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Indentation Size Effect Model Considering Nanoindenter Tip Bluntness

Ju-Young Kim, Baik-Woo Lee and Dongil Kwon
School of Materials Science and Engineering, Seoul National University, Seoul 151-744, Korea

Abstract : Bluntness is inevitable at the tip of a sharp indenter such as the Berkovich indenter used in
nanoindentation experiments; this bluntness causes the hardness values observed at low contact depths (<~100 nm)
to fall below the Nix and Gao model curve. We present an indentation size effect (ISE) model that extends the
available contact depth for ISE application down to several tens of nanometers by considering the tip bluntness effect.
The present model reflects the effect of tip bluntness on the distribution of geometrically necessary dislocations
needed to accommodate the blunted tip, and the change in the ratio of plastic to total contact depth with contact
depth. We applied the present model to nanoindentation results for annealed and strain-hardened Cu, and to
previously reported nanoindentation results for surface-nanocrystallized Al-alloy. Good fit was observed between the
present model and the hardness results over the full contact depth range.
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Fig. 1. Nanoindentation contact morphology including pile-up for a

conica indenter with a blunt tip, and the distribution of geometrically
necessary dislocations.
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Fig. 2. Areafunctions of A and B indenters for the determination of
the height difference between the sharp tip and the blunt tip, Ah,,.

Table 1. Properties of the samples
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( m) (GPa) (GPa)
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Fig. 3. x results with contact depth and possible range of x value
calculated for the spherical tips of (a) A and (b) B indenters.
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Fig. 5. Hardness results with contact depth and curves fitted by the
present mode! for annealed Cu using A and B indenters.
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Table 2. Measured and predicted characteristic values for indentation size effect
. H h’' h' (predict
Material Indenter Xo (GF?a) (hm) (p(nm) ed)
A 0.967 0.846 463 811
A
nesled Cu B 0.967 0.842 472 819
Strain-hardened Cu A 0.95 1.108 234 634
Surface-nanocrystallized Al-dloy A(assumption) 0.95(assumption) 2223 154 176
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