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Determination of the Mechanical Properties of the Coated Layer
in the Sheet Metal Using Load-Displacement Curve by
Nanoindentation Technique

Y. H. Ko, J. M. Lee and B. M. Kim

Abstract

Mechanical properties such as Young's modulus and hardness of thin film in coated steel are difficult to determine by
nano-indentation from the conventional analysis using the load-displacement curve. Therefore, an analysis of the nano-
indentation loading-unloading curve was used to determine the Young's modulus, hardness. A new method is recently
being developed for elastic-plastic properties of materials from nano-indentation. Elastic modulus of the thin films shows
relatively small influence whereas yield strength is found to have significant effect on measured data. The load-
displacement curves of material tested with a Berkovich indenter and nano-indentation continuous stiffness method is
used to measure the modulus and hardness through thin films, and then these are computed using the analysis procedure.

The developed neural networks apply also to obtain reliable mechanical properties.
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Fig. 1 Schematic representation of galvannealed steel
sheet
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Coated layer
(a) The section

(b) The surface
Fig. 2 Scanning electron micrograph of galvannealed steel
sheet

Table.1 Conditions for nanoindentation test

Conditions Value

Surface approach sensitivity 30 %

Surface approach velocity 10 nm/s

Allowable drift rate 0.15

Humidity 30~35%

Temperature 235 C
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Fig. 3 Plot of load versus displacement for film of
galvannealed steel sheet at 1200nm
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Fig. 4 Plot of hardness versus indentation depth for
film of galvannealed steel sheet at 800nm
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Fig. 5 Plot of modulus versus indentation depth for
film of galvannealed steel sheet at 800nm
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Fig. 6 Plot of load versus displacement for film of
galvannealed steel sheet at 800nm
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Fig. 7 Optical microscopy for the shape of indentation
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Table.2 Experimental results of nanoindentation

Indentation Elastic | Maximum
Hardness
depth modulus load
Coated | ¢oonm | 2.01GPa | 110GPa | 38.5mN
layer

Substrate 1000nm 2GPa 210GPa 40mN
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Fig. 8 FEM calculated indentation load-displacement
curves for materials with various yield stresses
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Table.3 Comparison of elastic deformation

E/lo v Penetration / Max. Penetration
100 0.91763
50 _ 0.85738
333 0.765
25 0.8115
20 0.72075
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Fig. 12 Comparison of experimental and simulated
curve at the same indentation depth
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(a) The section
Fig. 14 3D image of nanoindentation

(b) The surface
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Fig. 15 Simulated displacement of indentation depth
and pile-up
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