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Contact Stress Analysis of the Coating Layer Using
Finite Element Method

Chung Kyun Kim and Byoung-Taek Oh

Tribology Research Center, Hongik University

Abstract—Thin films and coating technologies are used for an enormous and diverse set of ap-
plication including mechanical and automotive components. Many of these applications require the
various properties which can be used for decreasing wear, friction and cost, and increasing the long
life. The relationship between the load and the stress is usually nonlinear. The material is often apt to
deform plastically under the low loads. Numerical method may be used for some simple problems of
the coating. If the property of coating and base materials are inhomogeneous and the geometry is
complex, the numerical method may be recommended. In this paper, the contact normal stress of the
coating layer has been solved using finite element method.
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Fig. 1. Coating model and boundary conditions.
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Fig. 2. Detailed meshes of a coating layer contact.

Table 1. Simulation data

No. of element 1,456
No. of node 4,594

8 node, distorted quadrilateral second
order, isoparametric element

Element mode

Contact tolerance (m) 5% 10°
Load (N) 100
Table 2. Material Properties [3]
Materials WC TiC SiC Steel
Properties
Elastic Modulus (X 10° N/m%) 520 410 240 200
Poisson's ratio 024 024 014 03

Density (Kg/m’) 10000 5800 3100 7900
Yield Strength (x 10° N/M?) 4100 5900 700 200
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Fig. 3. Stress distributions of WC-Ti coating contact.

Fig. 4. Stress distributions of WC-Ti coating contact
for the increased loading.

Fig. 32 FEgur39] # 2w (Contact surface) H} 2
ohehsh - 3-20) Y 2aeAA Heh G52 850
MPao] o 340 % Halsh A4S % 4= Sleh. Fig
39 g3 edel Fobatel 3452 A% 277 4
AR AL el AESHE Y2 whe ol
A uEAgsh ol ohiizh A HE-220] WY
ooz alshA ol Sabvl, Tl o)A =A
A=,

Fig. 5+ Fig. 42 H&27 Ax-E # &7 (Contact-
ing surface)® Z3-E] % ¥bH(Bonded surface)7}#] £
-8 7 2 E F (Path plon)Z Hfehd Z1qld], o] HAxlof
sl AEAA] S g FASH Hake

Journal of the KSTLE

Pasition (cm)

Fig. 5. Contact stress of WC-Ti coating layer along the
contacting interface.
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Fig. 6. Displacement of WC-Ti coating layer in the x
direction.
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Fig. 7. Displacement of WC-Ti coating layer in the y
direction.
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Fig. 8. Failure mode of WC-Ti coating layer [1].

Fig. 9. Stress distribution of TiC-Steel coating layer a-
long the contacting interface.
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Fig. 10. Contact stress of TiC-Steel coating layer in
the x direction.
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Fig. 11. Displacement of TiC-Steel coating layer in the
x direction.
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Fig. 12. Displacement of TiC-Steel coating layer in the
y direction.
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