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Abstract 

In this research, 13 passes of accumulative roll bonding (ARB) process is performed on AA1050 sheets. The 
microstructural evolution to access of grains with nanometer size during ARB process is investigated. Moreover 
,the change in strength and elongation of the sheets during the cycles of process is studied by uniaxial tensile test 
in 3 directions (rolling direction (RD), transverse direction (TD) and at an angle of 45owith respect to RD); and 
then the inhomogeneity of mechanical properties in these directions is investigated.The tensile strength of sheet 
is increased by increasing the number of ARB cycles.The elongation of specimen is decreased rapidly at the first 
cycle of ARB; and it is subsequently increased gradually.The inhomogeneity of mechanical properties of 
specimen is increased by performing the ARB process. 
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Ä¿Y{� ��Âf»� µÂ�� Á� d»Zz��{� ZÅµÁ|m��d�Y� Ã|�� Ã{�ÁM��
�Ä¿Y{��Ë��¹�Ì¿Z°»¶°��Ê ¼ne�{�Â¿�|ÀËM�§�Ê���¸§�½|��É�Ì³

ÊËZn]Z¿� ZÅ� �{Ä¿Y{� ½Á�{Ä¿Y{� ¶Ì°�e� Ä»Y{Y� �{� Á� ZÅ�Ê��§� ÉZÅ
d�Y����Á���������ËY�§Y�Z]�~³º¯�|ÀËM�§�ÉZÅÄ¿Y{�º¯��ZÌ�]�ÉZÅ

��ZfyZ��\Ìe�e�¾Ë|]�Á�Ã|��{ZnËY�{�Â¿�dÆm��{�Ã|��Ã|Ì�¯��Ë�
Ê»� ¶°�� Ä¿Y{�Ë�{�Ì³� �� �{�~³� Ê¿ZËZa� ÉZÅ©Â§� �ZfyZ��Ã{Z ·Y

Ä¿Y{� Z]� Ä¿Y{�Ë�Ê»� Y�§� Y�� �¸§�É�f»Â¿Z¿�d»Zz�� Z]�ÊËZÅ�Ä]� ,{�Ì³
�É�Â��Ä¯Ä¿Y{�¾Ì´¿ZÌ»�d»Zz���{�ZÅ�~³�Ä]�ºÅ{�Ì�nm����
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�� �{� ¶°���� �Àe� ÊÀvÀ»��cZ �«� Ê�|ÀÆ»� �¿�¯�
ZÅ�~³É�d�Y� Ã|�� ÄWY�Y� Ê ¼ne� {�Â¿� |ÀËM�§� ¦¸fz»� ��ª]Z�»
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� �Y� �f¼¯� Ä]�dyYÂÀ°Ë� µÂ�� {ZË{�Y� ½Y�Ì»�̃�d�Y� {Á|v»� ���{
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¶°�����Àe�ÊÀvÀ»��©�Á�Ê�|ÀÆ»��¿�¯Ã|��Ê ¼ne�{�Â¿�ÉZÅ��¦·Y���,{�Â¿�dÆm�[���Á�Ê����dÆm�k��ÄËÁY��Éo����Ä]�d^�¿
{�Â¿�dÆm 

�{�¶°���e� Ê�� cZ �«� Ê°Ì¿Z°»��YÂy� cY�ÌÌ¤�~³�ÉZÅ
d�Y� Ã|�� Ã{Y{� ½Z�¿� |ÀËM�§� ¦¸fz»� ��¹Zn¿Y� dÆm� Ä�� �Å� �{

�Z]�©�Á�ºÌ¸�e�¹Z°vf�Y�Á�ÊËZÆ¿�Ê��¯�¹Z°vf�Y�,��¯�½Â»�M
��ËY�§Y�~³Ê»��ËY�§Y�|ÀËM�§�ÉZÅ|]ZË���¹Z°vf�Y��ËY�§Y�d���

� �{�~³ÄÌ·ÁY� ÉZÅd�Y� {ZË�� |ÀËM�§� É� ��Êfz��Z¯� ¶Ì·{� Ä]� ¾ËY
Y��ËY�§Y��Y�Ê�Z¿�Ã|��{ZnËÊ·Z´q�ÊËZn]Z¿Ä¿Y{�¶Ì°�e�Á�ZÅ�ÉZÅ

d�Y�¶uY�»�¾ËY�Ê��É�f»Â¿Z¿�Ê��§��� ���¹Z°vf�Y��ËY�§Y�w�¿
� �{�~³Ê»��ÅZ¯�Ê¿ZÌ»�ÉZÅ|]ZË� ��¿�¯��ÌiPe� ,Ä¸u�»�¾ËY� �{��

�ÊnË�|e�¶»Z°e� 0Ze|¼��Á�Ã|���f¼¯�¹Z°vf�Y��ËY�§Y� �{�Êfz�
¶°�� Á� �ZfyZ��Ë�©Â§� �ZfyZ�� É�Ì³Y�{Z ]Y� Z]� Ä¿Y{�Ë�� Ã{Z ·

|¿�Y{� ¹Z°vf�Y��ËY�§Y� �{� Y��Ê�Z�Y��¬¿�É�f»Â¿Z¿����Á�������
� �{�~³Ê]ZË�Z]� �Â«Á� ¶Ì·{� Ä]� �Ì¿� Ê¿ZËZa� ÉZÅ��{|n»� �Â¸^e� Á

°Ì»ZÀË{Ê��¾Ìu�©�Á�½|��¹�³�¶Ì·{�Ä]�Ä¿Y{�|���½M�\«Z f»�Á
Ê»��ÅZ¯�Ê¼¯�Ä �«�¹Z°vf�Y�,Ê ¼ne�{�Â¿�|ÀËM�§�|]ZË���z]

���� ���¾Ì·ÁY� ¹Zn¿Y� Z]�~³���Y|ËZaZ¿��ËY����Â«Á�¶Ì·{�Ä]� ,|ÀËM�§
Ä¿Y{�Ë�� �ZfyZ�� �Y�Ê�Z¿�®Ìf�Ôa�{ZË{�Y�½Y�Ì»� ,Äf§�³�¶°��É
Ê»� �ÅZ¯� c|�� Ä]� Ä �«� µÂ�|]ZË����Á����� ��Z]� Ä»Y{Y� �{

��ËY�§Y�~³�Ê¼¯��ZÌ�]�\Ì��Z]�µÂ��{ZË{�Y�|��{�,|ÀËM�§�ÉZÅ
��{�Á�Äf§ZË��ËY�§Y�~³Ê»�d]Zi�0Z^Ë�¬e�Ê¿ZËZa�ÉZÅ|¿Z»� 
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Ä ·Z�»��Â�À»�Ä]�©�Á��{�Ê°Ì¿Z°»��YÂy�É{�´¿Z�¼ÅZ¿�É��

�dÆm� ,{�Â¿� dÆm� �{� ��¯� ½Â»�M� ,Ã|�� Ê ¼ne� {�Â¿� ÉZÅ
ÄËÁY��Á�Ê����Éo���|Ë{�³�¹Zn¿Y�{�Â¿�dÆm�Ä]�d^�¿���ÄmÂe�Z]

Ä]�¶°����Y�Ê����dÆm� �{�cZ �«�ºÌ¸�e� Á�Ê��¯�¹Z°vf�
{�Â¿� dÆm� �Y��Ì]��Ä]� �Â]�»� ¹Z°vf�Y� ¾Ë�f¼¯� Äf^·Y� Á� d�Y

ÄËÁY�� Éo���d�Y� {�Â¿� dÆm� Ä]� d^�¿� ��{�Â¿� |ÀËM�§� ¹Zn¿Y� Z]
Ä¿Y{� Ê ¼neÊ»� Ã|Ì�¯� {�Â¿� dÆm� �{� ZÅ�c�Z^�� Ä]� -|¿Â�

Ä¿Y{� d»Zz��´Ë{d�Y� Ä¿Y{� µÂ�� �Y� �f¼¯� �ZÌ�]� ZÅ� ��¾Ì¼Å� Ä]
Ì·{d�Y�{�Â¿�dÆm��Y��Ì]�Ê����dÆm��{�cZ �«�¹Z°vf�Y�¶����

��
ª]Z�»�¶°����cÁZ¨e� dÆm� Ä�� ¾ËY� �{� µÂ�� �ËY�§Y� ½Y�Ì»

��{��¬§�-|¿�Y|¿�ºÅ�Z]�Ê¿Y|Àq�~³�µÂ��{ZË{�Y�|ÀËM�§�ÉÓZ]�ÉZÅ
ÄËÁY��dÆm��{�¶¯�Éo���d�Y��´Ë{�dÆm�Á{��Y��Ì]����

��Y�,dÆm�Ä��¾ËY��{��YÂy�ÊÀ´¼ÅZ¿�½Y�Ì»�¾ÌÌ e��Â�À»�Ä]
��Ì¤f»��yZ�(V)�¥Y�v¿Y�d^�¿�½YÂÀ��Ä]�Ä¯��{�Y|¿Zf�Y�SD���

�Ä]¾Ì´¿ZÌ»��Y|¬»���f»Y�Za�x ҧ��»�¦Ë� eÊ�{Â�d�Y�Ã|��Ã{Z¨f�Y�,���
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1. Standard Deviation 
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�{ZË{�Y� |��{� Á� ÊËZÆ¿� Ê��¯� ¹Z°vf�Y� ÊÀ´¼ÅZ¿� �yZ�
�ÉY�]�¶¯�µÂ��~³Ã�Y|¿Y�|ÀËM�§�¦¸fz»�ÉZÅ��{�Á�É�Ì³�¶°���
d�Y� Ã|�� ÄWY�Y� �½Z¼Å�½Y�Ì»� ¾Ë�f¼¯� ,d�Y� �z�»� Ä¯� �Â�

Ä �«�Ä]��Â]�»�ÊÀ´¼ÅZ¿ÄÌ·ÁY�Éd�Y� Ã|��É�Z°]Ze�É� ��¹Zn¿Y� Z]
|ÀËM�§��Â¿ÊÀ´¼ÅZ¿� |��{� ,Ê ¼ne� {�dÆm�Ä��¾ËY� �{��YÂy�

�§Y�ËY�Ê»]ZË|� �� �{� Ä¯�c�Â��¾Ë|]�~³�ÊÀ´¼ÅZ¿�ÊËY|f]Y�ÉZÅ
Ê»��ËY�§Y� Ä �«� �{� Ê°Ì¿Z°»��YÂy� �{� Ze� ,|]ZË�~³��Ä]� ºÅ{

Ê»�{Ây��Y|¬»�ÄÀÌ�Ì]|�����¶Ì·{�»Y�¾ËY��É{�´¿Z�¼ÅZ¿��ËY�§Y
©�Á�É�ZfyZ��Ë�� cY�ÌÌ¤e� ¶Ì·{� Ä]��Ê ¼ne� {�Â¿� |ÀËM�§� ¾Ìu
d�Y����Y�~³���Ìa�½|��¾´¼Å�d¼��Ä]��YÂy�ºÅ{�Ì��Ze�ºÅ{
Ê»{Á��Ê»�Äf�Z¯�Ê¼¯�©�Á�É{�´¿Z�¼ÅZ¿�½Y�Ì»��Y�Á,{Â���Ä]�Ä¯

°Ì»ZÀË{� {|n»� �Â¸^e� �Â«Á� ¶Ì·{Ê�Ä¿YÂm� ÁÄ¿Y{� |��� Á� Ê¿��ÉZÅ
ºÅ� �{� �Âv»�~³Ê¿ZËZa� ÉZÅ�|ÀËM�§d�Y��� �z]���� ���ª]Z�»

� ¶°���Z¿� ½Y�Ì»��Y� �Ì]� cZ �«� µÂ�� {ZË{�Y� |��{� ÊÀ´¼Å
d�Y�ZÆ¿M�ÊËZÆ¿�Ê��¯�¹Z°vf�Y�ÊÀ´¼ÅZ¿���

��
������Êfz�Á�°Ì»ÊnÀ���

�{�Â¿� cZ �«� �{� ¹Z°vf�Y� �Ë�Âe� Ê �Â»� Ê���]� �Â�À»� Ä]
©�Á�d»Zz��µÂ���{���°ËÁ�Êfz�Á�°Ì»�,Ã|��Ê ¼neÃ�Y|¿Y�ZÅ��

�É�Ì³|���cZ �«�Êfz��¾Ì´¿ZÌ»���Y��a�©�Á�d»Zz��µÂ���{
�~³��{�|ÀËM�§�¦¸fz»�ÉZÅ�¶°���d�Y�Ã|��Ã{Y{�½Z�¿��½Z¼Å��

Ê»� Ã|ÅZ�»� Ä¯� �Â�� �{� ,{Â��~³�Êfz�� |ÀËM�§� ÊËY|f]Y� ÉZÅ
Ê»��ËY�§Y��Y� Z»Y� ,|]ZË�~³���Y�Á�d�Y�d]Zi� 0Z^Ë�¬e�ºÅ{�Ze�¹�ZÆq

º¯� �a� ½MÊ»� �ÅZ¯� º¯|]ZË� ���Ë�Âe� ¶Ì·{� Ä]� �Â�Â»� ¾ËY
Ã|ÌrÌa�]�ÉZÅ|¿Z]�½|���Z^�Y�Á�Ê��]��¿�¯�É��{�Ê��~³�ÉZÅ

d�Y�|ÀËM�§�ÉÓZ]����{�¶°�����{�Êfz��ÊÀ´¼ÅZ¿��yZ��|��{
{Y|f»Y�Ä¼Å� �{� -d�Y� Ã|�� Ã{Y{�½Z�¿�©�Á�d»Zz��É�~³�ÉZÅ

� �Y� �f¼¯� Êfz�� ÊÀ´¼ÅZ¿��yZ�� |ÀËM�§�̃d�Y½Z�¿� Ä¯� ,��

Ã|ÀÅ{�©�Á�d»Zz�� µÂ�� �{� Êfz�Á�°Ì»� �Ë�Âe� ÊfyYÂÀ°Ë� É
d�Y���

��
��������Â¸^e�Á�Ê]ZË�Z]��Â«Á�Ê���]{|n»�®Ì»ZÀË{��

Ê»�½Z�¿� ½Y�´�ÅÁ�a�cZ¬Ì¬ve� Ä¯� |Å{� �{�~³�Ê¿ZËZa�ÉZÅ
|ÀËM�§�Ê ¼ne�{�Â¿,�ÊËZn]Z¿�ÉZÅ�Ä¿Y{�½Á�{�Ä¿Y{� Á� ZÅ��Ê��§�ÉZÅ

�Ä]�d^�¿�~³Ê»�d]Zi�Á��ÌÌ¤e�½Á|]�0Z^Ë�¬e�Ê¿ZÌ»�ÉZÅ�|¿Z»�����,

Ä¿Z�¿�Ä¯�d�Y�Ã|��Ê]ZË�Z]��ZfyZ���]�ÉY����{�Ä �«��ZfyZ��~³��

�§�Ê¿ZËZa�ÉZÅ�|ÀËM�¶»Z�ÄËÁY��Z]�ÉZÅ��»���¯�Z»Y�,d�Y�±��]�É
ÄËÁY��Z]�ÉZÅ��»��Y�ÊÆmÂe�¶]Z«�{ÂmÂ»��ZfyZ���{��Ì¿�®qÂ¯�É

Ê»�|�Z]��ºÅZ¿�ÉZËYÁ���Ë�Âe��{�É��»�ÊfÆm�Ë��Ã|��{ZnËY��ZfyZ�
�|ÀËM�§���Âe,Ê ¼ne�{�Â¿��¶v»��{�®Ìa�®Ë�Z]�ÊËZ¼¿�Á{��Ë�Âe

ÄËÁY��Z]�ÉZÅ��»�Z]�¾Ë�Z£M�{�Á�®qÂ¯�É��ZÆf¿Y��{��«YÁ��´Ë{�¶v»
ÄËÁY��ÉZÅ��»�Z]Ê»�±��]�É�|�Z]��������Â��Ä]�Ä¿Z³Á{��Ë�Âe�¾ËY

¶°�� �ÌÌ¤e� �{� Ã|»M� {ÂmÁ� Ä]� �ZfyZ�� ¾Ì]� ¥ÔfyY� t�YÁ��ÉZÅ
Ê»� ½ZÌ]� Y�� Äf§ZË� {|n»� �Â¸^e� �ZfyZ�� Á� |Ë|��|À¯� ��¾ËY� {ÂmÁ

ÄËÁY��Z]�ÉZÅ��»��Y��Y|¬»��{�Ê]ZË�Z]��Â«Á�Ä]��ZfyZ���{�®qÂ¯�É
�»Ê»�Ã{Y{�d^�¿�|ÀËM�§�Ê¿ZËZa�¶uY�{Â����Z]�Ä¿Y{���»�ÉÓZ]���¯

ÄËÁY�Ê³�ËÁ��Y�Ê°Ë�®qÂ¯�É��ÉZÅ|ÀËM�§�Z]�Ã|��|Ì·Âe�{YÂ»�ÉZÅ
d�Y�|Ë|��®Ìf�Ôa�¶°���ÌÌ¤e����

��ÌÌ¤e� �Y|¬»� Äq� �Å� Ä¯� ,d�Y� É�Á��� Äf°¿� ¾ËY� Ä]� ÄmÂe
�{|n»� �Â¸^e� Á� Ê]ZË�Z]� �Á��� ÉZ»{� ,|�Z]� �f�Ì]� Ê¸^«� ¶°�

Ê»��ÅZ¯ZË|]���{�Â¿�|ÀËM�§��{�Ä¯�Zn¿M��YÊ ¼ne���ÌÌ¤e�Á��¿�¯
Ê»�µZ¼�Y�Ä¿Â¼¿��]�É|Ë|��¶°��0Zf^�¿��Â¸y�Ä]�ÄmÂe�Z]�Á�{Â�

��¬¿� É��¿Y� Á� �ÅÁ�a� ¾ËY� �{� Ã|�� Ã{Z¨f�Y� ¹ÂÌÀÌ»Â·M� ÉÓZ]
°Ì»ZÀË{�{|n»��Â¸^e�Á�Ê]ZË�Z]��Â«Á�½Z°»Y� ,�¸§�ÉÓZ]�½Z»|ÌqÊ�

�¾Ìu�~³�ÉZÅÊ»��ËY�§Y�Ê¿ZËZa|]ZË� ���Y��{��´Ë{�ÉÂ��~³�ÉZÅ
|ÀËM�§�Ê¿ZËZa,�Ê»�{ZË���ZÌ�]�©�Á�Ê·Z�eY�­�f�»�sÂ���{Y| e��

��{� {ÂmÂ»� �Ë�� �ZÌ�]�É|Ì�¯Y�Ê�·ZyZ¿�cY�}�ÄnÌf¿� �{� Á� {Â�
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