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ness deposited on the aero-engine compressor blades under the impact of sand particles. Vertical cycling impact test of Si;N,

hard particle under constant kinetic energy was adopted. The influence of thickness on the impact damage of TiN/Ti coatings

was investigated. The impact damage characteristics of coatings with different thickness were analyzed by dynamic response of

coatings, energy absorption rates, contours of impact pit, H/E? values of coatings and damage morphologies. The stress distri-

bution of coating under normal impact was obtained by ABAQUS software simulation. It was found that among the bilayer

TiN/Ti coating of modulation 9 : 1, the pit diameter of coating with 25 pm was the largest, about 382.49 pm, and 24.82% larger

than the minimum pit diameter of coating with 20 um. The pit depth of coating with 25 um was the largest, about 8.17 pm and

49.91% larger than the minimum pit depth of coating with 15 pm. The contact peak force of coating with 5 um was the largest,

about 161.44 N and 26.16% larger than the minimum contact peak force of coating with 20 um. There were three characteristics

of impact pit damage: the fatigue spalling and fatigue wear in the central zone and intermediate zone, fatigue circular crack and

fatigue spalling in peripheral zone and deformation of coating/substrate. Spalling was the main damage characteristic. With the

increase of the coating thickness, the impact resistance of coating increases first and then decreases. The coating with 20 um

thickness shows the best anti-impact performance among different thickness. The stress gradient and cycling alternating ten-

sion-compression stress in the hard layer account for the fatigue circular crack and fatigue spalling and the high stress gradient in

interface of hard and bonding layers accounts for the interface fatigue pilling.

KEY WORDS: cycling impact; TiN/Ti coating; dynamic response; fatigue circular crack; fatigue spalling; stress gradient
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Tab.1 Technological parameters of Ti*injection

Steps Process vIoI;JtZ;S/I;{gV I/I(IJX elc (;ﬁ%gcfl‘fff Arc current/A  Bias voltage/V  Duty cycle/% thlfl(;?;?i?ln
1 Ti" injection 8 3
2 Ti deposition 100 -200 90 0.1
3 Ti" injection 12 3
x2 AEAEBETINTI R2ERRIESH
Tab.2 Deposition technological parameters of TiN/Ti coatings with different thickness
. Ti layer TiN layer
Coatings  Thickness/pm Arc Bias Dutyo Debpositi D iti
current/A  voltage/V ~ cycle/%  Beam/mA cposition Beam/mA €position
time/min time/min
T5 5 100 -200 90 550 6.2 600 55.8
T10 10 100 -200 90 550 12.4 600 111.6
T15 15 100 -200 90 550 18.6 600 167.4
T20 20 100 -200 90 550 24.8 600 223.2
T25 25 100 -200 90 550 31.0 600 279.0
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Fig.1 Impact force response waveform at 10*™ impact
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impact of TiN/Ti coatings with different thickness
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Tab.3 Basic parameters of material

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

*4 TCA5TIMJICSH
Tab.4 J-C parametersof TC4 and Ti

Material TC4 Ti
A/MPa 1098 309
B/MPa 1092 80

n 0.93 0.16
m 1.1 1.58
C 0.014 0.058
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