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TexHo/I0rns NasepHoOro TepMoyrnpoyYHeHUs YyryHoB
M cTaJier NoBbIlIAeT TBEPAOCTb, MSHOCOCTOMKOCTb
M 3aMpPOCTONKOCTb pabouynx noBepxHocTemn
TpeHus. MpeacTassieHbl pe3y/ibTaTbl UCMbITAHUNA

M 3KCN/lyaTauum napbl TPEHUS, Npoluejluen
nasepHoe TepMmoynpoyHeHue, B CpaBHEeHUU

C TPAAULIMOHHBIMU TEXHOJIOTUSIMU YNIPOYHEHUS.
BbisiBIeHbl YCI0BUS U PEXUMbI JlasepHOM 06paboTku,
CHUXalou e HeraTUBHOE BAUSHME 30H OTNyCcKa

M NoBbllaloWwme NpomsBoOAUTE/IbHOCTb JlIa3epHOMN
3akanku B 1,6-2,5 pasa.

yeckoro ympouHeHusi (JITY) moBepXHOCTeH

TPeHUs AeTajel MAalIUH Heob6XoIHMO ydu-
TBIBATh YCJIOBU S MX 3KCIIJIyaTallMH, MeXaHHUYeCKHe
U TeruloQH3MYeCKHe CBOMCTBA HCXOMHBIX MAaTepH-
anoB. IIpoM3BOAUTENIBHOCTb Ja3epHOM 06paboTku
ompenesnsieTcss INyOHMHOM M IJIOMAAbI0 YIIPOUHEH-
HOI1 I0BePXHOCTH. [{/Isl IIOBBIIIEHH I H3HOCOCTOLKO-
CTH BTYJIKHU OU3e/Is B IBa pa3a LOCTATOYHO yIIPOY-
HUTb 25% IUTomany paboyeil IOBepXHOCTH 3epKaja
UMJIMHAPA. 33aJHPOCTOMKOCTh LM/IHHIPOMNOPIIHE-
BOI TPyIIbl IIPU 9TOM IIOBBIIIaeTcs B 1,8 pasa [1].
IKCIIePUMeHTaIbHO OBLIIO YCTAaHOBJIEHO, YTO IIpHU
yIpouHeHUU 50% II0BePXHOCTH TpeHHs obpasioB
ctanu 45, 40X mpH HMCHOBITAHMH Ha MalllMHe Tpe-
HH S BO3BPATHO-TIOCTYIIaTe/IbHOTO ABUKeHU s MTB-1
B I1ape ¢ KOHTpobpasuoMm u3 uyryHa CY20 u3HOCO-
CTOMKOCTb IIOBBIIIAETCA B 3 pasa, a npu 100%-Hom
yIpOYHEeHHH — B 3,3 pa3a 10 CPaBHEHUIO C HEYIIpoY-
HeHHBIMHU obpasuamu [2]. IIo 3aAHPOCTOMKOCTHU
3aKajleHHble jla3epoM 06pasiibl He yCTyImaeT a30TH-
poBaHHBIM cTansaM 40X 1 12XH3A ¥ 3HAUYMUTEIBHO —
B 1,7 pasa - mpeBOCXOIAT LIEMEHTOBAHHHYIO CTalb

n PH Ha3HAauYeHUU peKHMOB JIa3epPHOIO TePMHU-
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The technology of laser thermal hardening of cast
iron and steel increases the hardness, wear resistance
and scoring resistance of functional surfaces of
friction. The results of tests and operation of friction
couple which has passed laser thermal hardening are
given in comparison with traditional technologies

of hardening. The conditions and the modes of laser
processing reducing negative impact of drawing-
back areas and increasing the effectiveness of laser
hardening by 1.6-2.5 times are revealed.

hen assigning the modes of laser thermal
W hardening (LTH) of friction surfaces of

machine parts, it is necessary to consider
the conditions of their operation, mechanical and
thermo-physical properties of initial materials.
The effectiveness of laser processing is defined
by depth and the area of the hardened surface.
In order to increase wear resistance of the diesel
liner by two times, it is enough to harden 25% of
the effective area of cylinder bearing surface. The
scoring resistance of cylinder-piston group thus
increases by 1.8 times [1]. It has been established
experimentally that when hardening 50% of friction
surface of the samples made of steel 45, 40H when
testing on friction machine of reciprocating motion
MTV-1 together with counter sample made of cast
iron SC20, wear resistance increases by 3 times, and
when hardening is 100% - by 3.3 times in comparison
with not hardened samples [2]. According to scoring
resistance, laser-hardened samples do not concede
to nitrated steel 40X and 12HN3A and considerably
exceed cemented steel 18HCT by 1.7 times. For laser
hardening of steels 45 and 40H with diameter of
laser spot of 2-4 mm, linear increase of depth
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18XI'T. Ins 1a3epHOro yIIpOUHeHM s CTanel 45 u 40X
IIY4YKOM C AHAMETPOM Ce4YeHHs 2-4 MM 3KCIEepH-
MeHTaabHO OOHapysKeHa JHHeNHAas 3aBUCHMOCTb
BO3paCTaHUS INYyOHHBI 30HBI 3aKaJIKK C YBelHYe-
HHeM JHaMeTpa ja3epHOro my4dka. JIyis MamoxkecT-
KHUX U AJIHMHHOMEDHBIX JleTa/Ier JOIIOJHUTEIbHBIM
KpUTepHeM OINTHMH3ALKH PeXHUMOB J1a3epHOro
YIIPOYHEHUS SABISIOTCS MHHHMMAaJbHBIE OCTATOY~
Hble Jedopmanuu [3]. Kak mokasana Halll ONBIT BHe-
JPEeHUs] TeXHOJOTHH Ja3epHOM 3akalaku Ha OAO
"KpacHBIN IpoJieTapUH’, IPU JTa3epHOM yIIpOUHe-
HUU HaKJAAJHBIX HANPaBAAIOMHX CIIelHaTbHbBIX
CTAaHKOB [JIsi YMeHbIIeHUS AedopMaluM Heobxo-
OUMO 3aKanuTh 20-25% TexXHOJIOTHYeCKOH IOBepX-
HOCTH U 60% paboder moBepxHOCTH. IIpu 3TOM
oCTaTo4yHble fedopMaLuu coctasnsaoT 0,05-0,1 MM
Ha 1 MeTp MIMHBL. [I/1 CpaBHeHUS MIPH 3aKajKe
TOKaMH BBICOKOM dYacToThl (TBY) ocTaTOYHBIE
OebopMallMK COCTaBIsAT 1,5-2,0 MM Ha 1 meTp
OAUHBL. DTH Xe 0be TeXHOJOIHH OBLIM HCIIOJb30-
BAaHBI [JIS1 3aKaJIKK JleTa/lel CyNIIOPTHOM IPYIIIIBI
CIeLIMaZbHBIX CTAHKOB. IIpH Ja3epHOM 3aKajKe
CTAaHHHBI CIIeJMAaJbHOr0 CTaHKA MJIKHOHU 2 MeTpa
u3 yyryHa C420 octatouHble JepopMaLMH He Ipe-
Beicunu 0,1 Mm. JebopMalluu CTaHUH, 3aKaJleH-
HBIX C ToMoIbio TBY npu cepHIHOM IIPOHU3BOACTBE
CTaHKOB, COCTaBAAT 1-1,5 MM, U A5 obecriedeHU
TOYHOCTH CTaHKa TpebyeTcs AnauTenpHas obpa-
6oTKa nIrboBaHHEM.

Jng peanu3allMM 3KCIIEPUMEHTOB II0 Jia3ep-
HOMY YIIPOYHEHHIO UYTYHHBIX Ipecc-popm ObLI
HCII0/1b30BaH MHOTOKaHaAbHBIN CO,1aszep MT/I2M
MOIIHOCTBIO 2 KBT ¢ IIMHHOQOKYCHOU CHCTeMOM
TPAaHCIOPTUPOBKH U QOKYCHPOBKHU H31ydeHUs [4].
®oxycHOe pacCcTossHHe TUH3bI 1240 MM. IIpU BBHIIOJI-
HeHUU 9KCIIePUMeHTOB ObLIM BEIOpAHEI CIe YOI He
ImapaMeTphl: CKOPOCTHBIE PeKHMMBbI TEPMOYIIPOYHe-
HUS B AHala3oHe 3-9 MM/C, CMelleHHe J1a3epHOro
Jy4a OTHOCHUTE/JIBHO KPOMKHU 2 MM, AHAMEeT] HATHA
HU3/1y4eHUd 13 MM, 5 PeKTHBHBIN JHUaMeTp MSITHA
6,8 MM [5]. ITo o3Hauaert, uTo Honee 50% 3Hepruu
JIa3epHOro Jy4a TPATUTCS Ha OecIione3HBIN HAarpeB
JeTajau 40 TeMIlepaTyphl HUXKe $pa30BOoro rnepexona.
JTa TeXHOJIOTHS HaXOAUT IpaKTHUYecKoe IIpUMeHe-
HHe IpU paboTe pacPoOKyCHPOBAHHBIM TYyUOM, KaK
npaBuio, 6e3 OIIaB/IeHUS IOBEPXHOCTH AeTalH,
OJHAKO IIPH JIa3epHOM 3aKajKe C IepeKpBITHEM
IoposkeK 06pa3yroTCs 30HBI OTIIYCKa, IIKMPHHA KOTO-
PBIX 3aBHCUT OT peskUMoB 06paboTku. IIpu ckopo-
CTH JBU>KEHHM S JIa3€PHOr0 JIyda 3 MM/C U MOIITHOCTH
K3ny4deHUs nasepa 880 BT riybuHa 30HBI yIIpOUYHe-
HHUA cocTaBUaa 0,82 MM HIpU CpefHEU TBEpPAOCTHU
464 HV. Ilpu yBelHYeHHUH CKOpPOCTH 06paboTku
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of hardening area is observed for increase of
laser beam diameter. For low-rigid and lengthy
parts, the additional criterion of optimization
of modes of laser hardening is the minimum
permanent deformation [3]. As our experience of
implementation of technology of laser hardening at
JSC "Krasny Proletary" has shown, laser hardening
of attachable guides of special machines for
deformation reduction requires hardening of 20-25%
of technology surface and 60% of working area.
Thus, permanent deformation comprises 0.05-0.1
mm per 1 meter of length. For comparison, when
hardening by high-frequency currents (HFC), the
permanent deformation comprises 1.5-2.0 mm by 1
meter of length. The same technology has been used
for laser hardening of support group parts of special
machines. For laser hardening of bed of special
machines 2 meters long made of cast iron SCh20,
permanent deformation has not exceeded 0,1 mm.
Deformation of beds of the machines hardened by
HFC during mass production makes 1-1.5 mm, and
long-continued processing by grinding is required
to ensure the machine accuracy.

For implementation of experiments of laser
hardening of cast iron molds, multichannel CO, laser
MTL-2M with a power of 2 kW with long-focus system
of transportation and focusing of radiation has been
used [4]. Focal distance of lens is 1240 mm. When
performing experiments, the high-speed modes of
thermal hardening have been chosen in the range of
3-9 mm/s, shift of laser beam in relation to edge was
2 mm, diameter of radiation spot was 13 mm, and
effective diameter of spot was 6.8 mm [5]. It means
that over 50% of energy of laser beam is spent for
useless heating of part up to the temperature not
exceeding phase transition. This technology has been
practically applied for defocused beam processing,
usually, without part surface melting, however
drawing-back areas which width depends on the
processing modes are formed during laser hardening
with overlapping of paths. With laser beam speed
of 3 mm/s and laser radiant powers of 880 W, depth
of hardening area has made 0.82 mm for average
hardness of 464 HV. When processing speed increases
to 9 mm/s and laser power increases to 1130 W, the
hardening area with depth of 0.68 mm and with
hardness of 515 HV is received. However, the crack
in the hardened layer has been revealed for this
mode. Therefore, laser thermal hardening with beam
traverse speed of 5-7 mm/s is adopted as optimum.
Production tests of cast iron parts of shaped sets
for glassware molding have subsequently shown the
increase in their wear resistance by 1.5-2 times.
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[0 9 MM/C ¥ MOIIHOCTH J1a3epa Ao 1130 BT monyyeHa
30Ha YIIpOYHeHHUS C rinybuHon 0,68 MM, U TBepro-
cThI0 515 HV. OlHaKO Ha 3TOM pekhUMe o6HapyskeHa
TPelMHA B 3aKa/IeHHOM cJioe. II03ToOMy OIITHMAaJIb-
HBIMU IIPUHATHl PeKHUMBI JIa3€pPHOI0 TePMOYIIPOY-
HeHUS CO CKOPOCTBIO IlepeMelleHUs ayda 5-7 MM/c.
[TpoM3BOACTBEHHBIE HCIIBITAHUSA YYIYHHBIX [eTa-
e GOpMOBBIX KOMII/IEKTOB [IJI51 TUTbS CTeK/I0Taphl
[I0Ka3a/Iu YBeJIM4YeHHe UX U3HOCOCTOMKOCTH B 1,5-2
pasa.

JlazepHOe ympouHeHHe cTaxen 20, 45, 40X,
IX15 mpoBOAMIIOCH HPHU MOINHOCTH H3JIy4YeHUS
CO,;masepa 650-800 Bt mumameTpoMm mosATHa 1,9-
2,3 MM IpH CKOPOCTH IepeMellleHUs 38-44 mM/c
Ha obpasmax c pasmepamu 20x80x5 mm [6]. Ilio-
manb yOpo4YHeHHBIX 30H cocTabiasiia 20, 40, 60,
80, 100% oT HOMHHAJIBHON IIJIOmaAu. [ybrHa 30H
yIOpouHeHHs He IpesBbimana 300 MKM. TBepAoCTh
HopManu3oBaHHoM (20 HRC) u yayumeHHoun (27-
30 HRC) cranu 45 mocine JITY Haxoguiaach B npe-
genax 45-50 HRC u 58-59 HRC coOTBeTCTBEHHO.
TBepmocTh 3aKkaneHHOMW cTand LIX15 coxpaHHUIACh
Ha ypoBHe 60 HRC. TBepmocTh LieMEHTOBAHHOIO
cs1os1 cTaau 20 IOBBICUJIACh HAa 3 eJUHUILBI M COCTa-
Buna 60 HRC. TpuboTexHHUYecKHe HCIIBITAHUS
rccieqyeMblXx 06pas3lioB IMPOBOAKIN Ha BOCBMUIIO-
3SUIIMOHHOM MalllMHe TPeHHS C BO3BPAaTHO-TIOCTY-
maTeJbHBIM [ABHKEHHEeM COIPSKeHHBIX 006pa3lioB
IIpU CTYII€EHYATOM IIOBBIIIEHUHU OaBjeHUsd oT 0,2
no 40 MIIa [7]. BpeMsl UCIBITAHUM Ha Ka>KAOU CTY-
IIeHU COCTaBJISLIO 3,5 yaca. B kauecTBe KOHTpobpas-
LI0OB MCII0/Ib30BaaHU 0Opaslipl C MeHblIeH II0BepX-
HOCTBIO (4x25 MM), BBIIIOJIHeHHBIe U3 cTanu 11X15
c TBepAocTeio 58-60 HRC. Hawubonpliyro H3HOCO-
CTOMKOCTH IIOKa3anu obpasusl ctanu 40X. Ilpu-
yeM 3HAa4HTe/bHOE yBelHUeHHe HM3HOCOCTOMKOCTH
06pas1oB mokasanau obpasibl, y KOTOPHIX 3aKaJleH-
Hasl J1a3epoM 30Ha cocTaBisiia 6onee 60%.

JIUCKpeTHYI0 Ja3epHylo 06paboTKy cTanen
20X13, 40X m 95X18 BBIIOJHSIIHU C IIOMONIBIO BOJIO-
KOHHOro j1a3epa YLR-150 ¥ UMIY/JIbCHOU J1a3epHOM
ycTaHOBKM "KBaHT-16" [8]. HccienoBanachk M3HOCO-
CTOMKOCTH cTanu 95X18 mociie 06paboTkuU 1a3zepom
YLR-150 mpu ciefymomux pexkuMax obpaboTku: E
= 2,25 JI>K, 4acToTa CjaeJoBaHUSI MMIIyabcoB 10 I,
auaMerp naTHa 0,4 MM, CKOPOCTh IepeMeIleHMs
5 mm/c, Ilpu 3ToM KO3POUIIMEHT 3aMOJTHEeHHUS
[IOBePXHOCTH YIIPOYHEHHBIMHU 30HAMH COCTaB-
asan 0,6, 0,9 u 1,0. DKCIIEpHMEHTHI BBIIIOJIHSIHCH
Ha MalluHe TpeHHUs Nanovea Io cxeme "HIIApUK-
IIOBEPXHOCTb'. B KauecTBe KOHTPTe/Na HCIIONb-
30Basnu mapuk wu3 IIX15 guamerpoMm 3 MM.
HcnbeiTanus cTaau 20X13 Ha U3HOCOCTOKMKOCTD IIPO-
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Laser hardening of steels 20, 45, 40H, ShH15
was carried out with radiant power of CO, laser
of 650-800 W with a diameter of spot of 1.9-2.3
mm with traverse speed of 38-44 mm/s on samples
with sizes of 20 x 80 x 5 mm [6]. The area of the
hardened areas was 20, 40, 60, 80, 100% of their
nominal area. Depth of hardening area has not
exceeded 300 pm. The hardness of normalized (20
HRC) and improved (27-30 HRC) steel 45 after LTH
was within 45-50 HRC and 58-59 HRC, respectively.
The hardness of hardened steel ShH15 has remained
at the level of 60 HRC. Hardness of the cemented
steel layer 20 has increased by 3 units and has made
60 HRC. Tribotechnical tests of the studied samples
have been carried out on the eight-position friction
machine with reciprocating motion of the interfaced
samples with pressure step-up from 0.2 to 40 MPa [7].
Testing time at each step has made 3.5 hours. Counter
samples with smaller surface (4 x 25 mm) made of
steel ShH15 had hardness of 58-60 HRC. The greatest
wear resistance has been shown by the samples made
of steel 40H, while the significant increase in wear
resistance has been observed at the laser-hardened
area of over 60%.

Discrete laser processing of steels 20H13, 40H and
95H18 was carried out using fiber laser YLR-150 and
pulse laser assembly Quantum-16 [8]. The study of
wear resistance of steel 95HI8 after processing on
YLR-150 laser assembly in the processing modes: E =
2.25 ], pulse repetition rate 10 Hz, diameter of spot
0,4 mm, traverse speed of 5 mm/s, cover coefficient
of hardened areas 0.6, 0.9, 1.0, have been carried
out using friction machine Nanovea according by
scheme "ball - surface". A ball made of ShH15 with
a diameter of 3 mm has been used as a counter body.
The tests of steel 20X13 for wear resistance after
laser processing on Quantum-16 assembly, mode: E
= 8 ], cover coefficient of hardened areas 0.3, 0.6, 1.0,
have been carried out using friction machine SMTs-2
together with a sample roller (steel 95H18, hardness
60 HRC). For steel 95H18, discrete heat processing
does not give advantages. Optimum extent of cover
with hardened areas makes 100%, K=1.0. The greatest
wear resistance of steel 20H under difference in
hardness of the hardened and not hardened areas
is 1600 MPa and cover factor K=1.0. For steel 40H,
the difference in hardness of the hardened and not
hardened areas makes 7300 MPa and optimum cover
factor K, = 0.6.

The laser complexes equipped with fiber and other
lasers with power of 1-6 kW can carry out operations
of hardening of parts from constructional steel and
cast iron with depth of layer by 1.0-2.0 mm [9-13].
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XOIU/IU II0C/Ie JIa3epHOM 06paboTKK Ha YyCTaHOBKe
"KBaHT-16", BBIIIOIHEHHOM IpU pexkume: E=8 K.
KospdpuumeHT 3amoJiHeHHsT YIPOYHEHHBIMH
30HaMHu coctaBun 0,3, 0,6 u 1,0. DKRCIIepUMEHTHI
IpOBOOMIM Ha MaluuHe TpeHus CMIL] -2 B mape
c obpasmom ponuxkom (ctanp 95X18, TBepHOCTHb
60 HRC). Oxkasanoch, 4TO IJsI CTaau 95X18 mruc-
KpeTHasi TepMoobpaboTKa He JaeT IMPeUMYIIeCcTB.
OnTuManbHas CTeNeHb 3all0/HeHU s [IOBePXHOCTH
YOPOYHEHHBIMH 30HaMHU cocTaBiasgeT 100% umu
K=1,0. Haubomnpmas HM3HOCOCTOMKOCTb CTanu 20X
[IPOSIBJISIeTCS IPH pa3sHHIle B TBePIOCTH YIPOY-
HEHHBIX U HEYIPOYHEHHBIX y4acTKoB 1600 MIla
U Kos3pPuinreHTe 3amnonHeHUuss K=1,0. [ng cTtanu
40X pasHHIa B TBePAOCTH YIIPOUYHEHHBIX M Hey-
IIPOYHEHHEBIX 30H cocTaBiasgeTr 7300 MIla u omnTu-
ManbHBIN Ko3PULIMeHT 3anonHeHus K, =0,6.

JlazepHble KOMIIJIEKCHI, OCHAlleHHBbIE BOJJIOKOH-
HBIMH U OPYTHMH JIa3epaMH MOLIHOCTHIO 1-6 KBT,
MOTYT BBIIIOJIHATH OIepPallMM IO 3aKajKe JeTasler
M3 KOHCTPYKIIMOHHBIX CTaJell M YyTyHOB C ITybu-
HoI ciost 1,0-2,0 MM [9-13]. OgHAKO KOHCTPYKLIUS
[IOPTaJIbHBIX CHUCTEM [JIsl pe3KH, KOTOphle B CIy-
Yae IPOCTOS MOXKHO MCIIOIb30BaTh [Jis J1a3€pPHOIO
yIpOYHeHMs, KaK IIpaBHJ/IO, He II03BOJISEeT Iiepe-
MeIllaTh ONITHUYEeCKYIO FOJIOBKY I10 BBICOTe boslee yeM
Ha 100 mM. Ilpu TonmuHe AeTanu 50 MM OoCTaeTcsd
BO3MOXKHOCTb [ePOKYCHUPOBKH JIa3epHOI0 H3jIyye-
HU4 B IIpenenax 50 MM.

Llepio HAaCTOSIEHN PaboThl SIBJISIIOTCS OIpesese-
HMe TeOMeTPUYeCKHUX I1apaMeTpPOB 30H JIa3epHOIo
TePMOYIIPOYHEHHSI B 3aBUCMMOCTH OT MOILIHOCTH,
CKOPOCTH IlepeMellneHHs U OePOKYCHPOBKH JIa3ep-
HOTO jJ1y4a.

METOAUKA NMPOBEAEHWNSA
NCCNEJOBAHUN

B HamuX 3KCIIePUMEHTaX ja3epHoe YIpoYyHeHHe
IIPOM3BOAMJIOCh Ha CKaHepe i IIPOCTPAHCTBEH-
HOTO YIIpaBJieHUs Ja3epHBHIM JIyuoM o6pasioB
U3 ctaau 40X ¢ pasmepaMu 12x16x70 mMm. B kaue-
CTBe UCTOYHMKA HM3/IyYeHH I UCII0Ib30BaJIach la3ep-
Hasl ycTaHoOBKa 'Komera-M" [2]. [74 yBeluueHHUSs
IIOT/IONATe/IbPHOM CIIOCOOHOCTH Ha IIOBEPXHOCTh
06pasioB HaHOCHJIH IOKpeITHe CL504. MeTao-
rpadpuydeckre UCCIeLOBaHUS IIPOBOLMIIHA C UCIIOJIb-
30BaHUEM MUKpoTBepaoMmepa [IMT-3 mpu Harpyske
0,98 H, nuudpposoro Muxkpockona AM413ML u meTas-
jporpapuyeckoro MHUKpockoma Anpramu MET 1C.
B mepBoM cepHH 3KCIIePUMEHTOB HCC/Ie0BalH BIH-
SIHUE IJIOTHOCTYU MOLIHOCTH JIAa3€PHOI'0 U3JIyYeHHU
Ha ITy6uHY, IIUPUHY U MUKPOTBEPAOCTb YIIPOYHSI-
eMBIX JOPOKeK IPH INOCTOSHHOH MOIIHOCTH H3JY-
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However, the design of portal systems for cutting
which in case of downtime can be used for laser
hardening, usually, does not allow to move optical
head to the height over 100 mm. If the thickness of
part is 50 mm, laser radiation defocusing within 50
mm is possible.

The purpose of this paper is to determine
geometrical parameters of laser thermal hardening
areas based on power, traverse speed and defocusing
of laser beam.

STUDY TECHNIQUE

In our experiments laser hardening was performed
using scanner for space control of laser beam for
samples made of steel 40H with sizes 12x16x70 mm.
Laser assembly Kometa-M was used as radiation
source [2]. For increase of absorptive power, the surface
of samples was covered with SG504. Metallographic
researches were conducted using microhardness
gage PMT-3 under load of 0.98 N, digital microscope
AM413ML, metallographic microscope Altami MET
1C. The influence of power density of laser radiation
on depth, width and microhardness of the hardened
paths at the constant radiant power of 1000 W and
beam traverse speed of 10 mm/s by defocused beam
scanning with frequency of 220 Hz on normal to
vector of its longitudinal movement was investigated
in the first series of experiments. For this purpose,
the optical head with focal distance of 400 mm
equipped with metal mirrors was moved in relation
to the focal plane at the height of 10-100 mm.

In the second series of experiences, the influence
of processing modes on parameters of the hardened
paths by method of the complete factorial experiment
(CFE) was defined. Radiant power W, processing
speed V, mm/s, and laser beam diameter d, mm, were
selected as experiment factors. Depth h and width b
of laser hardening areas were considered for creation
of mathematical models as system responses.

Hardening of prototypes was performed for the
maximum and minimum levels of experiment
factors as provided by the CFE technique [14]. The
experiments were carried out by two stages: without
scanning, defocusing beam and with scanning
(frequency, £=220 Hz). Upper and lower levels of
factors z; are designated as z+ and z-, respectively,
center of plan z,, variation range A, conditional levels
of factors are designated through x;. Input data are
provided in Table.

In addition to considering the influence of
experiment factors on response, all possible
interactions of factors among themselves were
considered in this paper.
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yeHus 1000 BT u CKOPOCTH IepeMelleHHs Jyd4a
10 mM/c pacdoKyCHpPOBAHHBIM M CKAaHUPYWOIIUM
€ 4acTtoTol 220 'L JydoM II0 HOPMalIHU K BEKTOPY
€ro IPOJOJIBHOTO IlepeMelleHus. [l 3TOro OITH-
YEeCKYIO TOJIOBKY C POKYCHBIM paccTosHueM 400 MM,
OCHAIeHHYI0 MeTa/UIMYeCKMMHU 3epKajJlaMH, Iepe-
MeIaqu BepPTHKAJIbHO OTHOCHUTENbHO POKaTbHOMU
IIJIOCKOCTH I10 BhICOTe Ha 10-100 MM.

Bo BTOPOH CepHHU OIBITOB C IIOMOIIBIO METOAA
nonHoro axTopHOro 3kcrmepumeHTa (IIP3) ompe-
IeNsiIu BIHUSHUE PeKUMOB 06paboTKU Ha mapame-
TPBL YIPOYHEHHBIX JOPOXKEK. B KauecTBe paKTOpPOB
3KCIIepHMeHTa 6bIIM BBIOPaHBI MOIIHOCTD H3J/Iyue-
Husi W (BT), ckopocTh obpaborku V (MM/c) U mHua-
MeTp 7nasepHoro nay4da d (Mm). sl IIOCTPOeHHUS
MaTeMaTH4YeCKHUX MoJe/lel B KadeCTBe OTK/IHKOB
CHUCTeMBl pacCMaTpHUBAIKCh IMybruHa h u mupuHa
b 30H na3epHOM 3aKaIKH.

YrpouHeHHe ONBITHBIX 00pa3loB IIPOU3BO-
OUI0Ch OJIS MaKCHMAaJAbHBIX M MHHHMAJIBHBIX
ypoBHeN GaKTOpPOB 3KCIIePHUMeHTa, 4YTO Ipenyc-
MaTpuBaeT MmeToguka II®3 [14]. DKcrepHMeHTHI
IIPOBOJM/IMCH B JBa 3Talla - 6e3 CKAaHHPOBAHUS
PacPoKyCHpOBAaHHBIM J1y4YOM H CO CKAHHPOBAHHEM
(qactota £=220 TI'n). BepxHHe M HHXHHE YPOBHH
dakTOpoB z; 0603HAUeHbl KaK z+ KU 2z~ COOTBET-
CTBEHHO, LEeHTp IJlaHa Z,, [JHAaIla30H BapbUPO-
BaHHUS A, YC/IOBHBIe yPOBHH GaKTOpoB 0003Ha-
4YeHBl 4epes X;. McxomHble JaHHbIe MPeaCcTaB/IeHbl
B Tabnuilie.

B HacTosimerl paboTe MOMHMO y4ueTa BIHSHUS
$aKTOpPOB 3KCIIEPUMEHTA Ha OTKJIUK, YUUTBIBA/IHCh
BCe BO3MOYKHBIE B3aHMOAENCTBUS PaKTOPOB MEXAY
cobom.

Takum obpa3oM, ypaBHeHHe perpecCHH KHMeeT
Buz [14]:

CBoAHas Tabnmua KOAMPOBAHUS NepeMeHHbIX MPD
Summary table of coding of CFE variables

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
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Thus, the

follows [14]:

equation of regression is as

y=Dby+bx; +b,X, +...+ b X, + b, XX, +b ;XX +

+ot Dy XX o)

where: y is a system response; b is regression
equation coefficient; k is a quantity of factors in the
experiment.

Upon termination of the experiments, the
polished sections by standard technique were
prepared and triple measurements of depth and
width of the hardened zones were performed. All
possible interactions of factors were defined during
calculation. Since CFE23 was carried out, the number
of the experiments was 8 for each series.

THE RESULTS OF STUDY AND DISCUSSION
By the results of measurement of parameters of the
hardened areas in the first series of experiments,
the plots of dependence of depth and width of the
hardened areas on change of distance to the focal
plane or power density of radiation are presented in
fig. 1a, b. The processing of the results of experiments
has shown that high-frequency scanning of laser
beam in normal to vector of its longitudinal
movement allows to increase the cross-sectional area
of hardening section by 1.6-2.5 times in comparison
with hardening by defocusing beam. The left and
right part of the plot in fig. 1a can be presented in
the form of linear relation with restriction of area of
definition. For example, for the left part of the plot,
the limit values of diameter of laser spot on the part
surface are 2-4 mm, and 8-10 mm for the right part.
Then the solution of linear equations of regression
will have adequate values.

BepxHu ypoBeHb HWXXHWI ypoBEeHb LeHTp NHTepBan 3aBMCMMOCTb KOANPOBAHHOWM
dakTop z; dakTopa z;* dakTopa z;” nnaHa z;° BapbMpOBaHMUA A nepemMeHHOM OT HaTypabHOM
Factor z Upper level of Lower level of Center of plan Varying Dependence of coding of variable

factorz;* factorz;~ interval A, on full size
W, BT W, -850
W W 1000 700 850 150 X =5
V, Mm/c 10 6 2 x.=Vi'8
V, mm/s =T
d. mm 3,5 2,5 0.5 x, =93
d, mm .5
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y=Dby+bx; +b,X, +...+ b X, +b XX, +b ;XX +

ot bk_l‘kxk_lxk , (1)

rge: y - OTKJIMK CHCTEMBI; bk - KO3QPULIUEHTEHI
ypaBHeHHUSI perpeccuu; k - umciao ¢akTopoB
B 3KCIIePHMEHTe.

[Io OKOHYaHUU 3KCIIePUMEHTOB H3rOTaBJIHBa-
JAUCh HNUIKGBL IO CTAaHJAPTHOM MeTOAHKe KU IIPO-
M3BOAUINUCH TPeXKpaTHBIe H3MepeHHs INyOHHBI
U IIMPHUHBI 3aKaJIeHHBIX 30H. B pacyeTe ompepens-
JIUCh BCe BO3MOXXHBIE€ B3aHMOJEHCTBUS QaKTOPOB.
KonnyecTBO 3KCIIEPUMEHTOB COCTABUJIO 8 IS KaK-
IO} CepHH.

PE3VYJIbTATbI

UCCNEAOBAHUN

N NX ObCYXXAEHUE

Ilo pe3ynbTaTaM H3MepeHHI [apaMeTpOB yIpod-
HEHHBIX 30H B IIepBOM CepHUH 3KCIePHMEHTOB
IIOCTPOEHBl TIPadUKU 3aBUCHUMOCTH IJTyOHHBI
M IIUPHHBL 30H 3aKaJKH OT HM3MeHeHHS paccTo-
aHUS OT obpasua g0 GORATBHOM IMIOCKOCTH HIH
IUIOTHOCTHM MOLIHOCTH H3nydeHHus (puc.la, b).
O6paboTKa Ppe3ynbTaTOB 3KCIIEPHMEHTOB IIOKa-
3aJ1a, 4YTO BBICOKOYACTOTHOE CKAHHPOBAaHHe Jla3ep-
HOIO JIy4a II0 HOpPMaJIdU K BeKTOPY €ero IIpPOAOJIb-
HOT0 IlepeMellleHH s [103BoJIseT IIOBBICUTD IIJIOILa/b
IIOIIepeYHOro CeyeHUs 30H 3aKaJkKu B 1,6-2,5 pasa
[I0 CPAaBHEHHUIO C yIpouYHeHHeM pacOKyCHPOBAH-
HBIM JIyuoM. PyHKIUIO Ha rpaduKe (prc.la) MOXKHO
ANNpPOKCUMMHUPOBATh ABYMS JHHEWHBIMMH 3aBUCHU-
MOCTSIMH C OrpaHHYeHHeM 00JacTH HX OoIpefe-
neHus. Hampumep, Oas Bo3pacTaolleld QYyHKLHUHU
(nmeBast yacTh rpaduKa) mpenesbHble 3HAYEHUS JHA-
MeTPOB J1a3epHOro MNATHA Ha IIOBEPXHOCTU AeTalUu
2-4 MM, a Oas y6bIBanme171 GyHKI MU (mpaBas
4yacTbh rpaduka) - 8-10 mm. Torga pellleHHe JHHeH-
HBIX YPaBHEHHUI perpeccuu 6ymeT MMeTh aleKBaT-
Hble 3HAaYEeHU .

B pesynbpraTe HpoBefeHHOIO PerpecCHOHHOTO
aHa/JIK3a I0JIydeHa CHCTeMa YpaBHEHHM perpec-
CHH reoMeTpPHUUYeCKHUX IIapaMeTpPOB YIIPOYHEHHBIX
30H B 3aBHUCHMOCTH OT peskuMoB 06paborku. Tak,
ypaBHeHHe [Js ONpefeleHUs] [NYOHMHBI 3aKaaKH
h 6e3 ckaHupoBaHMS B HaTypaabHBIX BeTHMYHHAX
HMMeeT BU
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Fig. 1. Plot of dependence of depth (a) and width (b) of
hardening area on change of distance to the focal plane
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CO CKAaHHMPOBAHHEM JIydd:

h .= 0,55+0,069(

CKaH

Wl‘sso)-o,o4z(v-8)+

W -850
50 )(V—8)+

)(d-3)-0,032(V-8)(d-3). ©)

+0,zz(d-3)-0,02(

W -850

+0,06(
150

st pacueTa IIUPUHBI b 30H 3akaaku 6e3 cka-
HHUPOBAHHUA nyqa ypaBHeHHe HMeeT BU[

W -850

b6c=z,612+0,16( )—0,07(V—8)+

W—SSO)(V_8)+
150

)(d—B)—0,04(V—8)(d—3), @

+0,66(d—3)—0,03(

W -850
150

+0,04(

CO CKAaHHpPOBAHHEM JIy4da:

b W -850

cm=6,317+0,438( )—0,074(V—8)+

+0,165(d - 3)+0,654(W1;§50)(d- 3)-

W -850

—0,142(V—8)(d—3)+0,059( )(v-s)(d-3). (5)

BenuuyrHA COOTBETCTBYIOLIEr0o KO3bPHUITH-
€HTa XapaKTepu3yeT CTeIeHb BAHSHHUI PaKkTOpa
Ha OQYHKLHIO OTKJHKa. I[IpeBajupyollee BIHSI-
HHUe Ha reoMeTpHUYecKHe IIapaMeTphl 30H 3aKaIKH
rMeeT MOIIHOCTh H3ay4deHHs. C yBelHYeHHEM
MOIIHOCTH PpacTyT IIHPHHA M I1ybMHA 30HBI
3akanku. C POCTOM CKOPOCTH IlepeMelleHUs ITIy-
6MHa M IIHPHUHA 3aKaJeHHBIX 30H YMEHbIIAeTCs.
C yBenMUYeHHEM AHaMeTpa jyda pacTeT rnybuHa
M IIMPHHA 30H 3aKaJIKH.

Ilo ypaBHEHHSIM perpecCHy IIPOBeleHbl pacUeThl
M COIIOCTaBJIEHBI C Pe3yJIbTaTaMHM SKCIIEPHUMEHTA.
PacueTHble 3HAYeHUS OTIHYAIOTCA OT baKTHUe-
CKHUX INyOMHBI U IIUPHUHBI 30H 3aKaJIKHU He 6oree
yeM Ha 4%. IIoCTpoeHbI CpaBHUTEJIbHEIE [I0BEPXHO-
CTH, OIpefeNsioye 3aBUCHMOCTh MeXIYy OTKJIH-
KaMKU K QaKTopaMH B3KcIepuMeHTa. CpaBHU-
TeJbHble MOBEPXHOCTHU IIOCTPOEHBI A1 QYHKIHU
rnybuHsl 3akanku hg., h,,=f(W,V) (puc.2a, b)
u bg. u b, =f(W, V) (puc.2c, d) npu nuamerpe pac-
GOKYCHPOBAHHOIO JIa3€pHOrO Jiyya 3,5 MM.

[IppMeHeHHe BBICOKOYACTOTHOTO CKAaHHPOBA-
HUS Jy4da IPUBOSUT K He3HAUYUTEIbPHOMY yMeEHb-
IIeHUIO ITYOMHBI 30HBI 3aKaJIKHU U K YBeJTMYEHHUIO
B 2-3 pa3a IIMPHHBI YIIPOUHEHHOro caosi. Tak mIpu
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As a result of the carried-out regression analysis,
a system of combined equations of regression of
geometrical parameters of the hardened areas
depending on the processing modes is received.

Thus, the equation for determination of depth
of hardening h without scanning in full size is as
follows:

W -850
150
W -850
V-8)-
150 )( )

W -850
o )(V-S)(d-3) , ()

h6c=0,801+0,074( )—0,047(V—8)+

+o,1z(d_3)+0,0075(

—0,044(V—8)(d—3)+0,012(

with beam scanning:

h W -850

=0,55+0,069( )_0,042(v_8)+

CKaH

W-SSO)(V_8)+
150

)(d—B)—0,032(V—8)(d—3). 3)

+0,22(d-3)-0,02(

W -850
150

+0,06(

For calculation of width b of hardening areas
without beam scan, the equation is as follows:

W -850

b6c=2,612+0,16( )—0,07(V—8)+

W -850
-8
150 )(V )+

J(d-3)-00a(v-8)a-3), @

+O,66(d—3)—0,03(

W -850
150

+0,04(

with beam scanning:

b

CKaH

=6,317+0,438(W_5850

)—0,074(V—8)+

+0,165(d_3)+0,654(W1‘5§50)(d_3)_

W -850
150

—0,142(V—8)(d—3)+0,059( )(V—S)(d—B). (5)

The value of the corresponding factor
characterizes the extent of influence of the factor
on response function. Radiant power has the
prevailing influence on geometrical parameters
of hardening areas. With increase in power, the
width and depth of hardening area also increase.
With increase in traverse speed, depth and width
of the hardening area decrease. With increase in
diameter of beam, depth and width of hardening
area also increase.



I
S TECHNOLOGY EQUIPMENT AND TECHNOLOGIES UGN
I

i g

1000

Iny6buHa 3akaneHHoro cnos, MM
Depth of hardened layer,

\)\0
9.5 700 \;\o\;*O\Nev

34
3,2
3.0
2,8
2,6
2,4
2.2
2

LLInpWHa 3aKaNeHHoro c1os, MM
Width of hardening area, mm

7.5
CKopoch, MM'/c
Speeq, mm/s

N
~

6 ge— goo &

Puc.2. Fpauku 3asucumocmu 2ay6uHsl (a u b) u wupuHsi (c u d) 30H Aa3epHoll 3aKaAKu: a u ¢ — 3aKAAKd pacoKycupo8aHHbIM
Ay4om duamempom 3,5 Mm; b u d - 3aKanka ckaHupyowum ayyom ¢ yacmomoti 220 'y,

Fig. 2. Plots of dependence of depth (a and b) and width (c and d) of areas of laser hardening: a and c: hardening by defocusing
beam with a diameter of 3.5 mm; b and d: hardening by scanning beam with a frequency of 220 Hz
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CKOPOCTH IepeMelleHHs ay4da 10 mMM/c, MOIIHO-
CTH u3jaydyeHusd 700 BT ¥ mpu ja3sepHOM MOATHe
Ha [IOBEPXHOCTHU JHAMETPOM 2,5 MM IIKMPHHA 30HbI
3aKajJIKk cocTaBaseT 2,284 MM IIpu ee rny6HHe
0,664 MM (pHc.3a). IIpy BBICOKOYACTOTHOM CKaHH-
POBaHHUU JyUa C 4acToTou 220 I'1l 1o HOpMaJH K ero
rnmojave MHUPHHA 30HBI 3aKaJKH YBeJIUYMBAETCS
I0 6,332 MM OpU He3HAUMTEJTbHOM yMeHBIIeHHH
I‘}Iy6I/IHbI 3aKajKu go 0,412 Mmm. 30HA OIIJIaBJIEHH S
B IIepBOM ciyd4ae coctaBiasgeT 300-350 MKM IIpH
CKaHUPOBAHHUH Jiyya 5-30 MKM. MHUKPOTBEPAOCTH
30H 3aKaJIKU pacPOKYyCUBAHHBIM M CKAHUPYIOIIUM
Jy4oM cocTaBua 7180-7840 MIla u 7420-8520 MIla
COOTBETCTBEHHO. JTOM INyOHMHBI JOCTATOYHO IJIs
3aMeHBl OIlepallMH a30THPOBAHHS C YIPOYHEH-
HBIM cioeMm 0,3-0,4 MM oIlepalilell Ja3epHOU
3aKkanku. Ilpu 100%-HOH 3aKajike II0BEPXHOCTeH
JeTajlell C HaJIo)KeHHeM J[OPOXKeK B MeCTaxX HX
IepeKpBITHS 06pa3yoTCsl 30HBI OTIIYCKA, COCTABIIS-
IOIl}e 10 IIMPHHE Ha yIPOYHsSeMOM IIOBePXHOCTH
pAmOM C JOpokKoH 0,5-3,0 MM pachOKyCHPOBAHH-

The regression equations are used for calculations
and compared with the results of experiment.
Computational values differ from the actual depth
and width values of hardening areas no more than for
4%. The comparative surfaces defining dependence
between responses and factors of experiment are
constructed. Comparative surfaces are constructed
for functions of depth of hardening h,,, hy.., =f (W,
V) (fig. 2a, b) and by and b,.,, = f (W, V) (fig. 2c, d)
with diameter of defocusing laser beam of 3.5 mm.

Application of high-frequency beam scanning leads
to insignificant reduction of depth of hardening area
and to increase by 2-3 times of width of the hardened
layer. Thus, with traverse speed of beam 10 mm/s, the
radiant power 700 W, laser spot on surface with a
diameter of 2.5 mm, the width of hardening area is
2.284 mm with its depth of 0.664 mm (fig. 3a). With
high-frequency beam scanning with frequency of 220
Hz on normal to its feed, the width of hardening area
increases to 6.332 mm with insignificant reduction
of depth of hardening to 0.412 mm. The melting
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a)

b - ckaHupyrowum aydom ¢ uacmomoti 220 'y,

b: scanning beam with a frequency of 220 Hz

Puc.3. Mukpowaugbl 30H 3akaaku cmanu 40X: a — pacgpoKkycupoB8aHHbIM Ay4oM;

Fig. 3. Microsections of hardening areas of steel 40H: a: defocusing beam;

area in the first case is 300-350
pm with beam scanning of 5-30
pm. Microhardness of hardening
areas by defocusing and scanning
beam is 7180-7840 MPa and
7420-8520 MPa, respectively. This
depth is enough for replacement
of nitriding operation with the
hardened layer of 0.3-0.4 mm
of laser hardening. With 100%
hardening of part surfaces with
overlaying of paths, the drawing-
back areas are formed in places of
their overlapping, where the width
on the hardened surface near path
is 0.5-3.0 mm for defocusing beam

HbBIM s1y4dyom u 0,1-0,2 MM IIpH 3aKajike Koebio-
IIMMCSI, C BBICOKOM YaCTOTOH, JIy4OM B 3aBHCHMO-
CTH OT pe>kMOB 06paboTKH. YMeHbIIeHHe pa3Mepa
M KOJIHYeCTBa 30H OTIIYCKA MM HUX HCKIIOYeHUE
CI10co6CTByeT IIOBBIIIEHHIO HM3HOCOCTOMKOCTH
U 33JHPOCTOMKOCTH 3aKaleHHBIX CKAaHHUPYIOIIUM
Ja3epHBIM J1Iy4YOM IIOBEPXHOCTeH TPeHHSs JeTalleH
MAIIXH.

J71s1 MHOTUX AeTajer MHPHUHA 3aKaJeHHBIX 30H
He IIpeBhIIIaAeT 6 MM. K TaKUM [OeTd/IIM OTHOCAT:
IITaMIIBl ¥ IIpecc-GOopMBI C 30HAMHU YIPOUHEHUS
II0 KpPOMKe, IOBePXHOCTH TPeHHUS IIIOHOYHBIX,
IIMIEBBIX U Pe3bOOBBIX COeIWHEHUM, MOBEPXHO-
CTU KaHAaBOK IOPIIHEH Y IOpIIHeBBIX KOJIell, BTY-
JIOK LHJIWHAPOB JABHUTAaTeNeH MAaIlWH, 3y04YaThIxX
nepemady ¢ moayiaem 0,8-2,2 MM, HaIlpaBJgiollHe
M CYIIOPTHI, WIHHAEIH, KIHHBbI MeTajjiope-
KYIIUX CTAHKOB. 3aKajike IoABepraroTcsa 50-60%
pabouymx OBEPXHOCTEH 3TUX JeTalleH.

711 3aMeHBl TPYLOeMKOI KM SHepProeMKOH oIle-
pallMK LieMeHTAallMU JAeTajel C TOJIIMHOM CJ0s
1 MM B IepBOH CepHUM 3KCIIEPUMEHTOB IIOJYy4YeHBbl
30HBI YIIPOYHEHHUS C Iy6MHOM c1ost 1,2 MM, IIHpHU-
HoU 6,6 MM M C MUKPOTBepoCcThIo 7180-8300 MIla
IpyU JHaMeTpe Ja3epHoro IISTHa 5 MM M YacToTe
CKaHHpoBaHHA 220 I'11.

M3 mpencTaBleHHBIX pPe3y/IbTaTOB HMCC/IeOBa-
HUU clefyeT, YTO HaHMMeHbIIHe IIOTEPH SHEPrUU
J1a3epHOTO M3IYYeHUS OOCTHUTAIOTCA IIPU OedoKy-
CHPOBKe y4da fo 60 MM. JJanbHeHIIee yBelUYeHHe
AuaMeTpa yda NIPUBOAUT K 3HAUYUTEe/IbHOM II0Tepe
3HepruM I0 KpasiM OOPOKKH 3aKa/IKM - HHOrIa
6onee 50%, HO B psifie CJly4aeB 3TO JOIYCTHUMO IIPHU
yIIpouHeHHUH be3 oIIaBIeHHUS, HallpUMep [OBepX-
HOCTH KPOMOK IIITaMIIOB.
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and 0.1-0.2 mm when hardening
by fluctuating high-frequency
beam, depending on processing modes. Reduction
in size and quantity of drawing-back areas or their
exception promotes increase of wear resistance and
scoring resistance of the friction surfaces of machine
parts hardened by scanning laser beam.

For many parts the width of hardened areas does not
exceed 6 mm. They include: stamps and molds, with
hardening areas on edge, friction surface of spline,
slit and threaded connections, grooves of pistons and
piston rings, liners of cylinders of machine engines,
tooth gearing with module 0.8-2.2 mm, guides and
supports, spindles, wedges of metal-cutting machines,
when hardening 50-60% of effective areas, etc.

To replace labor-consuming and power-intensive
operation of cementation of parts with thickness of
layer of 1 mm, hardening areas with depth of layer
of 1.2 mm, 6.6 mm wide, with microhardness of
7180-8300 MPa, with diameter of laser spot of 5 mm
and scan frequency of 220 Hz are received in the first
series of experiments.

As follows from the provided study results, the
smallest losses of energy of laser radiation are reached
when defocusing beam is up to 60 mm. Further
increase in beam diameter leads to considerable loss
of energy at the edges of hardening path, sometimes
over 50%, but in some cases it is admissible when
hardening without melting, for example, for edge
surface of stamps.

Application of optical heads with scanners allows
increasing the quality of hardened layers and efficiency
of laser hardening. The received surfaces (fig. 2) as to
their depth and width of hardened paths for defocusing
laser beam of 40 mm demonstrate the possibility of
use of expensive equipment for laser-beam cutting in
the field of hardening of parts with laser beam. For



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
TECHNOLOGY EQUIPMENT AND TECHNOLOGIES m
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

[IlpuMeHeHHe OINTHYECKMX TOJIOBOK CO CKa-
HUPYWOIINMH YCTPOMCTBAMH II03BOJISET IOBBI-
CUTh KayeCTBO 3aKaJ/ICHHBIX CJIO€B KM IIPOM3BO-
JUTEeJbHOCTh /Ia3ePHOM 3aKajaKH. IlonydeHHEIe
[IOBEPXHOCTH (CM. PHC.2) o r1ybuHe U IMHUPHHe
3aKaJleHHBIX [JOpOXeK IpU [AePOKYyCHPOBKe
JasepHoro nay4da Ha 40 MM HarasgHO IIOKa3bl-
BalOT BO3MOXXHOCTb MCIIOJB30BAHHUS [LOPOro-
crosimero ob6opymoBaHHUS [/s Ja3epHOH pe3KHU
B 06/1aCTH YyIIOUHEHHU S [eTalel Ta3epHBIM JIyUOM.
I ManoXeCTKHMX M JJIMHHOMEPHBIX JeTajeu
nasepHas 3aKkaaka 6e3 omnaBIeHUs IOBEPXHOCTHU
SKOHOMHUYeCKH HellenecoobpasHa, IIOCKOJIBKY
IIPU TaKOHM TeXHOJOTHMH HeobX0AHUMO 3aIIHINATh
IIOBEPXHOCTh JeTaly¥ HHePTHBIMH Tra3aMH [/
HUCKJIIOYeHHUsI 0O6pa3oBaHHUS OKaJIHHEL, a 3aTeM
INpOBOAUTE QUHHUINHOE HUIMOBAHHE IS yCTpa-
HeHHS OCTAaTOYHHIX AedopMalMH B Ipefenax
0,05-0,1 mm. Kpome TOro, nasepHas 3akajka
B PeXXHMe MHKPOOIIJaBIeHHUs IIOBePXHOCTHU obe-
Cme4ynBaeT BO3MOXKHOCTDL 100%-HOro BH3yaJabHOTO
KOHTPOJIS yIPOUYHEHHBIX JeTajeld U He Tpebyer
NOPOTOCTOSIIMX YCTPOMCTB C O06PaTHOM CBS3BIO
OJs OIpele/ieHHus TeMIlepaTyphl MOBEPXHOCTH
B I1polecce paboThl.

i g

low-rigid and lengthy parts, laser hardening without
melting of surface is economically inexpedient since
this technology requires protecting of part surface
with inert gases to prevent the formation of scale and
then to carry out finishing grinding for elimination
of permanent deformation within 0.05-0.1 mm.
Furthermore, laser hardening in the mode of micro
melting of surface gives the chance of 100% sight
control of the hardened parts and does not demand
expensive devices with response for determination of
surface temperature in the course of work.

CONCLUSIONS

« Dependences of depth and width of the hardened
areas on defocusing are received with constant
speed and power of laser beam.

« By means of the regression analysis, the surfaces
clearly demonstrating dependence of parameters
of hardening areas on power and traverse speed of
laser beam are plotted.

« The modes of laser hardening showing increase
of efficiency by 1.6-2.5 times and microhardness
of 600-1200 MPa for high-frequency scanning of
laser beam in comparison with hardening by
defocusing beam are provided.
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BbIBO/bl

[Tosy4eHBl 3aBUCMMOCTH I1yOMHBI M HIMPHUHBI
YIPOYHEHHBIX 30H OT [OePOKYCHPOBKHM IIPHU
IIOCTOSIHHOM CKOPOCTH M MOLJHOCTH JIa3ePHOTO
ayda.

C OOMOIIBI0 PErpecCHOHHOr0 aHajJIMu3a MOCTPO-
eHBl IOBEePXHOCTH, HATIISAAHO JeMOHCTPHUPYIO-
Iye 3aBHCHMOCTh IIapaMeTpOB 30H YIpOYHe-
HMS OT MOLIHOCTU M CKOPOCTH IlepeMelleHHs
JIa3€pHOro 1yyva.

IIpencTaBieHBl PeKMMBI JIa3eDHOM 3aKaJIKH,
IIOKAa3bIBAION[Me IIOBBIIIEHHE IIPOU3BOAH-
TeJIBHOCTHU B 1,6-2,5 pasa U MHKPOTBEPIOCTH
Ha 600-1200 MIIa mIpu BBICOKOYACTOTHOM CKa-
HHMPOBAHHUU JIa3€PHOr0 jyda II0 CPAaBHEHHIO
C yIIpoYyHeHHeM PacOKyCHUPOBAHHBIM IIYUYKOM.
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