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Damage Analysis of TiN/Ti Coatings Under Cycling Impact with Hard Particles
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Abstract: Hard thin coatings deposited on blades of the compressor of an aircraft engine can improve the anti-erosion
performance; however, the coatings hardly protect particle damage with a high impact angle and brittle cracks occur easily. A
kinetic energy controlled cycling impact test was applied to simulate the normal impact to coatings. The influence of the
volume fraction and layers on the impact damage of TiN/Ti coatings was investigated. The failure mechanism of coatings was
analyzed through damage characteristics, impact mechanics response, and stress distribution. The results show that spalling
and circular crack failures occur in TiN/Ti coatings. The spalling and circular cracks are induced by high stress gradient
existing in the hard layer and the interface between the hard layer and the adhesive/transition layer, tensile stress in the upper
surface of the hard layer at the edge of the impact zone, and material pilling under cycling impacts. The impact dynamic
response remarkably differs with volume fractions and layers. The bilayer coating with a volume fraction of 3:1 shows better
anti-impacting performance among different volume fractions, and the coatings with 4 layers shows better anti-impact
performance among different layers sharing the same volume fraction of 9:1.
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Table 1  Structures and mechanical properties of TiN/Ti coatings

Thickness / Modulation  (HY/E*)/

Coatings um Layer (TiN:Ti) GPa
L2(19:1) 14.78 2 19:1 0.18
L2(9:1) 10.84 2 9:1 0.22
L2(3:1) 10.74 2 3:1 0.26
L4(9:1) 10.63 4 9:1 0.24
L10(9:1) 11.24 10 9:1 0.09
L20(9:1) 9.73 20 9:1 0.10
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Table 2 Parameters of cycling impact testing of TiN/Ti coatings

Parameters Values
Material (ball) SizNy
Diameter / mm 2.38
Mass of impact block / g 215
Velocity / (mm's™) 120
Impact cycles 10*
Kinetic energy / mJ 1.548
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Table 3 Material parameters of numerical simulation of TiN/Ti

coatings
Material TC4 Ti TiN Si3Ny
Density / (kg'm™) 4428 4500 5400 3200
Elastic modulus / GPa  104.8 100 480
Poisson’s ratio 0.31 0.27 0.25
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