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CocTaBHble 4acTU MeXaHU3MOB, MMeloliMe KPUBOJIMHENHbIe MOBEepPXHOCTU, TpebyloT CTpororo
KOHTpO/8 GopMbl. 114 pelieHns TaKUX 3a4a4 NPUMeHSI0TCA NPU60pbl, OCHOBAHHbIE HA KOHTAKTHbIX
(30HA,0BbIX) MM 6eCKOHTaKTHbIX (ONTU4Yeckux) metogax. B aaHHon pa6oTe MeTOA4OM KOHTAKTHOM
npo¢uiomMeTpmMmn Npu NOMOLLU CKAHMpYIOLLEro HaHoTBepaomepa "HaHoCKkaH-4D" 6bin U3MepeHbl
npodunu npecc-popmM, NpUMeHsieMbIX NPU CUHTe3e MOHOKPUCTA/N/IOB a/iMa3a B Kamepe BbICOKOro

pasneHus B npouecce HPHT-pocTa.

The component parts of the mechanisms having curved surfaces require strict shape control.
To implement this operation, devices based on contact (probe) or non-contact (optical)
methods can be used. In this paper, profiles of molds used in HPHT diamond growth were
measured using the contact profilometry method implemented in NanoScan-4D scanning

nanohardness tester.

Pa3IHYHBIX 0671aCTAX TeXHUKHU BasKHYIO POJIb
HrpaeT BBICOKASI TOYHOCTh U3TOTOBIEHHUS AeTa-
el MaIllMH M MeXaHH3MOB. B HHXXeHepHHU

IIHUPOKO MCIIOAB3YIOTCS U3Henus, GopMa KOTOPHIX
3HAYHTEeIbHO OTIMYAeTCS OT IPOCTHIX IIPSIMOYTO/Ib-
HBIX TeJ U TeJ BpallleHUs (HallpHUMep, JIONATKH
Typ6uH). IIpx 3TOM A1 OAAEeP>KAHUS ONITHUMATIb-
HBIX peXMMOB paboTsl MexaHH3MOB Tpebyercs
M3rOTOBJIEHHE [JeTaJIel C BBICOKOH CTENeHBIO TOU-
HOCTH. B CBSI3U C 3TUM IOSBISETCS TaKas HHXKe-
HepHas 3aflavya, KaK KOHTPoab GOpMEL. ITy 3amady
MO>KHO peIlaTh Pa3JIHYHBIMU criocobaMu. B gact-
HOCTH, B CTaThsX [1, 2] mpeaIoskeHBl aHATUTHYe-
CKHe MeTOJBl IPOBEPKH OTKIOHEHHS IMPOPHIS
CONPSI’KeHHOT'0 AHMCKa KyJTauKOBOIO0 MexaHH3Ma.
DKCIepUMeHTa/lIbHAS IIpOBEepKa MOMeNel IIPOBO-
IOUIach IIyTeM CpaBHEHU S Pe3yJIbTaToB, JaBaeMBbIX
AHATUTHYECKUMHU BBIPA’KeHHSIMH, C JAHHBIMH,
IIOJTyYeHHBIMH IIPH IIOMOIIM KOHTYyporpada. B cTa-
The (3] Ha OCHOBe KOHTYPOB, IOJy4YeHHBIX IIPHU
IIOMOII Y MPeIIM3HMOHHOI0 CKAHHUPYIONero npodu-
JIoMeTpa, IIOCPeCTBOM IIPOrpaMMHOro obecreye-
HHUSI OL]eHHBAJIACh TOYHOCTb U3TOTOBJIEHHU S [leTaler

ABHAILIMOHHBIX BUTaTesel. Bce 3TH paboTsl OblIH
6bI HEBO3MOXKHEI 6e3 MPU60POB, CIIOCOOHBIX C BBICO-
KOM TOUHOCTBIO U3MEPUTh KOHTYPHI AeTajleH.
ITpoduau NOBePXHOCTH U3JeIUH MOTYT U3Me-
PATBHCS Pa3NUYHBIMHU criocobamMu, Kak KOHTAKT-
HBIMH, TaK U 6eCKOHTAKTHBIMU. K KOHTAaKTHBIM
MeTOAaM MOXKHO OTHECTH Te, B KOTOPBIX HCIIO/b-
3YIOTCS LyOBl UJIH 30HABl, HAXOAAIHeCs B KOH-
TaKTe C K3MepseMOU ITIOBePXHOCTBIO U JBHKYILHeCs
BJIOJIb Hee IIPU IIOMOIIM MOTOPU30BAHHBIX TPAHCIIS-
TOopoB. K 3ToMy Kj1accy mpubopoB OTHOCSTCSI KOHTY-
porpader, mpodunomeTpsl. beCKOHTaKTHEIE METObI
KOHTPOJS penbeda U MepoXOBaTOCTHU IOBEPXHOCTHU
OCYIIeCTBIAIOTCS IPH TIOMOIIK ONTUYECKHUX TPOdH-
nomeTpos [4]. [IpoduiomMeTphl - yCTPOUCTBA, IPefo-
CTaBJSIIOLIMeE JaHHBIe 0 pefibede MOBePXHOCTU C TOU-
HOCTBIO MeHee MUKPOMeTPa, YTO [103BOJIsIeT BBIUKC-
JSTh IapaMeTPhl LIepPOXOBaTOCTU. McTopuyecku
NepBBIMH ONTHYECKHMHU HpodHUIOMETPaMHU
OBIIM reTepoJUHHBIe HHTeppepoOMeTphl, B JAalb-
HeHIleM IOSIBUJIHUCh UHTeppepoMeTpPhl, HU3Me-
psatomue caBur ¢as, 3aTeM - IpUbOPEI, U3MePSIIO-
mue nuddepeHINANBHBIN UHTepbepeHIITMOHHBI N

1 TexHOMOTrMYeCcKmni MHCTUTYT CBEPXTBEPABIX M HOBbIX yrnepoAHbIX MaTepuanos (TMCHYM) / Technological Institute for Superhard and Novel Carbon Materials.
2 HauMoHanbHbIV NCCNeaoBaTeNbCKUA yHMBEpcUTET "MUST" / National Research University of Electronic Technology (MIET).
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KOHTpacT. PaboTa TakHUX NpubopoB OCHOBAHA
Ha TeopeTHYeCKUX MOJeJIIX OTPa keHHs Hu3jiyde-
HUS OT IIOBEPXHOCTEH pa3/MYHBIX TUIIOB (MeTas-
JI0B, AM3eKTPUKOB) [5].

KoHTaKTHOe MPOGUIHNPOBAHHE MOKET OBITH IIPH-
MeHeHO KaK B MaKpo-, TaK U B MUKpoMacIiuTabax.
J1s pasHBIX 3aa4y U3MepeHUs penbeda moBepx-
HOCTH MOTYT OBITh HCIIO/JIb30BAaHBI Pa3lHUYHbBIE
10 CBOMM pa3MepaM 30HABI. Ecu HeobxonrMa To4-
HOCTb M3MEepeHHUHU JIaTepaabHbIX Pa3MepoB, Ipe-
BhIIIAOINAsA 10 HM, TO IOBEPXHOCTh U3YYalOT IIpH
IIOMOIIM KPeMHHEBBIX KaHTHUJ/IEBEPOB C MaJjblM
pazuycoM 3aKpyIleHKHs KOHYHMKa. OfHAKoO, IIPHA UX
KCII0/Ib30BaHU U JHala30H U3MepeHUH 110 ocu X(Y)
OTPaHHUYeH COTHEeH MUKPOH, a I10 OCH Z — HeCKOJIb-
KHUMH JeCITKaMH MHUKpPOH. Kak ObIJI0 yKa3aHO
BhbIIlIe, B IIPOMBIIIJIEHHOCTH CTABUTCS 3a/laya COBep-
IIeHHO APYToro pona - TpebyeTcs U3MepUTb GopMy

JeTalu, UMellel IPOAoIbHbIe Pa3MepHl ITOPIAKA
HeCKOJIBKUX CAHTUMETPOB U Ilepera BBICOT TOrO Ke
MacmrTaba. B TakoM ciydae 1enecoobpasHo UCIIOJb-
30BaTh NPUOOP C APYrUM MacIITaboM MeTposoruye-
CKHUX XapaKTEPHUCTHUK.

[l U3MepeHUH MMapaMeTPOB IIEPOXOBATOCTH
U npoduIer pa3IUYHBIX JeTalel, KakK IJIOCKUX,
TaK U TeJl BpalleHHUs, NpeJHa3HAYeHBl KOHTYPO-
rpagsl. C UX IOMOIIBI0 BO3MOXKHO TaK3Ke oIlpefe-
JeHHe B U3MepPeHHBIX IPOPHUIISIX TeOMeTPHUUECKUX
IIapaMeTpoB: PaAHUYCOB AyT, KOOPAUHAT TO4YEK, pac-
CTOSIHUH, YIJIOB U T.n. [6].

C TOYKHU 3pEHUS MOBBIIIEHUS TeXHOJIOTUYHO-
CTHU IPOU3BOACTBA HPUOOPHI, UMeIOIHe B CBOEM
apceHaje pa3HOIJIAHOBblE MEeTOLUKH, SIBISIIOTCS
XOpOIleH aJbTePHATUBON TPAAUIIMOHHBIM yCTa-
HoBKaM. Tak, HaHoTBepmoMmep "HanoCkaH-4D"
(PTBHY "TUCHYM", Poccusi), CKOHCTPYHUPOBAaHHBIH

igh precision of manufac-

turing of machine parts and

mechanisms plays an impor-
tant role in various fields of tech-
nology. Products the shape of
which differs significantly from
simple rectangular solids and sol-
ids of revolution (e.g., turbine
blades) are widely used in engi-
neering. At the same time, the
optimal modes of operation of the
mechanisms require the manufac-
ture of parts with high degree of
accuracy. In this regard, an engi-
neering challenge of the shape
control appears. This problem can
be solved in different ways. In par-
ticular, papers [1, 2] propose ana-
lytical methods to test profile
errors of the conjugate disk cams.
Experimental verification of the
models was performed by compar-
ing the results of the analytical
expressions with those obtained
using contourograph. In the paper
(3], on the basis of the contours
obtained using a high-precision
scanning profilometer, software
was used to assess the accuracy of
manufacture of parts of aircraft
engines. All this studies would not

have been possible without instru-
ments for high-precision measure-
ments of the shapes of the parts.
The surface profiles of the prod-
ucts can be measured in various
ways, both contact and contact-
less. Contact methods include
those that use probes that are
in contact with the measured
surface and are moved along it
with the aid of motorized trans-
lators. Contourographs and pro-
filometers belong to this class
of devices. Non-contact meth-
ods of control of relief and sur-
face roughness are implemented
using optical profilometers [4].
Profilometers are the devices that
provides data about the surface
topography with accuracy of less
than a micrometer that allows to
calculate the roughness parame-
ters. Historically, the first optical
profilers were heterodyne inter-
ferometers followed by interfer-
ometers for measuring the phase
shift and then by the devices that
measure differential interference
contrast. The operation of such
devices is based on theoretical
models of reflection of radiation

from surfaces of various types
(metals, dielectrics) [5].

Contact profiling can be applied
both in macro- and microscales.
Different sized probes can be used
for measuring the surface topog-
raphy. If the required measure-
ment accuracy of lateral dimen-
sions exceeding 10 nm, then the
surface is studied with the help of
a silicon cantilever with a small
radius of curvature of the tip.
However, in this case the measur-
ing range in X(Y) axis is limited to
hundreds of microns, and in the Z
axis - to a few tens of microns. As
it has been stated above, the task
of quite another kind is actual in
the industry, it is required to mea-
sure the shape of the part having
the lateral dimensions of the order
of several centimeters and a height
difference of the same scale. In
this case, it is advisable to use the
device with a different scale metro-
logical characteristics.

The contourographs are
intended for measurement of
roughness and profiles of differ-
ent parts, both flat and solids of
revolution. With their help it is
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Puc.1. O6uwuli 8ud "KoHmypozpada modeau 220"
Fig.1. General view of Model 220 contour measuring machine

ISl K3MepeHHU s TBePAOCTH 1 MOAYJsl YIPYLOCTH,
3a CYeT HaJIM4YHS MOTOPU30BAHHOIO TPAHCIATOPA
Y CUCTeMBl BO30y>KJeHHU s pe30HaHCHBIX KonebaHU
CHUCTeMBI II0fIBeCa UHEHTOPa MOXKeT OCYIIeCTBIATh
npodU/IHPOBAHUE ITOBEPXHOCTH obpasma. Kpome
HeIloCpeACTBeHHO JAaHHBIX O TeOMeTPHUU U JTUHEH-
HBIX Pa3Mepax JeTa/lld, COBMellleHHe B OGHOM IIpU-
bope yHKI MU NPOPUIHPOBAHUS IOBEPXHOCTHU
Y M3MepeHUs MexaHHUYeCKHX CBOMCTB IIOMOTaeT
peluTh 3a4auy BeIbopa ydyacTKa A1 H3MepeHHUs,
a TaK>Ke BBIIIOJIHUTh BEICOKOTOYHOE IIO3UIMOHUPO-
BaHHe HHJAeHTOpa.

B maHHOM paboTe mpoBegeHBl U3MEPeHUS KOH-
Typa JeTald CA0XKHON GOPMBI, U 3KCIIePUMEH-
Ta/lbHBle JaHHBIE COIIOCTAB/IEHBI C pe3ylbTaTaMHU,

MONy4YaeMBIMH C IOMOIIBIO BXOJLSIIEro
B [oCynapCcTBeHHBIN PeecTp CPeACTB H3MepeHU i PO
"Koutyporpada mozenu 220" (AO "3aBox [IPOTOH",
Poccus).

ONMUCAHUE METOAUKH

IIpuHLKI paboTrsl "KoHTyporpada mogmenu 220"
(puc.l) cTaHAApTeH U OCHOBAH Ha CKaHHPOBAHUU
HepPOBHOCTelM H3MepseMOU II0BePXHOCTH CIel -
aJIbHBIM INYIIOM, YCTAHOBJEHHBIM Ha KOHCO/IH.
B 3aBUCHMMOCTH OT KOHQUTYpaALlUU U3MePSIEeMOro
MecTa Ha obpasile, IPUMEHSIOTCS IyIbl JIHUHOM
oT 1 70 100 MM C pagHyCcoM 3aKpPYIL/IeHHS OCTPUS
B 10 iy 20 MKM, YIJIOM 3a0CTpeHHs oT 30° 1o 60°.
Iy faBUT Ha obpasel] CBOMM BeCOM, a Ha IIPOTH-
BOIIOJIOKHOM KOHIIe€ KOHCOH YCTAaHOBJIEH IIOJBH K-
HBIM I'Py3, MO3BOJSIOMHUN PeryJIupoBaTh U3Me-
puTenbHOE yCHMIMe B JHala3oHe oT 1 go 200 mH.
[TepeMeleHMe KOHCOMHU C IYIIOM B TOPHU30HTAIb"
HOH IIJIOCKOCTH OCYIIeCTB/ISeTCs IMHEeMHBIM 371eK-
TpOMeXaHHYeCKHMM IIPUBOAOM Ha OIKUHY Tpac-
CHpoOBaHHUA 40 220 MM C TOYHOCTBIO 10 0,1 MKM
M CKOPOCTBIO 10 2 MM/C. Bo3HHKaWIIKe [IPU [BU-
SKeHUU 110 U3MepsieMOl II0BePXHOCTH BepTHKab-
Hble MexaHHYecKHe KoJebaHUS mymna npeobpa-
3YIOTCSI B LUPPOBOM CUTHAT UHAYKTUBHBIM JaT-
YHKOM C TOYHOCTHhIO 10 0,001 MKM BO BceM AHala-
30He 0T —60 10 60 MM HOAHATUA-ONYCKAHUSA IIyIIa.
IIpuBoOA C JATYMKOM, KOHCOJIBIO U IyIIOM IIepemMe-
I[aeTCs 10 BepTHKaaKu Ha 400 MM Ha MOTOPHM30BaH-
HOI CTOMKe //1s1 paboThl C pa3sHBIMHU I10 TabapUTaMm
obpasmamu. Camu o6pasiibl 3aKpenasioTcs 11bo

possible to determine geometric
parameters in the measured pro-
files: radiuses of arcs, coordinates
of points, distances, angles, etc [6].

From the viewpoint of improv-
ing manufacturability, the
devices providing diverse meth-
ods are a good alternative to tra-
ditional tools. For example, the
NanoScan-4D scanning nano-
hardness tester (FSBI TISNCM,
Russia) designed to measure the
hardness and elastic modulus,
thanks to the use of motorized
translator and system for exci-
tation of resonance oscillations
of the indenter suspension sys-
tem can perform profiling of the
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sample surface. In addition to
data on the geometry and the lin-
ear dimensions of the part, com-
bining of the functions of sur-
face profiling and measurement
of mechanical properties in one
device helps to solve the prob-
lem of selection of measurement
area, and to perform high-preci-
sion positioning of the indenter.
In this paper, we have mea-
sured the contour of a part of
complex shape and have com-
pared the experimental data with
the results obtained using Model
220 contour measuring machine
(Zavod PROTON, Russia) that is
included in the State register of

approved measuring instruments
of the Russian Federation.

DESCRIPTION OF METHODOLOGY

The principle of operation of Model
220 contour measuring machine
(Fig.1) is standard and based on
the scanning of the irregularities
of the measured surface by a spe-
cial probe mounted on the console.
Depending on the configuration of
the measured area on the sample,
the probes of length from 1 mm
to 100 mm with radius of curva-
ture of the tip 10 or 20 microns
and tip angle from 30 to 60 degrees
are used. The probe presses on the
sample and a moveable load on the
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Ha KOOPAMHATHOM cToJse, n1ubo Ha IINUHAeE.
KoOpAMHATHBIN CTOJ II03BOJISIET BEIOMPATh MeCTO
Ha obpasne o1 U3MepeHHUs MPodUIsL, a TAaKKe
II0JIy4aTh TPeXMepHoOe H306paskeHHe IIyTeM H3Me-
peHHUs MHorux npodbunen. IInUHOenb 33 cUYeT
Ha/JHW4YUS TOPU3OHTATIbHOM OCH BpallleHH S [103BO-
nsieT paboTaThe B peskuMe KpyriaomMepa, U3Mepss
OTKJIOHeHHe GOpMBI TeJl BpallleHUsA. [paHUTHOe
OCHOBaHHe MOTOPHU30BAHHON CTOMKHU U BUbOpora-
CAIHMe aMOPTH3aTOPhl CHUXKAIOT YPOBEHB IIYMOB
IIpYU U3MepeHHUsIX. Bo3aMoxkHa pabora c obpas3ramu
BeCoM 10 60 KI. MeTposioruuecKky 06ecriequBamTCs
TOYHOCTH H3MepeHUs OIUH 10 0,1 MKM, pagHycoB
o 0,2 MKM, yroB 0 0,1° 1 oJHOBpeMeHHO L1ePOX0-
BAaTOCTH Ra B muarma3oHe oT 0,005 0o 50 MKM C To4-
HOCThIO 10 0,001 MKM.

TUOHUYHBIM peXXHUMOM paboTh HAaHOUHJEH-
TOpPOB IIpU NPOPHUIHMPOBAHUU SABJISETCS CKa-
HHPOBaHHEe B peXXHMe IIOCTOSIHHOM CHUJBL IIPHU-
SKHMa. 9To cBoeob6pa3HBIM aHA/JOr KOHTAKT-
HOTO peXHMa B aTOMHO-CHJIOBBIX MHKPOCKOIIaX
(ACM). Bnarogaps BEICOKOMY pa3pelleHHUIO 10 CHJIe
U 3bbeKTUBHOM CUCTeMe BUOPOU3OIALUHU, TUITHNY-
HBIM HAHOMHJeHTOP MOXeT CKaHHUPOBATh IIOBEPX-
HOCTBH IIPH YPOBHE IMPHUKKMMa B HECKOJIBKO MHUKPO-
HBIOTOH (TUIIMYHAs BeJIMUYKHA JJ1s1 IpUbOpoB THUIIA
"HanoCkaH-4D" u Agilent G200 - ot 5 1o 10 MxH).
Hcronb30BaHMe faTurKa 60KOBOM CHUJIBI B JOIIOJ-
HeHHe K TAKOMY PeXHMMY II03BOJISeT I10JIy4aTh
He TOJIbKO IpodUIb penbeda MOBEPXHOCTHU, HO
U KO3QPUITMEHT CyX0oro TPeHHU OCTPHS MHAEHTOpa
0 [I0BePXHOCTBh MaTepHaa.

Puc.2. Ckanupyrouuli HaHomeepdomep "HaHoCkaH-4D"
Fig.2. NanoScan-4D scanning nanohardness tester

MMeromas BBICOKYIO COOGCTBEHHYI YacTOTY
H3MepHUTe/NbHAsI CHCTeMa HAaHOUHJAEHTOPA
"HanoCkaH-4D" (puc.2) 61aromaps ONTHMAb-
HOMY pa3pelIeHHI0 10 CHJIe U CMeIleHHI0 MOXKeT
OCyIIeCTBISATh NpOoUIHPOBaHHe IpHU paboTe
B Pe>XHMe pe30HAaHCHOTO BO3Oy>KIeHHU s, YTO aHa-
JIOTMYHO IONTYKOHTAaKTHOMY peskumy ACM. B mmpo-
necce KojlebaHUHM HeobXogUMO, YTOOB OTKJIOHE-
HUe UIJIBl HaXOLUJIOCh B IIpelenax JUAalla30HA

opposite end of the console allows
to adjust the measuring force in
the range from 1 to 200 mN. The
console with the probe is moved
in the horizontal plane by a lin-
ear electromechanical actuator to
the length of up to 220 mm with
an accuracy of 0.1 microns and a
speed of 2 mmy/s. Vertical mechan-
ical oscillations of the probe dur-
ing its movement on the mea-
sured surface are converted into
a digital signal by the inductive
sensor with an accuracy of up to
0.001 pm in the whole range from
-60 mm to +60 mm of rising or
lowering of the probe. Drive with
a sensor console and probe moves

vertically at 400 mm on a motor-
ized stand for operation with sam-
ples of different size. The samples
are fixed either on the coordinate
table or in the spindle. The coor-
dinate table allows to select the
location on the sample to mea-
sure the profile and to obtain a
three-dimensional image by mea-
suring many profiles. The spindle
thanks to the horizontal rotation
axis allows to operate in the mode
of roundness gage measuring the
shape deviation of solid of revolu-
tion. The granite base of a motor-
ized rack and the vibration-absorb-
ing dampers reduce noise during
the measurements. It is possible

to work with samples weighing
up to 60 kg. An accuracy of length
measurement up to 0.1 pm, radius
measurement up to 0.2 pm, angles
measurement up to 0.1 degree and,
at the same time, of the roughness
Ra measurement in the range from
0.005 to 50 pm with an accuracy of
up to 0.001 pm is metrologically
provided.

A typical mode of operation
of nanoindentors at profiling is
scanning with constant force of
pressure. This is an analogue of
the contact mode in atomic force
microscopes (AFM). Thanks to the
high force resolution in force and
to the effective vibration isolation

#4/75/2017 NANO INDUSTRY
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Puc.3. Mpogunb nonepe4yHo20 ceyeHus LapanuHsl
Fig.3. Cross-sectional profile of scratch

HM3MepeHHUH JaT4duKa. [Ipu paboTe B KOHTAaKTHOM
peskuMe HeH36eXHO IMPOUCXOAUT AedopMalius
[IOBEPXHOCTH, a IIOJTYyKOHTAKTHBIN PeXXUM CHHKaeT
BIHSIHHe Ha U3MepsieMbIi obpaselr.

7151 yMeHbIIeHHU S BpeMeHU U3MepeHUH paspa-
00oTaH psaj NPOrpaMMHBIX aJITOPUTMOB yIIpaBile-
HUS IlepeMelleHHeM B 3aBUCHUMOCTH OT CTelleHH
KPHBHU3HBI I0BEPXHOCTH H3Jenus (IpU JBHUKeHUHU
BJIOJIb IJIOCKHX IIOBEPXHOCTEI CKOPOCTh YBEAUYUH-
BaeTcs). M3MeHeHHe CKOPOCTH IlepeMelleHu s JaT-
YMKa BJIO/Ib KOHTYPOB [leTa/ Ik BAUSIET Ha CKOPOCTh
CUMTBIBAHUS JAHHBIX, TO €CTh B MeCTaX, I1le pebed

IIOBEPXHOCTH MeHseTcsl 6bICTpee BCero, IIPOU3BO-
oUTCs 6osbIee KOMTHUYECTBO U3MEpEeHHUH.

Jl1s MoNyYeHU s HAUAYyYINIUX Pe3yJbTaToB Tpe-
byeTcst koMmIekcHas o6paboTka U GUABTpPALIUS
OAHHBIX, 4TO6BI IPeobpa3oBaTh pe3yabTaThl H3Me-
PeHHI B MCIIOJb3yeMYIO Ha IpPaKkTHUKe HHPOP-
MalMIo o "cllellKe" IOBEePXHOCTH [7]. DTy 3amauy
pemaet pa3paboranHoe ans npubopos "HanoCkaH"
IIporpaMMHOe obecriedeHHe, KOPPeKTHPYIOIee mar
M306paskeHH s IOBEPXHOCTH (BBIUHTAOIIee HAK/IOH)
C O HOBpPeMeHHOU QUIbTPallKel CIy4YauHbIX eIH-
HUYHBIX BBIOPOCOB B JAHHBIX.

MPOBEAEHHBIE UCCNEAOBAHNA
B KadecTBe TeCTOBOTo 06beKTa /IS UCIBITAHUM
BO3MOKHOCTeH HaHOUHJEHTOpa A/ U3MepeHHUs
npoduert 661711 BEIOpaHBI IIpecc-POPMBI, UCIIONb-
3yeMble [JIsI BRIPAIIMBAHUSI CAHTeTUUYEeCKUX MOHO-
KPHUCTAJIJIOB aJiMa3a B KaMepe BBICOKOTO JaBIeHHUS
B rmpouecce HPHT-pocta. OHM HMEIT JOCTATOYHO
CIIOKHYI0 GOpMy C yrnybreHUsIMHU, pafuyC KpH-
BU3HBl KOTOPBIX JO/I’KeH UMeTh 3aJJaHHOe 3Hade-
HUe. TouHoe cobnaeHUe TeOMeTPHUHU He0OX0A MO
IJIs1 TOr0, 4TOOBl MPUKIaAbIBaeMOe IIPeCCOM YCH-
JHe pacnpefienssiock paBHOMepHO. [IpoBepKa Tou-
HOCTH H3TOTOBJIEHUS JleTajlell CO CIOKHBIM peJlbe-
doM moBepxXHOCTH b6BIJIa OCYyI[eCTBJIeHA MyTeM
npodUIHpPOBAaHHUS B MTOTYKOHTAKTHOM peXHMe.
[TonydeHBI JAHHBIE 0 KOHType JeTall U ee OTKJIO0-
HEeHUU 0T GOPMBI, 3aJAHHOM YepTeXKaMHU.
CKaHUPYOUUK HaHOTBepHoMep "HaHoCKaH-4D",
IpHM NIOMOIIM KOTOPOrOo B IMpeACTaBJIeHHOM

system, a typical nanoindentor can
scan the surface with the level of
pressure in a few pN (typical value
for devices like NanoScan-4D and
Agilent G200 is from 5 to 10 pN).
The use of the sensor of lateral
forces in addition to such mode
allows to obtain not only the pro-
file of the surface topography, but
also the coefficient of dry friction
of the tip of the indenter on the
surface of the material.

The measuring system of
NanoScan-4D nanohardness tes-
ter (Fig.2) has a high natural fre-
quency and due to the optimal res-
olution in force and displacement
allows the profiling in the mode
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of resonant excitation, which is
similar to tapping mode in AFM.
During oscillations, it is neces-
sary that the deviation of a needle
was within the limits of the mea-
suring range of the sensor. In con-
tact mode, the deformation of the
surface is inevitable, and tapping
mode reduces the influence on the
measured sample.

To reduce measurement time,
a number of software algorithms
for motion control depending on
the degree of curvature of the sur-
face (the speed increases when
moving along flat surfaces) was
developed. Change the speed of
the sensor movement along the

contours of the part affects the
speed of reading data, that is, in
places where the surface topogra-
phy is changing most rapidly, a
larger number of measurements
is carried out.

The best results require the
integrated processing and fil-
tering data to convert the mea-
surement results into informa-
tion about the shape of the sur-
face that is used in practice [7].
This problem is solved by software
developed for NanoScan devices
that adjusts the step of image of
the surface (subtracting the slope)
with the simultaneous filtering of
arandom individual data outliers.



CONTROL AND MEASUREMENT

KCCJIeJOBAHUK H3MEPIJIHUCh NPOPUIH, HUMeJ
PE€30HAHCHYIO 4YacCTOTy CHCTeMBbl IHOJBeca
nHAeHTOpa 80 I'Ll, Maccy MOABHMXHOM 4acTh 30 T
M JKeCTKOCTb CUCTeMEI oABeca 7 KH/M. IIpu 3Tom
NOOPOTHOCTh CHCTEMBI IOJBeca MHAeHTOpa Q
paBHsnach 30, MHHHMAJIbHO perUCTpUpyeMoOe
cmemeHue - 0,1 HM, a Hopor obHapyKeHUS
o cujne - 1 MKH B monoce yactot 0,1 I'ty - 1 KI'11.

KoHTponb HMpHUKKMMa KOJIebaIomerocss 30HAA
K ITIOBEPXHOCTH MOXKeT OBITh OCYI[eCTBJIEH ABYyMS
cmocobaMHU: IO M3MeHEHHUI0 aMIIUTYABl U II0
M3MeHeHHIo cABUra ¢aspl. CymecTBeHHO IIOBBI-
CHUTh Ka4eCTBO CKAHHUPOBAHHU S [IOBEPXHOCTH IIPHU-
6opoMm "HanoCkaH-4D" ymanoch myTeM peanmusa-
LMY peskuMa Gpa30BOro KOHTPOJI CABUIA Pe30HaHC-
HOM YaCTOTHI, TaK Kak oH obecredyuBaeT He TOIBKO
BBICOKOe OBICTPOMIEMICTBHE, HO U MeHee II0fiBePKeH
BJIMSHUIO PA3HOI0 poJa BO3MYILAOIIKUX GaKTOPOB.
YpoBeHb Cpe[lHel CHUJ/Ibl B3aUMOLEHCTBUS OCTPHUS
C IIOBEPXHOCTBIO OBI/T CHUKEH Ha MOpA#oK 61aro-
Japsi JUHAMHAYEeCKOMY KOHTPO/II0 KOHTAKTa 3a CYeT
HCII0JIb30BAHU S Pe30HAHCHOIO peskhuMa Bo3byKme-
HHS CEHCOPHOM CHCTeMBI IojBeca [8]. Bl momo-
OpaH ONTHMAaJbHBIM aJITOPUTM U3MEpEHU S CABUTA
da3pl IpU KOHTAKTe C IIOBEPXHOCTHIO, a TaKXKe
pe>xkuM paboTsl ¢ Haubosee NpeANOUYTUTENIbHOU
AMIUIMTYA0M KoebaHU I 30HAUPYIOIIEro OCTPHUSL.

Ha puc.3 npuBefeH IomepedHHH NPOPHIb
LlapalMHBI, IIOJIYy4eHHBIN IPU IMoMoI M npubopa
"HanoCkaH-4D" B peXHMe IOJYKOHTAaKTHOTO
CKAaHHPOBAHHUSA C IOALEpKaHHEM IIOCTOSSHHOTO
caBura ¢assl Koebauui [9].

CONDUCTED STUDY
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Puc.4. M306paxxeHue npopuael nogepxHocmu npecc-Gopmai.
CnaowHoU AUHUEl KpacHoz0 ysema nokazaH npoduab, noay-
YeHHbIlU Ha npubope "HaHoCKaH-4D", NYHKMUpPHbIMU AUHUSI-
MU 4epHO020 U 3e1eH020 U8ema noka3daHbl NpoguAu, NoAyYeH-
Hble Ha "KoHmypozpage modeau 220"

Fig.4. Image of mold surface profiles. Solid red line shows
profile obtained on NanoScan-4D, black and green dashed
lines show profiles obtained on Model 220 contour measur-
ing machine

Ha puc.4 mpeacTaBieHbl IPOPUIU ITIOBEPXHOCTH
npecc-GopMBsl, IONydeHHBIE IIPH IIOMOIIH ITpubopa
"HanoCkaH-4D" (ammiuTysma KonebaHUM 30HAU-
pyroiero ocTpus coctaBisia 100 HM, YypOBeHb CHUJIB
B3auMofeHcTBUs - MeHee 1 MKH) u "KoHTyporpada
Mozmenu 220",

A mold used for HPHT growth of
synthetic diamonds in the high
pressure chamber was selected as
a test object for testing the capabil-
ities of nanoindentor in measur-
ing profiles. It have a fairly com-
plex shape with hollows, the cur-
vature radius of which must have a
specified value. Exact compliance
of the geometry is necessary for
uniform distribution of pressure.
Precision of parts with complex
surface topography was measured
by profiling in tapping mode. Data
on the contour of the part and its
deviation from a shape specified by
the drawings was obtained.

NanoScan-4D scanning nano-
hardness tester, which was used
in the present study for measuring
the profiles, had a resonant fre-
quency of the indenter suspension
system of 80 Hz, a mass of the mov-
able part of 30 g and a stiffness of
the suspension system of 7 kN/m.
The Q-factor of the indenter sus-
pension system was equal to 30 at
the minimum detectable displace-
ment of 0.1 nm and the force detec-
tion threshold of 1 N in the fre-
quency range from 0.1Hz to1 Hz.

Control of pressure of the oscil-
lated probe to the surface can
be accomplished in two ways:
by the change of amplitude and

by the change of phase shift.
Implementation of the mode of
phase control of the shift of res-
onant frequency has been sig-
nificantly improved the qual-
ity of the surface scan by
NanoScan-4D, as it provides not
only high speed but also is less
susceptible to influence of vari-
ous disturbing factors. The level
of the average interaction force
of the tip with the surface has
been reduced by the order thanks
to the dynamic control through
the use of a resonant excita-
tion mode of the sensor suspen-
sion system [8]. An optimal algo-
rithm for measuring the phase
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KOHTPOJIb U UBMEPEHMUA

3AK/NIIOYEHUE

HeocrmopyMBIM ITPEHMYIIeCTBOM KOHTAKTHBIX IIPO-
buIoMeTpPOB U KOHTYpOrpadoB ¢ TOUKHU 3PeHHS
peleHHs 3aJa4ul KOHTPO/sI YOPMBI, PafHyCOB KPH-
BHU3HBI IIOBEPXHOCTEN U [IapaMeTPOB IIePOXOBATO-
CTH Pa3JIHYHBIX JeTaleH SBJSEeTCS BBICOKAS CKO-
POCTb paboThl U TOUHOCTH MOy4YaeMbIX JaHHBIX.
B To >Ke BpeMs, peanmn3anus peskuMa NpodUInupo-
BaHUS B HAaHOTBepaoMepax cepuu 'HanoCkaH-4D"
[103BO/IsIeT COYeTaTh B €JHUHOM H3MepHUTeIbHOM
KOMIIJIeKCe TaKHe PA3HOIJIAHOBble MEeTOLHUKH,
KaK HUCCIeJOBaHHEe MeXaHHUUYECKHUX XapaKTepH-
CTHK (TBEPAOCTH K MOAYJIS YIIPYTOCTH) U perucTpa-
LIS C MUKPOMETPOBOM TOYHOCTBIO penbeda mera-
new. IIpyu 3TOM, KaK IIOKA3bIBAIOT Pe3yJbTaThl IIPO-
BeJleHHBIX 3KCIIePHMeHTa/JlbHBIX HCCIeIOBAHUH,
npodUIH, U3MepeHHbIe C [IOMOLIBIO IBYX Pa3IHd-
HBIX IPUOOPOB, COBIAZAIOT B ITpelenax pasbpoca
JIMHEeHHBIX PA3MepPOB U3MepsieMoro o6rekTa. Takke
[I0OKa3aHO, YTO ITPU paboTe B pesKKMMe II0JIYKOHTAKT-
HOro npodunupoBaHus Haubosnee 3¢ PekKTUBHBIM
U OBICTPOMENCTBYIOIIUM METOLOM KOHTPOJISI KOH-
TaKTa 30HJA U IOBePXHOCTHU obpaswua A 3ajaH-
HBIX XapaKTePUCTHUK KosebaTelbHON CHCTEeMBI
SIBJISIETCSI CII0CO6 IeTeKTHPOBaHU I $a30BOro CABUTA
MeXXIy Bo3OyRparomiell CHJIOM M BO3HHUKIIMMHU
KoJIeOaHHUSIMU.
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shift upon contact with the sur-
face, as well as the mode with
most preferred amplitude of
oscillation of the probe tip were
determined.

Fig.3 shows a cross-sectional
profile of scratch obtained with
the help of the NanoScan-4D in
a tapping mode with a constant
phase shift of the oscillations [9].

Fig.4 presents the mold surface
profiles obtained with the help
of the NanoScan-4D (the oscilla-
tion amplitude of the probe tip
of 100 nm, the force level of the
interaction is less than 1 pN) and
of Model 220 contour measuring
machine.
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CONCLUSION

The indisputable advantage of con-
tact profilometers and contou-
rographs from the point of view
of controlling the shape, radi-
uses of curvature of the surfaces
and the roughness parameters of
various parts is high operation
speed and the accuracy of the
obtained data. At the same time,
implementation of the profil-
ing mode in NanoScan-4D nano-
hardness testers allows to com-
bine in a single measuring com-
plex such diverse techniques
as the study of the mechanical
characteristics (hardness and
modulus of elasticity) and the

recording with micrometer pre-
cision of the topography of the
part. At the same time, in accor-
dance with the results of exper-
imental studies, profiles mea-
sured with use of two different
devices match within the scatter
of the linear dimensions of the
measured object. It is also shown
that in tapping mode of profiling,
the most effective and respon-
sive method of controlling con-
tact of the probe and the sample
surface for the specified charac-
teristics of the oscillating system
is a method of detecting a phase
shift between exciting force and
resulting oscillations. [ |



