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Determination of Deformation Behavior of Coating Layer on Electronic
galvanized Sheet Steel using Nano-indentation and FEM

Young Ho Ko, Jung Min Lee and Byung Min Kim"

ABSTRACT

This study was designed to investigate the mechanical properties of the coating layer on electronic galvanized
sheet steel as a part of the ongoing research on the coated steel. Those propertics were determined using
nano-indentation, the finite element method, and artificial neural networks. First and foremost, the
load-displacement curve (the loading-unloading curve) of coatings was derived from a nano-indentation test by
CSM (continuous stiffness measurement) and was used to measure the elastic modulus and hardness of the
coating layer. The properties derived were applied in FE simulations of a nano-indentation test, and the analytical
results were compared with the experimental result. A numerical model for FE simulations was established for
the coating layer and the substrate separately. Finally, to determine the mechanical properties of the coating, such
as the stress-strain curve, functional equations of loading and unloading curves were introduced and computed
using the neural networks method. The results show errors within 5% in comparison with the load-displacement
measured by a nano-indentation test.

Key Words : Electronic galvanized sheet steel(%d 7|0} =5 7 ®), Nano-indentation(“}x= 1 §lE| o] ), Coating
layer(2¥ %), Neural network(417 @), Finite element method(F3t8 4 %)
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Initia) peoperties of coatings
- Elastic modulus : E

- Yield stress : 9,= H/3

- No strain hardening

- Poissonfiratio : 0.3

Indentation Load (P) |5

toading- unloarilng curves

Output data (vesults of FE-
simulation)

Indentation Depth

Input data (Results of
FE-simulation)

o Loading curve -y = fis)
! Unloading curve: y = fix)

Yield stress corresponding
to functional equations of
loading-unloading curves

by experiments

l

o, Loading curve 3 ft9)
Unloading curve: y = fix)

Properties of coatings

- Elastic modaius : E (Experiments)

- Yield stress : 0, (FE-simulation &
neural petworks)

- No stmin hardening

- PoissonFratio : 0.3
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Effective stress (Mpa)

Comparisons simulation with

Effective strain

Fig. 1 Process for determinating the mechanical

properties of coatings
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Fig. 2 Shape of Berkovich indenter
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Fig. 3 The sample of electronic galvanized sheet steel

Substrate Coatings

(a) The surface (b) The section

Fig. 4 Scanning electron micrograph of electronic
galvanized sheet steel
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Table 1 Conditions for nano-indentation

Conditions Value
Surface approach sensitivity 30%
Surface approach velocity 10nm/s
Poisson's ratio of specimen 0.3
Humidity 31%
Temperature 23.5C
Indenter Berkovich
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Fig. 8 Elastic modulus-displacement curve of coatings
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(a) Sample of substrate (b) Optical micrograph

Fig. 10 The image for substrate of electronic
galvanized sheet steel
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Table 2 Experimental results of nano-indentation

Indentation| Elastic Maximum
Hardness
depth | modulus load
Coatings | 1,000nm | 1306Pa | 4.25(Fa | 77.6mN
Substrate | 1,000nm | 2100 2(Pa 40mN
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Table 3 Mechanical and

substrates

properties of coatings

Poisson' ratio
0.3
0.3

Yield stress
1.4160Pa
0.66(Pa
No strain-hardening

Displacement ( /) : 1,000nm

Coatings
Substrate
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Table 4 Variation of yield stress for FE simulation
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Fig. 12 Determination of cone to the Berkovich

indenter for 2D FE simulation

> Indenter tip R=100nm

Coated layer

Substrate

Fig. 13 FE model of nano-indentation test
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