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Table 1  Chemical composition of Gr.2 (ω/%) 

Ti Fe C N H O 

Bal. 0.04 0.01 0.008 0.001 0.08 

min» 600 º�60 min¼�½�*����% 

������	
�

���������	
�

} 2 /�+¯y¾¢±¿À%} 3 /ÁÂ*¿À

ÃÄ

[3]

%Å 1a~1c /23�¯Æ�����®Æ��

��%Ç} 2�} 3 È,ÉÊ��+¯y¾¢±q	

��ÁÂ*ÃÄËÌÍ®%ÇÅ 1a~1c 23����

�È,ÉÊÎ®�¯}7ÏÐÑÒA����/ÓW

*�ÏÐ�ÏÔYÕÖ�×ØÙÚ%ÛNÇÜ23Ý

Þ�T�ßà��»áâ��%��§ã+xy*{

äå�Yæ�£3�çè*}7�����é�Í�

�����êA��ë×ìUí³

[4]

î�ïwLE�ð

Ýh�23ÝÞ�ðñGò�óô�õö÷�ð

ø�ùùgÊ���ð 882 º¥�ú�O$��û

üýþ�*���Û���k��*�E���Y~�

����E���*a�=��/�	% 

 

% +  Gr.2,-./0'12 

Table 2  Size of Gr.2 cross-rolled boring tubes 

Samples Position Test results/mm 

Head 75.7 75.5 75.7 75.6 75.8 

Middle 75.2 75.3 75.3 75.4 75.2 

1# 

Tail 75.1 75.1 75.3 75.1 75.3 

Head 75.7 76.1 75.8 76.5 76.1 

Middle 75.6 75.8 75.7 75.6 75.5 

2# 

 

Diameter at 

different 

positions 

along 

longitude 

Tail 75.1 75.5 75.1 75.5 75.5 

Head 8.00 7.85 8.00 7.95 7.85 1# 

Tail 7.60 7.85 7.70 7.75 7.65 

Head 8.00 7.90 7.90 7.95 7.90 2# 

Wall 

thickness 

Tail 7.80 7.75 7.85 7.70 7.82 
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Table 3  Allowable dimensional tolerance of diameter & wall 

thickness of cross-rolled boring tube

[3]  

(mm) 

Specification Diameter tolerance Thickness tolerance 

+0.80 +0.60 

Φ75×8 

–1.20 –0.60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  Gr.2,-2 R����p�� 

Fig.1  Cross-sectional microstructures of Gr.2 cross-rolled 

boring tube at R state: (a) outer zone, (b) mid-radius 

zone, and (c) inner zone 
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� 2  �27 mm�3.1 mm, 3.0 mm Gr.2+�2NOP�� 

Fig.2  Inner photograph of Φ27 mm×3.1 mm, 3.0 mm Gr.2 

pure titanium tube 

 

 

 

 

 

 

 

 

� 3  �27 mm�3.2 mm Gr.2+�2NOP�� 

Fig.3  Inner photograph of Φ27 mm×3.2 mm Gr.2 pure 

titanium tube 

50 µm 

a 

b 

c 
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Table 4  ε & Q values of Gr.2 pure titanium tubes at the same 

pass under different wall thickness conditions  

Specification/mm d

0

–d/d

0 

t

0

–t/t

0 

ε/% Q value 

Φ35×3.7 / / / / 

Φ27×3.0 0.239 0.189 37.8 1.264 

Φ27×3.1 0.246 0.162 36.0 1.519 

Φ27×3.2 0.254 0.135 34.2 1.877 

Note: d

0

 and t

0

 is inner diameter & wall thickness of tubes 

before rolling, respectively; d and t is inner diameter & 

wall thickness of tubes after rolling, respectively 

 

 

 

 

 

 

 

 

� 4  �19.05 mm�1.244 mm Gr.2+�2���� 

Fig.4  Flaring photograph of Φ19.05 mm×1.244 mm Gr.2 pure 

titanium tubes 

 

 

 

 

 

 

 

 

� 5  �19.05 mm�1.244 mm Gr.2+�2���� 

Fig.5  Flattening photograph of Φ19.05 mm×1.244 mm Gr.2 

pure titanium tube 
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Table 5  Mechanical property of Φ19.05 mm×1.244 mm Gr.2 

pure titanium tubes at room temperature 

Test results 

Annealing schedule Samples 

Rm/MPa Rp

0.2

/MPa A/% 

550 �, 60 min 1# 

2# 

465 

435 

360 

355 

39 

40 

600 �, 60 min 1# 

2# 

415 

415 

315 

310 

42 

42 

Standard 345 275 20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  h���6���19.05 mm�1.244 mm Gr.2 
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Fig.6  Microstructures of Φ19.05 mm×1.244 mm Gr.2 pure 

titanium tubes under different annealing conditions: 

(a) 550 �, 60 min and (b) 600 �, 60 min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  �19.05 mm�1.244 mm Gr.2+�2de��XY 

Fig.7  Detection results of Φ19.05 mm×1.244 mm Gr.2 pure 

titanium tube: (a) cross-rolled boring tube and 

(b) extruded tube 

50 µm 

a 

b 

a 
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Cold Processing Technology of High-Specification Pure 

Titanium (Gr.2) Cross-Rolled Boring Tube 

 

Ma Xiaoju, Qu Henglei, Li Mingqiang, Deng Chao, Wei Beiling, Li Mingli, Li Gang 

(Western Titanium Technologies Co., Ltd., Xi’an 710201, China) 

 

Abstract: The preproduction situation of commercial pure titanium (Gr.2) cross-rolled boring seamless tube was introduced, and the 

problems in it were analyzed. The effect of Q value on tube inner surface quality and boring problems were discussed. Results show that 

the suitable Q value and boring in finished-product-near pass can eliminate inner surface micro-crack effectively and ensure quality of 

finished products. 

Key words: Gr.2 pure titanium tube; cross rolled boring; cold processing  
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