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��� ! :����� ��	  ����� ��	 #��$ ����� ��%�$��  �� � &�� '	() ��� �* ��%��� ��	��	 �	� �� � '��+�� ��� �* ��%�,- �	

�����.� �* ��% ��� '��+�� �$�/�� . 1�	 � ���� � 2��3� '��+���� ��%����� ��	 �� �4�� ������� 5�(6 ���7 �� . ��	

�� �����  ��	()8/*  �� /$ � '��+���� ��	97�� 5��3 � ����� ��	���:�� ;(3� <���  � /$ �$(��-�7.    =>�	� �	 �> �

%	� 1��)���� <����� ��	 �� �.��+� ���   � />$ ?@�>A� ��%���� � 5��3 B����� �	 �� ���/� 5	�	 �	 ���7    2>��() ��>%

�$�/��.$ ��C�*	 ����� � ����� ������ �	 D�+E) 1�	 � ���*	 ��.�% ����� ��	 1�	 �	 ���7(.F �	�� ����� �����  ��%

PID����� ����� <����� ���� � ���� < �� �*	 ���%  1�	���+� ���: �G3 �	 	� ���H =���� �A��+� � ���H ���* .  

���.� 5�I.�  : ����� ����� <����� � ����� ������ <������� ����� ��	PID <���� ����� ����� <    ���>� ��>��� ��>���

�����.  

  

1  -  ���+�  

�:9GG�     1GG�H�� IGG�"!12 �GG:��$:H" 5J�GG�" KGG�6��  !  1GG33.

L�
� <�"  133. .L�
� �. �$�N�.   �G:��$:H" #"�� 6"  133.

 �$=������O$�"   �G:��$:H" 5J��" K�6�� 5�P �:9� �� 1��� /��"�

��� ���Q�.    #�G��=  �9$G�" �!1R /J�$H! SP�. ��T%� �U-� 6"

 5�P �H� V��W 6" �"8�&�� X���  ��G:��� �� �-$Y" /�$Z�N2

      �[G�"! �G� �:9G� 6" 5��G9� #�G��\ S�"8=" ! �=�
� 5�P���

   <G�" <G��] #"�G� ̂�=�
� 5�P��� #"�� ���Q� . �G�" 6"   ��G��" /!�

 6" 1��� 8�� "� �&�7 1�N� ��� SP�. ! �"8�&�� �� ���"�2 S3�

<%�"� �:9� J�$H! <=" �"�]".[1] 
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 1�"#"�9\ 5"�� �N�$�� 5�P G=" 56�� �� J�G$H! <  �:9G�  5�GP

<�"  1� _�[� K�6�� .#"�9\ 6"  ��N$�"  �G�$."� #"�� 5�P6��

]2[  �G&� /   �"!�" 6" 5�G�4custom power ]3[  6"  ��N$G�" /

X� 5�P�������N%�"��  �"���3b]4 [ ! ... �� �. <�" ���P��:P"�

  <G�"  1G�  1���1�" �&� ��" 5"�� #�3. .   c�G�6�� 6"  ��N$G�"

J�$H! �:���3��    �� �G. <G�" 5��:P"� /J�$H! <=" �� ������ 5"��

<�"  1� ��&3��) J�$H! <=" �� ������ 5"�� �H��� ��" .  �� �Gd�7

       �G� �GN�" ��GR" SG�� J�G$H! �:���G3�� c�G�6�� ��:���   /1G3.

��$3. <�" #7 �� �$=� ��:� ����3�"  133..  

     <G=" /�G:��$:H" 5J�G�" KG�6�� 5�P �:9� �� �:3�" �� �\�� ��

�$H!     c�G�6�� #"�G$� 1G��� /��"� e�Gf! #�:�" ���g$��� ! ���g$� J

 5J�$H! �:���3���U"�"   56�G%�"�9\ <G����f �. ��.    J�G$H! <G=" 

 "� ���g$��� 8��1��� �$�"�.  

2- ��������� � ����� ������ � )DVR( 

        �� �$G��� ! �:9G� �G� 5�G� ��GW �G� J�G$H! �:���3�� c��6��

       �� ! ���G4 �G� hG
� J�G$H! <G=" �G� i�%2 5�P��� ��3����

     <G=" / 6"1G�" #�G�P �G� 5J�$H! V��8� �� J�$H! <=" e�f! ���R

13. �� ����6�� �:���3�� ! 5" �O�H ��W �� "� J�$H! . ��" �$9H"

"� J�$H! 5!� �. �H�$3. �[�"! �� 8�&��    j�G*3P <G�" ���Gf ��

       5�$G�"� �� ��G:��� �G� / �G��. ��G
�" 6�G= �� 5�P�[Y e�f!

 "� �[Y #���\ /J�$H! <=" #"�9\ �P13. �!1��.[5]  

1-2  ����� � M��N) �	OF	 DVR  

 S�� k3) 6" J�$H! �:���3�� c��6������"   <G�"  1� l�:��

]7 .[ S�� k3) ��"l��� : 5����) ��Yo6��  5J�G�"(/   ��G���3�"

J�$H! K93�/ �$��=/ �������N%�"�� /$%��q���� �   <G="  1G3P�

��$3. ! J�$H!����3�"  133. 13$%P.  

 6��  ��Yo ���P /J�$H! �:���3�� c��6�� �� 5�!�! J�$H! K93�

<�" 5J��" .   #�G��\ ���GR �� 5J��"  ��Yo /S�� ��" �N�Z!

 ���$%�)DC ( 1G��9��.       ��GR" 5�GP <�G%f 6" �G:� ����G3�"

c��6��      #�G��\ �G� l�1G9� /#7 �GN�Z! �. 1P� �� l�:�� "�

1��� �� c!�3$� #���\ �� ���$%�.     �� �G$��= hG
� 6" L1GP

  ���GP r������P LE2 /����3�" �\!�Y 1G��9��    J�G$H! �� �G.

��"� ��\! ����3�"  1� �$Y��.    5�G� ���GR �� �������N%�"��

 s!8�" ��G��" ��3. �� #7 �N�Z! ! ���4 �� �"�f �:9� ��  #��G�

  #�G��\ J�$H! V��8� /J�$H! �:���3�� c��6�� ��$Y�� ! �:9� ���

<�" �:9� �� ����3�" �\!�Y �� c!�3$� .  J�$H! ����� <�%f 

��"�  1&� �� �&� �N�Z! !�:  

1. ��1f �:9� �� J�$H! <=" K��� ! Kf�� �� q���� 

2.  ��O3� �� J�$H! K93� ����3�" ��61��. ��3*�� �!1R

#"�9\V�f� ̂56�� �:9� J�$H! 

3- ���� D,��  

       �G. <G�" ���GP <G�g[f j1G� 56�G%H1� V[3� /56�= V[3�

<�"  ��� #"���� �&�7 56�%H1� 6" r��-. ���t���.[8] 

 l:�)1(   1GP� �G� #�G�� "� 56�=  133. ��$3. r� ��$Y�� / .

 q��� l:� �� / 133. ��$3. u�$�� S�� ��&b ��� �[�"�

<�"  1�. .  

                ���)1(: 	
�� ���� ����� �� ��� ������  
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4 - ����� R���(S�	 �� ����$H   T�>��	 ���*

5	�U 

      ��TG%� lG2 5"��  VG����  �G3�&� �$���G*H" 6"   56�G�PSO 

 ��N$�" <�"  1� .  KG\�� �� �$���*H" ��" ��:��� ���U8\]9 [

<�"  1�  ��!7 . �P �� ! e!�� ��H!" >��) r� 6" �$���*H" ��"

 V9W /�"�:� ����[�"� ��6 1P� �� ��9&� "� >��) <�gf��.  

  

5- ���* ��/$  

      5�GP �:9G� 1G3��� /VG���� �G�" �� �gH�[� ���� ��1f �:9�

 !  ��� ���
� /���  1�  ��N$�" V���� K\"�� �� �. ������

 V��[�   l:G� �G�)2 (     ��   <G�"  1G� �G$=�4 �GO� ��  KG\"��

<�"  1�  ��N$�".  ��G�-W"   �!1G\ �� �:9G�)1(    1G�  ��!"

<�" . �!1\ ��)2(    1P�G�� l��f  ��N$�" ���� �$��= ���-W"

1��9��.  

 

l:�)2(: V���� ��" �� �gH�[� ���� �"1� 

 �!1\)1(: W"V���� ��" �� �gH�[� ���� �:9� ���-  

K93� J�$H!  22000 <H!  

K93� <�!���  1/0 �P"  

v��.�=  50 8��P  

IY <�!���  005/0 j  +001/0  

���  500  ! �"!100 �"!  

 133. L�
� ! K93� ��� v�"��  

V415/22000 

ZSC  2٪ =  

S= 2500 �"!���.  

 �!1\)2(: J�$H! r���3�� c��6�� ��  ��N$�" ���� �$��= 5�P�$�"��)  

��$3. 6" �:���$3. /�gH�[����� 5�P  133.  �"���Y  133.

PID <�" . h�"�t / 133. ��$3. ��" ��:���  1P��� 5"��K 

 !P �!1\ V��[�)3( <�"  1� �$=�4 �O� ��.  

 �!1\)3( :  133. ��$3. ��H!" h�"�t �"1��PI  

5 K1 

15 P1  

5  K2 

15  P2  

P�$�"��) ���g� ����$3. 5�P�$�"��) ! 56�= V[3� 5�  133.PI 

�3�&� ��t / 1�  ��N$�" 56�� K��� ��" J�$H! <��&� �� /L1P

�� #"�9\ #7 J�$H! <=" ! ��� ��$3. 1��� ���Y ���Y <f�

���4. �3�&� 5"���$���*H" 6" /L1P K��� 56��  �� �"�o j�2�6"

�!1\ 5�P�$�"��)4 �  ��N$�"<�"  1 . l:�3  1�!� 8��

<�!���  7/2 �P" 

u��  25 5���P ���� 

#6�Y  1 �"��= ���� 
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 ! J�$H! �:���3�� c��6�� I��� ����8� J�$H! z�� l:�

#"�9\ 6" 1g� "� ��� �1�= �� ���&� J�$H!��$3. �� 56��  133.PID 

  
 ! J�$H! �:���3�� c��6�� I��� ����8� J�$H! z�� l:�

 1g� "� ��� �1�= �� ���&� J�$H!56�=  133. ��$3. �� 56�%�"�9\ 6"  

  

 ! J�$H! �:���3�� c��6�� I��� ����8� J�$H! z�� l:�

� �1�= �� ���&� J�$H!#"�9\ 6" 1g� "� ����$3. �� 56�� 56�=  133.

�3�&�  

  

 

�� �� ���� �������- ������-   �����!"-  #�$%��� ! ��&�96 

�١ 

P�$�"��) ���g� ��t "� L1P K��� 5��9&���$3. 5�  133.

 .  

 �!1\)4(: r�$�J �$���*H" 5�P�$�"��)  

�"�o �"1g�   h��tc1   h��tc2  

7/0 3/0  

  

�3�&� 13�"�= �� L1P K��� �56����$3.56�=  133.  

 I���  1� ���g� 5�P�$�"��) �"1�� �$���*H"r�$�J  5"��

  133. ��$3. h�"�tPI  

248391/4 K1 

00405/28 P1  

42004/11  K2  

10238/24  P2  

 /)6 ( !)7 (:�l  c��6�� I��� ����8� z��

 133. ��$3. �� �P �� J�$H! �:���3�� PID 56�= ! 56�= /

 r� 6!�� 6" 1g� ��� �1�= �� "� J��"! z�� l:� ��3d�P !

l:� V��[� ���g$� �� J�$H! <=")4 ( P��� l��f<�"  1.  

  

 J�$H! <="J�$H! <=" �� i�%2 ��� �1�= �� ���g$���  

l:�)5(:  ! J�$H! �:���3�� c��6�� I��� ����8� J�$H! z�� l:�

#"�9\ 6" 1g� "� ��� �1�= �� ���&� J�$H!

 l:�)6(:   ! J�$H! �:���3�� c��6�� I��� ����8� J�$H! z�� l:�

 1g� "� ��� �1�= �� ���&� J�$H!

l:�)7(:   ! J�$H! �:���3�� c��6�� I��� ����8� J�$H! z�� l:�

� �1�= �� ���&� J�$H!

���� ���� -  �

���� �� ���� �������

 

 

P�$�"��) ���g� ��t "� L1P K��� 5��9&�

�� #��� 56�=1P� .

 �!1\

�"�o �"1g�

40  

l:�3: �9&� 1�!��3�&� 13�"�= �� L1P K��� �

 �!1\)5(:  I���  1� ���g� 5�P�$�"��) �"1��

248391

00405

42004

10238

 5�P l:� ��)5 ( /

 133. ��$3. �� �P �� J�$H! �:���3��

�3�&�  r� 6!�� 6" 1g� ��� �1�= �� "� J��"! z�� l:� ��3d�P !

l:� V��[� ���g$� �� J�$H! <="

l:�)4(:  J�$H! <="
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6 - ���7 �4���  

 �H�$3. 1P1�� #��� k��$� �%���� /<=� �� ��O$�" �. ��[���P

PID  S&\"�G= !  #�G�6  <G%��   5��G�6 �$9G%� /��"�  5"�G� 

����$�� �� >��) �3�&� #!1� S&\"�= �$%�� "� �� 5�P�H�$3. 

V[3� 56�= u�$�� 56�� ��9� ����..  

        1G33. ��G$3. �G� <9G%� 56�G=  1G33. ��$3. Kf"! ��PID 

  ��"� "� �GP <G�g[f j1� S��) ! ���O� 6" 5" �\�� �H��g� .

    �G�g� 56�G=  1G33. ��G$3. l���� �� ��3d�P  ��G$3. �� /�H

  IG��� <�g[f j1� S��) ! ���O� #"8�� /�3�&� 56�=  133.

��� �� �$���  133. ��$3..  

       J�G$H! <G=" l��G� J�G$H! <G=" e�G� !� �P K�6�� 5�P �:9� ��

<�" l�$�� ���g$��� ! ���g$�. 

  5"�G� ���g$� J�$H! <=" #"�9\ ��O3� ��  133. ��$3. �2"�W

<%�� �=�. K�6�� 5�P �:9� .��  1G��� c��[�  133. ��$3. �:

1��� �$�"� 8�� "� #���$��� J�$H! <=" 56�%�"�9\ <����f. 

     1G33. ��G$3. �G� <9%� 56�=  133. ��$3.PID  ! <��G� /

 ��"� 5��s�G� <f� .   <G�g[f j1G� "�G�6    �G� �1G� "� �GP   ! 1G3.

�� ���*��� �� "� 5�$��� J�$H! <=" �3�"� 1�"�� 

 <9%� �3�&� 56�=  133. ��$3. ��:��� 56�=  133. ��$3. ��

��"� 5�$&� . �O� ���� L1P �� h��3$� 56�= ���"�f  �*��) "��6

<�"  1� 56�� �3�&�. 
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Optimized Fuzzy Controller Design in Unbalanced Voltage Drop 

Mode for Dynamic Voltage Restorer 
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Abstract: The loss of balanced voltages involves a voltage drop due to symmetric three-phase 

errors, or the initiation of high-power three-phase loads or symmetric three-phase switches. 

While these events in an unbalanced way lead to asymmetric voltage drops. Voltage drops can 

cause asymmetric load on the power grid, the occurrence of volatility, and even network power 

outage. One of the most common ways of dealing with voltage drop is the use of power 

electronics devices in sensitive feeders of distribution networks. In this research, dynamic 

voltage restorer is used. In order to avoid this voltage drop, optimal PID, fuzzy and fuzzy 

controllers are the controllers that this article intends to implement and compare their results. 

Keywords: Unbalanced voltage drop, dynamic voltage recovery, PID controller, fuzzy 

controller, optimal fuzzy controller. 

 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
96

.6
.1

.6
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

https://dor.isc.ac/dor/20.1001.1.23222468.1396.6.1.6.3
https://jeps.dezful.iau.ir/article-1-153-fa.html
http://www.tcpdf.org

