06pasioB.
Ha puc. 2 mpepacTaB/ieHbl MUKPOIUIMQEL 30H yIIpOY-
HeHHS 4yryHa KY60-3, mosy4yeHHBIE Ha PeXHMax
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liquid state within 10-790 pm. The maximum depth
and width of the quenching zones DI60-3 were 1.8 mm
and 11.703 mm, respectively. The microhardness of the
laser hardening zones DI60-3 is shown in Fig. 3. The
maximum microhardness values of 12100 MPa were
obtained in the reflow zone during processing with
transverse beam vibrations. The microstructure of the
melting zone is shown in Fig. 4. It is an austenite-
martensitic mixture.

The results of determining the friction coefficients
from the sliding speed of the friction pairs steel
40Kh-GI20 are shown in Fig. 5. The maximum
friction coefficients of 0.13-0.145 are obtained for
the base material of GI20 with a hardness of 180-210
HV. A decrease in friction coefficients was observed
for all samples up to a sliding speed of 1.5 m/s.
The minimum values of the friction coefficients
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Puc. 2. Mukpowausl 30H Aa3epH020 YNnpoYHEHUSs KOBK020
uy2yHa: a — pacokycuposaHHbImM Ay4om, b Konebarowumcs
AyHOM

Fig. 2. Cross-section of zones of laser hardening of ductile
iron: a - defocused beam, b - oscillating beam
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Puc. 3. I'pacuku mukpomeepdocmu om 2aybuHbI A0S AS
K08K020 4y2yHa K460-3: a — pacoKkycuposaHHbIM Ay4OM;

b - konebarowumcs ayvom

Fig. 3. Graphs of microhardness from the depth of the layer for
ductile iron DG60-3: a - defocused beam, b -oscillating beam

06paboTKH pachoKyCHPOBAHHBIM ITyYKOM JHAMETPOM
5,5 MM U C IIOII€PeYHBIMH KoebaHUSIMU 1y4a. Jlasep-
Has 3aKajKa KOBKOTO 4YyryHa pPacPpoKyCHPOBaHHBIM
JIy4OM IIPH CKOPOCTH CKaHHPOBAaHMS MeHbllle 7 MM/C
NIPUBOJM/IA K JedpeKTaM THIIAa PaKOBUH M HAILIbI-
BOB Ha II0BepXHOCTH 06pas1ioB. IlonepeuHble Koneba-
HUS JTy4a II03BOJISUTA UCK/IIOUHUTh I000HbIe JedeKThI
M BapbHUpOBaTh ITTYOHMHY 30H 3aKaJIKH H3 SKHUIKOTO
COCTOAHUA B Ipenenax 10-790 Mkm. MakcuMasbHas
rnybuHa M MMPHUHA 30H 3aKajku KY60-3 cocTaBUIN
1,8 MM 1 11,703 MM COOTBETCTBEHHO. MUKPOTBEPIOCTh
30H J1a3epHoro yrnpouHeHusd K4Y60-3 mmpeacrasieHa Ha
puc. 3. MakCMMajbHble 3HaYeHHS MHKPOTBEPIOCTH
12100 MIIa mosny4eHB! B 30He OILIABIeHHUS IIpU obpa-
60TKe C IOIepeYHBIMU KonebaHUSIMHU Jyda. MHUKpo-
CTPYKTYypa 30HBI OIIAB/IEHUS [IPEACTaB/IeHa Ha pHUC. 4.
OHa mpezcTaBsieT cobor ayTeHUTHO-MapTeHCUTHYIO
CMecCh.

Pe3ynbTaThl ompefeneHHs Ko3QOHIMEHTOB Tpe-
HUSL OT CKOPOCTH CKOJIbKEHHS IIap TPeHUs CTajb
40X-CY20 mpencraBiieHbl Ha pUC 5. MaKkCHMa/IbHbIe

Puc. 4. Mukpocmpykmypa 30Hbl 0NAABAEHUS! KOBKO20 Yy2yHa
K460-3 x500

Fig. 4. Microstructure of the melting zone of ductile iron
DG60-3 x500
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KodboduLreHTH TpeHusa 0,13-0,145 mosydeHBl A4
Marepuana ocHOBHI CH20 ¢ TBepmocThio 180-210 HB.
Jlnst Bcex 06pasIioB IO CKOPOCTH CKOJbKeHHUS 1,5 M/c
HabMI0Ianock CHIDKeHHe K03bOGUIIMEHTOB TPEHHUS.
MuUHHMaJIPHBIE 3HA4YeHUSI KO3IPOUIIMEHTOB TPEHMS
0,07-0,09 monyueHsl Ha obpasuax, ob6paboTaHHBIX
IIPH IIJIOTHOCTH 3Hepruu 46 J[x/Mm2,

Ha puc. 6 mpefcTaBaeHbl 3aBUCMMOCTH U3MeHeHHUs
MHTeHCHBHOCTH HM3HAIIMBAaHMS 00pa3lioB MaTepHasa
OCHOBBl M YIIPOYHEHHBIX JIa3€pHBIM Jy4oM. H3HO-
COCTOMKOCTb 06pa3I[0B BO3pacTaja C IIOBBIIMIEHHEM
IUIOTHOCTH 3HEpPruu B 2,5-3,5 pasa M0 CpaBHEHHIO
C MaTepHaioM OCHOBBHIL.

OBCYXAEHWE PE3YJ/IbTATOB

I[TonyueHHBIe Pe3y/NbTaThl [1OKA3aJIM, YTO IIPU JIa3ep-
HOM 00paboTKe UYIyHOB MHKPOTBEPAOCTH YIIPOYHEH-
HBIX CJIOEB 3HAYMTETBbHO BO3paCTaeT II0 CPAaBHEHHUIO
C MaTepHaIoM OCHOBBI. Pa3paboTaHHas TeXHONIOTHS
JIa3epHOTO YIIPOYHEHHS C UCIIOIb30BAHHEM IIOIIeped-
HBIX KOJe6aHHI yda HMeeT 6OJIBIIYI0 ITPOH3BOAM-
TeJBHOCTb, YeM IIPU 3aKajlke PacPpoKyCHPOBAHHBIM
nydoM. IIpomecc yIpoYHeHHs C HCIIONb30BAaHHEM
JIa3epHOr0 U3/Ty4eHHUs MOKeT OBbITh IPHMeHeH K JleTa-
JISIM THIIA LIeHKa Baja, KOJIEHYAThIM, KyJIa4KOBBIM
BaJIaM, BTY/IKaM LIHJIMHAPOB AH3e/IeH U APYTHM eTa-
JISIM, BBITIOJIEHHBIM H3 CepPBIX U KOBKUX YyTYHOB IS
yBeJIMYeHHs pecypca X paboTsl.

3AKJ/TIOMEHUE

PaspaboTaHa TeXHOJIOTHUSI JIa3epPHOIO YIIPOUYHEHMUS
ceporo yyryHa C420 u koBKOro 4uyryHa K460-3 ¢ mmpu-
MeHeHHeM II0IIepeyHbIX KoJebaHUH JIa3epPHOro JIy4a,
YTO ITO3BOJIMJIO IOBBICUTD ITIPOK3BOAUTETBHOCT 06pa-
6orku B 1,5-2,0. IloBBIMIEHHE I[UIOTHOCTH SHEPIUH
IIpU Jla3epHOM YIIPOYHEHHH IIOBBIIIATI0 H3HOCOCTOM-
KOCTh B 2,5-3,5 pa3a U CHIDKAJIO IIOT€pHU Ha TpeHHe
B ITape co cTanbio 40X Ha 30-60% mpu cMasKe MHIY-
CTPUAJIBHBIM MaciaoMm H20.
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Fig. 5. The dependence of the sliding friction coeffi-

cients on the speed in the friction pair GI20-steel 40X:
1-GI20 (180-210 NV), 2 - LH, 25 )/ mm?, 3 -LH, 32 )/ mm?,
4-LH, 46 )/ mm?

0.07-0.09 were obtained on samples treated at an
energy density of 46 J/mm?.

Fig. 6 shows the dependences of the change in the
wear intensity of the samples of the base material and
hardened by a laser beam. The wear resistance of the
samples increased with an increase in energy density
by 2.5-3.5 times compared to the base material.

DISCUSSION OF THE RESULTS

The results obtained showed that during laser
treatment of cast iron, the microhardness of the
hardened layers increases significantly compared to
the base material. The developed laser hardening
technology wusing transverse beam vibrations
has a higher performance than quenching with
a defocused beam. The hardening process using laser
radiation can be applied to shaft neck type parts,
crankshafts, camshafts, diesel cylinder bushings and
other parts made of gray and ductile cast iron to
increase their service life.

CONCLUSION
The technology of laser hardening of gray cast iron G120
and ductile cast iron DI60-3 with the use of transverse
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vibrations of the laser beam has been developed, has
allowed to increase the processing performance by
1.5-2.0. The increase in energy density during laser
hardening increased wear resistance by 2.5-3.5 times
and reduced friction losses paired with 40Kh steel by
30-60% when lubricated with industrial oil 120.
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