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Table 1 The material parameters of

copper and tungsten

Material E m Y1 H,
Cu 128 GPa 0.36 100MPa 2650MPa
A\ 381GPa 0.24 4GPa 8.47GPa
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the axisymmetric boussinesq problem for a punch of arbi-

3D FINITE ELEMENT SIMULATION OF THE NANOINDENTATION
PROCESS Y

Li Min*!  Liang Naigang* Zhang Taihua* Wang Lindong*
*(State Key Lab. of Nonlinear Mechanics, Institute of Mechanics, CAS, Beijing 100080, China)
T(Dept. of Flight Vehicle Design and Applied Mechanics, Beijing University of Aeronautics and Astronautics,
Beijing 100083, China)

Abstract In recent years, micro-scale indentation, especially nancindentation has become a standard test
to measure mechanical properties of various new type surface materials. However, numerical simulation by
finite element method (FEM) to simulate the micro-scale indentation process plays an important role as well
in explaining experimental phenomena and obtaining more accurate parameters of material surface mechani-
cal properties. Bhattacharya, Nix, Laursen and Sino developed the researd in this field earlier. In order to
save computation cost, Vickers indenter and Berkovich indenter as a standard indenter of microhardness and
nanoindentation equipment with geometrical shapes of regular four-sided pyramid and triangular pyramid were
substituted by conic indenter and thus the 2D axial symmetrical element model was adopted to simulate the
micro-indentation process is their study. As a mather of fact, the micro-scale indenters are not axisymmetric
due to unevenness of all material in micro-scale. These properties could not be presented in 2D cone model.
In this paper 3D finite element method is used to explore the mechanics of the nanoindentation process for
Berkovich indenter. The mesh and boundary condition of this model and the material property of sample in
FE simulation are introduced. The tests of standard sample are comducted for FEA. The influence of friction,
slide ‘and sample size on the results is discussed. Based on the 3D finite element simulation, the effects of tip
radius on nano-indenter are investigated. The nanoindentation results obtained by ideal Berkovich indenter
and blunt tip indenter are comparatively analyzed, indicating that the measured hardness by using of blunt tip
indenter decrease with the depth of indentation, even for the materials complying with traditicnal homogeneous
continuum constitutive relation under regular testing and evaluating condition. The effect of tip radius on

nanoindentation is an explanation other than the strain graduate effect.

Key words nanoindentation, finite element simulation, hardness, indentation size effect
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