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�����  
 ���� ���	

�� وا�
��	&� أ���� ا
%�رة ا
���"�!��  � أ��� ا����� �� ا
��� ا
���� ��� ���� ����� و��

 �'
	(�
���� ��	7ى 0
5 آ� ه�!3  � ا
2&��ت ا
�!���1 وا
'���0 و �/�ت ا-�	�ج و �اآ* ا����ل ا 8
وذا
	����E و 	�ا"/� "��� ��D أ��Cه� �	��AB� �AB ا
�&��ة  @�� وا
�?�� ور<� أ���  	�ا �� ا-=�اف إ: أ���  

  آ� B" 3د��ه� "G'�B ا�E&�ب
 �� 8
�	1� I	@  7ج ��� آ3  �ه�	�J
��7"� أ���� ا
%�رة إن  ���N ا
/��M7�: �C "��  )�زن  �  �Oوأ�

�0
�� إ�	�ج ا
/��C و �� P�Cو���� د �&Cا�  �
0
5 ا:E	�Rك ��� �	/ SC7	  ج�	ل وان ا-���
���%�� ا
�� وان �T ار��	E�" ��&2

Uا ��D  �اC&� ا ���?	

�� أ��� إن ا:E	�Rك دا!� ا��

��� و �� �3�D ا�	Eوا

3 ��
� ا
/%V وا
��وف ا:C	��د�� و<��ه�   W  ��!�"���
  ه@�ك 0%&�ت آ��Wة �������B" X ا
%�رة ا
  

��

Gو�

	��  � Tإ��Dد �G"�1� �D و �	� ��� ذا
8 و�� �
�Eوف  و��

�� �/&�N��M P اR�	
 �7اGM ا
���ة ا

� ا
���آ� Yوا�� �و  ��!�"���
3 0
5 أ�3O ا
2&�� ا!�E7

?� ا
&� �D ا
'@�� ه� ا-=Rق ا MATLAB 

�	

�3 ا
"���    I� �EB" N��Mع �	��* "7�1
� اE	)�ا �� و �و�	�� و���د و[�!'�� 
Uا \�ع ا�	�2ره� وا�	
   و<��ه�ABB ا
)�ص "�2آ� UNTRL F و"��� PTL I و 3W  NEPLAN ا��Tى
�O*ا��� وأ���  �دوا!� ����  أ���   X"ور ����� ����5
7
�   N إ�E 3�" ��!�"دوا!� آ�� �?

و:ن هU_ ا

 \�ح ا
2&�� ا
���"�!�� دون ا
��7ف 0
5 \�ح 
?� ا
&� �D و=��%� �� اa" bذن\�!�� ا:E	)�ام 7Eف ا"� 
  8
   \&��ت ا:�	��d ����1ا اE	)�ا �� و
�3 ذا

 �
�

 ا
	� \&��ت ا
@%3 وه5 أو ا-�	�ج  �/�ت �� �7اGM ا
2&��ت ا
���"�!�� ��7ن �0د�� ا
	� ا
�%&�ت أه� إنو
 �Ae���AB� �\�&  �� �
7�


/��C ا
���"�!�� وه7 ا
�!��1 ه7 ا
���ر ا
���"�!� اE	%�ار ا
2&�� و���ا :ن ا 
7
�ات ��� أ�7اع�آ3 0
5 ا
E ��&2@%7م "	/&�P هU_ ا
��2آ3 0
E  N��M 5	7ا3M GM ا
�2ا
	� ا�داء�
 ا

 ��'
7
�ات ذات ا
	���g ا
�وار وا
�1آ� و�
7
�ات ���� ا
�7Mع أ�7اعE@1	)�م ا�
7
�ات آ	�"� إ
5 ا�
 ا
 X"ا�
0
5 ا ��!�"���
    http://www.kutub.info/library/list.php?cat=13  ا

   
�	�
  -:ب آ���� و�E	� �%��1 ا

  

7
�  N \&�� آ��"�!��  •  X"ر��1آ
7
� "/��%� ا
	���g ا�
 �	� ����g ا
7
� "/��%� ا
	���g ا
�وار  •�
7
�  N \&�� آ��"�!�� �	� ����g ا  X"رAC 
7
� "/��%� ا
	���g ا
�وار  •�
7
�  N \&�� آ��"�!�� �	� ����g ا  X"رDC 
7
���  N \&�� آ��"�!�� �'�3 "�@���  �1 •  X"��700 رkm 
 400km �'�3 "�@���  ���1 �ر"X \&�	�� آ��"�!�	� •
• ��?	  3�� N  �
7  X"ر 

  
1
31 أM*اء إ
5 اb �%��1 ا
�	�ب إ��2ءو7Eف �	� 	
  أR0_ ��1 ا

 �
�


�d1 د�C%� و
�� ا�Cب إنو ��%
   �N��M 5  ��ور ا
�را�E و�	�!��Dو ا����ن ا<
� �� ا
7اNC إ
5 ا



  
  
  
  
  
  
  
  
  
  
  

  ولا�ا
D*ء 



  


� ا
	�آ����

�� ا��� �
��

� ا��� ��
���� آ�������  �� �
�� �  ر�
 3�2
   �jk7 ا
2&�� ا
���"�!�� "�� ������� ��� �	�7ن  � أد��_ا
1. �
Yا �
7�

  ا
	�"�@� ا
��!���� �	�3W وا
	� ا
���آ� 
2.  �
7�
  g���� � 7�@ EXCITER ا
3.  �
7�
 SYNCRONAIZ MACHIN ا
���"�!�ا
4. T3 دا�� ���%" ��
7	
 35MW  �/� ا
7
�  � ا �7ل ر .5�

����M N ا ��D

 N�13.5KV 5
 230KV إ
6.  ���%" ��
7	
 3��10MW "��  �/� ا
7.  5
��M�" ��!�"���
  10000MW أ���لا
2&�� ا

 
 3�2
7�'�ت و7Aا"d ا
	�"�@� ا
��!�� ا
�1	)� � أد��_ا  ��&� ���
7�
   ��و�� ا

 

 



 3�2
7
�  �&�� 7Aا"d و��C أد��_ا�

 g���	
 ����3  @�7 � ا
 

 
  

   ا
�@��D� � 7 \�ح "�g ا
� 7ز وا
7Wا"dو�ه���
Tr �
7�

��7ل ��Cس ا
)�ص "%��س ��M ا � *
        d"�A ا
Ka ���	�
 gain ا
�@����C     �� � 7 ا
Ta ���	�

 � *
  ا
�@�d"�A     ��� 7 ا
Ke ض���
      ���C ا
Teض���

 � *
      d"�A ا
TbA   3��

��\j زاو�� ا � *
 �"d ا
Tc3��

��\j زاو�� ا � *
     d"�A ا
Kf ���	
 feedback  ا
����1 ا-\�رة ��   ���C ا
Tf ���	

 � *
  feedback  ا
����1 ا-\�رة ��   d"�A ا

Efmin ���	

 ���C 3Cا ����D
   ا
Efmax �


	��� ا0 ���C ����D
  ا

KP ���	�


ا
	@����C       5&E ا � 7�@�  
Vt0�
7�


��D ا ���M��
       ا
%��� ا
Vf0g���	


��D ا ���M��
     ا
%��� ا

 
 
  
  
  
  
  
  
  



 3�2
7
� أد��_ا�
7�'�ت و7Aا"d ا  ��&� �!�"���
  ا
 

 
  

Pn�
7�

 �@@%�
             ا
%�رة ا
Vn�
7�

 �@%�
           ا
��D ا
Fn�
7�

 �@%�
           ا
	�دد ا
Xd        '�
0
�ا� ��W�
7
� 0@� ا�

 دا!�ة ا
%��  اE	��ار

Xd’��%
7
� 0@� ا�	%�ل دا!�ة ا�

 ��W�
0
� ا�'�
         ا
Xd”     ��%
7
� 0@� "�ا�� دا!�ة ا�

 ��W�
0
� ا�'�
       ا
Xq �
7�

 ��W�
0
� ا�'�

� اE	��ار ا
�ا!�ة ا
�'	��7 ��       ا��   

Xq” �
7�

 ��W�
0
� ا�'�

� "��� ا
�ا!�ة ا
�'	����7     ا��   
Xl 7د%'�
         ���C ا
�� ا
Td � *
 0@� اE	��ار دا!�ة ا
%��      d"�A ا

Td”��%
       d"�A ا
* � 0@� "�ا�� دا!�ة ا
Tq0” ��7	'�
     d"�A ا
* � 0@� "�ا�� ا
�ا!�ة ا

  
  
 
  
  
  
  
  
  
  
  
  



 3�2
7�'�ت و7Aا"d ا
��7ل أد��_ا  ��&� �!�"���
  ا
 

  
  

Pn 7ل��

 �@@%�
            ا
%�رة ا
Fn7ل��

 �@%�
            ا
	�دد ا
V1 ��!ا�	ت ا:"�'
�
          ��M ا
R1��!ا�	ت ا:"�'
�
         ���C  %�و � ا
L1 ��!ا�	ت ا:"�'
�

          ���C ا
�� ا
�'%7د 
V2 ت�'
�
 ا
7��Wي       ��M ا
R2 ت�'
�
 ا
7��Wي       ���C  %�و � ا
L27ي��W

'�ت ا�

         ���C ا
�� ا
�'%7د 

Rm��1�=�@?�
        ���C ا
�%�و � ا
Lm��1�=�@?�
0
� ا�'�
       ���C ا

  
  
  
  
  
  
  
  
  
  
  
  
  
  



 3�2

� �&�� ���Uة ����3 ا
��3 أد��_اTا�


��/�ا   
 w�R� رضإنو����e و ��D� 3��

� ا��7� 3���� �� �
����C �A 3 ا
%�رة  ��M ���C �A ا
�����C �A 3 ��دد ا

 3��

 �
��'


�����C �A 3 ا
%�رة <�� ا �
��'
  ا

  
  

 3�2
   �&�� ���Uة ����3 ا
���T 3رج ا
��/�أد��_ا
 w�R� رة إنو�����%

� ا
����D� 3 و eرض ��M ���C �A ا
�����C �A 3 ��دد ا
�����C �A 3 ا��7� 3���� �� 


��'


�����C �A 3 ا
%�رة <�� ا �
��'


��3  ا �  

  



 3�2
3  7�'�ت و7Aا"d ا
2&�� ا
��"N  �=7 ا
��/� أد��_ا���� _U��� ��&�   
  

 
  

 ���R   
 ��%
5 "�
�7Mع أو آ	�� ا
�7ا�'�ت ا
)�ص "�
���ة �� إ��Dده� ���� أN��M_R0 ا

��� إ��
  IEEE ا
�7ا�'�ت ا

  



 ����
   ا
%��$#أو  ا
  

 
���%
  ا&���ار ا


��ة  �� �أR0_ ا
��Wل �� � 7�@�
7
� "�%�ار 12.1s و0@� ز � 220s?�3 ا�
 و
��ة 0.05Pu �� ر���M N ا
0.2s �"�D	
7
� و �ى اE	%�ار ا
%�رة 0
5 �� اT	&�ر  �ى اE	�D"�  @�7 � ا
	��� ه� وا
?�ض  � ا�

 ��D
 ا

7
� إ=�اف�
   ا
  

  
  

 w�R� 3�2 ��آ��
7
� اE	%� "�� إن أR0_ ا�
 إر�Mع �� أ��Oو"�� ر�N ا
��D �@�7 �   � �2?�3 ا
��M 2s ا
 ��D
 0.8s "�� ا
/&��� ا
Nk7 إ
5ا



 
  

 3�2
 ��ا
)�ص "�@�7 � ا
	���  PID ا
��D وا
��درة  � ا
�	���  � �7ع �� ا
	��� إ\�رة �&�� ���C أR0_ا
 ��D
�2
�1.7Pu إ
5 ا
�	��� إ\�رة��� �� ز��دة  AVRا�
   0@� "��� ا

  

  
  

�� 3�2
0
R�  5أR0_ ا ��D

� "�ر�'�ع ا��'
7
�إ=�اف�w ار�'�ع ا
%�رة <�� ا�
   ا



 
  

�� 3�2
0
5 أR0_ ا �
��'


%�رة ا X�1" jMرB� وث�� w�R� إ=�اف��D
7
� 0@� ار�'�ع ا�
   ا
  

  
  


��ة أR0_ ا
��Wل �� � 7�@�
7
� "�%�ار 12.1s و0@� ز � 20s �� �2?�3 ا�
 و
��ة ��M g'T �� 0.05Pu ا
0.2sو  �"�D	
7
� و �ى اE	%�ار ا
%�رة 0
5 �� اT	&�ر  �ى اE	�D"�  @�7 � ا
	��� ه�ا
?�ض  � ا�

 ��D
 ا

7
� إ=�اف�
   ا



  
  

 3�2

� أR0_ا��'
0
Q 5 �&��  �ى �?��� ا
%�رة <�� ا ��D
7
�إ=�اف "	?�� ا�
   ا

�  �
���

� $�ق ا��

� (�) ا�*over exciter   

��ة  �� �2?�3 أR0_ ا
��Wل �� � 7�@�
7
� "�%�ار 12.1s و0@� ز � 20sا�
وا
?�ض  0.15Pu �� ر���M N ا

 �"�D	
7
� �7ق ا
	���g اT	&�ر ه� � ا�
 ا
��D �� �ى اE	�D"�  @�7 � ا
	��� و  3�0over exciter ا
 5
7
� و �ى اE	%�ار ا
%�رة 0�

7
�إ=�اف�
   ا

  

  
  

 3�2
7
� ��� �	� ز�أR0_ا�
7
� "�%�ار  �&�� ��M ���C ا�
 اE	�D"�  @�7 � إن آ�� ��0.1Pu w�Rدة ��M ا
 ���	
   1s �7ا
� �� آ������E d ��� �� ا
*��دة AVR ا
��D ��ا



  
  

 3�2
7
� ��� �w�R أR0_ا�

��3   0@� ز��دة ا
��D زاد ا
	��رإن �&�� ���C ���ر ا 5
 ���ا 
*��دة 1.1Pu إ
�
��'
   Q ا
%�رة <�� ا

  

  
  

 3�2

� _أR0ا��'
     "B�X�1رw�R� ��� jM ��وث �&� P� ���C ا
%�رة ا



  
  

 3�2

� أR0_ا��'

	�Q 3 �&�� ار�'�ع ���C ا
%�رة <�� ا �
7�
7
� 0.6Pu إ
5 0@� ار�'�ع ��M ا�
  �� �3�D ا
 3����� �%/@   g���	

� ��7ن  �� 3 ا
%�رة  7�over exciterق ا��
 Power factor = 0.87و�5 هU_ ا

     أد��_�� هjk7  7 آ

  
 jk7  7آ�� ه_R05  @�@5 أ
7
� أداء 0�
7
� ���3 إن ا�
 250MW 0@� ��3   @/%� �7ق ا
	�����g ا

 �
   150Mvar+ �7ا
�و�Cرة <�� ���

Uآ� �" ���D
7
� �&�� أداء  @�@5 إنوا�
0
5  ا �
7�

� إ�	�ج %�رة ا��'

� و<�� ا��'
 N��M ا
��وف �� ا
%�رة ا

� ����
7�
 ا
Uي أR0_ ا
3�2 إ
5 و"�
�7Mع 	� �����  @�@5 ا
%�رة 0
5 ��1 ��ارة ه7اء �&���  
'�ت ا
 5@�@  jk77ع أداء�� �  �
7�
 SIEMENS SG5 315 و"%�رةMVA �D� إن   

•  X(
725
� 3W�� � �@0  @�@5 ا
%�رة 0@� � ��7ن ��ارة ه7اء �&���  
'�ت ا
ا�زرقاC ���� ��� 
 �
7�

   135Mvar_247Mvar-  �  و�Cرة <�� ���
�315MW إ
5رة ���
� ���C  3إ�	�ج

•  X(
732
� 3W�� � �@0  @�@5 ا
%�رة 0@� � ��7ن ��ارة ه7اء �&���  
'�ت ا
ا����اC ���� ��� 
 �
7�

  135Mvar_230Mvar- �  و�Cرة <�� ���
� 305MW إ
�C 5رة ���
� ��3 إ�	�ج

•  X(
7
� 3W��  �@0  @�@5 ا
%�رة 0@� ا��OTا�
 ��� ���� �37C ��7ن ��ارة ه7اء �&���  
'�ت ا
 �
7�

  135Mvar_190Mvar- و�Cرة <�� ���
�  � 255MW إ
�C 5رة ���
� ��3 إ�	�ج

 



�  g���	
7
� ��d ا�

� 3�0 ا��under exciter   

��ة أR0_ ا
��Wل �� � 7�@�
7
� "�%�ار12.1s و0@� ز � 20s �� �2?�3 ا�
 ��M g'T ��  0.05Pu ا

 �"�D	
7
� �7ق ا
	���gه�وا
?�ض  � ا�
 �� �ى اE	�D"�  @�7 � ا
	��� و under exciter اT	&�ر 3�0 ا
 5
7
� و �ى اE	%�ار ا
%�رة 0�

 ��D
7
�إ=�افا�
   ا

  
  

 
 

 3�2
7
� "�%�ار أR0_ا�
7
� ��� ا�)'��M g ا�
 اE	�D"�  @�7 � إن آ�� ��&� 0.95Pu w�R� ��M ���C ا
	
   1s �7ا
� �� آ��g�'(� �� ��� ����E d ا
AVR ��D ا
��D ����� ا
  

  
  

 3�2
7
� ��� �w�R أR0_ا�
 ���ا 1.1Pu إ
5 0@� ا�)'�ض ا
��D زاد ا
	��ر 
��3 إن �&�� ���C ���ر ا
 �
��'
  E:Q	�Rك ا
%�رة <�� ا



  
  

  
  

 �
��'
  �w�R� ���   X ��وث �BرP1" jMا
3�2 أ�&� _R0� ���C ا
%�رة ا
 

  
  

 3�2

�  �&�� ا�)'�ضأR0_ا��'

	�3  0@� ا�)'�ض���C Q ا
%�رة <�� ا �
7�
  �� �Q=-0.2 3�D إ
��M 5 ا
 3��� �
7�

� ��7ن  �� 3 ا
%�رة under exciter ا
	���d�� g  @/%� ��ا��
   و�5 هU_ ا

Power factor = 0.98 jk7  7أد��_ آ�� ه     



 
 jk7  7آ�� ه_R05  @�@أ
7
� أداء0  5�
7
� ���3 إن ا�
 d�� �%/@  250MW ا
	���g 0@� ��3 �� ا

 �
   50Mvar- �7ا
�و�Cرة <�� ���
  

��R(
  ا
 P&E ��  I	@	1إن� ���	

�� �� ا
	��� �� 0@�� ���ل ه� ا
��D ��  @�7 � اRT �  ��� ��!�"���
 ا
2&��ت ا

��

Uا �G�O "�ه	��م ا ��&2
 �/��7 �� ا
�2آ�ت ا
�&�ى و"	@��V آ&�� ������ �	� ا
�1/�ة 0
5 اE	%�ار ا

P �� اT	�اع و�����  @�d�&W� � 7 ���م ا
%�رة و���1� أداءه� /@�
 power system stabilizerو � هUا ا

�	
   \���� ��B�E آ�� AVR ا
N  3��� �� ��D  @�7 � ا
	��� وا
�Oوأ� ���	


	��� AVR ا
��� �� ��D� �S�]7  @�7 � ا ��%

�  ا��'
 ا
2&�� وذا
N��" 8 ���رة <�� ا

7
� �5 �/�ق �
          -Pu0.025_0.025و��M g'T ا
 ��D
7
��T 3�2/�  &�\� و���ا :ن ار�'�ع وا�)'�ض ا�
7
�  � ا�)'�ض وار�'�ع 0
5 ا�
 �	� �0د�� ����� ا

 ��D
   :ر�'�ع ا
��D%145-126:�)'�ض ا
��D و  %70-65 ��ود   ��ا

�� آ�� �� �/��7�Eأ ��%


%��� واد�� ا0
� ا
�@�3W  � 7 ����� �� �� �	��� ا
	�  � \���� ����� ��ود  

 ���	

%��� ���ر ا
	���g واد�� ا0
�و��   Control limit ا
��D ��ا Excitation current  limit ���Cو 
 g���	

� ��d ا��under excitation limitM�
7
� أداء  @�@� إ
75ع  وآ3 هU_ ا
%�� ���� �����ه� "��
 ا

7
�V  @�@5 أو�
  ا
)�ص "�



��%
  ����A اT	&�ر دا!�ة ا

� 0@� \&�� ا
��D  ا
/7ر�ARA!�ة ��C ا 3/0 دإ���k �	� أR0_ ا
��Wل ����

��  230KV ا�	

�7ا�'�ت ا�"  
  

  
  

 3/�
  ا�=7ار 7��ARAع ا
Ron ��" 3/�
  ا�=7ار    %�و � ا
RgN  3/�
   ا:رض     %�و � ا

  �7ع ا
�/3 =7ر  N ا:رض�
0
5  ا
2&��ت ا�� ا�	�2را و��و�A ا�0/�ل أآ�W دا!�ة ا
%�� =7ر  N ا:رض  � أ0/�ل��	&�  ��!�"���


�وا
�Dول  1967أE d��M@�  وا
	� CEGB  ��� إ���!��ت��1 �	
  ا-���!�� �&�� �	�!I ا

  
3/�
  ا
@1&� ا
�|��7  �7ع ا

�رضوا��C 3/0 دا!�ة "�� =7ر   65-70% 
  %20-10  وا�رض��C 3/0 دا!�ة "�� =7ر�� 
  ��C 3/0  10-15% دا!�ة "�� =7ر��

  %5   ا�=7ار��C 3/0�ARA دا!�ة 
  


��ة و�5 هUا ا
��Wل �	�  � 7�@�
 وا
?�ض  � 0.1sو
��ة �/&�P ا
�/11.1s ��  3 و0@� ز � 2�20s?�3 ا
 �"�D	
  و �ى اE	%�ار ا
%�رة 0
5 ا
��D و ���� ���C ���ر ا
%����	���  اT	&�ر  �ى اE	�D"�  @�7 � ا
ه�ا
7
�إ=�اف�
   

   



  
  

 3�2
7
� ���A �&��  �ى أR0_ا�
0
5 ا ��D

�/3 ��� ا�)'g ا�" ��D
 ��M ���C إن "��@0.45Pu 5 إ
5 ا
 �  dO'(ا� �
7�
 ا
��D "�� اT	'�ء ا
�/N  �� 3�� 3 ��وث ار�'�ع 0.1s ز � �� 6KV إ
13.5KV 5ا

5
   1.2Pu إ
  

  
  

 3�2

'� ��	��ر ا
 �&�� ���C ���ر ا
%�� ��� ار�'N أR0_ا�
7
� ا�

 �	"�W
8 0
5 ا
/7ر 3.3Pu إ
5ت ا
 وذا
   ��ث ��G ا
�/3ا
Uي

  



  
  

 3�2

� �BرjM �&��  �ى أR0_ا��'
7
� P ا
%�رة ا�
0
5 ا   
  

  
  

 3�2

� �BرjM �&��  �ى أR0_ا��'
 إ
5 و0@� اT	'�ء ا
�/3 ا�)'1.5Pu dO إ
d�5 ��� ار�' Q ا
%�رة <�� ا
-0.6Pu    

  �7ع ا
�/3 =7ر��  N ا:رض�

��ة �	�  � 7�@�
 اT	&�ر ه� وا
?�ض  � ا
	P�&/� �� 0.1s �"�D ا
�/3 و
��ة 11.1s و0@� ز � 2�20s?�3 ا

 ���	
7
�إ=�اف ا
��D و ���� ���C ���ر ا
%�� و �ى اE	%�ار ا
%�رة 0
5 �� �ى اE	�D"�  @�7 � ا�
   



  
  

 3�2
   �&�� ا�)'�ض ا
V'@" ��D  %�ار ا
��Wل ا
P"�1أR0_ا
  

  
  

 3�2
7
� �� �&�� ���C ���ر ا
%�� ��� ار�'N ا
	��ر أR0_ا�

 �	"�W

'�ت ا�
8 0
5 ا
/7ر�� 4.6Pu إ
5 ا
 وذا
7
� و�ا
Uي�
 �	� ��3 ا-A@�ء5 ه�A��  _U ����� ا
�/3 وهU_ ا
%��� ��	&� آ&��ة �Mا ���ا 
%�ب ا
�/3  � ا

   ��!�"���
7
�  � ا
0 ��&2� P��= ���م ا
���C7 ا�
  ا
  
  



  
  

 3�2

��BرjM �&�� أR0_ا��'
7
�  � "�� P  ا
%�رة ا�
0.1- 0
5 اPu 5
 "�� إ: و: �	� اE	%�ار ا
%�رة 2.9Pu إ
3s3/�
    � ��وث ا
  

  
  

 3�2

� �BرjM �&�� أR0_ا��'
0
5 ا
Q ا
%�رة <�� ا  ��" �  �
7�-1.1Pu 5
   2.7Pu إ
  

� 3/�
    N ا:رض ا
/7ر7��ARAع ا

� ا�0/�لوه7  � A��	�
 و
�� ا��Tى ا�0/�ل �%��&� "�
�%�ر��  N  	�1وي ��7ن ���� ���ر ا
�/3 وا
	� ا

��B�E آ�� �3 اآ&�  � ���/�
  �0د�� ��7ن ���ر ا

��ة  � 7�@�
 ه� وا
?�ض  � ا
	P�&0.1s �"�D ا
�/3 و
��ة  �� �/11.1s و0@� ز � 20sو�	� �2?�3 ا

 ���	
7
� إ=�اف ا
��D و ���� ���C ���ر ا
%�� و �ى اE	%�ار ا
%�رة 0
5 ��اT	&�ر  �ى اE	�D"�  @�7 � ا�
   



  
  

 3�2
0
5 إن �&�� أR0_ ا ��D
7
� إ=�اف ���C ا�

d  ا�   0.1s ا
�'� �%��&� �A 0@� اT	'�ء ا
�/3 "�� إ
5و
��C d
�   وهUا �&�� ا
'�ق ا
�&�� "�� هUا ا
�/3 وا�0/�ل ا
1.37Pu �%"�1 إ
�5 ا
��D و

    

  
  

 3�2
7
� �� �&�� ���C ���ر ا
�/3 ��� ار�'N ا
	��ر أR0_ا�

 �	"�W

'�ت ا�
8 0
4.6Pu N��M 5 إ
5 ا
 وذا
0
5 �� و
�Uا ا
w�R  �� �&1 ا:�)'�ض ا
�&�� ا�=7ار ��D
7
� آ�� إ=�اف ا�
%��� آ&�� 
 �Bرw�R�jM  ا

    "�� اT	'�ء ا
�/3ا
	��ر



  
  

 3�2

� ��� �����C 3 ا
%�رة "�� اT	'�ء ا
�/3 �� آ&�� �Mا �BرjM �&�� أR0_ا��'
 4.1Pu إ
5 ا
%�رة ا
  

  
  

 3�2

� �BرjM �&�� أR0_ا��'
7
�  � "�� Q ا
%�رة <�� ا�
1.5- 0
5 اPu 5
  3.6Pu إ

   ��CΩ12	�� �%�و � �7ع ا
�/3 =7ر  N ا:رض "�
 ا
2&��ت ا
���"�!�� ��� �	� ا���ل =7ر  N ا:رض "7اE/� \�  � �� ���ث "��Wة ا�0/�لهUا ا
@7ع  � 

7"� "����"� ا
���"�!�� ا��1خ ا
�7ازل أو �D\ 3Wة =�
  � ا0
� "7اE/� ��7ان "��� ��7ن ذو  %�و � أو وا
    %�و � ا:رض



  
  

 3�2
7
�  ��M ا��AB�  �&�أR0_ا�
��AB� X�1" 3/�
�" 3/�
   �	T�" �\R	'�ء ا
  

  
  

 3�2


	��ر�Bر1.8Pu N  jM إ
�&� 5� ���C ���ر ا
�/���C 3�� ��� 3 ا
	��ر أR0_ا X�1"  ار�'�ع �وان ز  
 _Uه �  �����
 ���ث ��G ا
�/X%� 3 ا
Uي 0� P��= ��3 ا
/7ر ا�0/�لا
	��ر "�M X�1ا و
�Uا ا
1&� �	� ا

 G
��   0.3s ز � ا
�/3 آ�ن �%��&� إن ��� �0.5s w�R إ
0.1s 5  � "�� ز �  7�1ح ��و�7
  



  
  

 3�2

��� "B� X�1رjM �&�� أR0_ا��'


%�رة "�� اT	'�ء ا
�/P3  ا
%�رة ا N��E ار�%	Eا N    
  

 
  

 3�2

� �BرjM �&�� أR0_ا��'
  �M X�1" Qا 

%�رة <�� ا
 



  
 

 3�2
  RECLOSINGر�� ا
�/3  0@� اE	)�ام ����� ��3 و�7��3 ا
/7ر  �&�� ا
'�ق "�� ���أR0_ا


�����  � ا
)/�ء �kر�

/7ر ا
7ا��   ا
2&��ت ا
���"�!���� ا w�R� إن��� ��� �ا  �M ��&ق آ�'
 ا

    ا
�/3"�� ��ث ا
Uي ا
/7ر �� ا
	��ر و�BرjMار�'�ع 
 w�R� ء إنآ���/(
3  ��
� �0م اE	)�ام ا
�� ا:ر�k ���ر ا�
� اE	)�ام �� إ � 3.3Pu إ
�����5 و�� 

 w�R� �����
  1.7Pu إ
5 و�3 ا�ر�k ���ر ا
)/�ء إنا

��R(
  ا
 I	@	1� P&E �� إنو 

S ا
���ة وذا
8 �� �1&� إندا!�ة ا
%�� ���� 0�   ا
@��M	��را�  G	��C S0�O� �&1"


Uا d�	��7 اه/	" ��@��
 ا:0	&�ر ا
���E�1 وا
��C �� ا��UT ��  ا
���C7 ا
���"�!�� ��أ�M*ة ا
�2آ�ت ا
 ��C7A7�
0
5 اE	%�ار ا
2&��تا
	���AB دون  و[�!'��داءوا ��!�"���
   ا

�Oوأ� ���R  ���� ر إن��	

Uا
8 �	� ا��Tى ا�0/�ل �� ا
	��ر ا
@��M 0� 3/0 ا
)/�ء ا�ر�k ا3C  � ا 
    ا����ن ا<
� �� 2s إ
5ز @� ��"  3	��TB ا�ر�0�kد�� ����R��  3ت ا
���C7  � ا
)/�ء 

 ���R   
 ا
/7ر ���ا 
	  ���R�W�" ����"�2� ��� ���C ���ر ا
%�� و�ARA 3/0 دا!�ة ��C "�� =7ر�� إه��ل�� 

��AB	
   ا
2&���� وا
 _Uه N��M �  �
7�

/�ق ا�0/�لو�	� ����� ا�" ���Yا   

 ��
k�'	
  Diffraction protectionا
����� ا
7
� ��� �� ا
��وف �ر 0
����= 5	� �3k�' أو  %�ر�� ا
	�و���� �
7
�  ا�
 ا
��د�� ��7ن ا
	��ر 0
5 =��� ا

�3 ا���D_ 	�1وي وآRه�� �� V�0 ا��D_ ا��T و��� إن آ��7C 3�  	�1و�	�� �� ا
�%�ار و 	�Oدات �� �� 
 �'�  .��M� ��1وى �'� ��ن ا
	��ر ا
@��I 0@��� ��1وى 


� �	� و�5 ��
� ��وث �	
3 ���N�M 3 ا
	��ر�� و"�/�
0
5 =���  ��ن ا I��@
7
� ��7ن ا
	��ر ا�
3/0 دا3T ا
 ��&2
7
�  � ا�
  �2?�3  ��3 ا
����� و0*ل ا

  
   



  
   

��C�
0
5 أ�Eس �ARA  	?��ات وه5 و�5 ���م ا
����� ا ��
k�'	
    �	� ����3 ا
���C7 ا
 ��?	�

	��ر �2?�3 ا
    gا ���C 3Cوه5 ا ��?	�

 ��kا�	ا:� ���%
 ��� إذا آ�ن ا
'�ق   IN �����0.1 و��7ن ا

7
� �	� �2?�3 ا
����� 0.1"�� ا
	��ر�� اآ&�  � أو ��1وى �

 �@%�
    � ا
	��ر ا
 ��?	�


�	?��     bا ��kا�	ا:� ���%
1.5
	����  @/%� �2?�3 ا
����� و��7ن ا   
��?	�

	����  @�@5 �2?�3 ا
����� v  ا  ��?	�

 ��kا�	ا:� ���%

�0/�ل ا
)�ر��M و��7ن ا 0.25  

   

  
 ��� �����
��	�و�5 ا
3�2 أw�R� _R0  @�@5 �2?�3 ا ��?	�
إ: إذا    vوا
��@b    5 �2?�3 ا
����� �Tرج ا

 ���C dآ��I1/IN     �  �&اآb  ���C أو I2/IN     �  �&اآb    
 ���I1    ول�  ���C ���ر  �7ل ا
	��ر ا

   ���C ���ر  �7ل ا
	��ر ا
I2  ���W و     
 �����
7
�ات وا
��7:ت وا
���آ�ت ��و�1	)�م هUا ا
@7ع  � ا�
 ����� N��M ا
���ات ا
���"�!��  3W ا

�
  ا
���"�!�� ا

  Over currentا
�����  � ز��دة ا
	��ر 
 �@0 3���

 3�'

  � ا
	��ر ا%130 �7ا
���� �	� ����� ���C ���ر ا�@%��
7�

  N  ��TB� �  اوح�	ز @� � 

1.5 5


���C7  � ا�)'�ض ا
��D و�	� ����� ���C ا
���2����A  �@0 3 إ 3��  N  I �  3 �0د�����
 و��7ن ا
80% N  �
7�
   2����A إ
5 1.5 ز @� �	�اوح  � �  ��TB� ��M ا

  

  



�kر�  Ground fault protection  ا
�����  � ا
)/�ء ا
�
7
�  � ا
)/�ء �	� ����� ا�kر�7
�  N ���ر ا
@%/� ا
�	��د
� ا�
 0� P��=  %�ر�� ا
	��ر ا
)�رج  � ا

Neuter point    
 jk7  73�2 ��آ�� ه
7
� و�%/� ا
	��دل ��� أد��_ ا�
��	� ا
)�ر��M ا�0/�ل �� �	�  %�ر�� ا
	��ر "�� �Tج ا 


V'�  ��1 ا:��D_ آ�� ه���2?�3 ا
����� ���ا 
��ور ا
	��ر �" jk7  7زرق�
�� �	� ا�0/�ل �� إ � اTا�
 ا

��1 �2?�3 ا
����� ���ا 
	��آV ا��D_ ا
	��ر �" jk7  7آ�� ه����  ا

  

  
  

 �W
�Ag���	
 Loss of excitation �%� ا
7
� وا
Uي �	� "1&� ��وث 3/0 �� �
7
� 0� ا
2&�� ا
���"�!�� ه� �%� ا
	���g �� ا�
 � أه� أE&�ب ��3 ا

7�@  ��
7
� إن ���3 "�� �%� ا
	���g و�

 ���� Gا� w�R� ��B�E ض وآ�����
 � ا
	��� �� ا
��D أو �� ا
 �
7�
7
�  ��ك ��W وأ��O �*��  � ا
	��رات ا
�وا �� �� ا�
�� [�وف <�� �0د�� ��� �	3�M �� �&1 ا

Eddy current  �
7�

E&�ب ا
���C7  � �%� ا
	���g  و
�3  � أه� أ Rotor و�*��  � ��ارة ا
�7O ا
�وار 
7
� "	��ر <�� ���ل �
3 0
5 ا��
�0
� �MاReactive currentه7 ز��دة ا   

  

  
  

 3�2
0
5 ا
2&�� وه5 أR0_ا �
7�

� ا
��د�� 
��3 ا��

� ا
?�� �0د�� إ�	�ج �&�� ا��
 �Cرة ���
� و<�� ���
� وا
�
7
� �Cرة ���
� و�1	��C 3رة <�� ����
  ��� �@	I ا

  
  
  
  
  
  




��ة  � 7�@�
7
� و
��ة 12.1s و0@� ز � 20sو�	� �2?�3 ا�
 وا
?�ض  � g���� � 7�@  3�� �� 8s ا
 �"�D	
7
� 0@� ��3 ا
�@�7 � ا
	�  ���� ا
��وف ه�ا�
�" X���   

  

  
  

 3�2
7
� ��� �w�R أR0_ا�

��D ا�)'���CdO ا إن �&�� ��M ���C ا 5
 ��3  @�7 � ا
	���0.6Pu��"  g إ
 g���	
�0
�� ا
�� ا
�?@�=��1 ا
@��I  � ���ر ا
Uيوذا
I��� 8 0� ا�)'�ض ���ر ا �/E7ا" �
7�
3 0
�� ا�� 

�
7�

 �	"�W

'�ت ا�
7
��� �BرjMآ�� �w�R  ا�
   ��M ���C ا
  

 
  

 3�2
7
� ��� �w�R أR0_ا�

 �	"�W

'�ت ا�

	BرjM �أت 2.4Pu " �A إ
���C 5 ا
	��ر زادة إن �&�� ���C ���ر ا�" 
 ���%
7
� ��وهUا ا
	��ر ه7 ���ر <�� ���ل �@	G@0 I ار�'�ع \��� 0@� هU_ ا�
ز��دة ا
��3 ( در�M ��ارة  
'�ت ا

 �
7�
0
5 ا(    
 



 
  

 3�2

�  �&�� ���C ا
%�رةأR0_ا��'

	BرjM "�أت  �دون ا
�'� �A إ
���C 5 ا
%�رة ه&/d إن ��� �P w�R ا�" 
 ���C �@00.1Pu  

 

 
  

 3�2

� أR0_ا��'
 "�أت 1.3Pu �A- إ
���C  5 ا
%�رة ا�)'dOأن ��� ��&� Q w�R� ���C ا
%�رة <�� ا
jMرB	
�"���%
   0@� هU_ ا

��Rرة آ�%
   و���� ��1ب ��C ا
S = 300 MVA                                 P = 0.1 * 300 = 30 MW       
Q = -1.3 * 300 = -390 MVAR        PF = -0.2 

  
  

 �
7�
8 0
5  @�@5 أداء ا
   Capability Curveو���� �j�k7 ذا
 



  
  

 jk7  7آ�� ه_R05  @�@5 أ
7
� أداء 0�
7
� ����T 3رج  @/%� ��d ا
	���g إن ا�
 Underexcited ا
 �
��'
7
� ���3 آ���ك 

%�رة <�� ا�
  ��Wوه3�D� �  7 ا

 

 
 

 3�2
7
� و�Cرة  �&�� ار�'�ع �0�E 7�0د ا
أR0_ا�
7
� ���ا :T	Rف �Cرة ا��
Yا�
7�

  G"�2 وه7  ا
���آ� 
7
� ا
���"�!� �	�  � RTل �	j ا
%�=N ا
Uي  T:Load rejection	&�ر �
7
� 0@� � ��7ن ��3 ا�


Uا 100%  

 g���	
7
� E&�  �  ا����	&� ��
� �%� ا�

� over speed ��وث ��
� ز��دة ا
�0�1 أE&�ب�
�
  ��آ�  ا

 ��R(
  ا
7
� إن ا
�/��� 3� ���AB إن�
0
5 ا �/T 3�2� �
Yآ� وا���

�  Engine ا��'
وان �?��� ���C ا
%�رة <�� ا

 3/�

� Ve ا
0 ���C7� ��M P��= ا
	���g أ�M*ة ��آ&�� �Mا 
Uا �	� ��V1 ا��'
  Q و���C ا
%�رة <�� ا
 N و��TB� �@ 5  ��3 ز
   1.5s إ

  



  
 3�2
7
�  � �%� ا
	���g  � "�� ا
)X ا���� أداء&��  @�@�  �أR0_ا�
7
� ��� �w�R  @/%� ����� ا�
 ا
�	

� و��7ن �0د�� 0@� وا��'
   ا
��Wل ا
130Mvar �� P"�1- اى 0.4Pu ���C �@0- ���د "%��� ا
%�رة <�� ا

  

  Reverse power  ا����س ا
%�رةرا"�� 

�  � ا����س ا
%�رة �@	I 0� �%� 0*م ا
	�و��Yآ�ا���
 N   �!�� أو <�ز�� أو  3W ��"�@� ")�ر�� Engine  ا

7
� ����وث 3/0 �

 �!�"���

� �����3 ��� ا
%�=N ا��
7
� آ���ك  هU_ ا�
 أ�kار ���	�C �&1  وا
Uي ا

� ا
���آ��
   


��ة  � 7�@�

� 3�0 إ�%�ف �� 12.1s و0@� ز � 20sو�	� �2?�3 اYآ�ا���
 8sو
��ة    Hydro turbine  ا
 �"�D	
7
� ا
	�  ���� ا
��وف ه�وا
?�ض  � ا�
�" X��� ���
��
   هU_ ا

  

  
  

 3�2
7
� ار�'�عأR0_ا�
    "�M X�1ا �&�� ار�'�ع ��M ا
  



  
  

 3�2
7
� أR0_ا�
7
�0.15Pu إ
5 ا3C  � ���� �	5 ��3 إ
5 �&�� ا�)'�ض ���ر ا�
   وه7 ���ر ��0�E d�&W ا
  

  
  

 3�2
7
� وا�)'���k  ا
%�رة ا
'�BرjM&��  �أR0_ا�

 �
��5
    � ا
�'� ا3Cإ
  



  
  

 3�2
7
� أR0_ا  �  �
7�
3 �?�� ��
� ا�'" �
��'
    ��كإ
5 �&�� ار�'�ع ا
%�رة <�� ا

 ��R(
  ا
0
5 إن �/T 3�2� رة�%

� ا����س اYا �Mر�
و�	� ا
�����  � ا����س ا
%�رة "	���� ���C  ا�و
5 ا
���آ� "�


%�رة 

���3 0@� ا-3%Pn �
7�
    � �Cرة ا
      



 3��
 �TUnbalanced load �1 �0م ا�*ان ا
3% �� ��
� ��وث دا!�ة  '	��7 ����3 
���ث �0م ا�*ان ا@
 ا
%7ا=N ا
���"�!�� و
G أو ا
��1آ�� أو T/7ط ا

��AB� �\�&  �� �&
�1

� ا
		�"N ا�� G@0 I	@� ��� �
7�
 �1&� �� وأ�Negative phase sequence �O  ا
 �
7�

0
5 ا
��7د ا
�وار Rotor �&1	� ��  �� G@(1� ا���M ���C dCي  وU
 ��وث �%� T�E@� إ
e� 5دى ا

   hot spot ا
��7د ��

��ة  � 7�@�
7
� و
��ة �� ا�=7ار ا��ى �� ��12s 3 و0@� ز � 20sو�	� �2?�3 ا�
2&�� "�
%�ب  � ا
 ا

0.3s �"�D	
7
� ا
	�  ���� ا
��وف ه� وا
?�ض  � ا�
�" X��� ���
��
   هU_ ا
  

  
  

 3�2
7
أR0_ا�

��� ��وث �����C ا
��D  �� � 0@� ��وث ا
�/w�R� ��� 3 ار�'�ع آ&�� �&�� ��M ���C ا 
3/�
  ا

  
  



 3�2
7
� 0@� ��وث ا
�/3 أR0_ا�
7
� "�� اT	'�ء ا
�/B�3رw�R� ���jM ��وث  �&�� ���C ���ر ا�


	��ر ا   

  
  

 3�2
7
� ��ع آ&��  �&�� ار�'�أR0_ا�

 �
��'
   ا
%�رة "�� اT	'�ء ا
�/��3 و�Bر���C jM ا
%�رة ا
  

  
  
  3�2

� اA@� و"�� ا
�/3أR0_ا��'
   �&�� ار�'�ع وا�)'�ض ���C ا
%�رة <�� ا



��R(
   ا
2&�� �� ��
� �0م ا�*ان ا
��3 إن
7
� وان آ�ن ����  ��
� <�� ا0	��د�� وه5 �3�2  )�=� 0
ه� ا�
5 ا

 �
7�

� ��� ���� ا
��1ح "�%�ار ��3 ���2?�3 ا��
�?��ة �Mا  � هU_ ا ��C 5
7
� %8 إ�

 �@%�
  � ���ر ا
 �&
1
7
�  � �0م ا�*ان ا
��3 "7اE/�  �اC&� ���ر ��
� ا
		�"N ا�
 Negative phase sequenceو�	� ����� ا


� * وا
Uي�" G
 * �� I2�� �	� ���  3���
   آ������3 ا
I2 = I2 max/In * In/In CT 

    ���I2 max  �

	��ر �0م ا�*ان ا
��3  ا
�7�1ح "��  ���Cا0   
        In�
7�

 �@%�
    ا
	��ر ا

   In CT�!ا�	ا:" S
�

��7ل ا
	��ر  � ��M ا �@%�
    ا
	��ر ا
7
�ات ا
�&��ة  3W ا
�1	)�م �
   آ�1I2��Rب  ا
��Wل ا
1� P"�1	N�/ ���و�5 ا

  
          I2 max     8% In  

        In  9728 A   
   In CT  12000 A  

I2 = 778.24/9728*9728/12000 =  6.5% 
  

 ���%
  8s إ
5 ز @� ��3 و"	���TB	� ����3 ا
���3 0@� هU_ ا
  

 �Eد�E   رة�%
 d�&W� � 7�@ Power System Stabilizer PSS ���م ا
%
7
�  � ا
�@�7 �ت ا
�	/7رة��	&�  @�d�&W� � 7 ا�

 ��!�"���
 و�0
�� ا
��C ��� �	�  �اC&� ا
%�رة  �رة ا

 8
7
� �	� �d�&W ا
%�رة وذا�
7
� و0@� ��وث اى �T 3/0ر�M �� ا
e� ��&2دى إ
B� 5ر�C jMرة ا�

 ��!�"���
ا
g���	

	��� �� ��M ا�"  Uf ��&E�@� �CR0 7دMو w�7
 ��� �
7�
"�� ا
�*م ا
���"�!�  ا
)�ص "	���g ا

 �
7�

Te     g���	
   و � ا
@���� ا
@���� ��D إن  Ufو��M ا
Tm – Te   =Ta  

���    Te  �!�"���
   ا
�*م ا
         Tm��������


	�"�@�  ا
�*م ا   
         Ta    3�D�	
  0*م ا

�@@%�

�0�1 ا�" �
7�
   ��D إن  Rated Speed  و0@� 3�0 ا
Pm – Pe   =Pa  

���    Pe  �!�"���
   ا
%�رة ا
         Pm��������


	�"�@�  ا
%�رة ا   
         Pa    3�D�	
  �Cرة ا

   
   ��D إن Te = Pe     وه@� ���� ا
%7ل "�ن

   

  
   

_R0أ �
7
�   ��D إن  و � ا
���د�

 ��!�"���
7
�    Peا
%�رة ا�

 �!�"���
ا
%�رة و��� إن   �1�Teوى ا
�*م ا
�!�"���
7
�  � Uf	��M N  �E�@ ا
	����Pe g ا�

 ��!�"���

P �	� ا
	��� �� �d�&W ا
%�رة ا/@�
  � هUا ا



���ض  g���	
7
�  "Uf	��M ���C ���? ا�

 �
0�'�
7
� و �ى �?�� ا�
7 � 0
�C 5رة ا�@�
 و��	�� اE	�D"� ا
Xd   ��&2
  Xe   و '�0
G ا

E ل�W�
   PSS عأ�7ا�1	)�م ��07�  � 7ف و�5 هU_ ا
  
  
  
  
  



  

 Multi band Power System Stabilizer    ا�ولا
@7ع 

�� اآ	�2ف �0م اE	%�ار ا
%�رةا
	�و��G �	� ا
��ا0 �&C� ���C P��= ا
	�دد RT �  �	�  ����!�"���
  ا
2&�� ا

 ����1%� �	� ���5
  ت ر!���1 ��: أر"N إ
7
�� وا
2&�� و�	�اوح ��دده� •	

� �U"Uب "��  �/� ا�� �0.8-4  �"� HZ 
7
�� و��3 ��دده�  •	
��5
� �U"Uب "��  7
��� دا3T  �/� ا
 HZ 1 إ
7
�� و�	�اوح ��دده�  �"��  •	

��0.2-0.8
� �U"Uب "��  �/	��  HZ 
 HZ 0.2 إ
5 ا
2&�� ا
���"�!�� و��3 ��دده� ����
� �U"Uب �0م  •

 3�2
 �ARA  	?��ات 
%��� أ�Eس� 0
5  ��� �	� ����3 ا
�@�7  �&�� =��%� 3�0 ا
�@�7 �أد��_وا

�3 و�� * 
G , ا
	U"UبC بU"U�KB G
�0
� و�U"Uب KI و�U"Uب  	XE7 و�� *  G
  KH و�� * 

  
   3�2

�@�7 � ا
�1	)� �  �&�� ا
�	?��ات ا
)�أد��_وا�" ����3�2
 أR0_  ا

  



  

��ة  أR0_ ا
��Wل �� � 7�@�
 � �7ع =7ر��  N ا:رض 11.1sP�&/� ��   3/0 و0@� ز � �20s	� �2?�3 ا

 � "�@�d�&W� � 7 7 ا
��D ا
����0 اE	�D"�  @�7 � ا
	���  اT	&�ر  �ىه� وا
?�ض  � ا
	0.1s �"�Dو
��ة 
7
�إ=�اف و �ى اE	%�ار ا
%�رة 0
PSS 5ا
%�رة �
   

  

  
  

 3�2

� 0@� ��وث ��
� ��C دا!�ة "�� =7ر�� أR0_ا��'
 �� �w�R ا
'�ق  ���وا�رض �&�� ���C ا
%�رة ا
jMرB� � 7�@  ام�(	Eام و�0م ا�(	Eرة 0@� ا�%
 �	� إن إ
7A 5ا�� �ARA �7ا
� ا
'�ق "�@��� إنو�PSS  w�R ا


Uآ� �" ���D


�@�7 � ��7ن 0@� ��وث ��
� أآ�W إناE	%�ار ا
%�رة وا ��
0�� Power swimming    

���W
  Generic Power System Stabilizer (Kundur) ا
@7ع ا

�و��G �	�  �اU"U� �&Cب ا
%�رة 0� P��= ا
'�ق "�� �Cرة Yآ�ا���
7
� ا
���"�!� Pm  ا�
 وا
Pe 3�2 و�Cرة ا

   �&�� =��%� 3�0 ا
�@�7 �أد��_
 

 
  

 ��E�1� ��	ل او�� � *
�� "d"�W ا�(
7 � 0
��C 5 ا
	���3 ا�@�
Lead lag #1 و Lead lag #2  
  



  
  

 3�2

�@��&� � 7� ���U_ ا
أR0_ا�" ���(
  �	?��ات ا

��ة أR0_ ا
��Wل �� � 7�@�
 �� �/&�P 3/0  � �7ع =7ر��  N ا:رض 11.1s و0@� ز � 20s �	� �2?�3 ا

 � "�@�d�&W� � 7 7 ا
��D ا
����0 اT	&�ر  �ى اE	�D"�  @�7 � ا
	��� ه� وا
?�ض  � ا
	0.1s �"�Dو
��ة 
7
�إ=�اف و �ى اE	%�ار ا
%�رة 0
PSS 5ا
%�رة �
   

  

  
  

 3�2

� 0@� ��وث ��
� ��C دا!�ة "�� =7ر�� وا�رض ��� �w�R ا
'�ق أR0_ا��'
 �� �&�� ���C ا
%�رة ا
jMرB� � 7�@  ام�(	Eام و�0م ا�(	Eرة 0@� ا�%
 �	� إن إ
7A 5ا�� V�T �7ا
� ا
'�ق "�@��� إن و�PSS w�R ا

 اE	%�ار ا
%�رة 



  

  
  

  
  
   ا
���Wا
D*ء 



  ���
7  X"آ��"�!��ر ��&\ N  
7
�ات ا
�1	)� � إن:\8 �
0
�� اE	%�ار ا
2&�� و��� ا
Uي ا��Eس ه� ا
2&�� ا
���"�!�� ��  �07�D ا �@&� 

7
�ات ��7ن �0د��  )	
'� إن�
 ��  2	�آ� ��7ن إن ��D ا
	� )��!� ه@�ك "�g ا
إن إ: وا����ل ا��7اع ا
7
�ات 
	�%�P هUا ا
��ف  3W �� ه&7ط�
 و�� ��
� ��d ا
	���under voltage limit g ا
N��M ��D ا

under exciter limit ���	
   load droop ه&7ط ا
��3 �� و���C ا
   

  
  

 3�2
 ��	7ى M1 ا
��/� M1,M2 �&��  ���7ت ا
2&�� ا
���"�!�� ا
�1	)� � ��� �	�7ن  �  �/	�� أR0_ا
��
�	

�7ا�'�ت ا�" �
7  5
0  

S  = 1000MVA 
Engine hydraulic turbine 
Static excitation 
Multi band Power System Stabilizer 
V=13.5KV  
Setup transformer 13.5KV-500KV B1 

��
�	
  و\&�� آ��"�!�� "�
�7ا�'�ت ا
Over head line L1 350km B2 
Over head line L2 350km 
Source 50000MVA 500KV 
Load 10MW +3MVAR 
Load 5000MW 


�� M2و �/� �	
7�'�ت ا�
�" �
7  5
  ��	7ى 0
S  = 5000MVA 
Engine hydraulic turbine 
Static excitation  
Multi band Power System Stabilizer  
V=13.5KV  
Setup transformer 13.5KV-500KV B3 

 @  B2	�S ا
�N  �� ���1 و7Mد ��OC �7ز�700km N ا
����1 "�� ا
��/	�� إناى 
  
  
  
  
  
  
  
  

  



   ا
����D ا
	��� أو:
 ا�)'�ض وار�'�ع ا
7��E ���@�" ��Dن �M 3�|kا ���ا :ن ���AB ا
����1 آ&��ة �Mا "�� ا
��/	�� ��ن إن"�� 

 ��&2

�'w �7ازن ا 8
�?��ة �1&�� وذا ��D
  ا
%��� ا
�7�1ح "�� :�)'�ض وار�'�ع ا

�ا
��Wل و�5 �	
 �� �� ر�N ا
22s ��D و0@� ز � 50sة  
��أR0_ ا
3�2 �� �� �2?�3 ا
2&�� ا
���k7 ا

 �/��
   ا
��D "�� ا
��/	����AB وا
?�ض  � ا:T	&�ر  ���� 0.2s و
��ة 0.3Pu إ
M2 5ا
  

 
 

 3�2
0
5 أR0_ا ��D


��/� =��� �&�� ���C ا �
7�
7
� M1 w�R� ��� ��AB� �@0 ا�
0
��M ���C 5 ا X�1" 
 �/��
5  7
� ا
0 ��D
  M2ر�N ا

  

 
 

3�2
0
5 أR0_ ا �
��'


��/� =��� �&�� ���C ا
%�رة ا �
7�
0
M1�  w�R� ����AB� ���C 5 ا X�1" رة�C 

5  7
� ا
��/� ا
0 ��D
7
� 0@� ر�N ا�M2  
 



 
  

 3�2


��/� أR0_ا �
7�
7
� 0@� ر�N ا
�&� M1 w�R� ��� ��AB� ��D� ���C ��دد ا�
0
���C 5 ��دد ا X�1" 
 �/��
5  7
� ا
0M2  

  

 
  

 3�2
0
5 أR0_ا ��D


��/� =��� �&�� ���C ا �
7�
 w�R� ��� �� ��M ���C ار�'�ع و�U"Uب آ&�� M2 ا
 3�� �
7�
7
� 0.9Pu إ
1.15Pu g'(@� �A 5 إ
5ا�
    � ر�N ا
10s��D "�� إ: و: �	� اE	%�ار ا

 
 



 
 

 3�2
7
� أR0_ا�

 �
��'
��وث �U"Uب 

%�رة و � �A اE	%�ار �M2R� ���  w ا
��/� �� �&�� ���C ا
%�رة ا
 ��" N��E7s��B� �@وه ��D
   ��AB� � 7�@  PSS   � ر�N ا

  

 
 

 3�2
7
� أR0_ا�
 إ
���C 49.7HZ 5 ا
	�دد  �"�� �� ��� �w�R ��وث �U"Uب M2 ا
��/� �� �&�� ��دد ا
50.2HZ 

  
  
  
  
  
  
  
  
  
  



 ��%
  ����AShort circuit اT	&�ر دا!�ة ا

� 3/0�ARA �/��
 M1 ا
/7ر �Cب ا

� ا
��Wل ���	

��ة أR0_ ا
3�2 �� �� �2?�3 ا
2&�� ا
���k7 ا 50s � 22 و0@� زs 3/0 3�0 �� �ARA 

 ��AB � ا:T	&�ر  ����  وا
?�ض 0.2s و
��ة M1ا
��/�  � %�ب "�
 Three phase short circuitا
/7ر 
5
0 3/�
  ا
��/	��ا

 

 
  

 3�2
0
�&�  5� ���C ا
أR0_ا ��D���= �/��

 �
7�
 ���C ا
w�R� ��� �� �@0 ��D ا�)'�ض آ&�� M1 ا
3/�

%��� ا
��D "�� اT	'�ء ا N��E ار�%	Eا �A � 3 و/�
  ��وث ا

 

 
 

 3�2
7
� أR0_ا�

 �
��'
 ���C ا
%�رة 0@� ��وث �� ��� �U"U� w�Rب آ&�� M1 ا
��/� �� �&�� ���C ا
%�رة ا
   N��E "�� اT	'�ء ا
�/3ا
�/3 و � �A اE	%�ار



 
  

 3�2


��/� أR0_ا �
7�
 ���C ا
	�دد 0@� ��وث ا
�/U"U� w�R� ��� �� 3ب آ&�� �&� M1� ���C ��دد ا

%��� ا
��D "�� اT	'�ء ا
�/50.5HZ3 إ
�49.5HZ 5	�اوح  � "��  N��E ار�%	Eا �A � و  

  

 
  

 3�2
0
5 أR0_ا ��D


��/�=��� �&�� ���C ا �
7�
 ���C ا
U"U� w�R� ��� �� �@0 ��Dب "M2 X�1  ا
 �/��
   وذا
8 ر<� "�� ا
����1 "�� ا
��/	����M1وث ا
�/�C 3ب ا



  
  

 3�2
7
� ا
��/� أR0_ا�

 �
��'
 ���C ا
%�رة 0@� ��وث �� وا�&� M2 w�R� ��� ��AB� jk� ���C ا
%�رة ا
 �/��
  M1ا
�/�C 3ب ا

 

 
  

 3�2


��/�  �&�� ���C ��دد أR0_ا �
7�
  ا
	�دد 0@� ��وث ا
�/w�R� ��� �AB�3 �0م M2ا
 



� 3/0�� �@0 ���1�
 @  B2	�S ا

� ا
��Wل ���	

��ة أR0_ ا
3�2 �� �� �2?�3 ا
2&�� ا
���k7 ا 50s � 22 و0@� زs 3/0 3�0 �� �ARA 


%�ب  � ��OC ا
	7ز�Three phase short circuit Nا
/7ر �" Bus bar B2 ة��
 وا
?�ض  � 0.2s و
3 0
5 ا
��/	����ABا:T	&�ر  ���� /�
  ا

 

 
 

 3�2
0
5 أR0_ا ��D


��/� =��� �&�� ���C ا �
7�
 ���C ا
w�R� ��� �� �@0 ��D ا�)'�ض آ&�� M1 ا
3/�

%��� ا
��D "�� اT	'�ء ا N��E ار�%	Eا �A � 3 و/�
  ��وث ا

 

  
  

 3�2


�أR0_ا �
��'
7
�  �&�� ���C ا
%�رة ا�� �/��
 ���C ا
%�رة 0@� ��وث �� ��� �U"U� w�Rب آ&�� M1 ا
 3/�
T	&�ر : ار�'�ع وا�)'�ض ا
%�رة آ�ن ا3C  � اإن �w�R وأ��Oا
�/3 و � �A اE	%�ار N��E "�� اT	'�ء ا

�/��
3 "�
%�ب  � ا/�
  ا
P"�1 0@� � آ�ن ا



 
 

 3�2


��/� أR0_ا �
7�
 ���C ا
	�دد 0@� ��وث ا
�/U"U� w��� 3ب آ&��  ��� ��&� M1R� ���C ��دد ا

%��� ا
��D "�� اT	'�ء ا
�/3 و � ا
�50.4HZ w�R إ
�49.5HZ 5	�اوح  � "��  N��E ار�%	Eا �A � إن و 

jMرB	

� ا
�1"%� ���ا ا��

	�AB آ�ن اآ&�  � ا �/��

�/3ا��Tى ا�"  
 

 
  

 3�2
0
5 أR0_ا ��D

=��� �&�� ���C ا �
7�

��/�  اM2 بU"U� وث�� w�R� ���  ��&آ�� ���C  �@0 ��D
ا
3/�
  ا
�C �&1" 8ب ا
�/3 "����1 ا3C  � ا
��Wل ا
P"�1 وذ��وث ا

 



  
  

 3�2
7
� ا
��/� أR0_ا�
 �
��'
 ���C ا
%�رة �	�اوح  �"�� �� ��� �U"U� w�Rب آ&�� �&� M2� ���C ا
%�رة ا
1.35Pu  0.53وPu  3/�

� �A اE	0@� ��وث ا�
7
� ه@� اآ&�  � ��AB إن%�ار N��E "�� اT	'�ء ا
�/N  3 ا�
 ا

�AB� �
7�
7
� M1 ا
��/� �� ا�
7
� 5 ��1وى M2 ���ا :ن �Cرة ا�
 M1 أ��kف �Cرة ا
 

 
 

 3�2


��/� أR0_ا �
7�
 إن وأ����C �O ا
	�دد 0@� ��وث ا
�/B� �� 3ر�&� M2 w�R� ��� jM� ���C ��دد ا
��ABدد��	
7
� �� ا
	�دد ��AB ا3C  �  ا�
  ���ا :T	Rف ا
%�رة M1 ا



  
  
  
  

�
�W
  ا
D*ء ا



0
5 ا
	7ازي  N \&�� آ��"�!�� ���
7  X"ر  
7
�ات  �"7=� "�
	7ازي 0
��OC 5 �7ز�N وا��  �� �3�D ا-�	�ج��M7 �0د�� 5C  �/�ت �
���ABه�  �0د  � ا


�ا
% ��ا
	���  g�" N اآ&�  � ��� اE	%�ار ا
��D و��'
  �رة <�� ا
   

  
 3�2
7
�ات أR0_ا�
0
5 ا
	7ازيا-�	�ج  �/�ت �� �&�� ر"X ا   

  

  
 3�2

�  N ا
	�دد ��� ���� ا
	��� أR0_ا��'

�  N ا
��D وا
%�رة ا��'
 ا
%�رة <�� �� �&�� �CR0 ا
%�رة <�� ا


��'

� "	?��� ا
��D و���� �d�&W ا
	�دد "*��دة و�)'�g ا
%�رة ا��'
   ا
2&����� ا
  

  
  

 3�2

� أR0_ا��'
0
5 ا
	7ازي ��� �w�R �� �&�� اE	�Rك ا
%�رة <�� ا �7=�"�  ���
7
� إن  7�
 ا�ول ا
G1 �
7
� أآ1� �W	�Rك �Cرة <�� ����
 إنوذا
8 ���ا :T	Rف ���C ا
��D "�@��� آ�� �G2  jk7 ا
���W  � ا



�� ��1وى  7�Dع ا�

� ا��'
7
���ا
%�رة <�� ا�

 �
��'
   %�رة <�� ا
  



  
 3�2
0
5 ا
	7ازيأR0_ا �7=�"�  ���
   �&��  ���7ت ا
2&�� و 7

 ���R   
 ��&2
7
� وا�
7
� �'V  7ا�'�ت ا
	�"�@� وا�
  ا�ول  �Wل ا
D*ء �� 7�'�ت ا
	�"�@� وا


� �7ق ا
	���g أو:�� over excitation 
 �k7�

� �� �2?�3 ا
2&�� ا�	

��ة �� ا
��Wل ا _R03�2 أ
7
� 12s و0@� ز � �20s �� ا�
 ا�ول �� ر���M N ا

G1 5

��ة 1.15Pu إ 8s ����  7ه �"�D	
7
� ���AB وا
?�ض  � ا�
0
5 ا �
��
  ا
���W ا

 



  
 3�2
7
� أR0_ا�
   1.15Pu إ
5 ��� �� ر�N ا
G1 ��D ا�ول �&�� ���C ا
��D 0@� ا

  

  
  

 3�2
7
�  �&�� ار�'�ع ���C أR0_ا�
0
5 ا ��D

� "�� ر�N ا��'
 ���C إن ��� �G1 w�R ا�ولا
%�رة <�� ا

� ��1وى ��'
    1Puا
%�رة <�� ا

  
  

 3�2
7
� أR0_ا�

��G2 3 ا
�&� ���W� ��M ���C ا ��D
0
5 1.03 إ
w�R� ��� 5 ار�'�ع ا ��D
 �&�� :ر�'�ع ا
 �
7�
    G1 ا�ولا

  



 
 

 3�2
7
�  �&�� ���C ا
%�أR0_ا�

 �
��'
    إ
���C ��?� w�R� ��� 0.1Pu 5 ا
%�رة  � G2 ا
���Wرة <�� ا
 -0.09Pu رة�%
7
� �� �&�� :ر�'�ع ا�

�G1 ا�ول ا��'


%�رة <�� ا g�7�� �
   وه@� �w�R ��وث ��

�� X/(�

� و��������M 3 إ�	�ج �Nk7 ا
Uي أR0_ ا
2&�� ا��� ا��'
7
���  �� واE	�Rك ا
%�رة <�� ا   

 ��%
  ����AShort circuit اT	&�ر دا!�ة ا
 jk7  73�2 ��آ�� ه
0
Three phase short circuit 5 3/0 دا!�ة �ARA ��C ا
/7ر إ���k �� أR0_ ا 
 N7ز�	

��ة ا
Uي��OC ا ��&2
7
��� و�� �2?�3 ا�

��ة  �� �/&�P ا
�/12s3 و0@� ز � X"�� 20s ا 0.1s 

7
��� ���AB  ����وا
?�ض  � ا
	�D"� ه7 �
3 0
5 ا/�
   ا
  

  
  

 3�2
7
� أR0_ا�
7
� G1 ا�ول �&�� ��M ا�
0
5 ا
��1ر و��M ا ���W
 ���AB إن 0
5 ا
���� ��� �G2 w�R ا
 3/�
7
���   	�1ويا�
0
5 ا   

 



 
 

 3�2
7
� أR0_ا�

 3/�
7
� G1 ا�ول �&�� ���ر ا�

 3/�
0
5 ا
��1ر و���ر ا ���W
0
G2 5 ا  ��� ����
ا
 w�Rإن� ��AB� 3/�
7
���   	�1وي ا�
0
5 ا �&��%�   


�W اT	&�ر �Aل���� Inductive & Capacitive reactive power ا
��7�1 وا
���W ا

� وز��دة وإ�	�ج")'g ا
��D  ا
2&�� �%7م �� ا
���W ا����ل  ز��دةإنا
���وف  � ��'
 ا����ل ا
%�رة <�� ا


� وة ا
��D ا
��7�1 �%7م "*��د��'

Uا
8 �	� ���1�  �� 3 ا
%�رة اE	�Rك ا
%�رة <�� اPower factor  �0 
 أداء �&��  @�@� أد��_وا
3�2  �1	)�م �0د آ&��  � ا
���آ�ت ا
���"�!�� ا
	� ا
����P��=�� N ر"W�  X'�ت 

 3�?2	
0
�G  @/%� ا jk7  �
7�
   ا
��7�1ا����ل
�  ���� ا
���W و @/%� ا
	2?�3 ا����ل ��
� ��ا
  

  
  

  
  



 3��
  Capacitive reactive power  ا
7�1يا
 �A رضe و ��D� 3��

� ا��ا
3�2 أد��_ �&�� ���Uة ����3 ا
���T 3رج ا
��/� و���� �w�R إن �� ����7� 3

 3��

�  ���C �A 60HZ ��دد ا
����M ���C230KV3 ا��'

�  ���C �A ا
%�رة <�� ا���C �A 10MW ا
%�رة ا��'

-500MVAR    

  

  
  

 jk7  73�2 ��آ�� ه
 capacitive reactive power   ���%"-500Mvar ا
7�1ي �� ز��دة ا
��3 أR0_ ا
���
7�

��ة 0
5 ا ��&2
7
���  ا
����AB�3  ا
?�ض  � ا
	�D"� ه20s����  7 و�� �2?�3 ا�
0
5 ا  

 

  
  

 3�2
7
� أR0_ا�
0
5 ا
G1 ا�ول �&�� ��M ���C ا  �
7�
 إن 0
5 ا
��1ر ��� �G2 w�R ا
������W� و��M ا
 3��
7
��� زادا �
   0@� ز��دة ا
��3 ا
7�1ي 1.02Pu  إ
��M5 ا

 



 
  

 3�2
7
� أR0_ا�

 �
��'
7
� G1 ا�ول �&�� ���C ا
%�رة <�� ا�

 �
��'
0
5 ا
���� ا
%�رة <�� ا ���W
0
G2 5 ا 
 w�R� ��� �1ر�

	�3 ز��دة ا
%�رة <�� ا �
��'
   0@� ز��دة ا
��3 ا
7�1ي0.13Pu-  إ
5ا

 3��
 Inductive reactive power أ
��Wا
 �A رضe و ��D� 3��

� ا��ا
3�2 أد��_ �&�� ���Uة ����3 ا
���T 3رج ا
��/� و���� �w�R إن �� ����7� 3

 3��

�  ���C �A 60HZ ��دد ا
����M ���C230KV3 ا��'

� ���C �A 10MW ا
%�رة ا��'
 ���C �A ا
%�رة <�� ا
500MVAR  

  
  

 jk7  73�2 ��آ�� ه
0
Inductive reactive power  ���%" 500Mvar 5 �� ز��دة ا
��3 أ
��WأR0_ ا 

��ة  ��&2
7
��� و�� �2?�3 ا�
7
������AB ا
?�ض  � ا
	�D"� ه20s ����  7ا�
3 0
5 ا��
   ا

  



 
  

 3�2
7
� أR0_ا�
7
� G1 ولا� �&�� ��M ���C ا�
0
5 ا
���� و��M ا ���W
 إن 0
5 ا
��1ر ��� �G2 w�R ا
 3��
 g'(ا� ���
7�
  أ
��W 0@� ز��دة ا
��0.97Pu 3  إ
��M5 ا

  

  
  

 3�2
7
� أR0_ا�

 �
��'
7
� G1 ا�ول �&�� ���C ا
%�رة <�� ا�

 �
��'
0
5 ا
���� ا
%�رة <�� ا ���W
0
G2 5 ا 
w�R� ��� �1ر�

	�3  ز��دة ا �
��'
 أ
��W 0@� ز��دة ا
��0.39Pu 3  إ
5ا
%�رة <�� ا

  
  
  
  
  
  



   ���1�  �� 3 ا
%�رة

&� وا����ل Positive var ا
�@� ��W	�C Iرة <�� ���
�  M7&� ا����ل إن"�� �E �
 ا
@� ��7�1	�C Iرة <�� ���

negative var رة�%
 ا
	� ا
�@�2ة ��7�Eي  0� P��= ز��دة ��power factor 3 ���� ���1�  �� 3 ا
 �W� 3�� )�م	1�  

 jk7  73�2 ��آ�� ه
0
Inductive reactive power  ���%" 500Mvar 5 �� ز��دة ا
��3 أ
��WأR0_ ا 
 �
7�
7
� capacitive reactive power  ���%" -500Mvar ا
7�1ي و�� ز��دة ا
��3 ا�ولا�
0
5 ا ���W
 ا


��ة  ��&2
7
��� وا
2&��ا����ل ���AB � ا
	�D"� ه7  ����  ا
?�ض 20sو�� �2?�3 ا�
0
5 ا   
  

 
 

 3�2
7
� أR0_ا�
7
� G1 ا�ول �&�� ��M ���C ا�
0
5 ا
���� و��M ا ���W
 إن 0
5 ا
��1ر ��� �G2 w�R ا
 ��
�W�

� ا��
7
��� 0@� ا�
  ��M ا

  

 
 



 3�2
7
� أR0_ا�

 �
��'
0
G15 ا�ول �&�� ���C ا
%�رة <�� ا  �
7�

 �
��'
0
G2 5 ا
���W ا
���� ا
%�رة <�� ا 
 w�R� ��� �1ر�

� ��7ن  �� 3 إنا��
7
��� ��C&�  � ا
�'� و�5 هU_ ا�
0
5 ا �
��'
 ���C ا
%�رة <�� ا


� ا
%�رة�� S=P إن اى PF=1ا
%�رة W  ��&2
0
5 ا �
7�

	2?�3 ا ��
�W�

� ا��
   وه5 ا

  Multi band Power System Stabilizerرا"�� اT	&�ر 
��
 3�� 5
7
� أ�� 3O	��D إ�

 g���	
 إ���kو��   Multi band PSS "�@�7 � ا�ول �� د�0  @�7 � ا

 N  �7ر�= ��C رض3/0 دا!�ة� �d�&W ا
%�رة "�� �� و
@w�R ا
'�ق "�� اE	)�م ا
�@�7 �  � �0 �� ا
 3/�
  ��وث ا

 jk7  73�2 ��آ�� ه
 ��"X ا
Uي 0
��OC 5 ا
	7ز�N ا�رضدا!�ة ��C =7ر��  N  3/0 إ���k �� أR0_ ا

��ة  ��&2
7
��� و�� �2?�3 ا�

��ة 12s و0@� ز � 20sا 3/�
 وا
?�ض  � ا
	�D"� هP�&/� �� 0.1s 7 ا

  PSS ����  �*ات  @�7 � 
  

  
  

 3�2
7
� أR0_ا�

 �
��'


�و 0
5 ا
��1ر G1 ا�ول �&�� ���C ا
%�رة ا �
��'
7
� ا
%�رة ا���W
0
5 ا
���� G2 ا 
 w�R� إن��� jMرB� رة�%
7
� �� ا�
7
� أر"N ��ث ا�ول ا�

	��AB ��ث N&E  �ات ���ا ا
���W  �ات و�5 ا 

 � 7�@ PSS �
7�
  ا�ول 0
5 ا
 jk7  73�2 ��آ�� ه
0
��OC 5 ا
	7ز�Ω5 N "�%�و � ا�رض 3/0 دا!�ة ��C =7ر  N إ���k �� أR0_ ا 


��ة  ��"X ا
�ا
Uي ��&2
720
��� و�� �2?�3 اs � 12 و0@� زs ة��
 3/�
 وا
?�ض  � ا
	P�&/� �� 2s �"�D ا
 5
  PSS اآ&� 

%�رة و ����  �*ات  @�B� � 7رjMه7 ا
��7ل 0



 
  

 3�2
7
� أR0_ا�

 �
��'
7
� و 0
5 ا
��1ر G1 ا�ول �&�� ���C ا
%�رة ا�

 �
��'
0
5 ا
���� G2 ا
���Wا
%�رة ا 
��� w�R� إن jMرB� رة�%
7
�� ا�
7
� ا��W�" 3C  �ا�ول�  ا�
 PSS وهUا  �  �*ات  @�7 � ا
���W  ا



  
  
  

 N"ا�
  ا
D*ء ا



   ر"X \&�	�� آ��"�!�	��
ذا
� 8	�  ���P ا
��3 "�@��� و�� ��	�� 0
5 ا
	��� إن ر"X ا
2&��ت ا
���"�!��  �D� ��O�" N إن � ا
���وف 

 ���	
�"��&2

  �	��  ا
	�دد 

  
 ��	�&2
   ���7ت ا

Area 1 B1 
2x hydraulic turbine 
G1 900MVA 
G2 900MVA 
Static excitation 
Multi band Power System Stabilizer 
V=20KV  
Setup transformer 20KV-230KV  
Load    967MW 
 100Mvar 
 -387Mvar 
Over head line L1 25km 
Over head line L1 10km 
Area 2 B2 
2x hydraulic turbine 
G1 900MVA 
G2 900MVA 
Static excitation 
Multi band Power System Stabilizer 
V=20KV  
Setup transformer 20KV-230KV  
Load    967MW 
 100Mvar 
 -387Mvar 
Over head line L1 25km 
Over head line L1 10km 
 

��
�	
  و\&�� ر"X آ��"�!�� "�
�7ا�'�ت ا
Over head line La 110km  
Over head line Lb 110km 
 
 



 
  

 3�2
7�'�ت XT ا
�"X "�� ا
2&�	��أR0_ا  ��&�   
 jk7  73�2 ��وآ�� ه
 XT �&0 ا
�"413MW X ��� ا
2&�� ا
�C 3��" ����Wر_ ا�و
5 ا
2&�� إن أR0_ ا

  ا
�*دوج

   اT	&�ر ار�'�ع ا
��D أو:
 jk7  73�2 ��آ�� ه
7
�  �� ر�M NأR0_ ا�

��3 ا�و
5 ا
G1 �� ��&2 ا�ول�� ا 5
و�� �1.05Pu 3�?2 إ


��ة  ��&2

��ة  �� ر�N ا
11s��D و0@� ز � 20sا 0.2s ����  �"�D	
0
��AB� 5 وا
?�ض  � ا �
��
 ا
  ��	�&2
  ا

  

  
  

 3�2
 "�ر�'�ع �P���  �C 3�AB ا
��إن ا
2&�� ا
w�R� ��� ����W إ
5 ا�و
�&� 5� ���P ا
%�رة  � ا
2&�� أR0_ا
 �
7�
0
5 ا ��D


%�رة "�� ا
�&2	��  �BرE ��  �� jM&� ا�ولا X�1"   

  
  
 



 
  

 3�2
7
�ات  
 وا
��Dا
	�دد���C  �&�� أR0_ا�
0
5 ا
	��AB إن ��� �w�R ا�ر"�� jkوا  �
7�


7ن  ا�ولا�"
�'��7
�  ا�


7ن ا
���Wوا�"  �&E ��  �D1'@&
7
���  N �0م 0
 "B� X�1رjM ��ا�
7
��� �5�AB ا�
   ا��TY� ا

   

  
  

 3�2
7
�ات  �أR0_ا�

7
� �� ا
%�رة �� آ&�� �Bرw�R� ��� jM ا�G ��ث ا�ر"��&�� ���C ا
%�رة �
 ا�ول ا


7ن �" �'��7
� ا�


7ن ا
&@'�D1ا
���Wوا�"   N ��AB� 5
0 X�1" ���
7�
 �� �w�R �&��� وأ��O  ا��TY� ا
" 3��
7
�ات ا�
  ا�ر"���� ا



  
  

 3�2

�@�7 � إ\�رة �&�� ���C أR0_ا ���	
7
�ات PSS ا�

 إ\�رة �� ��� �w�R ا�G ��ث �?��� آ&�� ا�ر"�� 
 �
7�
�" ���(


7ن ا�ولا
	��� ا�"  �'��7
� ا�
7
��� ا
���Wوا�
0
5 ا X�1" ���?� N  �D1'@&


7ن ا�" 

���TYا  

 ����A�%
  Three phase short circuit ا
/7ر ��ARA اT	&�ر دا!�ة ا
 jk7  73�2 ��آ�� ه
0
Three phase short circuit 5 3/0 دا!�ة �ARA ��C ا
/7ر إ���k �� أR0_ ا 
 N7ز�	
7
��� ا
Uي��OC ا�

��ة ا�و
5 ا
X"�� �� ��&2 ا ��&2
 �� �/&�11s P و0@� ز � 20s و�� �2?�3 ا


��ة  3/�

	�D"� ه7  ����  وا
?�ض  � ا0.1sا��AB���	�&2
3 0
5 ا/�
   ا
  

 
 

 3�2

�/�AB� 3 ا
2&�� ا
w�R� ��� ����W ان ���P ا
���C 3 إ
5 ا�و
�&� 5� ���P ا
%�رة  � ا
2&�� أR0_ا�" 
 �&E �� �� jMرB� 3�   �?�� ا
%�رة�� ا
�� ا
?��  %&7ل إ
5 آ&�� 

%�رة "�� ا
2&�	�� و

   



 
 

 3�2
7
�ات  
 وا
��Dا
	�دد� ��C �&�� أR0_ا�
7
� ا
	��AB إن ��� �w�R ا�ر"���
0
5 ا jkول وا�

7ن ا�" 
 �'��7
� ا�


7ن ا
&@'ا
���Wوا�"  �&E ��  �D1�� jMرB� ��&آ  ���
7�
2&�� ��0
5 ا
 �BرjM و ا�و
5 ا


 X�1"��D
5
	�دد وا
0  ���
7�
  ��230Km  ا
����1 "�@�إن N  ا
��2 ا
����W �� ا��TY� ا
  

  
  

 3�2
7
�ات أR0_ا�

7
� �� ا
%�رة �� آ&�� �Bرw�R� ��� jM ا�G ��ث ا�ر"�� �&�� ���C ا
%�رة �
 ا�ول ا


7ن �" �'��7
� ا�


7ن ا
&@'N  �D1 ا
���Wوا�" ��AB� ���
7�
0
5 ا X�1" ���TYا  

  



 
 

 3�2

�@�7 � إ\�رة �&�� ���C أR0_ا ���	
7
�ات PSS ا�

 � �� ��� �w�R ا�G ��ث �?��� آ&�� �Mا ر"��ا
7
� إ\�رة�
�" ���(


7ن ا�ول ا
	��� ا�"  �'��7
� ا�
7
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