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Fig.1  Initial microstructure of TA15 titanium alloy with β 

transformed condition: (a) basket-weave microstructure 

and (b) Widmannstatten structure 
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Fig.2  Processing maps for TA15 titanium alloy at true strain of 

0.69 based on Prasad criterion: (a) basket-weave 

microstructure and (b) Widmannstatten structure 
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0 indicates no plastic flow instability defects; 1 indicates flow 

localization bands occur; 2 indicates flow localization bands and 

45° macro shear crack occur; 3 indicates flow localization bands 

and microcracks occur; 4 indicates flow localization bands 

microcracks and 45° macro shear crack occur 

#

� 3  β �	
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(ε=0.69)  

Fig.3  Plastic flow instability defect distribution maps of TA15 

titanium alloy with β transformed microstructure at strain 

of 0.69: (a) basket-weave microstructure and          

(b) Widmannstatten structure 
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Fig.4  Photographs of 45° macro shear crack of the TA15 titanium alloy with β transformed microstructure at strain of 0.69: (a) 800 (, 

10 s

-1

, basket-weave microstructure; (b) 750 (, 10 s

-1

, basket-weave microstructure; (c) 800 (, 10 s

-1

, Widmannstatten structure; 

and (d) 750 (, 10 s

-1

, Widmannstatten structure 
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Fig.5  Metallographs of microcracks of TA15 titanium alloy with Widmannstatten structure at strain of 0.69: (a) 750 (, 0.1 s

-1

; (b) 800 (, 

0.1 s

-1

; (c) 850 (, 0.1 s

-1

; (d) 750 (, 10 s

-1
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Fig.6  Metallographs of flow localization bands of TA15 titanium alloy with β transformed microstructure at strain of 0.69: (a) 800 �,   

1 s

-1

, basket-weave microstructure; (b) 750 �, 1 s

-1

, basket-weave microstructure; (c) 800 �, 1 s

-1

, Widmannstatten structure;   

(d) 750 �, 1 s

-1

, Widmannstatten structure�
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Fig.7  Variation in equiaxed α phase fraction with strain rate (a) 

and temperature (b) for TA15 titanium alloy with β 

transformed microstructure
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Fig.8  SEM images illustrating the β phase wedged of wedging into α/α interface in TA15 titanium alloy: (a) basket-weave microstructure, 

850 �, 0.001 s

-1

; (b) Widmannstatten structure, 850 �, 1 s

-1

; (c) Widmannstatten structure, 900 �, 0.01 s

-1

; (d) Widmannstatten 

structure, 900 (, 0.1 s

-1 
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Plastic Flow Instability Behavior of TA15 Titanium Alloy with β Transformed 

Microstructure 

 

Dong Xianjuan, Lu Shiqiang, Wang Kelu, Ouyang Delai

 

(Nanchang Hangkong University, Nanchang 330063, China) 

 

Abstract: An isothermal constant strain rate compression test was performed on TA15 titanium alloy with two types of β transformed 

microstructures of basket-weave and Widmannstatten in the temperature range of 750~950 °C and the strain rate range of 0.001~10 s

-1

. 

The results show that there is a wide range of plastic flow instability in the two β transformed microstructures in low temperature and high 

strain rate regions (750~880 °C, 0.0032~10 s

-1

). The instability range of Widmannstatten microstructure is larger than that of the 

basket-weave microstructure. The instability defects of Widmannstatten microstructure mainly include 45° macro shear crack, microcrack 

and flow localization band, while the defects of basket-weave microstructure are chiefly 45° macro shear crack and flow localization band. 

The plastic flow instability is more likely to occur in Widmannstatten microstructure than in the basket-weave one, which is primarily due 

to the poor deformation coordination caused by the coarse lamellar α in Widmannstatten microstructure.  

Key words: β transformed microstructure; flow instability; flow localization band; boundary of prior β; spheroidization  
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