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1- Forming Limit Diagram



n

5	���

6��

�? � ��9%.................................................................................................................................................................................�
 * �#%...............................................................................................................................................................................................A
����V...............................................................................................................................................................................................`

=��DG.............................................................................................................................................................................................n
4��C� =��DG..................................................................................................................................................................................o
4���B =��DG..................................................................................................................................................................................


4�� �SG p!)�#) .............................................................................................................................................................................a
qpq(87G (�D?
� 6/
 ��C 

 
�B�) A��� ..................................................................................................................r

qpqpq 6�
�� )6�

�; P�%(.........................................................................................................................................u
qpqpv6������V � 0��'� ...........................................................................................................................................u
qpqpw0<���� ..................................................................................................................................................................x
qpqpy!OF? A�7F)�� [F� ............................................................................................................................................x

qpv(� 1� ��C ��),@ (�DC�
 H���� .................................................................................................................................x
qpvpq6%�z (�D��),@ .........................................................................................................................................................{

qpvpqpq(
�$) X% 09� ��),@ .........................................................................................................................{
qpvpqpvP�����
�) (
�$)�
 09� ��),@ ......................................................................................................|
qpvpqpwl2�� ��),@ ...................................................................................................................................................}

qpvpv6-/�\C (�D��),@ )(,�� !�\C(.........................................................................................................................}
ap~p~pa��>� 
� =>% � &>2�� =>%................................................................................................................a�
qpvpvpv��/ !$.� ,� g
�; =>% .......................................................................................................................aa
qpvpvpwd�
�� ��>\�� =>% .................................................................................................................................aa
qpvpvpy=.���� =>% ...........................................................................................................................................a~

qpw6/
 ��C �� 
�
�'� ....................................................................................................................................................ar
qpwpq6/
 ��C �� (�/
�
�'� &��O% .....................................................................................................................ax
qpwpvW
� (��� !�\C ..................................................................................................................................................a�
qpwpw!-G�  ��C ����% (�/ �� �
 (�
 ,� �D9��� (��� �,���� ............................................................................a}

qpy
�
�'� 6/
 ��C 0�% �� .........................................................................................................................................a}
qpypq�cC �� (�/
�
�'� 
��
�b 
��$) ��8B� ��7$%� !OF? 6���5 

 6/
:...............................................~�
qpypv�cC �� (�/
�
�'� 
��
�b �D� 

 6/
E2�? 6���5 (,�� !�:................................................................~a
qpypw
��
�b �cC �� (�/
�
�'� (�/E2�? 0 �),@ 

 6/
:..............................................................................~~
qpy py
��
�b E�� 

 6/
 �cC �� (�/
�
�'� (�/ 6�� ��2�% &�� 

 =�.�b 4�-�b � 699b (87G (�D\2�?:.....~r

qp���C (� !;�C �
 �  !C�� 4�) .................................................................................................................................~u
qp�
�
�'� !��), 

 ��C 	�3�� (�D9/��� �� (
��) 6/
 ��C �� (�/.................................................................~x

qp� pq6/
 ��C �� 6�$�) !<h 
�% .......................................................................................................................~x
qp�0�% 6/
 ��C �� 6�$�) ........................................................................................................................................~|



g

qp�pq0�% 6/
 ��C �� 
�
�'� !\��$) .....................................................................................................................r�
qp��M��� & � R��/� .............................................................................................................................................................r~

	�
 �SGp6/
 ��C �� 
�
�'� 6��3% 6�
��....................................................................................................................rr
vpqE2�? =;�� .....................................................................................................................................................................ru
vpv�D?
� (,�� �
�)@ ...........................................................................................................................................................r�
vpw�D?
� (��� !�\C ...........................................................................................................................................................u�
vpy��/ =>% .........................................................................................................................................................................u�
vp�(�� (�D9��� (��� �,����  .......................................................................................................................................ua

	�� �SGp
��$) ��8B� (,�>2�)............................................................................................................................................uu
wpq
��$) ��8B� (,�>2�) 	�3�� ��$� ..............................................................................................................................ux
wpv6���/ 4�) 
�3 � ........................................................................................................................................................ux
wpw ���; �
�) 6�����) 
�-G
 �........................................................................................................................................u�
wpy4�) (��� 0) ..............................................................................................................................................................u|

wpypq��'2� ���; .........................................................................................................................................................u}
wp�6��'% 4�) A�h-��.......................................................................................................................................................x�
wp�(
�1�
�� � (,�) T ��C ...............................................................................................................................................x�
wp�6/
 ��C �� 
�
�'� *�
 ����) .............................................................................................................................xa

	
�DV �SG p�$� � l �-�..........................................................................................................................................................xx
ypq`�9 �),@ ,� ���� 6��3% l �-� .................................................................................................................................x{
ypv(,�� !�\C ,� ���� l �-� ..........................................................................................................................................{~
ypw6��3% 
�� � (,�� !�\C ,� ���� l �-� !> �#) ....................................................................................................{u

*3�� �SG p�̀
�D�9�� � (��� !3�-�....................................................................................................................................�~
�pq(��� !3�-� ....................................................................................................................................................................�r
�pv`�
�D�9�� .......................................................................................................................................................................�u
]���)................................................................................................................................................................................................�x

 =����q.........................................................................................................................................................................................�|



o

:�'�� 5	���

��C)a pa (6\���%,�`��7'�Y7-h)(�
!OF?...................................................................................................................r
��C)a p~ (
�O��

����-��!��'���),@09�.........................................................................................................................�
��C)a pr (!��'�(�,�6�$�)0�% p0���6���D)�6#�#�����,���),@09�...............................................�
��C)a pu (=2��X�%�'CE2�?(�����),@P�����
�).....................................................................................................|
��C)a px (=2��6��%�'C,���),@l2��.................................................................................................................................}
��C)a p{ (
�O����,�����/

=>%&>2��............................................................................................................................a�
��C)a p� (
�O��

����-��=>%��/.......................................................................................................................................aa
��C)a p| (=>%��>\��d�
��................................................................................................................................................a~
��C)a p} (=>%=.����...........................................................................................................................................................ar
��C)a pa� (!��'�(�,�
�
�'�����C6/

:�G..........................................................................................................au
��C)a paa (�,����(���0����
�
�'�����C6/
(���6���
:�G.....................................................................a{
��C)a pa~ (!��'�(�,�FLD(�����BAKDQ............................................................................................................a�
��C)a par (
���R�.Cg
�))
����7 �)(.................................................................................................................................a}
�cC)a pau  ("5��)Y7-h)
�
�'����cC6/
...............................................................................................................~a
��C) a pax ("5��)Y7-h)
�
�'�����C6/
.............................................................................................................~~
��C) a pa{ (
�3 �6 ���,

6�$�)0���6-)�hI��E>���),..............................................................................~u
��C) a pa� (`�����%"-9)	�
0���6-)�hI=\>�!���),....................................................................................~x
��C)a pa| (!���/

�)�
�.-��(�����>)(�D9���Y7-h).......................................................................................~{
��C)a pa} (��e�%0��0��b�`�����%��>)0��b��
�
�'����cC6/
.........................................................~}
��C)~ pa (o�5X�%�'C=2��M�-��)��CE2�?.................................................................................................................ru
��C) ~ p~ (!> �#)(�/8)�%699�......................................................................................................................................rx
��C) ~ pr ((�D-'>?Y7-h)E2�? pY2� :!\��A p� �%�)gp��J?
�........................................................................r{
��C) ~ pu (X�%�'CE2�?.........................................................................................................................................................r{
��C) ~ px (!��'3)E2�?..........................................................................................................................................................r{
��C)~ p{ (6�$�)0�% p0���6���D)����,�=>%09�(���!��'�

(�-��


��...................................r|
��C)~ p� (!���/!��'�(�/

�)�
�.-��

`�9 �),@6��3%.....................................................................................r}
��C)~ p| (!��'�(�/!�\C(�����CH��A.....................................................................................................................u�

�C�)~ p} (!��'3)����E2�?..............................................................................................................................................ua
��C) ~ pa� (6 �7�
�3 ���C

W
���,���C6/
.................................................................................................u~
��C)~ paa (!��'�(�/��C!-G����=���10mm/min...............................................................................................ur
��C)r pa (=2��X�%�'C=>%��/......................................................................................................................................u{
��C) r p~ (=2��M�-��)��C`�OF?

ABAQUS..........................................................................................................u{
��C)r pr (6�$�)0�%p0���6#�#�W
�(
:�GST14.............................................................................................u�
��C)r pu (=2��0)(������C!��'3)�E2�?�!\����J?
��W
�..........................................................................u}
��C)r px (
�
�'�Y2�(=)�hI�A(0���X�-�j���E>���),(���!��'�~��×~��.....................................xa
��C)r p{ (
�
�'�0���

(�-��
=)�hI��E>���),.............................................................................................x~



d

��C)r p� (�
�
�'"-9)	�
0���6-)�hI��E>���),............................................................................................xr
��C)u pa (!��'�(�/��C!-G����=���10mm/min..................................................................................................x{
��C)u p~ (�$)6�
��

!��'�6 �/��O��
�200×200�200×125.............................................................................x�
��C)u pr (����%��C!�\C(����� �\%��C!�6���..............................................................................................x|
��C)u pu (
�
�'�FLD��f�4��B........................................................................................................................................x}
��C)u px (!> �#)l �-�6��3%��FLC!��
���C

T��%U��%��
�/.......................................................................x}
��C)u p{ (!> �#)FLD����,�!�=���Y7-h).........................................................................................................{�
��C)u p� (!> �#)FLSD����,�l �-�6��3%�FLSD����,�l �-�U��%��
�/..............................................{a
��C)u p| (!> �#)(�D��$�)FLSD����,�(�D-���Y7-h)....................................................................................{a
��C)u p} (6�$�)����C6/

:�GSt14����,�!�\C(,��...............................................................................{~
��C)u pa� (6�$�)����C6/
Y2� (200mm/minA�(100mm/min....................................................................{r
��C) u paa (!> �#)(�D��$�)FLD����,�=���Y7-h).......................................................................................{r
��C)u pa~ (!> �#)6�$�)����C6/
0�%����!�\C(,��(���(�D-���Y7-h)...................................{u
��C) u par (!> �#)�$�)i
��– �3��Bi��3%i�!�\C,��m

=���~���-'�7�)��!#�?
.......................{x
��C)upau (!> �#)6�$�)FLD
:�GSt14����,�!�\C(,���
��6��3%=���a��-'�7�)��!#�?
....................{x
��C)upax (!> �#)l �-�6��3%�!�\C(,��..........................................................................................................................{{
��C)upa{ (!> �#)6�$�)FLD
:�GSt14����,�!�\C(,���
��6��3%=���a���-'�7�)��!#�?
..................{�
��C)upa� (!> �#)6�$�)FLD
:�GSt14����,�!�\C(,���
��6��3%=���~���-'�7�)��!#�?
..................{�
��C)upa| (!> �#)$�)6�FLSD
:�GSt14����,�!�\C(,���
��6��3%=���a��-'�7�)��!#�?
..................{|
��C)upa} (!> �#)6�$�)FLSD
:�GSt14����,�!�\C(,���
��6��3%=���a���-'�7�)��!#�?
...............{|
��C)up~� (!> �#)6�$�)FLSD
:�GSt14����,�!�\C(,���
��6��3%=���~���-'�7�)��!#�?
...............{}
��C)up~a (!> �#)
�
�'�����C/
i

=���a��7�)�-'���!#�?
�x�-)��!���e................................................��
��C)up~~ (!> �#)
�
�'���0�%��C/
i

=���a���-'�7�)��!#�?
�x�-)��!���e.......................................�a






:
�
0 5	���

4��B)vpq ( W
� !��'� 6 ��'�C E���%St146�,� ��

 E>��� ......................................................................r�

4��B)vpv (T�$) (�)
 

 09� ��),@ l �-�..........................................................................................................r�

4��B)wpq ((,�� !�\C 

 �
�.-�� 

�) (�/�-)�
��.................................................................................................u|

4��B)wpv ((
�J��>'/�� ����) � 
�#).........................................................................................................................u|

 4��B)ypq ((��� �,���� ,� ���� l �-��D9��� ..........................................................................................................x}



4�� �SGp!)�#) a

:
� &L�

"�
M�



4�� �SGp!)�#) ~

�D?
�( 
:�G (   �
�->� 
��
�� &��� *� �(  ,��� �

��; =O�� ���S; �=O�� 

 ( ���
�
  . �������  &

   1�� ���C 

�) 

 !O2�F) �(�  �   ��)� ��D?
� &( 
���I � 	,: ( =���  .  ��6� ,�  �   ��
�� �D�C�
 &6

�/
�
�'�(  /
 ��C �� 6=�� )FLDa .(G�� `��j5� &-C�
6  1�� ���C 

�) 

  �(  ��D?
�   ��6 ,� 

�-'D) �/�-)�
�� &(��� 	,: (#G�) �)@ =� �
�� 8 ��G X /
 ��C ��6=�� .

�/
�
�'�(  /
 ��C �� 6\���) 
�8�� 6��� (1� ��C !O2�F)  �(7��? �  ��    

 !�� =���D?
� 09�� =

�   G�O) !� �SG &6 �@ �
��) !-;6
�C. �/
 ��C6 ��D?
�( 8�7G (��G    ��\% ���  � �  8�7G W
� X(

� ���� =�� �f� 

�) ��C !� =h% �

�; P�% 
�V
 W
� !��6 � 
�C  � � �7� !��6 �/
 d
 .

�  ��G &     =�� &�') �� � ��G X      
���'; �����) ���C�� �
��� ���( �  � � �   !��� � ��G X  � ����< �� ��

J\2�?��( �C��  . ��G 

 �/��(� �<�W
� �� ��

  ) 
��? E2�? X6� ��  J?
� X�'� !�� � 
� ��  !�-G�� �

)6
�C .J?
� T��% E2�? ��

 !� W
� =����) 4�-�� �6
�C.[1] 

1 - Forming Limit Diagram



4�� �SGp!)�#) r

��G �/��( ��C /
6 �D?
� ( 87G (:�� H��% 6 ������ ��
�
   & �    �'� �
��� =>�% X6   � ����; �����%

     �/
 ��9� �
 
��) 
�-G
 .������ ����C &6 �
�� � 
��) ���; 6?
 ���G " ��� ��(2�%  ��   *2��� !�OF? �


��I( =�� .�DC�
(/
 ��C 6� �<�, �� 
�(7� �)� 

�
 
�B� �� !  ��% �D�C�
 & �� E � %�% �� �\6 ,� 

7'�� �� `�   /
 ��C !6–
��'; (a/
 ��C � 6� ��>%6~�, !�� � �09� �6 ��->�/ . ���C)qpq (

2��)6� ��  ) �)� &6�C��.[1]

��C)q pq (��%�\67'� ,� �) `��
 Y7-h(!OF? [1]
B, bending; BS, biaxial stretching; D, drawing; P, plane-strain stretching; U, unbending (straightening).
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1 - Bending
2 - Stretching
1- Fracture
2- Buckling and Wrinkling.
3- Shape Distortion.



4�� �SGp!)�#) u

N7N7N?��; �) ?���4 Q�!�(

��),6  ) d
 6 � ��O) 

 !OF? !� �/
��/��( 09�  C�� �6� �    � 
���? 
��; ��'$% ��� ,� 0 ��
� .

    

 W
� ��-�� 09� 

 ) ��C P,�� !� H��C !#F�) X6��G !)�
� �� � ��� �% �� ���  

 ���C � �  X

���� ) 8��'-) !6�7� !� �3�) !� 
�C6 �D� 

 � �
�� =6 �) 6 
��C. ��7� 6     =�2�� 

 !�OF? ���C 

7�6 ) =>�C ���� 6, 
�C  �� � X��
 ���? � [I�� E �       !�OF? 	��$-��� 0/��� ����� � =��� =

�� ) 86
�C .�� �D->% �-96   ��� !� (�
�� 61� ��C  �( �) 
�� !� 6     �
��� &-G��� ��f� 

 ��� �����
6

   �
�� �
 W
� ���;6 ) 6����.��� 

��
�� 6) 6   ��7� 
���;
 ����� ����% 6  W��.%� �� ��-G� .� 

 �  &

7'��    T��% W
� �`� �?�V !\2 X6 � !� ���() 4�'�� �
 ��� 6 �� ����� �  �) ��6 
��C .  ��/ !���'�(

,
��(� ,�  �
�� H�� &6�, !OF? 

 6� `�OF? oj�� a) ��/�9)6
�C.[1] 

N7N7S*
�K 
 )���* �?
�

  

  ��G X   � E2�? ����(2�'O) 6� ��'% W
� �� !\�� �� 
��� �� 9�� �
 W
� ���    ���.� ��;�
 !�� � ��

 ) E2�?6
�� .!#F�) 

�� W
� !\2�() 6$) !� 
�C��-�V�� T(

�
 ��    � !�� ��3�) �)� &   
��3 �  X

 
�9G 0�%($) =DB 

 �F6) 6
�C .� ���  !� 0�% & ���$� �� X6 ���� ) � !�� �   ����$� ��� &6

   J->� �@ =)�hI � W
� ���; !�6

�
  (��)@���J-G
��G � �D��D(V�� �8(�  ) 
�36  �V !�� ���� &

�

�;6  ) !-.� 6
�C .� V &��

�; &� ��\% =�� &�') �D   J->�B�� !�� ���D( S�h9) 6  � ����C 

      � 
�; !� 
��B�) =2�� �����V �@ !� !� ������6  �) !�-.� 6   �C�� !�� 
��C6  � �
��� *�� ,�  ����(

J?
��=�� �.[1] 

1 - Trimming
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1- Intrinsic test
2- Simulative test
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1 - Un Bending
2 - Limit Dome Height
3 - Olsen test
4 - Erichsen Test


