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Indentation based measurement of residual stress and plastic properties with
gradient distribution
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This study proposed a method to evaluate the residual stress and plastic

properties using micro-indentation test. This method deals with the materials that obeys the Ludwick
work hardening law and involves in-plane equi-biaxial residual stress. Numerical experiment with
finite element method (FEM) was carried out in order to simulate indentation test having various
plastic strain and residual stress. It was found that indentation force increases with the
increasing in plastic strain as well as compressive residual stress. Next, parametric FEM study by
changing of residual stress and plastic strain was conducted in order to deduce relationship between
indentation curve and materials parameters. This relationship can be expressed by dimensionless
function with simple formulae. Thus, the present method can estimate plastic strain (plastic
properties) and residual stress for various materials, such as stainless steel, engineering metallic
and polymers.
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Fig.4 Indentation curves of SUS316L with
cold rolling process and shot peening
treatment

Table 1 Comparison of residual stress and
pre-strain estimated by inverse analysis and
those measured by X-ray diffraction and

tensile test

Material Solution* Estimation
Epre G, MPa Epre O,.» MPa
Mat. 1 (AR) 0 0 0 8
Mat. 2 (CR-5%) 0.042 0 0.039 -11
Mat. 3 (CR-10%) 0.089 0 0.103 15
Mat. 4 (CR-20%) 0.199 0 0.202 -32
Mat. 5 (SP) Unknown -450=138 0.444 -494

* “Solution” is the material property obtained from the experiment. For Mat.2-4 of cold
rolled steel(CR), the pre-strain e, was obtained by tensile test. For Mat.5 of shot
peening steel (SP), the residual stress was measured by X-ray diffraction.
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