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Evaluation of the Residual Stress of Thin Film Based on the
Nanoindentation and Finite Element Analysis.

B. W.Hwang, Y. S. Kim and J, W. Park

Abstract

To estimate the residual stresses in the thin film and surface coatings, combined method based on nanoindentation and
finite element (FE) analysis was developed. A simple equation for estimating the residual stress was composed of the
hardness and the parameters which can be driven from the nanoindentation loading and unloading behaviors. FE analysis
on the nanoindentation procedure under the various residual stress levels was performed to determine the parameters that
included in the equation. The equation showed a good coincidence between the estimated residual stresses and those for
the FE analysis. Thus the proposed method was considered as a useful method for estimating the residual stresses in the
thin film without stress free specimen.
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Fig. 1 Schematic representation of the loading and
unloading behaviors with and without the residual
stresses.
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Fig. 2 Finite element model for the analysis of the nano-
indentation.
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Fig. 3 Indentation load-displacement curves simul-
ated by finite element method for differently
applied residual stresses.

Table 1 Estimated hardness by using the FE analysis
on the 8009 Al alloy. [unit: GPa]

o H, | H (8um) | H,_ (18um)
03 1.183 1.503 1470
0.2 1135 1455 1435
0.1 1.106 1412 1.400
0 1.081 1351 1370
0.1 1.019 1271 1295
0.2 0.947 1172 1227
03 0.897 BIG 1.145
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Fig. 4 Slope of P /P, for the compressive and tensile
residual stresses.
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Fig. 5 Relationship between the applied and estimated
residual stresses.
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