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PaspaboTaHa TeXHON0r1s 1a3epHOro ynpoyHeHus
MeTannnyeckux aetanen. LLiIMpmHa 30HbI
ynpoyHeHusa 15-50 MM 3a 0A4MH Npoxopj no3sonsiet
ob6pabaTbiBaTb NOCAA04YHbIE MeCTa LWeeK

BaJIOB pa3/IMYHbIX MEXaHU3MOB U MalUUH NOJA
NoAWNNHUKN KaYeHUs U CKoJibXXeHus. Kpome Toro,
3Ta TEXHOJIOrUa MOXeT 6bITb UCNONb30BaHa AN
YNpOYHEHUS TM60YHbIX U APYTrUX WITAMMNOB Npu
rnybuHe ynpoYyHeHHOro csos 2,5 Mm.

I0TCSL pa3/IM4YHBle THUIBI JIa3epoB: TBePLO-

Te/lbHBIe, Ta30Bble, BOJOKOHHEBIE, AUOLHEIE,
OUCKOBBle U Apyrue. B OoNBIIMHCTBe Jia3epHBIX
YCTAaHOBOK Ha BBIXOZe M3 pe3oHaTopa GOPMHUPY-
eTCs MSATHO Kpyrioro cedeHus [1]. IIpu obpaboTke
MOBEPXHOCTHU JETAaTIU TAKUM ISITHOM B3aHUMOLEH-
CTBHE H3JIy4eHHUS C MaTepHaJIOM B LIeHTpe JIOKa-
JU3aLUU [ISTHA 33[1a€TCSI BpeMeHeM BO3JIeHCTBHUS.
B LIeHTpe MTHA 3TO BpeMs Ol pefiesisieTCsl OTHOIIe-
HHEeM AUaMeTpa Jiydya K CKOPOCTH ero Inepemernie-
HUSI, IIPU 3TOM BBOJST [OIYIIeHHEe, UTO 10 KPasiM
ISITHA OHO CTPEMHUTCS K HynIo. s yCTpaHeHHUSs
3TOr0 HeJOCTaTKa Ja3epHOMY ISITHY Ha IOBepX-
HOCTH o6pabaTeiBaeMOIl [IeTaau CTPeMSTCS IIpHU-
IATh IIPSIMOYTOJIBHYIO HIH 6JIM3KYI0 K Hel popMy.
[t 3TOro BBOASAT KosebaHUS jyda BOKPYT HOP-
MaJIM K HaIllpaB/IeHHIO0 BEKTOPAa CKOPOCTH IlepeMe-
IMeHHUs JeTaau (MK ayda) [2]. HCIIONB3yIOT BBHICO-
KOYaCTOTHOe CKAHHPOBAaHHE Jiyda C YaCTOTaMU

B IIPOMBIIIJIEHHOM IIPOHU3BOACTBE HCIIOIb3Yy-
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The developed technology of broadband laser
hardening with a fibre laser beam using IPG 2D
scanners will allow expanding the range of parts.
The width of the hardening zone of 15-50 mm in one
pass allows processing the seats of the centre shafts
of various mechanisms and machines for rolling and
sliding bearings. In addition, this technology can be
used to strengthen bending and other dies with a
depth of the hardened layer of 2.5 mm.

are currently used: solid-state, gas, fibre, diode,

disk, etc. For most laser installations, a circular
cross-section spot is formed at the exit of the
resonator [1]. When the part surface is exposed
by such spot, the exposure time in its centre is
determined by the ratio of the beam diameter
to its travel speed, and at the edges it tends to
zero. To eliminate this drawback, they tend to
give a laser spot on the surface of the work-piece
a rectangular or similar shape by means of beam
oscillations along the normal to the direction
of the travel speed vector of the part (beam) [2].
High-frequency beam scanning with frequencies
of 150-1200 Hz or Galvano scanners are used with
a beam travel speed of up to 10 m/s, the frequency
of the beam oscillations of 3-100 Hz, depending
on the amplitude. At 100% hardening of the part
surfaces with overlapping of paths, the tempering
zones are formed in the places of their overlapping
that are 0.5-3.0 mm width-wise on the hardened
surface near the path with a defocused beam and
0.1-0.2 mm when hardened with oscillating high-

I n industrial production, various types of lasers
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150-1200 T'n MaAM IIPUMEHSIOT
rajbBaHOCKaHephl, obecmeuu-
BalIIMe IepeMelleHHs JydYa
€O CKOPOCTBIO A0 10 M/C K 4acTo-
TOM KosebaHHM sy4a 3-100 I
B 3aBMCHMOCTH OT aMIIJIHU-
Tyabl. Ilpu 100%-HOM 3aKaake
[I0BePXHOCTeN MeTaJIJTHYecKHX
JeTajJlel C HaJIOKeHHeM [J0po-
JKEK B MeCTaX HMX IMePEeKPBITHS
06pasyroTcs 30HBI OoTmycka. Hx
MHUPHUHA Ha YIOPOYHSIeMOH
IIOBEPXHOCTHU PAOOM C [JOPOXK-
KoM cocTaBiaser 0,5-3,0 MM,
€C/IM II0JIb30BAThCSA PaCHOKYCH-
POBaHHHBIM Jy4oM. Eciu mpu

Puc.1. /lazepHoe ynpoyHeHue cmanu 40XH2MA: a ) o6uiuli eud nonepe1Ho20
wauga; b) mukpocmpykmypa, yseauvyeHue x50

Fig. 1. Laser hardening of 40XH2MA steel: a) the cross-section general view;
b) microstructurex 50

3aKaJIKeé HMCIOJIb30BaTh KoOJIe-

6TIOIMICS C BBICOKOK YacTOTOM JIyd, TO IIMPHHA
coctaBUT 0,1-0,2 MM. Bbibop ompenensieTcs 3amaH-
HBIM peKHMOM 06paboTkH. YMeHbIIeHHe Pa3Mepa
M KOJIHYeCTBa 30H OTHYyCKA HMJIH HX HCKI0OYe-
HHe CII0OCOOCTBYIOT MOBBIIIEHH IO U3HOCOCTOMKOCTH
U 33JMPOCTOMKOCTH 3aKaJeHHBIX CKAaHHUPYIOIIHM
7a3epHBIM J1y40M IIOBEPXHOCTEH TPeHHUd JeTajleH
MaIlXH, PaboTalomUX B YCJIOBHUSX CMa3blBaHHUS
SKUOKHUM HIM MJaCTHYHBIM CMa304YHBIM MaTepH-
anoM. IIpy OTCYTCTBHHM CMa3KH B Mapax TPeHHS
OTK/JIOHEHHE TBePHOCTH IIOBEPXHOCTHBIX CJI0€B
He T0JIKHO npeBbmaTh 6-8 HRC.

JlaszepHoe ynipouHeHue cTanu AISI 4140 c Bappu-
poBaHHMeM Ppa3sMepoB IepeKphITHS [JOPOXKeK
3aKajIKK OT 3 0 6 MM IIPOBOJHJIH C [IOMOIIBIO TBEP-
D0Te/IbHOTO Jia3epa. BbIIM BbIOpaHBI CleAyoliye
ImapaMeTphl: pa3smep ImATHA 12x8 MM, MOIIHOCTH
usnydedus 800-1200 Bt, cKOpoCcTh HepeMelleHu s
0,3-2 MM/c, pa3Mepsl IKCIIepUMeHTaIbHEIX 00pas-
1oB 76,2x50,8x25,4 MM [3]. B pe3ynbpTaTe 3KCIIepU-
MEHTOB OIlpe/ie/ieHbl OINTHMAaJjbHble ITapaMeTpPBhL:
MOIIIHOCTD HM3/1y4yeHUsd 850 BT, mmepekpriTHE LOPO-
>KeK 5 MM. IIpu 3TOM Iony4deHo: IybrHA 3aKaleH-
Horo cjos 1,9-2 MM 6e3 mIaBIeHUS IIOBEPXHOCTH,
MaKCHMMaJjibHasi TBEPAOCTh 30H 3aKaJaKu 668-700
HV (58 HRC); TBepAOCTh Ha y4acTKaX IepeKphITUS
JIa3epHBIX JOPOsKeK Kosebasnace ot 480 HV (48 HRC)
o 669 HV (58 HRC); pa3HuIa IITyOHHEI IBYX COCel-
HMX 3aKaJIeHHBIX JOPOKeK cocTaBuaa 0,2 MM.

O6paboTky cranen AISI 1018, AISI 4140 u ceporo
YyryHa IIPOBOJMJIM Ha JHMOJHOM Jia3epe C IOCTO-
SHHOM MOIIHOCTBIO 4 KBT. Jlyd HMey IHpsSMOY-
roJbHBIM Ipoduap pasmepom 13x4 mm [4]. Cko-
POCTh CKaHHPOBAaHHSA BapbHpoBasack oT 1000
0o 2000 MM/MHUH. VcOBITAaHUS Ha H3HAalIMBaHHE
IIPOBOAH/IH II0 CXeMe OHCK - IIJIOCKOCTH IO CTaH-

frequency beam, depending on the processing
modes. Reducing the size and number of tempering
zones or their exclusion contributes to an increase
in wear resistance and scoring resistance of
scanning laser beam hardened friction surfaces
of machine parts operating under lubrication
conditions with a liquid or plastic lubricant. In the
absence of grease in friction couple, the deviation
of the hardness of the surface layers should not
exceed 6-8 HRC.

Laser hardening of AISI 4140 steel with different
overlapping of the hardening paths from 3 to 6 mm
was carried out on a solid-state laser with a spot
size of 12x8 mm with a radiation power of 800 to
1200 W at a velocity of 0.3-2 mm/s on the samples
with dimensions of 76, 2x50.8x25.4 mm [3]. With
an optimum output power of 850 W with paths
overlapping of 5 mm, a hardened layer depth of
1.9-2 mm was obtained without surface fusion.
The maximum hardness of the hardening zones
was 668-700 HV (58 NRC). The hardness at the
overlapping zones of the laser paths ranged from
480 HV (48 HRC) to 669 HV (58 HRC). The difference
in depth between two adjacent hardened paths
was 0.2 mm.

The processing of AISI 1018, AISI 4140 steels
and gray cast iron was carried out on a diode
laser at a constant power of 4 kW. The beam had
a rectangular profile measuring 13x4 mm [4]. The
scanning speed varied from 1000 to 2000 mm/
min. Wear tests were carried out according to
the disk-plane scheme according to the US ASTM
G-99-95A standard at a load of 100 N without
lubricant. The samples of steels and gray cast iron
had a cross-section of 15x10 mm (friction surface),
with a thickness of 3.5 mm. The disk was made of
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papty CHIA ASTM G-99-95A mpu Harpyske 100
H 6e3 cmasoyHoro marepuana. O6pasibl K3 CTa-
JIlel K Ceporo 4yryHa MMeJIH IIollepedHoe CeueHHe
15x10 MM (IIOBepXHOCTh TPeHUsI), IIPH TOJILHHe
3,5 MM. JIMCK OBIJI HM3TOTOBJIEH M3 MOMLIIMITHHKO-
BoM cTanu SAE52100 M ynpodHeH [0 TBepHOCTH
60-62 HRC. ITapaMeTpbl HCIOBITAHHH: NYTb Tpe-
HU 5000 M, CKOPOCTb CKOJIbBXKeHU S 5 M/c. AHAINU3
MeTajnorpaduUYecKUX MCCAeLOBAaHHM IIOKasall,
YTO C YBeJIMYEeHHEM CKOPOCTH [IepeMeIleHus Iydya
MHUKPOTBepAOoCTh 06pa3ioB Bo3pacTaeT. Ob6Hapy-
JKeHO, 4To A/s cTajerd AISI 1018 MUKPOTBEpPAOCTh
Bo3pacTaert c 287 no 349 HV, gns cranen AISI 4140 -
€559 1o 638 HV; gyis ceporo uyryHa-c 654 mo 830 HV.
[nybrHa 30H yIIpOYHeHU /151 06pa3IioB U3 cTalen
coctaBuia 150-200 Mxm, myig uyryHa 350-400 MkM.
[Ipy HCOBITAHUM HAa H3HAIMIKMBaHHe 06pasLoB
cranu AISI 1018 ycTaHOBIeHO, 4YTO Haubonbias
H3HOCOCTOMKOCTb IIOJy4eHa IPH YIPOUHEHHUH
Ja3epHBIM JIy4YOM, MepeMellalIlMMCs C MHHHU-
MaJIBHOHM CKOPOCTEI0 1000 MM/MHH, W IpPOSBIANa
TBepAoCcTh 287 HV. DTo cBsizaHO ¢ obpa3oBaHHeM
Ha II0BEPXHOCTH OKHCHBIX IIJIEHOK, IPernsTCTBYIO-
KX HU3HOCY obpasua. M3HOCOCTOMKOCTh 00pasLioB
cranu AISI 4140 moBbIicuack B 2,5; 5 1 10 pas mmpo-
IIOPLIMOHAJILHO yBeJIMYeHUI0 cKopocTH 1000, 1500
1 2000 MM/MUH IIepeMellleHUs JIa3epHOro jayd4a
1 MHUKPOTBEPAOCTH YIIPOUHEeHHBIX 30H. Haubonsp-
IIasi K3HOCOCTOMKOCTh 06pa3I[0B U3 CepPoro uyryHa
IIpOLEeMOHCTpHpOBajaa IpeBbllleHHe B 10 pas
1 Oblla IOJydeHa IpU CpefHeIN CKOPOCTH obpa-
6oTkH 1500 MM/MHH U MHUKPOTBEpPAOCTH 739 HV.
Ba>kHo, uTO npu 6osee BEICOKOM TBEPAOCTH YIIPOU-
HEHHOTO CJIOS CepOro YyryHa IIPOUCXOAUT XPYIIKOe
pa3pylleHHe MOBEPXHOCTH obpaslia C oTAe/leHHeM
KPYIHBIX YaCTHI] U3HOCA.

Cnenyomumn >KcIepuMeHT [5] 6bI1 CBs3aH
C Hccaef0BaHHEM JeMCTBUS Jla3epPHOM 06paboTku
¢ momoibio HenpepeiBHOro CO,1asepa mpu MO
HOCTHU H3Ay4YeHHs 2,2-2,7 KBT. i HoOIlepeYHBIX
KoslebaHHUH JIy4a UCIIOIb30BaTH CKAHATOP C YaCTO-
TOM KonebaHHUM 3epKana 140-250 I M aMIUIMTY-
nou no 20 MM. JuaMeTp /1a3epHOro J1y4a Bapbu-
poBanu B mpemenax 2,8-16,2 mMM. YIPOUHEHHIO
moaBepranu o6pasnsl K3 HOPMaJIKM30BAHHOU
cranu 40X ¢ pasmepom 15x30x450 MM U YyryHa
CY20 pasmepom 50x120x1800 mMm. [Ons yBenwu-
YeHHs IIOIJIOIIeHUSI M3JIy4eHUs II0BEePXHOCTH
obpa3noB obpabaTslBasyu CIIelHAJbHBIM IIOKPHI-
treM CI'504. Ilony4deHBl ClaeAyHOI[He Pe3yJbTaThl
IIpU BO3MEeHCTBHUU Ha 06pasubl CTalu MapKu 40X
JYy4OM C AuameTpaMud 6 U 8 MM. B pesynbTate
pasMephl 30H YIPOYHEHHUS COCTABMJIM: MaKCH-
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SAES52100 bearing steel and hardened to a hardness
of 60-62 HRC. The friction path during the test
was 5000 m at a sliding velocity of 5 m/s. With
metallographic studies, it has been established
that as the beam travel speed increases, the
microhardness for AISI 1018 steels increases from
287 to 349 HV, AISI 4140 - from 559 to 638 HV, for
gray iron - 654-830 HV. The depth of the hardening
zones for steel samples was 150-200 pm, for cast
iron - 350-400 pm. In the AISI 1018 steel wear test,
it was found that the highest wear resistance was
obtained by hardening with a laser beam at a
minimum speed of 1000 mm/min and a hardness
of 287 HV. This is due to the formation of oxide
films that prevent the wear of the sample. Wear
resistance of AISI 4140 steel samples increased by
2.5; 5 and 10 times in proportion to the increase
in the travel speed of 1000, 1500 and 2000 mm/
min of the movement of the laser beam and the
microhardness of the hardened zones. The highest
wear resistance of samples from gray cast iron
was 10 times obtained at an average processing
speed of 1500 mm/min and a microhardness of 739
HV. With a higher hardness of the hardened layer
of gray cast iron, brittle fracture of the sample
surface occurs with the separation of large wear
particles.

The laser processing was carried out with a
continuous CO, laser at a radiation power of 2.2-
2.7 kW [5]. For transverse beam oscillations, a
scanner with a mirror oscillation frequency of 140 +
250 Hz and amplitude of up to 20 mm was used. The
diameter of the laser beam was varied from 2.8 to
16.2 mm. Hardening was carried out on samples of
normalized steel 40X with a size of 15x30x 450 mm
and cast iron SCH20 with a size of 50x120x1800
mm. To increase the absorption of radiation, the
surface of the samples was coated with SC504
coating. The sizes of the hardening zones of 40X
steel with beam diameter of 6 and 8 mm yielded
the maximum depth of the hardened layer of 1.2
mm and a width of 14-15 mm with a beam speed of
0.2 m/min. The amplitude of the beam oscillations
was 18 + 19 mm. With a power density of
0.23x107* W/cm?, there is no surface fusion. With
laser hardening of SCH20 cast iron, the maximum
depth of the hardened layer was 1.2 mm with a
beam diameter of 16.2 mm without surface fusion.
The power density was (0.094-0.13)x107* W/cm?.
The wear resistance tests for rolling friction of
40X steel samples showed a significant increase
in wear resistance compared to the samples after
furnace quenching and tempering. Studies of the
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ManpHas raybuHa 3aKaleHHOTro cios 1,2 MM,
myupuHa 14-15 MM. YC/I0BHSI 3KCII€pHMEHTA: CKO-
POCTh IepeMelneHus syda 0,2 M/MHUH, aMIIJIATYAa
KojebaHUN ny4da 18-19 MM, MJIOTHOCTH MOIIHOCTH
0,23-10™* Bt/cM?, omiaB/ieHHe IOBEPXHOCTH OTCYT-
cTByeT. IIpH /a3epHOM 3aKajKe uyryHa CH20 Mak-
CUManbHasl I1ybWHA YIPOYHEHHOIO CJI0S COCTa-
BUAa 1,2 MM IpH AuaMeTpe ayda 16,2 MM 6e3
OIlJIaBJIEHU S IIOBEPXHOCTH, IIJIOTHOCTh MOIIHOCTH
nasepHoro u3nydeHus - (0,094-0,13)-107* Bt/cm?.
HcnplTaHUST Ha H3HOCOCTOMKOCTh INPH TPEHHUHU
KayeHHUs 06pasmnoB crtanu 40X IIOKa3anu 3HAYU-
Te/JIbHOe yBeJIH4YeHHe H3HOCOCTOMKOCTH IIO CpaB-
HeHHUIO ¢ obpa3lamH, A KOTOPBIX B KadecTBe
TeXHOJOTUH YIPOYHEHHUsS OBIIM HCII0Jb30BAHBEI
ImeyHas 3aKajJika M oTHyCK. MccnemoBaHUS CTPYK-
TYphl UyryHa IIOC/Ie HCIBITAHHS I[IOKa3alHd, YTO
B IIPUIIOBEPXHOCTHOM CcJioe GOpMHUpYyeTCcs CeTKa
TPeIlMH, U 3Ta TeXHOJIOTHS He PeKOMeHJIyeTcCs
IJIS1 UCIIOJIB30BAHUS B Y3/IaX TPeHUS KadeHHU .

HensMu paboTsl SBASIOTCSA: YBeIHYeHHE
OIMPHUHBI 30HBI J1a3epPHOM 3aKajJK{ 3a OOHWH IIPO-
X0[, YMeHBbIIeHHe MM MCKIIYeHHe 30H OTIYy-
CKa IIPH Ja3epHOM YIIPOYHEHUHU [JI [IOBBILIIeHUS
pecypca paboTsl metanen MaIlKH.
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cast iron structure after the test showed that in
the near-surface layer a grid of cracks is formed,
and this technology is not recommended for use in
rolling friction units.

The objectives of the work are as follows:
increasing the width of the laser hardening zone
in one pass, reducing or eliminating the tempering
zones for laser hardening to increase the service
life of machine parts.

RESEARCH METHODS

For the experiments, we used versatile equipment
of LLC "NTO "IRE-Polyus" containing laser
units LS-6, LS-4 and LS-1, KUKA robot, IPG 2D
scanner, technological table. Laser hardening
was performed on the 40X and 40XH2MA steel
samples, with dimensions of 12x16x70 and
10x60x180 mm. Variable parameters were the
distance from the focal plane in the range of
25-200 mm, the radiation power of 1000-2000 W,
the beam travel speed of 10-20 mm/s on LS-6 laser.
The processing of 40XH2MA steel was carried out
using scanning devices: the distance from the
focal plane was 50-200 mm, the scanning step
was 50-1,500 pm, the width of the processing
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METOAUKA NMPOBEAEHNSA

NCCNIEAOBAHUN

JJis 5KCIePpUMEHTOB MCIIONb30-
BaJId YHHBepcanabHOe 060pyno-
BaHue OOO HTO "HP3-Ilonroc”
B COCTaBe JIa3epHBIX YCTaHOBOK
JIC-6, JIC-4 u JIC-1, p060Ta KUKA,
ckaHepa IPG 2D u TexHOJIOrHuyYe-
CKOro cToja. Jla3epHoe yIpo4yHe-
HHe IIPOU3BOAUIIOCH Ha 06pasmax
U3 ctanu 40X, 40XH2MA c pa3me-
pamu 12x16x70, 10x60x180 mM.
B KadecTBe BapbHpyeMBbIX IIapa-
MEeTpPOB IIPH 3KCIIepHUMeHTe
Ha sasepe JIC-6 6bITH HM3OpaHBI:
paccTtosiHue 0T GOKanbHOU
IJIOCKOCTH [0 pabodyer 30HEI
(B mpepenax 25-200 mM), Momi-
HOCTb H31y4deHH (1000-2000 BT),
CKOPOCTb IIepeMellleHHs Jiyda
(10-20 mMm/c). B 3KcImepuMeHTe
Ha BOJIOKOHHBIX Ja3epax JIC-1, JIC-
4 mpu obpaboTke ctanu 40XH2MA
C HCIIONb30BaHHEM CKaHHUPYIO-
IIUX YCTPOMCTB ObLIM BBIOPaHBEI
ClefymoOIlHe YCJIOBHUS: PaccTo-
sSHHe 0T (QOKaJIbHOH IIJIOCKOCTH
50-200 MM, 1ar CcKaHHpPOBa-
Hug 50-1500 MKM, IIKMPHHA 30H
obpaborku 15-25 u 50 MM, MoII-
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Puc.2. Mpauku mukpomeepdocmu 30H 3akaaku cmanu 40X2HMA: a) eduHuuHas
dopoXKKa ¢ WupuHoli 15 MM, b) ¢ nepekpbimuem 30H 3aKaAKU 15%

Fig. 2. Graphs of microhardness of hardening zones of 40X2HMA steel: a) single
path with a width of 15 mm, b) with overlapping of hardening zones of 15%

HOCTb Hu3aydyeHHs 1000 u 2000-

4000 BTt. MeTaniorpapuyeckue

KMCC/IeIOBaHUS BBIIOJHSIINM Ha MHUKPOTBepIoMepe
DURASCAN-70 mpu Harpyske 0,98 H, MHKpoOCKoIIe
Olympus CX-51.

Ins ompeleneHHUs 3afHPOCTOMKOCTH YIIPOY-
HeHHBIX 00pa3LoB 6bl/1a IpUMeHeHa YHHBepCasb-
Hag MamlxuHa TpeHMsa MTVY-01. HMcobeiTaHUS IIPO-
BOAMJIK II0 CXeMe IIOCKOCTH (obpaser] ¢ 1a3epHOH
3aKajkon uaM obpaser a30THUPOBAHHOM CTalH
40X) - KonbLo (KoHTpobpaser; cTanp 40X ¢ obvem-
HOM 3aKajkou 52-54HRC). B xayecTBe CMa304YHOIO
MaTepHaJa HCII0Ab30BAJIOCh MAaCI0 HUHAYCTPHUAJIB-
Hoe HM-20. YoenpHOe OaB/ieHHe U3MEHSIH B IIpee-
nax 1-4 MIla, ckopocTb cKolnbXeHHUs 0,5-4 Mm/c.

PE3Y/IbTATbl UCCNIEAOBAHUN

N NX ObCYXAEHUE

IIpu ynpouHeHuHU cTaju 40X Ha nasepe JIC-6 Kpy-
IJIBIM IISTHOM IIOJIy4YeHBl JOPOKKH 3aKajJKH IJIy-
6unoM 0,6-1,2 MM MIMPHUHOH 3,5-5,5 MM B 3aBHCH-
MOCTH OT PacCCTOSIHHSI OT QOKaJbHOM IIJOCKOCTH.
JlazepHas 3aKaJIKa P PACCTOSHUHU OT POKATBHOU
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zones was 15-25 and 50 mm, the radiation power
was 1000 and 2000-4000 W on LS-1, LS-4 fibre
lasers. Metallographic studies were performed on
DURASCAN-70 microhardnesser at a load of 0.98 N,
Olympus GX-51 microscope.

To determine the scoring resistance of hardened
specimens, versatile friction machine MTU-01 was
used. The tests were carried out according to the
scheme of plane (a sample with laser quenching
or nitrided 40X steel) - ring (counter sample of 40X
steel with volume hardening of 52-54HRC). The
lubricant used was industrial oil I-20. The specific
pressure was varied from 1 to 4 MPa, the sliding
velocity was 0.5 to 4 m/s.

RESEARCH RESULTS AND DISCUSSION

When hardening 40X steel on LS-6 laser, a round
spot was used to produce hardening paths with
a depth of 0.6-1.2 mm and a width of 3.5-5.5 mm,
depending on the distance from the focal plane.
Laser hardening at a distance from the focal plane
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IIJIOCKOCTH MeHee 40 MM MOPUBOAMT K KHH>Ka/lb-
HOMY IIpPOIlIaBJIEHHIO MaTepHalia OCHOBBHI Ha Iy~
6uHYy 2-4 MM. MUKPOTBepPJOCTb 30H 3aKa/JIKU HU3Me-
HsIach B ipenenax 6240-7280 MIla. Iyt MOLIHOCTH
u3nydeHusd 1000 u 2000 BT HalgeHBl peXHMEI
3aKkanku 6e3 oIJIaBleHHUS IIOBEPXHOCTH ob6pas-
LIOB IpH AePoKycHupoBKe Ha 75 u 100 MM U CKoO-
pocTH mHepeMemeHuss Jjayda 10 um 20 MM/c
COOTBETCTBEHHO.

IIpu na3epHOM 3aKkajke o06pasLoB CTanau
40XH2MA B MMIYJIbCHOM peXKHMe IIPHU MOIIHO-
ctu usnydenus 1000 BT u muprHe 30HB 3aKa/JIKHU
15-25 MM M0/Iy4eHbl 30HBL YIIPOUHEHU S C IN1y6uHON
cimog 0,2-2000 MKM. MHKPOTBEPAOCTh H3MepsIH
10 MIMPUHE U IyOHHe 3aKaJTeHHOTO CJI0S C IIaroM
100 u 200 mxM. Ha puc.la,b mpencTaBieHb MUKPO-
maudsl 30H 3aKanku ctanu 40XH2MA c rnybu-
HOM 3aKajJeHHoro cios 1,118 MM HOpH LWIHpPUHE
30HBI 15 MM. MHUKPOTBEePAOCTh YIIPOYHEHHBIX 30H
coctaBuia 6410-7340 MIla uau 56-60 HRC. I'pa-
OUKH HM3MepeHHSI MHKPOTBePIOCTH eSUHHYHOM
JOPOSKKH 3aKaJIKKM U C HAJIOXK@HHEM [TOPOKEeK IIpef-
CTaBJIeHBI Ha puc.2 a,b.

JlazepHOe ympouHeHHe 06pasmoB CTalu
40XH2MA Ha ycTaHOBKe JIC-4 IpOBOAMJIOCH C LIe/IbIO

g

Puc.3. Mukpowaug 30Hbl 3akanku cmanu 40X2HMA npu
moujHocmu usayveHus 4000 Bm

Fig. 3. Microsection of the hardening zone of 40X2HMA steel
at a radiation power of 4000 W

of less than 40 mm results in the concentrated
penetration of the base material to a depth of 2-4
mm. The microhardness of the hardening zones
varied within the range of 6240-7280 MPa. For
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OalbHEHIIero yBeJIW4YeHUs] IHUPHUHB U ITyOUHBI
30HBl 3aKajJKHU. IIpH MOIIHOCTH H3JIY4YeHHUS
2000 BT mony4yeHBl AOPOKKH 3aKaJKH C HIMHOU 50
U rny61z1H0151 0,2-2,0 MmM. YBeJlUUYeHHE MOILHOCTH
70 4000 BT mI03BOJIMIJIO TIONYUYMUTh CJIOM C TyOHHOM
3aKaJIKU [0 2,5 MM IIpH TOH XKe IIHpHHe obpabo-
TaHHOI 30HBI. Ha puc.3 npeAcTaBieH MUKPOUITUD
OOPOKKH 3aKalIKHU cTaau 40XH2MA.

[IpoBefeHHbIe UCIBITAHUS 00pa3loB MOKa3alu
MOBBIIIEHHE H3HOCOCTOMKOCTH H 3aJHPOCTONKO-
CTH B 1,5-2 pa3a o CpaBHEHMHIO C a30TUPOBAH-
HBIMHU obpasuamu ctanu 40X2HMA.

Pa3paboTaHHasi TeXHOJOTHUS LIHPOKOIIONIOCHOHN
7Ta3epHOM 3aKaJIKU Jy4OoM BOJIOKOHHOTO Jjas3epa
IIPHU MCIIONb30BAHUM CKaHepoB IPG 2D MO3BOIHUT
PaclIMpPUTh HOMEHKJATYpy nAeTaneun. IllIupuHa
30HBI YIIpOYHeHHsd 15-50 MM 3a OZMH IIPOXO[
mo3BosisieT 06pabaTeIBaTh ITOCAMOYHBIE MeCTa IIeeK
BAJIOB Pa3/JIMYHbIX MEXaHHW3MOB U MAIIKH IO 10/~
IIMIIHKUKKH KavyeHHUs M CKOJIbXeHHs. Kpome Toro,
3Ta TeXHOJOLHSI MOXeT OBITh HCIIOJIb30BaHa IS
YyIIPOYHEHHUS! THOOUHBIX M APYTHUX LITAMIIOB IIpU
rnybuHe yIIPOYHEHHOTO CJI0K 2,5 MM.

BbiBO/bl
Insi mertanei, paboTAalOIMX B YCIOBHUSIX OIPaHU-
YeHHON CMa3KH HAMU 0e3 MCIO/Jb30BaHUSA CMa-
304YHOr0 Marepuana, pa3paboTaHa TeXHOJOTHUS
JIa3epHOro0 YIPOYHEHHM S Ha OCHOBE HCIIO/Ib30BAHU A
BOJIOKOHHBIX J1a3epOB U 2D-CKaHepOB C IIHPHUHOU
3aKaJIeHHBIX C/10eB 15-50 MM [pu rnybrHe 30HBI
0,2-2,5 MM.

st 06pa3u0B cTanu 40X2HMA HM3HOCOCTOM-
KOCTb M 3aJUPOCTOMKOCTD 30H, yIIPOYHEHHBIX BOJIO-
KOHHBIM JIa3epoM, oKasajach B 1,5-2,0 pa3a Brille,
yeM A5t 06pa3LoB, IPOIeAIINX a30TUPOBAHUE.
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the radiation power of 1000 and 2000 W, the
hardening modes were found without fusing the
surface of the samples with a defocusing of 75 and
100 mm and beam travel speed of 10 and 20 mm/s,
respectively.

Laser hardening of 40XH2MA steel samples in
pulsed mode at a radiation power of 1000 W with
the width of the hardening zone of 15-25 mm
produced hardening zones with a layer depth of
0.2-2000 pm. The microhardness was measured
from the width and depth of the hardened layer in
steps of 100 and 200 pm. Fig. 1 (a and b) shows the
microsections of the hardening zones of 40XH2MA
steel with a hardened layer depth of 1.118 mm and
an zone width of 15 mm. The microhardness of the
hardened zones was 6410-7340 MPa or 56-60 HRC.
The microhardness measurements of the single
hardening path and the overlay of the paths are
shown in Fig. 2 (a and b).

Laser hardening of 40XH2MA steel samples on
LS-4installation was carried out to further increase
the width and depth of the hardening zone. At a
radiation power of 2000 W, the hardening paths
with a width of 50 and a depth of 0.2-2.0 mm
were obtained. The increase in power to 4000 W
made it possible to obtain layers with a hardening
depth of up to 2.5 mm with the same width of the
processed zone. Fig. 3 shows the microsection of
the hardening path of steel 40XH2MA.

The performed tests of the samples showed an
increase in wear resistance and scoring resistance
by 1.5 to 2 times compared to nitrided 40X2NMA
steel samples.

The developed technology of broadband laser
hardening with a fibre laser beam using IPG 2D
scanners will allow expanding the range of parts.
The width of the hardening zone of 15-50 mm in
one pass allows processing the seats of the centre
shafts of various mechanisms and machines for
rolling and sliding bearings. In addition, this
technology can be used to strengthen bending and
other dies with a depth of the hardened layer of
2.5 mm.

CONCLUSIONS
For parts operating under conditions of limited
lubrication or without a lubricant, a hardening
technology using fibre lasers and 2D scanners with
a width of hardened layers of 15-50 mm at a depth
of 0.2 to 2.5 mm is developed.

The wear resistance and scoring resistance of
fibre-reinforced zones is 1.5 to 2.0 times higher
than that of nitrided 40X2NMA steel samples.



