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Table 1  Chemical composition of commercially pure titanium 

H O C N Fe Ti 

<0.15 <0.18 <0.08 <0.03 <0.2 Bal. 
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Fig.1  Dimension of sample for fretting fatigue test 
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Table 2  Test results of fretting fatigue of ultrafine 

grained pure titanium 
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Status 
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(20%σ
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343.95 225.17 1000000 No fracture  
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507.67 297.87 36451 Fracture 52.91 
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Fig.2  Fretting fatigue fracture morphologies under different cyclic stresses: (a) 25%σ

s

, (b) 35%σ

s

, (c) 40%σ

s

, and (d) 50%σ

s
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Fig.3  Fretting wear morphologies of ultrafine grained pure 

titanium under 20%σ

s

: (a) shape of the fretting wear zone; 

(b) etch pits and abrasive grains 
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Fig.4  Fretting fatigue fracture morphologies of ultrafine grained pure titanium under 35%σ

s

: (a) fracture morphology, (b) secondary crack 

in the extended zone, (c) crack distribution, and (d) fracture zone 
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Fig.5  TEM images of ultrafine grained pure titanium without fretting fatigue (a) and with different cyclic stresses; 

(b) 50%σ
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(c) 40%σ
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, and (d) 35%σ
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Fretting Fatigue Characteristics of Ultrafine Grained Pure Titanium 

 

Yang Xirong, Wang Liyuan, Hao Fengfeng, Lei Manjiang, Liu Xiaoyan, Luo Lei 

(Xi’an University of Architecture and Technology, Xi’an 710055, China) 

 

Abstract: The fretting fatigue characteristics of ultra-fine grained pure titanium under cylindrical-plane contact were studied by using a 

fretting fatigue test fixture designed by ourselves, and the effect of cyclic stress on its fretting fatigue life was analyzed. The fretting 

damage mechanism was analyzed by observing the wear and fracture morphology of the contact zone. The fretting fatigue life of ultra-fine 

grained pure titanium decreases with the increase of cyclic stress when the normal load is constant. The fretting fatigue crack originates at 

the edge of the contact zone, and the wear zone breaks seriously and has abrasive particles attached to it, which accelerates the fatigue 

failure of the specimen under the action of abrasive wear. The fracture surface shows both fatigue morphology and fretting morphology. 

The morphology changes from smooth to rough to fracture, the crack grows from small to large, the crack growth rate increases gradually, 

and there are secondary cracks in the crack propagation zone. There is a ridge-like morphology between the crack propagation zone and the 

fracture zone due to the uneven force. 

Key words: ultrafine grained pure titanium; fretting fatigue; abrasive wear 

 

Corresponding author: Yang Xirong, Ph. D., Professor, Xi’an University of Architecture and Technology, Xi’an 710055, P. R. China, Tel: 

0086-29-82202923, E-mail: lazy_yxr@qq.com 


