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npM nNpUMeHeHUn

HaHoTBepaomepa "HaHoCkaH" NMpogeMOHCTPUPOBaHA Ha NMpUMepe KOHTPOJS MPOYHOCTHbIX CBOMCTB
KOMMO3UTHbIX 3/IeMeHTOB 06pabaTbiBaloL,ero MHCTPyMeHTa.

The ability to automate a large volume of routine measurements is demonstrated using
NanoScan scanning nano-hardness tester for control of the strength properties of composite

elements of the machining tool.

CO3IAaHUU COBpeMeHHOro obpabaTsiBaouiero
MHCTPYMEHTA IIUPOKO HCIIONB3YIOTCS KOMIIO-
3UIMOHHBle MaTepHaJbl -~ MHOTOKOMIIOHEHT-
Hble CHCTeMBl, COCTOSIIMe M3 MaTepHasa CBI3KH
(MaTpuILbl) U YIPOUHSIOIIEr0 371eMeHTa — JHCIIepC-
HOT'0 ITIOPOLIKA MJIM apMUPYIOUIUX BOJIOKOH U HUTEH.
KoMbUHAII M I KOMIIOHEHTOB C PA3/IMYHBIMHU XapaKTe-
PUCTHKAMHU I103BOJISIET IIOYYHUTh MaTepHaJIbl C yHH-
KaJIbHBIMH ITPOYHOCTHBIMHU CBOMCTBaMH [1]. BasKHBIM
baxkTOpOM, BIHSIOIIMM Ha XapaKTepPUCTHUKH KOMIIO-
3UTa, SIBJSIOTCS CBOKMCTBA TPAHUIIBI MESKAY MaTpHLIEH
Y apMUPYIOIIUM 37IeMeHTOM. TaksKe BaskeH KOHTPOJIb
ONHOPOJLHOCTH pacIipeliesieHUs IVIOTHOCTH KOMIIO-
HEeHTOB B pabouell 06J1aCTH TOTOBOIO HU3Ie/IHSI.
KepaMIKa Ha OCHOBe ajJMa3sa B BHJE PeXYIIHX
BCTABOK, [ BYXCIOMHBIX a/IMa3HO-TBePIOCIIJIABHBIX
IIJIACTHH U APYTUX 3JIeMEHTOB MK POKO KCIIONB3YeTC s
s 06paboTKU CaMBIX PA3UYHBIX MaTepPHAJIOB.
Hanpumep, n/st 6ypeHHUs TBepAbIX U abpasHBHBIX
[IOPOJ, IIPUMEHSIIOTCS ITOJIMKPHUCTA/UTHYeCKHe AIMAa3bL
(polycrystalline diamond, PCD), ocobeHHOCTBIO KOTO-
PBIX SIB/ISIETCS KapKac M3 CHJIBHO CBSI3AHHBIX a/IMas-
HBIX 9acTHI[. TaKo¥ KapKac moay4amT o6paboTkoi
(crmekaHMeM) HCXOJHOTO a/IMa3HOI0 IIOPOIIKA B YCJIO-
BHSIX TEPMOLUHAMHYECKON CTAOMJIBHOCTH IIPHU BBICO-
KUX nmaBieHusax (6 I'Tla u 6ojee) u TeMIlepaTypax

(1400°C) B IpUCYTCTBUHU MeTa/lsIa. PaciaB MeTala
(06BIUHO CIIIAB HAa OCHOBe KobabTa) obecrieunBaeT B
YCJIOBU X CIIeKAHH A ITePeKPUCTAIIM3ALIMIO a/IMasa C
obpa3oBaHHEM IIPOYHBIX CBSI3eH MeXK/y YaCTHULAMH.
OcCTaTKH CIIJIaBa HAIIOMIHAOT KapKac IOJMKPHUCTAIIIA,
obecriedynBasi eMy JIOIIOJHUTEIbHYIO MeXaHHUYeCKYIO
[IPOYHOCTb.

IIpu KCII0/Ib30BAaHUH MHCTPYMeHTa Ha ocHoBe PCD
07151 OypeHU sl TOPHBIX [IOPOJ, B psifie CJlydyaeB BaskKHOM
XapaKTePUCTHUKOM SIBISIETCS He TOAbKO TBePAOCTh
Marepuasa, HO TaKKe ero MOJyJb YIIPYTOCTH B K03~
GUIIMEeHT TPeMMHOCTOMKOCTH KaK IT0Ka3aTeslb CTOU-
KOCTH K yAApHBIM Harpyskam [2].

I XxapakTepu3allMHd NPOYHOCTHBIX CBOMCTB
IIMPOKO IIPUMEHSIOTCS IIPSIMble KOHTAKTHBIE METOIbI
HM3MepeHHUs TBePAOCTH U MOAYJsl YIIPYTOCTH, OCHO-
BaHHBIE Ha B3aMMOJENCTBHUY a/IMa3HOIO0 HaKOHed-
HHKa 1 MaTepHasa. B KoMOHMHAIIMU C METOZAMHU Kap-
TOrpadupoBaHU I OHH II03BOJISIOT U3y4aTh pacIpese-
JleHHe CBOKCTB I10 II0OBEPXHOCTH obpaslia.

NMPOBEAEHWUE SKCMEPUMEHTA

MeTon MHCTPYMEHTAJ/IbHOTO MHIEHTUPOBAHUSA
B cooTBeTcTBUHM ¢ [OCT P 8.748-2011 (ISO 14577-
1:2015) ocHOBaH Ha BHe[pPeHHUHU B MOBEPXHOCTh
MaTepHaJia TBepAOro HaKOHeYHHKa H3BeCTHOM
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reOMeTpHUHU C HeNPepBIBHOM pPerucTpalihel IIy-
OMHBI BHeJPeHUS U JeHCTBYIOIIE Ha ero ocTpue
CHJIBI B TeUeHHe BCeH IpoLeAypbl UHAEHTHUPOBA-
Hus [3-4]. [lonydyeHHasa 3aBUCHMOCTb Ha3blBaeTCs
KPHBOM "Harpyska-HempeHue" (puc.l).

B paMKax JaHHOIO MeTOZa MOAY/Ib YIPYLrOCTH
PaCcCYMUTBIBAETCS 110 CJIeAyoIel Gopmyie:

Erzlxﬂxi (1)

B2 VA
rae A. - IUIOILA/b IIPOEKIIMH OTIIeYaTKa IIPU MaKCH-
MaJIbHOM 3HaYeHHHU IPHUIOKeHHON HAaTPy3Ku P ...
JKecTKOCTh KOHTAKTa S oIlpefesieTCs 10 HaKJIOHY
KPHBOM pa3rpy’KeHUs B TOUKe P . :
dp
S=[ﬁ] . ()
P=Pmax
OOHMM M3 HPEUMYILIECTB HHCTPYMEHTAJ/IBHOTO
HUHIEeHTHPOBAHUS SABJISI€TCS BHICOKAs IIPOU3BOLHU-
TeJbHOCTb BBIIIOTHEHU ST U3MEPeHHUH, a Tak>Ke BO3-
MO>XKHOCTbh 06pabOTKM KPHUBBIX M pacyeTa MOLYIS
YOPYTOCTH KU TBEPAOCTH B aBTOMAaTHU3HPOBAHHOM
peskumMe. I HOJNyYeHHsI KaPpT MeXaHHUYECKUX
CBOMCTB C IOMOIIbIO TAHHOI'O MeTOAa IIPUMEHSIOT
HaHeCeHHe CepUH YKOJIOB I10 KOOPAHHATaM PaBHO-
MEepHOMU CeTKH.

HarpyxeHne
Loading

Harpys3ka
Load

Pa3rpyska
Unloading S

h

f i c max

BHeapeHwue
Indentation

Puc.1. TunuyHbIl 8Ud Kpusol "Hazpy3ka-eHedpeHue"
Fig.1. Typical "load-indentation” curve

B ckaHupymomeM HaHOTBepaoMepe "HaHoCkaH-4D"
(®rBHY "THUCHYM", Poccusi) pealn30BaHbl QyHKIIHHU
aABTOMAaTHU3HUPOBAHHBIX H3MepeHUI I10 MeTOY UHCTPY-
MeHTaJIbHOTO HHAESHTUPOBAHUS. "HaHOCKaH" - e[UH-
CTBEHHBIN 0TeUeCTBEHHBIH CEPULHBIN U3MepUTEIbHBIN

omposite materials - the
multicomponent systems
consisting of a matrix and
reinforcing element (a dispersion
powder or reinforcing fibers and
filaments) - are widely used in
the creation of a modern machin-
ing tool. The combination of com-
ponents with different charac-
teristics allows to obtain materi-
als with unique strength proper-
ties [1]. Properties of the bound-
ary between matrix and reinforc-
ing element are an important fac-
tor affecting the characteristics
of the composite. Control of the
density distribution homogene-
ity of components in the working
area of the finished product is also
important.
Diamond-based ceramics in
the form of cutting inserts, dou-
ble-layer diamond-carbide plates

and other elements is widely
used for the processing of a var-
ious materials. For example,
polycrystalline diamond (PCD),
which feature is the frame of
strongly coupled diamond parti-
cles, are used for drilling of hard
and abrasive rocks. This frame is
made by processing (sintering) of
the diamond powder in the con-
ditions of thermodynamic sta-
bility at high pressures (6 GPa or
more) and temperatures (1400°C)
in the presence of metal. Metal
melt (usually an alloy based
on cobalt) provides during sin-
tering the diamond recrystal-
lization with the formation of
strong bonds between particles.
The remains of the alloy fills the
frame of the polycrystal, provid-
ing it with additional mechani-
cal strength.

When PCD based tools are used
for drilling of rocks, in some
cases, the important character-
istic is not only the hardness of
the material, but also its young's
modulus and fracture strength
as an indicator of resistance to
impact load [2].

The direct contact methods of
measuring the hardness and elas-
tic modulus, which are based on
the interaction between the dia-
mond tip and the material, are
widely used to characterize the
strength properties. In combina-
tion with the mapping methods
they allow to study the distribu-
tion of properties over the sample
surface.

EXPERIMENT
The instrumental inden-
tation in accordance with
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MoZy /b aTOMHO-CUI0BOrO MUKPOCKOMNA
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MOTOpPV30BaHHbIV NPeAMETHbIN CTONNK
Motorized sample stage

Puc.2. HaHomeepdomep "HaHoCkaH-4D+"
Fig.2. NanoScan-4D+ scanning nano-hardness tester

Ipubop, MO3BOJISIOIIHE ITPOBOIUTH KOMIIJIEKCHBIE HCCTIe-
IOBaHMS GU3HUKO-MeXaHHUYEeCKHUX CBOMICTB MaTepHAJIOB
Ha CyOMHKPOMETPOBOM K HAaHOMETPOBOM MacuiTabe
JIMHEeNHBIX pa3MepoB [5-6]. O6mMI BUJ, H3MePUTe/Ib-
Horo KoMIuiekca "HaHoCkaH-4D+" IpuBe/ieH Ha puC.2.
[Tpubopsl "HaHOCKAaH" OCHaIeHBl MOTOPHU30BAaHHBIM
IIpe/IMETHBIM CTOJTMKOM, ITO3BO/ISIONITHM C BBICOKOH TOY-
HOCTBIO MO3UIIMOHHUPOBATE MHAEHTOP B IIJIOCKOCTH XY
Ha/Jl [T0BEPXHOCTHIO 06pasia.

IIpu KOHTPOJIe CBOKCTB OHOTHITHBIX 06Pa3I0B YacTo
TpebyeTcs MpoBe/ieH e OfIMHAKOBBIX CEPHH UCIIBITAHHUH.

GOST R 8.748-2011 (ISO 14577-

B nmporpamMmMHoM obecriedeHunu npubopoB "HaHoCkaH"
PeasIn30BaH SI3bIK MAKPOKOMAHJ,, [T03BOJISIOIIHH II0TTb-
30BaTe/II0 OIKUCHIBATh AJIFOPUTM PaboTsl pubopa npu
IIpOBeJIeHU U CePUM UCIBITAHUHM B aBTOMATHYeCKOM
peskuMe 6e3 ydgacTus oneparopa. IIpuMep mocienoBa-
TeJTBHOCTH MaKPOKOMAaH/, [JIsl CEPUH HH/IEHTOB I10 KBa-
JPaTHOM CeTKe C MIaroM 10 MKM IIpUBeJieH Ha puc.3.
[IporpaMMHoe obecredeHue A5t 06paboTKU 3KC-
IepUMeHTaJIbHBIX JAHHBIX [103BO/ISIET CTPOUTH KapTH
TBEPAOCTH U MOZAYJIS YIPYTOCTH C 3aJJaHHBIMHU I1apa-
MeTpaMH: pa3MepoM, IIaroM MeKAy TOUKaMH HCIIBI-

1:2015) is based on the introduc-
tion into the surface of the solid
material of the tip of the speci-
fied geometry with continu-
ous recording of the penetration
depth and of the force on its edge
during the entire indentation
procedure [3-4]. The obtained
correlation is called "load-inden-
tation" curve (Fig.1).

Under this method, the mod-
ulus of elasticity is calculated
according to the following
formula:

NI
2 W

Er=%x

HAHO MHOVCTPHA #3/65/2016

where A, is the area of the
imprint at the maximum applied
load P,,.,. The contact stiffness S
is determined by the slope of the
curve of unloading in the P
point:

max

dp
S= [E]Ppmx. ()

One of the advantages of
instrumental indentation is
high speed of measurements,
as well as the possibility of
curves handling and calcula-
tion of elastic modulus and
hardness in the automated
mode. A series of pricks in the
points of coordinates map are

used to obtain the maps of
mechanical properties by this
method.

Automated measurements
according to the method
of instrumental indenta-
tion are implemented in the
NanoScan-4D scanning nano-
hardness tester (TISNCM,
Russia). NanoScan-4D is the
only Russian measuring instru-
ment, which allows to carry
out complex studies of physical-
mechanical properties of mate-
rials at submicron and nanome-
ter scale of linear dimensions
[5-6]. General view of the device
is shown in Fig.2. NanoScan is
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SUBFOLDER_ASK: // sanpoc mMeMM XaTajora ONA XPaHMeMWA NaHMEX
WAIT: 5000;

LOOPSTART:; 40:; // umxn no cTpoxam

LOOBSTART; 40; // waxn no cronbBuam

INDENIi; FORCE: 50000: 5000; 1000; 0; 1:; // Bunonuwrs MaMepeHme
WAIT; 1000;

MOVEX; 10; // crememme no ocx X Ma 10 mxm

WAIT: 1000:

S LOCOPEND:

10 MOVEX: -400;

11 WAIT; 2000;

12 HMOVEY: 10: // cemeHme no ocu Y Ha 10 MM

13 WAIT: 2000;

14 LCOPEND:

15 MESSAGE: Complece!;

L S TR

Puc.3. Mpumep nocnedosamenbHOCMU MAKpoKoMano, popmu-
pytouieli 08a 8A0>KeHHbIX LUKAA 0AS 8bIN0AHEHUS cepuu u3 1600
usmepeHul

Fig.3. An example of a sequence of macro commands, forming two
nested loops for series of 1600 measurements

TaHHH, CUJION HarpykeHus. C HCII0Nb30BaHHEM aBTO-
MaTH3HPOBAHHOTO KOHTPOJISI MeXaHHUYeCKUX CBOKCTB
OBLIM II0/Ty9YeHbl KapPThl pacIpesie/leHUsI MOAYIIS YIIPy-
TOCTH /IJI51 37IeMeHTOB 06pabaThIBAIOIIEr0 MHCTPYMEHTA
C OIMKPUCTA/VIMYECKHUMH aJIMa3aMH, I10J1yYeHHBIMH
B ®I'BHY "THCHYM". HccnenoBaHHBIe 06pa3Iipl CHHTeE-
3UPOBaHBI IIPU AaBIeHUH bosee 6 Tla u TemIeparype
nopsazgka 1400°C 13 aJiMa3sHBIX MHKPOIIOPOIIKOB, IIPO-
MUTaHHBIX CTJIABOM Ha OCHOBe K0obasIbTa.

Mozy/b YIIPYTOCTH KOCBEHHO XapaKTepHU3yeT TPely-
HOCTOMKOCTb, a IOTOMY SIB/ISIeTCSI Ba)KHEHIIMM I1apa-
MeTpOM KauecTBa TaKUX 3/IeMEHTOB, 0cO6eHHO H3Je-
Ui Ha ocHoBe PCD, HcIonb3yeMBbIX B 6ypoBOM HHCTPY-
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Puc.4. Kapma pacnpedeneHust ModyAsl Ha no8epXHOCMU AAMA3-
HO-maepdocnAasHol NAACMUHbI

Fig.4. A module distribution map for the surface of diamond-car-
bide inserts

MmeHTe. Ha puc.4 mpuBeaeHa KapTa pacipeneneHus
MOy YIPYTOCTH C IIarom 10 MKM MeXAy TOYKaMH
H3MepeHHH, YTO CPAaBHHUMO C Pa3MepoM aJIMa3HBIX
KPHCTaj10B. Harpyska npu HHIEHTHPOBAHHH COCTaB-
ns1a 50 mH. laHHasg KapTa JeMOHCTPHUPYeT OOHOPOA-
HOCTb pacIIpee/ieHH aIMa30B I10 II0OBEPXHOCTH.
TakuM 06pa3oM, peskMM KapTorpadupoBaHUs 1aeT
BO3MOKHOCTH OLIEHHUTH OSHOPOLHOCTh paciipeseeHus
MeXaHHYeCKUX CBOMCTB, XapaKTepUCTHKI FPaHHUII, pa3-

equipped with motorized sam-
ple stage for high accuracy
positioning of the indenter in
the XY plane over the sample
surface.

The control of properties of
samples of the same type often
requires the same series of
tests. The software of NanoScan
devices includes a macro lan-
guage that allows the user to
describe the algorithm of the
measurements and to con-
duct a series of tests in auto-
matic mode without operator
intervention. An example of a
sequence of macro commands
for a series of tests on a square

grid with a step of 10 pm is
shown in Fig.3.

Software for processing of
experimental data allows map-
ping of the hardness and elas-
tic modulus with the given
parameters, including size,
step between test points, load-
ing. The distribution maps of
the elastic modulus for the ele-
ments of the machining tool
with polycrystalline diamonds,
which were manufactured in
TISNCM, were obtained in auto-
mated mode. The studied sam-
ples were synthesized at pres-
sure higher than 6 GPa and at
temperature of about 1400°C

using diamond micro powders,
impregnated with cobalt based
alloy.

The modulus of elasticity indi-
rectly characterizes the fracture
strength, and therefore is the
most important parameter of the
quality for such items, especially
for PCD based products for use
in the drilling tool. Fig.4 shows
a distribution map of the elas-
tic modulus with a step of 10 pm
between the measuring points,
which is comparable with the size
of the diamond crystals. The load
during indentation was 50 mN.
This map shows uniform distribu-
tion of diamonds on the surface.
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Mep 3epeH KU $a3 Ha IOBEPXHOCTH. [1o/1ydeHHbIe IaH-
Hble I103BOJISIIOT KOHTPOTIKMPOBATh TEXHOJIOTUUeCKHe
IpoLlecchl CHHTe3a MaTepHaloB, a TaKKe BHIXOJHbIE
IapaMeTpbl TOTOBBEIX U3/IeTHH.

Benrn4yuHa MOAyNs yNPyrocTH MaTepHaaa Ha
ocHoBe PCD Tak>ke MOKeT XapaKTepH30BaTh CBOMCTBA
CBsI3eH a/Ma3-aJiMa3 B KapKace aJIMa3HOTO IIOJIMKPHU-
cTasnna. Ero 661pmmas BeIMUMHA MOXKET CBU/IETelb-
cTBOBaTh 06 06pasoBaHUM 6o/ee CHIBHEIX MeX4Ya-
CTUYHBIX CBSI3eH B o6pasiie. [Ipy HHAEHTUPOBAHUH
YaCTUILBl A7IMa3a, HMeKIleH CUIbHYI0 CBSI3b C COCeI-
HUMH YacTHLAMHM, 3HaueHHe MOAY/IS YIPYyrocTH
npubIKsKaeTCst K MOAYIIIO YIIPYTOCTH aliMasa.

3AK/IIOYEHUE

B mpencTaBieHHON paboTe MpoaeMOHCTPUPOBAHA
BO3MOKHOCTbh aBTOMATH3UPOBAHHOIO BBHIIIOTHEHU ST
MHOeCTBa PYTUHHBIX OIlepaliii. SI3bIK MaKpPOKO-
MaH/J [103BOJISIeT PeaIM30BbIBATh PA3IHUHbIE H3Me-
peHus (eIMHHUYHOE UHIEHTHPOBAHHE, MHOTOLIH-
KJIOBOE HHJEHTUPOBAHHE C YaCTUYHOM Pa3rpy3KoH
WK JUHAMHAYeCKoe HHAeHTHPOBAaHHE) COBMECTHO
C OIepalUsSIMU MIO3ULIUOHUPOBAHUS U IOACTPONUKH
pabounx mapamerpoB npubopa. COBOKYIIHOCTH
KOMaH/| I103BOJISIET IPOBOAUTH U3MepeHHe O0bIIUX
IIOBEPXHOCTEM, B TOM YHC/Ie XapPaKTePU3YIOIMIHUXCS
3HAYUTEJNbHBIM IlepernajsoM BBICOT. [10Ty4eHHBI
MaCCHB JaHHBIX obpabaTeiBaeTCs MakeTHHIM obpa-
30M, IIPHYEeM Pe3y/IbTaThl MOT'YT OBITH ITPeCTABIEHEI
Kak ¢ moMoIiubio I[1O "Ha"HoCKkaH" Tak U BhIBeJleHEL B
TEeKCTOBBIN GOPMAT AJIs NabHENIIEro UCII0Ib30Ba-
HUS B CTOPOHHUX IIPOrPAMMHBIX IAKETaX.

Paboma evinonHeHa npu puxarcosoii noddepskie MuHucmepcmea
obpasosanus u Hayku Poccuiickoil Pedepayuu 8 pamkax cozaa-
weHus N2 14.577.21.0159 (yHukanbHbiil udenmugukamop npoekma
REMEFIS7715X0113).
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Thus, the mapping mode
allows to evaluate the homo-
geneity of mechanical prop-
erties, the characteristics of
the boundaries, the size of the
grains or phases on the surface.
The obtained data allow to mon-
itor the synthesis of materials
and the output parameters of
the finished products.

The value of the modulus
of elasticity of the PCD based
material can also characterize
the properties of the "diamond-
diamond" bonds in a frame of
diamond polycrystal. Its higher
value may indicate the forma-
tion of stronger interparticle
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bonds in the sample. At inden-
tation of the diamond parti-
cle, which has a strong bond
with neighboring particles, the
value of the elastic modulus
approaching to one of diamond.

CONCLUSION

The presented paper demon-
strates the possibility of auto-
mation of many routine oper-
ations. The macro language
allows to conduct different
measurements - a single inden-
tation, multi-cycle indenta-
tion with partial unloading,
dynamic indentation - together
with the positioning and

adjustment of the device. A set
of commands allows to measure
large surfaces, including those
with a significant height differ-
ence. The resulting data is pro-
cessed in a batch manner, and
the results can be represented
using the NanoScan software or
converted in text format for fur-
ther use in third party software
packages. |
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