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Analytical Approaches of Surface-Local Deformations
for the Measurement of Indentation Hardness
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!Division of Industrial Metrology, Korea Research Institute of Standards and Science, Daejeon 305-340, Korea
2School of Materials Science and Engineering, Seoul National University, Seoul 151-742, Korea

Abstract : Approaches for analyzing indentation hardness are still controversial, although the instrumented
indentation technique has been generalized as one powerful method that can record surface deformation
behaviors. Material pile-ups around the indenter/surface contact region make the conventional Oliver and
Pharr's analysis on the instrumented indentation curve inaccurate. Thus, in order to prove the validity of the
hardness analyses, five approaches were applied to the experimental data obtained from fused quartz and
(100) monocrystalline tungsten specimens; an elastic recovery analysis on instrumented indentation curves,
three indentation work analyses on the unit plastic volume, and a differentiation analysis on remnant
indentation morphologies were tried. Five kinds of indentation hardness overlapped on one result plot showed
the validity of each analysis. The modified indentation work approach based on a new definition of plastic
volume showed consistent results with those from the Oliver-Pharr's and image differentiation methods. In
the case of pile-up accompanying deformation, the Oliver-Pharr's and image differentiation methods showed
the upper and lower limits of indentation hardness, respectively.
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Instrumented indentations on two specimens
— (a) fused quartz, (b) (100) tungsten
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Fig. 1. Instrumented indentation curves from fused quartz and (100)
tungsten monocrystal.
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Table 1. Indentation hardness analyzed using Oliver-Phart's analysis [1] for two specimens

Specimen Applied load Indentation depth Contact depth Oliver-Pharr's
(mN) (nm) (nm) hardness Hyp (GPa)

1 78.5340.26 50.88+0.31 10.88+0.10
Fused 3 143.20+0.40 97.35+0.48 10.42+0.09
quartz 6 206.48+0.96 143.99+1.36 10.23+0.18
10 269.85+2.02 191.98+2.25 10.02+0.22
(100) 1 60.39+2.56 53.44+2.64 9.12+0.70
tungsten 2.5 106.70+2.36 96.87+2.44 8.40+0.37
monocrystal 6 180.35+6.82 165.91+5.96 7.62+0.52
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Table 2. Indentation hardnesses analyzed according to Tuck's modified deformation energy approaches [13]
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Applied load Indentation work /# Tuck's whole hardness  Hysteresis energy Wp

Tuck's plastic hardness

Specimen (mN) ) Hiy (GPa) () Hip (GPa)

1 0.029+0.000 5.58+0.06 0.008+0.000 66.06+3.01

Fused 3 0.154+0.002 5.5040.16 0.048+0.003 57224636

quartz 6 0.434+0.003 5.61£0.08 0.143+0.005 51.65+3.87

10 0.93740.007 5.6440.08 0.3310.010 45.40+2.61

(100) 1 0.025+0.001 7.8540.95 0.019:£0.002 12.1622.11

fungsten 25 0.1040.002 6.9740.31 0.0860.003 10.19:0.80

monocrystal 6 0.425+0.008 5.8340.21 0.36140.007 8.0740.35
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Table 3. Indentation hardness analyzed according to modified Stilwell and Tabor's energy approach [12]

Specimen

Applied load ~ Hysteresis energy #p  Impression volume  Pile-up volume V4,

Stilwell-Tabor's

(mN) (n)) Ve 10720 (m?) x1072% (m?) hardness Hgr (GPa)
1 0.008+0.000 0.020+0.000 - 14.39+1.55
Fused 3 0.048+0.003 0.367+0.004 - 13.89+0.93
quartz 6 0.143£0.005 4.025+0.031 - 11.97+0.15
10 0.331+£0.010 14.924+0.151 - 12.05+0.16
(100) 1 0.019+0.002 0.112+0.002 0.120+0.007 8.32+0.74
tungsten 2.5 0.086+0.003 0.704+0.045 0.610+0.142 6.58+0.43
monocrystal 6 0.361+0.007 3.329+0.453 3.348+0.798 5.43£0.19
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Fig. 3. Indentation hardnesses through five analyzing approaches for (a) fused quartz and (b) (100) tungsten monocrystal.
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