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Figure 1:�Global view of the finite element model.�
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Figure 2:� Comparison of simulated forces for three 
different couples of friction parameters with experimental 
measures, versus time 
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Figure 3:� Comparison of calculated and measured 
temperatures at pin, root, and shoulder locations in the 
FSW tool with a Norton friction, using an Eulerian 
formulation�
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Table 2:�Calculated and measured tool forces (with error 

bounds  �<	�F
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Figure 4: Calculated and measured temperatures at pin, 
root and shoulder locations in the FSW tool with Coulomb 
friction using an Eulerian formulation 
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Figure 5:� Pareto plot, comparisons of Norton and 
Coulomb relative errors on forces and temperatures 
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Table3: Comparisons of calculated and measured forces 
at steady welding states with the ALE formulation 
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Figure 6:� Comparisons of calculated and measured 
temperatures at pin, root, and shoulder locations in the 
FSW tool with Coulomb friction and the ALE formulation. 
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Table3: Comparisons of measured and calculated forces 
and temperature obtained with the ALE formulation at 
various travel speeds. 
�

�

�H�1C-2� �<�1C-2�

#�

,�
�

#�

�����

#�

 ���

�<	���	�� ��KA&/� %K�&A� /�/� �(/� ��/�

I�G�&A/� A�� �&A� /%�� /��� ����

I�G�&%� A�&/� %&A� /%/� /A�� /���

�<	�(�	�� A�&(KA&�� %&�K�&'� /�'� �('� ����

I�G�&A/� A(� �&A� /%/� /AA� /�A�

I�G�&%� A%� %&(� /%(� /A(� /�/�

�<	�A�	�� A'KA� �&AK�&A� /��� �(%� ��/�

I�G�&A/� A�� �� /A(� /�A� ����

IG�&%� A%&/� %&A� /%'� /A/� /�/�

�

0�� �6���3�� ���� ����� =�����5� �+� �������� ��� ���� �
��

�6���
��� 	��3�����5�8���� (�	���8���� �� ���� ������
��

�
�+��"����
�����	���������+��������	����&�

������'����8������,��������������6���
���"�
������
�

3������� ���3��� �	����&� ����"������� ��������8���� ��++���
��

+��"���
� "��++�"��
��� ���� "��	����� ��� �<	�����
��&� #���

������3�� ������ �
� +��"��� 13����"��� �<��2� �""����
� ����

������3�� ������ �
� ���	��������� 1����H�
���� �<��2� ���

	����
�����
�������'&�

Figure 7:�Pareto plot, error on forces according error on 
temperatures with the ALE calculation at various travel 
speeds. 
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