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 Z-source inverter 

2
 Flexible AC Transmission System 

3
 Static Synchronous Series Compensator 
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1 Power Converter 
2 Inverter 
3 Flexible AC Transmission Systems 
4 Static Synchronous Series Compensator 
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 Particle Swarm Optimization 



 

  ح

 

>1�?� ����  

@A�1 :�!�1$��: 9��  

 1m1 ���?�....................................................................................................................................................1  

2m1  $�� ��=���	�D���  ��=............G��H........................................................................................2  

1m2m1 D���  ��=DC/AC ..............(�=���-7��)..........................................................................3  

3m1 ........................$9��H ��= ��-7�� ��= ��
��C� � *��W�.................................................................8  

4m1 ��7� S9...............................................................................................................................................9  

 @A�2 :C�!� ��	
���
  !�� 9�(  

1m2 .......................���?�............................................................................................................................10  

2m2 ...............................................................��/���� � �N �
 
��(9)....................................................13 

3m2 .............................................$%���^�� S�7� ���-7�� ,-�a���...........................................................16  

4m2....................................................................$4��@�� ��= &��..........................................................20  

1m4m2 ..........................................................+
� $4��@�� &��....................................................20  

2m4m2 ...................................................���@�� �9�@��� &��.......................................................22  

3m4m2 ......................................................���s $4��@�� &��........................................................24  

5m2 ��H ��= ���-7�� �%��?� $9......$%���^�� S�7� ���-7�� �.....................................................................26  

6m2 .....................................$%���^�� S�7� ��= ���-7�� 
����� 
��-�........................................................29  

7m2 ��7� S9............................................................................................................................................30  

 @A�3��	
���
  !�� "�#��
 � ��%!� 9� ����� ��+"�%�
 D�� �
!� ��E� :  

1m3 ..........................................................................���?�.........................................................................31  

3m2 .....................��-�%��� ��= ��(� �� $7��� �� ��= !� ,���.......................................................33  

1m2m3 ) �-�%��� �� +�# l�_- �� ,!�	TSSC............(.......................................................33  

2m2m3 �-�%��� �� +�# D��7� �� ,!�	(TCSC)....................................................................35  

3m2m3  �-�%��� �� +�# D��7� �� ,!�	GTO (GCSC)......................................................38  



 

  خ

 

4m2m3  :�� �%��?�TCSC �GCSC .........................................................................................41  

1m4m2m3 .......!� ,���. 
�W�� � ���� ���� ,!�	 +!���� �v� !� �%��?�...........................41  

2m4m2m3 �v� !� �%��?� .....................,!�	 !� ��-�) ,���. � T�� �............................42  

3m4m2m3 .........................................D��7� +
��C� �v� !� �%��?�...............................42  

4m4m2m3 ......................................���� ���� ��= ��(� �%��?�........................................42  

3m3  !�%����.Var  Y�����(SVC)..........................................................................................................43  

4m3  �� $7��� �� ��=!� ,���. ���...............................("�
 R%�) �2.................................................45  

1m4m3 ) �� ,���7 $������ !� ,���.SSSC.........................(.........................................46  

1m1m4m3 ��7��  
��(9)SSSC......................................................................................46  

2m1m4m3 ��=��  �
��(9)SSSC................................................................................47  

2m4m3  �%��?�SSSC  ��TCSC ................................................................................................50  

5m3 �7�2� ����-I �................................................... G��J "�N
!� �!�...................................................51  

6m3 ��7� S9............................................................................................................................................58  

@A�4 :9D�� �+!� G��%	  
  

1m4 ......................................................................................................���?�.............................................59  

2m4 . $%���^�� S�7� ���-7�� �!� ���#.....................................................................................................59  

1m2m4 .....$%���^�� S�7� ���-7�� �!� ���# ���� +�# E�5��� +
� ����...................................59  

2m2m4 ���s $4��@�� $�! ��(� &�� PWM..............................................................................60 

3m2m4  ����-I �PSO .........$%���^�� S�7� ���-7�� �!� �7�2� ����..........................................61  

4m2m4 .......................................................�!� ���# l����.........................................................62   

3m4 .........$%���^�� S�7� ���-7�� �� $7��� �� ,���7 $������ !� ,���. �!� ���#........................64  

1m3m4 .........................................�!� ���#  ��%� $��W�.......................................................65  

2m3m4  $ ��7� ����SSSC ........$%���^�� S�7� ���-7���� $7���....................................................66  

1m2m3m4 $ ��7� ��= &��SSSC ..............................................................................66 

3m3m4  ����-I �PSO  ����SSSC ....$%���^�� S�7����-7�� �� $7���.........................................68  

4m3m4 .......................................................�!� ���# l����....................................................... 69  



 

  د

 

4m4 9.��7� S...........................................................................................................................................74  
  

@A�5 :9���  '�I $
�����+� � 9+� �J+%	  
  

1m5 ��7� S9............................................................................................................................................76   

2m5 .............................................................................................���/ �P���.............................................77  

3m5 G�
�274��............................................................................................................................................78  

 �
�..........................................................................................................................................................79  

  

  

  

  

  

 

 

  



 

  ذ

 

C���
 ����  

R�#1m1  !� $)-� "��/��
 K-(�D��� ...................................G��H............................................................2  

R�#2m1  "��/��
 K-(�D��� DC/AC.......................................................................................................4  

R�#3m1 .......................................................................R� "�9� !�� Y� ���-7��..........................................4  

R�#4m1  T�� � $.��	 6-� R�#AC.......................................................................................................4  

R�#5m1  T�� � $.��	 6-� R�#AC ..........................�eF � �N !� +
�e�� ��......................................5  

R�#6m1  T�� � $.��	 6-� R�#AC � �� $ ��7� &�� !� +
�e�PWM................................................5 

R�#7m1  R� "�9� !�� � ���-7��6 ..................................................................���(�.................................6  

R�#8m1 �� ��=��(� � !�� �� !�� $.��	 6-� R�#...................6-� R�# ��Ww� �� x��....................7  

R�#9m1  S�7� ���-7�� (E) T�� � S�7����-7��  (� �) ,�# S��7� *%N �� +�# Y��e� !�� � ��= ���-7��

...............................................................................................,���...............................................................8  

R�#1m2 D���  $%���^�� S�7� ���-7�� � �N �
 $%���^�� S�7�DC/AC..................................................11  

R�#2m2  $�! ��(�PWM ...........T�� � S�7� ���-7�� ���� $y(y� R��N 6-� j����...............................12  

R�#3m2  $�! ��(�PWM ..$%���^�� S�7� ���-7�� ���� +�# +
�
 ���g� $y(y� R��N 6-� j����........13  

R�#3m2 .............................................................+�# +
� $%���^�� S�7� ���-7��.....................................14  

R�#4m2  � �Nshoot-trough D��� ...............+�# +
� $%���^�� S�7�...............................................14  

R�#5m2  -���� � �ND��� .........................................+�# +
� $%���^�� S�7�........................................15  

R�#6m2 ................................................!�� Y� R� "�9� $%���^�� S�7� ���-7��........................................17  

R�#7m2 .............................................R� "�9� $%���^�� S�7� ���-7�� ,-�a���.....................................17  

R�#8m2 +
� $4��@�� &�� �� $�!��(� ,-�a���PWM ..$%���^�� S�7� ���-7�� ����......................21  

R�#9m2 .......+
� $4��@�� &�� ���� T�� � +�2� *%N �� �=��(� !� ��-�) T�� � j���....................22  

R�#10m2 � �9�@��� &�� �� $�!��(� ,-�a��� $4��@�PWM ...$%���^�� S�7� ���-7�� ����............23 

R�#11m2 ...................$4��@�� �9�@��� &�� ���� T�� � +�2� *%N �� �=��(� !� ��-�) T�� � j���24   

R�#12m2  ���s $4��@��  &�� �� $�!��(� ,-�a���PWM ....$%���^�� S�7� ���-7�� ����...............25  

#R�13m2 ....���s $4��@�� &�� ���� T�� � +�2� *%N �� �=��(� !� ��-�) T�� � j���.....................27  

R�#14m2  T�� � S�7� ���-7��PWM ............................................................$9��H..................................27  

R�#15m2  S�7� ���-7��T�� �  �(�-� $4��@��D��� DC/DC  $4��@��PWM........................................33  

R�#1m3 .....................................�-�%��� �� +�# l�_- �� ,!�	 ����................................................34  



 

  ر
 

R�#2m3  
��(9) +-C�TSSC..................................................................................................................35 

R�#3m3  ��s��TSSC ...........D�?��� ]	 Y� �
 ,�-� &��# D��7� �
.....................................................36  

R�#4m3 %��� �� +�# D��7� �� ,!�	 ����....................................�-�..................................................37  

R�#5m3  
��(9) +
��C�TCSC............................................................................................................38  

R�#6m3  ��s��TCSC # D��7� �
...................D�?��� ]	 Y� �
 ,�-� &��............................................39  

R�#7m3 �-�%��� �� +�# D��7� �� ,!�	GTO....................................................................................39 

R�#8m3   
��(9) +-C�GCSC...............................................................................................................40 

R�#9m3  $�!�	 �s-� >���^��GCSC  *%N��γ ..................................................................................43  
R�#10m3  ,�9�	�SVC  ��54� �V-I ,3..........................................................................................45  

R�#11m3  Q�-��SVC................................................................................................................................46 

R�#12m3 (� ��9# $SSSC....................................................................................................................47  

R�#13m3 ........,���7 T�� � S�7� ]-�(E �� ,!�	 ]-� (� � +�# �!� ,���. +
� ���#.....49  

R�#14m3   ��s��SSSC �� ,�-� �(?�7� !� �Y ���� (� �  ]	 �� �
��(9) T�� � (E ���s ���� �� 

�
��(9) >������ ...................���s...........................................................................................................50  

R�#15m3  ���� (� � $ ��7� +
��C�SSSC   ���� (ETCSC............................................................60  

R�#1m4 �� �!� ���# ����........$%���^�� S�7� ���-7...............................................................................61  

R�#2m4  ���s $4��@�� $�! ��(� ����-I �PWM $%���^�� S�7� ���-7�� ����........................................62  

R�#3m4  ���s $4��@�� �9�@��� $�! ��(� &�� ���� $%���^�� S�7� ���-7�� $.��	 T�� �PWM.......63  

R�#4m4  R�(C�FFT  ���s $4��@�� �9�@��� $�! ��(� &�� ���� $%���^�� S�7� ���-7�� $.��	 T�� �

PWM........................................................................................................................................................63  

R�#5m4  ���s $4��@�� �9�@��� $�! ��(� &�� ���� $%���^�� S�7� ���-7�� $.��	 T�� �PWM  �7�2�

 ����-I � �(�-� +�#PSO........................................................................................................................64  

R�#6m4  R�(C�FFT  ���s $4��@�� �9�@��� $�! ��(� &�� ���� $%���^�� S�7� ���-7�� $.��	 T�� �

PWM  ����-I � �(�-� +�# �7�2�PSO...................................................................................................65  

R�#7m4 ................................!�� � $%���^�� S�7� ���-7��......................................................................65  

R�#8m4 �� !�� � $%���^�� S�7� ���-7��  �
 +
�e�� R��H ���	�SSSC.................................................66  

R�#9m4  �!� ���# ���� +�# E�5��� ��%%�SSSC .....$%���^�� S�7� ���-7�� �� $7���....................68  

R�#10m4 D��7� <$ ��7� ���� $���
 SSSC �� �� $%���^�� S�7� ���-7���� $7���...��?�%���z &..........68  

R�#11m4  $����� D��7�SSSC ..................................$%���^�� S�7����-7�� �� $7���...............................70  



 

  ز
 

R�#12m4  D�?��� ]	 !� ��-�) -���� ,�-�3  �-{N ,���SSSC...........................................................70  

R�#13m4  D�?��� ]	 !� ��-�) ,���.3  �-{N ,���SSSC.................................................................71 

R�#14m4  R�H ��-�) ,���.SSSC........................................................................................................72  

R�#15m4  �W� ��-�) ,���.SSSC........................................................................................................72  

R�#16m4  D�?��� ]	 !� ��-�) -���� ,�-�3  �-{N ��SSSC.................................................................79  

R�#17m4 ......$%���^�� S�7� ���-7�� $?��@� T�� � +��9= �� ]	 !� ��-�) ,���....................................73  

R�#18m4 ..�� $_@. G�-F �� $%���^�� S�7� ���-7�� $?��@� T�� � +��9= �� ]	 !� ��-�) ,���........73  

R�#19m4  Y7�  ,!�	 T�� �DC  �� h-���SSSC..................................................................................74 

  

 

  

  

  

  

  

  

  

  

  

  

  

  

 



 

  س

 

C�
�� ����  

D��.1m2 )R� "�9� $%���^�� S�7� ���-7�� $�! ��(� ��= � �N!Sx R9�� <  ��(�Sx ...(��..................17  

D��.2m2 ..............$�! ��(� G��H �%��?�...............................................................................................28  

D��.3m2......................................!��� 
�-� -�%� �F�7)...........................................................................29  

D��.1m3 � ��2��7�2� ����-I � ��=
����................G��J �!�.........................................................53  

D��.1m4 ��^�� S�7� ���-7�� �!� ���# ���� �=�������...............$%�........................................................60  

D��.2m4 ��= ������� .......................D�?��� h-�	...................................................................................66  

D��.4m4  ����-I � �(�-� �=������� +��3 ��� ��
�?� � +
��C�PSO................................................69  

D��.5m4  G��54�SSSC �....$%���^�� S�7� ���-7�� �� $7��................................................................71  
 

 

 

 

  

 



R��1G��H ��2 ��� :  

 

1 

 

R�� 1  

C�!� 9�( $��: 

 

 

1K1 ���=� 

D��� G��H ��=1  +
�e�� G��H $����� � ��=�7�3�� �
 ���H +
�e�� 
�-� $�����/ .D���  *%N �� �=

 ����
 �� $���F-�	 � G��54� >����� � T�� � f� R��H !� $����� � ��= ��9� �� ���g� $� .�7=


) R�#1m1 !� Q-� Y� "��/��
 K-(� (D���  G��H ��= �� ,�4� $� �� �
��� ,�-� ,�@�� �P7�� �
 .�=


 $.��	 ,�-� +�-5 
 � E-(�� R�# �� �� $ ��7� G��-�
 j�� �� �� �� $� <$ ��7� �9%H.�=


�� �� �� $�9%H�
 ��D��� �@ � ,3 
-.� � �#�� ��#�
 
-.� G��H ��= $� X�= $(� �-A �� .��

 <$ ��7� �9%H E-(�� R�# �� ]	 � ��� G����g� �� �(��?� �
 $.��	 T�� � ��v7� $� Y7�  .�#��

 �
���D���  G��H ��= $�S�7� Y� ���-� DC  R�# �� ���s  Y�$�	- R�� �� ��A��2  Y� �� �#��

�� � S�7� E���� ,���. �� TAC �-����T Y� $.��	 �� S�7� Y� R�# �� �� <�%=  $�.�#�� ���-�   �= ���

 Y� �� -�%� �F�7) !� �� ���# Y�� $������ ���� � �T��� D��� +�I�
 Y� �� � �I�
 $����� � S�7 $�

 ���-��� .�#��( $.��	 � �
��� �
 �� $��= ��D���  ��� �� �= $��= ,�9 � !� 
�� � �� +��	J $����

 �� $�! ��(� G�#�4�z� XbN �-v7� �� �=��(�� :�� .��� +�# R��4� ,!�	 �� �( �7��� �T��� +�77�

$%�A�7g� ���� � R	���3
(EMI)  +
�e�� $� ����/ ��� !� Ga�N �y�� �
 Y���� �; �/� .��-# $� ��� 
-#

 $ ��7� ����-I � �� ��%�D���  $�! ��(� ���# !� ���-� @�� $.��	 � �
���  ��=��(�� :�7O9= � $�

]
-# ����/1.[  

                                            

 

1
 Power Converter  

2
 Fuel Cell  

3
 Electromagnetic Interference  



R��1G��H ��2 ��� :  

 

2 

 

 �(�5� ��=���	� �� ����� �
 ���5� ���� Y� R�� :�� �
D��� ��%/ R�# �� �� G��H ��= �� +


 +
�e�� $� ��-# $� $�� ��7� ��
 $��W� !� �W� .��!�
��D���  � �= ,3 
��(9) D-F� <G��H ��=

��� � �N �
 �= ,3 ]���� c��� ��/� $� � $��7#3 �N �
 �� +�# �_��� �5� :�� �
 �� $��)'A� .
-#

a�?� .�� $��W�
��! G�  �W ��� ���� :�����7� .�� +�# �4�7� �7��! :�� � G��H Y������ � �7��! �


 ��4�� G��_@. � ��4�� $�.
�� �W.��� �7��! :�� �
 Ga�?� � S��7� �� ,�-� 

  
) R�#1m1
 K-(� ( !� $)-� "��/��D��� G��H  

2K1  ����
 9�(��%8��C�!� $��: 9�(  

 �� ���� � $�� ���	�D���  Q�-�� ��4�� ���� G��HD��� ) R�# �
 �� �� �@�; ,�9= �=1m1 ,�4�(

 �
 �� $e(�5� ��=���	� $�! ��(� ���# � $.��	 <�
��� �
 G����g� �� .�� +�# +
�
 $�

]��32[ m]1[. ) �� ��%��� �� �
��(9 � !D���  � ����
 ��v��� G��H $� �� �I�
 $����� � �F�7) <��=�-	

 !� $�9%H �!���. R��H !� $�9� X��=�D���  ,3 �~�eN :�7O9= � ,3 R� �� $� ���	� �� ���-�D��� 

�� ���� $����� � ��= ,�9 � :�� ,
�� ���w� �� ��7� �.-� �= ���� :�� �� ���� ��� .
-# ���w�  
��(9)

 $.��	 R�# � $(F�D��� .��@� ���F  



R��1G��H ��2 ��� :  

 

3 

 

D���  �� $.��	 � �
���� Q-� �� ��%� +��/ ��2; �
 G��H ��= $� ��7� ��
 ��#�� ��#�
 ��=�-	

 $�]��-#3.[  

1. D���  ��=DC/DC 

2.  ��= ���-� ��DC/AC �= ���-7��)1( 

3. D���  ��=AC/DC �= +�77� -%��)2( 

4. D���  ��=AC/AC -(��)D��� �=3 � �� ��= +�77� D��7AC ( 

 ��= ���	� ��4��D��� �=� ��� $e(�5� ��= �7��! �
 �� +��3 a�� ��7� ��
 �
 �� G��H�7  
��(9)

 �
��! Ga�?� �
 $��7� � +
��%/ R�# �� ,�#
����� � $ ��7� ���	� <$����7�
 D�� <��/���� � �N �


� R�# �� R�� :�� ��W� ��= �5� �
 .��� +�# c��� �� ���5D��� DC/AC  �
 ��� Q-w-� �� ����

.�	�
�� ��=�-	 �� ���� ,���� :��  

1K2 K1 C�!�  9�(DC/AC (�( "�#��
)  

 ��%� Q-� Y�D��� DC/AC ) R�# �
2m1 l��� Q-� �
 .�� +�# +
�
 ,�4� (D���  ��=DC/AC 

 !�� � � !�� Y� ��= ���-7�� $� ���-7�� �
��� .�#�� $���. S�7� Y� ���-� $.��	 � �#�� T�� � �� ,�

�� ��%�  � ����
 �� �� ���-	 �e -� �� $-7� ,���. �� T�� DC  ,�9 � !� -�%� ���# Y� ��� .�#�� �eF

<�( $����� � ��=  T�� � +�77� X��� Y� <����?� � ,!�	AC  ,���. +�77� X��� Y� �� � <AC 

 �= $ ��7� ������� .�#�� $���(� ��3 ����! ���-� .�#�� ,���. �� T�� � D�7I� <> �� ��72� <�=  

 R�# :��� +
�D��� DC/AC )R�# �
3m1 X��W� !�� Y� ���-7�� ,�9= �� �� +�# +
�
 ,�4� (

 !�� Y� D��� .��DC/AC  �I�
 G���) �� �� <���H G�-F �� �=��(� �e. E��7�� ,�# ��%� � !�� ��

S1-S4  ��S2-S3  ��� *���� �� <�=�� $�)R�# .�7�1 m4 $.��	 T�� � 6-� R�# ( �� ,�4� $� �� �=


 �=�~ $.��	 �
 ,3 $e7� �� �
��� T�� � $�! ��(� � �N �� ��%� $� R�# :�� !� �� �-���9= .
-#

                                            

 

1
 Inverters 

2
 Rectifiers 

3
 Cycloconverters 



R��1G��H ��2 ��� :  

 

4 

 

 +�=�4� $� T�� � ��= ������� <� �N :�� �
 
-#AC  $(F� �e -� �7��
 �� T�� � �s-� ���?� ) $.��	

7�%= ���s ($.��	 T�� �] �1.[  

  
)R�#1m2 "��/��
 K-(� (D��� DC/AC  

  

  

)R�#1m3R� "�9� !�� Y� ���-7�� (  

  

  
)R�#4m1 T�� � $.��	 6-� R�# (AC 

  



R��1G��H ��2 ��� :  

 

5 

 

  
)R�#5m1 T�� � $.��	 6-� R�# (AC �eF � �N !� +
�e�� �� 

 )R�#6m1 T�� � $.��	 6-� R�# (AC  $ ��7� &�� !� +
�e�� ��PWM 

�� Y������ ���g� l��� & T�� � ��= ��AC  $.��	 T�� � 6-� R�# �
 "- � �N Y� $��W� <$.��	

 �eF � �N .�� �eF � �N �� �� �� $� B� $�a�� ��= ��(� ,��! �= :�%� �� ,�-�(S1-S3)  ��(� ��

 B� $7���� ��=(S2-S4) ) R�# .
�� �� -�5 m1 T�� � (AC  !�� Y� ���-7�� $.��	 �� � �N !� �� $���!

� �eF T�� � ��= ������� ���g� ���AC  ,�4� �� +�# +
�e�� $� XbN �(�5� ��= &�� .�=


���=-] S.�� �
 �eF � �N !� +
�e�� �� $.��	 ��= Y��1.�� +�# +
�
 c�# [  



R��1G��H ��2 ��� :  

 

6 

 

> �� ��72� ,-�a��� &��1
(PWM)  ��= D��� �
DC/AC  ��(� &�� !� +
�e�� .�� l��� $(�	

bN <a�� >����� �� $�!��= X�a�� >����� � :���� >����� ��= Y��-�! ��(� �$  �� E-(���� �� $�

 &�� !� �� $���! !�� Y� ���-7�� $.��	 6-� R�# .�#�
 �=�-	 $� �
 �#��PWM  +�# +
�e��

) R�# �
 ��6 m1(  &�� :�� �
 .�� +�# +
�
 ,�4� !�� X'�	� �� S.�� $-7� 6-� �
 !�180 

 �7��
 �� � �.�
 ,-�a��� *��w �M �(� >����� �� $y(y� 6-� Y� �� �%��?� �=�� <�54� $�! � $�

��-# �%��?� $y(y� 6-� �� $-7� 6-� B� �= �
 �� �� �-A :�� @�� $ ��7� &�� . $� B� �
 �
-#

 !�� X'�	� �� $-7� S.�� �� "�
 B� �
 � $ -9W� $-7� S.�� �� D��180  �%��?� �.�
 $�-# 


 :#�� B� �= �
 a�� ��(� �#�� $y(y� 6-� !� ��/�@� B� �= �� h-��� S.�� 6-� �/� $� ��z �
 
-#

 :#�� B� $7���� ��(� G�-F :�� $�B� Y� �
 ,��! �= G�-F �� ��(� �
 ����-I � :�� �
 
-# 

� $9�7��-� � :#�� $9) R�# �
 �� $(F� �e -� .
-#6m1�W� �� +�# +
�
 ,�4�  (  ,
�� ��(�� Y� !�

 *�7� $�]
-# �=�~ ���-�1.[  

 

)R�#7m1 R� "�9� !�� � ���-7�� (6 ���(� 

                                            

 

1
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