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Table 1  Chemical composition of TC4 alloy (ω/%) 

Others 

Al V Ti Fe C N H O 

Individual Total 

5.5~6.8 3.5~4.5 Bal. 0.30 0.10 0.05 0.015 0.20 0.10 0.40 

 

 

 

 

 

 

 

 

 

 

h 1  TC4H�AJs°±²�RS³��TY´µXRSAy¶·h 

Fig.1  Picture of TC4 ring (a), distribution of test points (b) and test surface (c) 

 

 

 

 

 

 

 

 

 

 

h 2  TC4H�AJKLMNRSi� 

Fig.2  Test orientation of TC4 alloy ring: (a) equiaxed view, (b) end surface, and (c) toroidal surface 
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h 3  AJVWº#Z^»¶·h 

Fig.3  Schematic diagram of the bulging process of rings 
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Fig.4  Stress distribution within the ring during bulging: (a) elastic, (b) elastic-plastic, and (c) plastic 
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Fig.5  Residual stress distribution of ring A and B: (a) inner face, (b) upper end face, and (c) lower end face 
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Fig.6  Mean stress and reduction rate of stress in inner ring surface 
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Fig.7  Mean stress and reduction rate of stress in upper end face 
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Fig.8  Mean stress and reduction rate of stress in lower end face 
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Fig.9  Evaluation of residual stress uniformity on inner ring surface 
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Fig.10  Evaluation of residual stress uniformity on upper end face 
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Fig.11  Evaluation of residual stress uniformity on lower end face 
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Abstract: Residual stresses in TC4 ring forgings were tested and described using radar charts. The effects of bulging process on residual 

stress and its distribution along circumference were analyzed. The results show that radar charts can describe effectively the values and 

distributions of residual stresses along circumference for the ring forgings. And the bulging process is an effective way to adjust the 

residual stress in the ring forgings. For the ring forgings in the present paper, the residual stresses are compressive stresses and fluctuate in 

the range of –50~–150 MPa. A sharp area exists in each radar chart and is weakened after bulging process; meanwhile, the average residual 

stress is decreased slightly. The hoop stresses are relaxed much more than the axial and radial stresses, especially on the inner face and 

upper end surface with the reduction rate of about 24.8% and 20.2%, respectively. The distribution uniformity of residual stress is 

improved after the bulging process, except for the lower end surface.  

Key words: residual stress; TC4 alloy; blind hole method; bulging process 
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