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!)*� +���*1 .����� /0�123 ��24/2
 

 

*1- + / ���6 �7 8��2�/� .
�� ���9.  �+12�/� �64��+6:�  . ��;2�/� �/$0��4$� +</� ��=�/ . ����"13/ >#& ?�0�1  

2- ����"�/ . .
�� ���9 �+12�/���+6:� �64  ��;2�/� .��4$� +</� ��=�/ �/$0 �1����"13/ >#& ?�0 .  

  

$(	�): ���*� +�' ��, ��� �"	-	� .'# �/*� $(""� 0���� ����"� &'�'� �	
������ ���	� 0��"� &'�� 1)MPPT(  $�	45 �

 ,&�6�� ���� 1���	�-7 &8�� �9'�� ��% -  ������)v-f ($���% ������� �� �� ��' $(� �
'�' ,&' . &'�� (�(% ����<�' ��

 0��"�MPPT ��' $(���= 1��>� �	� . 0��"� .�	� �?� 1<"9�@9 ,1���"� &�9���9'� v-f 0��"� ,�#�"�' ��MPPT  0��"� �

1� .�-� '� &�6�� $�	45 (9� . �	�� A�>��/� B�8# �(	� &�� �� &8��13  �"	�IEEE $���% ���� �� ��' $(� 1���� &' . E����

F�� 1�'��� 8' GH� �� ,$(� IJ�� ��'� ����� $(� �
'�' 1���"� &�9 .&8�� �	��  � KL�� �'��' M�� N	O� �� �9

Simpowersystem ��' $(� M���'.  

$ '� &�9 &(	L� : $("�'�7 & ��' B��"�)DER( (	�# , $("�'�7)DG( �"	-	� .'# �/*� $(""� 0���� ,)MPPT( 0��"� , ���� - 

 ������)v-f( �	
������ ���	� ,)PV.(  

  

1 - ��(*�  

��� �  @��� A�/%4/ ��B� 8C��/ !/��� �� �D�� �� .��E/ 8�F

 .8C��/>E�� ��G&�64 >H�IJ �9��30 %�� � ���#4 8�F  >#�$ 8�F

8C��/ >�� �� A�/�9 .�K���  A�& $/ A�� .��G&+�+�� � L�& 8�F

>�/ �"4�� >��F/ . N�3+� 8+� �E 8C��/ $/ ���O"�/ .�"�/ ��/ �

�P�� ��;��D $/ ��#� 8��/%� Q"#�� � ���� /��E�� 8/  R�S�"3��"4 8�F

)PV
1 (�"#9 �J �� �+67/�& +�3�� V��6� $/ �1� !/�6� �� ��)DG

2 (

�1I %� �  ���O"�/ ��� �F+�/ �"4�9 /�W ]1[. 

������ �1I %�  .V��6�%� � �+67/�& +�3�� 8�F+</� N��  8/

Q"#�� ���E) 8�F � 8C��/ $��  ��Z �� �7 >�/ �1��"13/ 8�F��

                                                
1- Photovoltaic 
2-Distributed Generation  

��"67 � N�"#� Q"#�� R� � � �+  8/��� ��:� .��G& QF/�4 ����/�

 �/� ���� !�7�"2� 8/�� / ���9 � !/�� 8$��]2.[ 

 L�"2� ����/ �K�� � �1I %�)PCC
3 ( [��J $/

�1 /+� >�/ �+  N�"� \��"� C�"3� �1I  �� �+W 8�F.  >3�< �

%D��� /8. ��1I % ���+ �1I  $/ N�"#� ��Z �� C�"3� ��"67 ����/�� .

 ��  R� ��Z �� /G3 � + �� �" /� / ]��7�4 �P-V )!/��-C�"3� (

> /� +F/�E ��1���.  

 !��16� ��/��C � ]��7�4 ��"67 �"6� ^� �� ���2�]3[ .

�� %�� �1I %� ]��7�4 � C�"3� ��"67 ^� $/ ���O"�/ �� +�/��  8�F

 ���G& ����/ �"4/ ��"67]8[-]4 .[���� ��"67 �� �#���� � �a�< [

 � �+  ���� �����b]8[ � C�"3� ��"67 8/�� 8�"H��� c��& .

��0 QF/�4 ]��7�4 . ��/��C ��"67 � ���6�/ ��"67 !��� �#����

                                                
3- Point of Common Coupling 
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���%D �1I %� R� � !��16�  ����%D �7) �� � [�W� ��Z �� 8/

 �]9[ >�/ �+  �S// .�6�/ �K�/� ��"67 � 8/��� ��:� V��6� ��

 �+67/�& 8C��/)DERs1 ( Q"#�� +6��� ��G&+�+�� d�� $/PV  R� �

 C�"3� eO< >:D f��E �� .�1I %�–  N��W ���+�� � ]��7�4

>�/ %�;�/�� A3�g ��#� .��IW . ��"67 �� �6"I� C�"3� ��"67 ^�

 � C�"3� >4/ >:D R��=7 �"4/]10 [>�/ �+  �H3�K�.  

C�"3� ��"67 �6��$ �- Q"#�� $/ ���O"�/ �� ]��7�4PV  �/��F ��

 ��"67MPPT  ?�#</ �2F�P& ��I�7 .�1I %� � 8�J�� ���E) �

�� ��  . �]11[ Q"#�� R�7 �� ]��7�4 Q�B6� .PV  �1I %� �

 Q"#�� � ���I� �3��� @+F .C�"3� ��"67 +6g�F .�+  �H3�K�

���E) �/+� ��D� !0 � 8C��/ $��.  

� .�Z=E �J ��[���  >7�2� �B� $/ �6��$ ��/ � ��IW 8�F

���E) �/��/  � ]��7�4 Q�B6� �/��F �� C�"3� ��"67 @+F .8C��/ $��

i��3 ��  ��1��� .j�"�� 8�F���6� � ��"67 ���"�/ �k�< !��7

�" /+� �I��6� +�/.  .%�� � �F��I�7 ��/ �"4�9�B�� �� .�a�< [����

 VD�� l�g�g !��� ���"�/ �� m���� ��I���� @G<abc  ��dq0  �

�/� �" G9 �� >I#� 8�":� n��"� �S// � �H� .]1���.  

 .��� A�� � �7 �+  �F+���$�� ��Z ��+� �3��� ��/ ��/�/

 Q"#�� 8+6��1�& .8+� �E ��/0 ������ 8$�#3+�PV  8$�#3+� �

8�J��  o��2� �� .��� A�� ]p� .�+  !��� �Z=E �J ��

Q"��;3/  j�Z�� �+�/���� ��:g A�� .�"E/��& �J���� �3�"67 8�F

��I  $/ NZ�< n��"� �/��F �� �H3�K� >�� �1I %�  � � ���� 8$��

���"� .!���& >�/ �+  �S// Q�6& A�� � ��7 8��9.  

  

  

  

  

  

  

  

  

2- �>��/� ��� ���	� R	J# 

     ��q��%D �q7) �q� .�qH3�K� ��� Q"#�� j�"�� 8/%D/ >�#W ��/ �

!0 +  +F/�E �S// �F.  

2-1- 8���(�&PV ��4	(&  

���� �+�� G&��"4� �+  8/��  �E �����+8  � Rq� �+q� . q���8 

>�/ ]12[ .�3��� � R� �+� $/ �a�<���8 /��8  q �E �����+8  �

/0��  �E�+8  �+�Kyocera KC200GT   N1  � �7)1(   !�q2�

                                                
1- Distributed Energy Resources 

>�/ �"4�9 ��:� .�+  ��/� . ���2�V-I �R /0��  �E�+8.  [��K�

 N1 )1(.  �3��H� $/�a�� $�� � >�+�� 0�+:  

  

)1(  
Rsh

RsIV

Vtherm

RsIV
IoIpvI

+
−−

+
−= 
















1exp

α
  

 !0 � �7IPV  �Io !�2� s���� ��   � !�q��4 !���D �+6F�  !�q��D

�� ���� d�I / + �� .Vtherm  .�q�/0 ��/�< C�"3� RS  �RSh    sq���� �q�

 � .8$/�� � 8�� ���H� >�����α       �q7 >q�/ !��q� ��qS �+q�/ s��a

 ��� k��H�1  �1.5 �� l��"�/     �q�/�� �q�6�/ � � ��q 1    �+q  u�q4

>�/ . ���2�V-I .KC200GT   8�q�� � A��� j�"�� v�K� 8/��

 ����25°C     N1q  � 8$�q� ��Iq  $/ �+�0 >�+�)2 (  ��/� A��q��

>�/ �+ . ��/���F �� �7G� 8�F/����  >�q  �"��    �q� �+q� �qI"�/ .

�� +���� / �"4�7 +67 . 8+� �E N6& 8�F�"�/�&�7G�   ��+qD �

)1( >�/ �+�0.  

N6& PV  8//� .�H3�K� >��125   �"q  �4  8�q�  �q�  +q �� .

 �6�2�� !/�� �K��)MPP
2 (   � Nq6& Rq� 8/��  A��q� oKq�W/m 

2
 

1000  8��� �25°C )STC3 ( ��/��200      Nq7 8/�q� /Gq3 � ���q� �/�

 Q"#��100 ��� +F/�E �/����7 .MPP      � A��q� oKq� �/�q��w� �q�

���� 8�����7 +F/�E ���w� ..  

  

 ��+D)1 :(�F�"�/�&8  N6&PV  �STC ]15[  

�+� Kyocera KC200GT 

PMPP 200 W 
VMPP 26.30 V 
IMPP 7.61 A 
VOC 32.90 V 
ISC 8.21 A 

  

  

                                                
2- Maximum Power Point 
3- Standard Test Condition 

  
 N1 )1 : (+� ���� 8���� R� ���H� /PV ]12[ 

  
 N1 )2 : ( ���2�I-V  N6&Kyocera- KC200GT  NZ�<

I  $/�� $��8 A��� j�"�� v�K� 8/�� 
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2-2-  ���	� &("���	7PV 

 N1  � �7 �K���F)3 (�� �+�� ��  8+6��1�& 8//� Q"#�� .

      �+q6�/%4/ �+qI� Rq� $/ �q7 ���q� ��K� ��DC-DC    ��q"67 8/�q�

MPPT  >q�/ �+  ���O"�/ .       �/�q� 8/�q� %q�� 8�J�q� !�I�"q2& Rq�

     �q�/��� 8�qF�� ����q� �q� �1I %� ]��7�4 � C�"3� eO< � 8/�Ka/

�/� ��D� . �+qI� R� [��J$/ ��"7/ !/�� lGD �� [�%� >:D 8�J�� 

�4�J�� DC-DC  �� 8$/�� ��Z ��PV    >q�/ �+q  Nq�"� .  �q"W�

�+I� .+67 �� lGD / !/�� 8�J��  !/�� �7 ����$ � �+6F�7 >3�< �

�/� ��1��� �+6�/%4/ >3�< � .���7 [�%� �1I  �� /.  

 Q"#��PV  ]��"7�+�/ [��J$/Lc   >q�/ �+q  N�"� �1I  �� .

 �D��E !���D 8�F x�D��/ @G< y��� ]��"7�+�/ ��/PV ��  �� .

 / ����/ �K��PCC  !0 C�"3� � �+����Vc(t) >�/ .   %q�� Q"q#�� ����

 V�$�� +�413  �6� IEEE  ]�/+p�/ �� ��;"#�/ R� ��Z �� �7 ����

 ���H�R+jwLs >�/ �+  �+� .  VqI6�PV    !$�qE [q��J$/Cdc   �q�

 R6�3DC >�/ �+  N�"� ���6�/ .PV      !$�qE � �q�"7/ !/�q� VqI6�

��  �� l�#�� ��"7/ !/�� VI6�.  

�B�3 !/�� j��H� [IJ � R� 8/�� 8/    �q� ���qH"� $�q4 �� Q"#�

 �9/ .R�����F ��D� �+� u�4vt(t)  �vC(t)     C�q"3� �;��q�� sq���� ��

�B�3  8/PCC !0 .+ �� ���6�/ �D��E C�"3� �  ��"7/ \��"� !/�� ��9

 Q"qq#�� �qq�"7/ �PV  �qq6H�P(t)  �Q(t)  �Iqq���� �qq�$ ��qqZ �qq�

+ +F/�E ]13[ :  

  

)2(  α
ω

τττ sin
)()(

)()(
2/

2
)(

Lc

tVctVt
dict

t

Tt
v

T
tP =∫

−
=  

)3(  ( ))(cos)(
)(

)( tVttVc
Lc

tVt
tQ −= α

ω
  

 

 �7α  $�4 ���/$VC(t)  C�"3� �� >I#�PCC >�/. / ���/$ �9α 

 + �� Rg�7P(t) � Q(t)  �)2( � )3( �� /  $/ z%D ��3�/ �� !/��

�� 8���$ \�/� �� � �$ ����� �� +�� �:  

  

)4(  α
ωLc

tVctVt
tP

)()(
)( ≈  

)5(  ( ))()(
)(

)( tVctVt
Lc

tVt
tQ −≈

ω
  

  

2-3 - �&�6�� &8���( 

/ ��� �3��� �J�q� �+� .8   �q�����"7 $/SimPowerSystem Matlab 

�F�"�/�& )���/ ��8 >�/ �+  x/��"�/ .s��6�.   IJ �q� �qD�� ��� >qH 

w"��� HKW �+� ��> 3�� ��+  �E !/���+8 � ��% +  ��������+  .��

�J�� $/8 �F8 �/�+ ���� � ���O"�/ N��7 �E�g ��� ��  .W���  >3�<

�J�� C� 8 ��/�� %8  C� �20 %/�� �8  C� 80  % �+  �"4�9�B��

>�/. %D���� W��[  �+�8�J��  �]14 [��� d�� $/ �7 �+  ��/���� 

/�� �3��H� �� ��8 � C�  � C� � >3�<�  +q �� ./ � q��    >q:D .�+q�

$�#3+�8  ��qI� .$�� /+� C�"3��  /�q�8 =&� q�/%�!�    >q����� � C�q"3�

#� / !0 �7 �+  �"4�9 �B���� W��[ � ��� �$��.  

8�J�� C�  � C� � \�/� � s���� �� )6 ( �)7 ( >�/ �+  !���:  

)6(  ( ) )(*. tExptit
itQ

Q
KiRVo

batt
V ++

−
−−=  

)7(  
)(.*

1.0
. tExpit

itQ

Q
Ki

Qit

Q
KiRVo +

−
−

−
−−= 












  

 Q�/� k�� \�/� � �7:  

Vbatt  :  8�J�qq� C�qq"3�)V( .Vo    8�J�qq� >qq��b C�qq"3�)V( .K  >qq��b

 !���/%�=&)V/Ah ( !���/%�=& >����� ��)Ω( .Q   8�J�q� >�4�~

)Ah( .it=∫I dt  8�J�� ����< C� )Ah( .A  ����� ��<�� �6�/�)V( .

B  ����� ��<�� ����$ >��b ?�1H�)Ah
-1( .  R ��E/� >�����)Ω( .I 

  8�J�� !���D)A ( �i* �+ �"��4 !���D )A .(  

 �)7(� ��/ >7/�� . ��� �� ����s ���;�� =& >�������/%�!�   C�q"3� �

=&��/%�!�  �� +6 �� . �J�q� �$/+�/8   / �q��9 �q�8     �q7 �+q  l�q�"�/

��/���� 3�� �+� !/�ID�+ ��Q"# PV /�  ��\ E A������   � Qq7 q�� 

$�� QF/�4 � �OZ8 "2& !/���!�I ��2��6 + �� �" /� / ./ � q��  �q7. 

MPP  �STC  ��/��100 7��/��� �J�� /G3 � ����8 �� q�+  / +q�/�"� q�� 

/�� / !/�� /+��8  ��7/+<1 +67 QF/�4 >���.  

$/ �J�� �7 ���08 /��8 �F����7 � >7� 8   ��q"67 +6��� �+� ����7

 � ]��7�4�� ����� �F��8  q�/����   /�Kqa/ VqW/�� �8   �q"4�9�B� �

"2& .�+ ���I� �R    � �q�/��C �qF ��� >q:D !0 �"���� �q;8  /�q�8 

3��#� !+  /� �+:��>  � ]��7�4 ��"67�� /����  "7/ !/�q� ���H� q�� 

 ��.�1I % �74� ��� +F/�E.   

  

3- F�� .�	� 1���"� &�9  

>�#W ��/ � S�"3��"4 Q"#�� 8/�� �+  )���/ �3�"67 8�F ^�  Rq�

+ +F/�E ���� �a�< [���� �.  

3 -1-  0��"� ����<�'MPPT  

%F �� �D�� ����6 �& ��$�� � k����� ��Q"# PV/0 �7 >�/ l��K� .�� 

 �E�+8 �F��2  ��R ��� � A��� oK�8 � � � ��2���"2�� 

/��� ��:� �1�� !/��8 ��  ./��      �qK�� �+q667 ��qI�� ��q� �� ��"67

� !/���2��6 )MPPT (� �"E�6 � ��  . /��q� ��:�8 � $/� Q"q# PV 

� �K�� ��2��6  !/��)MPP (�� +�/��    � � �1Iq  �q� ����/ !��$ �

�"�/8 "2&���I�   ��q� �q� �1I  $/��  C�q�/8     sq�� $/ l�q6"D/ � L�q&

��Q"# �F8 E)��� C��/8 %F�&��6 + �� . / �q� q�� ��� q�.s  �qF��8   �q�

 [
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 �$/+�/MPP ��Q"# PV C��/ \��� .�+  s��8  �E�+8.  � \q�4 

W�� >�#W��+��� �F��8 �"13/�1� ��� �+W �1I  /��   ��q7 +qF/�E. 

6�6�� �F8 P-V  �E N6&�+8 KC200GT /��8    jq�"�� v�Kq�

��� � A���8 w"��.� ��� ���s �F N1  �8 )4( � )5(  �+  ��/� !�2�

>�/ .�F N1 8 )6( � )7( ��% ��� ���s !�2� � �K�/ �+6F��!�   �qK��

��2��6  !/��)MPP ( �E N6&�+8    �q�� � A��q� oKq� ��8   ���q�

>�/.  �7 >�/ oa/�MPP  �"q#� �K�/ .A��� oK� ���Q   �q�� �q� �8 

   qKE ��qZ �q� �K�/ >3�< �� �F � � �" /� ?�1H� �K�/ ����� 

>�/ .9�7 �� /G3��8 �R ��� R�7 �� ��+D�� KE�   >q:D q��"4� 

�F ��/�8 ��.��D��� �K6�� >�/.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

3 -2 -  0��"� F����)��S�  ����- ������)v-f ( �

MPPT �6�� �&  

���/�9�  ��"67��g�p1 C�"3�-  ]��q7�4)v-f  ( �MPPT  �J�q� �8   �q�

����s �F N1  �8 )8(  �)9( >�/ �+  ��/� !�2� ]15[ ./ q��  ^�

 $/�R  q3�"67 ���<�  /�q�8   ��q"67MPPT   /�q� jq�"�� �q��< �� .8 

 ��"67v-f / >�� �����6  ��R  � �q��<� �q;  /�q�8  +q����>   !/�q�

�J��8 12��N >�/ �+  .  �q��<1 �   N1q )8(  ��q"67 .MPPT  �

/0 >���� PV � !/�� �K�� $/ � �����2��6 )MPP (  .VqD��PMPPref .

� ��+D $/ �7�!/%  s#<�� A���MPP  ���O"q�/ .�+�0 >�+�  / !0 �

 �D��E �HW/� !/�� ��PV .PPV   �q� / �qJ���� 8�KE � ���7 �#���� .

 �3�"67PI .PI1  �+q6�/%4/ �+I� 8�7 �E�g .!0 �D��E �7 ���"��4 .

DC/DC .)δ* (>�/ .    8+�q �E �q�/0 .8�q7 �E�g ��/ ���w� �� /G3

   +q  +qF/�E 8/��q� ��:� VD�� �K�� � �2��F . / �q3��H� q��   �q��<

3�"67�  �)8(  !0 � �7 �+  ��/� K p1 � K i1���� ��s   �qF ��q:�8 

I��6�� 3/�;"�/ �� � �3�"67� +6 ��.  

  

)8(    

     >�q� � C�q"3� ��q"67 �qB6� ��AC     ��q#& �q3�"67 Rq� $/

)R�+�4 (PI  .�;��PI2>�/ �+  ���O"�/ . .  N1q  � �7 �K���F)8( 

) ���<2 (C�"3� .��  �� �+�� PCC   �b�q� /+�� � 8��9 �$/+�/)rms (

�����   VqD�� C�"3� �� �b�� /+�� ��/ ]p� .�+  �I������
����   �q7

    �q� �qJ���� 8�qKE � �+  �#���� .��  ���H� �1I  \��� +�/�� ��

 �3�"67PI �� ��/� ��  .   .���q6�/ �qD��E C�"3���
����   8/ �q��9 �q� .

C�"3� �� �7 �+  ��"67 PCC QF   �+q  ��"67 %�� !0 �$/+�/ � + �� $�4

 C�q"3� �� PCC    �+q  ��/� oKq� ���
����   ��q  Q�qB6� .   v�qJ �q�/

 �� f�E �J �� +�/�� �� �3�"67)9 (� ��  !��:  

  

)9(    

 !0 � �7�	
  ���
       �q3/�;"�/ � �Iq��6� 8�qF ��q:� sq���� ��

�� �3�"67 +6 �� .� )9 ( !+  ���%4/ >��1     �q3��H� >q�/ >�q� ��

     Q"q#�� $/ ��/�q� ��qF �q"W� �7 >�/ ��/PV     C�q"3� .��q2� [q�%�

 �D��EPV ��  ��6���� C�"3� ���2� ���W� . ���;���F ]��7�4 ��"67

 ���< � �73      >�q� �qD��E �q�"7/ !/�q� ��"67 �� �+  ��/� !�2�

�� ����/ ���6�/ ��  . �6H� �1I %� VD�� ]��7�460   /+q�� �� %��F

 �3�"67 �� !0 8�KE � �+  �#���� �+  8��9 �$/+�/PI3 ��� ��/  �� 

 $�4���w� �3�"67 ��/ �7�
�   x�q� N1  ����$ ?���� ������D >:D /

    /+q�� � ]��q7�4 eqO< �B6� �� �4�7 ��"7/ !/�� [�%� 8/�� C�"3�

 ����60 �� +�3�� .%��F +67 . � �3�"67 ��/ �3��H�>�/ �+�0 ��$:  

  

)10(  
∫ −+−
t

dtfmeasuredfrefKifmeasuredfrefKp
0

)(3)(3

  

 ���< �3  �6H� �;�� �3�"67 R�PI4 �/� ��D� %�� . .�3�"67 ��/

 >�� !��� ��"7/ !/�� ���H� eO< y���AC  �DC  �q� ���6�/  ��q  .

$/ !0 VD�� ��6;�� �/���w� �1���6��  [q�%�  !/�q�  �q�"7/ $/  >�q� 

AC  �D��E \��� �7 ���6�/PI3 �� >�+� .�+  ���H�  +q�0.   !/�q�

  8��9 �$/+�/ ��"7/ >�� �+AC .��� ��������  s��qa � . 1.02 

 ��/�� ���6�/ ��/�7 �� �+  l�a98 %    !/�q� �q7 8�qJ �� ��  u�4

 >�� ��"7/DC  ��/��%102 !/�� ��"7/  >�� AC + �� . !/�� �� ��/

 �� �J���� 8�KE � �+  �#���� �;�+1� ��PI4    $�q4���w� �q� �+  ��/�

�

� �+�0 ��$ � !0 �K�/ �7 ��  NZ�< ���< ��/ $/:  

  

)11(  ( ) ( )∫ −+−=
t

dt
DC

PKi
DC

P
0

AC
1.02P4

AC
1.02PKp4a2*  

∫ −+−=
t

dtPpvPmpprefKiPpvPmpprefKp
0

)(1)(1*δ

( ) ( )






∫ −+−+=
t

dttVttVtKitVttVtKptvtVc
0

)()(*2)()(*21)(*

  
  

 N1 )3:( &�+6��18 ��Q"# PV  �/��F ��MPPT 8�J�� � 

]15[ 
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    8�qF >�q� $/ �+q�0 >�+� $�4���w� ��;����DC  �AC .�
�  �

 �K�/ [IJ .)12(      .���q:� $�q4 �q��w� �q� !+�� >:D��   8/�q�

 C�"3� x�� N1 ��
�   .C�q"3� VD�� ��6;�� ]p� �7 �+  �I������

� 

 ��$+��7 v�J 8/�� /PWM �� +�3�� ���6�/ +67.  

( )
2

*
2

*
1*

aa
a

+
=  

   >�q� �� �qF ��"7/ !/�� $/ $�4���w� �"4�9�B�� @+F ��6�/ �

 >�� C�"3� ��"67 .DC >�/ ���� l��K� /+�� ���< � .

�� .+6 �� �" /� �3�"67 8�F ��:� �� R��%� ������  !/��

 8�F >�� ��"7/ !/�� �7 ��7 �����DC  �AC   +6"q#F ���qH� � .

  �q� !�q6��J/ �7 ���� N&�7 C�"3� ��"67 ���< �� d�a�� ��/    �q� +qF�

  >�� C�"3� \���AC ��  eO< l��K� /+�� �.  

 8�F�3�"67�7G� �� �/�� %�� � !/�� ��"67 �� .k�� � �+  j�Z

9(+�/ �+  ����/ . .    � �q�"7/ !/�q� lGqD �� ����� >:D

   Q"q#�� \q��� ]��7�4 ��"67 @+F $/ ���I�"2&PV  � 8�J�q� $/ .

 Q"#�� 8+6��1�&PV >�/ �+  ���O"�/ .    ��q�$ 8+�q �E !/�q� �9/

 $/ ]��7�4 ��"67 >:D $��� ��� ��"7/ !/�� � ����P MPP  .+ �� �"�7

+  +F/�E C�  8�J�� . !/�� � ���I� �4�7 ��D�� 8+� �E !/�� �9/

 $/ �"2�� ]��7�4 ��"67 >:D $������ ��"7/P MPP  eO< >:D .+ ��

 /+�� � �1I %� ]��7�460     / �qJ���� !/�q� �"q��7 8�J�� .%��F

��7 +F/�E �����.  

C�  ��"67 ^� /      %q�� � �7Gq3/ 
�q4 �/�q� [qIJ 8�J�� C� �

    C�q  >q3�< ��q�W �7 C� � � C�  >3�< l��"�/)SOC (  / 8�J�q�

 N1  � .�"4�9�B��)9( >�/ �+  ��/� !�2� .    !/�q� .N1q  �q�/ �

�������� $/ �1���6���J �� .   �q�"7/ !/�q� !��� Na�O�

  
8 :(�/�9���  �g�p1� ��"67v-f  8/��PV  �/��F ��

MPPT 8�J�� � ]15[ 

 
�� � ���� ������� �����–  ��� ���–  ��� ��� –   !�"#�$ � %���&93

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    8�qF >�q� $/ �+q�0 >�+� $�4���w� ��;����

�

�  �K�/ [IJ .

 C�"3� x�� N1 

 ��$+��7 v�J 8/�� /

)12(  

   >�q� �� �qF ��"7/ !/�� $/ $�4���w� �"4�9�B�� @+F ��6�/ �

DC  �AC >�� C�"3� ��"67 .

 �9/�
�  ��


� �� .+6 �� �" /� �3�"67 8�F ��:� �� R��%� ������

 8�F >�� ��"7/ !/�� �7 ��7 �����

  �q� !�q6��J/ �7 ���� N&�7 C�"3� ��"67 ���< �� d�a�� ��/

 >�� C�"3�DC 

 8�F�3�"67

 N1  .8�J��)9

   Q"q#�� \q��� ]��7�4 ��"67 @+F $/ ���I�"2&

 Q"#�� 8+6��1�&

 $/ ]��7�4 ��"67 >:D $��� ��� ��"7/ !/�� � ����

+  +F/�E C�  8�J��

 $/ �"2�� ]��7�4 ��"67 >:D $������ ��"7/

 /+�� � �1I %� ]��7�4

��7 +F/�E �����

  

  

C�  ��"67 ^�

    C�q  >q3�< ��q�W �7 C� � � C�  >3�< l��"�/

 N1  � .�"4�9�B��

 .8�J�� VD���������

  
PV  8+� �E N6&KC200GT  �b/ �

 ���w�A��� oK�  

  
PV  8+� �E N6&KC200GT  �b/ �

 ���w����� 8���  

  
!/�� �K�� �K�/  �6�2��)MPP ( N6&KC200GT 

A��� oK� ��  

  
 �6�2�� !/�� �K�� �K�/)MPP ( N6&KC200GT 

 ������ 8���  

 N1 )8

 ���� ���� -   
�� � ���� ������� �����  

 

 

  

 N1 )4( : �6�6�PV

 ���w�

 N1 )5( : �6�6�PV

 ���w�

 N1 )6 :(!/�� �K�� �K�/

 N1 )7 :( �6�2�� !/�� �K�� �K�/

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
05

 ]
 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.1.9
https://jeps.dezful.iau.ir/article-1-72-en.html


 ���� ���� -   
�� � ���� ������� �����–  ��� ���–  ��� ��� –   !�"#�$ � %���&93  

 

 
Jo

u
rn

al
 o

f 
N

o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
c
tr

ic
al

 P
o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 
 .���6�/ ���%���������� 8+�3�� !/�� � .PV .��� �q� ����/ .  ��q  .

 �3�"67 R� N��  �3�"67PI .PI5 �+  NZ�< 8�KE ��6;�� �7 ���� .

�� >4��� / VD�� !/�� $/ 8�J�� ��"7/ !/�� Na�O� $/ +H� +67 . >:D

 ��6;�� +�3���� $/ �+�0 >�+� ��6;�� .PI5  ����� x�� N1  R� ��

         ]3�q& 8�q6:& !��q�k�+� ���q2� �q7 �+q  �q#���� .+q</� �$/+�/ ��

)PWM (>�/ ���6�/ ��"67 �  .�	   ���       8�qF ��q:� sq���� �q�

�K�/ $/ �3�"67 v�J ��/ �3��H� � ���� �3�"67 �3/�;"�/ � �I��6�  �q�$ 

�� >�+� +�0:  

)13(  ( ) ∫ −+−=
t

dt
batt

PKi
batt

P
0

)
battref

(P5
battref

PKp5S*  

  

     8�J�q� C�q � � C�q  >q3�< !��� %���� �� m���� 8+H� ��<��

 �q#���� $/ �7 �������   �q����������   �q� NqZ�<  ��q  .  �q9/��� !

���������  ��6;�� +�3�� >:D /G3 � ���� C�  >3�< � 8�J�� .+ ��

    �+qI� �+q6F�7 >q3�< �7 ��$+��7DC-DC     ��6;�q� .+q67 ��qH4 /

 $/ �+  NZ�<PWM  ���  R� $/ .AND �� �I� ��K6� +67.  

 �qq9/��� ! ���������  ��6;�qq� +qq�3�� >qq:D .+qq �� >qq����

 �+I� �+6�/%4/ >3�< �7 ��$+��7DC-DC    �q�/ j3�q�� .+67 ��H4 /

 � ��6;����  R� $/ .AND   �q� �qI� ��K6�  +q67 .    [qK6� �q�/ �q�

 .�3�"67  �b�q� �J �� � �" /� / >:D ���F � ��1��� ����/�� �+I�

�� C� � �� � C�  / 8�J�� + �� $��� �7 !��$ �F � +67.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

4 - &8�� �	�� E���� � ������� &("���	7  

�qq��/�9� ��Q"qq# 4 �qq� m�qq���qq�+ $��qq�V 13 qq ��6 IEEE  Nqq�� �

/0 �"4�9/�W�� PV  N1  �)10(  >q�/ �+  ��/� !�2� ./ q�� 4 q�+ 

$���.V  $/�R $�/��.��;"# 13  �.� 11  � \E8 12� ���N >�/ �+  .

�D .>��b ]�/+p�/ d/��/ N��  �F���!�   >q��b !/�� � >��b)ZIP (  ���q�

� �7��"2  $/ �F !0�d� � >��b !/��� +6 �� .  .�1Iq  �� N�"� >3�< �

/���;"#   ��� 650  oK� �115 7� >q3���     q��� VqI6� !/�q6� �q�� 

�� ��  .%D >3�< ���� /8. �R ���%   !��F � ��/��C��  !/�6� ��

H� VD����� %7�� �3�"67 \��� �+ 8 )CC (��1I %  /�q�8  ��q��� 

"7/ !/���� � /�W .>��b /+�� �� 9���.  

  

 ��+D)2 :( ��"67 8/�� �3�"67 8�F ��:�v-f ]15[  

 �3�"67MPPT 

Kp1  6×10-8 

Ki1  6×10-6 

C�"3� ��"67  

Kp2  0.0004  

Ki2  0.005  

]��7�4 ��"67  

Kp3  9.9×10-4 

Ki3  5×10-3 

 ��"67PDC  

Kp4  0.8×10-9 

Ki4  0.8×10
-8 

8�J�� ��"67  

Kp5  1.5×10
-8 

Ki5  1.5×10-5 

  

4-1-  0��"� U�"�v-f $���% ������� �� &'  

    ��q"67 Q"��q;3/ A��q�� 8/�q�  v-f   jqq�"�� A��q� oKq� �� .

 ���6� .�+  �"4�9�B��1  ���6� �2  A��� oK� �� s���� ��1000 

 �750 V����"� �� �/� . 8�F�3�"67 8�F ��:�PI   ��+qD �)2(   �+q�0

>�/ .    >q:D .8/ ��q�%D >q3�< �� �1I  �� N�"� >3�< $/ G9 ��<

  .8%q7�� �3�"67 !���4 [IJ ��"7/ !/�� $/ �"��b � ��2� /+�� +�3��

>�/ �+  ��"67 ��/��C �%�� .  

  
 N1 )9 :(�/�9���  ��"67!/�� 8�J�� ]15[ 

  
 N1 )10 :(+�4 V�$�� 13 �6�  IEEE ]15[  [

 D
O

R
: 2

0.
10

01
.1

.2
32

22
46

8.
13

93
.3

.2
.1

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
ps

.d
ez

fu
l.i

au
.ir

 o
n 

20
25

-0
4-

05
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.1.9
https://jeps.dezful.iau.ir/article-1-72-en.html


Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
c
tr

ic
al

 P
o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

��  �� >��b %��F . ����$�� 8/�� ��/��C �%�� �7 >�/ oa/�

 s�7�� �� >I#� ]��7�4PV �/� $��� 8�"2�� !��$ �� 8�J�� � .

 
j3/ 

 
l 

 
x 

 
� 

 
�� 

 
�  

  

 N1 )11 :( �g�p1� ��"67 n��"�v-f ) ���6�1( 

 
�� � ���� ������� �����–  ��� ���–  ��� ��� –   !�"#�$ � %���&93

(  � j3/)12(  �%�� .8$�� ��I  ��� ��< .j3/

1.25 �� +�3�� / �/��;� +67 .    !/�q� .�qF N1q  ��/

�� !�2� %�� / ��/��C �%�� 8+�3�� ��"7/ +6F� .  .8/ ��q�%D >3�<�

     �1Iq %� !/�q� 8�qa��� ����q� 8/�� ��/��C �%�� 8+�3�� ��"7/ !/��

)12( l . � �7 ��/� A���� / �1I %� ]��7�4

�� !��� ���H� �+� N�3+� /+"�/- �� +�3��57.8   >q�/ ���q7 >4/ %��F .

 Q"#�� ]��7�4 ��"67PV   !�q�$ �0.1       �q� �q7 �+q  d��q  �q���b

 �J / !0 � ���7 Q�B6� / ]��7�4 >���0.2  /+�� �� ����b60  %��F

 N1qq )11( x  �)12 (x.  C�qq"3�PCC  ��qqZ �qq� /

�� !�2� +F� .��  .��"67 d��  �� �7 ��7 �+F�2� !/��

 /+�� � >��� �� C�"3�1 >�/ �+  Q�B6� >�����&.  

)12 (� .    ���q6�/ $/ �q��%� �q�"7/ � ��"7/ !/��

�� Q�B6� / �1I %� ]��7�4 � C�"3� �7 /  �q� !�2� .+67  +qF� .

  � ]��q7�4 >:D $��� ��� ���6�/ $/ ���%� ��"7/ !/60   � %q��F

80 >�/ �/����7 .   /+q�� �q�/ 8$�� QF/�4 ��<

 !/�� Q:� Q�#�� � .�1I %� 8/�� $������ !/��PV  8C��/ ���E) �

 N1  � �7 �" /� ��D� �4="E/ 8�J��)11(  qqF  �)12 ( qqF .  �+q��

  /+q�� � ���� !/�/�4 +� �E A��� .1000   �q� �/�

PV  �6�2�� !/��100  �7 ���7 +�3�� / �/����7

>�/ �"2�� ]��7�4 eO< 8/�� $������ /+�� $/ .20   �4�qa/ �/����7

�� ���O"�/ 8�J�� C�  8/�� ��  .     �q� 8�J�q� !/�q� � �qO6� >�=�

�� lGD !/�� �16�/ +67.  

    .A��q� oKq� AF�q7 N�3+� .PV    ��+q< \q�475 

     � �1Iq %� ]��q7�4 eqO< 8/�q� �7 ���7 +�3��

>#�� �4�7 %��F . ��+< !/�� ��I�7 /G35    \q��� �/��q��7

 N1  � �7 �+  ����� 8�J��4-2  >q�/ �+  ��/� !�2� qF .  >q�=�

>�/ �1I %� �� ��"7/ !/�� [�%� �6H� �� 8�J�� !/.  

)12 (� . C�"3�DC   �7Gq3/ 
�4 ���6� �� 8/�� /

  �q� �H3�K� ��� �� 8/�� C�"3� �7 ��7 �+F�2� !/��

 �650 >�/ �+  eO< >3�.  

��7�J �� ��"7/ !/�� >�/ ���H"� �F�3�"67 ��D� �K�/� �� . ��/

   >�q� C�q"3� ��"67 �� �+  N&�7 !/�� ���H�AC     C�q"3� eqO< yq���

    ��q4 ���q��6� �q9P�� !��F �7 �+  /+��& /+�� R� �

 � ���6�/ �6F��F ��"67MPPT �� 8��:62�& + ��.  

 0��"� �� �#'��  0��� ����-�v-f  

  .� �� j3/ �%�� ��< !��$ � NZ�< n��"�

 Q"#�� ��"67 � �1I %� ]��7�4 � C�"3� Q�B6� � ��/��CPV  8/��

+6F� �� !�2� / >��b ��"7/ � ��"7/ !/�� +�3�� . ��"67v-f  �%��

��/��C

 %�� 

 �

 !��$

0.2 

 ����b

 d�� 

 �+ 

>�/. 

 N1 

)13( 

j3/. 

��7�4

 ?

 %�

 / �1�

 !�2�

 ��/�

 � �7

 /+"�/

�/%4/

 ^

�:9��

 ��

 �" /�

 �

 ]p�

 ��

 n�+�

F�7

 ^  

  

�

 � �"4/

 �

 ��+<

0.4 

 ����b

 �

 /+��

60 ��  �� >��b %��F

 s�7�� �� >I#� ]��7�4

 N1 

 ���� ���� -   
�� � ���� ������� �����  

 

 

 N1  [��K�)11(

 >��b /+�� ��/��C1.25

�� !�2� %�� / ��/��C �%�� 8+�3�� ��"7/

     �1Iq %� !/�q� 8�qa��� ����q� 8/�� ��/��C �%�� 8+�3�� ��"7/ !/��

>#�� �4�7 .  

 N1 )11( l  �)

�� !��� ���H� �+� N�3+� /+"�/

 Q"#�� ]��7�4 ��"67

 �J / !0 � ���7 Q�B6� / ]��7�4 >���

��$�qq� +qq�/��9 . N1qq 

 >�����&)pu (�� !�2�

 /+�� � >��� �� C�"3�

  N1 )11 (�  �)

PV �� Q�B6� / �1I %� ]��7�4 � C�"3� �7 /

��  � ]��q7�4 >:D $��� ��� ���6�/ $/ ���%� ��"7/ !/

 ��+< ���6� �� �F80

 !/�� Q:� Q�#�� � .�1I %� 8/�� $������ !/��

 N1  � �7 �" /� ��D� �4="E/ 8�J��

�� �� .  

6� � ���1  /+q�� � ���� !/�/�4 +� �E A��� .

 /G3 � �" /� V����"�PV

>�/ �"2�� ]��7�4 eO< 8/�� $������ /+�� $/

�� ���O"�/ 8�J�� C�  8/��

 � ���� C�  8�6H��� lGD !/�� �16�/

 ���6� �2    .A��q� oKq� AF�q7 N�3+� .

 � �/����7MPP      � �1Iq %� ]��q7�4 eqO< 8/�q� �7 ���7 +�3��

/+�� 60 >#�� �4�7 %��F

 N1  � �7 �+  ����� 8�J��

�� � >I��>�/ �1I %� �� ��"7/ !/�� [�%� �6H� �� 8�J�� !/

 N1 )11 (.�  �)

�� !�2� +6F� .��   �q� �H3�K� ��� �� 8/�� C�"3� �7 ��7 �+F�2� !/��

 ��+< � s����850  �

��7�J �� ��"7/ !/��

   >�q� C�q"3� ��"67 �� �+  N&�7 !/�� ���H�

 >��DC     ��q4 ���q��6� �q9P�� !��F �7 �+  /+��& /+�� R� �

 � ���6�/ �6F��F ��"67

  

4-2-  0��"� �� �#'��  0��� ����-�

 8�F N1 )13( 

 Q"#�� ��"67 � �1I %� ]��7�4 � C�"3� Q�B6� � ��/��C

+6F� �� !�2� / >��b ��"7/ � ��"7/ !/�� +�3��

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
05

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.1.9
https://jeps.dezful.iau.ir/article-1-72-en.html


Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
c
tr

ic
al

 P
o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

 ��+< � �+  [�%� 8�F !/�� ��F 8/��0.5  $��� !��$ ����b

+6��� l��K� ������ �� � �+  /+��& �� >�/ . �7 >�/ �7) �� �$k

 ���6�/ $/ !/�� [�%�PV  �� !+�� $/ NIW � ��/+"�/ 8�F ����b � %��

 �"4�9/�W ��/��C �%�� �D��E !/�� ������� ��b�� >�� /+��& >3�<

 Q"#�� � 8�J�� �7 ��  �� ��Ib/ ���E �� /G3 PV !�+�

 � V��� ��"67 ����/�� .���6�/ ��D� �� ��/��C �%�� �� >I#� ���6�/

 �1I %� ]��7�4 � C�"3� �b���/� /.  

 
j3/ 

 

l 

 

x 

 

� 
  

13:(  ��"67 n��"�v-f ��/��C �%�� >7�2� ��  

 
�� � ���� ������� �����–  ��� ���–  ��� ��� –   !�"#�$ � %���&93

 ��+< � �7 ���� �1I %� C�"3�0.5  /+�� � ����b1 

 . N1 )13(  .x � ��/��C �%�� 8+�3�� !/��

 ���6�/ ���%� ��"7/ � ��"7/ !/��PV  >3�< � �7 /

+F� �� !�2� .�+  8/��� ��:� >��b.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 ��+< � �+  [�%� 8�F !/�� ��F 8/��

+6��� l��K� ������ �� � �+  /+��& �� >�/

 ���6�/ $/ !/�� [�%�

 �"4�9/�W ��/��C �%�� �D��E !/�� ������� ��b�� >�� /+��& >3�<

>�/.  

 Q"#�� � 8�J�� �7 ��  �� ��Ib/ ���E �� /G3

 � V��� ��"67 ����/�� .���6�/ ��D� �� ��/��C �%�� �� >I#� ���6�/

 �1I %� ]��7�4 � C�"3� �b��

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
j3/ 

 
l 

 
x 

 
� 

 
qF 

 
�  

 �g�p1� ��"67 n��"�v-f ) ���6�2(  
 

 N1 )13

 ���� ���� -   
�� � ���� ������� �����  

 

 

 N1 )13 (.l  ��+< � �7 ���� �1I %� C�"3�

>�/ �+  /+��& >�����& .

 N1 )13( �.  ���6�/ ���%� ��"7/ � ��"7/ !/��

PQ +F� �� !�2� .�+  8/��� ��:� >��b

 N1 )12 :( �g�p1� ��"67 n��"�

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
05

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.1.9
https://jeps.dezful.iau.ir/article-1-72-en.html


 ���� ���� -   
�� � ���� ������� �����–  ��� ���–  ��� ��� –   !�"#�$ � %���&93  

 

 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
c
tr

ic
al

 P
o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

5- ��	�� &�	=  

.�3��� ��/ � C�"3� ��"67 �1F/ - Q"#�� 8/�� ]��7�4PV  ��

���%D �1I %� � .8�J�� ���E) �/��F >�/ �+  �S// 8/ . ��/ �

 Q"#�� .^�PV  ���E) � �+  8/��� ��:� �6�2�� !/�� �K�� �

C�  �E�g R�7 �� !/�� lGD �� [�%� >:D 8�J��/ ��� .C� �

�� /�W ���O"�/ ���9 . ��"67 !��� �b�� �;6F��F .�+�0 >�+� n��"�

v-f  ��"67 .���6�/ >��MPPT ��"67 �  !�2� / 8�J�� ���E)

�� +F�.  

 Q"#�� ��"67 ���"�/PV �< $/ ��"67 >3v-f  !/�� >3�< ��

 ��"67 �� >��b !/�� >3�< $/ ��/��C �%�� ��"67 ���"�/ %�� � >��b

�a/ n��"� �� ]��7�4 >�/ �+  ��6��I"�/ .�+667 . �� �9P�� ��/

�� R�7 �3�"67  ��D� %�� � A��� oK� �/���w� �� / ��E �7 +67

+���� [IK6� .8�J�� ���E).  ��"67v-f 7 �� �7G� Q"#�� R�PV .

 $/ ��/��C �%�� �� >I#� .���� ������ �� ]��7�4 � C�"3� !+�/��9$�� �

>�/ /��E�� 8�"H��� ��#� ��1��� . � ��I���� ����/ �16�/ ��a

 VD�� l�g�gabc >�/ �+���9 �"2�� >��� � �9��� y��� . ./G3

 Q"#�� s�� .��7�J ��PV  .�+6�0 � 8�J�� ���E) �/��F ��

�� + �� +�/�7 ��#� �1I %� ]��7�4 � C�"3� eO< � +�/��.  

B%'��  

[1] J Morrison, J. Holt, E. Torrero, and M.A. Ralls (Aug. 

2007). White paper on Distributed Generation, National 

Rural Electric Cooperative Association.[Online]. 

[2] R. H. Lasseter, “MicroGrids,” in Proc. IEEE Power 

Engineering Society Winter Meeting, 2002, vol. 1, pp. 

305–308. 

[3] H. Saadat, Power System Analysis, 2nd ed. New York, 

NY, USA:Mc- Graw Hill, 2002. 

[4] J. A. P. Lopes, C. L. Moreira, and A. G. Madureira, 

“Defining control strategies for MicroGrids islanded 

operation,”IEEE Trans. Power Syst., vol. 21, pp. 916–

924, 2006. 

[5] B. Awad, J.Wu, and N. Jenkins, ―Control of distributed 

generation,‖ Electrotechn. Info., vol. 125/12, pp. 409–

414,2008. 

[6] J. C. Vasquez, J. M. Guerrero, E. Gregorio, P. Rodriguez, 

R. Teodorescu, and F.Blaabjerg, Adaptive droop control 

applied to distributed generation inverters connected to 

the grid,‖ in Proc. 2008 IEEE ISIE, pp. 2420–2425. 

[7] H. Bevrani and S. Shokoohi, An intelligent droop control 

for simultaneous voltage and frequency regulation in 

islanded microgrids,�  IEEE Trans. Smart Grid, vol. 4, 

no. 3, pp. 1505–1513, Sep. 2013. 

[8] J. C. Vasquez, J. M. Guerrero, M. Savaghebi, and R. 

Teodorescu, Modelling, analysis and design of stationary 

reference frame droop controlled parallel three-phase 

voltage source inverters,�  in Proc. IEEE 8th ICPE & 

ECCE,pp. 272–279,2011.R. J. Vidmar. (1992, Aug.) 

[9] T. L. Vandoorn, B. Meersman, J. D. M. De Kooning, and 

L. Vandevelde, Analogy between conventional grid 

control and islanded microgrid control based on a global 

DC-link voltage droop,‖ IEEE Trans. Power Delivery, 

vol.27, no. 3, pp. 1405–1414, Jul. 2012. 

[10] J. C. Vasquez, R. A. Mastromauro, J. M. Guerrero, and 

M. Liserre, Voltage support provided by a droop-

controlled multifunctional inverter,‖ IEEE Trans. Ind. 

Electron., vol. 56, pp.4510–4519, 2009. 

[11] L. D.Watson and J.W. Kimball, ―Frequency regulation 

of a microgrid using solar power,�  in Proc. 2011 IEEE 

APEC, pp. 321–326. 

[12] M. G. Villalva, J. R. Gazoli, and E. R. Filho, 

“Comprehensive approach to modeling and simulation of 

photovoltaic arrays,” IEEE Trans. Power Electron., vol. 

24, no. 5, pp. 1198–1208, 2009. 

[13] Y. Xu, H. Li, D. T. Rizy, F. Li, and J. D. Kueck, 

“Instantaneous active and nonactive power control of 

distributed energy resources with a current limiter,” in 

Proc. IEEE Energy Conversion 

Congr.Expo.2010.pp.3855–3861. 

[14] O. Tremblay and L. A. Dessaint, “Experimental 

validation of a battery dynamic model for EV 

applications,” World Electric Vehicle J., vol. 3,2009. 

[15] S.Adhikari,2014, " Coordinated V-f and P-Q Control of 

Solar Photovoltaic Generators With MPPT and Battery 

Storage in Microgrids ", IEEE Transaction on SMART 

GRID, VOL. 5, NO. .3 

 ���8�  

.5W� (@O� $/�F/ �  >�/ �+  +3�"�)1361 .( �F�;2�/� �=����

   
�q� �q�+6:� �q��6 �7 VK�� � / ��E-   $/ �+qW� ��;q2�/  �/$0

��=�/ �%� +</� )1386(���6 �7 .  
�q� �q�+6:� + /-   $/ �+qW

 ��;2�/���4$� +</� ��=�/ �/$0)1394 (>�/ ���7 8�p�.  >q�3�H4-

�W=� � �2F�P& 8�F �6��$ � !�2�/ 8+6�  Q"q#�� .�1I %� ��"67

"4R�S�"3���:� � .�Q"#�� $/ 8/����/ �+W 8�F �qa�< ��< � � > 

� !�"�$�E �k�4 �"H6Z 8�F$�9 +</�  >�+E �� ��w2���+ ��.   

  

'�X��-� +	-�' ��� �)1352 (!/�:� � 

+  +3�"� .    �q��6 �7 .�q��6 �7 L/+q�

   ��qq� � / ��qqE 8/�qq"7� � +qq / 8�qqF

)1374( .)1380 (�)1389 ( $/ sqqqqqq���"�

   ��;q2�/� .��q4$� +</� ��=�/ �/$0 ��;2�/�

   � !/�q�/ >H6qZ � Q�� ��;2�/� � !/+�$��


�� ��+6:� �" - >�/ ����� GE/ �+W .    �q�� !�q67/ QqF !�2�/

 + /     �q1���0 Rq����"13/ � 
�q� �q�+6:� �q���/)IEEE Senior 

Member ( ��� $/ �)1380 ( !�67��  �/$0 ��;q2�/� ���� ���F ���

  +6q �� �q� ��4$� +</� ��=�/ .     ��qH3�K� !�q2�/ ���q����� �q6��$

Q"#�� �1���6�� � �1���"�/�1I  .�+W 8�F   �q6�:� .+6�q �F 8�F

Q"#�� ��"67 � 8/+��&  .8$�� �/��/ � �+W 8�FFACTS  �q�-

+ ��.  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.1.9
https://jeps.dezful.iau.ir/article-1-72-en.html
http://www.tcpdf.org

