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Simulated nano-indentation method for estimation of micro-residual
stresses of a unidirectional composite ply
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Keywords Abstract

Determination of residual Indentation test is a method in which the behavior of a material, in response to the indentation can provide
stresses a variety of information. Residual stresses within the body andnodulus of elasticity are of the most
Micromechanics important information that can be obtained from this response. A composite material is a combination of
Simulatedindentation two or more different materials and due to this difference and heterogeneity a residual stress occurs in
composites them. Corsidering the destructive effects of this kind of stresses on performance of composite structures, it

is necessary to determine the magnitudes and distribution of them. Currently there are some mechanical
experimental methods for determining macro residualstresses in laminated composites. However, there is
no mechanical experimental method for determination of micro residual stresses in a unidirectional ply. In
this research, a finite element simulation of the indentation test for determining the modulus clasticity
and micro-residual stresses of a unidirectional composite ply is presented. For this purpose, an appropriate
representative volume element of the unidirectional composite ply has been considered and a virtual
indentation has been applied on itThe results show that the estimated modulus of elasticity for the fiber in
this way depends on the penetration depth, while the estimated residual stresses are independent of the
penetration depth. To evaluate the effect of matrix on the results of the dientation in fibers, an isotropic
material with similar properties to the glass fiber, has been modeled and the results were compared with
the results of indentation on composites.

Finite element method
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1. Elastic equibiaxial residual stress at the Surface
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