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� 1  B�CDEFGIJ��Z���  

Fig.1  Geometry and loading state of the four-point bending 

fatigue specimen 

 

 

 

 

 

 

 

 

 

 

� 2  B�CD��cdej¡ 

Fig.2  Finite element model of the four-point bending 
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Table 1  Material parameters used in finite element simulation 

Johnson-Cook model 

 Density/kg·m

-3

 Elastic modulus/GPa Poisson’s ratio 

A B C n m ε

0

 

Target 6520 94.5 0.31 283 338.2 0.027 0.48439 1 3.3×10

-4

 

Shot 7800 210 0.26 - - - - - - 
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� 3  34mno+:;<QRST 

Fig.3  Optical (a) and TEM images (b) of surface nanostructured 

CP-Zr (the inset in Fig.3b is SAED pattern of the circle) 
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Fig.4  Four point bending fatigue S-N curves of surface 

nanostructured and original specimens 
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� 5  34mnoZvwGIJEF¨©ª« 

Fig.5  Fatigue fracture morphologies of original specimen (a) 

and surface nanostructured specimen (b) 
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Fig.6  Stress values under different loading states 
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� 7  GI34J]^hi 

Fig.7  Stress distribution on the specimen surface 
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Fig.8  Stress distribution along thickness direction 
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Fig.9  Residual stress distribution of surface nanostructured 

specimens before fatigue test and fatigued for different 

cycles 
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Fig.10  Maximal stress distribution of surface nanostructured specimens during fatigue with different stress amplitudes: 

(a) 50%σ
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, (b) 65%σ

s

, and (c) 75%σ
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� 11  34mnoGIJmn�¸XY 

Fig.11  Nano-indentation hardness of surface nanostructured 

specimen 
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Effect of Surface Nanocrystalline on Four-Point Bending 

Fatigue Properties of Commercial Pure Zirconium 

 

Wang Yaomian, Cheng Jiapeng, Zhang Conghui 

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

 

Abstract: The surface mechanical attrition treatment was used to process the commercial pure zirconium and the fatigue properties of the 

samples were examined by four-point bending fatigue test. By observing the microstructure, characterizing the microhardness and residual 

stress, and combining the finite element method simulation of the stress distribution in the four-point bending specimen, the effect of 

surface nanocrystalline on the fatigue property was analyzed. The results show that the fatigue limit of the surface nanostructured 

commercial pure zirconium increases by about 23% compared with the original sample. This is due to the fact that the maximum tensile 

stress of the original sample under loading is located at the surface region, which leads to the initiation of fatigue cracks in the surface 

layer. For the surface nanostructured sample, the microstructure strengthening effect and residual compressive stress are beneficail for the 

fatigue performance. In addition, crack source is shifted to the subsurface layer because of the high strength of the surface layer. Therefore, 

the surface nanostructured commercial pure zirconium samples possess better fatigue properties.  

Key words: surface nanocrystalline; commercial pure zirconium; fatigue property; finite element method 
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