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The piling-up/sinking-in response of elasto-plastic materials

In nano-indentation using sharp indenter

Kim Byung Min , Lee Chan Joo and Lee Jung Min

Nano-indention(1} =1 ¢l €] ©] A1), Elasto-plastic properties(§t47d &4 A1), FE
Analysis(f-3+2 431 A7), Pile up(3} ¥ §3), Sink in(“d Z.]1)

Abstract

Over the past decade, many computational researches have been performed to investigate quantitative
relationships between load-displacement and material properties. But piling-up which causes errors to
estimate mechanical material properties remains the most significant unresolved issue in nano-indentation test.
This study has estimated quantitative aspects of the effects of material properties, especially work hardening
exponent, on piling up/sinking in response of various materials. Using FE Analysis, piling up/sinking in
response when material is indented by sharp indenter is investigated to evaluate the effects of material
properties. From the FE analysis result, quantitative relationships between piling up/sinking in height and
material properties is assessed using dimensional analysis which is used to define scaling variables and
universal functions. And nano-indentaion test is performed to verify this relation on various materials. From
the result of comparison with prediction from dimensional function and experiment, the work hardening
exponent was found to have greater influence on the piling up/sinking in height during the nano-indentation
than other material properties, such as elastic modulus and yield stress.
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Fig. 1 Typical load-displacement curve of an elasto-
plastic material during sharp indentation
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Fig. 3 Comparison of pile-up/sink-in with different
elastic modulus (at Y=150MPa)
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Fig. 5 Pile-up/sink-in response with different elasto-

plastic properties at max. load
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Table 1 Results of tensile test and reverse analysis
for experiment material

Material E(GPa) |o,(MPa) n
Tensile 70.6 331.7 0.081
Al6061

Reverse 77.1 315.2 0.064
Tensile 209.6 210.6 0.249

AISI 1010
Reverse 200.8 209.4 0.254
Tensile 210.3 337.1 0.191

AISI 1045
Reverse 208.2 308.9 0.196
Copper(99% | Tensile 110 32.7 0.482
) Reverse 95.47 35.9 0.502

Table 2 Results of residual impression height for
experiment material using various method

Mat. T?rrc]essitle AF:ge:s:;?n (Be'r:IE)'\\fich) AFM
Al6061 149.50 nm 159.38 nm 162.71 nm | 175.74 nm
AISI 1010 54.36 nm 54.25 nm 52.85nm | 64.54 nm
AISI 1045 86.22 nm 87.17 nm 97.35nm | 93.27 nm
Copper(99%) 5.24 nm 5.32 nm 6.54nm | 15.32nm
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