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Abstract 
The importance energy from the oil and gas that has caused the behavior of the steels used 
in oil and gas pipelines, especially high-strength steels, has been considered by oil-rich and 
industrial countries. The deployment pipelines in sour environments are more prone to 
corrosion, particularly destruction caused by hydrogen brittleness. The phenomenon of 
sulfide stress cracking (SSC) can occur when sulfide is present in the service pipe. Small 
dimensions and the destructive effects of this type of crack have made that detection of the 
hydrogen corrosion cracks is especially important. A new method for Detection of these type 
cracks is use of phased array ultrasonic technique. The finite element method is used for 
modeling the phased array technique in a two-dimensional geometry. Ultrasonic waves are 
generated in samples with slit and the interactions of waves with this discontinuity are 
monitored. Phase array tests were carried out on carbon steel blocks with slits and and a 
sample of the weld that have sulfide stress crack. To investigate reliability and efficacy of the 
proposed approach phased array numerical results are compared with the experimental 
results. 
Keywords: Sulfide corrosion, Phased array, Finite element method. 
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4� ��' 4261 ����9�� 	�x ���� 4"�
��1 � �	���U0 

�� G+� ��+�, H	@" ����"��# . 5#� 3+� �I�	J� H	@" 

G+� =�
 B	1 �F�@21 �� ��� ��� B	1 �� 4261

 �J � =�7� �� M�, �����9�� �*+� �# uU�@" a+6� � 

��# ����� ����  4����	�, � �� ���
 .O�"�K

��  	#�� 	, �� ;�� �U�0 �� 4��	� �+ �� � L�
���	�9

 � M+"�K 	V' �# "� ��6�# 4" 4���# ��	# H	@" ��

4�*+� �� �� O�"�K �	�Y#  	.U�S O�"�K G+� L�
���	�9

+ �� �# ��_
� ��  �� �/�� H��S F�@21 �  4��	� .

���	"� �N O�"�K�� H	@" 	L�6.1 �L�
���	�9 �+��K ��� 

�# ��9  4�*+� 4+� 	�}
 �uU�@" :+�	� �  O �# �	0� �#7

�S	� �!# -W
� O�"�K �G�6i�� 4+
��1 �e��� X+�
 

�	+�?1 �uU�@" �Q+0 �*+� ��� M+"�K�� 

H	@"	�N �Y0 �B	1 F�@21 ���, � 	� ���.

:�a���� � � 
�r�)/1 G+� � O�"�K ��L�
���	�9 �+��K ���Z# � ���� ��

;�� P�30�  ��/"^(�" ��� ��� �4Q
�Q< ���� R��"� 

��L�
���	�9 �  ��'	# #H��S �/���� ��" 4��	# 

��	���	7 .�"� � � O�"�K �+��K ��� 	#��� 4��U# ��

A60  !�� 46#	� ����  ��S �� �/�� 6?"$$4S� �

�
��
����;�0 4N60 )V�.� (����  ��S B	1 4261

�����9�� X+�
 � ��� ��� -W
� ��  �# ��"K ��;��

 ��� ���� ;�� # 4�Q2+"�K  ��" �_+)" �4��	# ��	7 

��	�.��	��+�_
�	1 �+��K ��� ���.������O�9��� 

L+	�.9��3�, �3W" #��'� 4�+��T"� ��.21 4"�
�� .

p��  	.U�S ��	��+�_
	1 �+��K ���� (	�6� �)�_" 

��95� 	�L+���� O�9� L+	�.9��3�, ��.�� #	�'~1 

��� I���" ��_
 �#	+� O�9� ��  �0�" � ��.�� � 

(��� ���+�  R��"� ��L�
���	�9 ��� ]^Z[. 	.U�S �

�� L+	/1 	��O�9� ��_
 �#	+� O�9� �� �.�� ���� 

1 Phased array 
2 Finite element method 
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������� 	
�� �� ��� ���
�(SSC) ��� ����� ����� ��� ��� �� ��� �� !

:��1 L+;�� 	,	�4U�� (	�6� 4" �� .� ���� ��L+

;�� 	,	���	# ��9�1 ���+�  R��"� ��L�
���	�9 :��1 

L+ 	��+�_
�	1 �+��K ���� O."� �"
	# �3+� �(	�6� 

:+�	� ��9�1 ���+�  R�" ����	# 	�O�9� 	��+�_
�	1 �#

I��� �
���0 [��	� 4"�� �6� G+� 	"� ��U#7 �� �*+� �

	?/6" �#� 	� 	�}
 ��9�1 R��"� ��L�
���	�9 #�+��� 

�uU�@" M#�� �4.�
�	�.9� 3�	�1 4)�S �3�	�1 4)�S 

4.�"6+  ����	# G+� �	��+�_
�	1 �# �0� 4" ��K 

]^^�^n[.� ���� ���� ;�� � �S � (�" ��� �

������� �2�
� R��"� ��L�
���	�9 ��9�1 ��� :��1 

��	��+�_
	1 �+��K ���� 4.+ ��;�� 4+� ��� ��

O."� M�,46�# ���� �R��"� 	�_�1 X+�
 #���  ��"K �

G�6i�� O."� 4��	V �6�Y# O�"�K ��[��	� 4"�+�
.

�  G+� �r�)/1 � �S ��� (�" �2�
� R��"� ��L�
���	�9 

��9�1 ��� :��1 ��	��+�_
	1 �+��K ���� #� ���� ��

;�� O�9�  ��/" � :�/" -	
 ��3�� ABAQUS (�"��� 

��� �4Q
�Q< ���� G+� R��"� �  ��'	# #H��S 

�/���� ��" �59&" �4��	# ��	7 ��	� .AT� #-W
� 

O�"�K ��L�
���	�9 �+��K ��� 	#��� A60 �� 4��U#

4S�6?" ��S ����  46#	�  !�� �� �� �
��
 � �� �/��

 ;�0 ��	V L+ 4N60)V�.� (����  4261 B	1

����9�� �#I��� ��� -W
� 4�Q2+"�K �X+�
 ��� 

�� (�" ��� � �S �O�"�K ��� �+��K 4�Q2+"�K #

	Q+�.+ �_+)" ��.4Q
�Q< AT� ���� R��"� 

��L�
���	�9 ��9�1 ��� � O�"�K �+��K ��� �#��}6" �e��� 

L+ ;�� �6�Y# ��	# F�@21 B	1 ����9�� 4261 � 

�� O�"�K H	@"	�N  ��" �59&" ��	7 ��	�.

��:��`�/ >�� �*�`b �54�b �`�1 �;���2B/4 `4
� � ��34 � ��� 

�  G+� �M@# �#o+	21 4Q
�Q< ��� (�" �2�
� R��"� 

��L�
���	�9 ��9�1 ��� :��1 L+	��+�_
	1 �+��K ��� #

� ���� ��-	
 ��3�� ABAQUS ��'� 	, � ��� 	�J~1 �#)�" 

H��S  �0�" � �5&7 	#��� R��"� ���L�
���	�9 � 

��+�,�� ;�	, �M#1�# R��"� ��� ��� 4��	#.

��	# O�9���6# �U�_"���O�9� ��5# �  �Y< 4�	� M
	� 

�/�� �� CPE4R � ���� ��� �� ��� #�0�1 �#(�V 

R�" R��"� 	2�6" ��� � �5&7 )?(� 5#� O�9� ��#��}6" 

����+, X+�
 (�" ��� �G�6i�� [�4+�	� �� ��, 

�&#�� 	+� ��Pz�� 4"�+�
 ,^m-:
λ

20
<h< λ

8
)ZZ(

�# ���V ��� G+� �&#�� �� 5#� O�9���  ��" � ���� �

?(�V R�" R��"� 	2�6" ��� � �5&7 ��� ���#I��� 

45#1 ��A
�	� ��S	� R��"� ��9�1 ��� u+	51 4" ��.

(�" O 	� ��	��+�_
	1 �+��K ��� �"� � @#$M

(�"O 	� �/�� L+	/1 4�
 ��O�9��� 4�+��T"��3�, 

	��+�_
	1 �G�6i�� ��� (�" L2��Z�G�
��7 	�'~1 

 ��" � ���� � O�"�K �+��K ��� ���.� �9� 4U��

L+	/1 4�
 ��;51�� I/�� L+	�.9��3�, ��4"O��1 #

� ���� ��� ;�� ���`��# 4+�	�
 �+W#0$$$$$$4+ 

(�"���  ��
 .� G+� �r�)/1 ��� (�" L+	/1 4�
 ��

�9 5" p�� 	# 	��+�_
	1 )Z^(�#� ���� ��(�S� L+

A9, 4+�	�
 � � �.�� �#A
�	� �3�	"MHz j	#

��� o&� �5&7 -W
� 4" �� ,^j�^l-.

�9 5" G+� �  f� 	��+�_
	1 A
�	� @�.��  ��51 ��

��� 49�S� A9,.

�  ��	��+�_
	1 �+��K ��� b\'	# ��	��+�_
	1 

(����" ��L�
���	�9 ��M#1 R��"� �+��� �  ��Y
K 1��S 

# � ���� ��L2�� 4" -W
�� �� #��$$$$M�+�������

4"O��1 O��# 4��	V ���L2�� #(�S� G�
��7 	�'~1 

F@2" �� L+	� ��	# O�9� �� 	��+�_
	1�(�S� ���V

A9, ��  ��
 �� 4+�	�
 #� ���� ����� A6Q+��^	# 

p�� L+	�'~1 4
"� O_.+ 	#	�L+��%)
 4�	� 

1 Shoe  
2 Huyghen 
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������� 	
�� �� ��� ���
�(SSC) ��� ����� ����� ��� ��� �� ��� �� !

�V�#	" 	#��� o&� �5&7 (�S� �
�� ]^k[	�'1 G+� ��

�9 5" �� � ���� # 4
"� )Zn(#��+K 4" �� :

�  G+� �9 5" ∆t 	�'1 4
"� G�# � O�9� �49���" d�U�� 

O�" �Y
�9� θs�+��� M#�� H�U&" �c�S	� R�" � 

�5&7  ��" O�"�K ���.

H�c�;  d5�B% 
� � �S ��� (�" X+�
 �59&" � 4��	# �# M@# G+�� 

��� ��� ��'� 	, 4�Q2+"�K.��U/1 �(�" X+�
 #� ���� 

�� ;�� ��U/1 +	�oZ-W
� ��� �40�	'�� �(�" 	#

p�� 	+ )" 4�	� 4+W#0 �e��� ��� ���.X+�


 ��� 	# ��� �+��K O�"�K -W
� # 4�Q2+"�K �� 4��U#

046#	�  !�� A6 4S�6?" ��S ����  �� �/�� �
��
 �

;�0 ��	V L+ 4N60)V�.� (B	1 ����  4261

-W
� ����9�� ��.

��H�d5�B% ���" 
�  G+� �9)" �#��}6" �59&" 	�J~1 M#1 R��"� 	#L+��S 

�/����� �/�� L+ ��� 	# � �5# �  �  O���!�" �6+�	�

  5#� #mmjh×nhh ��� L+��� �#=�1�� mm Zh�

�"@z mm k/h� ��_7 4
�" ��/�� (�" ��� ���

���.� G+� (�"�L+	/1 	��+�_
	1 �L2�� #� ���� 

�� O�
7 �6��^]^�[�# �
����(�S� ��� ��� ��R��"� 

49�V)I(#�+��� °mj �R��"� 4z	S)II(#�+���°j/^^� 

�5&7 ��9�1   	� .O�� ��V ��� �.�)l(w" �}�\" �� 

��\S 	#R��"� 49�V ��4z	S R��"� 4/&�)III(3�
 �# 

 �0� 4"�6+K.R��"� 4��6��	, ;�	,n)IV(��9�1 ��� ��

��9�� !# �G�e, ��� �R��"� M#1�# 4�
 ����+�, 

+ �9� �+��1 �"m)IV(R��"� 49�V �4z	S � G+� 

���U/1 A,�� ��'	# R��"� 42#1 #��� � �.�)k(O2
 

1 Explicit 
2 Snell’s law 
3 Diffracted wave  
4 Mode conversion 

� �  ������ .O�� �
�� � �.�)k(���2" 4" �� A,

��  ��'	# R��"� 42#1 #�+����� �G�5" � ���  R�" 

4��6��	,)V(��� �Y�
� ��� 	2�6" 4" �� .� G+� �.� 

G�6i�� R��"� ��9�1 ��� A,�� ��'	# R�" 49�V #��� 

�� �#��9  ��+�, �+��1  �" I��� �# � R�" 49�V �

4z	S � �5&7 	2�6" 4"��
�� �#7 ���2" ���.

&�' �:45��6 ^4*�4 3*e,(I)  ^4*�4 U�" ,(II)  ^4*�4 
�./,(III) ��>��.

&�' �:^4*�4 )�N
4�K,�4�K )IV(3*�����' `4�O3�!�
0�;,5 f�K�N,'� �� ^4*�4 S;��`�; '�%,`4�K5���O�5&

��)V(.

:�H�d5�B% ,!�L=5��`b �*�`b 3 4(�%*/4�B �54�b 
�`�1 

��}6" �# 4��	# X+�
 � �S ��� ����U/1�� O�9� 

 ��/" -W
� ��� � M@# ���7 ��L+�Q��  

��L�
���	�9 �+��K ����.� r#&" )�(����  �� lm(
�

�� ��	� M2M �L+	��+�_
	1 �+��K ��� M*D j#

�6Y, O�9� ���Zh���U�� 3�	" 13�	" � O�9� 49���" 
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�������� 
�� ������ ����� � ���� ������� �����������

������� 	
�� �� ��� ���
�(SSC) ��� ����� ����� ��� ��� �� ��� �� !

mm �/���U�� G�# O�9��	#�	# mm Z/h�(�V 

(5�mm  n/n�� ���� 4" ��.

�YW1 G+� �� � ���� # O�"�K �I�3����� �+��K L�
���	�9

��U# ��� 	#  !�� A60 �� 446#	� �#2" I?@2" # (�" 

4��	V |�� ��U/1 �  �� �# 5#�mmjh×jh×nhh ��� 

L+ ��� �#=�1�� mm Zh��"@z mm k/h� ��_7 

4
�" B�U# ��� ��� -W
�.	+�?1 M#�� 4S&7ZB�U# 

����  ��� � �.� )t(O2
 � �  ��� ��� .

&�'9:(=2
  E4�K D�%�54� D�`�1 �54�b ��LB/� �5 �\�.

O�� �
�� �����2" 4" �� � G+� 	+�?1 �
2
�� 

%�#	" �#R��"� 4��6��	, );�	, (4�
 ����9 4+!# (A) �

��9 46�+, ��� (B)��+	)1 #�I��� [��� �:)� #b\�'� 

�U�����#��9  I��1 � �U�� 4V��� :��1 G+� R��"� 

�� ��9�� ��� 1�&)
 ��+�  R�" :��1 	��+�_
	1 ��+  

4"� �� �#���V ��(�V � ��S ��� ��4"O��1 #�0�1 

�# �U�� G+� � �
2
 ����
� �	�� ����/"  ��
 .�}�\" 

4" �� ��X+�
 ��� ��G+� M+"�K #X+�
 � �S 

1 Sectorial scan 

��� ����U/1 O�9�  ��/" �e��� ��� � �.� )k(

�)#&" 4"�6�.M+"�K 	Q+  	#��� �)&6";�0 ����  

B	1 �����9�� 4261 -W
� ��� ��� ��A60 3U� �+, 

 !�� 	, -./���f[���9K � #PI� 5L� X70� ��6+�	� 

��.��0  �	�.9� 4��  �.#H^4" ��# .

&�' Q:�5*\� S; � ,"�._ X*	; �4�4� g�" ��2h�4.

&�' )�F:(�5*\� S; � ,"�._ `4�*] �4�4� X��.

2. Shield metal arc welding 
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������� 	
�� �� ��� ���
�(SSC) ��� ����� ����� ��� ��� �� ��� �� !

# �0�1 �#X+�
 � �S ��� ����U/1 �� O�9�  ��/" 

�� ��4��	# 4Q
�Q< �2�
� ����� R��"� ��L�
���	�9 �5# 

 ��'	#�� #H��S �/�� ��� #���  ��"K ���� # W+� 

�+��� �3�	�1 ��6" �+# � ?1$$$$	+� M#�� 4S&7 

�
2
4+� ��R�" ;�	, ���+  ��.�.� �  )Zh(	+�?1 

M#�� 4S&7 ;�0 ����  B	1 H��S ����9�� 4261 

4" ���2" ��.� G+� 	+�?1 (6Q�� �� ;�	, #� �0� 

�� ��"K R��"�  ��'	# ����	�9$$$$$L�
� #B	1 ���2" 

4" �� .�
2
  W+� R�" ;�	, ��B�
 4+!# B	1 )A(�

B�
 46�+, B	1 )B(G+��   �� 4" ���2" �.�.

R��6�B% ���) 
�  G+� �r�)/1 #�0�1 �#p_� B
	&'� O �# B	1 �� 

4
������ �#4�	5" 4.+ ��;�� �� G+�
 � F�@21 G+� 

B	1���'� 	, ��� ��� .#� ���� ��;�� P�30�  ��/" 

(FEM) �2�
� R��"� ��L�
���	�9 ��9�1 ��� :��1 

��	��+�_
	1 �+��K ��� �	�J1 �#)�" G+� R��"� � 

 ��'	# #��S �/����(�" ��� ��� ��� .�_+)" X+�
 

��� ��(�"����� � �S �X+�
 ��� ��O�"�K�� 

��L�
���	�9 4�Q2+"�K �V�#	" O�#	��)#&" X+�
 

� �S �4�Q2+"�K ��/� (�" ����� -W
� ��� 

��� .�_+)" X+�
 � �S �4�Q2+"�K �#��  ��"K ��

B�U# ����  ��S 4S�6?" ��
��
 ����;�0 4N60 

����  B	1 �����9�� 4261 O2
 4"��  ��� G+� 

�I5&7 �
2
�� %�#	" �#R��"� 426��	,);�	, (4�
 ��

��9 4+!# ���9 46�+, ��� ��+	)1 #�I��� [��� �:)� #

b\�'� �U�����#��9  I��1 � �U�� 4V��� :��1 

G+� R��"� ����9�� ��� 1�&)
 ��+�  R�" :��1 

	��+�_
	1 ��+  4" ��.
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