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PaspabotaHa wmoaudukaums HaHoTBepgomepa "HaHoCkaH-4D", nosBonsiowas onpepenstb
MexaHu4yeckue CBOMCTBA U3Ae/IMA METOAO0M MHCTPYMEHTA/IbHOINO UHAEHTUPOBAHMS B COOTBETCTBUMN
c FOCT P 8.748-2011 B ycnoBusiX, 6U3KUX K NPOU3BOACTBEHHbIM. OCHOBHbIM MPeUMYLLECTBOM
onucbiBaemMoro npuéopa, B OT/nYMe OT 60/bLUMHCTBA COBPEMEHHbIX MOPTAaTUBHbIX TeCTepoB
TBEPAOCTU, ABASIETCA BO3MOXHOCTb pPaboThbl C LUMPOKMM KJ/IacCOM MaTepuanoB — OT MeTa//ioB
0O TBepAbiX MOJIMMEpOoB, — MOCKOJIbKY MPpU UCC/Ief0BaHMN MeXaHMYeCcKUX CBOMCTB U3Le/UA He
TpebyeTca npepBapuTesibHas WHbopMauus O Moayse YNpyroctTu TecTUpyemMoro maTtepuana.
MNpuBeAeHbl 3KCNEepUMeHTaJIbHble AaHHble, MOJly4YeHHble Ha CTaHAAPTHbIX o6pasuax npeanpusaTUs:
nonvkapéoHate U ajllOMMHUM, A TaKXKe Ha Pas/IMYHbIX MeTa/VIMYECKUX U3AeNusaX, UCMOoJb3yeMbiX
B y3/aXx MAaWMH U MexXaHU3MOB HedTerasoBor OTpaciu. M3MmepeHHble 3HA4YeHUS TBEpAOCTU
COBMNapfAaloT CO 3HAYEHUSAIMU, NOSIYYEHHbIMU Ha 1TA60PaTOPHOM HAaHOTBEpAOMEpE C Y4eTOM NPUCYLLUX
AaHHOMY TUNy o60pyA0BaHMS NOrPeLlHOCTEN.

A modification of the "NanoScan-4 D" nanohardness meter, which allows of measuring the
mechanical properties of articles by the instrumental indentation according to GOST R
8.748-2011 under conditions close to industrial fabrication, has been developed. The main
advantage of the described device, unlike most modern portable hardness testers, is the
ability to work with a wide class of materials (from metals to solid polymers) since the study
of the mechanical properties of products does not require preliminary information on the
elastic modulus of the material being tested. Presented are the experimental data obtained
on standard samples of the enterprise: polycarbonate and aluminum, as well as on various
metal articles used as parts of machines and mechanisms of the oil and gas industry. The
measured values of hardness coincide with the values obtained on a laboratory nanohardness
meter taking into account the inherent errors of this type of equipment.

TexHONOrMYecKni UHCTUTYT CBEPXTBEPAbIX U HOBBIX yriepoaHbix MaTepuanos (TMCHYM) / Federal State Budgetary Institution “Technological Institute
for Superhard and Novel Carbon Materials" (FSBI TISNCM).
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EQUIPMENT FOR NANOINDUSTRY

BBEAAEHUE

HeobxomuMoM npoieypor B Xo/le H3rOTOBIEHHU S
M 3KCIJIYaTallMK Pa3IMUYHBIX JeTalel U Mexa-
HH3MOB SIBJSIeTCS KOHTPO/JAb UX MeXaHHUYeCKHUX
CBOMCTB, IO3BOJISIOMIKX C/le/IaTh BBIBOJ O Xapak-
TepPUCTUKAX U OKHUJaeMOM CPOKe CIyKOBI H3fe-
nus. UCIbITaHHIO MaTepHUaoB IIOCBsIeHa Liesast
06/1aCTh TEXHHYECKOI'0 MaTepHaloBeJeHUsl, CPelt
3aZlay KOTOPOM 0c06eHHO aKTyaJbHO IIPOBe/leHHe
H3MepeHHUN 00beKTOB, HAXOASIIUXCS B 3KCIIIya-
TaIMH. 32 TOABl PAa3BUTHUS MeTOLOB HCIIBITAHUH
MexXaHHUYeCKHUX CBOMCTB AJIsI U3MepeHUs TBeplo-
cTH 651JI0 pa3paboTaHO HECKOJIBKO THUIIOB IIpubo-
POB, paboTaroUIUX B II0/IEBBIX YCIOBHUSIX.

B ocHOBe paboTsl Haubosee MIUPOKO PACIIPOCTPa-
HeHHBIX NOPTAaTUBHBIX TBEPAOMEPOB JIeXaT JBa
NPUHILIMIIA: AaHATH3 OTCKOKA 30HAHUPYIOIIEero HaKo-
HeYHHKA U HU3MepeHHe KOHTAKTHOIO aKyCTHUe-
CKOTO MMIIeflaHCa MaTepuasa [1]. B mosy4deHHBIe
3TUMH YCTPOMCTBAMHU Pe3yIbTAaThl BHOCSAT BKIA[
Macca M >KeCTKOCTb M3MepsieMbIX 06beKTOB, CBOM-
CTBA IOJJIOKKH Ha KOTOPOHM HAXOAUTCS HU3JeNue
Y PSIZ APYTHUX CJIOKHO KOHTPONTHPYeMbIX PaKTOPOB.
YIBTPa3ByKOBbIe MJIM HUMIIelaHCHBIE TBePIOMEPbI

KCIIO/IB3YI0OT KOCBEHHBIe MEeTObl, IIpeAIoaaramo-
IMe pacyeT MPOYHOCTH U3 COOTHOIIEHUH, CBSI3bI-
BAIOIHMX Pa3/IMUHbIe MeXxaHHUYeCKHe U Qr3HUUecKHe
CBOKCTBA C TBEPAOCThIO, IIOJIy4YeHHON MPSIMBIMHU
MeToJaMH. JIpyTHMH CI0BAMH, Ha HHTePIIpeTalhIo
JAHHBIX O TBePJOCTH TeCTUPYeMOIo MaTeprara IIpH
IIOMOIIY UMIIeJaHCHOTO TBEpOMepa BIHseT 3Haue-
Hue Moays ynpyroctu (FOHra). To eCTb /IS HCIIOJIb-
30BaHHS 060pyAOBaHUS TaKOTO Pojia He0bX0AHUMO
HaJM4YHe NAHHBIX O 3HAaUeHUH MOAY/IS YIPYTroCTH
MaTepHasa, Tak KaK OH HUCIIOJb3yeTcs mpu obpa-
00TKe IIepBUYHBIX JAHHBIX, [10/Iy4YaeMBbIX IPH KOH-
TaKTe UHAEHTOpa C MaTepuaioM [2].

B MeTome MHCTPyMEHTAJIbHOTO UHIEHTHUPOBA-
Hus [3, 4], mo KoTopoMy paboTaeT mpeACTaBIeH-
HBIN B JaHHOH paboTe MOPTATUBHBIN HAHOTBEP-
gomep, A/1s onpefieleHUs] MeXaHUYeCKUX CBOMCTB
HCIIO/Ib3YIOTCS KOHTPOAMpPyeMas Harpyska, IpH-
NokeHHasl K UHIEHTOPY IIPU ero KOHTaKkTe c 06pas-
LIOM, U IepeMellleHHe HHJEHTOpa B XoJe H3Me-
peHuUs. [Io MOAyUYeHHBIM JAaHHBIM IIPOU3BOAUTCS
aBTOMAaTH4YeCKHUM pacyeT 3HaYeHHUU TBEPAOCTH
Y MOAY/S YyIPYTOCTH [/I MaTepHana IpH 3ajaH-
HOI Harpy3Ke WU IybHHe.

INTRODUCTION

Control of mechanical properties
is a necessary procedure in man-
ufacturing and operation of vari-
ous parts and mechanisms which
makes it possible to make conclu-
sions on their characteristics and
an expected lifetime of the prod-
uct. Testing of materials is a spe-
cial field of material science,
where measurements of the prod-
ucts in use are the most important
and actual task. Several types of
hardness meters intended for use
in the field have been developed in
parallel with the development of
the mechanical properties testing
methods.

The most popular portable hard-
ness meters function on the basis
of two principles: analysis of the
probe tip withdrawal and mea-
surements of the contact acous-
tic impedance of the material [1].
The results obtained in use of these
devices feel the impacts of mass

and rigidity of measured objects,
substrate properties on which
the article is located and a mul-
tiple factors difficult to control.
Ultrasonic or impedance hardness
meters use indirect methods based
on calculation of strength accord-
ing to the relationships binding
various mechanical and physi-
cal properties with strength value
determined by direct methods.
In other words, interpretation of
the tested material hardness data
obtained by an impedance hard-
ness meter depends on the elastic
modulus (Young). So, such type
of equipment should be operated
provided we know the data on the
elastic modulus value because it
is used at the primary data pro-
cessing determined at the con-
tact of the indenter and the mate-
rial [2]. According to the instru-
mental indentation method [3,4],
the presented portable nanohard-
ness meter detects the mechanical

properties under controlled load-
ing applied to the indenter when it
contacts the sample and indenter
displacement in the course of mea-
surements. Automatic calculation
of hardness and the elastic modu-
lus of the material under the fixed
load or penetration depth is per-
formed in accordance with the
obtained data.

Design peculiarities and the
operating procedure when work-
ing with a portable nanohardness
meter

Fig.la presents the general
view of the device. The main ele-
ments placed inside the case
are: a long rod (stem) with the
indenter fixed at its end, a force
producing element (electric wir-
ing located in the magnetic field
of a constant magnet and plates
of a capacity detector for registra-
tion of displacement, and elastic
membranes intended to provide
the plan-parallel motion of the
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Puc.1. a - cxema KOHCMpyKYUU NOpmamueHoz20 HaHomeepoomepd: 1 — WMok, 2 — UHOeH-
mop, 3 - cunozadarowuli 3emeHm, 4 — eMKoCmHoU dam4uk, 5 - membpaHbl; b - nposedeHue
ucnpimMaHull HOXa, 3aKpenAeHHo20 8 CNeuuanbHoOM 3aXXKumMe NopmamueHo20 meepoomepa

Fig.1. a - diagram of portable nanohardness meter: 1 - stem, 2 - indenter, 3 - force element,
4 - capacity detector, 5 - membranes; b - testing of a knife fixed in special gripper of a portable

hardness meter

MarHHUTa, TaKXe IJIAaCTHHBI
€MKOCTHOTO JJATYHKA, PErUCTPHU-
PYIOIIIero repeMelneHue U YIIpy-
rue MeMbOpaHBI, obecriednBalo-
IIHe [IJIOCKOIIApaJlJIe/IbHOE JIBU-
>KeHHe HHIEeHTUPYIOIIero HaKo-
HeYHHUKA. IHAEeHTOPOM 115 [Iop-
TaTHUBHOIO TBEPAOMepaA CITY>KUT
NHPaMHUIAIBHBIH TPeXI PAHHBIH
a7Ma3HBI HaKOHEUHUK THIIA
bepkoBuya.

B koMmeKkTanuo mpubopa
BXOZST [Be Pa3IHYaloNInecs
10 Ha3HAYeHUI0 HaCaAKH: [JIs
Hn3MepeHHUs 06beMHBIX 06pa3-
ILIOB U /ISl U3MepeHUs] TOHKHUX
06pasLoB, HAapUMep HOXEH,
KaK ITOKa3aHo Ha puc.16. Ob6a
BH/Ia HACaJJOK B MeCTe COIIPHKOC-
HOBEHHSI C 06pa3LioM UMeIOT TpU
chepryeckue oropsl, obecreyu-
BaOIIHe 3aMUTY H3MePUTeb-
HOM CHCTeMBbl HAHOTBepJoMepa
OT BHEIIHUX BUOPALIMOHHBIX

OCOBEHHOCTU KOHCTPYKLUKN U NOPAAOK
PABOTbI C MTOPTATUBHbIM HAHOTBEPAOMEPOM
O6muK BUJ KOHCTPYKLUHHU Npubopa ImpHUBeLeH
Ha puc.la. [IaBHBEIMHU 37eMeHTaMH, pasMelae-
MBIMU BHYTPH KOPIIyCa, SIBISIIOTCS OJIUHHBIK CTEp-
JKeHb — HITOK, Ha KOHIle KOTOPOTO 3aKpeIlssieTcCs
WHJEHTOp, CHJIO3aJAOIIUM 3/IeMeHT ~ /IeKTpUde-
cKkast 06MOTKa, PacIoNoKeHHas B I10JIe IIOCTOSIHHOTO

Y TeMIIepaTyPHBIX BO3JIECTBUI.

[Ipy MCIONb30BAHUK HAaHOTBEPAOMEPOB Heobxo-
OHMO perynsipHo (He peske OZHOTO pa3a Ha ThICSUY
H3MepeHHUI) OCYI[eCTBIATh KaJIUOPOBKY QYHK-
UMy GOpMBl HaKOHEYHHKA, perilaMeHTHPOBaH-
HBIM CTaHAAPTOM I10 HAHOMHJEeHTHPOBAHHUIO CIIOCO-
60M - MHOKeCTBeHHBIM HHIeHTHPOBaHHEM IIJIaBJIe-
HOro KBapIia. JTa mpoleaypa HeobxolMa He TOIbKO

indenter. The indenter of a porta-
ble hardness meter is a pyrami-
dal trihedral diamond tip of the
Berkovich type.

The instrument set includes
two nozzles differing in purpose:
for measuring bulk samples and
for measuring thin samples, for
example, knives, as shown in
Fig.1b. Both types of nozzles at the
point of contact with the sample
have 3 spherical supports that pro-
tect the measuring system of the
nanometer hardness meter from
external vibration and tempera-
ture influences.

When using nanohardness
meters, it is necessary to regularly

(at least once per thousand mea-
surements) carry out calibration
of the tip shape by comparing it
with the appropriate nanoinden-
tation standard (multiple inden-
tation of fused silica). This proce-
dure is necessary not only for the
correct measurement of hardness,
but also for controlling the degree
of wear of the tip and for making
a decision on its replacement. An
example of such curve is shown in
Fig.2.

The traditional construc-
tion of the nanohardness
meter provides for a possibil-
ity to smoothly feed the indent-
ing head to the test sample.

HAHO MHOVCTPHA Tom 13 Ne1 (94) 2020

In this portable modification
there are no mechanized move-
ments, except an electromag-
netic actuator. Therefore, when
replacing the indenter and set-
ting up the device, it is neces-
sary to calibrate the relative
vertical location of the spheri-
cal support pairs with respect
of the indenter tip. Movement
of the support head along the
rod is carried out by its rotation;
fastening in the working posi-
tion is carried out using a safety
nut. The range of the working
position of the tip: from 20 to
80 microns from the test surface.
The distance is controlled by the
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[lJISL KOPPEKTHOI0 U3MepeHM sl TBePLOCTH, HO U I
KOHTPOJI4 CTeIIeHH U3HOCA HAKOHeUYHHKKA U IIPUHATUS
peleHu 0 ero 3aMeHe. IIpuMep TaKOH KPHBOU IIpefi-
CTaBJIeH Ha PHC.2.

B TpagMLIMOHHON KOHCTPYKIMH HAHOTBepPAOMepa
IIpefycCMOTpeHa BO3MOKHOCTb IIJIAaBHOIO IIOABOIA
HMHIEHTUPYIOLIeN rolI0BKU K TeCTUpyeMoMy 0bpasiy.
B maHHOM MOPTAaTHUBHOHM MOIUPHUKALMK HeT HUKAKHX
MeXaHH3HMPOBaHHBIX MOABMYKEK, KPOMe 3JIeKTPOMar-
HUTHOIO aKToaTopa. [Io3ToMy IIpH 3aMeHe HH[EH-
TOpa U HaCTpOKKe Nprbopa HeobX0JMMO BBIIIOTHUTH
Ka/THOPOBKY OTHOCHUTE/IBHOTO BEPTHUKAIBHOTO MeCTO-
[IOJIOKeHU A [TapPHBIX CheprUYeCcKUX OIIOP I10 OTHOIIe-
HHIO K OCTPHIO HHJEeHTopa. IlepemeleHHe OIIOPHOM
FOJIOBKM BJOJIb IITOKA OCYIeCTBJISETCS IIyTeM ee Bpa-
IeHHUs; 3aKperl/ieHHe B paboyeM I0I0KeHUH ITPOM3-
BOZIMTCS C TIOMOIIBI0 KOHTPrarKy. Jlnamna3oH pabodero
TII0JIOKeHM S HAKOHEeUYHHKA: 0T 20 10 80 MKM OT MCCTIeAY-
eMOH [TI0OBEPXHOCTH. PaccTosiHHe KOHTPOIHPYeTCs OIle-
PaTopoM BH3yasIbHO, 60 ITyTeM BCTaB/IeHU S KaIH6po-
BaHHOIO LI[yIla B 3a30p MeXXAY HHACHTOPOM U I10BepX-
HOCTBIO, ITPU BK/IIOYEHHOM 3/IeKTPOIIMTAHUH HaHOT-
BepAoMepa. [lJIs IIJIOCKUX ITOBEPXHOCTEH MpoLeaypa
Ka/nHMOPOBKH BePTHUKAJIBHOTO IIOJIOKEHU S OCYLIeCTBIS-
eTCs1 OHOBPeMEeHHO CO CMeHO paboderi rojIoBKU U IIPH
peanbHBIX U3MepeHUsX B Aa/IbHeHIIeM He IIPOU3BO-
nutcs. IIpu paboTe c HEPOBHBIMU BOTHYTBIMH U BBIITY-
KJIBIMU IIOBEPXHOCTSAMHU JAHHYIO IIPOLiey Py IIPOBOAAT
I10 MECTY H3MepeHHUs.

IIpu npoBefieHUH H3MepeHU I Ha CBOOOIHBIX II0BEPX-
HOCTSIX He0b6X0L MO BBIIEP>KUBATD [IOCTOSTHHOE YCH-
NHe NpHKUMa Ipubopa K U3Je/HI0 B TeueHHe BCero
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Puc.2. ®yHKUUS GOPMbI HAKOHEYHUKA: IKCNepUMEeHMAAbHbIe
OaHHble U annpoKcuMupyrowas Kkpueas

Fig.2. Tip shape function: experimental data and approximation
curve

LIMKJIa U3MepeHU s (BpeMsi [IpoLiely Pl 3aBUCHUT OT MaK-
CHMaJIbHOM Harpy3KHU U B CpeJHEM 3aHHMaeT OKOJIO
OHOI MHHyTbI) He meHee 30 H 1 He 6oitee 60 H, a Takke
yrosl MeXAy JTUHHEeHN INPUIoKeHUs CUJbl U IepIeH-
IOUKYJISPOM K IIOBepXHOCTH obpasia meHee 10°. [lnst
MaTrHHUTHBIX U3JeIUH QYHKLIHUIO yAepKaHHS HaHOT-
BepAoMepa Ha II0BEPXHOCTHU MOIYT BBIIIOTHAThH Mar-
HUTHBIe BCTaBKHU. [lociie 3aBeplIeHUs] HHAeHTUPOBa~
HUS /151 IIPOBeleHH sl IPYTOro TecTa ollepaTop AO/IKeH

operator visually, or by inserting
a calibrated probe into the gap
between the indenter and the
surface, with the power supply
of the nanometer hardness meter
turned on. For flat surfaces, the
procedure for calibrating the
vertical position is carried out
simultaneously with the change
of the working head and, in real
measurements, is not further
performed. When working with
uneven concave and convex sur-
faces, this procedure is carried
out at the place of measurement.

When carrying out measure-
ments on free surfaces, it is nec-
essary to maintain the constant

force that presses the device to
the article during the entire
measurement cycle (the proce-
dure time depends on the maxi-
mum load and takes about one
minute on average) of at least
30 N and not more than 60 N, as
well as the angle between the
force application line and the
perpendicular to the surface of
the sample less than 10 degrees.
In case of magnetic articles, the
nanohardness meter is kept on
the surface with the aid of mag-
netic inserts. On completing the
indentation and before the next
test the operator should move
the device at a distance of at least

1 mm along the surface of the
article. Calculation of hardness
and modulus of elasticity occurs
automatically.

When working with less than
10 mm thick articles you can use
a special clamp that provides
tight contact of the test product
with spherical supports and the
clamping surface of the clamp.

The level of surface roughness,
as with any hardness measure-
ments, should be lower than the
value specified in GOST for the
selected forces and indentation
depths. By default, Ra should be
no more than 5% of the indenta-
tion depth.

VoL.13 No.1 (94) 2020 NANO INDUSTRY
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Tabauya 1. MexaHudeckue caolicmea 06pasu08, U3MepeHHble Npu NoMouU nopmamuaHo20 meepdomepa u "HanoCkaH-4D"

TBeppocTtb H, usmMepeHHas
Ha "HaHoCkaH-4D", NMa
Hardness measured using
"NanoScan-4D", GPa

Teeppoctb H, I'Ma

Hardness, GPa

Table1. Mechanical properties of the samples measured using "NanoScan-4D" and a portable hardness meter

Mopaynb ynpyroctu
E, UsMepeHHbIA Ha
"HaHoCkaH-4D", INa
E-modulus, measured using
"NanoScan-4D", GPa

Mogpaynb
ynpyroctuE, I'Ma
E-modulus, GPa

EJ:Mana 3,0£0,6 3,4+07 205+ 30 206 + 25
|

ranka 2,6+0,3 3,003 206 +15 237 +20
Nut

Monukapboxar 0,21+0,01 0,21+0,02 27403 3,0£0,3
Polycarbonate

ANtOMUHMIA 16T 25+0,6 23%0,3 65+10 707

DIGT Aluminium

Nessue Hoxa 47+0,6 45+0,5 200 20 215 + 30
Knife blade

IepeMecTUTh IPUOOP Ha PacCTOSIHUe He MeHee 1 MM
BJIO/Ib [IOBEPXHOCTH M3/le/THsl. PacyeT 3HaueHHU L TBEPAO-
CTH X MO/ yIIPYTOCTH IIPOMCXOAUT aBTOMATHUeCKH.

ITpu paboTe C TOHKMMHU U3JeNTHUSIMH, TOTIIHMHON MeHee
10 MM, MOKHO MCII0/Ib30BaTh CIIeLIMaIbHbIM 3a5KUM, 06e-
CIIeYUBAIONIUI IVIOTHBIM KOHTAKT TeCTHPYeMOro u3se-
nust co cpeprUeCKUMU OMOPAMHU U MPHKHUMAIOIIeH
MIOBEPXHOCTBIO 3aKHMa.

YpoBeHb IIePOXOBATOCTH IOBEPXHOCTH, KaK U IIPH
n06BIX U3MePeHHIX TBePAOCTH, JOMKeH OBITh HUKe
oroBopeHHOro B 'OCTe 3HaueHUsI AJIs BBIOPAaHHBIX YCH-
JIUH U ITTyOUH IOrpyskeHU st HHAEHTopa. 1o yMonyaHUIO
Ra 1o/kHO 6BITH He Oostee 5% OT INTyOHHBI IOTPy>KeHUs
HHJEHTOpa.

EXPERIMENTAL PROCEDURE

NPOBEAEHME SKCMEPUMEHTA

Ilepen IIpoBefileHHEeM HCIIBITAHUI OblIa OCyIeCTBIeHa
KaTuOpOBKa pOpMBI HAKOHEYHHKA ITyTeM CEPUH H3Me-
PeHHUI Ha Mepe TBEPAOCTH (IJIaBJeHOM KBaplie) C yBe-
JMYHBAIOIIENCS Harpy3KoM. IlosydyeHHass QyHKUIHUS
dopMbl HaKOHEYHMKA HCII0Ib30Ba/IaCh B JAJIbHEHIIIeM
111 pacueTa TBepAOCTH.

[TpoBepKa pe3y/abTaTOB, [10y4YaeMbIX IIPH IIOMOIIH
MOPTAaTUBHOIO TBepJoMepa, NPOBOAMUIACH IIyTeM
X CpaBHEHHS C HAHHBIMH Ipubopa, BXOASILEro
B [ocyapCTBeHHBIN peecTp CPeACTB HU3MepeHHUH,
HaHoTBepaoMepa "HanoCkaH-4D" (PITBHY THCHYM,
Poccus). HanorBepmomep "HaHoCKaH-4D" 3aHHMaeT
HCK/IIOUYHTe/IbHOe II0JIOKeHHe Cpe/lu MPOK3BOAHUMBIX

Before testing, the tip shape was
calibrated by a series of measure-
ments on a test block (fused sil-
ica) with an increasing load. The
obtained function of the tip shape
was used in future to calculate
hardness.

Verification of the results
obtained using a portable hard-
ness meter was carried out by com-
paring them with the data of the
device included in the state reg-
ister of measuring instruments,
"NanoScan-4D" nanohardness
meter (FSBI TISNCM, Russia). The
"NanoScan-4D" nanohardness
meter occupies an exceptional

position among the devices manu-
factured in Russia, since it allows
measurements of the physical and
mechanical properties of materi-
als on a submicron and nanometer
scale of linear dimensions [5].

To demonstrate the capabilities
of a portable hardness meter, sam-
ples of different materials were
studied: metal (nuts and pins),
polycarbonate (a standard sam-
ple of the enterprise), D16T alumi-
num and a tourist knife blade. The
loading force during the experi-
ments was 1 N (the maximum load
range of a portable nanohardness
meter is 10 N). A larger load was not
required, since the surface of the

HAHO MHAVCTPUA Tom 13 Ne1 (94) 2020

samples was prepared before test-
ing - in order to reduce roughness it
was polished. Before testing by the
instrumental indentation method
it is necessary to make sure that the
surface roughness does not exceed
1/20th of the indenter recess [6].
Table 1 shows the data on the
modulus of elasticity and hard-
ness obtained on the samples.
As can be seen from Table 1, the
series of measurements carried
out on the samples yielded hard-
ness values that coincided, within
the measurement error, with the
values obtained by the labora-
tory nanohardness "NanoScan-4D"
meter. As for the modulus of
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Fig.3. Typical curve "force-depth” for a pin sample (black), nut
sample (red) and polycarbonate (blue)

B Poccuu pubopoB, MOCKOIBKY II03BOJISIET OCYIIeCT-
BJISITh U3MepeHHUs] QU3UKO-MeXaHUYeCKHUX CBOMCTB
MaTepHaJIoB Ha CyOMHUKPOMETPOBOM M HAHOMETPOBOM
MacuITabe THHENHBIX pa3Mepos [5].

Jlns meMOHCTpPallMU BO3MOXKHOCTEH MOPTaTHB-
HOro TBepAoMepa ObIIM HCCIeLOBaHBI 06pa3Iibl
13 pa3’sHBIX MaTepHa/oB: MeTalJH4yecKUe (railKu

CONCLUSIONS

elasticity, underestimated values

Y LINHJIBKH), IMOTHKapboHAT (CTaHIAPTHBIN 06pa-
3el] IPeAIIPUSITHS), ATIOMUHNE [16T U 1e3BHe TypH-
CTHYeCKoro Hoxka. CHJla Harpy>keHHS B XOfle 9KCIIe-
PHMeHTOB cocTaBasna 1 H (MakcuMyM Auamna3oHa
Harpy3KH IIOPTaTHBHOI0 HAHOTBePOMePa COCTaB/IsIeT
10 H). BOnblas Harpyska He Tpe60oBajack, [IOCKOIBKY
[IOBEPXHOCTb 06pa31ioB Obljla IOATOTOBIEHA IIepe],
IpoBeleHHeM HCIIBITAHKH ~ [J1S1 CHUKeHH I IIePOX0-
BAaTOCTH IIpOBe/leHa ee MOJHMPOBKaA. [lepes UCIIBITA-
HHEeM I10 MeTOJy HHCTPYMeHTaIbHOTO0 HHAEHTHPO-
BaHUS Heob6X0nHUMO yOeJUThCS, YTO IIePOXOBATOCTh
[IOBepXHOCTH He IIpeBblLIaeT 1/20 YacTH OT BeJIMUKHEI
yrinybneHus uHAeHTOpa [6].

B Tab51.1 puBeieHbI JAaHHBIE [10 MOAY/IIO YIIPYTOCTH
Y TBEPAOCTH, MONTy4YeHHBIe Ha obpasiax. Kak BULHO
13 Tabin.1, cepuu U3MepeHUH, IPOBeJeHHbIe Ha 0bpas-
LaX, Ja/JH 3Ha4eHH s TBepAOCTH, COBIIaaIONIHe B IIpe-
Jelax MOIPellIHOCTH CO 3HaUYeHUSIMU, I10/1y4YeHHBIMHU
Ha 1abopaTopHOM HaHOTBepaoMepe "HaHoCKaH-4D".
YTo KacaeTcsl MOAYJS YIPYroCTH, Ha MOPTaTHBHOM
npubope ObLIM IONy4YeHBl 3aHMKEHHbIe 3HAUYeHHU S
I10 CPAaBHEHUIO C JAHHBIMU ¢ ITpubopa "HarnoCkaH-4D",
O HAKO OT/IMYHe 3HaUeHHH He [TpeBhIIIaeT 15%. JJaHHOoe
OTKJIOHEHHE MO3KeT ObITh 06bsICHEHO BAPHATHBHOCTBIO
3$deKTHBHOM KeCTKOCTH CUCTeMbI "HaHOTBEPAOMEP —
HccaenyeMoe” U3jiere 1 HeBO3MOKHOCTBIO yueTa 3TOM
HM3MeHYHBOCTH IIPU IIPOBeJjleHHH 06paboTKH Ionydae-
MBIX IIepBUYHBIX JAHHBIX.

Ha puc.3 npuBeieHbl KPUBble HaTPy3KU-PasrpysxKe-
HUS, [I0J1yueHHBIe Ha UCCIeJlOBAaHHOM obpaslie ralikH,
a TaK>Ke Ha IJIaBJIeHOM KBaplie (BeJIMUHHA HarPy3KHU
B MCIIBITAHWH KBaplia cocTabisdiaa 500 MH).

measuring both massive and thin

were obtained on a portable device
as compared with the data obtained
by the "NanoScan-4D" device, how-
ever, the difference in values does
not exceed 15%. This deviation can
be explained by the variability of
the effective stiffness of the nano-
hardness meter - test article system
and by the impossibility of taking
into account this variability when
processing the obtained primary
data.

Fig.3 shows the loading-unload-
ing curves obtained on the studied
nut sample, as well as on fused sil-
ica (the load value in the quartz test
was 500 mN).

For many tasks of modern materi-
als science, instrumental inden-
tation is a powerful research tool.
The tests of the compact version of
the "NanoScan-4D" device demon-
strated a possibility of using this
method for the on-line diagnos-
tics of the mechanical character-
istics of components and articles
without removing them from the
working process. A key advan-
tage of this method is the abil-
ity to determine hardness with-
out a priori information about
the elastic modulus of the mate-
rial. The design of the portable
hardness meter is suitable for
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samples thanks to two different
nozzles. Equipping this device
with a wireless communication
and global positioning module
in future will make it possible to
link the measured values to the
geographical coordinates of the
object and create a cloud-based
system for storing and process-
ing data on mechanical proper-
ties, which makes the use of this
device extremely promising as an
additional tool for monitoring the
state of engineering structures,
bridges, pipelines, railways and
land, sea and air transport vehi-
cles. [
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3AK/IFOYEHUE

JUIST MHOTHX 3ala4 COBPeMeHHOI0 MaTepHaJioBefe-
HUS MHCTPYMeHTa/IbHOe HHAEHTHPOBAHUE SIBISETCS
MOIIHBIM HCC/Ief0BaTeIbCKUM HHCTPYMEHTOM.
[TpoBe[leHHBIe UCIIBITAHUS KOMIIAKTHOM BEPCHUH IIPH-
6opa "HaHoCkaH-4D" IIpoieMOHCTPUPOBAIK BO3MOXK-
HOCTb [IPMeHEeH U JAHHOI'0 MeTO/A [JIsI OllePaTHBHOM
OUAaTHOCTUKH MeXaHHYeCKHUX XapaKTePUCTHK Y3/I0B
U u3genun 6e3 ux u3pATHSA U3 pabodero mporecca.
KJto4eBBIM ITPEeMMYIeCTBOM JAHHOTO MeTOfa SIBJISI-
eTCsl BO3MOKHOCTB OIlpe/le/ieH sl TBepPAOCTH 6e3 anpu-
OpHO¥ MHGOPMALIMH O MOZYJIe YIIPyroCTH MaTepHala.
KOHCTPYKIIH s IOPTaTUBHOI'O TBEpAOMEPa IIOAXOLUT AJIS
M3MepeHHs KaK MaCCHBHBIX, TAK U TOHKHUX 06pa3LioB
6raromaps IByM pasNMYHBIM HacafikaM. OCHallleHHe
B bynymem maHHOro npubopa moxayineMm becripoBos-
HOH CBSI3U U I7I06a/IBHOTO ITO3UITMOHHPOBAHU S [T03BO-
JIUT NPUBSI3aTh U3MepseMble BeIMUHHBI K reorpadpu-
YeCKUM KOOpAUHATaM 06beKTa U Co34aTh 06IavHYI0
CHCTeMY XpaHeHHUs U 06paboTKU JaHHBIX O MeXaHH-
YeCKHX CBOMCTBAX. JTO CAe/NaeT IIPUMeHeHHe JaHHOTO
rpubopa KpaiiHe IepcreKTHUBHBIM B KaueCTBe OIOTHHU-
TeJIBHOTO MHCTPYMeHTa JJ1s TeKYILero KOHTPOJIsl COCTO-
SIHUSI HTHKeHePHBIX COOPY’KeHHI, MOCTOB, TPyboIIpoBo-
TIOB, SKeJIe3HOIOPOSKHBIX ITyTeH K CYXOIYTHBIX, MOPCKHX
Y BO3JYIIHBIX TPAHCIIOPTHBIX CPEJICTB.
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MHHOBALMOHHLIE TEXHONO AW
YACTRIX NOMELLEHWA
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