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B pa6oTe paccMOTpeHbl pe3ybTaTbl
MeTannorpaduyeckmx nu TpuboTexXHMYECKNX
MUCNbITAaHUN MHCTPYMEHTAIbHOM cTanm X12

B nape TpeHus ¢ 06beMHO 3aKasleHHOM

cTanbio 40X Nnpu cMasKe MHAYCTPpUAZIbHbIM
macsiiom U20. MNMokasaHo, YTO NpUMeHeHue
nonepe4yHbixX KoebaHUM 1asepHOro ay4ya
3HAYNTENbHO NOBbILLIAET NPOU3BOANTENIbHOCTb
06paboTKn. YCTAaHOB/NIEHO, YTO KA4YeCTBEHHOEe
NasepHoe TepMuyeckoe ynpoyHeHne KpoMok
06pasL,0B BO3MOXXHO TO/IbKO C IPUMEHEHUEM
nornepeYyHbix KosiebaHWUM iyya Npu BO3AeNCTBUN
HenpepbiBHbIM Jla3epHbIM UsnydyeHuem. MNpu
ONMTUMaJIbHbIX peXUMax JlasepHon 06paboTku

M yripoyHeHUU 50% NoBepXHOCTU TpeHUs
06pasL,0oB U3HOCOCTOMKOCTb MOBbILANACHh

B 1,6 pa3a no cpaBHEHUIO C 06bEMHOM 3aKaIKOM.

KnlouyeBble CNOBa: 1a3epHOE yNpoUHeHMe,
MUKPOTBEPAOCTb, KPOMKa 06pasLa,
MHTEHCMBHOCTb M3HALIMBAHWA, U3HOCOCTOMKOCTb
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BBEAEHUE

MHCTpyMeHTa/IbHasl CTaJIb — OfAUH 13 BaXKHBIX MaTepH-
aJIoB B MAIIMHOCTPOEHUM: OH MIMPOKO HCIIOIb3yeTCs
1)1 U3TOTOBJIEHMS IITAMIIOB, IIpecc-GopM, PeKyILero
HMHCTPyMeHTa U JPYTUX KOMIIOHEHTOB, KOTOpbIe IOJ-
BEpraloTcsi BBICOKUM HarpysKam, Ajs obecriedyeHUs
TpebyeMOr H3HOCOCTOMKOCTH. OJHAKO HH3KHe TpH-
6onoruyeckre CBOMCTBA ITOBEPXHOCTH M HEMOCTATOU-
Hasl ©3HOCOCTOMKOCTh MOTYT COKPATUTb CPOK CITy>KOBI
neTajell NpH MHTEHCHBHOM H3HOCE Ha IIPOM3BOJ-
ctBe. COOTBETCTBEHHO, pacTeT MHTepeC K YIydlleHHI0
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Increasing the
Operational Life
of Chisel Steels in
the Case of Laser
Hardening
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The paper examines the results of micrographic
and tribotechnical tests of chisel steel X12 in

a friction pair with the through hardened steel
40X when lubricated with the industrial oil 120.
It is shown that the use of lateral oscillations

of the laser beam significantly increases the
processing productivity. It has been established
that the high-quality laser thermohardening

of sample edges is possible only by applying
lateral oscillations of the beam when exposed
to the continuous laser radiation. In the case

of optimal laser processing conditions and
hardening of 50% of the sample friction surface,
the wear resistance properties have been
increased by 1.6 times compared to the through
hardening.
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INTRODUCTION

The chisel steel is one of the important materials in
mechanical engineering: it is widely used for the
production of dies, molds, cutting tools and other
components that are subject to the high loads in
order to ensure the required wear resistance. However,
the low tribological properties of the surface and
insufficient wear resistance can reduce the operational
life of parts in the case of intense production wear.
Accordingly, there is growing interest in improving
the surface properties due to various surface
modifications. The use of surface hardening by the
laser radiation is a current solution to the issue of
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CBOMICTB IIOBEPXHOCTH 3a CYeT Pa3IHYHBIX MOOUU-
Kallu¥ IIOBePXHOCTH. MCII0nb30BaHHE YIIPOYHEHMUS
[I0BEPXHOCTH JIa3epPHBIM H3JIy4eHHeM SBJISeTCs aKTy-
QIPHBIM pelleHHeM 3aJa4vM IIPOAJIEHHUS CPOoKa 3KC-
IUIyaTalluK [eTaJled U HHCTPYMEHTOB B MAIIHHO-
cTpoeHuH [1-3].

VI3BeCTHBI pe3y/IbTaThl IPOBe/IeHHbIX HCCIeI0BAHH N
¢ obpasuamu cranen T1 (0,81% C) u D2 (1,6% C) (AISI),
KOTOpble OBUIM IIOABEPrHYTHl OOBEMHOM TepMO-
obpaboTke mo TBepmoctu 820-830 HV (TL) u 770-
780 HV (D2) [2,3]. IloBepxHOCTHOe YIIpPOUYHeHHe
npoBopuiaock CO,mazepoM B pekuMe, obecmevyu-
BaBIIeM IUIaB/IeHHe II0BePXHOCTH. MOIIHOCTh H3JIy-
yeHHUs cocTaBasia 1000 BT, HIJIOTHOCTH MOIIHOCTH
9,510 BT/cM? M CKOPOCTh CKAaHHUPOBAHHS JTy4OM
6 mm/c. CTpykTypa Ans cmiaBa Tl, obpasoBaBua-
gcsl mocie 6bICTPOM KPUCTAIIM3ALIMM, COCTOSIA U3
BBICOKOYTJIEPOAUCTOIO0 MAapTeHCUTA, OCTATOYHOIO
ayCTeHHTA U Kapbua-ayCTeHUT-MapTeHCUTHOM 3BTEK-
TUKH BJOJb IPAaHML, AeHIPUTOB. YCTAaHOBJIEHO, YTO
OCHOBHasl KapbupHas ¢asa oTHOCHTCS K THUIy M.C.
OCHOBHBIM CTPYKTYPHBIM KOMIIOHEHTOM PpacIljiaB-
JIEHHOro 1o CcTanu D2 gBiseTcs CTPYKTYPHO CBO-
OOMHBIM ayCTEHUT, BBIAEMSIOMIMICS M3 pacIlIaBa.
Taxke NPHUCYTCTBOBA/IO MHUHHUMAJIbHBIE KOMHYeCTBa
3BTEKTHKH ayCTeHUT-Kapbu[ c KapbuaHeIMU da3aMu
tuna M;C;. TeepmocTh crtanu Tl yBenw4uBazach
o 980-1000 HV, B To BpeMs Kak y cTtaau D2 oHa CHU-~
>Kayack 0o 450 HV.

HHCTpyMeHTa/IbHble BaHAHeBble CTAIH 06/1a1at0T
O4YeHb OJHOPOAHON MHKPOCTPYKTYPOM U PaBHO-
MepHBIM paclipefieleHHeM 3epeH II0 pasMmepy IIo
CPaBHEHHIO C JPYTMMH OOBIYHBIMH HHCTPYMEHTAJIb-
HBIMH CTaJIIMH. W IIMPOKO HCIIONB3YIOTCS B OIlepa-
LIMSIX BBIPYOKH, IITAMIIOBKH, I7TyOOKOM BBITSDKKH [4].
ObpasmaMu MaTepHasoB, HCIIONb30BAHHBIX B 3KC-
nepuMeHTe, 6pu1n Vanadis 4 (1,35% C) u Vanadis 10
(2,45% C). IloBepxHOCTH 06pa310B 6b11K 06paboTaHbl
OUOOHBIM jasepoM Mogenu REIS P. 203 HPDL mpu
MOIIIHOCTH M3JIy4eHHUs jasepa 3 KBT, CKOpPOCTH CKa-
HUPOBAaHHUS Ja3epHoro ay4a 4 mm/c. Temmepatypa
Ha IIOBEPXHOCTH CTa/IM BapbHPOBalach B Ipefenax
1100-1300 °C. HcmbplTaHUSI Ha M3HOC BBIIIOJIHSIN
1o cxeMme «MTHT (3aKaJIeHHBIH ja3epoM obpaser) -
nuck (ctanp 62 HRC) mo craumapTty ASTM G 99-95a.
Harpyska Ha obpasupsl cocTaasia 10 H, a gactoTa
BpameHus gucka 310 munl., [nsg oboux o6pasLioB
CTasu Mapku Vanadis yBenuueHHe MHUKPOTBEPIO-
CTH U, CJIe0BaTeIbHO, H3HOCOCTOMKOCTH, O0OBSIC-
HseTcs Ooee MeJIKMM pa3MepoM 3epeH. O6pasiibl
Vanadis 10 moka3asy MOBBIIIeHKME M3HOCOCTOMKOCTHU
bosee, WeM B TPU pasa, IO CPAaBHEHHIO C MaTepHa-
JIOM OCHOBBHI.
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extending the operational life of parts and tools in
mechanical engineering [1-3].

The results of studies with the samples of steels T1
(0.81% C) and D2 (1.6% C) (AISI) subjected to the through
heat treatment to a hardness of 820-830 HV (T1) and
770-780 HV (D2), are well-known [2, 3]. The surface
hardening was performed by a CO, laser in a mode
that ensured the surface melting. The emission power
was 1000 W, the power density was 9.5-10° W/cm? and
the beam scanning speed was 6 mm/s. The structure
for the T1 alloy generated after rapid crystallization
consisted of the high-carbon martensite, retained
austenite, and carbide-austenite-martensitic eutectic
along the dendrite boundaries. It has been established
that the main carbide constituent belonged to the
MC type. The basic structural component of the
molten D2 steel layer is structurally free austenite
that precipitates from the liquid alloy. The minimal
amounts of austenite-carbide eutectic with carbide
phases of the M,C; type were also available. The T1
steel hardness was increased to 980-1000 HV, while
for D2 steel it was decreased to 450 HV.

The vanadium chisel steels have a very uniform
microstructure and uniform grain size distribution
compared to other conventional chisel steels and
are widely used in the cutting, stamping, and deep
drawing operations [4]. The samples of materials used
in the experiment were Vanadis 4 (1.35%C) and Vanadis
10 (2.45%C). The sample surfaces were processed by
adiode laser REISP. 203 HPDL at a laser radiation power
of 3 kW and a laser beam scanning speed of 4 mm/s.
The temperature on the steel surface varied between
1100 °C and 1300 °C. The wear tests were performed
according to the pin (laser-hardened sample) - disk
(steel 62 HRC) scheme according to ASTM G 99-95a.
The sample load was 10 N, and the disk rotation
speed was 310 minl. For both Vanadis steel samples,
the increased microhardness and, consequently, wear
resistance was explained by the smaller grain size.
The Vanadis 10 samples demonstrated an increased
wear resistance by more than three times compared to
the base material.

The laser surface treatment can be considered
as a possible solution for modifying the surfaces
of various solid materials [5], since the ability of
a high-energy laser beam allows for rapid heating and
cooling rates (103-10° °C/s) that leads to the significant
changes in their surface properties.

In the paper [6], AISI HI3 chisel steel in a heat-
treated condition (austenitization at 1030 °C for 10
minutes, followed by quenching and double tempering
at a temperature of 620 °C for 2 hours to obtain
a hardness of 46-48 HRC) was used as a substrate. The
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JlazepHass 06paboTKa IIOBEPXHOCTH MOXKET pac-
CMaTpUBAThCA KaK BO3MOMKHOE pellleHHe [IJIs MOJIH-
OUKALHMK TI0OBEPXHOCTEH Pa3IM4YHBIX TBEPHABIX
MaTepHaIoB [5], IIOCKONBKY CIIOCOOHOCTH BBICOKO3-
HepreTH4eCKOro JIa3epHOro jyda I03BosseT obecrie-
YMBaTh OBICTpble CKOPOCTH HarpeBa U OXJIaKHeHHS
(103-106 °C/c), 4TO NPUBOAUT K 3HAUUTEPHBIM H3Me-
HeHHSM B CBOMCTBaX HX [1I0BEPXHOCTH.

B pabore [6] mHCTpyMeHTanbHYyIO cTanb AISI HI3
B TepMO00OpPabOTAaHHOM COCTOSIHUM (ayCTeHHUTH3ALIMS
ripu 1030 °C B TeyeHHe 10 MHH C ITOCIeNyOLEH 3aKaJl-
KON W JBOMHBIM OTIIyCKOM IIpH TeMIlepaType 620 °C
B Te4deHHe 2 4 JJIs Mo/lydyeHus TBephocTH 46-48 HRC)
KCII0/Ib30Ba/IM B KayecTBe IIOJJIOKKH. JlazepHas
obpaboTKka IOBEPXHOCTH IPOBOJMIACH IHOJHBIM
Ja3epoM IIPHM IIOCTOSIHHOM CKOPOCTH 06paboTku
4 MM/c. MoOLIHOCTh /l1a3epa B 3ToM paboTe Bappu-
poBasack oT 1250 BT o 2000 BT. H3HOCOCTOMKOCTH
06paboTaHHON J1a3epOM IIOBEPXHOCTH OIIpefessiiu
C HCIIONb30BaHHUEM CXeMBbl «IIap (OKCHM, aTIOMUHHS
ouameTpoM 8 MM) - AMCK». IIpu BbIOpaHHBIX IIOT-
HOCTSIX JIa3ePHOM 3Hepruu 62,5 u 75 5k / MM? 3aperu-
CTPHUPOBAaHHbIE [IMKOBbIE TEMIIePATYPhl [IOBEPXHOCTH
coctaBmiId 1200+50 °C 1 1450+ 50 °C COOTBETCTBEHHO.
IIpy IUIOTHOCTH IIPUIOXKEHHOM JIa3epHOL 3HEepruu
100 [Ik/MM? TeMIlepaTypa IOBEPXHOCTH ITPeBBICHIIA
Ipenesl MMpPOMeTPa M IPEAIIOI0KUTEIbHO IIPeBBI-
Iajaa TeMIlepaTypy IiaBneHHUs (1450 °C) HHCTPyMeH-
TaJbHOM cTanu AISI H13. HcnelTaHHe Ha HM3HOC IIOKa-
3710 3HAUUTe/lIbHOE yMeHbIlIeHHe obbeMa M3HOCA
06pas1oB, 06paboTaHHBIX J1a3epOM C IIPUIOKEHHOMH
IIJIOTHOCTBIO 3HEPruu jasepa 75 kK/MMm?. JlazepHast
06paboTKa ITOBEPXHOCTH I103BOH/IA HOOUTHCS yMeHb-
IIeHMs U3HOCA IIpU QpPeTTHHTe C TOUKH 3peHUs CHHU-
SKeHUSI CKOPOCTH HM3HOCA U KO3PPHUIIMeHTa TPeHHS I10
CpaBHEHMUIO 06pa3liaMU HUCXOAHOM CTa/IH.

ITpouecc sasepHOM MOOUPHUKALUK IIOBEPXHO-
cTu [7] uHCcTpyMeHTanbHOM cTanu AISI H13 mposo-
OUIH [ AOCTH>KeHHSI MaKCHMAajbHOM TBEPIOCTH
M MHHHMaJbHOU IIepPOXOBATOCTH IIOBEPXHOCTH.
Jns obpaboTku o0b6pasuoB ucronbs3oBanu CO,sasep
Rofin DC-015 ¢ nuddy3HMOHHBIM OXITaKAeHHUEM IIpU
BapbHPOBAHUM MOIIHOCTA H3y4YeHHsS B IIpefenax
760-1500 BT. Ob6pasupl guameTpoM 10 MM 6pLIM pas-
Pe3aHbl Ha 4acTH AJHHOH 100 MM 1714 06pa60TKH 1o
3apaHee oOIlpefe/leHHOH IUIOMAAH II0 OKPY’KHOCTH.
[nybrHa MOIMPULIMPOBAHHOK Ja3epoM IIOBEPXHO-
CTH cocTaBjsia 37-150 MkM. CpeaHss IIepOXOBATOCTh
IIOBEPXHOCTH 6pu1a 1,8 MKM. MakcuMajibHas JOCTHI-
HyTasl TBEPAOCTh COCTaBHJIa OT 728 mo 905 HVO.1 Ha
Pa3IHUYHBIX PeKHMax 06paboTKu

JIng uccnemoBaHus [8] umcmonb3oBanachk HHCTPY-
MeHTa/IbHAasg cTanb ICD-5. O6pasubl HaXOLUIHCH
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laser surface treatment was performed by a diode
laser at a constant processing speed of 4 mm/s. The
laser power in this paper varied from 1250 W to
2000 W. The wear resistance of the laser-treated
surface was determined using a ball (aluminum oxide
with a diameter of 8 mm) and disk scheme. At the
selected laser energy densities of 62.5 and 75 J/mm?, the
registered peak surface temperatures were 1200+50 °C
and 1450+50 °C, respectively. At an applied laser
energy density of 100 J/mm?,the surface temperature
exceeded the pyrometer limit and was believed to
exceed the melting point (1450 °C) of AISI H13 chisel
steel. The wear test demonstrated a significant
reduction in the wear scope of the samples treated by
alaser with an applied laser energy density of 75 J/mm?.
The laser surface treatment made it possible to achieve
a wear reduction during fretting in terms of the
decreased wear rate and friction coefficient compared
to the original steel samples.

The laser surface modification process [7] of AISI
chisel steel H 13 was carried out to achieve the
maximum hardness and minimum surface roughness.
A Rofin DC-015 CO, laser with the diffusion cooling
was used to process the samples when varying the
radiation power within the range of 760-1500 W. The
samples with a diameter of 10 mm were cut into
pieces with the length of 100 mm for processing
a predetermined area in a circular motion. The laser-
modified surface depth was 37-150 pm. The average
surface roughness was 1.8 pm. The maximum
hardness achieved was 728-905 HVO0.1 in various
processing modes.

For the study [8], the chisel steel ICD-5 was used.
The samples were in a completely annealed condition
and had a predominantly pearlite microstructure
with an average hardness of 340 HV. This material is
suitable for cutting the parts of molding dies during
the production of car body parts. The laser hardening
process was performed by a YFL-600 optical fiber laser,
with a radiation power of 500 W, a spot diameter of
4.2 mm and a moving speed of 1.5-7 mm/s. At an
energy density of 35 W/mm? a martensite area with
a hardness of 780-800 HV was obtained. Increase in
the energy density to 59 W/mm? made it possible to
obtain two areas in the hardening track: the first
martensitic area with a hardness of 800-960 HV
and the second area of incomplete hardening with
a hardness of 600-790 HV. A further increase in the
energy density up to 81 W/mm? resulted in three
hardening areas: the first hardening area from the
liquid state with a hardness of 830-940 HV, the
second hardening area from the solid state with
a hardness of 690-820 HV and the third area of
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B IIOJIHOCTBIO OTOKKEHHOM COCTOSSHHH U UMeJIH Ipe-
MMYIIECTBEHHO IIePIUTHYI0 MUKPOCTPYKTYPY CO Cpef-
HeH TBepAocThio 340 HV. 3TOoT MaTepuan NpUMeHHM
st obpe3ku meranert GOPMOBOYHBIX MATPHI NP
IIPOM3BOAICTBE JeTajlel Ky3oBa aBToMobuis. Jlasep-
HOoe yIIpOYHeHHe Ha BOJIOKOHHOM Ja3epe YFL-600,
IIpY MOIIHOCTH M31y4deHHs 500 BT, muamMerpe IIATHA
4,2 MM W CKOPOCTH IepeMemieHus 1,5 mo 7 mMm/c.
[IpH IUIOTHOCTH 3Hepruu 35 BT/MM? monydyeHa 30Ha
MapTeHCHUTa C TBephocThio 780-800 HV. YBenuyeHue
IUIOTHOCTH SHEPrUu 10 59 BT/MM? MO3BONHIIO IIONY-
YHTh ABe 30HbI B JOPOKKE YIIPOUYHEHUS IIePBYI0 Map-
TeHCHUTHYIO 30HY C TBepmocThio 800-960 HV u BTOpyIO
30HY HeIIOJIHOM 3aKajlKH C TBepAocTbio 600-790 HV.
JlanpHeHIIee IOBBINIEHHE IIOTHOCTH 3HEPTHH [0
81 BT/MM? mpHuBesno K IOAY4YeHHIO TpeX 30H YIIpou-
HeHMd, IIepBOM 3aKaJKK M3 SKMIKOIO COCTOSHHSA
C TBepmocTbio 830-940 HV, BTOpPOH 30HBI 3aKaJIKHU
M3 TBEpPIOro COCTOSHHSA C TBepHoCTh0 690-820 HV
M TpeThber 30HBI HEIIOJIHOM 3aKaJKKU C TBEPHOCTBIO
490-680 HV.

st nasepHoro ympo4dHeHHs [9] ucIonb3oBanu
06pasIibl MHCTPYMeHTAIbHOM cTanu AISI M2 c pa3me-
pamu 30x20x10 MM B OTOSK’)KEHHOM COCTOSIHHU U C TBEP-
IocTbio 220 HV. O6paboTKy BBIIIONHSIIH C UCIIO0/Ib30Ba-
HueM Nd:YAG-7masepa IpH MOLIHOCTH H3JIy4YeHHUS
400, 800, 1200, 1600 1 1800 BT, muaMeTpoM IISITHA 1,
2,3u 4 MM U ckopocTu 06pabotku 4, 2, 11 0,5 M/ MUH
COOTBETCTBEHHO. /I 3aIMUThI OT OKHCIEHUS HCIIOIb-
30BaJICSL ra3 aproH ¢ pacxomom 10 yn/MHH. 30Ha
3aKaJIKU ITyOHHOM 1,25 MM C TBEpPAOCTBIO I1OBEPXHO-
cta 996 HV 6bla mosydeHa IIPH MOLIHOCTH Jia3epa
1800 BT, pasMepa sa3epHOro MIATHA 4 MM H CKOPOCTHU
nasepHoro usnaydeHus 0,5 M/MHH. M3HOCOCTOMKOCTD
obpasna, obpaboTaHHOro 1azepom, Ha 30% BhlIle, YeM
y obpasLia, roaBepruyToro o6pIvHOM TepM0ooOpaboTke,
Y Ha 90% BhIIIE, YeM Y UCXOLHOI0 MaTepHasa.

MarepuanaoM, MCIIOAb30BAHHBIM B HCCIe0Ba-
HuHU [10], cTana MHCTpyMeHTalIbHasl CTalb X12, KOTO-
past 6bUIa IIOCTaB/I€HA B OTOXCKEHHOM COCTOSIHHH.
O6pasupl MpencTaBAAIU COOOM OUCKU IHAMETPOM
31 MM U TONIIMHOM 5 MM. [l 1a3epHOM 06paboTKU
HCII0/Ib30BA/IM KMMIYIbCHBIN Nd:YAG-71asep c sHep-
ruer umnyneca 12 Ik, gactoron 15 I't, GoKycHBIM
paccrosHueM 20 MM, QJIMTEIbHOCTHIO HMITY/IbCA
6 MC 1 CKOPOCTH JIa3epHOI0 CKAHHPOBAaHHA 5,6 MM/cC.
HcrmplTaHMs Ha W3HOC POBOJM/IM Ha MallMHe Tpe-
Hus 110 cxeMe «Illap (muamerpom 6 MM AL,O; ¢ TBepmo-
cThi0 1500 HV) - nuck (yIpodHeHHBIN ja3epoM obpa-
3ell C IIepoXoBaTocThio 0,2 MKM) IIpH Harpyske 50 H,
C 4acTOTOM BpameHHs 400 MUH ! Ha IyTH TpeHHUS
228 M. llluprHa U cpenHss IIybHHA pacIUIaBIeHHOMN
BaHHBI COCTaBH/IM OKO0IO 1450 1 200 MKM COOTBET-

=

incomplete hardening with a hardness of 490-680
HV.

The AISIM2 chisel steel samples with the dimensions
of 30x20x10 mm and a hardness of 220 HV in annealed
state were used for laser hardening [9]. The treatment
was performed by an Nd:YAG laser at the emission
power of 400, 800, 1200, 1600 and 1800 W, the spot
diameters of 1, 2, 3 and 4 mm and treatment speeds
of 4, 2, 1 and 0.5 m/min, respectively. To protect
against oxidation, gaseous argon was used at a flow
rate of 10 I/min. A 1.25 mm deep hardening area with
a surface hardness of 996 HV was obtained at a laser
power of 1800 W, a laser spot diameter of 4 mm, and
a laser speed of 0.5 m/min. The wear resistance of
the laser-treated sample was 30% higher than that of
a sample subjected to the conventional heat treatment
and 90% higher than that of the original material.

The material used in the study [10] was X12 chisel
steel that was supplied in an annealed condition. The
samples were the disks with a diameter of 31 mm and
a thickness of 5 mm. For laser treatment the pulsed
Nd: YAG laser with the pulse energy of 12 J, frequency
of 15 Hz, focal length of 20 mm, pulse duration of 6 ms
and laser scanning speed of 5.6 mm/s was applied. The
wear tests were performed on a friction test machine
according to the ball (diameter of 6 mm, AL,O; with
a hardness of 1500 HV) - disk (laser-hardened sample
with a roughness of 0.2 pm) scheme at a load of 50 N,
with a rotation speed of 400 min® along the friction
path of 228 m. The width and average depth of the
molten pool were about 1450 and 200 pm, respectively.
The structure of the melting area had a cellular
morphology with a certain share of dendrites. There
were no defects observed. The wear resistance of the
remelting area of X12 steel was 74% higher than that of
the original steel.

The experimental material [11] was CrI2Mo steel
with the sample dimensions of 50x30x20 mm. To
increase the laser radiation absorption, the black ink
and a mixture of carbon powder were applied to the
sample surface with a layer thickness of 0.05 mm. The
surface hardening was performed by a CO, laser at
the radiation powers of 1200, 1400, 1600 and 1800 W
with a spot diameter of 3 mm at a scanning speed of
800 mm/min. The wear test of the hardened surface
was performed using a MGWO2 friction test machine.
The quenching tracks obtained at a power of 1600 W
had a maximum hardness of 665.7 HV that was
approximately 2.5 times higher than the hardness
of the substrate. At a laser power of 1800 W, the
hardness began to decrease. The results of wear tests
using Crl2MoV steel after the laser hardening process
demonstrated that the wear resistance of samples
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cTBeHHO. CTPyKTypa 30HBI OIUIAB/IEHMS HMejla gye-
HCTYI0 MOPQOJIOTHIO C HEKOTOPOM M0JIeH IeHIPHUTOB.
B Hell He Habnropanochk AedpekToB. M3HOCOCTOMKOCTD
30HBI IleperuiaBa CTalu X12 6pl1a BhIIIE Ha 74%, yeM
y UCXOIHOH CTa/IH.

DKCIepUMeHTa/IBHEIM MaTepuaaom [11] 6bl1a
BelbpaHa cranp Crl2Mo c pasmepamMu o06pasioB
50x30x20 MM. [ljis TIOBBILIEHHS IIOIVIOIIEHUS jIa3ep-
HOrO0 M3JIyYeHHs MCIIOb30BalM YepHble 4YepHHIIA
M CMeCh YIOJIbHOIO IIOPOIIKA, HAHEeCeHHbIe Ha II0BepPX-
HOCTb o6pa3ua ¢ TonmuHoMu cnost 0,05 mm. IToBepx-
HOCTHas 3aKajka IpoBoguiack CO,71a3epoM IIpHU
MOIIHOCTH H3ny4YeHHs 1200, 1400, 1600 u 1800 BT
AHaMeTPOM IITHA 3 MM IIPH CKOPOCTH CKaHHMpPOBa-
Hus1 800 MM/ MHH. MCIIBITaHMe Ha M3HOC 3aKaJIeHHOU
[I0BEPXHOCTH IIPOBOJMJIOCEH C [IOMOIIbI0O MAIIMHBIL Tpe-
HHA MGWO02. [IOpOKKY 3aKaJIKM, II0JyYeHHbIe IpHU
momHocTH 1600 BT, MMenIu MaKCHMMaJIbHYIO TBEp-
IocTh 665,7 HV, 4To mpumepHo B 2,5 pasa IIpPeBbI-
IIaJI0 TBEPAOCTh IIOAJIOKKH. IIpH MOIIHOCTH j1a3epa
1800 BT TBepmocTh HaYKMHA/Ia CHUKATBCSA. Pe3yIbTaThl
HCIBITAHUM Ha U3HOC cTanu Crl2MoV mocrie na3epHou
3aKQJIKM TI0KA3a/IH, YTO M3HOCOCTOMKOCTh 0OPa3IoB,
06paboTaHHBIX MPH MOIIHOCTH H3IydeHHUs 1600 BT
Ha 92%, BbIIIe, YeM MCXOJHOrO0 MaTepuaja, U OHHU
[IOKa3a/IM HaK/Iy4YlIUH pe3ylbTaT.

O6pasusl [12] MogudUIIMPOBAHHON HHCTPYMeH-
TaJbHOU cTanu X37CrMoV5-1 suamMeTpoM 6 MM H U~
HOM 15 MM 6BUIM YIpPOYHEHBI IBYMs CIIOCOOAMMU:
TPagULUHOHHBIMM MeTOAAMH M MeTOAOM Jiasep-
HOM 3aKkasikoi. JlasepHass obpaboTKa IPOBOAMIIACH
Ha 3KCIIepUMEHTAJIPHOM Jia3epHOH paboueHr CTaH-
iy TRUMPEF 3003 (TRUMPEF Slovakia, Ltd., Komuiie,
C/10BaKMsI) CO CKAaHHUPYIOUIEH OITHYECKOH TOJIOBKOM
U Ja3epHBIM HCTOYHUKOM Tru-Fiber400, renepupyro-
IIMM JIa3epHoe M3jIy4eHMe C JJIMHOM BOJIHBI 1064 HM
obmiern MoinHocTho 400 BrT. CTaHIapTHbBIe HCIIBITA~
HUSI Ha abpasuBHBIM HM3HOC IPOBOAMIM Ha HCIIBITA-
TeJIbHOM ycTporictBe AGP-1 (WPM Leipzig, Jlenmur,
FepMaHMs) IyTeM CKOJIBXKEHHS! 6a30BBIX ITOBEPXHO-
CTell IOATOTOBJIEHHBIX LHJIMHAPUYECKUX 06pasIioB
[I0 BpalAIOLIeMyCsd AHUCKY C 3aKpeIUIeHHOM Ha’Koau-
How bymaroit AlL,O; 3epHHCTOCTBIO P 120. McIBITaHUS
BBIIIOJIHAIM IIPU Harpyske 5H Ha OyTH TpeHHs 40 M.
[Toc7e HCHOBITAaHHUS KaKAOro obpasiia ITPOM3BOSUIH
CMeHy HaXX#auyHoH bymaru. [ybmHA 3aKaleHHOIO
naszepoM cnos coctaBmsuia 0,4 mMMm. Obpasen, mepe-
IIJIaBJIeHHBIH J1a3epoM, I10Kas3aJl 3HAUUTE/IbHO YIyd-
HIEHHYI0 MapTeHCUTHYI0 MHUKPOCTPYKTYPY, MIPaKTH-
YecKHd He COJepsKalllyl0 KapOuIoB, IO CPaBHEHMIO
c obemMH TpagUIIMOHHBIMH TepMooOpaboTKaMHu.
Bosiee TOro, OH colepsKaJl 3HA4YHUTEeJIbHOE KOIHYe-
CTBO OCTATOYHOIO ayCTeHHUTA M obnajan, Kak CaMOMU
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processed at a radiation power of 1600 W was 92%
higher than that of the original material, therefore,
they showed the best result.

The samples [12] of modified chisel steel X37CrMoV5-1
with a diameter of 6 mm and a length of 15 mm
were hardened in two ways: by the conventional
methods and laser hardening. The laser treatment
was performed on an experimental laser workstation
TRUMPE 3003 (TRUMPF Slovakia, Ltd., Kosice,
Slovakia) with a scanning optical head and a Tru-
Fiber400 laser source generating laser radiation
with a wavelength of 1064 nm and a total power
of 400 W. The standard abrasive wear tests were
carried out by an ACP-1 testing device (WPM Leipzig,
Leipzig, Germany) by sliding the base surfaces of
prepared cylindrical samples along a rotating disk
with the fixed ALO; abrasive paper with a grit of
P 120. The tests were performed at a load of 5 N on the
friction path of 40 m. After testing each sample, the
abrasive paper was replaced. The laser-hardened layer
depth was 0.4 mm. The sample remelted by the laser
demonstrated a significantly improved martensitic
microstructure, almost free of carbides, compared
to both conventional heat treatments. Moreover, it
contained a significant amount of retained austenite
and had both the highest hardness of 800-900 HV and
abrasive wear resistance.

The samples made of chisel steel AISI D2 [13] with
a microhardness of 267-300 HV were subjected to
the laser treatment in a protective gas environment
by a CO, laser at a radiation power of 1-8 kW, with
a laser beam speed of 5-15 mm/s, and a spot with
a diameter of 1 mm. The highest microhardness of the
hardened area was 605 HV. The maximum depth of
the hardening area was 2150 pm at a radiation power
of 7kW and a beam speed of 10 mm/s. During the laser
treatment process with a reduced radiation power,
the hardening areas with the higher hardness were
generated. When the samples were melted at a higher
radiation power, the hardness was decreased due to
the partial dissolution of carbides.

The Rofin Sinar FL010 solid-state laser was used to
subject the samples [14] made of AISI D2 chisel steel
with the dimensions of 69x9x69 mm to the laser
surface hardening at a radiation power of 1 kW, the
spot with a diameter of 1 mm, a lateral oscillation
speed 0f 1000 mm/s, the vibration amplitude of 10 mm,
and the sample movement speed of 40-140 mm/min.
To determine the tribological specifications, the tests
were performed according to the “ball-plane” scheme
under a load of 30 N. A ball with a diameter of
8 mm made of tungsten carbide with a hardness of
94 HRA performed the reciprocating movements with
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BBICOKOM TBepAocThio 800-900 HV, Tak M CTOMKOCTBHIO
K abpa3slBHOMY H3HOCY.

Obpasipl U3 UHCTPYMEeHTAIbHOM cTanu AISI D2 [13]
MHKPOTBepAOCThIO 267-300 HV momBepraauch jiasep-
HOU 06paboTKe B Cpelie 3aIIMTHOIO rasa C IIOMOIIBIO
CO,-nmasepa mpu MOIMHOCTH M3/1y4deHHS 1-8 KBT, cKo-
POCTH IepeMellleHHs jyda Jasepa 5-15 MM/c, mAaT-
HOM AuaMeTpom 1 MM. Hanbosbiiasi MUKPOTBEPAOCTb
YIIPOYHEHHOM 30HBI COCTaBIsAIa 605 HV. MakcuMab-
Hag r1ybrHa 30HBI YIPOUHEHHS COCTaBHIa 2150 MKM
[IPU MOILHOCTHU H3JIy4YeHHs 7 KBT U CKOpPOCTH Iiepe-
MereHus ny4da 10 mm/c. IIpu nasepHoi obpaboTke
C TOHI>KEHHOM MOIIHOCTBIO H3JIyueHHUsI 00pasyroTcs
30HBI YIpOUHeHMs1 C 6ojiee BBICOKOM TBEPHOCTBIO,
a IIpH OIIaB/IeHHUH 06pa3IioB Ha 6osiee BBICOKOM MOII-
HOCTH M3JIy4eHHS TBepHAOCTb CHMYKAeTCS, U 3TO CBS-
3aHO C YaCTUYHBIM PaCTBOpeHHEeM KapOUIoB.

C mOMOIIBI0 TBepHOTelbHOro Jyazepa Rofin Sinar
FLO10 obpasmsl [14] M3 HHCTPyMEHTAIBHOM CTAIHU
AISI D2 c pasMepaMHu 69x9x69 MM IMOABepraach
J1a3epHOMY IIOBEPXHOCTHOMY YIPOYHEHHIO IIPHU
MOILHOCTH H3/1ydeHHs 1 KBT; IAITHOM AHaMeTpOM
1 MM; CKOPOCTH IIOIlepeuHBbIX KonebaHui 1000 MM/c,
aMIUIUTyge KonebaHus 10 MM; CKOPOCTH IlepeMe-
meHUs: obpasua 40..140 mm/MuH. [ng ompenene-
HUSl TpUOOTEeXHUUECKUX XapaKTePUCTHUK IIPOBO-
JUIKM HCIBITAHUSA I10 CXeMe «IIap-IUIOCKOCTB? IIPHU
Harpy3ke 30 H. Illap guameTpoMm 8 MM M3 Kapbuza
BosibpaMa TBepAoCThi0 94 HRA coBepiias BO3BpaTHO-
[IOCTyMaTe/lbHble ABIMXKeHHUS C yacToToM 1 I'm. [yinHa
Xofla IIapa cocTaBisia 4 MM. Iloce nasepHoi obpa-
60TKU I1ybMHA TyHKU M3HOCA CHU3UIACh IPHMEPHO
B 4 pa3sa 110 CPaBHEHHIO C KCXOJHOM CTaJIblo.

Obpasisl M3 UHCTPyMEeHTaIbHOM cTanu AISI D2 [15]
C MUKpOTBepmocThio 290 HV moxasepranu Jasep-
HOMY HMMIIYJIbCHOMY IIOB€PXHOCTHOMY YIIPOYHEHMUIO
B Cpefle 3alIIUTHOrO ra3a (aprox) ¢ momoupio Nd : YAG
Jla3epa IIpH IIKMKOBBIX MOINHOCTAX 0,67-2 KBT, 3Hep-
TMU HMMIIYAbCOB 4-12 K, udactoTe 20 I'l, AJIMTeNb-
HOCTH 4 W 6 MC, CKOPOCTH IlepeMelleHus 3, 6,67
u 10 MmM/c, 1 guameTpe IATHA 1 MM. MaKCHMasbHas
r1ybrHa M MIMPHUHA 30HBl YIIPOYHEHHUS COCTABISIA
1158 1 1328 MKM NPH SHEPTUHU UMITyJbca 12 K (IIHKO-
Basi MOLIHOCTb 2 KBT) M CKOPOCTH IlepeMelleHus 1y4a
6,67 MM/C. MHKpPOTBepAOCTh 30H 3aKaJKH H3MeHs-
7ackh B mipegenax 500-800 HV B 3aBUCHMOCTH OT PesKH-
MOB 06paboTKH.

JlazepHyto 06paboTky [16] mpenBapuTensHO 06B-
eMHO 3aKaJIeHHOM MU OTIYILIeHHOM HHCTPYyMeHTalb-
Hou cTanu AISI HIl ¢ TBepmocThio 640-650 HV, (s
(52 HRC), mpoBomuu ¢ momonsio TruFiber 400 nasepa
IIpY MOIIHOCTH H3ay4yeHus 400 BT, cKopocTH mepe-
MeIlleHHs nay4da 70 MM/C, IHAaMeTpPOM IIATHA 2 MM.

=

a frequency of 1 Hz. The stroke length of the ball was
4 mm. After the laser treatment process, the wear
crater depth was decreased by approximately 4 times
compared to the original steel.

The samples made of chisel steel AISI D2 [15] with
a microhardness of 290 HV were subjected to the
laser pulsed surface hardening in a protective gas
environment (argon) by a Nd: YAG laser at the peak
powers of 0.67-2 kW, a pulse energy of 4-12], frequency
of 20 Hz, durations of 4 and 6 ms, movement speeds of
3, 6.67 and 10 mm/s, and a spot diameter of 1 mm. The
maximum depth and width of the hardening area
were 1158 and 1328 pm at a pulse energy of 12 J (peak
power of 2 kW) and a beam speed of 6.67 mm/s. The
microhardness of the hardening area varied within
the range of 500-800 HV depending on the processing
modes.

The laser treatment [16] of preliminary through
quenched and tempered chisel steel AISI H1l with
a hardness of 640-650 HV, ;s (52 HRC) was performed
by a TruFiber 400 laser at a radiation power of 400 W,
a beam speed of 70 mm/s, and a spot diameter of
2 mm. The highest microhardness of the hardened
area was 857 HV, ;s at a hardening layer depth of
0.28 mm. The tribological properties were determined
by a friction test machine according to the “ball (AL, 03,
with the diameter of 8 mm) - disk” scheme (samples of
chisel steel 52 HRC with the laser hardening, through
hardening and the original steel) under a load of 5N
at a speed of 0.1 m/s. The friction track radius and the
friction path were 3 mm and 1000 m, respectively.
The wear crater depth of the laser-treated sample
was 12.2 pm that was 1.36 times less than that of the
hardened sample with the subsequent tempering and
1.77 times less than that of the sample in the initial
condition. The wear rate of laser-hardened samples
was 16.610° mm?/N'-m that 1.5 times less than that
of a through-hardened sample with the subsequent
tempering and 8.7 times less than that of the original
steel.

The purpose of the paper was to determine the
optimal laser hardening modes and study the
tribological properties of X12 chisel steel when
hardening the material with a spread-out and
oscillating laser beam.

EQUIPMENT AND RESEARCH METHODS

For laser hardening, the samples of X12 chisel steel
with the dimensions of 20x20x70 mm were used.
The experiments with the sample laser hardening
were performed by an automated laser technological
complex of the Mechanical Engineering Research
Institute of the Russian Academy of Sciences. The
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Hawubonbllas MHKPOTBEPAOCTh YIIPOYHEHHOM 30HBI
coctaBnsana 857 HV, os npu riaybuHe C10s 3aKalKH
0,28 MM. OmpezienieHHe TPUOOTEXHHUYECKUX XapaKTe-
PHUCTHUK IIPOBOAM/IOCh Ha MAalIMHe TPeHHS II0 CXxeMe
«map (ALO;, mumamerpom 8 MM) - AHCK (06pa3iibl
HHCTPYMeHTa/IbHOM cTanu 52 HRC c 1a3epHOM 3aKail-
KoM, 06beMHO 3aKaJIeHHble M HCXOJHOM CTaln» MpH
Harpys3ke 5 H co crkopoctsio 0,1 M/c. Paguyc LOPOKKU
TPeHHs U IIyTh TPeHMs COCTaBHIH 3 MM U 1000 M,
COOTBETCTBeHHO. [ybnHa NyHKH H3HOca obpasla,
obpaboTaHHOro ja3epoM, COCTaBMJIA 12,2 MKM, YTO
B 1,36 pasa MeHbllle, YeM Y 3aKajJeHHOro obpasua
C IIOC/IeAYIOMIMM OTIIYCKOM U B 1,77 pa3sa MeHbIIIe, YeM
y obpaslia B MCXOLHOM COCTOSIHUK . CKOPOCTb M3HAIIIH-
BaHHUS 06pasloB, 3aKaJIeHHBIX J1a3epoM, COCTaBIIsIa
16,6-10° mM3/H-M, 4TO B 1,5 pa3a MeHbllIe, 4eM Y 06~
e€MHO 3aKaJIeHHOTo obpaslia C IOCAeAYIOIIUM OTIIy-
CKOM H B 8,7 pasa MeHbllle, YeM Yy UCXOJHOM CTa/IH.

Lenbio paboTsl 6bLIO OIpesieieHHe ONTHMAaIbHBIX
PE&KMMOB J1a3€pHOrO YIIPOYHEHHUS M HCC/IeJOBaHHe
TPUOOTEXHUYECKHUX CBOMCTB MHCTPYMeHTaJIbHOM
cTanu X12 mpH 3aKkajike MaTepHajaa pacoKyCHpOBaH-
HBIM U KOJIEOITIOMMMCS JTa3€PHBIM ITYIKOM.

OBbOPYAOBAHMUE

U METO/[bl UCCNIEAOBAHUN

Hns  jasepHOro  yIpPOYHEHMs  KMCIIOJb30BaIH
0bpa3lsl MHCTPYMEHTAJIBHOM CTalnu X12 ¢ pasme-
paMu 20x20x70 MM. DKCIIepUMEHTHI IIO Ja3epHOM
3aKajKke 00paslioB IIPOBOAW/IM Ha aBTOMAaTH3HPO-
BaHHOM JIa3ePHOM TeXHOJIOTMYEeCKOM KOMILJIeKCe
HMAIIl PAH. B KayecTBe M3MeHsEMBIX I1apaMeTPOB
6pUTH BBIOPAHBI TUIOTHOCTH MOITHOCTH H3/Ty4eHHS
B mpegnenax 20-70 [Ik/MM?, CKOPOCTh IlepeMelleHHUs
7-10 MM/c. JlasepHOe YIpOYHEHHEe IIPOBOIM/IH pac-
$OKYCHPOBAaHHBIM K C IIOIIepeuHBIMU KoIebaHUSIMU
Jydya IO HOPMAIM K CKOPOCTH 0OpaboTKu C 4acTo-
Tou 214 T1I. Mertannorpapryeckye HCCIeLOBaHUS
BBIIIOJIHSAIM C MCIIO/NIb30BaHHEM LHM(POBOrO MMKPO-
CKoIla, MeTanorpadudeckor cucremsl OMOC M1000
¥ MHUKpoTBepaoMmepa IIMT-3.

TpuboTexHHUUYECKHe MCIBITAHUS ITPOBOAUIL II0
cxeMe: «IIOCKOCTb (06pa3Libl C JIa3epPHOM 3aKaIKOM
1 00BeMHON 3aKaIKOM CTaiH X12) - Topel] Bpallaio-
IIeHcs BTYAKM (cTanb 40X, 49-53 HRC)» Ipy CKOPOCTH
CKONMBKeHUu 0,25 M/ c ¥ gaBiaeHuu 2 MIla. [Iyig cMa3KHU
KCIIO/IB30BA/IM Mac/Io MHAyCTpHUanbHoe HM20 ¢ mona-
Yel B 30HY TPEHUS I10 OHOM KaIljle B CeKyH/Y .

PE3YJIbTATbI SKCINMEPUMEHTAJIbHbIX
NCCNIEAOBAHUN

Ha puc. 1 npeacraBieHsl MUKPOLITHQEL 30H J1a3ep-
HOM 3aKaJKu CTaau X12, mosydeHHble IIpU obpa-
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radiation power density within the range of
20-70 J/mm? and the movement speed of 7-10 mm/s
were selected as the variable parameters. The laser
hardening process was carried out in a spread-out form
and with the lateral oscillations of the beam along the
normal to the treatment speed with a frequency of
214 Hz. The micrographic studies were performed by
a digital microscope, an OMOS M1000 metallographic
system and a PMT-3 microhardness tester.

The tribotechnical tests were performed according
to the following scheme: “plane (samples with the
laser hardening and through hardening of steel X12) -
end of a rotating bushing (steel 40X, 49-53 HRC)” at
a sliding speed of 0.25 m/s and a pressure of 2 MPa. For
lubrication, the industrial oil 120 was applied with the
feed of one drop per second to the friction area.

EXPERIMENTAL RESULTS

Figure 1 shows the microsections of laser hardening
areas of X12 steel obtained during the treatment by
a spread-out (Fig. 1la and c) and oscillating beam.
The spread-out beam hardening led to the melting
and partial evaporation of the sample edge material,
regardless of the hardening modes that was
unacceptable during the laser hardening of the edges
of cutting tools such as a guillotine knife or a punch.
The use of lateral beam oscillations made it possible to
maintain the shape of the sample edges in almost all
studied modes. The depth and width of the hardening
areas obtained during hardening with a spread-out
and oscillating beam was 0.9-1.8; 0.55-0.96 and
2.5-3.4; 3.6-5.7 mm, respectively.

The microstructures of laser hardening areas are
presented in Fig. 2. In the upper part of the melted
sample, when exposed to a spread-out beam, a cellular
structure with a cell size of 5-7 pm was observed, along
the boundaries of which there were the light areas of
carbide inclusions (Fig. 2a). Figure 2b demonstrates
the lower hardening area from the solid state with
a transition to the tempering area with the unit sizes
of 20-40 pm during the spread-out beam treatment.
The application of lateral oscillations under the same
laser hardening conditions led to a sharp decrease
in the size of the structural components. Figure 2c
shows microstructure of the upper laser hardened
layer consisting of martensite, cementite and carbide
inclusions. Figure 2d demonstrates the transition
boundary from the hardening structure from the solid
state to the partial tempering area.

The microhardness of areas strengthened by the
laser beam varied within a wide range of 6700-
11800 MPa. Figure 3a shows a graph of changes in the
microhardness depending on the layer depth after the
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boTke pacdoKyCHpPOBaHHBIM
(puc. la u ) u KonebIIOUUMCS
IIy4YKOM. YIIPpOUHeHHe pacPoKy-
CHUPOBaHHBIM JIy4YOM IIPHUBOJHIIO
K OIJIAaBJIEHHUI0O M YaCTUYHOMY
HUCIIapeHHUI0 MaTepHhajla KPOMKH
obpasna He3aBUCHMO OT PeXH-
MOB 3aKaJIKH, YTO HeLOIIyCTHUMO
IIPU /1a3epPHOM 3aKaJKe KPOMOK
PEXYIIMX HHCTPYMEHTOB THIIA
TUIBOTHHHBIA HOX HJIH BBIPY6-
HOH IYyaHCOH. IIpHMeHeHHe
[IoIlepevyHbIX KoaebaHUM Jyda
[I03BOJIMJIO COXPAaHHUTL GopMy
KPOMKH 00pa3siioB IpaKTHYeCKU
Ha BCeX MCCIeNOBaHHBIX PeXKU-
Max. [nybmHa M IIUPHUHA 30H
YyIIPOUYHEHHS II0Jy4eHHBIX IIPHU
3aKajike PacPoKyCHPOBAHHBIM
M KOJIONIOMMMCS Ty4OM COCTaB-
ngna 0,9-1,8; 0,55-0,96 u 2,5-3,4;
3,6-5,7 MM COOTBETCTBEHHO.

MHUKPOCTPYKTYpPBL 30H J1a3ep-
HOM 3aKajK{ IIpe[CTaBleHbl Ha
pUc 2. B BepxHeHM 4YacTH OILJIaB-
JTeHHOro obpasna Ipu BO3IeH-
CTBUU pacdorycCHpoBaHHBIM
Ty4oM HabIomanu  SYeUCTyIo
CTPYKTYpPy C pasmMepoM s4eek 5-7
MKM II0 TpaHHIIaM KOTOPBIX pac-
[I0JIOKeHBl CBeT/ble 30HBl Kap-
bunHble BRIIOUeHHUS (pHC. 2a). Ha
puc. 2b mpencraBieHa HUKHSS
30Ha 3aKaJIKU M3 TBEPAOI0 COCTO-
SIHUS C IIePeX0/I0M B 30HY OTIIYCKa
C pasmepaMu 650k0B 20-40 MKM
npu obpaboTke pacdoKycHpo-
BaHHBIM JyuoM. IIpuMeHeHHe
IIOIIepeyHbIX KOIebaHUM IIpH Tex
>Keé Pe>KHMax J1a3epHOHM 3aKalKH
IIPUBOJHJIO K Pe3KOMY CHHKEHHUIO
Ppa3sMepoB CTPYKTYPHBIX COCTaBJIS-
omux. Ha puc. 2c mpeacrasiieHa
MHKPOCTPYKTypa BepXHero Cjos
7a3epHOM 3aKa/IKH, COCTOsIMas M3
MapTeHCHTa, LleMeHTHTa M Kap-
6unHbIX BKRIOYeHHI. Ha puc. 2d
IpefCTaB/lieHa I'PaHHULIA IIepexofa
OT CTPYKTYPhl 3aKaJIKM H3 TBep-
IOTO0 COCTOSIHHSI K 30He YacTHUY-
HOIO OTIIyCKa.

MHUKPOTBEpPAOCTL  YIIPOYHEH-
HBIX JIa3ePHBIM JIy4OM 30H H3Me-

DLO
L=2,423 MM

DLO
L=3,528 MM

DL1
L=1,242 MM

DL1
L=0,874 MM

DLO
L=3,605 Mmm L=0,798 MM

Puc. 1. Mukpouwaudbl 30H AazepHoli 3akanku cmanu X12 pacokycuposaHHbIM
Aydom (a u c) u Konebaouyumes ayvom (b u d): a u b-P=700 Bm, V=7 mm/c;
cud-P=1000Bm, V=10 mm/c
Fig. 1. Microsections of laser hardening areas of X12 steel with a spread-out beam
(aand c) and an oscillating beam (b and d): a and b-P=700 W,V =7 mm/s;

candd-P=1000 W,V =10 mm/s

40 MKM

40 MKM

Puc. 2. MukpocmpyKkmypbl 30H Ad3epHol 3akanku cmaau X12 pacokycuposaH-
Hbim (a, b) u konebaowumcs (c, d) nyukom

Fig. 2. Microstructures of laser hardening areas of X12 steel with a spread-out
(a, b) and oscillating (c, d) beam
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TEXHOJIOTUU U TEXHOJIOTMYECKOE OBOPYOBAHUE |

Hs7ach B IIMPOKUM Ipefenax 6700-11800 MIla.
Ha puc. 3a npuBefieH rpapuKk H3MeHeHHS MHKpPO-
TBEPHAOCTH OT INyOHMHBI C1os Iocie o6paboTKu pac-
$OKYCHPOBAHHBIM JIy4OM. 30HA JIa3€PHOM 3aKaJIKH
rmMesna TBepaocts 8000-8800 MIla, a 30Ha OTIyCKa
rnybuHom 6omee 400 mMrM 5000-6000 MIla. Ilpu-
MeHeHMe IIONepPeyHHBIX KolebaHUI jyda Ha Tex ke
peskuMax o6paboTKH I103BOIK/IO 3HAUUTEIbHO IIOBBI-
CUTb MHKPOTBE/IOCTb 30HBI JIAa3€PHOM 3aKaJIKH JI0 3Ha-
deHHH 9000-12000 MIla M CHH3UTbL pa3Mephl 30HBI

oTIycKa 1o 100 MKM IIpH ee MHUHHMAaJIbHOU TBEpZO- T R O R R R N T
ctu 6000 MIIa. 0 02 04 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4
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HV, MIIa-103
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Ha puc. 4 mpencTaBneHbl pe3yiabTaThl ompenene- | 2 15, et
HHUSI UHTEHCUBHOCTH H3HamMuBaHUS () Ang obpas-
LI0B UHCTPYMEHTA/IbHOM CTIH C 0OObeMHOI 3aKaIKOH
1 oTiyckoM (1) U ¢ J1a3epHOI 3aKkaiKoM (2) 50% mmoBepx-
HOCTU TpPeHHs. AHaJMU3 II0JIy4YeHHBIX Pe3ybTaTOB
[OKa3aJl, YTO Jia3epHas 3aKaJ/ika HMHCTPYMEHTaJIb-
HOI cTaiu X12 IOBBICH/IA U3HOCOCTOMKOCTD B 1,6 pasa
I10 CPaBHEHHIO ¢ 06beMHOI 3aKa/IKOM 06pa3LioB.

—
=

-
o
T

OBCYXAEHUE PE3YJ/IbTATOB

[TonyuyeHHbIe Pe3yAbTATHL II0KA3A/IH, YTO IIPU JIa3ep-
HOM 3aKaJIKe HMHCTPYMEHTa/JbHBIX CTaJiel MHUKPO- T
TBEPAOCTh YIPOUYHEHHBIX CJI0€B 3HAYHTEIbHO BO3- 0 0204 06 08 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4
pacTaeT II0 CpPaBHEHHUIO C 0OBeMHOM 3aKalKOM b) h, MM

U OTIyCKoM. IlpemyiokeHHass TEeXHOJIOTHUS Jiasep-
HOI'0 YIIPOYHEHHUS C KCII0/JIb30BAHHEM IIOII€PEeUYHBIX Puc. 3. I'paguku 3aeucumocmu mukpomsepdocmu om
Ko/ebaHUM JIy4a I10 OTHOLIEHUIO K CKOPOCTH 0bpa- | 2aybuHbl cA0s cmaau X12 ynpouHeHHbIX Ad3epHbIM Ny4KOm:
60TKM HMeeT OONIBIIYI0 IIPOK3BOAUTEIBHOCTD, UeM a) pacokycuposaHHbim ny4Kom; b) KonebalouUMcs nyvkom
IIpH 3aKajiKe pacoKyCHPOBAHHBIM JyuoM. IIpoiiecc npu P=1000 Bm, V=10 mm/c

HV, MIIa-103
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T

YIIpOUHEHHSI UHCTPYMEHTAJIbHBIX CTajlel ¢ mpume- | Fig. 3. Graphs of the microhardness dependence on the depth
HeHHeM KoJIebIIoerocs JIa3epHOro Jjiyya MOKET of a X12 steel layer strengthened by a laser beam: a) a spread-
OBITH HCIIOJIB30BAH IIPH 00paboTKe PeXyIIMX Kpo- | outbeam;b)an oscillating beam at P=1000 W,V =10 mm/s

MOK T'MJIBOTHHHBIX HO)KEfI, HPO6I/IBHBIX IIYyaHCOHOB
H OIPYyIrHM AeTa/IsAM, IIPUMEHAeMbIM [JIs HU3TO0TOBJIE-
HH IITaMIIOB OJIs1 IIOBBIINIE€HHKS HAAEe>KHOCTH KM O0JI-

FOBEYHOCTH KX PabOTHI. 0,40

0,35
3AKJ/TKOMEHUE
PazpaboTaHa TEeXHOJIOTHUS JIa3epPHOM 3aKaJIKHU 0,30 -
MHCTPYMEHTAJIbHBIX CTaJled C MCII0/Jb30BaHHEM
[IOIlepeYHBbIX KOJeGaHHUM Ja3epHOTO Jy4da, dYTO 0,25 - Puc. 4.
II03BOJIM/IO IIOBBICHTH IIPOHM3BOAMTENBHOCTh 0OOpa- 7 MHmeHcusHocmb
b6orku B 1,4-1,9 pa3a mo CpaBHEHHUIO C YIpOYHe- :0’207 UsHawueaHus
HHeM pacPoKyCHUPOBaHHBIM Jy4oM. IloBhIIIeHHE 0,15 - cmanu X12:
IIJIOTHOCTH 3HEPTUH IIPH JIa3epHOM YIPOUYHEHHH 1) 56-58 HRC;
KOJIeOII0IUMCS JIy4OM IPHBOAHIIO K YBEIHYEHUIO 0,10 | 2) 9000-12000 MMa
reoMeTpPHUUeCKHUX Pa3MepoB 30H JIa3epHOK 3aKajKH. Fig. 4.
[Ipy ONTHMAJIbHBIX pekuMax 06paboTKU U ympou- 0,051 Wear rate of X12
HeHHHU 50% ITOBepXHOCTH TPeHHUsI 006pa3lioB HM3HO- o steel: 1) 56-58 HRC;
COCTOMKOCTD IOBBIIIANACh B 1,6 pasa Mo CpaBHEHHIO 1 2 2) 9000-12000 MPa

C 00 BbeMHOM 3aKaJIKOH.
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spread-out beam treatment. The laser hardening area
had a hardness of 8000-8800 MPa, and the tempering
area with a depth of more than 400 microns had
a hardness of 5000-6000 MPa. The use of the beam
lateral oscillations in the same treatment modes made
it possible to significantly increase microhardness
of the laser hardening area to the values of 9000-
12000 MPa and reduce the tempering area size to 100
microns with its minimum hardness of 6000 MPa.

Figure 4 presents the the wear rate results (J) for
the chisel tool samples with through hardening and
tempering (1) and with laser hardening (2) of 50% of
the friction surface. Analysis of the obtained results
showed that the laser hardening of X12 chisel steel
increased the wear resistance by 1.6 times compared
to the through hardening of samples.

DISCUSSION OF THE RESULTS

The results obtained demonstrated that in the case of
laser hardening of chisel steels, microhardness of the
hardened layers is increased significantly compared to
the through hardening and tempering. The proposed
laser hardening technology using the beam lateral
oscillations in relation to the treatment speed has
greater productivity than in the case of the spread-out
beam hardening. The chisel steel hardening process
using an oscillating laser beam can be used when
treating the cutting edges of guillotine knives, punch
pins and other parts used for the production of dies in
order to increase the reliability and durability of their
work.

CONCLUSION

The laser hardening technology for chisel steels using
the lateral oscillations of a laser beam has been
developed that has made it possible to increase the
treatment productivity by 1.4-1.9 times compared to
the spread-out beam hardening. An increase in the
energy density during the laser hardening procedure
with an oscillating beam has led to the increased
geometric dimensions of the laser hardening areas.
In the optimal treatment conditions and hardening
of 50% of the sample friction surface, wear resistance
is increased by 1.6 times compared to the through
hardening.
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SLLS 3A0 «CJIC Mpaiim TexHonoamu»

PRIME TECHNOLOGY

Beictaeka «DoToHuka-2024» npuenekna BHWMMAaHWe MNOCETUTENEW CBOMM HOBBIM
yyacTHUKOM — komnadueil 3A0 «CJ1C MNMpaim TexHonogxu». NMNoABMBLUWCE Ha PbIHKE B KOHUe
2023 ropa, KOMNaHWA yXe ycnena npuenedyb cneuuannucToB npeanoxeHWem HOBeWlllen
nas’epHou TEXHWUKMW.

LTab-kBapTMpa KOMNaHuW pacnonoxeHa B benapycw, B ropoge MuHck. OCHOBHOW akLeHT
B paboTe 3A0 «CJIC lNMpaim TexHonogxu» caenad Ha NPOM3BOACTBO TBEPAOTENbHBIX MMMNY/b-
CHbIX N1a3epoB, CNOCOBHbIX TEHEepPUPOBATEL NA3EPHOE M3NYYEHWE C 3a[laHHBIMUW XapaKTepucTH-
KaMM B LULMPOKOM cnekTpansHom aumanasoHe ot YO go UK.

Ha BbicTaBke «DOTOHMKA» KOMNaHWA npeacraeuna (aHoHcupoBana) o6LWWMPHBIM accopTu-
MEHT UMNYNbCHBIX HAHOCEKYHAHbIX nasepoe. B apceHane 3A0 «CJ1C MNpanm TexHonoamu» =
nasepbl C YHUKanbHbiM COYETAHWEM 3IHEPTUK U YacTOThl CNef0BaHWA UMNYNbLCOB, KaK C nam-
NOBOW, TAK U C ANOOHOW HAaKaYKOW. ApKMMKW NpeacTaBuTENAMMKM 3TOMD HanpaBneHWa ABNAKTCA
mofgenu Graphite 550 n Azurite 160.

Graphite 550 — aT0 TBEpAOTENbHBIA HAHOCEKYHAHbLIM Nasep, 3Heprua MMNynbca KOTOPOro
npeebiwaet 0,5 [1xx. Ero ocobeHHOCTL - BO3MOMXHOCTE paboTel He TONLKO Ha YacTtote B 10 Iy,
HO M Ha YacToTax 20 Iy v 30 'y, 4To BLIFOAHO BbIAENAET ero cpeiun NPoAyKLUWM KOHKYPEHTOB.

Azurite 160 = ato KomnakTHeIA Nd:YAG nasep ¢ guMoaHOW HakaykoW, cCNOCOBHbLIA reHepupo-
BaTb UMNYNbCbI C 3Hepruel ao 160 mx v yactotamu ux noeTopeduna go 30 u. bnaropapa
BO3AYLWHOMY OXNaXAeHWIO U BONbLUMM MEXCEPBUCHbLIM MHTEPBaNam, OH uaeansHo NOAXoAWUT
Kak Ana nabopaTopHbIX, TaK U A4NA NPOU3BOACTBEHHBIX YCNOBMWIA.

Bce nasepbl, npoussogumble «CJ1C NMpaidm TexHonogKu» UCNONb3YIOT KPUTUYECKU BaXKHble
KOMMOHEHTbI OT POCCUIACKUX 1 BENOPYCCKUX NPOU3BOAUTENEN, YTO rapaHTUPYeT UX HaAeXHbIH
W BbICTPbIW CEPBUC.

Co3gaHue WUpoKoro MofensHoro paga CoBpeMeHHbIX NasepoB B CATble CPOKKU — 3TO CNOX-
HanA 3a/a4a, KOTOPYH KOMMaHWK yAanock PewwnTs Bnarogapa cnaxeHHon KomaHae npodeccuo-
Hanoe. CotpygHuku 3A0 «CJIC TMpaim TexHonomxu» 06NafakoT HayyHbIMKM CTENeHAMMU
W BoraTtbiM NMPOM3BOACTEEHHBIM OMbITOM paboTel. MHOMME W3 HWUX NPOXOAMNM CTaXXWUPOBKK
B BbICOKOTEXHONOTMYHbIX KOMNaHKAx Esponel n AnoHuK. bonee 3000 nasepos, paspaboTaHHbIX
W NPOM3BEAEHHBIX C Y4acTUEM 3TOW KOMaHAbI, y)Ke paboTakoT No BCEMY MUPY, BKNKOYAA Kpyn-
HeWllluve Hay4yHble ueHTpbl Poccuu.

Bnarogapa HapaboTaHHbIM KOMNETEHLMAM COTPYAHUKOB M UX aBTOPUTETY B NPOodecCHoHansHoM
cpefe, y)e B nepebie MecAlbl, nocne ceoero cosganua, «CJ1C MNpaitm TexHonogu» NpuBnexkno
HEeCKOMbKO KPYNHbIX KoHTpakToB Ha HWOKP 1 npogonxaeTt akTUBHO pasBnBaThLCA.

Bnarogapa HapaboTaHHbIM KOMNETEHLMAM COTPYAHUKOB M UX aBTOPUTETY B NPOodecCHoHansHoM
cpefie, y)xe B Nepeble MecAlbl CBOeW feATenbHOCTH, KomnaHua «CJIC MNpanm TexHonopxu»
NpUBNeKna HecKoNbKo KPYNHbIX KoHTpakToe Ha HWOKP 1 npogonxaeT akTUBHO pa3BMBaTbCA.



CO34AHDBI MO MNEPEAOBBIM TEXHOJIOTIAM
UMIMYJIbCHbIE Nd:YAG JIA3EPDI
GRAPHITE U CORUNDUM

WmnynbcHbie Nd:YAG nasepbl cepui Graphite u Corundum nageancHo "mnm ANA peweHnn
Hay4yHO-NccnefgoBateNbCiMx U NpoMbIWNeHHbBIX 3a0ay

* JlnuHbl BonH 1064, 532, 355 1 266 Hm
* JHepruA umnyneca go 1500 wmlx f
* Yactora nostopeHua umnynscoe go 100 My ’
* Pexum nayek umnynscos Burst mode Ll /

* BcrpoeHHbLIW namepuTens 3Hepritm

* KoMnakTHbIK Kopnyc

* [poussoacreo Pecnybnuka benapych

[lpocToTa 3Kkcnnyatauun - BblCOKaa HalE€XHOCTb

Komnanua «CNC Mpanm TexHonogxu» obbeaAMHWNG BEAQYLUMX cneunanmucTor B obnactu pa3paboTiu U
NPOW3BOACTBa Na3epoB W NasepHbiX CUCTeM, C Uenblo obecneywTb OTEUECTBEHHbLIE PbIHKK
Heobxoaumbim obopynoBaHMEM, CO3AAHHBIM NO NepeaoBbIM TEXHONOTMAM.

Nazeptl cepwit Graphite n Corundum 310 0bHOBNéHHan eepcua umnynbcHbix Nd:YAG nasepos.
Naszepni Graphite » Corundum nocTpoeHsl Ha ogHOW nnatgopme, 0bBNapalwdT nNOBLIWEHHOW
HaAEKHOCTBID W NpeanaranT WUPOKWA CNeKTP CoYeTaHWi 3Heprin umnynsca (ao 1,5 ) v ux
YacToThl NoBTOpeHKA (Ao 100 My).

HoBaa NUHERKa KOMMAKTHBIX W HAAEKHBIX NAIEPOB C OTNWYHBIM KayecTBOM W3NYYEHWA MOMEeT
MCNONb30BATLCA, Kak ANA HayuHbIx MCCNefoBaHnia, Tak U B kauectee OEM-mogyneit B NpombILLIIEHHOM
obopyposaHun,

bonee nodpobHyto uHgopmauLio Bel momeme noayyuume y HaWUX cneyuanucmos no e-mail unu menegony:
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