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Identification of the Bulk Behavior of Coatings by Nanoindentation Test and FE-
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Simulation and Its Application to Forming Analysis of the Coated Steel Sheet
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Abstract

Coating layers on a coated sheet steel frequently affect distributions of strain rate of sheets and deteriorate
the frictional characteristics between sheets and tools in sheet metal forming. Thus, it is important to identify
the deformation behavior of these coatings to ensure the success of the sheet forming operation. In this study,
the technique using nano-indentation test, FE-simulation and Artificial Neural Network(ANN) were proposed
to determine the power law stress-strain behavior of coating layer and the power law behavior of extracted
coating layers was examined using FE-simulation of drawing and nano-indentation process. Also, deep
drawing test was performed to estimate the formability and frictional characteristic of coated sheet, which was
calculated using the linear relationship between drawing force and blank holding force obtained from the deep
drawing test. FE-simulations of the drawing process were respectively carried out for single-behavior FE-
model having one stress-strain behavior and for layer-behavior FE-model which consist of coating and
substrate separately. The results of simulations showed that layer-behavior model can predict drawing forces
with more accuracy in comparison with single-behavior model. Also, mean friction coefficients used in FE-
simulation signify the value that can occur maximum drawing force in a drawing test.
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Table 1 The mechanical properties of coated steel sheet for three directions(0, 45, 90°)

Materials |Yield Strength(Wa) {Tensile Strength(W2) |Elongation(%) | Plastic coefficient(¥2) | n-value R
0° 144.5 355.0 415 622.0 0.235
45° 155.8 350.0 45.8 592.0 0.215 1.95
90° 165.5 360.0 40.1 621.0 0.213
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Fig. 6 FE-model of nano-indentation process

Table 2 Conditions of FE-simulation for indentation

0, (GPa) 1,2,3,4,5
Coating layer n 0,0.1,02,03,04
E(GPa) 110
Substrate Flow stress & = 688!
(cold rolled sheet) | E(GPa) 210
Speed 10 nm/s Rigid
Indenter Tip round 40 nm body
Poisson’ ratio 0.3
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Fig. 7 Loading — unloading curves of coating layer for
variations of yield strengths (n=0)
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