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Abstract
Due to the self-similarity of Berkovich and conical indenters, different materials may show the same load-
depth curve for single indentation. In this study, we first compare the load-depth characteristics of conical and
Berkovich indenters via finite element method. We also analyze the variation of load-depth curves with angle
of Berkovich indenter, indentation parameters, and material properties. With numerical regressions of
obtained data, we then propose dual-Berkovich indentation formulae for material property evaluation. The
proposed approach provides the values of elastic modulus, yield strength and strain-hardening exponent and
corresponding stress-strain curve with an average error of less than 3%. The method is valid for any elastic
indenters made of tungsten carbide and diamond for instance.
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Fig. 1. Schematic of two indenters with same projected
contact area.
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Fig. 2. Overall mesh design (a) using axisymmetric
conical indenter and (b) 1/6 Berkovich indenter
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Table 1 Comparison of computed E to those given

Indenter E Oo n Computed | Error
(GPa) | (MPa) E (GPa) (%)
70 140 72 29
200 400 5 196 21
400 800 399 0.3
wcC 200 205 26
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Fig. 4 Variation of correction factor x with (a) yield
strain and (b) hardening exponent
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Fig. 5 Force vs. indentation depth for different material
properties with the same C and E for « = 70.3°
and 45°

Table 2 Comparison of computed material property
values to those given for E = 200 GPa

o/E n| c/E CuE Compu-  Error | Compu-  Error
ted oy (%) tedn (%)

0.001 51| 0194 0.033 210.0 5.0 5.2 4.8
10 | 0.141 0.022 204.5 2.3 10.6 55

3| 0444 0.088 423.9 5.9 3.1 2.3

0.002 0.301 0.055 415.8 4.0 5.1 2.0
7 | 0.274 0.045 416.3 4.1 7.4 5.6

10 | 0.247 0.039 416.4 4.1 11.0 9.8

0.003 5| 0417 0.074 620.4 3.4 5.2 3.8
10 | 0.337 0.054 612.5 2.1 10.7 6.1

0,004 5| 0501 0.091 799.5 0.1 5.0 0.4
10 | 0.416 0.069 802.7 0.3 10.2 1.9
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Fig. 6 C/E vs. 1/n with various values of yield strain for
(@) @=65.3°and (b) @ =37.9°
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Fig. 7 Comparison of computed stress-strain curves to
those given for E = 200 GPa
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