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���� ���	
�� 
������ ������ ����� ���������	� �  � �!�"# ��$% ��&

'	��!� �!(# ��
����# ��&$#�) ) � �� ��&  

  

��*�+ �,���*1 /#�0�123 ��24#2 

 

*1- ����!��+ 6��2�#�7!�# /��48� 79#" /
��  "�: $#��# /��48� /��;�# �#80  �<2�#�/ 
morteza.kaazemi@gmail.com 

2- %�#�����/��48� 79#" /
��  "�: /$#��# /��48� /��;�# �#80  �<2�#�  
 lashkarara@iust.ac.ir 

  

=4���� >���� :16/5/97              C��D� >���� :1/8/97  

*$	�+:,-.��� '�� �  ���������� ������ ���	� ���	
�� 
��� ����(FACTS) ���	� �  �� /�0 �!�"# ��$% ��&

'	��!� �!(#�&1�� -�2���� ��!3 
����# ��&$#�) ) � �� � . �5� $� ���	
��STATCOM  )TCSC 
�$0�� .


� ���	
�� '�� 6� * �7���$&  8���2� �� ���	� ��� �� *�
� $��!� . ��� 89� �� �� *��:& ���	
�� '�� 
��	���� '�����;�

1�� -�2�< ���% �5� $� -;	
� . /%�$# �$& �� -;	
� ��� 89� �$&-;��& �6��
� �&$.!� ��!� $	.!� 6� 
0�� ��&$0�� .

 ���2� =�� >�!� �6�� -	?0MATLAB 1�� *$0 �6�� * �	� .  �!� -"@�� /# �!5;:� 
A���< �!���B ����!C.�

 -�?0 ) 1�� -�2�< ���% * �7���  ��$�����39  '	0IEEE 1�� *$0 -�2�< ���� � �
;A	� F)� �6�� * �	� �!5;:�.  

*��) �&�$	"G � :��� �� *�
� -;��& ,� �� ��& '	��!� ,
A���< �!���B ����!C.� ,-;	
� ��� 89�  

1 - -�$��  

=F�� =�� 8# " 7�%&G 6�"7�� H���� 6#�#� ���&4 6�G

�I7I� ���&4 6J��# H���� $�#� " $#7��2�#� 6#�� �<2��G 6

 ��K<��L 6J��# H���� �%4�� �� ���� �+ =�#  ��� $��7�'�

�� 6#��=�#  7! 6J��# 8��� ��� . N�� ��# 8#  ��O%�# 6�"K�

6J��#��G $�'L ��#�� �� �G7! 7G#�F ��: . �%1� ��# �� �L��

 $"7� /P�%�� �� /�%���� 7��� 7�7L H���� �+ =�# 6�"�Q

7��R0���KG ST#79 �� " �:7�!�� 7�3�� 6 .���K: 8# $#"#�4 6�G

�� /��L��  ��!# 6��� 6J��# �� $#���� �+ ��+ 8# �1� 7�#��

U�� 7��# #� ����S9 $"K4# 8"� 8��� $��+ HO��� ='L /�G

7!�� 6J��# . 

=4�2���� /���V�G $"K4#8"� =W�X ����6��G�G "  ��O%�# 8# 

�'�0 �� �%&��6�G /��7T Y�'O� �%&��6�G $���L ���%�# 

Z"��%� [�\W�#��D� )FACTS( �_#�# 7! .��# `�a �+ S��! 

 ��O%�# 8# �#"�# b��"�%13# ��7T c\� �� $#�� /R�� 

��%�+K+#�� �%4�2�� " K�� b��36�G ��#����� �%&����6�G 

��7T ��!��d/7 �+ ��  ���1990 ��+��d�d%  EPRI `�\�   

  

  

  

7d���d: . 7d�#6# �+ �� `�a �%&��6�G ���%�# 6J�d�# 

$�d��dL Z"��%� [�\W�#��D� ��L" /=!#� ��%�+ 6�G�%�#��� 

�%&�� ���%�# �� $��8 ����9 " �� ���%� ���f� H��� " g�h���� 

$;�� ��0 /$#�� i��\� �� =�WQ"6�G ����#  7! �%&���� 

��� .�� ��# j����  �#"�#FACTS �� $#��� 6#�� 6�#K�# 

=���7� �+#�� ��7��#�� ����  ��O%�# �#�T 7���: .��# �#"�# �� 

���f� �� 6�G�%�#��� �1h! )k�#7l�# ���#� /mF J�%3" " ��"#8 

J�%3" (�d� ��%�+ U�� $#�d� �� �1h! " UG�+ $#�d� 6��dh� 

n�\F8# �+#�%� b�+ ��7��+.  

 o�%�� S_�&� 6#�� 6���8 7�7L 6�G�<3# /��F# 6�G ��� ��

7�# �%4� ��+ �� " �%4�� C�%&: 6# ������ 7�p 68�� ���'� . 

 ��]1[ $#��� �� �2G"s� /"+ �47G 7�p b�%�J �%���<3# �����

 �#"�# ��L" �� �47G 7�p ���'� ��� U�� 6#��TCSC"  $�2�

 ���KG 68�� ���'� 6#�� #� �47G 7�p b�%�J �%���<3# �+ 7��#�

 ��7T 6�G �%&�� �� ��%+# $#�� ���%�# ��O�� " �:��30 /7�3��

 ���%�# 6�G �%&�� ��  7! K'��AC  [�\W�# S��T

)FACTS (�_#�# 7�+ ��.  
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 �W3�\� ��]2[ 6��1%�# 6�G �%���<3# P��# �� 67�7L C"� /

 ���� 7�p [�\W�# S��T 68�� �7� " ���� $�1� 6#�� /7�7L

 �#"�# �+)68#�� " 6�� ( $���L ���%�# �%&��)FACTS ( #�

 [;�# " mF �+#�� UG�+ " S+ ���%�# =t����T ��h'� ��u�� ��

  ��O%�# /7G� �� ���f� S+ ��7T��! �� . �#"�# N�� 7�p

FACTS$#�hL ���L 8# /   /$"�1�� b���%�# 6�G 6�� �:

 �� �p��l1� ��7T $���L  7��+ ��%�+ /b���%�# �: $#�hL

 �%���<3# i��a 8# /$��K�G ��a �� "  7! ��"0�� ���'� ���X

 ������G 6��%&L)HSA (=�#  7! ���� $�1�.  

 ��]3[ ���'� w�
�� /SVC  "TCSC # 6#�� ��hx U�#K4

 �%���<3# 8#  ��O%�# �� ��7T �%&�� ��O�� UG�+ " J�%3"

  7! �_#�# �#�y Y�9�8# 68�� ���'� " �h�+�� 6����� b�%�J

=�#.  

 ��]4[ �X��� ��# ���'� �����L �+ 7��#� $�2� 6# �W3�\� /

 " =t����T ��h'� {���  7! |��F ��u�� 8# ��7T �1h! b� ��

7! 7G#�F �%&�� =t���#.  6��%&L " 7��!�G 6�G �%���<3#

 $�1� �%4�� 6#�� �G��h�8  "�: 68�� ���'� ���2� 6��1%�#

=�#  7!  ��O%�# �X��� ��# j����.  

 ��]5[ $#��� �� 6# �W3�\�  /" �� ���'� ��7T $���L S9

 �#"�#FACTS  7�7L 6�G�<��  "�: �%���<3# 8#  ��O%�# ��

S���� �\��" �%���<3# �+ 7��#� $�2�  �G�<��  "�:)KHA ( b�

 " �G"�: ��%4� ��x}� =�� �+ =�# 7�7L 6��1%�# #�4 ��1�"�

 �� n�h��# �� " ��#DI �#�� 6#�� ��%&L �� �G�<�� Y�9�8#

=�# �%4�: �#�T �<�71�.  

 ��]6[ $#��� �� 6# �W3�\� /" �� 6��:��� =����T U�#K4#

 �#"�#FACTS �2�#�: 6��%&L �%���<3# 8#  ��O%�# ��" /GSA  

)�2�#�: 6��%&L �%���<3# ( 68�� ���'� �%���<3# �� ��%h�

 �#"�# ���'� w�
�� 6#��FACTS   ����# ���%�# �%&�� ��

=�#  7!.  

 �#K�'�� ���� =�4�* " ������1� i���� ��# 8# [7GFACTS 

 �<��� ��7T 
�� 6�G �1h! �� ���'� ��� U�� ��1�"� ��

�� 6��� 6�G ������ ��,9 �� S1! 7��!�G �%���<3# m�

�� �2�#�: 6��%&L7!�� . 8#  ��O%�# �� "� U�� i���� ��

 6�G �1h! ���'� ��� U�� �� �2�#�: 6��%&L �%���<3#

 ���� =�4�* " ������1� �� 6��� 6�G ������ ��,9 �� ��7T

 �#K�'��FACTS  S�hT 8#STATCOME  "TCSC  7G#�F

=F#���.  

&37� #7%�# ��#�# �� /��#����� �� /=�#   7! $��� �%&�� 68�

�%&�� �� n���� 68�&37� =�&T ��# " 6��� $#�� 7�3�� 6�G

 ���T ���V�G " [7G H��� /$0 �� n���� =�W\T Y7� ���V�G

=�#  7! C�#K: �a���� . " Y�� =�&T �� ��~&� S9 C"�

 =�&T �� �W3�\� =�� �1h!4 =�#  7���: c��2� . U��

����� �� ���%� S��! ���� ���%� Y���#�� " =�# �"�O%� 6�G�

 U�� �� �3��� 6��:6 =�#  7�0.  

2- �6��.$�  

• � �� '	��!� �6��.$� 

 ����8�# 6#�� ��� �'� �
�2� b� ��� =��� �3��%9# H�8��

������ /6��� 6J��# S�&��%�6K�� �%&��6�G S�7h� 6J��# 

/6��� /�9#�a S���� 6��%F�� " =&�8 �\��� ��7!�� . ��

 ��#���3Sh�" H�8�� 8# �  ������ ��c=10  "b=2  ����� 6#��

 7!  ��O%�# ��� C8"=�# .�� $�2� #� ��# ��# ��8 S1!7G�:  

 

S1!)1 :( Sh�" ���%9# H�8�� H��� " ��� C8" =��� ���%9#  

  

 �#7�� �%4�: �u��� ��8000  ����� /��� =��� 8# �����

=��� ��#"#�4 ��8 S1! ���
� ��� o�%�� 6�G  �#� $�2�

7! 7G#�F:  

 

 S1!)2(: =��� ��#"#�4 �%4�:�u��� �� ��� o�%�� �G8000 �����  
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 gR��W� �+ /��f%� =��� �� 6��� 6�G79#" �L"�F $#��

$0 �1��%13# �%&�� ���
� �GDFIG �� ���X ��7� /7!��

=��� 6#�� �+ =�#�%4�: �u��� ST#79 =��� 8# �%�+ 6�G-

  7!)VCi (�#�� ��������� 7�3�� �=��� 6#�� /7�+ ��� 6�G

VCi  ���� $#�� 7�3�� 6#�� =��� ST#79 ")Vr(����" �� 6

�� =�7� �L"�F $#�� "� �L�� j����7�0 . ������ ���� $#��

=��� 6#�� ����� 6�GVr =��� ��+#79 "  $#�� 7�3�� 6#��

)VCo (�� =�7�7�0 .=��� 6#�� ������ �3�%�+ �%&�� 6�G

2�� ��� 8# �%VCo  {��� /���"� �%&1! ���%9# S�R� �� ���

��7F�V� ��#�#80 " 7�1� 7�3�� $#�� ��G 6��� ������ �+ ��! .

 �\�#���8 �� $�2� #� ��# ��#7G�:  

)1(  �� � � 0 � � ��	
 � � 
 � � � 
 �� ��	 � � � ���� �� � � � ���0 � � ���
� 

���#� �+:  

V:��� =��� /VCi :ST#79 =��� ��� 6#�� 7�3�� 
�� /Vr :

=��� ��� ���� $#�� ����# 6#��/VCo  :=�����+#79 8��� ��� 

6#�� 7�3�� $#��/  

Pw :6��� ������ �L"�F $#��  

  =��x ������A /B  "C  m�#"� ���X ��)2 ( �3#)4 ( =�� ��

7��0 ��:  

)2(  
 � 1���	 � ���� ���	���	 � ��� � 4��	�� ����	 � ���2�� ��� 

)3(  � � 1���	 � ���� �4���	 � ��� ����	 � ���2�� �� � �3��	 � ���! 
)4(  � � 1���	 � ���� �2 � 4 ����	 � ���2�� ��! 

 ��# �� �+ ����� b� 6#�� 6��� 79#" �L"�F $#�� H��� �#����

�3���  ��  7!  ��O%�#��8 S1!  7�0=�# . /6��� ������ ��# ��

ST#79 =��� ��� 6#�� 7�3��  
��4 m/s=��� / ���  6#��

���� $#�� ����#15 m/s=�����+#79 / 8��� ��� 6#�� 7�3�� 

 $#��25 m/s ��7!��.  

 
 S1!)3( :������ �L"�F $#�� �#����-  =��� j&9 �� 6��� ���#��J

��� C8"  

 �#� ����# ���\�#� ��  7! �%4�: �u� �� ��� 6�G 6)1 (�� -

������ �L"�F $#�� $#��-  �� " ��"0 =�7� #� 6��� ���#��J

S���� Y���# #� $#�� o�%�� ������ 7�3�� ���%9# /6���0 6�G

6#�� �� $0=�7� ���
� $#����"0 .��  7G�2� �+ ��\���G-

 " ���� �L"�F $#�� �#7�� �� n���� �R��%9# ���%2�� /��!

�� �OX �L"�F $#���7! " =�G�� ��# ��# =�� " 7!�� 6�G

=�# ��� C8".  

  
 S1!)4( :3�� ���%9#�7 ���� �� $#����- �G���#��J6 ���6 

 

• �$& L���  

���'� [7G H���8�� �� ���'� ��� U�� �3�&� �3��� ��# �� 6

���KG 68�� ST#79�� �G���#��J $#�� 7�3�� 8# �!�� 6�G7!�� .

���'� [7G H��� 7!  ��"0 ��8 �\�#� �� 68��=�#. 

)5(  "#$%&'' �  ) *+'$$,�-#�.
#/0 � *+'$1�-1� 

 �+Costth o��W� ��8 �\�#� ���
� �����::  

)6(  *+'$$,�-#� � 2#-#3 � 4#-# � 5# 
  7! �%4�: �u��� $#�� /��� =��� =�W\T Y7� �� �L�� ��

 ��! �%4�: 6��� ���K� 8# =�# �#�T �+ ���p�l&�� m���

7!�� $0 �L"�F $#�� 8# �%2�� �� �%�+ =�# �1�� . 6#��

 67�3�� $#�� �+ �%3�9 �%�#�F�� $#�� 8# �%�+ 6��� ���K�

�� /7!�� [79 �� �G���#��J ���� i��a 8#  7����T�� $#�� �%&���

��! ����� ��� . 6��� ���K� m��� 67�3�� $#�� �+ ����X ��

 UG�+ �� ��h�� #� $0 7��� /7!�� �%�#�F�� $#�� 8# �%2��

���� $#�� .�� ���KG YK�%&� ��#�� ��# 6"� �G� �+ 7!���-

�� o��W� ��8 ���X7���::  

)7(      *6 � 76-8�-1 � -'5,� 
 9-'5, � :;-1�-'5,<�-1�=         
)8(       *> � 7>-8�-1 � -'5,� 
 9:;-1�-'5,<�-1� � -'5,= 
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The location of the FACTS devices in ring power systems with the 

presence of wind turbines and thermal units 

 

M. Kazemi 
*1

, A. Lashkar Ara 

*1Electrical Engineering Student, Engineering Department, Dezful Branch, Islamic Azad University, Dezful, 
Iran, morteza.kaazemi@gmail.com  

2Assistant Professor of Electrical Engineering, Engineering Department, Dezful Branch, Islamic Azad 
University, Dezful, Iran, lashkarara@iust.ac.ir  

Abstract:  

In this paper, the location of the FACTS system in ring power systems with the presence of wind turbines and 
thermal units has been made. Equipment required by STATCOM and TCSC. Using this equipment can increase 
the operation of the system. Therefore, the location of this equipment is considered with optimal load 
distribution. The purpose of optimal load distribution is to minimize the cost of generating power generation. 
Simulation is implemented by MATLAB software. The gravitational search algorithm has been used to solve 
the problem and the IEEE 39-channel network has been used to implement the proposed method. 

 Key words: Optimal load distribution, Gravitational search algorithm, Wind turbines, Cost of operation 
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