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Abstract

Machining by milling and laser cutting are widely applied in blanking-and-stamping production. However,
despite the availability and simplicity of the milling method, laser cutting is being increasingly employed in
production.

The laser cutting method ensures high productivity of the process in combination with high precision
and quality of cut surfaces, as well as a small cutting width. However, one of the significant disadvantages
of laser cutting consists in the presence of a temperature-affected zone in the area of laser beam impact,
which leads to a change in the material properties at the edge of the billet and, as a result, to a decrease in
the fatigue resistance of parts.

Fatigue test samples were cut from a 2.5 mm thick cold-rolled sheet of the D16AT alloy across the rolling
direction. One part of the samples was fabricated by milling, while the other part was produced by laser
cutting. The samples were tested for high-cycle fatigue in bending at a symmetrical cycle, and the test base
was of three million loading cycles. The loading threshold of the three samples without their destruction
was being estimated. Besides, after laser cutting the samples, were subjected to etching in Keller’s reagent
to eliminate the defective layer formed as the result of laser processing.

The result of the samples fatigue testing revealed that the conditional endurance limit of the samples
obtained by the laser cutting method was 55 MPam which was 60% lower than the one for the samples
manufactured by milling, which was equal to 90 MPa.

The metallographic results allowed revealing that the end-butts of the samples manufactured by the laser
cutting method contained the defective layer associated with the metal overburning, which was the cause
of the conditional endurance limit reduction. To remove the metal layer with overburning etching was
employed, which allowed partial restoring of the conditional endurance limit of the material equal to 80 MPa.
In this case, the conditional endurance limit is 18% less than that for the milled samples.

Thus, the conducted study reveals that during the products operation obtained by laser cutting, premature
fatigue failure may occur under cyclic loading conditions. To eliminate this possible defect, formed as the
result of manufacturing by the laser method, the defective metal layer with overburining should be removed.

The defective layer removal will lead to the increase fatigue resistance of the products.
Keywords: sheet billet from alloy D16AT, laser cutting, material overburning, defective layer removal
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BBenenune

PazButue ya3zepHOil TEXHOJOTUM SIBJISIETCS OJ-
HUM U3 HanboJiee MPUOPUTETHBIX HaNlpaBJIeHU, HO,
Hapsay ¢ M3ydeHUEM OTAEIbHBIX BOIIPOCOB, HEOD-
XOAUMBI aHaJIU3 U 0OIlee pellleHre WHXKEHEPHBIX
po0OJieM, BO3HUKAIOIIMX NP OCBOCHUM U BHEIpE-
HUM B IIPOU3BOACTBO METOMIOB JIa3epHOI 00pabOTKM.

JIucTel M3 cnaBa JIOPaJTIOMUHNUS — OOWH W3
OCHOBHBIX MaTePUAJIOB, KOTOPBIA UCITOJIB3YeTCS IS
M3TOTOBJICHMSI OOIIMBOK (bro3esisika, o0TeKaTenei n
JIPYTUX JIETAJIEN.

B 3aroToBUTENBHO-IITAMIIOBOYHOM ITPOU3BOJI-
CTBE JIJIS TOJIyUYeHUs aJIIOMUHUEBBIX 3aTOTOBOK U3
JINCTA IIUPOKO MPUMEHSIOTCS CIEAYIOIINE CIIOCOOI:
dpe3epoBaHue, Ja3epPHBII PACKPOIi, pe3Ka CABUTOM,
rugpoabpa3uBHas pe3ka [1]. Haubonee mupoxoe
pacIpocTpaHeHNe MOIYYMIM MeXaHuueckas obpa-

60TKa MeToIOM (hpe3epoBaHMS U B TTOCIICTHEE Bpe-
Msl — Jla3epHbIii packpoii [2].

®dpe3epoBaHHBIE 3aTOTOBKH, Oj1aromgapst TOUHO-
cTu 0a3upoBaHUs B MPUCIIOCOOJEHMSAX, 00Iaaat0T
TOYHBIMU TEOMETPUIECKUMU (popMaMU. TeITOBBI-
JIeleHre TIpu (pe3epoBaHUN HE3HAYNUTENIbHO W He
BBI3BIBACT M3MEHEHMS CBOMCTB Ha KPOMKE 3aTOTOB-
ku. [Ipoirecc MOXXeT OBITh peaTn30BaH Ha YHUBEP-
CabHBIX HEIOPOTWX CTaHKaX. B To e Bpems dpe-
3epoBaHNE MMEET PSIT HEMOCTATKOB: TTPON3BOINTEThb-
HOCTB TIpOIlecca HEBBICOKA, CYIIECTBYIOT TPYIHOCTH
P 3aKpeTIeHNN KPYITHOTa0apUTHBIX JINCTOB Ha
CTaHKe, MUHUMAaJIBHBIN pagnyc 00paboTKM OTpaHU-
YUBaAETCS pa3MepoM MHCTPYMEHTa, Ipu (ppe3epoBa-
HUU TTOJTYJalOTCST OTXOIBI B BUIE CTPYXKKH, a Ha 3a-
TOTOBKE 00pa3yloTcs 3ayceHubl [3—5].
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[MosTOMYy, HECMOTpPS Ha TOCTYITHOCTh U IIPOCTOTY
peanu3anuu (ppe3epoBaHUs, Ha TPOU3BOIACTBE B
KauyecTBe 3arOTOBUTEJIbHO-Pa3eIMTEbHOM onepa-
UM BCE IIUpPEe MPUMEHSIETCS JJa3epHBINA PacKpOii.
Peska nazepom uyaiile Bcero peajiM3yeTcsi Ha TBEpIO-
tesbHbIX Jlazepax (ND: YAG) ¢ kpucTaaaoMm Jieru-
poBaHHOTO HeoaumMoM (N D) ajlloMOUTTPUEBOIO rpa-
Hata (YAG) [6]. [Ipu 3TOM 06GecreunBalOTCs BHICO-
Kasl TIPOM3BOAUTEILHOCTD MpoIlecca B COYCTAaHUU C
BBICOKOM TOYHOCTBIO M KauyeCTBOM TOBEPXHOCTE
pe3a, manas mmpuHa pesa [7, 8]. UmeeTcst BO3MOX-
HOCTb OCYIIECTBJISTh JTA3€PHBIN PACKPOU TMIIOCKUX
3aTOTOBOK IO CJIOKHOMY KOHTYPY C BBICOKOIT cTe-
TIeHBIO0 aBTOMATH3aINH Tpoliecca. B To ke Bpems Ha
3arOTOBKAaX, TaK Xe Kak M Npu (ppe3epoBaHUM, 00-
pasyloTcs 3ayCeHIIbI, KOTOPbIe HEOOXOIMMO YIAIATh,
a MaKCMMaJTbHO BO3MOXKXHAs TOJIINHA pe3a 3aBUCUT
OT MOIITHOCTH YCTaHOBKHM. OTHUM U3 CYIIECTBEHHBIX
HEIIOCTATKOB JIA3€PHOTO pacKpOos SIBIISIETCS HAIMINE
30HBI TEMIIEPATYPHOTO BIUSHUS B 30HE BO3ACHCTBUS
JTa3epHOT0 MydYKa, YTO TMPUBOAUT K M3MEHEHUIO
CBOWCTB MaTepHalia Ha KpOMKe 3aroTOBKHU. JIMCTO-
Basl 3aTOTOBKA B OOJBIIMHCTBE CIydyaeB IMOIBEpTa-
eTcs IracTuaeckomy popmonsmeHeHuio. Ipu atom
B HEKOTOPBIX CIIyJasiX B 30HE MEUCTBUST pacTATHBa-

IOIIMX HATPpSIKEHWI Ha KpOMKax 3aroTOBOK Ha0J10-
JlaeTcsi oOpa3oBaHMe TpelluH [9], 4TO HeaOMmyCTU-
MO MPU MX JaJbHEHIIeM UCTOJIb30BAaHUU B UIETUSIX
OTBETCTBEHHOI'0 Ha3HauYeHMUsI.

MeTtoauka uccJieI0BaAHMIA

OOpa3libl 1J1s MCTIBITAHWI Ha YCTaloCTh Hape3a-
JIUCh U3 XOJOJAHOKATAHOTO JIMCTA TOJIIIUHON 2,5 MM
u3 criaba J16AT nonepék HampaBiieHUs ITPOKaT-
ku. Yactes o6pasnoB o 'OCT 25502-79 , tum 111,
MU3TOTaBIMBaJIaCh (hpe3epoBaHMEeM Ha PacCKpOHOM
cranke mapku POII-6. [dpyryio yacth 00pa3ioB
Mmojyyajiu Jia3epHbIM packpoeM Ha YCTaHOBKeE
BYSTRONIC momenu BYSTAR 3015 nHa pexume:
momHocTh 2500 Bt, cpema apron, maBiaeHue rasa
10 6ap, dokyc 1,4 mMM.

HMcnbiTaHust obpa3iioB Ha U3rub Mpu CUMMET-
PUYHOM IIMKJIe HATPYKEHMS TTPOBOAVUINCH HA UCTIBI-
TaTeJbHOU MalnHe Masioi MoltHoct YMM-01 [10]
MTPOM3BOICTBA MHCTUTYTa MeXaHNKN HalmoHanbpHO
akajgeMuu Hayk YKkpaunbl (puc. 1). I1lpu ucnbitanu-
SIX Ha YCTAJIOCTh OMPEEISICS YCTOBHBIN Mpeaes Bbl-

HOCJIMBOCTH O_j,, . Hacrpoiika ncnplTaTeIbHOM Ma-

IMHBI ITPOBOAMJIACH HaA TpéX 06pa3uax, TTOJTYYCHHBIX

Puc. 1. YHuBepcanbHasg ucIbITaTeIbHAsI MalmvHa Y MM -

01
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dpeszepoBanuem. B pesymbTaTe OlleHWBAJICS MTOPOT
HarpyxeHus obpasiia 6e3 ero pa3pyueHus pu TpEX
MUJIJTMOHAX LMKJIOB, KOTOpbIi coctaBuy 90 MIla.
[Tpu ompeneneHNM 3KCTIEPUMEHTATEHOTO 3HAYECHUS
O_;, Ha KaxJOM 9Tare HarpyXeHus: MCIbITAHHIO
moABeprajuch Tpu obpasna. Metamiorpadpuueckue
ucciaenoBanus [11] mpoBoaMIMCh Ha ONTUYECKOM
mukpockorie METAM JIB-32 npoussoactea JIOMO
MPU ABYXCOTKPATHOM yBeJinueHur. O0paslibl MoaBep-
rajuch TpasieHuio B peaktuse Kemnepa: HNO, —
2,5 em?; HCI — 1,5 em?; HF — 1,0 em3; H,0 — 95 em?
— B TeueHue 20—40 c. Ctpykrypa Marepuana omnpe-
JleJIsIIach B cepeIMHe W Ha Kpalo Toplia oopasia.

Pe3ynbTaThl 1 00CyKIeHune

BHauane ornpeessiicst yCIOBHbIIA ITPeaes BBIHOC-
JIMBOCTHU Ha o0pasliax, U3roTOBJIEHHbIX (Ppe3epoBa-
HueM. JIJ1s1 TOro MmosTanHo yBeJIMuMBajIach Harpy3Ka

JIO 3HAYEHUSI, TIPY KOTOPOM obpaser] pa3pymiajics 10
3 MWIJIMOHOB LIUKJIOB. Pe3yybTaThl NCIIBITAHWI Ha
YCTaJIOCTh 00PA31IOB, U3TOTOBJIEHHBIX (Dpe3epOBaAHM-
eM, TIpeACcTaBJIeHbl Ha pUC. 2.

W3 npuBen€HHBIX Ha pUC. 2 JaHHBIX BUIHO, YTO
rnocJje npesbilieHUs: HanpstkeHus: B 90 MITa o6pa-
3ell pa3pyIraeTcst, He BEICTOSB 3 MJIH IUKJIOB. Cie-
JIOBATEJIbHO, 3HAYEHUE YCIIOBHOTO Tpeiesia BEIHOC-
JIMBOCTHU B JaHHOM ciaydae coctaisieT 90 MIla. Ha
puc. 3 mpuBeaeHHI (pororpaduu 0Opa3oB, U3TOTOB-
JIEHHBIX (Dpe3epoBaHMEM, TTOC]Ie UCTIBITAHWIT Ha yC-
TaJoCTh.

[aiiee ucnbITaHUSIM Ha YCTAJIOCTh ITOABEPraJnucCh
00pa3IIbl, TTOTYyIeHHBIE METOIOM JJa3ePHOTO PACKpPOsT
M0 aHAJIOTMYHOM cXeMe HarpyxkeHus. Pe3ynbTaThl
UCIIBITAHUIA Ha YCTAJI0CTh 00Pa3loB, M3TOTOBJIEHHBIX
METOJOM JIa3epHOro packpos [12, 13], mpencrasie-
HBI Ha puc. 4.

! I

Lad

I

ra
ba in

f—

Kon-so muxioe, mios
=
LA

UC:'
LA

=

N
LA
[=4}

7

8 9 10 11 12

Hanpmxerme, Mlla 10!

Puc. 2. Pesynbrarhl ucnbiTaHU 00pa3iioB, U3TOTOBIEHHBIX (ppe3epoBaHEM

Puc. 3. ®pesepoBaHHbIe 00pa3Lbl MOCIE UCIIBITAHUIA Ha YCTAIOCTh
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Puc. 4. Pe3ynbTaThl UCIIBITAHMI Ha YCTAJIOCTh 00Pa31l0B, M3TOTOBJICHHBIX METOIOM Ja3epPHOI0 PaCKpOs

Puc. 5. O6pa3siibl, M3roTOBJIIEHHBIE JJa3epHBIM pacKpoeM, MOcje UCIIBITAHUI Ha YCTaJIOCTh

M3 npuBenéHHbIX Ha pUC. 4 JaHHBIX CJEAYET, UTO
rnocJje mpeBblleHusT HanpsikeHust B 55 MITa obpa-
3ell pa3pyIraeTcsi, He BBICTOSIB 3 MIIJTMOHOB ITUK-
JioB. TakuM 00pa3om, 3HaUeHUE YCIOBHOIO Mpeje-
Jla BBIHOCJIMBOCTU B JTaHHOM CJIyyae COCTaBJsieT
55 MIla.

Ha puc. 5 npusenensl ¢ororpadpun oOpaslios,
M3TOTOBJICHHBIX JIA3€PHBIM PACKPOEM, TTOCIIE MCIThI-
TaHWUU HA YCTaJIOCTh.

Takum oOpazom, B pe3yjbTaTe MCIbITAHUN Ha
YCTAJOCTh YCTAHOBJIEHO, YTO YCJOBHBINA Tpeaes
BBIHOCJIUBOCTH 00pPa31OB, MOJYIYCHHBIX METOIOM
JIa3epHOTO PacKpos, mpuMepHo Ha 60 % HuUXKe, yeM
y 00paslioB, MOJYYEHHBIX METOAOM (Dpe3epoBaHUsl.

Hanee ObLIM MPOBeNeHbI MeTaiorpadruueckue
HCCIeI0OBaHUS, KOTOPbIe MOKa3ajiu, YTO Ha TOpILe
00pa3loB, MOJYYEHHBIX METOJIOM JIa3€PHOrO pac-

Kpos [13, 14], umeeTcst nepexor metamia (puc. 6).
ITo Bceit BUAMMOCTHU, UMEHHO 3TOT Je(heKTHbBIN Coit
U ABJISETCA MPUINHON CHUKEHUS TIpeesia BHIHOC-
suBocTu [15]. st moaATBEpKAEHUS 3TOTO TMPearno-
JIOKeHUSI OBLTM TIPOBEICHBI MCTIBITAHUS 00pas3IloB,
M3rOTOBJIEHHBIX JIA3€PHBIM packpoeM [16], ¢ ynanén-
HbIM JedheKTHbIM cioeM [17—19].

B kauecTBe aKcriepyMeHTa s ynajeHus nedex-
THOTO CJIOSI MeTaJjlja ¢ MepexXoroM NpUMEHSIIOCH
TpaBieHue. OOpa3slibl, MOJyYeHHbIE METOAOM Ja3ep-
HOTO PacKposl, moasepranu TpasieHuo B 10%-HoM
pacTBOpe €IKOTro HaTpUSA B TeUCHUE TSITH MUHYT,
rocJje 4yero oopasiibl TakxKe MoJABeprajuch UCIbITa-
HUSIM Ha YCTaJoCTh. Pe3yiabTaThl MCIIBITAHWI Ha
yCTaJlOCTh 00pa310B, U3rOTOBJIEHHBIX METO/IOM Jia-
3€pHOT0 PacKpos C TMOCJEAYIIIMM TpaBIeHUEM,
MpeacTaBJICHBI HA puc. 7.
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Puc. 6. Tlepexor meTayiia B 30He TepMudeckoro BiausHus (x100): ¢ — BOAM3M Topla; 6 — BOJM3M Toplia obpasia ¢
TUIAKUPYIOIINM CJIOEM
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Puc. 7. Pe3ynbraThl UCIIBITAHUI HA YCTAJIIOCTh 00Pa3LIOB, U3TOTOBJIEHHBIX METOIOM JIA3€PHOTO PACKPOS C MOCIEMAYIO-
LM TpaBJIeHUEM
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W3 npuBen€HHBIX HA pUC. 7 JAHHBIX CIEAYET, YTO
rnocJje npesbilieHUs: HanpsikeHust B 80 MITa o6pa-
3ell pa3pylraeTcs, He BBHICTOSIB 3 MJTH IIMKIIOB. Pac-
y€THOE 3HAYeHME YCIOBHOTO TIpeesia BEIHOCIMBO-
cTH 00pa3loB B JaHHOM ciydyae cocTtapisietr 80 MIla,
YTO TOJILKO Ha 18% MeHblle, ueM y (ppe3epOBaHHBIX
oOpa3uoB. Takum oOpa3oM, ynajaeHue Ae(PEKTHOTO
cJIosT MeTajlla ¢ TMEPeXXOoTOM METOIOM TpaBIICHUS
MO3BOJISIET YACTUYHO BOCCTAHOBUTH 3HAUECHUE YC-
JIOBHOTO Mpejiesa BEIHOCIAMBOCTU MaTepuaina [20].

BriBoabl

1. Cnocob packposi oKa3blBaeT CYILIECTBEHHOE
BJIMSTHUE Ha YCIIOBHBINA TIpeiesl BRIHOCIMBOCTH aJTio-
MWHHMEBOI 3aTOTOBKU. Tak, yCIIOBHBIN TIpEaes BbI-
HOCJIMBOCTU 00Opa3IloB, BEIPE3aHHBIX METOIOM Jia-
3EpPHOTr0 packpost, mpuMepHo Ha 60% HIXe, 4eM y
00pas110B, U3rOTOBJIEHHBIX (hpe3epOBaAHUEM.

2. Ha Toplie 3aroToBOK, M3TOTOBJIEHHBIX METO-
JIOM JIa3¢pPHOTO pacKposi, BO3HWKAET Me(eKTHBIN
CJIOM, CBSIBaHHBIN ¢ TiepeskoroMm Mmetaiia. [lo Bceit
BUANMOCTH, 3TOT CJIOHN U IBISIETCS IPUINHON CHU-
JKeHUS YCIIOBHOTO TIpeesia BEBIHOCIUBOCTH.

3. VnaneHue nedeKTHOTO Caos MeTajia MyTéM
TpaBJIeHWST YaCTUYHO BOCCTAaHABIMBAaeT 3HAUCHUE
YCIIOBHOTO TIpefieia BEIHOCIMBOCTH.

4. Victioap3oBaHue U3ieinii (Haripumep, o0II1B-
KU KpBIJIa CaMOJIETa), TTOTYISHHBIX METOIOM JIa3ep-
HOTO pacKpos, B YCIOBUSIX IIMKIIMUECKOTO HATpyXKe-
HUS MOXET TIPUBECTH K UX YCTATOCTHOMY pa3pyIire-
HUIO.
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