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Abstract

In this work, indentation theory of Lee et al.(? for 6% indentation of indenter diameter is extended to an
indentation theory for 20% indentation. For shallow indentation, the effect of friction on load-depth curve is
negligible, but different materials can show nearly identical load-depth curves. On the basis of this
observation, a new numerical approach to deep indentation techniques is proposed by examining the finite
element solutions. With this new approach, from the load-depth curve, we obtain stress-strain curve and the values
of Young's modulus, yield strength and strain-hardening exponent with an average error of less than 3%.
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Fig. 1 (a) Stress-strain curves and (b) 4,/D = 6% and (c)
20% load-depth curves for two materials
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Fig. 2 The FE mesh for 4,/D = 20% indentation analyses

Table 1 Material properties for FEA analyses

Parameter Values used for FEA
Young's modulus (E) 100, 200, 300 GPa
Poisson's ratio (V) 0.3
ield strai 0.001, 0.002, 0.003,
yield strain (%) 0.004, 0.006, 0.008, 0.01
strain-hardening 1.1,1.5,2,25,3,4,5,7, 10,
exponent (n) 13,20, 50
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Fig. 3 Load-depth curves with respect to the variation of
friction coefficient ( g,/E = 400MPa/200GPa, n = 10)
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(b) Unloaded state

Fig. 5 The distribution of equivalent plastic strain at
(a) loaded and (b) unloaded states (o,/E =
400MP2a/200GPa, n = 10, h,/D = 20%)
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Fig. 7 &, vs. indentation depth curves for three Young’s
moduli with fixed yield strain &, (a) 0.002 and (b) 0.01
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indentation depth for various values of strain-
hardening exponent n
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Fig. 13 Comparison of computed stress-strain curves to those given for E = 100 [g, = (a) 0.001, (b) 0.002, (c) 0.003
and (d) 0.004] and 200GPa [ = () 0.001, () 0.002, (g) 0.003 and (h) 0.004]
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Table 2 Comparison of computed material property values

o Y 2

Table 3 Comparison of computed material property

to those given for £/D=20% values to those given (& = 0.002)
o/E Computed o,y |Computed Error o, /E Computed  Error |Computed Error
x10%) | " |aEx10%) BT T, (%) (x10) | ndenter |\ p 10%) (%) o (%)
s 103100 2902 | 497 06 395202 1.2/09| 48 33
71 10399 2712 | 702 03 71 393201 1.903| 66 53
100/100 wC
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