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Table 1  Chemical composition of Ti-6Al-4V alloy (ω/%) 

Element Ti Al V Fe C N 

Value Balance 6.5 4.3 0.06 0.01 0.01 

EDS 89.89 5.91 4.20    
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� 1  TC4*+��� SEM� 

Fig.1  SEM morphology of TC4 titanium alloy 
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� 2  9:;<=>? TC4*D+,-.�3�COF��� 

Fig.2  Evolution of COF for TC4 alloy at various displacement 

amplitudes 

 

 

 

 

 

 

 

 

 

 

 

� 3  9:;<=>? TC4*Dv�-.�3�COF� 

Fig.3  Average of COF for TC4 alloy at various displacement 

amplitudes 
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� 4  9:;<=>? TC4*D+,/�c  

Fig.4  SEM-SE (a~d), SEM-BSE (a′~d′) and LCSM (a″~d″) images of the worn scars for TC4 alloy at various displacement amplitudes: 

(a, a′, a″) 20 µm, (b, b′, b″) 45 µm, (c, c′, c″) 65 µm, and (d, d′, d″) 100 µm 
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� 5  TC4*89:;<=>?/�UB¡¢N/0£oD¤� 

Fig.5  Evolution of worn surface profiles (a) and wear volumes (b) for TC4 alloy at various displacement amplitudes 
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� 6  TC4*89:;<=>?/�c ¥¦ Ti§O¨©FG 

Fig.6  Corresponding titanium and oxygen distributions of worn surface for TC4 alloy at different displacement amplitudes: 

(a, a′) 20 µm, (b, b′) 45 µm, (c, c′) 65 µm, and (d, d′) 100 µm 
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� 7  TC4*8;<=> 20 µmª«?+,/�UB EPMA¬ 

Fig.7  EPMA examination of the fretted surface for TC4 alloy at displacement amplitude of 20 µm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  9:;<=>ª«?/uc  

Fig.8  SEM images of wear debris at various displacement amplitudes: (a) 20 µm, (b) 45 µm, (c) 65 µm, and (d) 100 µm 
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Distribution of the Wear Particles for TC4 Alloy in Fretting 
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Abstract: To have a better understanding of fretting wear for titanium alloys, the effect of wear particles distribution on coefficient of 

friction, wear volume, surface topography and damage mechanisms at various displacement amplitudes was investigated. The results show 

that the displacement amplitude has a significant influence on the distribution of the fretting wear particles. The “flake-like” delamination 

formed by the central adhesive tear is stacked into a “ridge” in a direction perpendicular to the fretting at a relatively low 

fretting-amplitude. At a medium amplitude, the debris particles are scattered on the contact surface. When the amplitude is even increased, 

“cluster-like” debris are accumulated into a “ridge” parallel to the direction of the fretting. The various distribution of the wear particles 

leads to the change in the wear mechanisms from the adhesion to abrasion with slight adhesion, and finally to the abrasion accompanied 

with the oxidative wear.  

Key words: TC4 alloy; fretting wear; wear particles; displacement amplitudes; distribution 
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