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Abstract 
Metallic bellows have many applications in various industries such as oil and gas industries. In recent decades, various processes 
such as mechanical and hydroforming methods for production of bellows have been proposed. Hydroforming process is one of the 
best methods for manufacturing of metallic bellows with expected characteristics. In this paper, hydroforming process of metallic 
bellows for AISI 304 stainless steel has been investigated experimentally and numerically. For this purpose, effects of some process 
parameters such as internal pressure, die stroke, radius of die corner, friction coefficient, thickness and length of tube on metallic 
bellows formability has been studied. The results show that with an increase in the internal pressure and also die stroke length, the 
height of convolution is increased and the thickness of outer diameter of bellows is decreased. In addition, the other numerical 
investigations show that by reducing in the friction coefficient and also initial thickness and length of tube, convolution height is 
increased and the thickness of a point positioned on convolution crown is decreased. It should be noted that a good agreement 
between the results of experimental work and numerical simulations were obtained that show a good precision in the performed 
numerical simulations. 
Keywords: Hydroforming, Metallic bellows, Height of convolution, Thickness distribution. 
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 ���4l

)kg/m3( 

0.29 188 200 8000 

  

Z���:��2MN ����� 6? G���	 ����D -�D i�D �B :�=�B -

�B @=
A� �^��� �� ��AV <�:�� � �	4�� X�;��� h>�C��� �,�	B-

 �� �?��E 	MN ��^�� �� ��qE �� ��AV ZD�� �3�� H�	
/�B

���� � ���6� -�D��/  k� ���� .�+ a�.�� @=
A� -�D  

  

3 - ��X�0%��� '5(�5 '*��  

 ����k� -�C?� )�� 5�W,��� ����B -��O )�� 7��,� -�	B 

 	B h��^ ��
 � �� ���B �,��6� SF��� :� -����B �� ���	P� S^ �B

.��+ �� 7��B S����	;�� ����2� 5� o,�� �6��  	�E� -�D �D� ��

 c�O�V�� -��O �,�	B 6? -��O )�� H�� :� -����B H�PPk�

] ��� ���>� ���;
,� 5����� �,��6� �:�^ �� �;=
A�7  �8.[  6?

-�	B ���+-:�, ����	  G���	 ����D :�=�B :� a	���C � -�C?� ���k� 

ABAQUS���;
,� ��+ ,� .H���� ZD�I� S���B 7��P� -��k� 

�,��D W��N �2MN� ���� 8��:�-�D �� -�2B -�	B ���+ -:�, ���;
,� 

��+ ,� .�����D �Bc��3 7��P
� -��k� S�+	�*�1 � �B 

7�>��CAX4R�+ 8�� .W��N�D �B c��3 7��P
� -��k� W=3 

�=�=k�28�� �����	0 �B S��� b�A
�� X�� Z��7�>��-��B ��/� 

S�=k�� C�� ���	4� .8����-:�, c�2MN � oP  �^�M, :� W��N �� 

��>��� �B ���� ����	N ��	�0 � 8�� -:�, ���+ .�O�>.� W��N �B 

                                                             
1Axisymmetric Deformable 
2Axisymmetric Analytical Rigid 

Fe S Si Ni Mn Cr C 

66-74 0.03 1 8-10.5 2 18-20 0.08 
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c��3 �
,��-�1�� �+ .-�	B � 	2� c�qA/� ���� � Y��
�:� ,�B 

���� :� Z���:� Z/� ��� ���;
,� ��+ ,� .���P� W�	V 1��M3� 

H�B u�M, W��N ����� ���+��-:�, 1/0 �
 	0	J��� �+ .���+-:�, 

���� S��+ �=^	��� ���B ,� .�=^	��� 8�� ��
B� ���� W��N�� 

)�	4�����2�	D�B ���A�� (��/B-� ��+ Lr,� ��^�� ��/B-� ��+ �B 

H
�B c�k;3 W��N <>? �����+ .S�+5 H�� �=^	��� �� -�	B 5� 

W��N �B �	4���� 7�/� ���D� .<>?�� 7�+ c�k;3 W��N �D�	��� �B 

c��3 5� � 	U 8�>O� �����	0 .a�.���� ���+ -:�,�D :� ��k��-�D 

��/  -���.B�? �� 7��:-�D ���+-:�, @=
A� _B�M� S�+-�D6 �7 

���;
,� �+.  

  
(L<5)                                     (Y)  

F�5- F� FG5-���X� �0 *+��� '-�Z �,��	<�� (L<5 :'0�: '*��

F� (Y�-1�2 
$0�$  

  

  
F�6- ��X� L�M7� FG5-� �0 S��* ��#) 
����'*��  

  

                                                             
1 Shell 

  
F�7-  ��X� L�M7� FG5-� �0 S��* I�+2 U+H 
����'*��  

  

4 - \�� % ].�M� 

4-1 - 6��'0�: % 
�-	4 ].�M� 
	��  

Z���:� Y��
� C�� � W��N ���� Z��C � �� ��� 7�/� �B	.� -�D

�� :�=�B ��AV ZD�� 7�C�� ����:� W�, 8��, ��/  Z��C �.��	0 

 �MP� �� ��qAB :�=�B <�	, ��AV ZD�� �B 	.�� ��/  Z��C �

�� �
^ � ��+ :�=�B ]�� 	B <N�� :�=�B �0��� sO�B �����S�+ .��	08 

�B �	4�� X�;��� 8�U � �D��/  -�:� �B �B	.� Y��
� :� ���� ,�

������ 7�/� �� @=
A� -�D.�D�  

�=3� :� ������ H�	�:�=�B �;�� �,�	B -�D�B �-����� -�D ,�

�� ������ ��AV <�:�� 7�����:���� -�	B .�+�B ��AV <�:�� -	�0

 �B -C=  :�=�B ��
B� ���AV 7��B h� � ���[�� �,��D 	U�E �B �2MN

 :� -�	B Lr, ��+ ���	B -	MN 6? �� c��	��� ��4
,� :� ���;
,�

���=� 7�	B H�B �N� Z��C � � )	B :� S3�^ -�D� SP�3-��  .�+

 S�+ _B�M� @=
A� �^��� �� �2MN ��AV �6
�� ��9  :� ���;
,� �B

��AV�:���� ������� Y�,�� -	�0 S�+ .��+10  <�:�� ����>�

 o��	+ �� �� �?��E 	MN �� �=E�� 	MN 	��� �� :�=�B ��AV

 �D�4/���:�(P=110 bar, L=12 mm, R=3 mm)  �� 7�/� .�D�

 ����� :�=�B ��AV ZD�� �?��E 	MN >, �B �=E�� 	MN :� ��+

 ��AV H�	
>� -���� :�=�B �?��E 	MN �� ��?�� x�P� � �
 ��

��  �� ��AV :�.� ZD�� ZD�I� H�� �� �� ���2� .��+�B

75/0�� ����� ��AV S�+ �B �?�� �B .�+�B10  ZD�� 7�C��

 ZD�� �� �� ���2� �B ��AV75/0 � -��0:�, ��B ���� ��AV .���

7�>D ,�B Y��
� H�B �B�E ����A>D �,� ���� S�+ :� �� ���0

.���� ��?� �B	.� Y��
� �B -��O -:�, ���+ :� ����  

  
F�8- �-1�2 3��4�5 -� ��#) % J<�> I�+2 -�^�4  
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F�9- �*5��5 -�_���� ��<+4 '(�) *+��� 6��78 '-�Z  

  

  
F�10-  ].�M� `�� 6��78 9.*+M.0�: % 
�-	4'(�) *+���  

  

���CD S���B Z���:� _�	U :� �D	
����� �>D �,�	B 7��B 	B

 	T�� -�D	
����� 	T� �,�	B -�	B ���k� -�C?� S�=k� Y��
� :� ��B	.�

 	BS�+ �=B�N-	�*� .�+ ���;
,� ����  �4� ��T �B �� c��3 H��B

�� 7� c�	��j� 	T� �	
����� 5� ���P� �� 	��j� � �D	
����� H
+�� 	
���

�� �,�	B.��+  
  

4-2 - 6��78 9.*+4 % �-1�2 3��4�5 -� ��#) -^5 
��-�  

�B -�	B,� �G���	 ����D c��=>O �� h��, 8�qk� 7����

 �����E	B ��K�B �>D� :� -��k� ��*j� � �=E�� ��/  H�B 8��2�

���+ .,� ��2� .�+ a�.�� B�T o��	+ �� @=
A� -�D��/  �B -:�,

 ��/  	
����� oP �� �	  B�T �D	
����� 	��, � ���B 	�j
� .���+

 �� ��/  Z��C � �B �� ��� 7�/� ZAB H�� :� S3�^ Y��
� �,�	B

�	4�� �B�T ���� �B � 	
>� �0����	l � 	���=B X�;��� �B ���D

����� ��.�� ���	�B ��^�� �� ������ 	
/�B �0�+ 1:�� -�D .��+

1:�� Z��C � 8�^ H�� �B�� �0�+  ��.�� �B 	.�� :�=�B ���	�B ��^��

�� �0���	� S�+ �� .��+11  �?��E 	MN �MP� ���.B�? ����>�

7��: �� �� :�=�B���+ -�D 7�/� �� @=
A� -�D��/  -�:� �B -:�,

�� �� ��D�/� �� y�D��� Z��C � �	4�� X�;��� ���/  Z��C � �B ��+-

.�B��  

  
F�11-  a�4 -� 9>5% �=D� 
.�	���L�M7� '�$��#) �0 �-1�2  

  

S�+ -�D12  �13  � �	4�� X�;��� -�� 	B �� ��/  	T� W��	� �B

�� 7�/� �� ��+ ����� -C=  :�=�B �	4�� ]�� ��AV Z��C � .�D�

 ���	�B ��^�� �� w�3�qE 	
/�B ��AV ZD�� sO�B �=E�� ��/ 

�� h� 1��M3� 	T� S��� �B :�=�B ���	�B ��^�� �� ��AV .��+ 

�� Sk� �� .��+�� ��>� �� W��N �B ���� �� ���D 1��M3� ��+�B

�� ���� H
 �� 7��	? <������^ �� y��	0 	MN ��:� �^��� �� ��

 .����� ��?� <��� H�� :�=�B �?��E �?��E 	MN ��^�� 	4�� 7��B �B

���^ �� ����B 8��, ��/  �//� Z�� k� :�=�B :�=�B �=E�� 	MN ��

�/  Z�� k��� -� :�=�B �?��E 	MN ��^�� W�, H�>D �B .�+�B

1:���� 7� �=E�� 	MN :� 	� .��+  

  
F�12- 4b'0�: '*�� ��X� �0 �-1�2 3��4�5 -� 
�W50 ��#) -�^  

  

  
F�13- ^b4 '*�� ��X� �0 �-1�2 a�4 6��78 -� 
�W50 ��#) -�

'0�:  
  

4-3 -  % �-1�2 3��4�5 -� J<�> I�+2 U+H -^5 
��-�

 9.*+46��78  

 ���� ��6l �W��N ���� 	T� �,�	B -�	B10 �12 �14�16 

 ��/  �� 	
>�=��bar 110 W��N �+�0 X�2+ �3  �
 	0 	J� �� 	
>�=��

 S�+ �� .�+14 7��: �� �� :�=�B �?��E 	MN �MP� ���.B�? -�D
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���+���� 8�U -�:� �B -:�,�� 7�/� �� @=
A� -�D ��M��>D .�D�

���� S�+ H�� �� �� �� �	4�� X�;��� �W��N ���� Z��C � �B ��+

�� Z��C �.�B��S�+15 n��� 7�/� �	4�� X�;��� 	B �� W��N ���� 	�T-

 :�=�B �?��E 	MN Z��C � sO�B ���� Z��C � S�+ H�� _B�M� .�D�

���� �ME c��3 �B Z��C � H�� .��+ Z��C � �B H��[>D .�+�B

 Z��C � �0����	l 	ME W��N ���������� S�+ .���16  �=3�  	T�

�� 7�/� ��AV <�:�� 	B �� W��N ���� H�� �� �� ��M��>D .�D�

�� ���� S�+ �?��E 	MN >�N �� ��AV ����� Z��C � �B ��+

�� ZD�� :�=�Bn� �B .�B�� Z��C � �B �� �+ ��D�/� ���� 8�U 	�T

1:�� ����� 8�U ���P� }� �?��E ��^�� �� -	
/�B �0�+�� ��D�

Ĥ� ���.����� :�=�B �=E�� ��^�� �� �?�� SB�N 	�T  

  
F�14- I�+2 U+H �0 �-1�2 a�4 -� 9>5% �=D� 
.�	���L�M7� '�$  

  

  
F�15- b4'0�: '*�� ��X� �0 �-1�2 3��4�5 -� I�+2 U+H -�^  

  

  
F�16- ^b4 6��78 -� J<�> I�+2 U+H -���X� �0 �-1�2 a�4 '*��

'0�:  
  

4-4 -  -^5 
��-� % �-1�2 3��4�5 -� J<�> ��+Z 3�;�

6��78 9.*+4  

Tn� W��N �,��D �B � ���� G���	 ����D ����	  Y��
� 	B �>6� 	�

 . 	0 ��	N �,�	B ���� ��B H���� -�	B � ZD�I� H�� �� S��� H�>D

 X�2+ �, -��O �2��M� ��2 �3  �4  . 	0 ��	N �,�	B ���� 	
>�=��

�� W��N �+�0 X�2+ Z��C � �B �	4�� -��6� �B ���D:�=�B �B 7���

 S�+ . �� ,� -	
/�B X�;��� �B � 	
0�CB17 	MN �MP� ���.B�?

7��: �� �� :�=�B �?��E���+ -�D�+�0 X�2+ -�:� �B -:�, W��N -�D

�� 7�/� �� @=
A��� ��D�/� � .�D� � ��6� �X�2+ Z��C � �B �� ��+

�� Z��C � �	4�� X�;���.�B��  

��+ :�� �+�0 X�2+ Z��C � �B �� �+ �
 	0 �.�
�  -��O -:�,

�� ZD�� ��AV W��N���+ .�B������ -:�, W��N �+�0 X�2+ �B ���D

1:�� c�qA/� � �	4�� X�;��� )	
�0 �,�	B -�	B @=
A� �0�+

S�+ . 	0 ��	N �,�	B ���� ������ -�D18  �19���+ Y��
� c��FC? -

�� 7�/� �� -:�,�/� .��D��� ��D �+�0 X�2+ Z��C � �B �� ��+

��� �	4�� X�;��� �W��N1:�� 7��C>D � ,� -��23 ���� -� �0�+

�� ��D�/� :�=�B �?��E 	MN ��^�� �� ���� ������.��+  
  

  

  
F�17- 3�;� �0 �-1�2 a�4 -� 9>5% �=D� 
.�	��� J<�> ��+Z '�$

L�M7�  
  

  

  
F�18- b4 J<�> ��+Z 3�;� -�^3��4�5 -� ��X� �0 �-1�2 '*��

'0�:  
  

 
F�19- b4 J<�> ��+Z 3�;� -�^��X� �0 �-1�2 a�4 6��78 -� '*��

'0�:  
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4-5 -  9.*+4 % �-1�2 3��4�5 -� c�=�5 -^5 
��-�

6��78  

�B ����	  �� ��CB �,�>� u�M, � K�B �,�>� -�D��/  S���

 � ���� H�B ��K�B ����M3� -�D�	�� �-C=  :�=�B G���	 ����D W��N

�� ,�B�	�� H�� .��� -�	B ����	  :��� ���� -�D	
����� �6�� �� �D

�� ��	N 	�T�� k� �� ��+ a	 ����D �2MN :� �2MN �;�� ��=B ���D�

�� ��	N 	�T�� k� C�� �� 7� ������ ��AV <�:�� �=>? X\U� .��D�

�	V ���� G���	 ����D ����	  S�=k� �� 1��M3� W�	V :� H
+�� -�

���+ �� .,� 1��M3� W��	V -��O -:�,05/0 �1/0  �2/0 ��

 S�+ �� .�+ �
 	0 	J� �� B�T o��	+20 n� 	B 1��M3� W�	V 	�T

���/�B  � �	4�� X�;��� ���>� Y��
� .,� ��+ ���� 7�/� ��AV

�� 7�/��� Z��C � �	4�� X�;��� 1��M3� W�	V ZD�� �B �� ��D�-

�� ��D�/� H��[>D .�B�� S��� �B 1��M3� W�	V Z��C � �B �� ��+

�� ZD�� ��AV x����� �PM�� �B ���� h� ��*j� :� ���;
,� .�B��

 b�E -������� o��	+ .,� h6� G���	 ����D �P �� �� �������

�� �:�?� W��N �� b�=M� ���6� S�+ �B � �B�� x����� ���� �� �D�

���^ �� ��,	B� W=e� @�2V -������� �� �B ����: ��+ �B 	.�

1:�� S����� �^ :� Z�B �2V�� �0�+��+.  
 

 

  
(L<5)  

  
(Y)  

F�20- b4 (Y % �-1�2 3��4�5 (L<5 '%� -� c�=�5 J.-8 -�^

��X� �0 �-1�2 a�4 6��78'0�: '*��  

  

4-6 -  9.*+4 % �-1�2 3��4�5 -� �<+< 6��78 -^5 
��-�

6��78  

 -�	B ��AV �, ����� ��AV 	T� �,�	B5/0 �6/0 �7/0  	
>�=��

 S�+ �� .�+ �
 	0 	J� ��  B�T o��	+ ��21 n� 	B ���� ��AV 	�T

 ���/�B � �	4�� X�;������>�  �B �?�� �B .,� ��+ ���� 7�/� ��AV

�� �
 	0 �.�
� S�+ H�����4�D �	4�� X�;��� 	z���^ �� ��+ :� ��

.��� ,�B �+ ���;
,� ��AV H�	
>�  

  

  
(L<5)  

  
(Y)  

F�21- b4 (Y % �-1�2 3��4�5 (L<5 '%� -� �<+< ��5+.0 6��78 -�^

��X� �0 �-1�2 a�4 6��78'0�: '*��  

  

4-7 -  9.*+4 % �-1�2 3��4�5 -� �<+< ��<%5 U+H -^5 
��-�

6��78  

 �2,�� 	B ���� ����� 8�U 	T� �,�	B���/�B  a�.�� �	4�� X�;���

 H
 	0 	J� �� �B � �D	
����� 	��, H
+�� �4� B�T �B ��J�� H��B .�+

���+ �@=
A� 8�U �, S�+ . 	0 a�.�� -:�,22  Y��
� c��FC?

���+�� 7�/� �� -:�,�� ��D�/� .�D� ����� 8�U Z��C � �B �� ��+

�B �	4�� X�;��� �����1:�� Z��C � �B 7��C>D ��U0�+ �� ������ �

�� Z��C � �	4�� -K�B�B��.  
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(L<5)  

  
(Y)  

F�22-  (Y % �-1�2 3��4�5 (L<5 '%� -� �<+< ��<%5 U+H -�^�4

��X� �0 �-1�2 a�4 6��78'0�: '*��  

  

�� 7�/� H���,��D -�	B �� �D� 8�U b�A
�� �c�2MN ��E -�D

�� �� ,� h6� ����B ���� ���6B ��AV <�:�� ����� -	
6B ������

1:�� ��2�).��+ S3�^ (	
>� �
��� ������ �0�+  

 

5 - ].�M�  
H���� ���P� -�D	
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