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Table 1  Rolling technological parameters 

Rolling 

path 

Billet 

temperature/U 

Roller diameter/mm Speed ratio Surface temperature of roll/U 

Reduction 

ratio/% 

Cyclic number 

CR 450 Upper/lower roll: 100 1:1 Upper/lower roll: 210 10 6 

NWR 450 Upper/lower roll: 100 1:1 Upper roll: 210, lower roll: 120 10 6 

RUB 450 Upper roll: 40, lower roll: 100 1:1.6 Upper roll: 210, lower roll: 120 5 12 
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Fig.1  IPF images (a, d, g), (0001) polar diagrams (b, e, h) and anti-polar diagrams (c, f, i) of titanium plate rolled by different paths: 

(a~c) CR, (d~f) NWR, and (g~i) RUB 
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Fig.2  Distribution diagrams of grain boundary orientation of titanium plate rolled by different paths: (a) CR, (b) NWR, and (c) RUB 
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Fig.3  ODF of titanium plate rolled by different paths: (a) CR, (b) NWR, and (c) RUB 

 

� ���3 �����	
��
���� 

Table 2  Texture component of titanium plate rolled 

by different paths 

Euler angle/(°) 

Rolling path Component 
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{12 30}<54 11> 12 89 20 
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Fig.4  Twin transition diagram of {1121}<1010> parent/ 

daughter in isothermal rolling condition 
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Fig.5  Morphologies of circular depressions shaped by rolling on the side surface of experimental titanium plate: 

(a) before rolling, (b) CR, (c) NWR, and (d) RUB 
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Fig.6  Schematic diagrams of mechanical structure stress (a~c) and the changes of circular depressions shaped by rolling (d~f): 

(a, d) CR, (b, e) NWR, and (c, f) RUB 

 

�¼½#$�¾
={0001}<10 1 0>x*#$� 

C
����+"	�*¦B�*
	��DE

FGH�-
B���C
���¿�
FGI�D

E_FGJ�DE�À�
ÁFGJ�DE¨FGH

�IDE�ÂÃ
DEOPFGH��.QÃÄOP

WdXY�UV
§i 7 ��
WXY�`XYÅa

ef������DEklFG)(ÄVkÆ
§i

6b w� S

1

¦ S

2

���gT����165*��z

rKk{���|r
v��j α��K�]C
�

���������DEOPRSWXY
"`XY

�WXY�Çef�Q�Èy«��)( RD FG�

DERS α����É
§i 7������ÊËÌ 

a 

b 

c 

d 

V

1

>V

2

 

σ

1 

V

1

 

σ

1

′ 

τ

1

′

S

1

′ 

f

1

′ 

 

 

σ

1

′ 

 

τ

1

′ 

S

2

′ 

 

τ

2

′ 

τ

2

′ 

f

2

′ 

σ

1

′ 

σ

1

′ 

S

1

 f

1

σ

1 

τ

1 

τ

1 

τ

2 

τ

2 

S

2

 

f

2

 

σ

2 

σ

2 

V

2 

V

1

>V

2

 

V

r1

>V

r2

 

V

1

 

V

r1

 

σ

1

″ 

τ

1

″ 

τ

1

 

τ

2

 

τ

2

″ 

f

1

″  

V

2

 

σ

2

″ 

V

r2

 

S

1

″ 

σ

1

″ 

∆τ

1

″ 

S

2

″  

∆τ

2

″ 

σ

2

″ 

f

2

″ 

τ 

σ σ 

τ 

σ 

σ 

d 

e 

f 

α 

 a 

b 

c 

High temp. zone 

Low temp. zone 

High temp. zone 

Low temp. zone 



¬1200¬                                           ­�
® !"#$                                          � 48� 

 

 

 

 

 

 

¯ 7  EC+,8]�Ä�Å�lÂ¯ 

Fig.7  Schematic diagram of the shear surface shaped by 

differential temperature rolling 
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Abstract: The effect of the rolling mode on texture evolution in the commercially pure titanium (CP-Ti) TA2 sheets was investigated. For 

this purpose. The samples were rolled by three route modes: Route A is conventional rolling (CR), Route B is non-isothermal rolling (NWR) 

which CP-Ti sheets were rolled under a fixed temperature difference of 90 °C for the upper and lower rolls. Route C is repeated 

bending-unbending (RUB) where the sheets were bent by non-isothermal rolls with differential speeds. The crystallographic orientation 

and texture component of the samples were analyzed using EBSD. The results indicate that the deformation textures significantly vary with 

the rolling modes. The texture of the CRed sheets is similar to those typical rolled α-titanium, except that the center of the main peak is 

slightly shifted for a few degrees. And the small recrystallized grains and large deformed grains are oriented along <0001>//RD. However, 

prismatic texture forms in NWRed sheet and the grains’ orientation is <21 10>//RD. The texture and orientation changing are contributed 

to different temperatures for upper and lower rollers surface and thus induces intense shear strain uniformly throughout the sheet. NWR has 

a similar effect on shear deformation as equal channel angular extrusion. Basal texture and pyramidic texture are observed in the sheets 

processed by RUB, and the priority is pyramidic texture. The finer grains exhibit a strong orientation of <0001>//RD, and two weaker 

orientations of <21 12>//RD and<21 13>//RD. 

Key words: rolling mode; non-isothermal rolling; repeated bending-unbending; texture evolution 
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