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PO3MIPHUI E®EKT Y ITPOIIECI BAMIPIOBAHHS TBEPIOCTI
3A BIKKEPCOM

Momenok B. I., Momienok B. B.
XapkiBcbKHil HALlIOHAJIbLHUI AaBTOMOOIJILHO-10POKHiN YHiBepcUTeT

Anomauia. Baxciusum acnekmom y npo8edenHi 00CHiOHNCeHHs MEepOOCHi 3 BUKOPUCMAHHAM RIpAMIOu
Bixxepca € epaxysanns pozmiproeo eghexmy. I1i0 uac sumiprosanus meepoocmi 3a memooom Bixkkepca
npuKiaoene HABAHMANCeHHs OLIAMb HA NA0WLY NOBEPXHI 8i0OUmMKa. 3Haunum paxmopom, wo niusae
Ha 8i0N0BIOHICMb pe3yIbmamis 8UMIPIO8AHH MBepPOOCHi, € po3mipHull epexm. PozmipHutl echexm 3na-
YHO 6NIUBACE HA Pe3YNbmamu UMIPIO8anHs meepdocmi, 3minoouu ixui snavenns na 20-60 %.
Knrouoei cnosa: meepoicmo 3a Bikkepcom, indenmop, nipamioda, po3miprutl eghexm.

Beryn

[Iupoke 3acTocyBaHHSI BUNIPOOYBaHb HA TBE-
PAICTH TOSICHIOETHCS HU3KOK IXHIX TepeBar Ie-
pell iHIIMMY BUJAMH MEXaHIYHUX BUIIPOOYBAaHb.
OpHak forenep icHye Kijbka mpo0ieM y BU3HA-
YeHHI TBEP/IOCTI METANIB Ta CIUIABIB, HAIPUKIA/,
BB2KAETHCS, IO TBEPIICTh METAJIIB € KOHCTaH-
TOI0, aJi¢ Ha MPAKTHUIII TBEPAICTh 3AJICKHUTH BiJ
HaBaHTa)XCHHs. BaaBiroBaHHS iHAEHTOpa B I10-
BEPXHIO Marepially 3MIHCHIOETHCS B KOXKHOMY
METO/Ii BU3HAYCHHSI TBEPIOCTI 3 PI3HMM HaBaHTa-
xeHHsM. Crita HaBaHTa)XEHHS Ha 1HISHTOp 3aJie-
JKUTh BiJI BIACTUBOCTEN Marepiairy, po3MipiB J0-
CJIiTHOTO 3pa3Kka Ta HIHX (aKkTopiB ekcrepume-
HTy. 3i cBOro OOKy TBepaicTh 3a Bikkepcom [1]
TaKOX 3HAYHO 3aJICKHUTH BiJl HaBAaHTa)KCHHS Ha
ingenTop. Lle siBuIIe oTpUMao Ha3By «po3Mip-
Huii edpext», abo «indentation size effect» [2].

AHaui3 myOsikanii
Teepaicth 3a Bikkepcom, 3riguno 3 ICTY ISO
6507 [1], Bu3HA4YalOTh y TPHOX Jiara3oHax.

Tabmuus 1 — [liama3oHu 3HAYCHb 3yCHIIb, SKi
MPUKIIAAIOTHCS IO 3pa3Kka 3a METOJIOM
Bikkepca BiamosigHo 1o ctangapty ISO 6507

Hazpa niamazony 3ycumsa F, N
Teepmicte 3a Bikkepcom F > 49,03
Teepmicte 3a Bikkepcom 3a 1,961 <F <

YMOBH MaJIiX HABaHTA)KCHb 49,03
MiKpOTBEpIIiCTh 32 0,09807 <F <
Bikkepcom 1,961

Po3mipHuii ehekt — 11e 3a1eKHICTh TBEPAOCTI
BiJl TJTMOMHU IPOHUKHEHHS 1HCHTOpa ab0 HaBa-
HTaXeHHS. [cHye Omu3pKo 12 MpUUNH, 110 BIUIH-
BAIOTh HA BEJIMYHHY ¥ XapakTep 3MiHH PO3Mip-
HOro eeKTy Bix HaBaHTakeHHs [2; 3].

OCHOBHI TiIIOTE3X PO3MIPHOTO eEKTY:

—  BIUIUB T€OMETPHYHOI (OPMHU iHACHTOPA;

—  BIUIMB 30BHINTHIX BiOparii;

—  BIUTUB HEJIOCKOHAJIOCTI iHIEHTOPA;

—  BIUIMB I'PaHHIIb 3€PEH 1 BKIIOYCHB;

—  HaKJIeN MOBEPXHI ITiJ] 9ac MONipyBaHHS;

—  HaKJIeI IiJl 4aC 1HJCHTYBaHHS;

— iHOeHTyBaHHS «0e3 JHCIOKaliiHUX
00’eMiBY» 13 TBEPICTIO, IO HAOIMKAETHCS JI0 Te-
OpPETHYHOI IpaHMIli, KOJIH pO3Mip BiIOUTKY MOPi-
BHSIHAM 3 MDKIHACIOKAIIMHAIMH BiJICTaHSIMU,

—  BIUIMB reOMeTpil iHJCHTOpa Ha 3HAYEHHS
wiomnti (06’eMy) BTHCHYTOI YacTHHHU 1, BiATO-
BiJTHO, TBEP/IiCTh;

—  30UIBIIEHHS BIAHOCHOI MOXWOKH BHMI-
PIOBaHHS PO3MIpiB BiOWTKA;

—  BeJIMKa BiTHOCHA YacTKa MPY>KHOTO BiJ-
HOBJICHHS JIJISl MAJIGHBKOTO BiZIOWTKA;

— 3MiHA TOJIOKCHHS TMOBEPXHI KOHTaKTY
mo0/10 00’ €My, KW 1HIEHTYIOTb;

—  HasBHICTb «KpaHOBOTO» e(peKTy — noaa-
TKOBOI 3rHHANBHOI Aedopmarii mo kparo BinoOu-
TKa TOMIO.

V muceprarii [4] Choi In-Suk ekcnepumenta-
JbHO BcTaHoBMB Ha npukiani Nano Indenter XP
(MTS Systems Corporation, Eden Prairie, MN,
USA) y nporieci iHaeHTyBaHHs mipaminoro bep-
KOBHYA BOJb(paM HIKeJIEBOTO CIIaBy Pi3HOI 3e-
paucTOCTi (po3mip 3epHa 3, 20, 90 HM) 30BCiM iH-
MK XapakTep 3MIHU TBEPJOCTI BiJ HaBaHTa-
»keHHs1. Hanpuknaz, y pa3i 3011b11eHHSs] HaBaHTa-
JKEHHST Ha 1HJCHTOP TBEPHICTb IHICHTYBaHHS
KpymHO3epHHCTOrO (po3mip 3epHa 20, 90 HM)
BOJIb()pPaM HIKEJIEBOrO CIUIaBy 30UIBLIYETHCS 3
5,5 no 7 I'Tla, Toxi 5K 1iJ 4ac iHACHTYBaHHS OJ-
HOpizHOrO craBy (po3Mmip 3epHa 3 HM) TBeEp-
JIiCTh NMPaKTUYHO HE 3MIHIOETHCSA 1 CTAHOBUTH
npubmusHo 4,75 T'Tla (puc. 1).

V poborti [5], HaBImaku, MOKa3aHO 3MEHIIIEHHS
TBepAoCcTi AQ 31 30UTBIICHHSIM HABaHTAKCHHS
3 780 mo 400 MIlIa, To0TO yABiUi.
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Puc. 1. 3anexHicTh TBEPAOCTI iHIEHTYBAaHHS BiJl
HaBaHTaXXEHHs Iij yac BruckaHHg B Ni-W-
cruiaBu mipaminu bepkosuua [4]

Hwuzka aBTOpiB TakoX ycTaHOBHJIA HASBHICTh
PO3MipHOTO epeKTy Mmij] Yac BUMipIOBaHHS TBEP-
JTOCTi pi3HUX MaTepiamiB. Ha mpuxmani iHmeHTY-
BaHHS CKJIa BCTAHOBJIEHO 3MEHIIICHHS TBEPJOCTI
36,2 no 4,2 I'Tla [6], y mpotieci iHACHTYBaHHS T0-
JKPHUCTAIIYHOT Ta MOHOKPUCTAJIIYHOI MiJli TBep-
JICTH 31 30UTBIICHHSM HAaBaHTAXXEHHS 3MEHIITY-
erbest 3 1,9 mo 0,8 T'Tla [7]. V poborax [8; 9]
aHaJI3yIOThCSl BUIIEHABEACHI TPUYMHHU TOSBU
po3MipHOTO eeKTy Ta CTBEPIKYETHCS HOTo Ha-
SIBHICTB. 3a JIOTIOMOTOI0 METO/y KiHIIEBHX eJle-
MEHTIB TaKOXX YCTaHOBIIOETHCS HAsSBHICTH PO3-
MipHOTO e(eKTy 32 YMOBH BUKOPHCTaHHS 1H/ICH-
TopiB pi3Hoi popmu [10]. BumiproBanHs TBEpI0-
CT1 ipUir0 CeprUIHIMH iHCHTOPAMH Pi3HUX -
aMeTpiB MOKa3ye TUIaBHE 301bIICHHS IHOTO TI0-
Ka3HHKa MeXaHiuHuX Biactusocteii [11; 14]. To-
ciipkenns TBepaocTi wiiBku 3 AlbOs Takok BU-
SBUJIO TIPUCYTHICTh pO3MipHOTO edekTy, mpu-
YHHY SIKOTO aBTOPH ITOB’I3yIOTh 3 Teopieto Hikca
ta ['ao [12]. BumiproBaHHss MiKpOTBEpIOCTI 3a
Bikkepcom kepamiku i3 cybokcuay 6opy (BsO)
JIEMOHCTPY€E HasIBHICTh 3MEHILICHHS TBEPIOCTI 13
3poctaHHsM HaBaHTaxeHHs [13]. HasBHicTb po-
3MIpHOTO eeKTY ITiJ] 4ac BUMIipPIOBaHHS TBEPO-
cTi 3a MeToJIoM  Bikkepca HaHOUIBIIMM YHHOM
3MiHIO€ 3HA4Y€HHs TBEPAOCTi, 0cOOIMBO B pasi
MaJlMX HaBaHTKCHHSX y MIKpO- Ta HaHOJiama-
30Hax (puc. 2) [15]. Sxmo 3i 36iabIICHASIM HaBa-
HTaXKCHHS 1HAEHTYBaHHS TBEPIICTh 3MEHIIY-
€TBbCA, TO L€ NpsAMHUA ab0 MPOCTO PO3IMIpHHM
e(eKT i, HaBIaKH, SKIIO 31 301IbIICHHSIM HaBaH-
Ta)KeHHS TBEPJICTh 301IBIIYETHCS, B I[bOMY BH-
NajzKy TOBOPSTH IPO 3BOPOTHUH pPO3MipHUIMA
edexr (reversee indentation size effect). Hesma-
’Kalo4d Ha BIJACYTHICTH JOCHUTH TEPEKOHIIMBHX
TEOPIiH, 110 MOSICHIOIOTH SBUIIE PO3MIPHOTO ede-
KTy B TBEpAOMETPIi, yci 11l Teopii MaroTh MicIie.

N

Reverse Indentation Size Effect (RISE)

Microhardness

Indentation Size Effect (ISE)

Load-independent microhardness

Indentation Size (load)

Puc. 2. IIpssmuii Ta 3BOPOTHUI PO3MIipHI eeKTH
B Ipolleci BUMIpIOBaHHSI TBEpAOCTi 3a Bik-
kepcom [15]

MeTa Ta IOCTAHOBKA 3aBJAAaHHS

MeTo JOCTIKEHHS € OLIHIOBaHHS Xapak-
Tepy 3MiHH TBEpIOCTi 31 301JIbIIICHASIM HaBaHTAa-
JKEHHS Ha 1HACHTOP 13 BAKOPUCTAHHAM ()yHKITiO-
HAJIBHOT 3aJIS)KHOCT1 TBEPJIOCTI BiJi IIIMOWHU BTH-
CKaHHs iHAeHTOpa. J{1s bOro HeoOXiqHO BCTa-
HOBHTH TaKUH 3B’ SI30K IS iHIEHTOPIB Pi3HOI re-
OMeTpii, MPOBECTH EKCIEepUMEHTAIbHE IOCi-
JOKCHHS T1i]] Yac BTUCKaHHs mipamian bepkopuua
B METaJeBi 3pa3Kd Pi3HOI TBEPIOCTi, pO3paxy-
BaTH 3HAa4YeHHS TBEpPAOCTI 3a Bikkepcom 3a
YMOBH PI3HUX HABAHTAKEHb.

TeopeTU4Hi JOCTIIKEHHS PO3MIPHOTO
edexTy mix yac BAaBIOBAHHA mipaMiau
Bikkepca

Hocmimkenns metogoM Bikkepca mo BimHOB-
JIEHOMY BiIOMTKY METalliB Pi3HOi TBEPIOCTI TO-
Ka3aJiu, 0 KpUBa HAaBaHTA)KECHHS B TIPOIIEC] BTH-
CKyBaHHS mipaminan Bikkepca HalOITBII TOYHO
OITUCYETHCS PIBHSHHAM BUIISAY [2]:

F = ah® + bh, 1)

ne F — HaBaHTa)XeHHs, MM; a, b — KoHCTaHTH, 1110
3ajexaTb BiJl (JOPMH 3aCTOCOBYBAHOTO iHJAEH-
TOpa Ta BIACTHUBOCTEN MaTepially, 3 pO3MipHICTIO
H/mm? (a) Ta H/mm (b); h — rinbuna Brasmo-
BaHHS 1HACHTOPA, MM.

®dopmyia A1 BU3HAUYEHHsI TBEpAOCTi 3a Bik-
KepcoM 3 ypaxyBaHHsIM piBHsHHS (1) MaTuMme Ta-
KWW BUTIIAI;

F ah®
Smip  26.428h°

HV = =c+=, (2

=gl ¥

Jie Stiip — ruioIa OiYHOT MOBEPXHI BIPOBAHKEHOT
YaCTUHHU HipaMimu, MM?, ¢ = . H/mm? —
26,428

KOHCTaHTa, 10 3aJ1eKaTh BiJl (hOPMH 3aCTOCOBY-
BaHOTO iHACHTOpA Ta BIACTUBOCTEH Marepiaiy;
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b
d=—""
26,428

JKUTH Bl pOpPMH 3aCTOCOBYBAHOTO iHAEHTOpPA Ta
BJIACTHBOCTEH MaTepiaiy.

Sk BummBae 3 hopmynu (2), 31 301IbLICHHM
TTMOWHM BIABJIIOBAHHS IMipaMinu Bikkepca 3Ha-
YeHHs YUCe] TBEPAOCTi 3a Bikkepcom 3aBxan
3MEHIIYBaTUMYThCSI.

, H/MM — KoHCTaHTa, 110 TAKOX 3ajie-

ExcnepuMeHTaNbHI J0CTiTKEHHS
po3MipHOro eheKkTy MpU BAABIIOBAHHI
nipaminn Bikkepca

Jlns mepeBipKH IbOT0 MaTEMaTHYHOTO BUCHO-
BKY 3aJIeXHOCTI TBepmocTi 3a BikkepcoMm Bix
IMOWHU BTUICHHS iHAEHTOopa (TOOTO HaBaHTa-
JKEHHs1) CIUTaHOBAHO Ta MPOBEJIEHO CEPiro eKcIie-
PUMEHTIB IIOAO IHIEHTYBaHHS Mipaminor Bik-
Kepca pi3HUX 3a TBEPAICTIO METAJIIB Ta CILIABIB.

Hocnimpkennst O6yno mpoBeAeHO HAa  TPHOX
3paskax: MA21 — wMarHi€eBOoMy CIDIaBi,
BpOSUS5CS — 6ponsi, 12X18H10T — sxapomin-
HOMY CTaJICBOMY CIUIaBi. 3OBHILITHIHM BUTIISA LUX
3pa3KiB TIOKa3aHO Ha pucC. 3.

B

Puc. 3. 30BHILIHINA BUMIISLI Ta PO3MIp 3pa3KiB AT
BUMIpIOBaHHS TBEpJOCTi 3a Bikkepcom: a —
MAZ21; 6 — BpOSLI5CS; B — 12X18H10T

Pesynbratu nociimkeHb HaBeICHI B Ta0JI. 2.

Tabmuus 2 — 3HaueHHs TBEPJOCTI 3a Bikkepcom
32 YMOBH Pi3HUX HaBaHTaKEHb Ha iHIACHTOP

Haganra- Teepuicte HV

xeHns, H | 12X18H10T | MA21 | bpOSII5CS
196,1 200 69
49,03 196 71 85
29,2 252 128
24,5 163
19,6 211

I'padivna iHTEpIIpETAaIlis 3aJIEKHOCTI TBEP-
Jocti 3pas3kie 3 MA21; BpOSIISCS; 12X18H10T
BiJI HABaHTA)KECHHS HaBEICHO Ha puc. 4.

300

|
=+ 1-12X18H10T

- o= 2-MA21
& -
0 N HV = 316,88x20%% ——3-05L15C5
~ Re= 04323
200 1 —

2HV = 3827 3x0.%8
R?=0,9981

o
=

3 | 3HV = 247 66x0.25¢
R*= 06116

=]
=]

Teeppictb 3a Bikkepcom, kreimm?2

_—— e T = =
50
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Puc. 4. I'padix 3anexxHocti TBepaocTi 3a Bik-
KEpPCOM BiJl HABAaHTAXKCHHSI

SIk BUIIIMBaE 3 HaBEJECHOTO BHIIE PUCYHKA,
JUISL BCIX  JIOCHIDKEHHX 3pa3KiB peai3yeThCs
OpsAMUil po3MipHUH eEeKT: 3 MiIBUILEHHIM Ha-
BanTaxkeHHs Bix 20 no 200 H tBepaicTh 3HMKY-
etwbes B 2,5-3,0 pasm.

BucHoBKH

1. Ilig wac mocmimKkeHHs 3aJIe)KHOCTI TBEP-
JocTi 32 BikkepcoM Bij HaBaHTaXEHHS 3pa3KiB 3
12X18H10T, MA21, BpO5L5CS5 siBHO cniocTepi-
raeTbcsa NpsaMuii po3MmipHuil edekt (indentation
size effect). Lle cBimuuTh mpo Te, MO 32 YMOBH
301JIbIIEHHS] HABAHTAKEHHS B MPOLIECI BUMIpPIO-
BaHb TBEPIICTh MaTepialiB 3HAYHO 3MEHIIY-
€THCHL.

2. Y nociipKeHHI 3a1e)KHOCTI TBEPIOCTI 3a
BikkepcoM  Biji =~ HaBaHTaXEHHS  3paska
12X18H10T BcTaHOBIIEHO, IO 13 301IBIIEHHSIM
HaBaHTaxeHHs 3 29N 10 196N TBepaicTh 3MEH-
mryethest 3 252HV29/10 no 200HV196/10, To6To
Ha 21 %.

3. Y mpomeci AOCHIKEHHS 3aJ€KHOCTI
TBEpJOCTI 3a BikkepcoMm BiJl HaBaHTaXKEHHS 3pa-
3ka MA21 BCTaHOBIIEHO, 1110 i3 301JIBILIEHHSIM Ha-
BaHTaxeHHs 3 24N 1o 196N TBepaicTh 3MEHIIY-
erbes 3 128HV24/10 no 69HV196/10, TobTo Ha
47 %.

4. Tlig yac MOCIHIKEHHS 3aJICXKHOCTI TBEp-
JnocTi 3a BikkepcoM Bij HaBaHTaXEHHS 3pa3Ka
BpOSII5CS BcTaHOBEHO, IO 13 30LIBLICHHIM
HaBaHTaxeHH: 3 19N 10 49N TBepaicTh 3MEHIIY-
etbes 3 211HV19/10 no 85HV49/10, To6T0 Ha
60 %.

5. 30inpIIeHHS 3HAYCHL TBEPAOCTI 3a Bik-
KEepPCOM 3i 3MEHIIICHHSM BUITPOOYBAILHOTO HABA-
HTaXEHHS Ha IHICHTOp MOTPiOHO MaTH Ha yBasi,
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0COOJIMBO B JOCIIHKCHHI METATIB Ta CIUIABIB Y
MiKpO- Ta HaHOJiana30Hax.
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Indentation size effect when measuring Vickers
hardness

Abstract. Problem. An important aspect in the study
of hardness using the Vickers pyramid is to take into
account the indentation size effect. When measuring
the hardness by the Vickers method, the applied load
is divided by the surface area of the impression. A sig-
nificant factor influencing the conformity of the hard-
ness measurement results is the indentation size effect.
The indentation size effect significantly affects the re-
sults of hardness measurements, changing their values
by 20-60 %. The widespread use of hardness tests is
explained by a number of their advantages over other
types of mechanical tests. However, to date there are
a number of problems in determining the hardness of
metals and alloys, for example, it is believed that the
hardness of metals is a constant, but in practice the
hardness depends on the load. The indenter indenta-
tion into the surface of the material is carried out in
each method of determining hardness with different
loads. The force of loading on the indenter depends on
the properties of the material, the size of the prototype
and other experimental factors. In turn, Vickers hard-
ness also depends significantly on the load on the in-
denter. This phenomenon is called "indentation size

effect”. Goal. The purpose of the study is to assess the
nature of the change in hardness with increasing load
on the indenter using the functional dependence of
hardness on the depth of indenter insertion. Metho-
dology. The study was conducted on three metal sam-
ples according to ISO 6507. Results. 1. In the study of
the dependence of Vickers hardness on the load of
samples with 12X18HI10T, MA21, bpOS5SIL[5C5 the di-
rect dimensional effect (indentation size effect) is ob-
viously shown. This indicates that as the load in-
creases during the measurements, the hardness of the
materials decreases significantly. 2. In the study of the
dependence of Vickers hardness on the load of sample
12X18H10T, it was found that with increasing load
from 29N to 196N, the hardness decreases from
252HV29 / 10 to 200HV196 / 10- by 21 %. 3. In the
study of the dependence of Vickers hardness on the
load of sample MA21, it was found that with increas-
ing load from 24N to 196N, the hardness decreases
from 128HV24 / 10 to 69HV196 / 1047 %. 4. In the
study of the dependence of Vickers hardness on the
load of sample bpOS5I[5C5, it was found that with in-
creasing load from 19N to 49N, the hardness de-
creases from 211HV19 / 10 to 85HV49 / 10-60 %. 5.
An increase in Vickers hardness values with a de-
crease in the test load on the indenter should be kept
in mind, especially when studying metals and alloys in
the micro- and nanoranges. Originality. A mathemat-
ical dependence of hardness on the load was obtained,
which demonstrates a decrease in hardness with in-
creasing load. This dependence is also quantitatively
shown on various metal alloys. Practical value. The
application of the proposed method of studying the de-
pendence of hardness on the load will ensure a more
reliable qualitative assessment of metals and their
products.

Key words: hardness by Vickers, indenter, indenting
diagram, indentation size effect.
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