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Thermal residual stress analysis of TiAIN coating
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Abstract: Thermal residual stresses in TiAIN coatings were calculated using the finite element method. Effects of
different substrates and interlayer bonding on residual stress field were investigated. The results show that the high tensile
stress occurs in TiAIN coating as the substrate is cemented carbide and the high compressive stress occurs as the substrate
is stainless steel. The composites show a decrease of 40% in interface shear stress when the composites has a interlayer.
The tensile stress in coating layer decreases with increasing coating thickness and cobalt content of cemented carbide
substrate. Without interlayer, plastic constraint zone develops distinctly in stainless steel substrate, but the plastic
constraint zone decreases greatly even disappears when there is a transition layer. Residual stress distribution can be
improved by varying the coating thickness or selecting different substrates.
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Fig.1 Schematic diagram of axisymmetric 2D solid model
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Table 1 Material properties for calculated model

Elastic ‘ , Coefficient

Material modulus/ P01ss.0n S of the@al

GPa ratio expa}gsujl/

(10°K™)
TiAIN 650 0.18 7.5
Stainless steel 200 0.30 13
WC-3%Co 670 0.22 32
WC-6%Co 620 0.23 3.5
WC-10%Co 585 0.25 3.6
WC-15%Co 540 0.28 6.0
TiAl 180 0.25 9.0
AIN 350 0.25 5.7
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Fig.2 Contour plots of radial stress after decrease of
temperature from 500 C to 20 ‘C: (a) WC-6%Co substrate; (b)

Stainless steel substrate
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Fig.3 Singularity field of shear stress in sharp interface after
decrease of temperature from 500 ‘C to 20 'C
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different substrates
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Fig.5 Distributions of radial stress from core to edge in

coating surface
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Fig.7 Effects of cobalt content on thermal residual stress in

cemented carbide substrate
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Fig.8  Effects of interlayer on thermal residual stress

distribution: (a) Cemented carbide substrate with AIN interlayer;
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Fig.9 Relaxation effects on plastic deformation of stainless

steel: (a) Without interlayer; (b) With interlayer
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