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Spherical indentation of ceramic materials can be conducted in the elastic regime.  Ceramic single
crystals provide excellent calibration media, however they are generally anisotropic and the
complete analysis is cumbersome [1].  In addition, indentation unloading behavior is generally
modeled as being elastic.  This study presents a simplified procedure for the determination of the
indentation modulus for spherical indentation which is modeled to first order as a parabola of
revolution.  A similar procedure is also developed for conical indentation of anisotropic elastic
media.

For the contact of a parabolic indenter on an anisotropic elastic half-space, the projected area of
contact is known to be elliptical [1].  Willis [1] developed a solution to the problem using Fourier
transforms, however his solution is given by a set of six nonlinear integral equations which must
be solved simultaneously.  In this study, the surface Green’s function for an anisotropic half-space
[2] is used to simplify the problem.  Vlassak and Nix [3] previously used a similar technique for
the special case of circular contact.  In the present study, the analysis is carried further to reduce the
problem of elliptical contact to contour integrals for the orientation of the ellipse, the length of the
elliptical axes and the indentation modulus.  These equations can then be solved in a sequential
manner.

The same method is applied to conical indentation of an anisotropic elastic half-space.  The contact
is found to be elliptical and similar equations are determined for the size, shape and orientation of
the ellipse.  The technique determines parameters which are important to nanoindentation, such as
indentation modulus and contact depth.  Results for sapphire and other materials will be presented
as examples.
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