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A Modified Synchronized Voltage Measurement Based Technique 
for Fault Location on Two–Terminal Lines Accompanied by CT 

Elimination

K. G. Firouzjah and A. Sheikholeslami
Nushirvani University of Technology of Babol

Abstract
This paper presents a new fault location method based on synchronized phasor measurement for two–terminal 

transmission lines. Due to some common problems of current transformers (CT) in power system protection such 
as low accuracy, this method wipes off the CT requirement. In other word, the method is only based on voltage 
measurement. Samples of voltage at both ends of line are taken synchronously and used to calculate the location 
of fault. The algorithm uses thevenin equivalent model of faulted system and symmetrical components theory for 
estimation of fault distance with reasonable error (0.7%). The proposed method is also independent of fault type, 
fault resistance, fault inception angle and line angle. In addition to these advantages, the proposed technique is 
improved by using modified algorithm in order to reduce the estimation error to less than one meter. Simulations 
with EMTP/ATP were performed to verify the accuracy of the proposed method.
Key words: Fault location, Synchronized voltage measurement, Modified, Two–terminal lines, 
Symmetrical components, Current transformer elimination.
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Error= ×100
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SA 500 kv (δA=0º) 
SB 475 kv (δB=-15º) 
ZSA1 17.177+j 45.5285 Ω
ZSA0 2.5904+j 14.7328 Ω
ZSB1 15.31+j 45.9245 Ω
ZSB0 0.7229+j15.1288 Ω

��
���G�� !� ��i �0 ������ O� bqq!&�
 
R1 0.249168 Ω/mile R0 0.60241 Ω/mile 
L1 1.556277 mH/mile L0 4.8303 mH/mile
C1 19.469 E-9 F/mile C0 12.066 E-9 F/mile

��H'
 *0 )�,N� 
 n", 7X0)b (
�,� ��"� �0 OU�X���
 *���	
 /� ��,� ���
 U��C);k (u���"'
���� �� % !+( 41,E
 

)f ('"'
 �3��$0%'$FX� !"
 )��$${� % !"
 SLA�0 ��� 
	���%&��� �0 56 V���  *���	
 !A /� !J�A v);k (���� *� ��%

@'
 � 1,E
 4�@J%
 %�(�0 *�&��� 1"J r�T� *0u���"'
 v

Archive of SID

www.SID.ir



JK /                                            ����� 	
���� ��� 	����� ����	�� ���� ���                  ... 

���� ��% �0 1,E
 error$D�� ��,� !0�� 
 �%���.. v&��� 4*
��� ��
*$,(���$N�� ����
���G *0 1,L� ��B']$G =�� / ��P.

0 ��� O&��( �� *+,( *7X0 )��J%
 *D��� �&/ �����(:

 (��L"�+�� A��M
�� 7+8 -?
8�DI 4��5 61

0 50 100 150 200
0

500

1000

Ze
ro
 S
eq
ue
nc
e

0 50 100 150 200
0

0.5

1

Po
se
tiv
e 
Se
qu
en
ce

0 50 100 150 200
0

50

100

150

Actual Fault Point Distance (km)

N
eg
at
iv
e 
Se
qu
en
ce

 (��N" ���� Error �;�
,� (O (�
O > )!P (;�D� �8 ��Q

C"!"�+R
� -
B�1���
/ 
&' 2���� �� ���� ��SM
C"!"!"
&' TD 

!"
 =�� �\����0�&% ��� ����
���G /�*+,( 1$F�� 
 %&Y�0���� . #�(�� ��$��� �� l8M�L
 ��� V�� *0 O0��� %3�L0��

 %]X0 � ��� V��%
 ��� V�� w$X]� 5��'2 *0���. . *�
 ��0 O0��� *D��� � ��� V�� #$$	� �0 �B'� 4K�&��3�� 1�� 7&�89�

5�+
� ��� V����%
 �&PG���. .�� /� K�&��3�� %3�L0�� IPA �P� V
�&8
 5��'2 *0 ���%�$N��0 ��P.*%
 ��F(�&6.

 ���C)b( 4Error � %'$FX� *MJ�9 #$0 I\��� /� %(�� 
��!"
 � ��� mM�X
 V���� �� �� ��� %	� �� 56 )��@�
 ��

%
 5�]� ������ O� ��i��� . ���� }�9 =�� 4v&��� *0 *C�� �0
&Y�0 1�� �0 56 V�� /� !��L
 ��� !"
 #$FX� *0%%
  �(�0

) I\���Error /� ��F� ��� V���� ��0 qq;/q %!"
 �� �� .(

 !+()` (��/ #$FX� *MJ�9 #$0 I\��� /�9 *� ��� �� ��( 
 � #$
/ *0 /�9�� ��� �� %'$FX� *MJ�9 *0 1,L� �� #$
/ *0

%
 5�]� O� *0 O� ������ . �� ��( *D��� v&��� �'��F�
 ���C)b( !+( 4)` ( !J��9 #$0 8$c�� I\��� #$,
$FX�'%

�� K�&��3�� O���1�� ������ O� ��i �� mM�X
 ����� .

C"!"%"
&' U��
#� 
��C �)^( 4Error � %'$FX� *MJ�9 #$0 I\��� /� %(�� 

1
���
 �� �� ��� %	��� *MJ�9 ��� ��;q�fq ��� �0 K�� 
%
 5�]� mM�X
��� . �J�� 4���C #&� ��Error � V���� �� 

1
���
 �� ��� !J��9 /� d& �� ��0 4��( ��[ ��� ��
 1�� �0 4������ O� ��iqq;/q % 1
���
 /� !��L
 � ���

%
�(�0 .�P� � ����� #$FX� 1�� �0 �$N�� 4��� 1
���
 �$${� 
�$${� SC�
 *MJ�9 �B'� 1��%
 #$FX����. . #$$	� *'$
/ ��

 aC�
 45�&�C ����
��@L���� IPA �0 ��� !"
]bq [ #$���
�/���� �0 %'�,
 aC�
0 5�
8F� ��/�9 �$.*%
 ��F(�&6 . �P�

��B']$G =�� v&��� *L&��
 aC�
 �0 *���
 #&� �� ]bq [ ��
 K'��
 �
� *���
 #&� �� ��( *D��� =�� 1�� 1"J 1BC

��0 ����� .Brahma] bq[KZ�$M2 4 ��,� !0�� 1�� *0 %0�$��� 
56 %3�L0�� 1�� *�L����� 4��� !"
 #$FX� �� *0 1,L� ��

�&�F� IPA ��� 1
���
 � V�� . !+()k ( �J�� *L&��
Error

"
 *� ��0 �� ��� V��� !);q�;qq�;oq!&�
 ( 1
���
 �0 4
 ���);q�fq ( =�� O��� 4��� V���� � K��]bq [ =�� �

%
 5�]� �� *���
 #&� �� ��B']$G��� . �3��$0 4v&��� *L&��

%
 =�� #&� ���0 � Y�0 1���(�0.

C"!"C"
&' T��� ����? 
 /� 4��� V��( *&��/ �0 �N�
 ����
 �3&��&��3� ��( *D��� K�


%�(�0 . ����� �N� �� ��( ��-&� ��P. 1��A 1$��
 *C�� �0
%
 4����� ��0 �� ����� d$��
��� � ��P. 1��A #&��]$0 5���

��� ����� d$G �� ��( ��-&� ��)*&��/ pq����� *C�� ( �� 
19�. �H� .��� 1��A /��0 SC�
 45�
/ #&� �� ��( ��-&� ��

$${� � �&�( ��P. %MJ� s����9 *@��
 ����
 *HA\
 !0�� �
%
 *+,( ��������. . l�2 %���0 1BC ��( *D��� K�&��3�� �P�

3�L0��%���0 ���
 ��� V��( *&��/ *0 56 %19�. ����  . !+(
)o( ��� 1
���
 � ��� mM�X
 V���� ��0 �� ��� �J�� ;q�

fq ��� V��( *&��/ ��0 K�� pq%
 5�]� *C�� ��� .�
 �&��
Error !+( )o ( !+( I\��0)k_U (9\��� �3��$0%8$c��  ��

%
 mM�X
 O&��(�'(�0 .'$FX� !"
 �\���� !&Y� /�% ��� 

Archive of SID

www.SID.ir



JV /                                            ����� 	
���� ��� 	����� ����	�� ���� ���                  ... 

&� �� O��� ��( *D��� =�� �0 *���
 #]bq[��h� ���@��� 4
*@��
�&��� ��F2� � 5����
 ���� /� !J�A v%
 1,E
 %�(�0.

�� %MJ� s����9 *@��
 g��X��� *+,( ��� V��( *H"� ��
��&�G � ������ �� %��
/ )�
 4%MJ� d$��
��� ��M$9 ��F2� �0 4

 x�"� *0��
/ ���G%��M$9 ���� /�$�  .��
/ )�
 �P�� ���A �� %^
 ��e %MJ� s����9 *@��
 /� j$�� ����
 �� 1�� l/Y !+$� 

5�
/ )�
 #&� *� ���. %&���'( *+,(4 5�
/ /� ��F� � ����� 
F2*�� ��+M�/���� 5�
/ *-$�� �� � ���0 �� ��� #$A ����� �$.

*(��*�� ��+MF2 �� �%F� ���� O� %�?�@A ���&�F�. )�

0 �B'� ��( ��[ 5�
/*&���'( �� �$��� !$��% O��� d$��
��� 

'�,
 �3(/���G%
 *&��9 !&�,� �0 %�(�0 . #&� �0 *$+� �0 )�
 *�
*�� ��+MF2 5�
/���@A �?%$� �� K�L����
 )���  *0 45

*�9�& !$M�� !+$� d& 4&��3�� /� ���@��� �P�K��� !$M"� 

+$��
���% K�&��3�� 12�� 7&�89� SC�
 12�� �G � #&�� 
��B']$G�( �����  .�P�+& 4%&���&�C /� =�� #��&���'( %

MJ� s����9 *@��
%$� �� K�L�� aC�
 �� )��� ]be [
$G
 ��B']%��.� .0�$��� 1BC �� *� 1�� #(��%0 * 1?�@A 
&�s���L4 12�� ����
��G /� 4!F27�� � KB
 #&�960 * ��F(

%�&6 . 4#&��0�'00 �0*����$.&��3�� K�&��%$H�  �]be[ 1?�@A 4

s���L&�a&�� &8C 8$� %&����� /� %����0 ����� r�i .
 !+()p( �J�� Error0 /�@+� ��� ���� ��i �� ��  *

 � �@J V��( �&��/ �0 #$
/pq /� !"
 *� �� �� ����� *C�� 
%
 5�]� ������ O���� .5�F�*��. !0�� !+( #&� �� *�

%
 ����]
 �J�� 4�(�0Error /� sG ^ �� e /� sG !+$� 
 ����
 #&��F� *0 ��� V��() *@��
 j$�� %&���'( %'	&

��� #$A ����� %MJ� s����9 (1�� ��$��.

0��H%" ���� Error�+�� 28D� 0
#1� 2' :�1W� (��D� �� 	�� �
��� -
&' :�1W� T�D� -��3  
3 -?
8EMTP/ATP
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)!&�
( LLLG LLG LG LLL LL

8.062 0.6344 0.6342 0.6342 0.6344 0.6343 101.548 0.0148 0.0148 0.0147 0.0148 0.0147
11.856 0.6217 0.6217 0.6214 0.6217 0.6219 105.748 0.0526 0.0525 0.0525 0.0526 0.0525
17.597 0.6005 0.6007 0.6007 0.6005 0.6006 113.780 0.1244 0.1244 0.1243 0.1244 0.1243
23.689 0.5743 0.5744 0.5743 0.5743 0.5744 115.571 0.1402 0.1402 0.1401 0.1402 0.1402
25.066 0.5679 0.5679 0.5678 0.5679 0.5679 118.256 0.1638 0.1638 0.1637 0.1638 0.1638
34.927 0.5155 0.5155 0.5152 0.5155 0.5156 122.892 0.2041 0.2041 0.2042 0.2041 0.2041
43.864 0.4599 0.4600 0.4598 0.4599 0.4600 133.720 0.2951 0.2950 0.2951 0.2951 0.2950
47.576 0.4348 0.4348 0.4350 0.4348 0.4348 135.417 0.3088 0.3088 0.3089 0.3088 0.3089
51.460 0.4073 0.4073 0.4073 0.4073 0.4073 137.999 0.3295 0.3295 0.3289 0.3295 0.3295
57.535 0.3623 0.3625 0.3637 0.3623 0.3623 142.381 0.3636 0.3636 0.3636 0.3636 0.3636
65.458 0.2999 0.2999 0.2997 0.2999 0.2999 159.809 0.4859 0.4859 0.4859 0.4859 0.4859
76.067 0.2113 0.2113 0.2113 0.2113 0.2113 163.124 0.5062 0.5062 0.5061 0.5062 0.5062
77.976 0.1949 0.1949 0.1950 0.1949 0.1949 171.599 0.5533 0.5534 0.5531 0.5533 0.5533
85.636 0.1278 0.1278 0.1280 0.1278 0.1278 179.127 0.5886 0.5886 0.5885 0.5886 0.5886
88.730 0.1003 0.1004 0.1004 0.1003 0.1004 188.178 0.6220 0.6219 0.6222 0.6220 0.6220
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5 0.6453 0.6450 0.6442 0.6447 0.6454 0.6453 105 0.0459 0.0459 0.0456 0.0459 0.0459 0.0459
15 0.6101 0.6105 0.6109 0.6106 0.6102 0.6101 115 0.1351 0.1352 0.1351 0.1352 0.1351 0.1351
25 0.5683 0.5681 0.5681 0.5681 0.5684 0.5683 125 0.2222 0.2222 0.2223 0.2222 0.2222 0.2222
35 0.5151 0.5152 0.5146 0.5150 0.5152 0.5151 135 0.3055 0.3055 0.3054 0.3055 0.3055 0.3055
45 0.4527 0.4524 0.4521 0.4523 0.4527 0.4527 145 0.3834 0.3834 0.3835 0.3835 0.3833 0.3834
55 0.3823 0.3814 0.3817 0.3814 0.3818 0.3823 155 0.4547 0.4545 0.4546 0.4546 0.4547 0.4547
65 0.3035 0.3036 0.3032 0.3035 0.3035 0.3035 165 0.5171 0.5173 0.5171 0.5173 0.5171 0.5171
75 0.2202 0.2204 0.2202 0.2204 0.2204 0.2202 175 0.5703 0.5701 0.5702 0.5701 0.5705 0.5703
85 0.1335 0.1334 0.1337 0.1334 0.1335 0.1335 185 0.6113 0.6115 0.6115 0.6115 0.6112 0.6113
95 0.0442 0.0442 0.0442 0.0442 0.0443 0.0442 195 0.6397 0.6397 0.6396 0.6397 0.6391 0.6397

):;�()=(

(��P" ���� Error#� � TD >()� \7O �3 :;�  
&' U��
 ( ]H�� G�
1]%[ [= (-�
.��+/ ��� G�
1


&' Q,5�� ���
� :![(�
� 
&' Q,5�� ���
� :![[(�
� 
&' Q,5�� ���
� :!a[(�
� 
(��a" ���� Error
&' U��
#� � TD >()� \7O �3  -
&' T��� ����? -��3 b[�H�� 


&' Q,5�� ���
� :![(�
� 
&' Q,5�� ���
� :![[(�
� 
&' Q,5�� ���
� :!a[(�
� 
(��b" ���� Error �� *+�? �3 ?
c�� -
&' -��3 
&' �D��/ �� ![ >![[ �!a[ -
&' T��� ����? � (�
� [ � b[�H�� 

Archive of SID

www.SID.ir



Jd /                                            ����� 	
���� ��� 	����� ����	�� ���� ���                  ... 

C"!"L"�+M�
3 ����? - 0
#1� 2' )δ(
�3���$N�� l�2 *0 1,L� ��B']$G K�&� *&��/ /� �&PG

�$.��0 ������ O� )BδA-δ=δ (� *�9�. ���� %���0 ���
 8$
1�� .!+( ��);q �� ;e( �� %'$FX� *MJ�9 #$0 I\��� 

 �0 #$
/ *0 /�9 *� ���=15ºδ �� %'$FX� *MJ�9 �0 �� O�
 �$.��0 �&��/ � ��� mM�X
 V����;q 4bq 4^q � eq *C�� 

%
 5�]� ������ O��'�� .5�F�%
 ����]
 *� ��i 4���.
 O&��( *F� �� I\���0 ��
 �'c /� ��F�* *� 1�� ��
� 1��

3�L0�� l�2 #$,
 *-$�� #&�% *&��/ ����
 *0 ��( ��[ =�� 
�$.��0%
 ������ O� �(�0.*D��� /� I��#&� !+( �� SLA�0 

 5�$0 4��
+&�8�%&/ ��$L0  ��error$FX� &��( �� # mM�X
 O

%�(�0 .$M"� ��H'
 *0� S��'
 !&� �0 *C�� T�@� *� �
� # !

error��� V�� �� #$FX� ��2 5�L+& *MJ�9 d& �� )��@�
 
$L0 *i�0�
 I\��� �P� 41�� dc�� ��)error∆( �J�� �A�� /� 

$0 ��
 �A�� ���( 5� . ��E
 5��'2 *0error$FX� �0 #���� 
LL *MJ�9 �� ef&�
 M%��0 O�  �� ��� 1
���
;q � fq

$��� *0 K�� �0��0 S%0.4521 � %0.45231�� ��( . ����
 
error∆&� ��  �0��0 1��A #%0.0002
 % �(�0) 4��
 �� ����
 #&�

&��� �,`e���� %
 ��
%��(( .'	&%44.0954 � 44.0958 4!&�
 
$FX� ����
'%��� �� �� �( a��� *MJ�9 �� �efM&�
 % *� 1�� 

& �0 �� �� derror
 0 *0�]*1�� ��
6 1�� .$�� �B'� �P� *D��� !
��0%!+( $0 ��
 SLA�0 ��#(�� 5�$FX� ���� 1��,( ��'%

��
���G /� 5�]�\���� � K� *0��
 ��( ��[ %�(�0.

 (��!["�+M�
3 ����? �+R
� - 2' )*+�? �3 ?
� �8 -
&'(

(��!!"�+M�
3 ����? �+R
� - 2' )*+�? �3 ?
� e� -
&'(

 (��!%"�+M�
3 ����? �+R
� - 2' ) �3 2' -
&'2'(

 (��!C"�+M�
3 ����? �+R
� - 2' )*+�? �3 ?
� �� -
&'(

 (��!L"�+M�
3 ����? �+R
� - 2' )6B �3 ?
� �8 -
&'(

C"%"G�
1 (+�)� 
%���0 �0 }�9 O&��( �� ��( *D��� v&��� � ��( l�-�� ��

%
 1
���
 4��� V�� /� !��L
 \
�� �� ��B']$G =�� 5���
� V��( *&��/ 4����$.��0 *&��/ � ��19�. �H� �� ������ O�  .

�J�� )��$${�Error �B'� � ���0 10�N }�9 O&��( *F� �� 
%
 �$${� �� ��� !"
 *0 1,L��(�0 .%
 !$�� #$F� *0 5���

 !+( ����F�);f( �J�� )��$${� %'"'
 5��'2 *0 �� Error

��� !"
 #$FX� /� %(�� ������ O� ��i �� ��( ��-&� ��
���F� *D�� .���0 �0% !+( );f( ��/ #$FX� *MJ�9 #$0 I\��� 4

 O�� �� 4��� V��� %	��� *MJ�9 � ��B']$G =�� O��� ��(
 ����
 #&��F� ������ O�)��
 �'c /� ��F� ( �B��� � ���0� �� �
 ����
 #&��]$0 ������ O�) /� ��F�^/;!&�
 (1����� ��  . 1M2

&�0 ���@��� ���
 ��
 4���� #��
 ������ O� %�(�0.&� # *��.
*0
 �H�%+&�8� �0 *� ���%
 "& �� *0 ��� !>�0 /� d 4��

��,2 5�&�C 1F� *0 1,L� � ��( ��]$0 *i�0�
 7X0 /� 
&� ��
 �� 5���� l�2 4O� �3&�C ����
 � ���@��� ���
5���

&� O� ���(
 ��-%�'� .&���
 �P��� O� ���	
 � �0 1F� �� 

Archive of SID

www.SID.ir



J� /                                            ����� 	
���� ��� 	����� ����	�� ���� ���                  ... 

�@�
 K�$FX� ���� � )� ��c� #error
 %��( . �0 *� %��A ��
$
 �� ��� V����� O� *�� ��� !"
 1F� �� �� O� ��
 4����

$�� ��
 �0 #$FX� *-$�� �� � 5�L+&j��
 l�-�� %&PG��.
 �J�� *� 1�$�A #&� *0 *C�� �0Error ������ O� O�� �� 

)19�&�� � ����� 1F� �� /� !"
 #&����� ( #&��F� *0 �� ����

 ��� 41�� ���� ~�����&6�9�'s���L&� 1?�@A  ������ O� 
����/���� *0 /�$� l�2 �0 ��\2 ��( ��� � ��� 5�&�C �$.

 /� %(�� )\+]
 /� ��2 4}�9 ��( ��[ ����
 /� �\����
*�� %�?�@A %A��� %��(�tF��� � ����� 1F� s���L&� 

1�� ��( 19�&��.

L"��� ��� ���� 	�� �f
0 v&��� >����0* 7X0 ��
6 1��)^(u��X]
 �  ����F� 

 !+();f(%
 4 �0 �� ��� !"
 #$FX� ���� 5���Error wX]
 
19�. �H� �� %��'
 *�0�� �0 � O� ��i /� *��� �� �� 10�N � .

�P�%
  �0 K��A KH� �0 5���Error0 * *MJ�9 ����
 4��
6 1��
 �� ��� !"
 ��0 ��( ��/ #$FX� 56 5��F� d&�8� ��H'
 *0

 ��,B0 %0�M�
 �"� *0 %	��� ����
 *0��� . !+( /� �3&� 5�$0 �0
);f(%
 4 � K�&��3�� O��� ��( #$$	� *MJ�9 #$0 I\��� 5���

 �� ��� %	��� *MJ�9�0 K�&��3�� O��� ��( #$$	� *MJ�9 SLA
 !+( ��);`(��F� ����]
  .���0 �0% !+( );`(
 4% �� �0 5���

�56 I\��� ��B']$G =�� O��� %'$FX� *MJ�9 #�(�� ��$��
 *MJ�9 �0 56 ��F2� �0 � *,��"
 ��� V��� %	��� !"
 �0 ��

0 �� ��� V��� j$�� !"
 4%'$FX�*���6 1��.

0 50 100 150 200
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Actual location (mile)

E
st
im
at
io
n 
E
rro
r (
%
)

 (��!N" ���� Error2' (g �� 
&' ()� \7O �3 

 !+( ����F� �3&� )��,2 *0);`( �$"�� %'"'
 5��'2 *0 
/� #$FX� #$$	� !"
 I\��� ����
 �P� � ���0 ��$��� �� 7$G 

 4��� �� V��� /� sG %	��� !"
 �0 ��B']$G =�� O��� ��(
%
 *,��"
 %'"'
 #&� *0 aC��
 �0���. .�� � �J�� 1&�B�

Error%
 �$"�� %&Y�0 1�� �0 ���. . ��[ �$"�� K�&��3��
 !+( �� ��();k(1�� ��( ���� 5�]�  .J�� �&���
 �Error

0*!+( /� ��
6 1�� ��);o �� bb(7&�89� �3��$0  1�� 
K�&��3�� ��F2� /� sG #$FX� }�9 �$"�� ) !+(;k ( v&��� �0

 ���C)b(
 %�'(�0.

20 40 60 80 100 120 140 160 180 200
-1.5

-1

-0.5

0

0.5

1

1.5

Estimated location (mile)

E
st
im
at
ed
-A
ct
ua
l l
oc
at
io
n 
(m
ile
)

 (��!X" Y�1'� �3 
&' Q,5�� � Q�+IW� ���
� *+3 \7O
0
#1� 2' (g �� 
&' ()� Q�+IW� ���
�) (�
�(

 (��!P"�;� 0
Ih� 	D)  �+;�� *+IW� ���� -��3 �D�.3 61��D
 YSO �Errorij ?� Q�
 

 (��!a" ���� Error*+�? �3 ?
� �8 -
&' -��3 

 (��!b" ����Error*+�? �3 ?
� e� -
&' -��3 

 (��%[" ����Error2' �3 2' -
&' -��3 

 (��%!" ���� Error*+�? �3 ?
� �� -
&' -��3 

Archive of SID

www.SID.ir



JJ /                                            ����� 	
���� ��� 	����� ����	�� ���� ���                  ... 

 (��%%" ���� Error6B �3 ?
� �8 -
&' -��3 

N"��+1 -�+M
'�,
 �&�C %(�� 4*���
 #&� ��%�/���� �0  ��/�9 �$.

��0 5�
8F��� ������ ���� �� ��� !"
 #$$	� _ ��'$
��
1�� ��( *D��� .=�� #&���'$
�� ����� /� ���@��� �0 �B'� 4 !,� ��

 �0 �� ��� !"
 4��� #$A �Error /� ��F� k/q %#$FX�%
 ��/ .
 ����
��@L���� IPA �0 ��\2 4#$]$G =�� *0 =�� #&� 1&8


0 5�&�C * %��[ )\+]
 �i��CT4IPA  %3�L0��  =��
!"
0�&%V�� *0  *&��/ #$'yF� � ��� V��( *&��/ � 1
���
 4

�$.��0 ������ O� 
%�(�0*0 4*��. *� �Error /� �N��
 #$FX�
 ����

�P�N��
 �B'� � ���,� �1�� ��� V��� *MJ�9 /� � . �E���A
����
Error � 19�&�� � ����� 1F� �� *0 d&�8� ���� �� 

0 O� *��$
 �� ��( a��� ����� �� 56 !���A* ��
6 1��
 41�� *� �0 ��\2 �3&�8
�&�*�� %��(�tF� !+]
  ��

 O� 1F� �� s���L&�%
 a9� 8$� O� *��$
 ����� �����. .
\���� >��� �0 �0 ��,B0 K�&��3�� 4O&��( %
�F� /� =�� �

 )�,��"
 /� !J�A �&���
 /� ���@���off-line O� ��i �� ��� 
���1�� ��( *D . ��,B0 K�&��3�� 1�� #$0 I\��� � Y�0 ��$L0

 ��
 d& /� ��F� O&��( %
�F� �� %	��� � %'$FX� !"


%�(�0 .*$,( v&��� ��89� l�� �0 /��EMTP/ATP 5�]�  ��'��

(�� *0 %0�$��� *-$�� �� � ��( *D��� K�&��3�� S��'
 ��+MF2%
1�� #$FX� �� j$�� ��$L0.


B�
I
L������ O� !� ��i
L1 ����� >�0 /� ��� *MJ�9)A(
L2�� >�0 /� ��� *MJ�9& 19�)B(
Zabc�� s���t
������� O� 
Yabc$
��/��
 s��������� O� 
SA� SB�'
 ����� #��� a019�&�� � ����� 1F�

ZSA1�
ZSB1

 #��� s���t
�19�&�� � ����� 1F�) ����%1,E
 (
ZSA0�
ZSB0

 #��� s���t
� 19�&�� � ����� 1F�)����%�@J (
R1� R0 O� ��i �A�� 1
���
)����%�@J � 1,E
 (
L1� L0 O� ��i �A�� s��������)����%�@J � 1,E
 (
C1� C0$��G���� s��� O� ��i �A)����%�@J � 1,E
 (

LLLG���$
/ *0 /�9 *� #

LLG���$
/ *0 /�9 �� #
LG���$
/ *0 /�9 d� #
LL��� /�9 *0 /�9 )O� *0 O�(
LLL���K� *0 /�9 *� 
RFault��� 1
���


k19�&�� � ����� 1F� �� /� ��� *MJ�9 1,L�
Vº��� l�3'� >�0 �����
fV��� l�3'� >�0 �����
V∆$G � ��� l�3'� >�0 ����� !T�@���� /� 7

IA,IB&�C�� *��( 5������� O� 
VFabc��� !"
 �����

i&������� s%5����
 

Error
	��� *MJ�9 � %'$FX� *MJ�9 #$0 I\��� �J��%

O� !� ��i �� ���

]H���
[1] A. Sauhats and M. Danilova, “Fault location 

algorithms for super high voltage power 
transmission lines”, Power Tech, in Proc IEEE, 
vol. 3, pp. 3, 2003.

[2] Z. Galijasevic and A. Abur, “Fault location 
using voltage measurements”, IEEE Trans. 
Power Delivery, vol. 17, no. 2, pp. 441 – 445, 
2002.

[3] P. Bastard, L. Garcia-Santander, X. Le. Pivert, 
I. Gal and E. L. Parra, “A voltage-based fault 
location method for radial distribution 
networks”, in Proc IEEE, Power System 
Management and Control International 
Conference, no. 488, pp. 216 – 221, 2002.

[4] C. E. de Morais Pereira and L. C. Zanetta, 
“Fault location in transmission lines using one-
terminal postfault voltage data”, IEEE Trans. 
Power Delivery, vol. 19, no. 2, pp. 570 – 575, 
2004.

[5] Li Yongli, Yi. Zhang and Ma. Zhiyu, “Fault
location method based on the periodicity of the 
transient voltage traveling wave”, TENCON, 
IEEE Region 10 Conference, vol. 3, pp. 389 –
392, 2004.

[6] Y. J. Xia, X. G. Yin, Z. H. Wang, J. C. Yang
and X. B. Zhang, “A novel fault location 
scheme using voltage traveling-wave of 
CVTs”, UPEC 2004, vol. 2, pp. 768 – 772, 
2004.

[7] Power System Relaying Committee of the 
IEEE Power Engineering Society, “IEEE 
Guide for Determining Fault Location on AC 
Transmission and Distribution Lines”, IEEE 
Standard C37.114, pp. 10-11, 2005.

Archive of SID

www.SID.ir



J� /                                            ����� 	
���� ��� 	����� ����	�� ���� ���                  ... 

[8] H. Zhengyou, C. Yumei and Q. Qingquan, 
“Study on Adaptation of Traveling Waves 
Based on Wavelet Transform for Fault 
Location in Automatic Blocking and 
Continuous Power Transmission Lines”, 
Transmission and Distribution Conference, 
IEEE/PES, pp. 1 – 6, 2005.

[9] A. Ngaopitakkul, A. Kunakorn and S. 
Bunjongjit, “Discrete wavelet transform and 
probabilistic neural networks algorithm for 
identification of fault locations on transmission 
systems”, PowerCon 2004, vol. 1, pp. 270 –
274, 2004.

[10] H. P. Amorim and L. Huais, “Faults location in 
transmission lines through neural networks”, 
Transmission and Distribution Conference, 
IEEE/PES, pp. 691 – 695, 2004.

[11] D. J. Lawrence, L. Cabeza and L. Hochberg, 
“Development of an advanced transmission 
line fault location system part II-algorithm 
development and simulation”, IEEE Trans. 
Power Delivery, vol. 7, no.4, pp. 1972–1983, 
1992.

[12] A. A. Girgis, D. G. Hart and W. Peterson, “A 
new fault location technique for two- and 
threeterminal lines”, IEEE Trans. Power 
Delivery, vol. 7, no. 1, pp. 98–107, 1992.

[13] D. Hart, D. Novosel and E. Udren, 
“Application of synchronized phasors to fault 
location analysis”, Applications of 
Synchronized Phasors Conference, 1993. 

[14] M. Kezunovic, “An accurate fault location 
using synchronized sampling at two ends of a 
transmission line”, Applications of 
Synchronized Phasors Conference, 1993. 

[15] M. Kezunovic and B. Perunicic, “Automated 
transmission line fault analysis using 
synchronized sampling at two ends”, IEEE 
Trans. Power System., vol. 11, pp. 441–447, 
1996.

[16] H. Y. Li, E. P. Southern, P. A. Crossley, S. 
Potts, S. D. A. Pickering, B. R. J. Caunce and
G. C. Weller, “A new type of differential 
feeder protection relay using the global 
positioning system for data synchronization”, 
IEEE Trans. Power Delivery, vol. 12, pp. 
1090–1097, 1997.

[17] J. A. Jiang, J. Z. Yang, Y. H. Lin, C. W. Liu
and J. C. Ma, “An adaptive PMU based fault 
detection/location technique for transmission 
lines, Part I: Theory and algorithms”, IEEE 
Trans. Power Delivery, vol. 15, pp. 486–493, 
2000.

[18] J. A. Jiang, Y. H. Lin, J. Z. Yang, T. M. Too
and C. W. Liu, “An adaptive PMU based fault 
detection/location technique for transmission 
lines, Part II: PMU implementation and 
performance evaluation”, IEEE Trans. Power 
Delivery, vol. 15, pp. 1136–1146, 2000.

[19] S. M. Brahma, “New fault-location method for 
a single multi terminal transmission line using 
synchronized phasor measurements”, IEEE 
Trans. Power Delivery, vol. 21, no. 3, pp. 1148
– 1153, 2006.

[20] S. M. Brahma and A. A. Girgis, “Fault location 
on a transmission line using synchronized 
Voltage measurements”, IEEE Trans. Power 
Delivery, vol. 19, no. 4, pp. 1619 – 1622, 2004.

[21] S. M. Brahma, “Fault location scheme for a 
multi-terminal transmission line using 
synchronized Voltage measurements”, IEEE 
Trans. Power Delivery, vol. 20, no. 2, Part 2, 
pp. 1325 – 1331, 2005.

[22] K. G. Firouzjah and A. Sheikholeslami, 
“Current Independent Method Based on 
Synchronized Voltage Measurement for Fault
Location on Transmission Lines,” Simulation 
Modeling Practice and Theory, Elsevier, vol. 
17, no.4, pp. 692-707, Apr. 2009.

[23] K. G. Firouzjah and A. Sheikholeslami, “A 
current independent synchronized phasor 
measurement based method for fault location 
on Transmission lines,” in Proc. IEEE, ICEE 
'07, pp. 1-5, 2007.

[24] K. G. Firouzjah, A. Sheikholeslami, M. R. 
Karami-Mollaei and F. Heydari “A Predictive 
Current Control Method for Shunt Active 
Filter with Windowing Based Wavelet 
Transform in Harmonic Detection,” Simulation 
Modeling Practice and Theory, Elsevier, vol. 
17, no. 5, pp. 883–896, May 2009.

Archive of SID

www.SID.ir


