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Damage initiation and propagation simulation of coatings in coating/substrate
structures under thermal loading using discrete element method

Mohammad Amin Ghasemi, Seyed Reza Falahatgar’

Faculty of Mechanical engineering, University of Guilan, Guilan, Rasht
* P.0.B. 3756, Rasht, Iran, falahatgar@guilan.ac.ir

ABSTRACT

Coatings are used in various industries in order to improve the surface properties of materials. Delamination of
coatings from their substrate, at the root of channel cracks, is one of the common failure modes in these
structures. In this paper, discrete element method is used in order to simulate the initiation and propagation of
damages, caused by the mismatch between the thermal expansion coeflicients of coating and substrate. Coating
and substrate are considered to be brittle elastic in which, substrate is stiffer than the coating, but the thermal
expansion coefficient of coating is considered to be much greater than substrate. The interface properties are
also considered to be the geometric average between the coating and substrate. Temperature reduction is
applied to the whole structure as loading. The effect of elastic mismatch and coating thickness was
investigated. The results showed that, by increasing the elastic mismatch and decreasing the coating thickness,
the temperature reduction, need to delamination initiation at the interface, increased. Also, changing in the
damage propagation pattern was happened by changing in the elastic mismatch. In coatings with high elastic
mismatch, damage propagation was happened inside them but by increasing the stiffness, damage propagation
happened at the interface.
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Fig. 2 Schematic of delamination from the root of a channeling crack
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Fig. 6 Force-Displacement law for brittle elastic material behavior in
(a) normal and (b) tangential directions
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Fig. 7 hexagonal packing arrangement
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Fig. 9 DEM model of cantilever beam
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Fig. 8 DEM model of block under uniform compression
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Table 1 comparision of results between DEM and analytical solution for block under uniform pressure

K,(N/m) K(N/m) d(m) (DEM)  dy(m) (DEM) E(N/m*)(Eq-10) v(Eq-10) E(N/m?) (Eq-14) v(Eq-14)
1 1 1.09e-5 -0.01 1.732 0 1.732 1.18e-3
1 0.5 0.0014 -0.0116 1.461 0.125 1.473 0.115
1 0.001 0.0044 -0.015 1.083 0.25 1.087 0.24
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Table 2 comparision of results from DEM and analytical solution for cantilever beam

K,N/mm)  K(N/mm) E(N/mm?) v #x107? (mm)(DEM) 6%10° (mm)(Egq-15) Error(%)
5 5 8.66 0 1.109 1.054 523
5 25 7423 0.143 1.31 1.23 6.74
5 0.005 5377 0.333 1.67 1.58 5.65
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Fig. 11 Geometry and boundary conditions of the problem
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Fig. 13 Coefficient of thermal expansion mismatch effect on AT of
delamination initiation
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Fig. 12 Elastic mismatch effect on AT of delamination initiation
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Fig. 17 damage growth simulation with elastic mismatch of a=-0.3
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Fig. 18 damage growth simulation with elastic mismatch of =-0.6
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Fig. 14 curvature of the structure induced by temperature reduction
in (a) a=-.83 (b) a=-0.6 and (c) a=-0.3
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Fig. 15 The effect of elastic mismatch and coating thickness on curve
angle
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Fig. 16 comparison of the curve angle for a=-0.3. i/H=0.1and
h/H=0.2
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