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Role of Recrystallization Parameters on the Anisotropy

 Behavior of Rolled St52 Sheet Steel 
S. A. Sajjadi     S. M. Zebarjad

Abstract Cold rolling which is one of the most important technique in sheet steel forming causes 
stretching of microstructure and thus directionality of mechanical properties. This kind of directionality 
of mechanical properties is known as anisotropy which is, frequently, determined by R-value. One of the 
ways by which the phenomenon is controlled and optimized is recrystallization heat treatment. In this 
research the effect of microstructure directionality on the tensile properties of rolled sheet steel and also 
the influence of heat treatment parameters on the anisotropy behavior of St52 steel were investigated. 
Tensile tests on the specimens at different directions, 0, 45 and 90 degree respect to the rolling direction 
were performed to determine R-value. Using the data average R-value, Rm, was obtained. The amount of 
anisotropy of the steel was measured by changing parameters such as time, temperature and cold work. It 
was determined that at constant time, increasing of recrystallization temperature causes reducing of 
anisotropy and this reduction would be promoted with increasing cold work. Also, it was demonstrated 
that at constant temperature, increasing of recrystallization time before grain growth causes reduction of 
Rm and after grain growth causes increasing of Rm.

Key Words Cold Rolling, Anisotropy, R-value, Recrystallization, St52 Sheet Steel.
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  +#,St52         -?�j: � ��A'�� �#� )��+#, �(�0  � 

      �j> -j�� ) ��%�#2   �'
j�; j;  �     4/  � *�% C�#j:

 !� ��A'��#�. &��  +#, �      ��;�k ��� +#, l�  -j��

  �>6+#�?�    �#� �P��m �;G"�   !j� !j� #j�.  �j��/�,

   njj�%� �jjB % &��'_%��jj'� �#jj�  �jj�_#@ $%� &��jj@

��%/�,   )3(, )��  �;�L�% ��+#, o-�   �j�#[ �;    �j> )�

    � K�;�T % ��%/�,  �         �j�_#@ $%� &j�� �j; )3(, )��

!�#� .   -�0 10#� �� �#�    � ��'2��3�� 4�� ��

 ���O@ ��'�� G"�  !� #� .�����)  3(,     �#j� -j�0 �

 !� ���
>    j2�; % ��#j�         4/ � 3j�� !;#j�� )�j� �, !

 ; -�0  �   !� � ���
> C�#:���/ . ; 4%3,� �&�� � ���O@ 

G"�        !,��[#_�'=j��> K���/ 4�� 4�=�� 10#� ��  

���     -j,�; G�"
j@ % �%�j�� )��(Texture) !j� �j[

[1,2] .-jj�0��'2�jj�3�� 4�jj� ���-jj�0 1jj0#�  ��

!"���jj"� 5�#jj2 4�jj�)�<��=jj���� �jj� !jj�#jj� .

P����R(R-value)K��> -I=� �>(Strain Ratio)  �j� 

!"�'jj�8B )�<��=jj����(Plastic Anisotropy) 3jj��

 !� ����#2#��            4/ �j; �j> -j�� !q�j��'����B  � !j"�

!�    �j��O@ 3(, )�<��=���� 4�3�� 4�#@ G"j�  � �� �� 

-�0  )��     #j�� &�j�?@ Rj('S� . ���jP�  Xj�#'� R �

-�0   Rj('S� )�j��Rm�      )#j�D )�<��=j���� �j> 

(Normal Anisotropy)!� �������#� 8��j> ��� )��;

4�=�� �� )%�=� -��  .   �� ���P� !� 4�
�    �j> �j�

         )�j��B -j�0 � K��j> % -��SjJ -j�0 � K��>

   �; *�%�"� �;��; �<��� .�   r�m E�"s'�� �<��   ��(=j@ 

-jj�0 � ��jj�)�jj� 4�=jj"� *�% )�jj��B % -��SjjJ 

��'=�.  � �#m �;�;�
 !�     ���P� -A[ 4�#@Rm    � �'[�3; 

  !� 4�
� �� SJ -�0 � K��> �> �� K��> % -��

       �j; *�% )���B -�0 � j"�      ��j� % ��'=j�� �j;��; �<��

��=���<�!����; .�;   �<� C��ID�    ��(=j@ E�"s'j��

   -��SJ -�0 � ���       ��(=j@ E�"s'��  � �'
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 -�� *�% )���B -�0.*�% )��;   ��j� E�j[ �#� )��

  ���P�Rm 6�I��P@   -�� �� �;��; �> ��t % �j; -,�;   #j0

   � ���/-�0   ',�� $�'=[ R('S� )��  -j�� �.   ���jP� 

Rm    !(��#D �; �����       �uj��� �%�� �h��_/ !q����� 1�>�@ 

              4/ �j�%�  % ��j� E�j��� K��j> ���P� ���_%� ��� � ����

       �� !<'=j; �#j� ��'�� �; -I=�[2] .      � )�j<� v#j�

 )�<��=jj����*�% � 3jj�� ����
jj� ��jj� �#jj� )�jj�

!�    �<��=j���� E�j� �j; �j> #� �sAj: ))�(Planar 

Anisotropy) (∆R)-�� r%�?�  .68��k *�% l� w��;

4�=��∆R=0 % Rm=1�� ����;.  r�j�   K�%LjB &j��

  &��?@��MN@    ��� �#(I@ G��/ )����O'� �; ���P� Rm�#;

      �sA: )�<��=���� �; G�_ &�� �; %    �� % )���MN@   �j��/ 

;�(;�^ �G"� -� ��
� �'2��B ��+#, )��ZB-� .

 !2�; �  -�0 ��#�      !"���j"� 5�#2 4�� ��

        !jP��m �; !'=��; �> -�� x#(9��� ��j'�>  �j[ .  �j;

   ���y� 4�#�D��   �; 4�#@ ��MNj@      K
jk � w�<��=j���� 

   �2 ���/�, % n��D   �jk ����� w��k .   w�#jm �j;   � �jk

            4��jP'� w�j�%��� ��j�D� �z�j�(D nj��D K
k ���/�,

�I_    �� ��� ���� 4���, w��  �j� r�: �j��[ .    v#j� &j��

         �sAj: w�<��=j����  � �j��� &<���� G	� ���O@w�

�jj� *�%�jj��; . ���jj<�� -jj�� ��jj� �� 4�
jj��jjk

<0 ∆R             �j�%�  � ��j� �j��� w�j� ���#�#[ ���; UV

      �� G�	
@ �#� -�0 �; -I=� �0���#� .���<�� �k

0∆R>���#jj�#[ �jj��;  w�jj��%  � �jj�T % WT �jj0� 

-jj�0 �jj; -I=jj��jj� �jj��� �#jj� ��#jj� .��MN@ -jjIy�

    �� ���{ �'^% w#�D w�<��=����      �j� � �j; �k #�

 ���P�RK
k -I=� �7 (Limiting Drawing Ratio)

 �;�� K��3,� .    �j� -Iy� �M� &��        �j�s�� lj�k �j; �j��#@

       R('S� ���P� w��; 48�� ����� 4�	�R    $%� njIm 

G��(Hill) R�:#@� #[1,3] . � !,�m  �  �j2 ���/�,

 �'����jjB K��3jj,� �jj; w��jjkRm)�jj�, -
jj[�; 4�3jj�� 
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(Process Annealing)   )�j� �j�  �A1 % j; �  �#j���

   ���O@ -�(;�^ 4�3�� 4����[ �; G"�      �j���> C�?9^ �; 

  !� ���D� ���#� .  G"�� &�� 4#t      % �%�js� � �j�

       )���� � -�'��� % -��, ) �,°CiVT�VTT  E���� 

!���[���      � *�jA@� ) �j, �_�s'��  !j� �j',�[5] .    �#jm �j;

�#�?��         Xj�#'� &;�> % &;�> �> )��+#, ��'2��3�� 

  ����>  � GI^� ;   �    ��� )%�> C�#:  %  ��    C�#j: �j;

     !� -�_�B �> ���P� �; !'��, �j��;.  �j� %     3j�� &j�� )

����'2��  ���O@ -�(;�^  G"�   ���� !�+�;  .   &�� � -��,

          -j�� K��j> 4%�j; % �#js� �� ����'2��3�� .  E�j���

�>  ���O@ 10#� ��� G"�      % -j��, 4�j� -S���> �� 

��� 4�� ���
>!'��, )��(Pancake) �j��O@ -�0 �

G"�   �"I� x#�D ���� % � )�����G<�0  !��j�;�� )���

��A7      ��� � !�@� !_�2 )���0 % �� !j� �� #j�[6] . �

          �j��O@ -j��, �j�  !
��> )h��� �4�> E�[ �M�  G"j� 

�����jjj� � ��jjj';� � !;�jjj� �; 1jjj0# (Recovery)

)  ; �> !�3���"�  �    !_�'=j��> x#j�D  � )���P� 4/ �(��%

  ; �� rZ7  �   !� � �<� !@�#:���/ (!� �j[ .  `�j�

��� �#(I@ (Recrystallization))   4/ !jm �j> )���/�,

���  �� ���0 )��   ���#0 K��> 4%�; �#s�    �j�� % !� 

!����>� ;   � w�#jm     �j�� &j�� �j>   8��j> �j� " j0 &�3<��

���  ���O@ !'��, )�� G"�  ��    !j� ��j� ��#j� (  *�jA@�

!� j',�� .     !��j�� �j��'� �&���;�j�; �, / �j��    �j�� �#j(I@  �

!;�� �;   ���O@ -�(;�^ 4�3��  G"�    �� ��'2��3�� %   �#js�

 +#, ���� ;   �w�#m       �� 4�j� ����> ��� -�(;�^ �>

; ��%/ -��!� ���;[7].

��     !@���7 C��(�D E#� �(7     �j�� �#j(I@ Gj��/ �

  �j�� �j��(Grain Growth)  !j�  �j��; .   !�+#jm 4�j� 

 � )����<�    +�; )�� )    G��/ �%�s� �   �j�� �#j(I@ (

   !� ��� ��� 10#��[  !� �>         -j,�; �j��O@ �j; �j��#@

 ���; ����� .   �(7�� &�� �>�s� )h����    �� ��� �� K��> 

 !s9� )h���-��[7] .

  �&���;��;   � �#(I@ G��/ �;  ��4%3,� �; ��'�> ����B 

)�<��=���� !� � ���O@ 4�#@G"�      � �j> �� h��_/ )��ZB

      -j�� ��> ���B K��> ����> �M��         � K�jB -j_�7 �j; 

 ����[�; E�,���O@ .  !(��#D�����       &�j7 � K��j> 4�3�� 

           �j�� �#j(I@ Gj��/ 4�j�  % �j� �����>�    4�3j�� )%� 

 ��'2�jjj�3�� -
jjj[ �; )�<��=jjj���� %�#jjj2 % 5

  !"���"�    ��_%� -_�7 �;��MN@ !� ��Z[.     nj�Ps@ &j�� � 

��MN@        ���jP� )%� �j��'����B &�� R     � )�<��=j���� % 

 ��� �#� +#,St52 �#�!���;-�� �',�[ ���^ .

,'�-�#.% 

*�%   +#, )��St52      3�_�j�/  � `jB     $%� �j; !q����j�

'��#>#)�'�  �           )���j:� �j; �j� �#j� C�j�(�D -s@

  R('S�  ��',�[ ���^ K��> .  �`����#��   �����'j�� )��

  *�%  � !

>            �!_#jm -j�0 �j� � ��j� �#j� )��

   % !J�D°UV    �#� -�0 �; -I=�   ���[ ���@  .  E���� �;

     �j�#�� &�� )%� K
> K��� / �j��    !j2�; 
� �jSC�

 ����� +#,:        !'Sj� K��j> 4�#j@ ���jP� (n)   1��jJ �

 !

> E�"s'��(K)    '�� % ��(=@ E�"s'�� � !q��� E�"s

 -�0 � R('S� )��;  �  �j�/ -�.        � �j� �j� )��j;

    ��� �� X����     K��j� / �#j� �j�#�� �� G^��7 ��?@

             � r��js�� 4�3j�� % )��ZjB���"@ �@ -,�[ ���^ K
>

    #� \S
� ���/ �����'�� ���?� .  !� 4�
� �m�2   �j�

   4�#@ �>n          4�
j� �� !'Sj� K��j> �j; Gj���@ 4�3�� �> 

!������� �; �9;�� � :logσ = logK + nlogε  ��� % 

  !�s��logσ-logε � �I��s�� . &�j�Y���    ���jP� R � 

-�0 R('S� )��          !_#jm K��j> �; 4����  � `B ��V

jj�?@ ��jj:��jj��[ &� .jj���; ��jj��B !B#"jj�%�"�� !

)�<��=����  ��#�� )%�       E���� 3�� ��� �#� )�� j��.
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;  �     4�3�� 4#�� \S
� �#�����MN@     % ��     �#j(I@ 4�j�

  ���;�  )�<��=���� �j�#��        ���jP� ��jt �j> !q�j�

   -�0 � K��> R('S� ��� R('S� )�� �j���  C�j�(�D 

  !@���7  �#(I@���     !��j�  % !q�j� R('S� X���� � 

 ��#�� )%�    �� E���� ��� �#� )��.  `�� ��#�� &�� ��

-s@  K
> K��� /   !���; %   �; )��'2��3��    ��A'j�� 

 �%�"��  �" � �#)�# ��',�[ ���^.  &��Y��)��;  &��?@ 

��MN@     )�<��=���� 4�3�� )%� ��� � ����    4�3j�� �;    ��j> 

 -;�M ��      !@���7 C��(�D ���D� �; �       � `jB �j�� ���

       Rj('S� X���j� � �j�� �#(I@  !��j� ) VTT  �V�T  % 

i}V  ��<�'��� �0�  ( !���  %) �T  �UT  �iT  ��T   % ��T

�P�^(  ��� �; !q����'2��  ; C%�A'� )��;  �   �> ��/ -�

  � / E���� �;  4# -�0 � K
>   ���jP� �Rj('S� )��R

)��;���[ �I��s� ���/ .

  )�<��=j���� 4�3��      ���jP� �j� R     � ��A'j�� �j;

� ���� $%� )��[ �� ��[ &��?@�[1].

)�(
)t/t(Ln
)w/w(Ln

R
0

0

t

w =
ε
ε

=

  4/ � �>  �l0  �w0   % �t0   ��#�� ��_%� �?;�   %l  �w  % �

t  ��#�� !q��� �?;�   !j� !
j
>  j��;��.    �j> �j��/  � �j��

� ����       *�% � �Lj�% �; -��SJ n�^ )��[    � �j� )�j�

4�"�� !�� ��ZB         �j�7 4#; -;�M 4#��^ �; �0#@ �; ����;

      !j� ��'j�8B G"����O@ E�<�� �   ���jP� 4�#j@R  � �� 

��  �9;��3�� ;  ��%/ -�[1]:
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ε+ε
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−=
ε
ε

=

)�(

   &��?@ )��;R X�#'�    �� Rm         ��A'j�� �j�  �j9;��  � 3�� 

��[1]: 

)b(
4

RR2RR 90450
m

++
=

/���� ' 0.�

    +#, !q����� 1�>�@St52   �j0 � %  �)�( / �%  �  ��j�

-�� .      3j�� �j��O@ 10#� ����> E���� ��'2�j�  +#j,

!��[ .  ��� 4�� ���
>         ���
j> ��#j� -j�0 � �j�

 )�� �, 4�� !;#��           % -j�_�B % -j��, )����'2�j� % 

u���jj��; G�"
jj@(Banding) Kjj���/ 4�jj� 4�=jj�� �

�jj�� !,��[#_�'=jj��> -jj,�; G�"
jj@ % �%�jj�� )�jj�

(Texture)%-jjj�0  !"���jjj"� 5�#jjj2 4�jjj� ��

))�<��=jj���� ( �jj(�0  �C��jjM�  �jj� ��jj> ��jj�D� 

!jj���jj��;.G"jj�  )�jj�)�� Rjj_��jj@(��'2�jj�3�� 

��#����) �#�   �j�          �j���> Rj('S� )���j:� �j; �

)T ��T �UT % iT�jj:� (�� !jj� 4�
jj� �jj� . ��jj��

��#����   ��'2�� ���
>)�         !j'�_�B % !j'��, )�j���#�  � 

 !� ����
�#� . !� ���     �j> #j�      �j:� K��3j,� �j;

����> �
> 4�3��  ��+ &�� ![� �#=s� ��  !j� �@  #j�

  !� #2 �>  ���#@  10#�z     % ��'2�j� �'
�; !'2�#�"���

K��3,�)�<��=���� 4�3�� �[.

 ����� ��	
 ������ �����  St52���� ���� �����.

SPMnSiC��� !
 "���

��#��$%#

&'/&&)/&*&/�*+/&,�/&St521.5421

 � / Q��'�4#      �j�#�� )%� �j; K
>    )�j� �j��@    � ��j� 
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          �M�  � �@�M#� ��(=@ E3���"� &��?@ % �'�=�'�8B �; -,�;

 ��'jj�8B E�jj,���O@ �jj��� % !'Sjj���> X���jj� �jj; 4/

!����; .     !j� �� E�"s'�� �'
�; K��3,�      4�3j�� �j; 4�#j@

 *�% )�<��=����    #j�D -j�0 � �j� ��j'�� �; #j�  �

 � -I=� .         )�<��=j���� K��3j,� �j� 4%�; �t �[�

6�@��D       �j�� )h#j_#,�#� % -,�; �;       XI@�j� +#j, )�j�

!��[]�[2,             �j> �j��%�; &j�� �j; 4�jPPs�  � !�?; �

       % �#j� ��'�� � ��(=@ E�"s'�� r8'2� ��j'��   #j�D 

   4/ �;4%3,�        ��j� ���D� ����> �:� �; !<'=;�% �; �

   % -��SJ  � !?;�@  !� 3�� *� �j��;o j;  � w�#jm  � �j>
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)�<��=�����sA: )�!� 3�t�� ���=;  E�"s'�� % ���;
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 -jj�0 % �jj� � ��(=jj@)!jjJ�D % !_#jjm ( 4�=jj"�

!����;[9] .

 G"�g=� ��%�  1=7 �; !

> 5�#2 C����O@�; -I-�0 

�#�)-�8D-�8D % !���� E�"s'�� !_�2#@ )�� �B#@ )��

�� K���� �� ��(=@ E�"s'�����(
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10 µµµµm

Archive of SID

www.SID.ir



}T � ��� �#(I@ ���/�, )����O'� KP�              ...
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> )��

    ���P� &��'�> % �#m K��3,� �:� ���P� G^��7 ��#�

   !'S���> 4�#@n  ���� ��  .  Q��'�       �%�j0 � ��j� �jq���
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!jj�  � !jj��� E�"s'jj�� K��3jj,� �jj; 4/ Gjj�_ �jj> #jj�

;�� )�<��=����#!� �#� .

 G"�b��#����B C����O@)�<��=���� �'��)Rm( 1=7 �; 

����> �:�

 � )�<��=jj���� �jj��� 1jj0#� �#jj� �jj��/�,

-�0 )��  !� R('S�  &���;��; #��       �j> -j�� !j?�Im 

        ���jP� �Ij��s� �;  ��� ����#� �?9^ )��; Xj�#'�R �

Rm !� ����;    �> ��t o  ���P�R        �#js� �j�%�  �j; �'=;�% 

      -�� �#� -�0 % !

> ��#�� !_#m .�    �Ij��s� Q��j'

   X�#'� ���P�R          K��j> �j; ��j� �#j� *�% )��;   )�j�
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      ���P� �����> �:� K��3,� �;Rm      4�3j�� \2�j� �> 
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  '�_�B % !'��,   !� �#� �M� �; !  � -I=j� 4�#j@ .  �=j��P�
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  )��;   % 5�#2 -
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     C����O@ 1�� K��3,� �;Rm         K��3j,� �j; �j� 1=j7�; 

���; ����>[10,11] .
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    !j� K���� ����> �:� �j�.    !j� ����
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 !� ����> !� ���;    3�� ��� � ���� �; ���#@�'=;�%  �j��;  .
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� ���
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� !� �t�[  G"� -�(;�^ ���#@     �j���[�; �� +#j, )��ZB .
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)VTT  �V�T   % i}V  ��<�'��� �0� (     !��j�  % )�T  �UT �

iT  ��T   % ��T �P�^ (��'2��  ��� �; !q��   C%�jA'� )��;
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   ��� 4��)  K��3,�  ��� � ���� �D (    !'2�#j�"� 1j0#�

       ���P� K��> % !"���"� 5�#2 �'
�;Rm!�  #j�.  �j; 

�`"D       ���jP�  � �j�� � ��j�� K��3j,� �/W  �j; U/U)   �j;

 )��I�ASTM No. (    �j; )�<��=j���� K��3,� 10#�

 4�3��i��:� !� #�.

+�����	�1

   &�� �   �M� K�%LB ��  )����O'�     ����> ���P� % �� �4

     ��� �#(I@ ���/�, ��;   �#� +#, )�<��=���� ��',� 

��� St52-,�[ ���^ !���; �#�  .&��Y�� ��A'�� �; 

   �   4#� / Q��'�  K
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     )���%  �; -�0 ��T   � UV % WT      ��j'�� �; -I=� �0� 

�#�  ��#; ��� ���@ ���P� �R &��?@    �j; 4/ !<'=j;�% %

   �� !���; R('S� )���'����B.  Q��'�  ��j�/ -� �;  �j; 

 ��� �� !���;�:

�   ��(=@ E�"s'�� -���=7      -I=j� *�% �sA: �    �j; 

 � �'
�; �#� -�0-���=7 �� ����� E�"s'�� ���;.

���MN@        K��j> )%� -j;�M 4�j�  � �j�� �#(I@ )�� 

)�<��=���� )#�D   �j�#��        �j; �j> ���j�    �j���> �j:�

     �� �@��<�
t ���#; ��� �#� )�'
�;���;   w�#jm �;   �j>

� 4�jj�  C�jj�UT K��3jj,� �jj; �jjP�^   � �jj�VTT �jj0� 

��<�'���   �; i�T �0�   �  )�<��=j���� K��>  �j�#�� �)

iT       %�7 ��� �� ��> �:� ��   �:�   -���_�7�  �j>

��#�� � �� ��> 4%�; ) %�7��� �:� ���;.

�@��MN         K��j> )%� -j;�M )�j� � �j�� �#(I@ 4��  

 ��#�� )�<��=����        )�'
j�; �j���> �:� �; �> ����

 �� �'
�; ���#; ��� �#����;ow�#m �;  � �j>  )�j�

V�T  !'��� �0�       � 4��  K��3,� �; ��[T �@ iT ��jP�^ 

   ��#�� � )�<��=���� K��>)iT       �j� ��j> �j:� 

   %�7 �����   �:� �  -���_�7     4%�; ��#�� � �> 

 �� ��> %�7}�� �:� ���;.

�w��;  ��#�� ���       �Rj('S� X���� -s@ ��� G��/ )��

       ���P� K��3,� �; ��� � ���� K��3,�Rm �   �j; -j�� �����
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