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Ò 1  kqrs�VÓÔÒ 

Fig.1  Outline of pipe bending using induction heating 
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Ò 2  hiCnÓÔÒ 

Fig.2  Schematic figure of core bar 

 

 

 

 

 

 

 

 

 

 

 

Ò 3  Õ]hijCÓÔÒ 

Fig.3  Sketch map of conventional core bar: (a) single 

arc and (b) double arc 
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Ò 4  TUV<ABCÖ 

Fig.4  Finite element model of ring pipe 

Thrust unit 

Actuator 

Core bar 

Core bar 

Blank 

Core bar 

Induction heater 

Area of induction heating 

d

2

 

θ 

R

0

 

d

1

 

L

1

 

a 

b 

R

2

 

θ

2

 

R

1

 

θ

1

 

L

1

 

d

1

 

d

2

 



� 10�                                   '  (�;RS>TUVWUCn�z��                                Ï1803Ï 

 

�1�
±�5��jkm�Ý/
��
±��5

Å 25~40 mm12���H���~H�6�Ï�:d

���1Ý������Ë5=Å 20 z�d��j

km�Ý��kÝ=Å 800 �6d���Lv�H�

,�Ie�d���Ll¿ �¡v��:-�¢£

þ¤H� Film� Radiaê�1 

���������

;<=>?�¥¦K���gh�xE§¨ò

91�K�9©

[11]

w/�: 

min

∆ 100%

t t

t

t

×

�

�

 

Nw�∆tÅ;<WX9�tÅ�L;<�t

min

Å�Q�

;<1:�A���

∆ 12.5%t�

�:)*�

∆ 10%t�

^ô

yzw���H�)*�9©_1 

ª:��o�^«ef��gh�-�����

�w�£�;U��d�þ¬�<5©ôW­Om

[12]

�

Ð^�G®M®�Y�<5 �ñþ²1����K

�G®��¯�K��°± 10 mm[ 40® �-û

üG®þ²6h��®�Y�KU�°± 4.5ºZ[ 40

®�­-ñþ²K�����w�®þ�/0�Ï


5Ð�1 

���������	
��
��

Á©Â�Ã±ù  a à²B]ka]b�mý/

0�2Æµ"r�Babcd��+1ÅBþ²Á©

Â�ù  a Æ:����<5þ�=>?�ÍÎ�Z

�jkúÅ 1.33�KLbÅ 40º�Z[ a=0.8�a=1.0

� a=1.2� 3�³�:úþ²1 

�
 6 ;<þ�
`A:K�Y�;<�¯�/


´ 80 mm/STWX�s";<¢� 0.6 mm�µ

þ�¶£V���©ô�W­	���;<��6µ

a=0.8 �K�·LÝY��;<mýú¸"�µÁ©

Â�ù Z¥P 1.2 �K�·LÝ�æ5¹ºW"�

¡Y�;<mý�:¸µ�V��Y����èW"1 

 

 

 

 

 

 

 

 

 

Ò 5  z×
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Fig.5  Location of digital point 

 

 

 

 

 

 

 

 

 

 

Ò 6  ±Ùa�bcyz�V§����ÚÒ 

Fig.6  Thickness change in axis direction with different 

Archimedes constants 
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Ò 7  ±Ùa�bcyzTÛ���ÚÒ 

Fig.7  Thickness change in hoop direction with different 

Archimedes constants 
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Ò 8  Ü�Ý¬�Þ 

Fig.8  Localized distortion 
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Ò 9  ±Ù|}~TÛ���ÚÒ 

Fig.9  Thickness change in hoop direction with different 

expanding diameter ratios 

 

 

 

 

 

 

 

 

 

 

Ò 10  ±Ù|}~�V§����ÚÒ 

Fig.10  Thickness change in axis direction with different 

expanding diameter ratios 
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Ò 11  ±Ù��i�ÉTÛ�� 

Fig.11  Thickness in hoop direction at different bending angles 
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Ò 12  TUV� �Þ 

Fig.12  Wrinkle of the ring pipe 

 

 

 

 

 

 

 

 

 

 

Ò 13  V����Ú�f 

Fig.13  Wall thickness distribution curves of ring pipe 
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Optimization of Die Parameters for Titanium Ring Pipe Formation 
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Abstract: A computer simulation system of the ring pipe bending process of titanium alloys was established using MSC/Superform finite 

element simulation software on the basis of elastic-plastic finite element theory. The Archimedes spiral was selected as the center axis of 

the ox-horn die with small bending radius for maintaining the continuity of the curvature radius. Optimization simulation of die parameters 

such as Archimedes constant, expanding diameter ratio and bending angle was carried out by mid-frequency induction heating method. 

The conclusions are as follows: (1) the reasonable Archimedes constant can ensure the sound uniformity of the wall thickness and the 

optimized constant was 1.0 according to the simulation; (2) the too higher expanding diameter ratio would induce easily some defects such 

as crinkles and thickness-decrease, while the too lower ratio would induce thickness-increase of the abdomen and uniformity-decrease of 

the wall-thickness; thus the preferred ratio value was 1.33 for the process; (3) if the bending angle was too small, the pipe bending 

progress was severe and the mechanical properties of the obtained pipe could not satisfy the requirements well; if the angle was too large, 

the bending progress was stable, but the thrust became difficult as the increase of the thrust resistance; therefore, the preferred bending 

angle was 40° for the process. The titanium ring pipe with uniform wall thickness, high-voltage-resistance and equal strength was obtained 

using the above mentioned parameters, detected by the orthogonal test. 

Key words: titanium alloy; ring pipe; uniform wall-thickness; parameter optimization 
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