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Development of Instrumented Indentation Microscope
and Its Application to Indentation Contact Mechanics

by

Norio Hakmi *, Mototsugu Sakar“* and Tatsuya Miyaimva ***

An instrumented indentation microscope is developed for determining the in-situ contact area during indentation
loading/unloading, and then applied to examining the Meyer hardness and the elastic modulus of several engineer-
ing materials ranging from ductile metals to brittle ceramics. Since it is capable of making the in-situ optical obser-
vation of indentation contact impression and the determination of contact area that is synchronized to the hysteresis
curve of indentation load-penetration depth relation, the mechanical properties determined on the indentation micro-
scope are precise and reliable without any undesirable approximations and assumptions required for estimating the
contact area in the conventional test systems. It is also demonstrated that the instrumented indentation microscope is
very efficient for determining in a quantitative manner the izn-situ contact profiles of impression (sink-in/pile-up pro-
files). Through the present studies for the experimental determinations of the Meyer hardness Hy, elastic modulus
E’, and the consideration on the sink-in/pile-up profiles of contact impressions, it is emphasized that the direct mea-
surement of contact area A. by the use of the indentation microscope is very essential in examining the mechanical
properties of materials in micro-scales. The present work suggests that the instrumented indentation microscope will
be a powerful tool in the science and engineering of indentation contact mechanics.
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Fig. 1 Test setup of the instrumented indentation

microscope.

Fig. 2 Geometry and coordinate system of pyramidal
indentation.

Table 1 Elastic modulus and indentation hardness of the
materials tested.

. Elastic modulus Meyer hardness Normalized contact depth
Materials

E'[GPa) H[GPa] hh
A 71 0.34 1.01
cu® 117 0.81 1.08
sus¥ 220 3.36 113
Glasslike carbon? 287 4.1 0.65
SL-Glass” 75 6.11 0.81
SipN® 310 14.5 0.96
Zr0, (3Y-TZP)"} 212 14.7 0.93

1) 89.5% pure Aluminium (JISH-H4000(A1050P})

2) oxygen free high conductivity copper (JIS-H3100(C1020P))

3) JIS-G4303 (SUS304HP) 4) Toyc Tanso Co. Ltd. 5) Asahi giass Co. Lid
6) NTK Co. Ltd. 7} Nikkato Ce. Ltd.
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Fig. 3 Indentation load P versus penetration depth 7

) versus pen . Contact area, A, [um?]
hysteresis of a 3Y-TZP in Vickers indentation, and

Fig. 4 Indentation load P versus contact area A
relations in Vickers (8= 22°) and pyramid (8= 45°)
indentations of the metals (open symbols) and the

the in-situ bright-field-images of the contact area at
the locations numbered in the P- diagram.

i 90° OME Y 3 v FIETIEAZ BT T ceramics (closed symbols).
BADLE WS LIEFICAH L3 e shs., £
D 7= D IEEIEGC D A CHIE 2% (B S % Table 2 Meyer hardness of materials tested in tetrahedral
5 Hntiks. Lo, Vickers [E OB, (i pyramidal indentation.
Z AN 22° TH B 72 EEIFGDEOE T A 6 O Materials Mevyer hardness, Hy [GPa]
JER Ay Z BRI EE THTE Sk vy, LT, Eitofl Vickers indenter (3=22°%  pyramidal indenter(f=45°)
A1 & 0 W L5 & U ~C IV 2 i 7 1 % o i

Vickers [=F, &1 90° Wi ¥ 7 I v FIET & Fn sus 336 3.4
7-5EA VT v T =Y 3 VikER» HHRE L7z Al AN Glasslike carbon 4.11 5.6
TPISHL Ty b LR % Fig. 4 1583, Meyer zt‘N‘j'“s f;; 177'.20
BT ME N LT D LD IcEREh S - 260, (3V-TZP) 147 170
W, XN U 72RO 2 X% Meyer S 2 5.2 5.

Hy =1 M = 20—
[a [ .

X & D FRTOREHIIBNT P & A DRI B ORI O [ SisNe
FEABREhTWBZEAbhs. ZOXIZLTHEL £ 450 ]
7z Meyer W) Hy Of#i % Table 2 1Z/59. X4 90° @ g
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DIETFFERAFED 7D TH D | Hy \ZE TR0 A T
EtanB/Y (Y BRISST) 125 2 RMBIK L LCEB 2. H=23 GPa; n=13
THILHNTER VIO Lid, ETAE BAKE = 5 ..
BB T, FOBMATAC 3513 B WHELTE O ek e 10 20 30 40
AL T ZEEREIRLTWS, fi5T5L, BAK Inclined face-angle, 3 [degrees]
L BB EBISER T AEAZEME L, Z Fig. 5 Dependence of the Meyer hardness Hy of SizNy
UL S iR Ac DI 25 (1) 250 LTS Hy O on the inclined face-angle B of tetrahedral pyramid
Bk A 3 72 63 Wi O AERTEED il LT, indenters. The plots (8 = 22.0 and 45.0 degress)
FE il B = 10°, 22°, 40°, 45° 125443 SigNy O Meyer indicated by the solid lozenges are the results

obtained with the present indentation microscope.
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Fig. 6 Relations beteween the contact radius a. and
the penetration depth % in Vickers indentation.
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Fig. 7 One-to-one correlation of the elastic moduli
determined by the conventional ultrasonic method
versus the present indentation microscopy and the
Oliver-Pharr method.



514 PY) Bk, Wi

X,

g
iy

A

Spherical indentation (R=100 um)

— T T T T T T T

SL-Glass

Indentation load, P [N]

o 05 1 15
Penetration depth, h [um]

Fig. 8 P-h hysteresis of a SL-Class, and the in-situ
bright-field-images of the contact area at the
locations numbered in the P-4 diagram.
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Fig. 9 Mean contact pressure pny versus normalized
contact radius a./R relations of the metals (open
symbols) and the ceramics (closed symbols).

Table 3 Elastic modulus and yield stress of the materials
tested in spherical indentation.

Materials Elastic modulus  Yield stress
E' [GPa] Y [GPa]
Al 62 0.10
Cu 116 0.31
Sus 221 070
Glasslike carbon 28.2 -
SL-Glass 75 -
SisNg 316 5.2
ZrQ, (3Y-TZP) 218 4.4
4 I B2

&7 & GOR T O $22 i At A eI 2 U T 1 g 5
20D T EMEROIET I FRBRIC B\ VW CEH K &M
REL o5 Q2. AL T 2 ORI % e URess bt
BHPERTAN T-3: AT 5 72012, Wi T AGRER
B & U CRERD Poh I A E 1/ 50k 1 -4 i
AR 2 2 O IEIREE mat g 280 A 7 v 2 — & F%E
L7z, BAYE Uikl CIE MRt o Ak 54, fEk
AH[RE T > e ANEA RN U T & Bbififd o 2 D3
BATRELE Ko7z, ZHICKD, ¥ v T2 —%H
WaZ LT, HHADEMTEICIHS Z & %<, Meyer
WHRE Hy, WM E, FBEIRIETT Y6 K OHIRIZIK (sink-
in/pile-up) ZEFEE CRET LI L EREE Ko7, ¥
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