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B pa6oTe MeTOAOM WMHCTPYMEHTa/IbHOFO MHAEHTUPOBAaHMUS UCCIeA0Ba/INCh MeXaHU4Yeckue CBOMCTBA
pexyLuer KpOMKU BbIpy6HOro Wwramna, MoaM$puLMpoBaHHON C MOMOLLbIO MEXaHMYeCKOoro BO3AEeACTBUS
$pesepHOro MHCTPYMEHTA M JIOKAJIbHOIO Harpesa JiazepoM. MocTpoeHbl NpoduIv TBEpAOCTY OT FY6UHDI
C MOMOLLbIO METOAA aBTOMATU3MPOBAHHOIO KapTorpagupoBaHus. YCTaHOB/IEHO, YTO 06paboTka ocTpus
JIOKaNbHbIM HarpeBOM C MOMOLLbIO Jlazepa NMPUBOAUT K YBE/IMYEHUIO TBEpAOCTU cnasa B 1,5 pasa B
obnactu pasmepom okosio 40 MKM.

In this work the mechanical properties of the punching die cutting edge were investigated by
instrumental indentation. The near-surface layer of punching dies is modified in the process
of mechanical action with a milling tool and local heating by a laser. Profiles of the hardness
on depth have been constructed using the method of automated mapping. It was found that
the processing of the tip by local laser heating leads to an increase in the hardness of the
alloy by a factor of 1.5 in the region of about 40 pm.

BBEJEHUE CTPYKTYPHL. YIIpOUHEHHe JOCTUIAeTCs [IOBEPXHOCT-

JlokanpHOEe yIpOYHEHHe OTBETCTBEHHBIX ydacT- HOU 3aKaJIKOHM, ITOBEPXHOCTHBIM IIJIACTHYECKUM

KOB IOBEPXHOCTH, IOJLBePralomHUXCs IIOBBIIIEH- nedopMHpOBaHUEM U JPYTHMHU METOLAMHU;

HBIM MeXaHHUYEeCKHUM HarpyskaM, SIBISeTCS ONHUM  * YIIPOUHEHHe HU3Je/NHs C U3MeHeHHeM XUMUYeCKOro

M3 BO)KHEHIIHX 3TAIOB IIPU IIPOM3BOJCTBE UHCTPY- COCTaBa IOBEPXHOCTHOTO CJIOSI U €r0 CTPYKTYPHL.

MeHTa, y3JI0B U fieTajiel MaIlluH U MeXaHHU3MOB. YIIpoYHeHHe OCyIIeCTB/SIeTCS Pa3INYHBIMU MeTO-
B 0OCHOBHOM MeTOABI YIIPOYHEHHU S [IOBEPXHOCTEH DaMH XHUMHUKO-TepMHUYeCKoHN 06paboTKU U HaHece-

MO>KHO Pa3bHTh Ha iBe OCHOBHBIE TPYIIIIBL: HUeM 3aLIUTHBIX CJIOEB.

e yImpouHeHHe U3genus 6e3 U3MeHEHUS XUMHUYe- JedopMalius IOBEPXHOCTH ~ OLUH U3 Hauboiee

CKOI'o COCTaBa IIOBEPXHOCTH, HO C U3SMEHEeHHEeM IIPOCTBIX CHOCO6OB, IIpPHU KOTOPOM IIPOYHOCTHBIE

deplepanbHoe rocyaapcTBeHHOe 6I04KeTHOE Hay4Hoe yypexaeHue "TeXHONOrNYeCKMn UHCTUTYT CBEPXTBEPAbIX U HOBbIX Yr/1epOAHbIX MaTepuanos” /
Scientific Work of the Federal State Budgetary Scientific Institution TISNCM.
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XapaKTepUCTUKHU IIOBEPXHOCTHU BO3PACTAIOT.
OCHOBHOe Ha3HaueHHe [IOBEPXHOCTHOTO MJIAaCTH-
4eCcKoro AeGopMHUPOBAHHUS — IOBBIIIEHHE YCTa-
JIOCTHOM IIPOYHOCTH IIyTeM HakJiella IIOBEPXHO-
cTu Ha ray6uny 100-300 MKM. Pa3sHOBU/IHOCTAMHU
TaKol 06paboTKku ABISIOTCS ApobecTpyiiHas obpa-
6oTka, o6paboTKa posiMKaMHU, MHKpodpe3epoBa-
HUe, HaKaTKa penbeda U Ap.

JpyruM pacnpoCcTpPaHeHHBIM MeTOJOM IOBepX-
HOCTHOI'O yIIPOYHEHHS SIBJIsIeTCS JIOKaJIbHAS Tep-
Muveckas o06paboTka. B coBpeMeHHBIX TEXHOIOTH-
YeCKHX IIpoLieccax [Jisl JIOKAaJbHOIO HarpeBa IIpH-
MeHSIOT J1a3epsl. JIa3ep - BBICOKOIIPOU3BOAUTENb-
HBIHM, TOYHBIM, THOKUHN U YUCTHIM UCTOYHUK TeIlIa,
MMeIOUMH MKUPOKOe IpUMeHeHHe B IIPOMBIIIIeH-
HocTH. C MOsIBJIeHHEM JIellIeBbIX, Ha/leSKHBIX U 3Hep-
ro3¢pexTUBHBIX JIa3€POB UX IMPUMEHEHHEe B IIPO-
MBIILJIEHHOCTH IIOCTOSIHHO pacTeT [1]. MHCTpyMeHTHI
Ha OCHOBe JIa3ePOB UCII0/Ib3YIOTCSI IIPU Pe3Ke, CBapKe,
HaIlJlaBKe, JeTHPOBAaHUU, CBEPJIeHUH U MakKe [2-4].
JlaHHBIe IIPOLIeCCHl MOXKHO IIPOBOJUTH Ha 00/1acTsAX
B MacmTabe 0T MHUJIIMMETPOBOIO 10 MUKPOHHOIO
pasMepa, B 3aBHCHMOCTH OT THUIIA, MOIIHOCTH, ra30-
BOM Cpefbl U peskkMa paboTsl nasepa [5-9].

Jlazep aKTHBHO NPHUMEHSIeTCS /IS JTOKaJb-
HOTO YIPOYHEHMS H3JeJTHUHN U3 UHCTPYMeH-
TaJAbHOM CTanu. O6paboTKa MOBePXHOCTH Jla3se-
POM yBenHYHBaeT TBePAOCTb, CTOMKOCTh K KOP-
PO3HUHK U MexaHHUYeCKoMy H3HoOCY [10]. JlazepHoe

yIpOoYHeHHUe - MPOLlecC aHAJOTUYHBIN 0OBIYHOM
CKBO3HOM 3aKajKe, HO IPOBOJUTCS B OTPaHHYEH-
HOI 00/1aCTH U Ha IOPAAOK bbIcTpee. JIazep Harpe-
BaeT 006/1aCTh 10 TeMIIepaTypsl $a30BOTO Imepexosa
6e3 maBaeHUs MeTasaaa. [Ipu oxXJIakoeHUH aycTe-
HUT IIpeBpalllaeTcsi B MAPTEHCHUT, YTO JaeT yBe/u-
YeHHe TBePAOCTH U 06pa3oBaHHUe Ha IOBEPXHOCTHU
OCTATOYHOTO C’KMMAIIIero HAIPS>KeHH S, CBA3aH-
HOTO C YBeJIMYeHU S obrvema (1, 11, 12].

IToMHMO J1a3epPHOr0 HarpeBa Ha IIOBEPXHOCTHOE
yIpOUHeHHe TaKke BIHSeT MeXaHHUYecKas obpa-
6oTka npu GOpMUPOBAHUU KPOMKHU. [JedbopManus
M HarpeB IPH B3aUMOLEHCTBHU C Gpe3epHBIM
MHCTPYMEHTOM TaKKe MOXKeT U3MeHHUTb CBOMCTBA
MaTepHaJsia Ha IOBepXHOCTH [13-15].

JlJokanbHOe yINpOUYHeHHE Y3KOH PpeXyleH
KPOMKH aKTHBHO IPUMEHSeTCS B IIPOM3BOJACTBE
BBIPYOHBIX IITAMIIOB IITAHIleBAJBHBIX MAIIHH.
lllTaHLleBaHUe - BbICeKaHHUe (BhIpybKa) 3aTOTOBKHU
10 BHEIIHeMY KOHTYPY YA4apOM LITaMIIa I10 JIUCTO-
BOMYy MaTepuany: bymare, KapTOHY, IIOJIMMEPHOK
m1eHKe. KayecTBo pexxyIler KPOMKHU OJMH K3 I71aB-
HBIX IIapaMeTpOB, OIpelesluX HaJeXXHOCTh
Y IPOM3BOAUTEIPHOCTD IITAHIEBAJIPHON MAIIMHBI.

B maHHOI paboTe mpuBeeHbI pe3yIbTaThl IIPUMe-
HeHM S aBTOMaTH3UPOBAHHBIX AJITOPUTMOB KapTHPO-
BaHUS TBePJOCTH Y MOAYJLS YIIPYTOCTH [IJIS1 UCCIIeI0-
BaHUS JTOKAJIbHBIX MeXaHHYeCKHUX CBOMCTB II0BEpPX-
HOCTHO YIIPOYHEHHOI'0O MHCTPYMeHTa MeTOAaMH

INTRODUCTION

Local hardening of critical areas

of the surface that are exposed to

increased mechanical stress is one
of the most important stages in
production of tools, units and parts
of machines and mechanisms.

Basically, surface hardening
methods can be divided into two
main groups:

« hardening of a product with-
out changing the chemical
composition of the surface but
with changing its structure.
Hardening is achieved by sur-
face hardening, surface plas-
tic deformation and other
methods;

« hardening of a product by
changing the chemical

composition of the surface layer
and its structure. Hardening is
carried out by various methods
of chemical-thermal treatment
and application of protective
layers.

Surface deformation is one of
the simplest ways to improve the
surface strength characteristics.
The main purpose of surface plas-
tic deformation is to increase the
fatigue strength by work harden-
ing the surface to a depth of 100-
300 pm. The types of such pro-
cessing are shot blasting, roller
processing, micromilling, relief
knurling, etc.

Localized heat treatment is
still another common surface
hardening method. In modern

technological processes local
heating is accomplished by
lasers. The laser is a high per-
formance, accurate, flexible and
clean heat source with a wide
range of industrial applications.
With the advent of cheap, reli-
able and energy efficient lasers,
their industrial use is constantly
growing [1]. Laser-based tools are
used in cutting, welding, surfac-
ing, alloying, drilling and braz-
ing [2-4]. These processes can
be carried out on areas ranging
from a millimeter to a micron,
depending on the type, power,
gas medium, and operating mode
of the laser [5-9].

The laser is actively used for
local hardening of tool steel
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Puc.1. M306paxkeHue nogepxHocmu 06pasua 6 3aAuske
Fig.1. Image of the sample surface in the epoxy moulds

MeXaHHu4YeCKOoro MHKpO(I)pe’.’:epOBaHI/ISI H JIOKAJIBHOI'O
JIa3€pHOI'0 HarpeBa.

METO/1bl UCCIEAJOBAHUA
B xozme mpo6omoaroToBKH Obla MpoBegeHa Topsi-
4yasi 3allpeccoBKa 00pa3IioB BEIPYOHBIX HMITAMIIOB
Ha cTaHKe MECAPRESS 3 (PRESI, ®pannus), mate-
pHaJI 3aI1peccoBKU ~ GeHobHas CMoJ1a (TBepAocTb 90
[llop D). O6pasiisl 3aJIMBATKCh IePIeHIUKYISIPHO
IIJIOCKOCTH 06pasiia U MepreHAUKYISPHO PeKyIer
KPOMKH.

[ToBepxHOCTH 06pa3noB obpaboTaHa Ha MOIUPO-
BaJIPHO-IIJIHNPOBaIbHOM 060pyLOBAaHUU GUPMEL
Struers (IlIBeruapus). IllepoXoBaToOCTh IOCJe

Puc.2. Mukpogomozpapus cepuu omne4yameos npu nocmpoe-
Huu npoguas meepdocmu Ne 1

Fig.2. Micrograph of a series of indentations for hardness pro-
file No. 1

[IOJIMPOBKH KOHTPOJMPOBANACh 10 TPeXMepPHBIM
K306paskeHHUSIM IIOBEPXHOCTH obpasua (puc.l), momy-
YeHHBIM Ha ONTHYEeCKOM IIpodpusomMeTpe S neox
(Sensofar, Ucnauus). L|BeT U SpKOCTh Ha u3obpa-
SKeHHUHU IIOKa3bIBaeT BBICOTY U HEPOBHOCTb I1OBEPX-
HOCTH. BUIHEI 3aBaibl 06pa3na Ha Kpato obpasua.
IllepoxX0oBaTOCTh ITIOBEPXHOCTH Ra 06pasiia 1o JaHHBIM
OIITHYEeCKOro nNpoduaoMeTpa He IIpeBbIlIaeT 1 HM.
M3MmepeHHUS TBepPALOCTH U MOAYIS YIPY-
roctu (IOHra) mDpoBOLMJIMNCH Ha HAHOTBEP-
noMmepe "HanoCrkauH-4D" (TUCHYM, Poccus)
(16-20]. HM3mepeHHS NPOBOLHUJIHUCH MeTOLOM

products. Laser surface treat-
ment increases hardness, resis-
tance to corrosion and mechan-
ical wear [10]. Laser hardening
is a process similar to conven-
tional through hardening,but
it is carried out in a limited
area and an order of magni-
tude faster. The laser heats
the area to the phase transi-
tion temperature without melt-
ing the metal. Upon cooling,
austenite turns into martens-
ite, which gives an increase in
hardness and the formation of
residual compressive stress on
the surface associated with an
increase in volume [1, 11, 12].

In addition to laser heating,
surface hardening is also influ-
enced by machining during edge
shaping. Deformation and heat-
ing, when interacting with mill-
ing tools, can also change the
surface properties of materials
[13-15].

Local hardening of a nar-
row cutting edge is widely used
in production of punching dies
of the punching machines.
Punching means cutting a work-
piece around the outer contour
by hitting a die on a sheet mate-
rial: paper, cardboard or polymer
film. The cutting edge quality is
one of the main parameters that

HAHO UHAYCTPUA Tom13Ne7-8(101)2020

determine reliability and produc-
tivity of the die cutting machine.

This paper presents the results
of using automated algorithms
for mapping hardness and elas-
tic modulus to study the local
mechanical properties of a
surface-hardened tool using
mechanical micro-milling and
local laser heating.

RESEARCH METHODS

In the course of sample prepara-
tion, hot pressing of punching
dies samples was carried out on
a MECAPRESS 3 machine (PRESI,
France), the material of the press-
ing was phenolic resin (hardness
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Puc.3. 3agucumocms meepdocmu u mModyAs ynpyzocmu om KoopduHamel (npoguab Ne 1)
Fig.3. Dependence of hardness and elastic modulus on the coordinate (profile No. 1)

HHCTPYMeHTaIbHOTO UHAEHTUPOBAHUS B COOTBET-
ctBuu ¢ TOCT P 8.748-2011, n3BeCTHOM TaK>Xe KakK
MeTof, HAHOMHAeHTHUPOBaHHUA [21]. JaHHBIN MeTO[,
OCHOBAH Ha BaBANBAHUU AJIMA3HOTO [IMPAMHUIAIb"
HOI'0 HAaKOHEYHMKA B MaTepHaJl C OJHOBpeMeHHbBIM
H3MepeHHeM ITTyOMHBL U CUJIBI HaTPy>KeHHUsl. AHAIU3
KPHBOIM HarpyKeHUSI-Pa3IPYy>KeHHUS II03BOJIseT
BBIUMCIUTD BeTUYUHY TBEPAOCTH U MOAYIb YIIPy-
TOCTH MaTepHala, a Takxke Ko3PPUIHMeHT yIIPyroro
BOCCTAHOBJIEHHU S, PaboTy medopMaliuu U PSIf IPYTUX
MeHee 3HAYKMMBIX [IapaMeTPOB MaTepHaa.
[To3MLIMOHUPOBaHHe 00IaCTH UCIIBITAHUM IIPO-
BOJMJIOCH C IIOMOIIBIO BUIeON306paskeHU s OITH-
4eCcKOro MUKpoOCKoIa. brarogaps BhICOKOTOUHOM

CHUCTeMe II03UIIMOHHUPOBAaHUS obpaslia, TOYHOCTh
YCTAHOBKH KOOPAHMHAT U3MepeHUs COCTaBIseT He
6omee 1 MKM. [I71s1 TOro 4T06bI COCeHME U3MepeHHU s
He BJIMSUIH JIPYT Ha [pyTa, YKOJBI C/IeflyeT pacrosia-
raTh Ha PacCcTOsSiHHUU 6oslee Tpex pa3MepoB OTIedaT-
KOB IPYT OT Apyra.

H3mepeHHUe npoduier TBEPAOCTHU IIPOBOAUIIOCH
C IOMOIIBIO ABTOMATH3HPOBAHHBIX aJITOPUTMOB,
II03BOJISIIOIIMX BBIIIONHSTH OOMBIIME CEPHUU H3Mepe-
HuM 6e3 yuactus oneparopa [22, 23].

PE3Y/IbTATbI U UX OBCYXXAEHUE
[TpoBeJeHHe CEPUH HCIIBITAHHUI B aBTOMATHYeCKOM
peXXHMe C perucTpalyeldl KOOPAKWHAT I103BOIsET

90 Shore D). Samples were filled
perpendicular to the sample
plane and perpendicular to the
cutting edge.

The sample surface was pro-
cessed on the polishing and
grinding equipment manufac-
tured by Struers (Switzerland).
The roughness after polishing
was controlled by three-dimen-
sional images of the sample sur-
face (Fig.1) obtained with a S neox
optical profilometer (Sensofar,
Spain). The color and brightness
in the image shows the height
and unevenness of the surface.
Sample blockages are visible
at the edge of the sample. The

roughness of the surface Ra of
the sample according to the opti-
cal profilometer does not exceed
1nm.

Measurements of hardness
and modulus of elasticity (Young)
were carried out on a nano-
hardness tester "NanoScan-4D"
(TISNUM, Russia) [16-20].
Measurements were carried out
by the instrumental indenta-
tion method in accordance with
GOST R 8.748-2011, also known as
the nanoindentation method [21].
This method is based on indent-
ing a pyramidal diamond tip into
the material while simultane-
ously measuring the depth and

loading force. The analysis of the
loading-unloading curve allows
you to calculate hardness and
elastic modulus of the material,
as well as the coefficient of elas-
tic recovery, the work of defor-
mation and a number of other
less significant parameters of the
material.

Positioning of the test area was
carried out using a video image
of an optical microscope. Due to
the high-precision sample posi-
tioning system, accuracy of the
measurement coordinates is no
more than 1 pm. In order for adja-
cent measurements not to influ-
ence each other, pricks should be

Vor.13 No. 7-8(101) 2020 NANO INDUSTRY
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Puc.4. Mukpodomozpadus cepuu omne4yamxos npu nocmpoe-
Huu npoguas meepdocmu Ne 2

Fig.4. Micrograph of a series of indentations for hardness
profile No. 2

HCCIeL0BaTh HEOOHOPOLHOCTh CBOMCTB obpa3sua
[0 IOBEePXHOCTHU. K MoJo6HBIM HCC/Ie0OBAHUSIM
OTHOCSITCSL IIPOLIeAYPBl KAPTHUPOBAHHUS K H3Mepe-
HHe Npodus TBepAoCTH. KapTUpoBaHHUe — IpoBe-
JleHHe WHOEeHTOB C OAMHAKOBOM HAarpy3KOM IO pery-
JISIPHOM CeTKe, MPOodUIb TBEPAOCTH - IIPOBeleHUe
CepUU HUCIBITAHUH BIOJIb BEIOpAaHHOIO HaIllpaBile-
HHUS C IIOCTOSIHHBIM IIaroM. YBeJIHUYHUTb IIPOCTPAH-
CTBEHHOe pa3pellleHHe IIPHU U3MepeHHUH NPpoduis

located at a distance of more than

TBEPIOCTH MOSKHO C IIOMOIIBIO YBeTHYEHM I KOTHYe-
CTBO MCIIBITAHWH, HalIPUMeP C IIOMOIIBIO TOIIOIHH-
TeJIbHBIX PSAIOB MHIEHTOB, CMEIIEHHBIX OTHOCUTEIBHO
COCeIHUX PAIOB.

Ha obpa3sie BEIpyOHOro IITaMIIa B aBTOMATHYeCKOM
peskrMe IIpoBeeHbl CEPUM MHIEHTOB BI0JIb U IIOIIepeK
peskyliel KpoMKH ¢ Harpyskou 50 mH. Ha puc.2 npu-
BeleHa MUKpPopoTOorpadus cepruu OTIeYaTKOB II0C/Ie
IIOCTPOEHM S ITPOPUIIS TBEPAOCTH N2 1 ITorepex BICTYIIA
BBIPYOHOrO mTaMIa. Ha puc.3 mpuBejeHbl COOTBETCTBY-
Iolre IpodUIKN TBEPAOCTH U MOAYJISL YIIPYTOCTH, pac-
CYMTAHHBIE I10 Pe3y/IbTaTaM CepUH YKOI0B. Kak BUIHO
M3 I'PapUKOB Ha PHC.3, Pa3HHUIIA B TBEPAOCTH B LIEHTpe
Y Ha Kpalo obpaslia He o6Hapy>KH1BaeTCs.

Ha puc.4 npuseneHa Mmukpopororpadpus cepuu
OTIIeYATKOB I10CJIe IIOCTPOeHU S HPOUIIST TBEPAOCTH
Ne 2 o mTamria. Ha puc.5 mpuBefeHbl COOTBETCTBY-
IOLIYe IIPOGH/IN TBEPAOCTH U MOAYJIS YIIPYTOCTH.

Koopmnuuata 0 ocu abcuucc rpadukoB
Ha PHUC.5 COOTBETCTBYeT HEKOTOPOU TOYKe B MacCHBe
obpasua. YBenr4eHHe KOOPAHHATHI 03HA4YaeT PHUOIH-
JKeHHe K Kpalo o6pasija, To eCTh K PeXyIler KPOMKe
BeIpyOHOro mramma. Ha rpaguke (ceBa) BULHO, 4YTO
3HaueHHe TBePAOCTH yBelIu4YuBaercsa ¢ 5,5+0,5 I'Tla
B I11ybrHe obpasua 1o 9,2+0,7 ITla Ha Kpao, B 06/1acTH
pa3smepoM 40+5 MKM. YBe/lIMYeHHe TBEPAOCTU TaKKe
SIBHO BHIHO II0 Pa3Mepy OTIeYaTKOB Ha ¢poTorpadpuu
(puc.4): pa3mep OTIIEYATKOB YMeHbIIAeTCs IIPH Her3-
MEHHOH CHJIe HarPyskeHHUs. B To ke BpeMs Habiio-
JlaeMoe YMeHbIIeHHe 3HAUYeHUSI MOIYIS YIIPYyTro-
CTH Ha 10% gByigeTcs He3HAaYUTeJbHBIM U MOXKET
OBITH CBSI3aHO He CTOJIbKO C H3MeHeHHeM CBOHCTB

3 sizes of imprints from each
other.

The measurement of hardness
profiles was carried out using
automated algorithms that allow
large series of measurements to
be performed without participa-
tion of the operator [22, 23].

RESULTS AND DISCUSSION

Carrying out a series of tests
in automatic mode with regis-
tration of coordinates makes it
possible to investigate hetero-
geneity of the sample proper-
ties over the surface. Such stud-
ies include mapping procedures

and measuring the hardness
profile. Mapping is achieved by
carrying out indents with the
same load on a regular grid,
hardness profile and in series of
tests along the selected direc-
tion at a constant step. It is pos-
sible to improve a spatial resolu-
tion when measuring the hard-
ness profile by increasing the
number of tests, for example,
with the help of additional rows
of indents offset relative to adja-
cent rows.

A series of indents along and
across the cutting edge with a
load of 50 mN were drawn on a
sample of a punching die in an

HAHO UHAYCTPUA Tom13Ne7-8(101)2020

automatic mode. Fig.2 shows
a photomicrograph of a series
of indentations after building
a hardness profile No. 1 across
the projection of the punching
die. Figure 3 shows the corre-
sponding profiles of hardness
and modulus of elasticity calcu-
lated from the results of a series
of punctures. As can be seen
from the graphs in Fig.3, there
is no difference in hardness in
the center and at the sample
edge.

Figure 4 shows a photomicro-
graph of a series of imprints after
building a hardness profile No. 2
along the stamp. Figure 5 shows
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Puc.5. 3agucumocms meepdocmu u ModyAs ynpyzocmu om KoopduHamel (npoguab Ne 2)
Fig.5. Dependence of hardness and elastic modulus on the coordinate (profile No. 2)

MaTepHasaa, CKOJBKO C JIOKaJIbHBIM HaK/JIOHOM
IIOBEPXHOCTH B 06/1aCTH Kpasi obpasua. H3BecTHO, 4TO
TaKOM HaKJ/IOH BCeIZa BO3HHMKAET Ha KpasX IIPU Mexa-
HHYeCKOH ITOJIMPOBKe ITPH IIPOOOIIOATOTOBKE, a pacyeT
3Ha4YeHHU S MOAY/Is YIIPYTOCTH 10 MeTO/ly MHCTPyMeH-
TaJIbHOTO UHJeHTHPOBAHHU I YPe3BbIUAIHO YYBCTBUTE-
JIeH K HaKJIOHY KPUBOM HarpyskKeHMUsl, KOTOPBII, B CBOIO
odyepenb, 3aBUCUT OT yIJa MeX/y O0CbI0 MHIEHTOPa
U IIJIOCKOCTBIO 06pasiia.

BbIBOAbI
B maHHOI paboTe B aBTOMaTHUeCKOM pekHMMe UH/IeH-
THPOBAaHUS IIPOBeJleHa CepUsl U3MepeHHH TBepJo-
CTH M MOJYJIS YIIPYTOCTHU C L@JIbI0 IIOCTPOEHHU S IIPO-
duna pacnpepeseHHs MeXaHHYeCKHX CBOMCTB
BO/IM3H peXKyIIMX KPOMOK BBIPYOHBIX IITAaMIIOB.
HccnenoBaHHbIe KPOMKH II0ABEPraIkCh [IOBEPXHOCT-
HOMY yIIPOYHEHHIO METOJOM MeXaHHUYeCKOI0 MUKPO-
dpesepoBanus (6oKOBasi CTOPOHA IITAMIIA) K METOIOM
JIOKAJIBHOI'O JIa3ePHOTr0 HarpeBa (peskyllas KpoMKa).
ITokasaHo, YTO aBTOMaTH3MPOBaHHOE KapTorpa-
dupoBaHHe KpaeBOM 001aCTH I03BO/NsET UAEHTH-
GUIMpOBATh JIOKAJbHBIE M3MEHEeHUSI MeXaHude-
CKHX CBOMCTB IIPUIIOBEPXHOCTHOIO €105 (TBepIOCTH
Y MO/l yIIPYTOCTH) C IPOCTPAHCTBEHHBIM pas3pe-
IeHHeM IOpsiAKa 3-5 MKM). IIpocTpaHCTBeHHOe pas-
pellleHHe 3aBUCUT OT BEIOpAaHHOM HArpy3KH HUHJEH-
THPOBAHHS U, COOTBETCTBEHHO, PACCTOSHU S MEXKIY
COCeIHHMHU H3MEPeHHUSAMHU C yUeTOM KPHUTEepHI,
[IpKA KOTOPOM COCeHKe U3MepPeHU s Ha BIIMAIOT APYT
Ha apyra. [Joka3aHo, YTO IIOBLICUTD IIPOCTPAHCTBEH-
Hoe paspelleHHe MOXKHO IIyTeM IIpoMepa HeCKO/Ib-
KHX CepHH YKOJIOB, CMeIlleHHBIX OTHOCHUTEe/ILHO COCe[-
HHMX Ha BeIHYHHY, MEHBIIYIO PACCTOSHUS MEXIY
YKOJIAaMH.

I[lony4eHHBIe 3aBUCIMOCTH TBEPAOCTH OT PacCTos-
HUSI JI0 PEXYIIEel KPOMKH I103BOJISIFOT OITPe/IeIUTb IITy-
OHMHY IIPUIIOBEPXHOCTHOIO CJI0SI, CBOMCTBA KOTOPOTO
OBITM MOAMPUIIMPOBAHBL B pe3yabTraTe 06paboTKU.
B 4acTHOCTH, B JaHHOH paboTe ITOKa3aHO, YTO MHUKPO-
dpe3sepHas 06paboTKa CTeHOK LITaMIIa Gpe3or He IIpU-
BOAUT K ee yIIPOUHEHHUIO, B TO BpeMs KaK JIOKa/IbHbII
JIa3epHBIN HArpeB CyLIeCTBEHHO II0BbIIIAET TBEPHAOCT
KPOMKH II0 CPAaBHEHHUIO C TBEPAOCTHIO B 06BbeMe MaTe-
puana (c 5,5+0,5 I'Tla mo 9,2+0,7 ['Tla). IIpu 3TOM IIO 10Ny~
YeHHBIM IIPOQHUIISIM TBEPIOCTH MOKHO OIIpe/IeIUTb,
YTO TOJILIMHA IIPUIIOBEPXHOCTHOIO CJIOS, B KOTOPOM
IIPOHMCXOIUT M3MeHEeHHe CBOFCTB, COCTABIseT 40 MKM.
JlaHHas HHPOpPMALHSI MOKeT OBITh HCIIOIb30BAHA IIPU
0TpaboTKe TEXHOTOIMUYeCKHX ITPOLIeCCOB ITPOM3BOACTBA
HMHCTPyMeHTa B KadeCTBe 06paTHOM CBSI3U IIPH Iofbope
PesKKMOB paboThI Ta3ePHBIX YCTAHOBOK JIOKQJIBHOM Tep-
MHYeCKOH 06paboTKH.

Paboma 8bl110AHeHA 8 pAMKAX 8bINOAHEHUS 20CYdapcmeeHH020
3adanusa ®TEHY TUCHYM Ha 2020 200.
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the corresponding profiles of
hardness and elastic modulus.
The 0 coordinate of the
abscissa of the graphs in Fig.5
corresponds to a certain point in
the sample array. Increasing the
coordinate means approaching
the edge of the sample, i.e. to
the cutting edge of the punching
die. The graph (left) shows that
the value of hardness increases
from 5.5 + 0.5 GPa in the depth
of the sample to 9.2 + 0.7 GPa
at the edge, in the area of 40
5 pum. The increase in hardness is
also clearly visible in the size of
the imprints in the photograph
(Fig.4): the size of the imprints

decreases with a constant load-
ing force. At the same time, the
observed decrease in the value
of the elastic modulus by 10% is
insignificant and may be associ-
ated not so much with a change
in the properties of the material
as with the local inclination of
the surface in the region of the
sample edge. It is known that
such a slope always occurs at the
edges during mechanical polish-
ing and sample preparation, and
calculation of the elastic modu-
lus by the instrumental inden-
tation method is extremely sen-
sitive to the slope of the loading
curve, which, in turn, depends
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on the angle between the axis of
the indenter and the plane of the
sample.

CONCLUSIONS

In this work, in the automatic
indentation mode, a series of
measurements of hardness and
elastic modulus was carried out
in order to construct a profile
of the distribution of mechani-
cal properties near the cutting
edges of cutting dies. The inves-
tigated edges were subjected to
surface hardening by mechani-
cal micro-milling (lateral side
of the stamp) and by local laser
heating (cutting edge).



NANOTECHNOLOGIES

Jr. R.J. Deformation-induced phase transfor-
mation and strain hardening in type 304 austen-
itic stainless steel. Metall. Mater. Trans. A Phys.

THpoBaHMs. PU3MKa TBepzoro Tena. 2018. T. 60.
Ne 11. C. 2219-2223. https://doi.org/10.1134/
S1063783418110203.

Metall. Mater. Sci. 2006. V. 37. No. 6. PP. 1875~ 19. IlanoBanioB B.H., Ycennos A.C., KpaBuyk K.C.,
1886. https://doi.org/10.1007/s11661-006-0130-y. I'naaxux E.B., Ko3uH A.A., CMupHOB B.B. Kpucran-
14. Schubnell J., Pontner P., Wimpory R.C., Fara- JIMYecKasi CTPYKTypa U MeXaHH4YecKHe CBOMCTBA I1jle-
jian M., Schulze V. The influence of work harden- HOK HUTpPHZQ TUTAHA, CHHTE3HPOBAHHBIX METOIOM
ing and residual stresses on the fatigue behavior of MarHeTpOHOTO PAaCIIbUIEHUSI C TOpsuell MHUIIEHBIO.
high frequency mechanical impact treated surface dusuKa U XUMHUA cTerna. 2017. T. 43. Ne 5. C. 538-
layers. Int. J. Fatigue. 2020. V. 134. P. 105450. 542. https://doi.org/10.1134/S1087659617050157.
https://doi.org/10.1016/j.ijfatigue.2019.105450. 20. Topckas E.B., Me3puH A.M., Mopo3oB A.B., Ycen-
15. Schulze V., Bleicher F., Groche P., Guo Y.B., HOB A.C., KpaBuyk K.C., ®ponoB H.H. CpaBHU-
Pyun Y.S. Surface modification by machine ham- TeIbHOe MCC/IeOBaHHe TPUOOTOrMUeCcKHUX CBOVCTB
mer peening and burnishing. CIRP Ann. - Manuf. TOHKMX IIOKPBHITUM Ha 6ase OKCHAOB MeTaj-
Technol. 2016. V. 65. No. 2. PP. 809-832. https:// JIOB Ha PasHBIX MacCIUTabHBIX ypoBHAX. TpeHHe
doi.org/10.1016/j.cirp. 2016.05.005. U u3Hoc. 2015. T. 36. N2 6. C. 699-705. https://doi.
16. Skazochkin A.V., Useinov A.S., Kislov S.V. Sur- 0rg/10.3103/S1068366615060161.
face hardening of titanium alloy by minerals. Let- 21. TOCT P 8748-2011 (MCO 14577-1:2002) MeTa/UIbl
ters on Materials. 2018. V. 8. 1. 1. 81-87. https:/ Y CIUIaBbI. M3MepeHMe TBEPOOCTH U APYrHX Xapak-
doi.org/10.22226/2410-3535-2018-1-81-87. TEPHCTUK MATEPHAJIOB I[IPH HMHCTPYMEHTAJIbHOM
17. T'mapxux E.B., KpaBuyk K.C., YceumHoB A.C., WHIEHTUPOBAHUH.
HukutuH A.A., PoroxkkuH C.B. HccinemoBa- 22. YceuHoB A., KpaBuyk K., PycakoB A., MacieHH-
HHe BIHUSIHUSI 06J'Iy‘-IEHI/IH HOHaMH Ha MexaHuye- koB M., KpacHoropos M. MeTozapl aBTOMaTU3aLMHU
CKHe CBOMCTBa cTaau Eurofer 97. IIoBepXHOCTb. M3MepeHUI MeXaHHUYeCKUX CBOMCIB B HAHOTBEPO-
PeHTreHOBCKMe, CHHXPOTPOHHBIE U HEHUTPOHHbIE Mepax ceMericTBa "HaHoCkan". HAHOMH/Y CTPHSI.
uccmegoBaHus. 2019. Ne 1. C. 73-78. https://doi. 2016. Ne 7. C. 72-78. https://doi.org/10.22184/1993-
0rg/10.1134/S1027451019010075. 8578.2016.69.7.72.78.
18. Macnenukos H.H., VYcemnoB A.C., Kpas- 23. KpaBuyk K., YceuHoB A., MacineHukos H., Ilepdu-

qyk K.C., Kocuoma A.A., PemeroB B.H. Cra-
TUCTUYeCKUI y4eT BHSHUS LIepOXOBaTOCTH
Ha 3HA4eHWS TBEpPOOCTH, H3MepseMble IIPHU
IIOMOIIM MeTOJa HHCTPYMEHTAJIbHOIO HHJIEH-

7noB C. ABTOMAaTH3UPOBAaHHBIM KOHTPOJIb IIapame-
TPOB KOMITO3UTHBIX H3[E/IHI C IIOMOIIBI0 HAHOTBEp-
noMmepa "HanoCkaH". HaHouHaycTpus. 2016. Ne 3.
C. 54-58.DO0I: 10.22184/1993-8578.2016.65.3.54.58.

It is shown that automated
mapping of the marginal area
makes it possible to identify
local changes in the mechanical
properties of the near-surface
layer (hardness and elastic mod-
ulus) with a spatial resolution
of about 3-5 pm). Spatial reso-
lution depends on the selected
indentation load and, accord-
ingly, the distance between
adjacent measurements, tak-
ing into account the criterion at
which adjacent measurements
do not influence each other. It
is shown that it is possible to
increase the spatial resolution
by measuring several series of

punctures, displaced relative to
the neighboring ones by a dis-
tance less than the distance
between the punctures.

The obtained dependences of
hardness on the distance to the
cutting edge make it possible
to determine the depth of the
near-surface layer which prop-
erties were modified as a result
of processing. In particular,
this work shows that micromill-
ing of the die walls with a cut-
ter does not lead to its harden-
ing, while local laser heating
significantly increases the edge
hardness compared to hard-
ness in the bulk of the material

(from 5.5+ 0.5GPato9, 2+ 0.7
GPa). In this case, according
to the obtained hardness pro-
files, it can be determined that
the near-surface layer thickness
wherein the properties change
equals 40 pm. This informa-
tion can be used in the develop-
ment of technological processes
for production of tools as a feed-
back for selection of the operat-
ing modes of laser installations
for local heat treatment. [ |

The work was carried out within the
framework of the state assignment of
the Federal State Budgetary Scientific
Institution TISNCM for 2020.
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