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�Îµ�ª��¹��³�ÎµÄ®o�nµ­¤¦¦��³¢jµ�nµÄ� öÁ�¸¥��ªµ¤�¦·�¤µ��¹Ê��­Îµ®¦́��µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ�°�­µ¥­n��
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 This thesis purposes a methodology for evaluating and improving lightning performance of  EGAT 
transmission lines using information from the Lightning Location System. Lightning location detected by LLS 
are shown on Thailand map by Arcview GIS 3.3 program to find ground flash density of each line span. The 
ground flash density is used as an input in TFlash version 3.0.21 program to calculate expected lightning 
performance for 115kV, 230kV, 500 kV EGAT transmission lines. The results are compared with actual 
interruption events caused by lightning using related standards. In addition, the most frequently faulted line, 
115kV Klang-Chanthaburi, is selected for improvement by Optimizer of TFlash version 4.0.22. The steps in 
evaluating and improving lightning performance comply with "Handbook for Improve Overhead 
Transmission Lines Lightning Performance (EPRI)" 
 
 The calculated lightning performance of 115kV Klang-Chanthaburi and 500kV Sainoi-Wangnoi 
Circuit No.3 transmission lines are found above the allowable value in the IEEE1313.2-1999 Standard. 
However all 3 transmission lines have actual lightning performance from faulted events compliante with this 
standard. The differrences between calculated and actual values can be reduced by using actual transmission 
line data from surveys. The 115kV Klang-Chanthaburi line is selected for improvement with a budget of            
1 million baht. The optimal result is obtained by reducing ground resistance to 5 ohms, adding 2 insulators 
and adding 1 shield wire to the problem towers. This solution yields the number of flashover reduce by 60%. 
Also, It can be used to design a new transmission line on high ground flash density area to reduce faulted 
events caused by lightning, and also results in the good lightning performance. 
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�°��¦³�»�¦��oµ¤�΅��¹Ê�­¼n�o°�Á¤��Á¦¸¥�ªnµ� Î̈µ¢jµ�nµ¥o°��΅��(Return stroke) Á�}�Â�ª�µ��¹É�¤̧



 

� 

�µ¦Å®¨�°��¦³�»Ä�°µ�µ«�¸É¥´���Á�}��´ª�ÎµÅ¢¢jµ�Â¨³°µ�¤̧�µ¦Å®¨�°��¦³�»Á�·��¹Ê�Å�o�ÊÎµ°̧��
Á¡ºÉ°�nµ¥Á��¦³�»�µ�Á¤�­¼n¡ºÊ��·���¹�Á¦¸¥�ªnµ�Dart leader �¦µ���µ¦�r�´Ê�®¤�Â­��Ä�£µ¡�¸É� 

 

 

£µ¡�¸É�����¨Å��µ¦Á�·�¢jµ�nµ 
�̧É¤µ: EPRI AC Transmission line reference book  200 kV and above (2004) 

 
¢jµ�nµ°µ�¤̧Â¦��´�Á�̧¥��́�¡ºÊ��·�¤µ��¹������Á¤��³Ãª¨�r�°»�®£¼¤·�̧É Î̈µ¢jµ�nµ�(Lightning 

stroke) ­¼��¹����,����°�«µÁ�¨ª·��Â¨³¤̧��µ��¦³Â­Å�o�¹�������·Ã¨Â°¤�m��¨�¦³���°�¢jµ�nµ��
�¹�¤̧�´��̧Ê� 

1) �¨�¦³���oµ��ªµ¤¦o°����oµ­·É��̧É�¼�¢jµ�nµÅ¤n­µ¤µ¦��nµ¥Á�¡΅��µ�¨�­¼n�·�Å�oÄ�Áª¨µ
°́�­´Ê���ªµ¤¦o°��¸ÉÁ�·��¹Ê�Á�ºÉ°��µ�°»�®£¼¤·�̧É­¼�¤µ��°� Î̈µ¢jµ�nµ�³�ÎµÄ®oÁ�·��µ¦¦³Á�·�Â¨³�������
Å¢Å®¤oÅ�o°¥nµ�¦ª�Á¦Èª 

2) �¨�¦³���oµ�Â¦� Á�ºÉ°��µ��¦³Â­¢jµ�nµ�ÎµÄ®oÁ�·�Â¦��µ¤���°��¼¨°¤�r (Coulomb�s 
law)Ä��́ª�ÎµÅ¢¢jµ�¸É¦´��¦³Â­¢jµ�nµ�Â¨³�ªµ¤¦o°��̧É�¥µ¥�´ª�³�ÎµÄ®oÁ�·�Â¦�¦³Á�·�Å�o�oª¥ 

3) �¨�¦³���oµ�Å¢¢jµ ­�µ¤Å¢¢jµ�̧É­¼�¤µ�°µ�¦��ª�¦³��­ºÉ°­µ¦Â¨³Å¢¢jµ�nµ�Ç�
Á�ºÉ°��µ��¦³Â­Å¢¢jµ�¸É­¼�¤µ��̧Ê�³­¦oµ�� º̈É�Â¤nÁ® È̈�Å¢¢jµÅ�¦��ª�� º̈É�°ºÉ�Ç�Á�·��µ¦Á®�̧É¥ª�Îµ
�µ�Â¤nÁ® È̈�Å¢¢jµ�Â¨³Á®�̧É¥ª�Îµª́��»�oµ�Á�¸¥���°��µ��¸Ê�¦³Â­¢jµ�nµ�ÎµÄ®oÁ�·�Á­·¦r��(Surge)      
Ä�¦³��Å¢¢jµ�Á�n��¦³��­µ¥­n��¹É�Á�}�­µÁ®�»�°�Â¦��́�Á�·�¢jµ�nµ�̧É°»��¦�rÂ¨³��ª��nµ�Ç�Â¨³
Á�}�°́��¦µ¥�n°­·É�¤̧�¸ª·��̧É�¼�¢jµ�nµ®¦º°°¥¼n�oµ�Á�¸¥�  (­»¦¡¨, 2535) 
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�µ¦®µ�ÎµÂ®�n�¢jµ�nµ 

�µ¦®µ�ÎµÂ®�n�¢jµ�nµ�(Lightning Location System : LLS) ­nª�¤µ�Ä�o®΅��µ¦®µ�ÎµÂ®�n�
�µ��ªµ¤�̧Éª·�¥»�°�� º̈É�Â¤nÁ® È̈�Å¢¢jµ �o°¤¼¨�°��ÎµÂ®�n��¸ÉÅ�o�¹Ê�°¥¼n�́��nµ�ªµ¤�̧É�̧ÉÄ�o�¦ª�ª́��������
�oµ�ªµ¤�̧É�°�­´��µ�Á�}�Â���ªµ¤�̧É­¼�¤µ��(Very high frequency : VHF) �ªµ¤�̧É°¥¼n¦³®ªnµ�������������
��-����Á¤��³Á±·¦��r��o°¤¼¨�̧ÉÅ�o�³Á�}�¦¼�£µ¡­µ¤¤·�·��oµ�ªµ¤�̧É�°�­´��µ�Á�}�Â���ªµ¤�̧É�ÉÎµ
¤µ��(Very low frequency : VLF) �ªµ¤�̧É°¥¼n¦³®ªnµ���-����·Ã¨Á±·¦��rÂ¨³Â���ªµ¤�̧É�ÉÎµ�(Low 
frequency : LF) �ªµ¤�̧É°¥¼n¦³®ªnµ�����-�����·Ã¨Á±·¦��r��o°¤¼¨�̧ÉÅ�o�³Á�}�Á¡¸¥��·«�µ�Á�¸¥ªÁ�nµ�´Ê�
�o°��ÎµÅ��¦³¤µ��nµ°̧��¦´Ê�Á¡ºÉ°®µ�»��¸ÉÁ�·�¢jµ�nµ�Ä�oÅ�o�̧�́�¢jµ�nµÂ��Á¤�¨�¡ºÊ��·��(Cloud to 
ground : CG) ­Îµ®¦´��ªµ¤Â¤n�¥Îµ�°��µ¦�¦ª�ª´��´Ê�����ªµ¤�̧É�̧Ê�¤̧�ªµ¤�·�¡¨µ�°¥¼nÄ��nª�®΅�
¦o°¥Á¤�¦�ª·�̧�µ¦�¸ÉÄ�o®µ�ÎµÂ®�n�¢jµ�nµ¤̧�´��¸Ê�(Rakov and Uman, ����� 

1) Magnetic direction finding : MDF                                                                           �������������������
 Î̈µ¢jµ�nµ¥o°��΅��³­¦oµ�­�µ¤Â¤nÁ® È̈�Á�ºÉ°��µ��µ¦Á� º̈É°��̧É�°��¦³�»�nµ��n°��µ�
Î̈µ¢jµ�nµ�£µ¡�̧É��Á�}��µ¦�Îµ¨°� Î̈µ¢jµ�nµÁ¡ºÉ°°�·�µ¥�¹�­�µ¤Â¤nÁ® È̈��¸ÉÁ�·��¹Ê���¦³�µ��´ª�Îµ�oª¥
ª·�̧£µ¡Á�µ�(Image method) 

�  

£µ¡�¸É����Â��£µ¡®µ�nµ­�µ¤Â¤nÁ® È̈��̧É¦³¥³�D Á�ºÉ°��µ��n°�Â�ª�´Ê��y-x �¹É�¤̧�¦³Â­�I Å®¨�nµ� 
�̧É¤µ: Lightning (1984) 
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�oµ�¦³Â­Å®¨�µ��¸É­¼��h ¨�­¼n�·��(y = h, x = 0)  ­�µ¤Â¤nÁ® È̈��̧ÉÁ�·��¹Ê�Á�ºÉ°��µ�
�¦³�»�Dipole moment (M) �̧ÉÂ�¦�µ¤Áª¨µ (t) ¤̧�nµ�´�­¤�µ¦�¸É� (Uman, 1984) 
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Uman et al. ¡�ªnµ�¦³Â­Á� º̈É°��¸É�oª¥�ªµ¤Á¦Èª () Â��Á�¸¥ª�́���ÎµÄ®o°�»¡´��r�̧É­°�
�°��¦³�»�M �­°�� ö°��́��¦³Â­�(i) �µ¤­¤�µ¦�̧É� 
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Â¨³�oµÄ®o�D >> h �µ¦Á�¨̧É¥�Â�¨��°��¦³�»�M �³�n°��oµ����¸É�­µ¤µ¦��´�Á�°¤�
dM/dt Å�o��ÎµÄ®oÅ�o�nµ­�µ¤Â¤nÁ® È̈�Á�}�Å��µ¤­¤�µ¦�̧É��(Chisholm & Anderson, 2004) 
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Â�n­Îµ®¦´��µ¦�¦³¤µ��nµ¥°��°��¦³Â­�̧É�Îµ¤µÄ�o�µ��The National Lightning 
Detection Network (NALDN) �³Ä�o�µ¦�¦³¤µ��µ�­�µ¤Â¤nÁ® È̈��nµ¥°��̧Éª´�Å�o�µ¤­¤�µ¦�¸É4 
�¹É�Á�}�­¤�µ¦�¸É�́�¦¼�Ä®¤n�µ�­¤�µ¦�̧É��Â¨³Ä�oÄ��µ¦®µ�nµ�¦³Â­¢jµ�nµ�°�°»��¦�r�µ¦®µ
�ÎµÂ®�n�¢jµ�nµÂ���MDF (EPRI Handbook, 2004) 
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Á¤ºÉ°�  Ipk  �º° �¦³Â­�nµ¥°�¢jµ�nµ��Â°¤�m� 

  Bpk  ­�µ¤Â¤nÁ® È̈��nµ¥°���ÁªÁ�°¦r�n°�µ¦µ�Á¤�¦� 
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Á�¦ºÉ°�¦´�­´��µ� (Sensors) ­Îµ®¦´��MDF Á�}�­µ¥°µ�µ«Â��ª�¦°�Å�ªo�́��
(Crossed loop antenna) �¦³�°��µ�ª�¦°�­°�ª�ªµ�Ä�Â�ª�́Ê��µ��·«Á®�º°-Ä�o�Â¨³�·«
�³ª́�°°�-�³ª́����΅�¬�³�°�­µ¥°µ�µ«Á�}��µ¤£µ¡�̧É��Á¤ºÉ°¤̧ Î̈µ¢jµ�nµ�³¤̧­´��µ��nµ�Ä�
ª�¦°�Â�ª�́Ê��̧Ê��Îµ¤µ�Îµ�ª�Á�}��nµ¦³¥³�µ�Â¨³�nµ�¦³Â­¢jµ�nµ��°��µ��̧Ê¥´�Ä�o°́�¦µ­nª��°�
­´��µ��́Ê�­°�ª�¦°�®µ�nµ¤»¤�tangent �°� Î̈µ¢jµ�nµÅ�o°̧��°¥nµ�Å¦�È�µ¤�MDF �ÎµÁ�}��o°�¤̧
Á�¦ºÉ°�¦´�­´��µ�°¥nµ��o°¥���­�µ�̧�Á¡ºÉ°�̧É�³Ä�o®΅��µ¦�°�­µ¤Á®¨̧É¥¤��¹��³Ä®o�ªµ¤Â¤n�¥Îµ�̧É�¸
Ä��µ¦®µ�ÎµÂ®�n�¢jµ�nµÂ­��Å�o�́�£µ¡�̧É� 

 

£µ¡�¸É����­µ¥°µ�µ«Á�¦ºÉ°�¦´�­´��µ� Model 141T ALDF��°��¦·¬´� Lightning Location and 
   Protection (LLP), USA� 
�̧É¤µ: Model 141T ALDF Manual (1993) 
 

 

£µ¡�¸É�����µ¦®µ�ÎµÂ®�n�¢jµ�nµÂ���Magnetic direction finding 
�̧É¤µ: Vaisala (2005) 
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2) Time of arrival : TOA 
 Ä�Â�n¨³­�µ�̧�³¦³�»Áª¨µ�°�­´��µ�� º̈É�Â¤nÁ® È̈�Å¢¢jµ�̧É¤µ�µ� Î̈µ¢jµ�nµ�¹�
Á�¦ºÉ°�¦´�­´��µ�Ã�¥Ä�o�µ¯·�µ¦³��ª́�¡·�́�£¼¤·«µ­�¦r�(Global Positioning System : GPS) Â¨³
Ä�o�µ¦�¦³¤ª¨�¨«¼�¥r�¨µ��(Central processor) �Îµ�ª��ªµ¤Â���nµ��°�Áª¨µ�̧É¤µ�¹��°�Â�n¨³�¼n
­�µ�̧�­¦oµ�Á�}�ª·�̧�µ�Á¦�µ��·�Â��Å±Á�°¦rÃ�¨µ�(Hyperbola locus) �»��´��°�Á­o�ª·�̧Á® n̈µ�̧Ê�³
Å�oÁ�}��ÎµÂ®�n��°�¢jµ�nµ�̧ÉÁ�·��¹Ê��Â­��Å�o�´�£µ¡�̧É� (Scott Michael, 2001) 
 

 

£µ¡�¸É�7���µ¦®µ�ÎµÂ®�n�¢jµ�nµÂ���Time of arrival 
�̧É¤µ: Vaisala (2005) 

 
3) Interferometry 
       ¢jµ�nµÄ®o� º̈É�¦��ª�­�µ¤Â¤nÁ® È̈�Å¢¢jµ°¥¼nÁ�}�Áª¨µ���-����Å¤Ã�¦ª·�µ�̧�ª·�̧�µ¦�

Interferometry �³ª́��ªµ¤�nµ�Á¢­�°�Â¦��´�¦³®ªnµ��´ª�¦°�­´��µ�Â��Â���(Narrow band 
signal filter) �µ¤£µ¡�̧É� �́�� º̈É�¦��ª��¸ÉÅ�o¦´��µ�Á�¦ºÉ°�¦´�­´��µ� �oµ¤̧Á�¦ºÉ°�¦´�­´��µ�
¤µ��ªnµ­°�­�µ�̧�¹Ê�Å���ªµ¤�nµ�Á¢­�¸Ê�³�¼�Â¥�Á�}�Â�n¨³�¼n­�µ�̧� öµ¥�́�ª·�̧�µ¦�TOA �����������
�ªµ¤�nµ�Á¢­�̧ÉÅ�o�¦³¤µ��nµÅªo��¦³�µ��°��·«�µ�Â����¡ºÊ�Ã¨� (Azimuth) Â¨³¤»¤Á�¥�
(Elevation)  Á¡ºÉ°®µ�ÎµÂ®�n�¢jµ�nµÄ��·«�µ�Â��­µ¤¤·�·�Ã�¥�¦µ��¹��»�Á¦·É¤�o�¢jµ�nµÄ��o°�Á¤��¸É
°¥¼nÁ®�º°¦³�́�¡ºÊ�Ã¨��Á�}��ÎµÂ®�n�ª��¨¤�¹É�Â­��ÅªoÄ�£µ¡�̧É� (Rakov and Uman, ����� 
(Cooray, 2003) 



 

�� 

 

£µ¡�¸É����¦¼�� º̈É�¢jµ�nµ�¸ÉÅ�o�µ��́ª�¦°�­´��µ�Â��Â�� 
�̧É¤µ: Vaisala (2005) 

 

 
£µ¡�¸É�����µ¦�Îµ®���nµ��¦³�µ��Azimuth-Elevation Â¨³�ÎµÂ®�n��»�Á¦·É¤�o�¢jµ�nµÄ��o°�Á¤� 
�̧É¤µ: The Lightning Flash (2003) 
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¦³��®µ�ÎµÂ®�n�¢jµ�nµ�°��µ¦Å¢¢jµ iµ¥�¨·�Â®n��¦³Á�«Å�¥ 
 

¦³��®µ�ÎµÂ®�n�¢jµ�nµ�¸É�·��´Ê�Ä��µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥ (�¢�.) �¹É��ÎµÁ�oµÄ�o
�µ��́Ê�Â�n�¨µ¥Á�º°�­·�®µ�¤ ¡�«�2538 Á�}�¦³���°��¦·¬´� Lightning Location and Protection 
(LLP), USA Ä�oª·�̧�µ¦Â���MDF �­¤®΅��µ¦�°�¦³��Áª¨µ Á¦¸¥�ªnµ�Improved Accuracy from 
Combined (IMPACT) Ã�¥Á º̈°�Ä�o�Model 141T Advanced Lightning Direction Finder (ALDF) 
�¦³�°��oª¥Á�¦ºÉ°�¦´�­´��µ� 4 �»� �·��´Ê��¸É«¼�¥r f��µ��¦³���Á�ºÉ°�«¦¸��¦·��¦r ­¨��µ�¦ Â¨³
��¦¦µ�­¸¤µ �o°¤¼¨�̧ÉÅ�o�µ�Á�¦ºÉ°�¦´�­´��µ� �¦³�°��oª¥�·«�µ�(¤»¤) Áª¨µ� º̈É�Â¤nÁ® È̈�Å¢¢jµ
Á� º̈É°��̧É��¹É�Á�·��µ�¢jµ�nµÄ�oÄ��µ¦Á�·��µ����¹�Á�¦ºÉ°�¦´�­´��µ� Â¨³�ªµ¤Â¦��°�­´��µ� 
(Signal Strength) �o°¤¼¨Á® n̈µ�̧Ê�³�¼�­n��nµ�¦³��­ºÉ°­µ¦�oª¥­µ¥Ã�¦«´¡�r VHF ®¦º° UHF ¤µ¥´�
Á�¦ºÉ°�ª·Á�¦µ³®r®µ�ÎµÂ®�n� ( APA-383 Advanced Position Analyzer) �¹É��´Ê�°¥¼n�¸É«¼�¥r�ª��»¤¦³��
�Îµ΅�Å¢¢jµ (�»�¤µ�Â¨³­»¡´�¦µ, 2539) 
 

Á�ºÉ°��µ�¦³���µ¦­ºÉ°­µ¦�oª¥­µ¥Ã�¦«´¡�r�¹É�¤̧�o°�Îµ�́�Á¦ºÉ°�¦³¥³�µ�Ä��µ¦ªµ�
­µ¥Ã�¦«¡́�r�Â¨³Á��Ã�Ã¨¥¸¦³���µªÁ�̧¥¤¤̧�µ¦¡´��µ¤µ��¹Ê��Ä��e�¡�«��������¹�¤̧�µ¦Á�¨̧É¥�Å�
Ä�o¦³���µªÁ�̧¥¤�ÎµÄ®o�µ¦�·��n°­ºÉ°­µ¦�́�Á�¦ºÉ°�¦´�­´��µ�¢jµ�nµÁ�}�Å�Å�o�nµ¥¥·É��¹Ê���o°¤¼¨
¢jµ�nµ�̧ÉÅ�o�¹�¤̧�ªµ¤Â¤n�¥Îµ�́Ê��oµ��·«�µ�Â¨³�oµ�Áª¨µ¤µ��¹Ê�� 

 
Ã�¦�­¦oµ��°�¦³���o�®µ�ÎµÂ®�n�¢jµ�nµ�{��»�´�Á�¨̧É¥�Å�Á�}��°��¦·¬´��Vaisala Inc. 

�¦³�°��oª¥°»��¦�r®΅� 3 ­nª���́��̧Ê 

1) °»��¦�r�¦ª�¦´�­´��µ�¢jµ�nµ�ªµ¤�̧É�ÉÎµ Ã�¥�¦´��¦»�¦³��Á�¦ºÉ°�¦´�­´��µ�Á�·¤ 
4 �»�Ä®o¤̧­¤¦¦��³­¼��¹Ê��µ��141T-ALDF Á�}��IMPACT-ESP �·��´Ê��¸É 

- �Á�ºÉ°�«¦¸��¦·��¦r �.�µ����»¦ ̧
- �«¼�¥r f�°�¦¤�µ��³�� �.�³Á�·�Á�¦µ 
- �­�µ�̧Å¢¢jµ® n̈¤­´� �.Á¡�¦�¼¦�r 
-  ­�µ�̧�ª�­´��µ�®�°�Å�n �.¦o°¥Á°È� 

Â¨³Ä��e�¡�«�������³�ÎµÁ�·��µ¦�·��´Ê�Á�¦ºÉ°�¦´�­´��µ�Á¡·É¤Á�·¤°̧����­�µ�̧��̧É� 
- ��¦·Áª�Á®¤º°�Â¤nÁ¤µ³ �. Î̈µ�µ� 
- �Á�ºÉ°�£¼¤·¡¨ �.�µ� 
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�ÎµÂ®�n��̧É�·��́Ê�Â­��ÅªoÄ�£µ¡�̧É���Á¤ºÉ°Á�¦ºÉ°�¦´�­´��µ�¢jµ�nµÅ�o��³­n��o°¤¼¨¢jµ�nµ
¡¦o°¤Áª¨µ�̧É¦´��µ��µªÁ�̧¥¤�nµ��µ� General Packet Radio Service (GPRS) Modem Ä�Á�¦º°�nµ¥
Ã�¦«´¡�r¤º°�º°�°��¦·¬´� Advanced Info Service Plc. (AIS) Á�oµ¤µ¥´�Á�¦ºÉ°��¦³¤ª¨�¨�̧É
­Îµ�´��µ��¨µ� �¢�. �.����»¦ ̧

 

£µ¡�¸É������ÎµÂ®�n�Á�¦ºÉ°�¦´�­´��µ�¢jµ�nµ�°���¢���Ä��{��»�́�Â¨³�·��´Ê�Á¡·É¤Á�·¤°̧����­�µ�¸ 
�̧É¤µ: Overview of EGAT LLS (2005) 

 
2) Á�¦ºÉ°��¦³¤ª¨�¨Â¨³�́�Á�È��¦³ª́�·�o°¤¼¨¢jµ�nµ ( LLS Network Control Center) 

�·��́Ê�°¥¼n�̧É°µ�µ¦ �.208 �´Ê� 2 Ã�¦��µ¦«¼�¥rÁ�¸É¥ª�µ�Á��Ã�Ã¨¥¸�oµ�¦³��­n� �¹É��¦³�°��oª¥ 
Server 2 �»��̧ÉÄ�o UNIX Operating System Á¡ºÉ°Ä�o�µ�Ã�¦Â�¦¤�¦³¥»��r Lightning Processor 
(LP2000) Â¨³ Data Distribution and Archive (DA2000) 

3) Á�¦ºÉ°�Â­���¨�o°¤¼¨¢jµ�nµ�µ¤Áª¨µ�̧ÉÁ�·��¦·�Â¨³­µ¤µ¦�­º��o��¦³ª́�·�o°¤¼¨¢jµ�nµÅ�o  
Á�}�Á�¦ºÉ°��°¤¡·ªÁ�°¦r�̧ÉÄ�o Microsoft 2000 Operating System Á¡ºÉ°Ä�o�µ�Ã�¦Â�¦¤�¦³¥»��r 
Real-time Lightning Tracking Software (LTRAX) Ä��µ¦�·��µ¤�·«�µ��µ¦Á� º̈É°��¸É�°��µ¦Á�·�
¢jµ�nµ � Áª¨µ�¸ÉÁ�·��¦·� Ã�¥¤̧�µ¦�Îµ®��¡ºÊ��̧É�¦·Áª�­µ¥­n��̧É­Îµ�´� ¡¦o°¤­n�Á­¸¥�Á�º°�Á¤ºÉ°¢jµ�nµ
Á� º̈É°��̧ÉÁ�oµ¤µÄ� ö�¦·Áª��̧É¦³�»Åªo �°��µ��̧Ê¥´�Ä�o�o�®µ�¦³ª́�·¥o°�®΅��°��o°¤¼¨¢jµ�nµ�̧ÉÁ�·��¹Ê�
Ä�°�¸�Å�o°̧��oª¥ �{��»�́�¤̧�°¤¡·ªÁ�°¦r�¦³Á£��̧Ê 2 Á�¦ºÉ°��·��́Ê�°¥¼n�̧É«¼�¥r����»¦¸ (­Îµ®¦´��µ¦Ä�o
�µ�¦nª¤�́�Ä�Á��¦´��·��°��°� iµ¥��·�´�·�µ¦��¦®¨ª� Â¨³ iµ¥��·�́�·�µ¦£µ��¨µ�) Â¨³�̧É
®�nª¥Á�¸É¥ª�µ�Á��Ã�Ã¨¥¸�oµ�¦³��­ºÉ°­µ¦Â¨³�ª��»¤�µ�Å�¨ °µ�µ¦ �.208 �́Ê� 4 �µ¦�Îµ�µ�
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�́Ê�®¤��°�¦³���µ¦®µ�ÎµÂ®�n�¢jµ�nµ�°��µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥ (Electricity 
Generating Authority of Thailand�s Lightning Location System : EGAT LLS) Å�oÂ­��ÅªoÄ��������
£µ¡�̧É�����Á¦ª�̧, ����� 
 

 
 

£µ¡�¸É�11  EGAT LLS Network Configuration 
�̧É¤µ: Overview of EGAT LLS (2005) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

�� 

­¤¦¦��³¢jµ�nµ�°�­µ¥­n� 
 

�́ªÂ�¦¢jµ�nµ�¸É¤̧�¨�´�­µ¥­n�  

1) ¦³�´�Â¨³Â���̧É�Îµ�ª�¢jµ�³�°� 

¦³�´��Îµ�ª�¢jµ�³�°�Á�nµ (Keraunic levels)�Ä�oÂ­���nµÁ�¨̧É¥�Îµ�ª�ª́�¢jµ�³�°��n°�e
(Annual thunder days : TD)��°�Â�n¨³­�µ��¸É��nµ�̧Ê�¼��Îµ®��¨���Â���¸É�Îµ�ª�¢jµ�³�°�Á�nµ 
(Isokeraunic maps) �µ¤£µ¡�̧É����̧ÉÁ­o�Á® n̈µ�̧Ê¤̧�nµ���̧ÉÁ�nµ�́��´Ê�Á­o�� öµ¥�́�Â���̧ÉÂ­���ªµ¤­¼�
�ÉÎµ�°�¡ºÊ��·��­Îµ®¦´��nµ�TD Å�o¤µ�µ��µ¦Á�È��o°¤¼¨�µ�­�·�·�¹Ê��́��ªµ¤­µ¤µ¦�Ä��µ¦Å�o¥·�
Á­¸¥��°��¼o­´�Á��­£µ¡°µ�µ«�(EPRI Reference book, 1987) 

 

£µ¡�¸É�12��Â���̧É�Îµ�ª�¢jµ�³�°�Á�nµ�°��WMO, 1953 
�̧É¤µ: EPRI AC Transmission line reference book  200 kV and above (2004) 

 
2) �ªµ¤®�µÂ�n��°�¢jµ�nµ¨��·� 

�µ¦®µ�ªµ¤®�µÂ�n��°�¢jµ�nµ¨��·��(Ground flashes density : GFD) Á�}�°́�¦µ­nª�°¥nµ�
®¥µ��́��nµ�TD ¤̧�µ�ª·�́¥�Îµ�ª�¤µ�®µ�ªµ¤­´¤¡´��r�°��GFD Â¨³�TD ­Îµ®¦´� EPRI AC 
Transmission line reference book 200 kV and above ¦³�»�ªµ¤­´¤¡´��rÁ¡ºÉ°Ä�o�µ��µ¤­¤�µ¦�̧É� 
(EPRI Reference book, 2004) 



 

�� 

   25.1TD04.0GFD       (5) 

Á¤ºÉ°��GFD ��º° �Îµ�ª�¢jµ�nµ¨��·��(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� 
��������TD  �Îµ�ª�ª́�¢jµ�³�°��n°�e 

 
3) �Îµ�ª�¢jµ�nµÄ�­µ¥­n� 

Á¤ºÉ°¤̧¢jµ�nµ�³¤̧¦³¥³Á�µ (Electrical shadow) ®nµ��µ�­µ¥­n�¦³¥³®�¹É��̧É�ÎµÄ®o¢jµ�nµÁ�oµ¤µ
Ä�­µ¥Á­¤°Â���̧ÉÁ�}�¢jµ�nµ¨��·��¦³¥³Á�µ�̧ÊÂ­��Å�oÄ�£µ¡�̧É���Á�}��µ¦�¦³¤µ��ªµ¤�ªoµ�
¦³¥³Á�µ�°�­µ¥�¸¨�r�(Shield wire) �ªµ¤­¼��̧ÉÄ�o�µ�Á�}��ªµ¤­¼�Á�¨̧É¥�°�­µ¥Å¤nÄ�n�̧É�ªµ¤­¼��¸É
Á­µ­n� ­µ¤µ¦�®µ�nµÅ�o�µ¤­¤�µ¦�̧É� (EPRI Reference book, 1987) 

 

£µ¡�¸É������ªµ¤�ªoµ�¦³¥³Á�µ�°�­µ¥�¸¨�r 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 

    gwgg hh3/2hh     (6) 

Á¤ºÉ°��h �º° �ªµ¤­¼�Á�¨̧É¥�°�­µ¥�¸¨�r��Á¤�¦� 
��������hg  �ªµ¤­¼��°�­µ¥�¸¨�r�¸ÉÁ­µ­n���Á¤�¦��  
��������hgw  �ªµ¤­¼��°�­µ¥�¸¨�r�¸É�¨µ��nª�Á­µ��Á¤�¦��  

 



 

�� 

­Îµ®¦´��nµ�ªµ¤�ªoµ�¦³¥³Á�µÄ�£µ¡�̧É���Á�}��µ¦�¦³¤µ��nµ�µ� EPRI Transmission line 
reference book 345 kV and above�(1987) Â�nÄ��{��»�´��̧ÊÄ�o®΅��µ¦�Îµ¨°�Á¦�µ��·��(Electro-
Geometric Model : EGM) �¹É�­¦oµ�Â���Îµ¨°��µ�¦³¥³Á��·��°�­µ¥�´ª�Îµ (Striking distance to 
conductor : rc) Â¨³¦³¥³Á��·��°��·��(Striking distance to ground : rg) Å�o�´�£µ¡�̧É�� (Hileman, 
1999) 

 

£µ¡�¸É���  Electrogeometric model ­Îµ®¦´�­µ¥�¸¨�r­°�Á­o� 
�̧É¤µ: Insulation Coordination for Power Systems (1999) 

 
¦³¥³Á��·�­µ¤µ¦�Â­��Ä�¦¼��́ÉªÅ�Á�}��r = AIb��nµ���¸É�A, b Ä��̧É�¸ÊÄ�o�nµ¦³¥³Á��·��°�

­µ¥�´ª�ÎµÂ¨³¡ºÊ��·��Á�}�Å��µ¤­¤�µ¦�̧É�,8  �´��¸Ê�(IEEE Standard 1243, 1997)  

  65.0
c I10r        (7) 

  65.0
g I)]h43ln(7.16.3[r   h  40 m. (8) 

    65.0I5.5     h  40 m. 

�´��´Ê��µ¦�¦³¤µ��nµ�Îµ�ª�¢jµ�nµÄ�­µ¥­n�£µ¥Ä�o¡ºÊ��¸É¦³¥³Á�µ�¹É�Ä�o®΅��µ¦�EGM��¹�¤̧�
�nµ�́�­¤�µ¦�̧É��(Hileman, 1999) 

   
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Á¤ºÉ°��NL �º° �Îµ�ª�¢jµ�nµÄ�­µ¥­n����¦´Ê��n°�����·Ã¨Á¤�¦�n°�e��  
��������Sg  ¦³¥³®nµ��°�­µ¥�¸¨�r��Á¤�¦��  
 

4) �ªµ¤�nµ�³Á�}��°��¦³Â­¢jµ�nµ 

��µ��°��¦³Â­¢jµ�nµ°�·�µ¥Å�oÄ�¦¼�Â���ªµ¤�nµ�³Á�}��¦¼�Â���°��¦³Â­¢jµ�nµ�¸Ê
�ÎµÁ�}��o°�¤̧�µ¦Á�È��nµÂ¨³ª·�´¥Ä��»�Ç�e�­Îµ®¦´��ªµ¤�nµ�³Á�}��¼�Á�È�Á�}��nµ�µ�­�·�·�oª¥�¦µ¢�
log-normal curve �µ¤£µ¡�̧É���Â¨³Á¡ºÉ°�nµ¥Â�n�µ¦�Îµ�ª��¹�¤̧�µ¦�¦³¤µ��nµÁ�}�­¤�µ¦�¸É��, ��������������
¤̧�ªµ¤Â¤n�¥ÎµÄ��nª��¦³Â­��-�����·Ã¨Â°¤�m (EPRI Reference book, 1987) 

 

£µ¡�¸É������µ¦�¦³�µ¥�ªµ¤�̧É­³­¤�°���µ��¦³Â­¢jµ�nµÄ��µ¦Á�·�¢jµ�nµ�¦³�»¨� 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 

­Îµ®¦´��Popolansky curve  2I
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­Îµ®¦´��Anderson-Eriksson curve  6.2I
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5) ¦¼�¦nµ�� º̈É�¢jµ�nµ 

¦¼�¦nµ��°�� º̈É�¢jµ�nµ¤̧�¨�́�Â¦��´��¦n°¤��ª� ¼̈��oª¥�Ã�¥Á�¡µ³Á­µ­n��¸É¤̧Ã�¦�­¦oµ�
­¼�Ç £µ¡�¸É���Â­��¦¼�¦nµ��°�� º̈É� Î̈µ¢jµ�nµÂ¦��(First stroke) Â¨³� º̈É� Î̈µ¢jµ�nµ Î̈µ�´�®΅��
(Subsequent stroke) �¹É�Å�o�µ��µ¦�´��¹��°��Anderson and Eriksson ¡�ªnµÁª¨µ�¹Ê�­¼nÂ¦��´�¥°�
� º̈É��°� Î̈µ¢jµ�nµ Î̈µ�´�®΅�Á¦Èª�ªnµ Î̈µ¢jµ�nµÂ¦��Â�nÁª¨µ�̧ÉÂ¦��´����°� Î̈µ¢jµ�nµ Î̈µ�´�®΅��È¨�¨�
°¥nµ�¦ª�Á¦Èª�oª¥��ÎµÄ®o�nª¥¨��¨�¦³���°�Â¦��´�Á�·��̧É�³Á�·��¹Ê�Å�o� 

­Îµ®¦´���µ��°� Î̈µ¢jµ�nµ Weck and Hileman�¡�ªnµ���µ��°� Î̈µ¢jµ�nµÂ¦�¤́�¤̧��µ�­¼�
�ªnµÁ­¤°��¹��ÎµÄ®o Î̈µ¢jµ�nµ Î̈µ�´�®΅�¤̧�ªµ¤­Îµ�´�Ä��µ¦Á�·�Â¦��´�Á�·��o°¥�ªnµ�oª¥�Á¤ºÉ°Á�̧¥��́�
¼̈��oª¥�̧É¤̧�ªµ¤�����µ���ª�­¼��Ä��µ¦�Îµ�ª�­¤¦¦��³¢jµ�nµ�µ���·�´�·�³Å¤n�Îµ�¹��¹��¨�°�
Î̈µ¢jµ�nµ Î̈µ�´�®΅��Â�n­µ¤µ¦��Îµ�¨�¦³���¸Ê¤µ�Îµ�ª�Å�o�oµ�o°��µ¦�Ã�¥Á�¡µ³�¦�¸Á­µ­n��oµ¤
Â¤n�ÊÎµ�(EPRI Reference book, 1987) 

 

£µ¡�¸É�����¦¼�¦nµ�� º̈É��°��¦³Â­¢jµ�nµ 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 



 

�� 

��·��°��µ¦ªµ�Å¢Á�ºÉ°��µ�¢jµ�nµ 

�µ¦ªµ�Å¢­µ¤µ¦�Â�n�°°�Å�oÁ�}������·���́��̧Ê (EPRI Handbook, 2004) 

1) �µ¦ªµ�Å¢�µ¤�·ª¥o°��΅��(Back Flashover) 

Ä��¦�¸�̧Ê�µ¦ªµ�Å¢�³Á�·�¥o°��µ�Á­µÃ¨®³�oµ¤��ª�Å�¥´�­µ¥�´ª�Îµ�Á¤ºÉ°Á�·�¢jµ�nµ¨�
��­µ¥�·�®¦º°­µ¥�¸¨�r��ÎµÄ®o¤̧� º̈É��¦³Â­Â¨³Â¦��´�ª·É�Å���­µ¥�¸¨�r�´�£µ¡�¸É��� 

 

£µ¡�¸É�����Â¦��´�¢jµ�nµ�̧ÉÁ�·���­µ¥­n�Â¨³Á­µ­n� 
�̧É¤µ: �µ¦ª·Á�¦µ³®r¦³��Å¢¢jµ�Îµ΅��(2548) 

�̧ÉÁ­µ­n�� º̈É��¸Ê¤̧�´Ê�­³�o°��΅��­n��nµ�Á­µ¨�­¼n�·��Â¨³­n�°°�Å�¥´�­µ¥�̧¨�r�oµ�Á�¸¥�
Á�ºÉ°��µ�¦°¥�n°�¸É¤̧�nµ°·¤¡¸Â���rÅ¤nÁ�nµ�́��Â¦��´�Á­·¦r��̧É�¼�­¦oµ��³�¦n°¤��ª� ¼̈��oª¥¦³®ªnµ�
Á¢­�́��·���¦n°¤��ª�°µ�µ«�°�­µ¥Á¢­Â¨³­µ¥Á¢­�́�­µ¥�¸¨�r�¨°��nª�Á­µ�Á¤ºÉ°Å¦�oµÂ¦��́�
Á­·¦r��̧Ê­¼��ªnµ�ªµ¤�����°���ª��µ¦ªµ�Å¢�È�³Á�·��¹Ê���´ªÂ�¦�̧É¤̧�¨�¦³���́��µ¦ªµ�Å¢�µ¤
�·ª¥o°��΅��Å�oÂ�n 

-��ªµ¤®�µÂ�n��°�¢jµ�nµ¨��·�� 
-�Á­·¦r�°·¤¡¸Â���r�°�­µ¥�¸¨�rÂ¨³Á­µ­n� 
-��´ª�¦³�°�Á�ºÉ°¤�n°�(Coupling factors) ¦³®ªnµ��´ª�Îµ 
-�Â¦��´��̧É�ªµ¤�̧É�Îµ΅� 
-��ªµ¤­¼��°�Á­µÂ¨³­µ¥­n� 
-��ªµ¤¥µª�nª�Á­µ 
-��ªµ¤�����°���ª� 
-��ªµ¤�oµ��µ��̧É�µ�Á­µÂ¨³­nª��¦³�°��°��·� 



 

�� 

2) �µ¦ªµ�Å¢Á�ºÉ°��µ��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�r�(Shielding Failure Flashover) 

�ªµ¤ ö¤Á®¨ªÄ��µ¦�̧¨�r�®¤µ¥�¹���µ¦Á�·�¢jµ�nµ¨���­µ¥Á¢­�´ª�Îµ�­Îµ®¦´�­µ¥­n��¸ÉÅ¤n¤̧
�µ¦�¸¨�r�¢jµ�nµ�ÎµÄ®oÁ�·��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�rÁ­¤°�Â�n­Îµ®¦´�­µ¥­n��¸É¤̧­µ¥�̧¨�r�­nª�¤µ�
¢jµ�nµ¨���­µ¥�¸¨�r�ÎµÄ®o�Îµ�¹��¹��ªµ¤ ö¤Á®¨ªÄ��µ¦�̧¨�r�o°¥¨� 

�µ¦�Îµ�ª�®µ�Îµ�ª��¦´Ê��°��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�r�¹Ê�°¥¼n�́�®¨µ¥�{��́¥�Å�oÂ�n��́ª
Â�¦Â���Îµ¨°�Á¦�µ��·���ªµ¤�nµ�³Á�}��°�¢jµ�nµ��µ¦�¸¨�r�µ¤�¦¦¤�µ�·�¸ÉÁ�·��µ��o�Å¤o�£¼¤·
�¦³Á�«Â¨³°µ�µ¦��µ¦Á�·��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�rÅ¤n�ÎµÁ�}��o°�Á�·��µ¦ªµ�Å¢�µ¤�·ª�°�����������������
¼̈��oª¥Á­¤°Å���¹Ê�°¥¼n�́��¦³Â­ª·�§�·�(Critical current ; IC)��̧É¢jµ�nµ¨���­µ¥�´ª�Îµ�­µ¤µ¦�
�Îµ�ª�Å�o�µ�­¤�µ¦�¸É�� 

   
Z

CFO2IC       (12) 

Á¤ºÉ° CFO �º° �Â¦��´�ªµ�Å¢�µ¤�·ªª·�§�·�°�°·¤¡´¨­r¢jµ�nµ�´Êª¨� (�·Ã¨Ãª¨�r� 
 Z  Á­·¦r�°·¤¡¸Â���r�°�­µ¥�´ª�Îµ��Ã°®r¤� 
 

3) �µ¦ªµ�Å¢Á®�̧É¥ª�Îµ�(Induced Flashover) 

�µ¦ªµ�Å¢Á®�̧É¥ª�ÎµÁ�}�Â¦��́�Á�·��́Éª�¦¼n�̧ÉÁ�·��µ��µ¦Á®�̧É¥ª�Îµ��­µ¥­n��µ�¢jµ�nµ�̧É°¥¼n
Ä� ö­µ¥­n��­Îµ®¦´�­µ¥­n�¦³���Îµ®�nµ¥Â¦��´��ÉÎµ¢jµ�nµ�¦·Áª��oµ�Á�¸¥�Á�}�­µÁ®�»®΅��°��µ¦
ªµ�Å¢Á�ºÉ°��µ�¢jµ�nµ���µ¦�¦³¤µ��Îµ�ª�¢jµ�nµ�¦·Áª��oµ�Á�¸¥��̧É­n��¨�n°�µ¦�j°��́�Â¨³�µ¦
�¦³­µ�­´¤¡´��r��ª��°�­µ¥­n��Á�}��{�®µ�¸ÉÅ�oÄ�o®΅��µ¦�µ�ª·�¥µ«µ­�¦r®¨µ¥°¥nµ�«¹�¬µ
�µ��¹������e��¨�µ��µ¦¡´��µ�ÎµÄ®oÂ���Îµ¨°�­µ¤µ¦��¦³¤µ�Â¦��´�Á�·�Á�ºÉ°��µ�¢jµ�nµ
Á®�̧É¥ª�ÎµÅ�oÂ¤n�¥Îµ¤µ�¥·É��¹Ê�� 

�µ¦ª·Á�¦µ³®rÂ¦��́�Á®�̧É¥ª�Îµ�µ�¢jµ�nµ¤̧�ªµ¤­´¤¡´��rÄ� öÁ�¸¥��́�Â���µ¦�Îµ¨°�
Á¦�µ��·���ÎµÄ®o�µ¦�¸¨�rÁ¡ºÉ°�j°��́�¢jµ�nµ�oµ�Á�̧¥�­µ¤µ¦�¨��Îµ�ª�¢jµ�nµ¨�­µ¥­n�Ã�¥�¦�Å�o���
Â�n�́Ê��̧Ê�oµ¢jµ�nµ�¸ÉÄ� ö­µ¥­n�¤µ�Ç��È¥´���­n��¨�¦³��Ä®oÁ�·�Â¦��´�Á®�¸É¥ª�Îµ¤µ��¹Ê�Á�n�Á�·¤ 

®¨µ¥­¤¤»�·�µ��ÎµÄ®o�µ¦�Îµ�ª�Â¦��´�Á®�̧É¥ª�Îµ�nµ¥�¹Ê��Ã�¥­¤¤»�·Ä®o��µ��°�®�oµ�´�
­µ¥­n�Á È̈�¤µ�Á¤ºÉ°Á�̧¥��́��ªµ¤¥µª� º̈É��µ�Å¢¢jµ�Â¨³Ä®o�¨¦ª¤�°��¦³Â­�́Ê�®¤���­µ¥­n�
Á�nµ�́�«¼�¥r��´��´Ê�Á¦µ�¹�¡·�µ¦�µÁ¡¸¥��¦³Â­�°�­µ¥­n�Á�nµ�́Ê�Å¤n�·��¦³Â­�°�­µ¥°µ�µ«�­»��oµ¥



 

�� 

­¤¤»�·Ä®o�n°� Î̈µ¢jµ�nµ�¦�Â¨³�´Ê��µ��́�¡ºÊ��·���´Ê�­µ¤­¤¤»�·�µ��̧Ê�nª¥Ä®o�nµ¥�n°�µ¦�Îµ�ª�®µ�nµ
­�µ¤Â¤nÁ® È̈�Â¨³�nµ­�µ¤Å¢¢jµ�­µ¤µ¦��Îµ�µ¥�nµÅ�oÂ¤n�¥Îµ¥·É��¹Ê��oª¥ 

­Îµ®¦´�¢jµ�nµ£µ¥Ä�����·Ã¨Á¤�¦�µ�­µ¥­n��­nª��¦³�°�Â�ª�´Ê��°�­�µ¤Å¢¢jµÂ¨³
Â�ª�°��°�­�µ¤Â¤nÁ® È̈�Á�}��´ª­Îµ�´��̧É�ÎµÄ®oÁ�·�Â¦��´�Á�·���­µ¥­n��Ä��e���«������ Rusck�
Å�oÁ�¦¸¥¤Â���Îµ¨°�Á�ºÉ°¤�n°°¥nµ��nµ¥�(Simplified coupling model) �¦³¤µ��nµ¥°��°�Â¦��´�
Á®�̧É¥ª�Îµ­µ¥­n�Ä� ö�́��ÎµÂ®�n�¢jµ�nµ�̧É­»��Ã�¥­¤¤»�·Ä®o�ªµ¤Á¦Èª�°� Î̈µ¢jµ�nµ¥o°��΅�¤̧
�nµ�¦³¤µ�����x108 Á¤�¦�n°ª·�µ�̧ Å�o�µ¤­¤�µ¦�¸É����´��¸Ê 

    
y
Ih8.38Vmax       (13) 

Á¤ºÉ° I  �º° �¦³Â­¢jµ�nµ���·Ã¨Â°¤�m� 
 h �ªµ¤­¼��°�­µ¥�´ª�Îµ�µ�¡ºÊ��·� �Á¤�¦�  

  y  ¦³¥³�µ�Ä� ö�¸É­»�¦³®ªnµ��ÎµÂ®�n�¢jµ�nµ�́�­µ¥­n� �Á¤�¦� 

Â���Îµ¨°�°¥nµ��nµ¥�̧ÊÅ�o¤µ�µ��¨�µ¦��­°��°��µ¦«¹�¬µ¢jµ�nµ�oª¥ Rocket-triggered�
­·É�­Îµ�´�Á�̧É¥ª�́��µ¦ªµ�Å¢Á®�̧É¥ª�ÎµÁ�ºÉ°��µ�¢jµ�nµ�oµ�Á�̧¥�­¦»�Å�o��º° 

-�Â¦��´��CFO �°� ¼̈��oª¥�̧É¤̧�nµ¤µ��ªnµ������·Ã¨Ãª¨�r��j°��́��µ¦ªµ�Å¢Á®�̧É¥ª�ÎµÅ�o
�́Ê�®¤� 

-��¨�°�­µ¥�¸¨�r�³�nª¥¨�¦³�´�Â¦��´��� ¼̈��oª¥���-��% �¹Ê�°¥¼n�́�΅�¬�³�°�­µ¥­n� 
-��µ¦�·��´Ê�°³Á¦­Á�°¦r�»��nª�Á­µ­µ¤µ¦��¦´��¦»�­¤¦¦��³�µ¦ªµ�Å¢Á®�¸É¥ª�Îµ­Îµ®¦´���

­µ¥­n�¦³���Îµ®�nµ¥Å�o�´Ê�®¤��Â�nÅ¤nÂ�³�Îµª·�̧�̧ÊÁ¡¦µ³¦³¥³�µ¦�·��´Ê�°³Á¦­Á�°¦r¤́�Ä�o�Ã�¥
�Îµ�¹��¹��µ¦�¦´��¦»�­¤¦¦��³�µ¦ªµ�Å¢�°�¢jµ�nµÃ�¥�¦�¤µ��ªnµ 

 
4) �µ¦ªµ�Å¢�¨µ��nª�Á­µ­n��(Midspan Flashover) 

Wagner and Hileman Å�o«¹�¬µ�¹��µ¦Á­¸¥­£µ¡�́�¡΅��̧ÊÄ��e���«�������µ¦ªµ�Å¢�¨µ�
�nª�Á­µ­n�Á�·��¹Ê�Á¤ºÉ°¦³¥³�°��´ª�Îµ�¨µ��nª�Á­µ¤̧��µ�Á È̈�°¥nµ�­µ¥­n�¦³���Îµ®�nµ¥�®¦º°�nª�
Á­µ�̧É¥µª¤µ��(304.8 Á¤�¦®¦º°¤µ��ªnµ��Â¦��´����́ª�ÎµÁ�}�Å��µ¤­¤�µ¦�°��ªµ¤ ö¤Á®¨ªÄ�
�µ¦�¸¨�r�Â�n�oµÂ¦��´�Á¡·É¤�¹Ê��¹�������·Ã¨Ãª¨�r�n°Á¤�¦Ä��n°�°µ�µ«�°�­µ¥�´ª�ÎµÁ�}�Áª¨µ�µ��
�µ¦Á­¸¥­£µ¡�́�¡΅��³Á�·��¹Ê�°¥nµ��oµÇ��­¤�¼¦�r�Ã�¥Ä�oÁª¨µ®¨µ¥Å¤Ã�¦ª·�µ�¸Å�o� 
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�µ¦�Îµ�ª�­¤¦¦��³¢jµ�nµ�µ¦ªµ�Å¢�µ¤�·ª¥o°��¨´��oª¥ª·�¸�A Simplified Two-Point Method  

ª·�̧�µ¦�̧ÊÁ�}��µ¦�Îµ�ª��¸É�¼�¡´��µ�¹Ê�Ä��Chapter 12, EPRI Transmission line reference 
book 345 kV and above Á¡ºÉ°Á�}�Â�ª�µ��nª¥Ä®oÅ�o�nµ­¤¦¦��³¢jµ�nµ�̧É­µ¤µ¦��ÎµÅ�Ä�o�µ�Å�o�
Ã�¥¤̧Â�ª�·�­¦»�Å�o�´��̧Ê��EPRI Reference book, ����� 

1. Ä�o¦¼�¦nµ�� º̈É�Á¡¸¥�Â��Á�̧¥ªÁ�nµ�́Ê�Ä��µ¦�Îµ�ª��Á�ºÉ°��µ��nµ¥°��°��¦³Â­¢jµ�nµ
Â¨³Áª¨µ®�oµ� º̈É�¤̧�ªµ¤�nµ�³Á�}�Â���nµ��́���́Ê�¥´�­n��¨�n°°́�¦µÁª¨µ�¹Ê�­¼n�nµ¥°�Á¤ºÉ°�Îµ¨°�
¦¼�¦nµ�� º̈É�Â���Ramp function �µ¦�́��°�ª��¦Á�ºÉ°��µ�¢jµ�nµÂ���µ¦ªµ�Å¢�µ¤�·ª¥o°��΅��¹É�
¤̧��µ��°��¦³Â­­¼��ªnµ�����·Ã¨Â°¤�m�¡�ªnµÁª¨µ®�oµ� º̈É��̧ÉÅ�o°¥¼nÄ��nª�����-����Å¤Ã�¦ª·�µ�¸
Â­��Å�o�´�£µ¡�̧É����°��µ��¸Ê£µ¡�¸É�� Á�}��¦µ¢Â¦��´�-Áª¨µ�¥´�Â­��Å�o°̧�ªnµÁª¨µ®�oµ� º̈É��̧É
Á¦Èª�¹Ê�­n��¨�¦³���o°¥�Á¡¦µ³�ªµ¤�����µ���ª��°� ¼̈��oª¥­¼��¹Ê��µ¤Å��oª¥��´��́Ê�ª·�̧�µ¦�¸Ê
�¹�Á º̈°�¦¼�¦nµ�� º̈É�¤µ�¦�µ�Á�}�Â���Ramp function��¸ÉÁª¨µ®�oµ� º̈É����Å¤Ã�¦ª·�µ�̧ 
 

 

£µ¡�¸É�18���ªµ¤­´¤¡´��r¦³®ªnµ��nµ¥°��¦³Â­¢jµ�nµ, Áª¨µ®�oµ� º̈É�, °́�¦µÁª¨µ�¹Ê�­¼n�nµ¥°��°�
 ���¦¼�¦nµ�� º̈É�Â���Ramp function 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 



 

�� 

 

£µ¡�¸É������¨�¦³���°�Â¦��´��� ¼̈��oª¥Á�ºÉ°��µ�¢jµ�nµ�¸É¤̧Áª¨µ®�oµ� º̈É��nµ��́�Â�n��µ�Á�nµ�́� 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 

 

2. � º̈É�­³�o°��µ�Á­µ�oµ�Á�¸¥��¼��Îµ¤µ�·�¦ª¤�oª¥�Á¡¦µ³�nª¥¨�Â¦��´��¸É�oµ���Á­µ­n�
Â¨³¨�°́�¦µ�µ¦Á�·�ªµ�Å¢�°�­µ¥­n��Â�n� º̈É�­³�o°��¸Ê�¼�¨��°���µ��µ��¦³Â­Ã�Ã¦�µ Â¨³
�ªµ¤Á¦ÈªÄ��µ¦Â¡¦n�¦³�µ¥�oµ¨�Á�ºÉ°��µ��ªµ¤�oµ��µ� �¨�°�Ã�Ã¦�µ��ÎµÄ®o�ªµ¤Á¦Èª¨�¨�
Á® º̈°���� Á�nµ�°��ªµ¤Á¦ÈªÂ­��(300 Á¤�¦�n°Å¤Ã�¦ª·�µ�̧���oµ¦³¥³¦³®ªnµ��nª�Á­µ�o°¥� º̈É�
­³�o°��¸Ê�³®́� öµ�Â¦��´�¢jµ�nµ�n°�Á¡·É¤�¹��nµ¥°�Å�o���nµ�°�� º̈É�­³�o°�Á�}�Å��µ¤­¤�µ¦�¸É�� 
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Á¤ºÉ° VT(to)  �º° �¨¦ª¤� º̈É�Â¦��́�­³�o°��µ�Á­µ�oµ�Á�¸¥��̧É�oµ���Á­µ­n���������������
   ��Áª¨µ¥°�� º̈É�; to (�·Ã¨Ãª¨�r� 
 VT(to)  Â¦��´��nµ¥°��¸É�oµ���Á­µ­n��¸ÉÁª¨µ�to�Ã�¥Å¤n¤̧�¨Â¦��́� 
   ­³�o°��µ�Á­µ�oµ�Á�̧¥� (�·Ã¨Ãª¨�r� 
 �S  Áª¨µÁ�·��µ�� º̈É��¹�Á­µ�oµ�Á�̧¥�Â¨³¥o°��΅� �Å¤Ã�¦ª·�µ�̧�
 ZS  Á­·¦r�°·¤¡¸Â���r�°�­µ¥�̧¨�r�(Ã°®r¤�  

  KS  �´ª�¼�¨��°���­¤¤»�·Ä®oÁ�}��������oµÅ¤n¤̧�o°¤¼¨Ä�Ç�̧É®µÅ�o� 
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3. �¦µ¢Â¦��´�-Áª¨µ�Îµ¤µÄ�oÁ¡¸¥�­°��»�Á�nµ�́Ê��µ¤£µ¡�̧É����¹É�Â­��� º̈É��¦³Â­¢jµ�nµ
¤µ�¦�µ�Â¨³�»��A, B �̧É�Îµ¤µ�Îµ�ª�®µÂ¦��´��¦n°¤����ª� ¼̈��oª¥���»��̧É¤̧�nµ�¦³Â­¢jµ�nµ�ÉÎµ
�ªnµÄ�o�Îµ�ª�®µ�µ¦ªµ�Å¢�µ¤�·ª°̧��¦´Ê���µ¦ªµ�Å¢�µ¤�·ª�¸ÉÁª¨µ¤µ��ªnµ���Å¤Ã�¦ª·�µ�¸������������
Ä®o­¤¤»�·ªnµÅ¤nÁ�·��¹Ê��n°¥�́��Á¡¦µ³�¦µ¢Â¦��´�-Áª¨µ�̧ÉÁª¨µ�¸Ê¤̧¦³�´��n°��oµ�¦µ�Á¦¸¥�Á­¤°�́� 
®¦º°°µ��³Ä�o�́Ê�­°��»� A, B Á¡ºÉ°�¦ª�­°��ªµ¤Á�o��°�Â¦��´��̧ÉÁ�·��� ¼̈��oª¥�ÈÅ�o 

 

£µ¡�¸É������¦³Â­¢jµ�nµÂ���Ramp function �¸ÉÄ�oÁ¡ºÉ°�Îµ�ª�Â¦��´��°� ¼̈��oª¥Á¡¸¥�­°��»� 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 

4. ¢jµ�nµ Î̈µ�´�®΅�Å¤n�Îµ¤µ�·��Á�ºÉ°��µ��µ¦ª·Á�¦µ³®rÁ�̧É¥ª�o°��́��ªµ¤¦»�Â¦��°�
Â¦��´��¦n°¤��ª� ¼̈��oª¥�¢jµ�nµ Î̈µ�́�®΅�¤̧�ªµ¤¦»�Â¦�Å¤nÁ�nµ¢jµ�nµ Î̈µ�́�Â¦�Ä��µ¦Á�·�¢jµ�nµ����������
Â�n¨³�¦´Ê��Áª¨µ�¸ÉÁ�·��¹Ê�¤̧�nµ­´Ê��ªnµ�¹�Â¤oÂ¦��́��¦n°¤ ¼̈��oª¥­¼���ÎµÄ®o��ª� ¼̈��oª¥­µ¤µ¦�����
�n°Â¦��´��̧ÊÅ�o 

5. �µ¦Á º̈°�Áª¨µ�¸É��, 6 Å¤Ã�¦ª·�µ�̧ �ÎµÄ®o­¤�µ¦Â¦��´��¼�nµ¥�¹Ê��Ã�¥Ä®o��to Á�nµ�́���������������������
�Å¤Ã�¦ª·�µ�̧�(�»��A Ä�£µ¡�¸É����Â¨³Å¤n�·��¨­³�o°��΅��µ�Á­µ�oµ�Á�¸¥���´��́Ê�Â¦��´��oµ���
Á­µ­n��̧É¥°�� º̈É�Á�}�Å��µ¤­¤�µ¦�¸É�� 
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Á¤ºÉ° (VT)2  �º° ��µ�Â¦��´��oµ���Á­µ­n��̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧­Îµ®¦´��¦³Â­

    ¢jµ�nµ�̧É¤̧¥°�� º̈É��̧É���Å¤Ã�¦ª·�µ�¸�(�·Ã¨Ãª¨�r� 
 ZI�  intrinsic circuit impedance �¸É�Îµ�¦³Â­¢jµ�nµ��³�́Ê�¤µ®µ���������������

    ª��¦­¤¤¼¨�µ¤£µ¡�̧É����Ã°®r¤�������������� 
 ZW�  constant wave impedance �°�� º̈É��¦³Â­¢jµ�nµ�́Ê�®¤��¸É 

    Á� º̈É°��̧É�ÎµÄ®oÁ�·�Â¦��´��oµ���Á­µ­n���Ã°®r¤� 
 ZT  Á­·¦r�°·¤¡¸Â���r�°�Á­µ­n��(Ã°®r¤�  
 ZS  Á­·¦r�°·¤¡¸Â���r�°�­µ¥�̧¨�r�(Ã°®r¤� 
 R  �ªµ¤�oµ��µ��̧É�µ��°�Á­µ­n��(Ã°®r¤�  
 T�  Áª¨µÄ��µ¦Á� º̈É°��̧É�µ��oµ����¹��µ��°�Á­µ­n��®µÅ�oÃ�¥Ä�o

    �ªµ¤­¼��°�Á­µ®µ¦�oª¥�ªµ¤Á¦ÈªÂ­������Á¤�¦�n°Å¤Ã�¦ª·�µ�̧ 
   (Å¤Ã�¦ª·�µ�̧� 
 I���  ��µ��¦³Â­¢jµ�nµÁ�nµ�́����P.U.���������� 
   �nµ���̧É�µ¦®�nª��(Damping constant)� 
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£µ¡�¸É�����°��r�¦³�°�¡ºÊ��µ�Ä��µ¦�Îµ�ª�®µÂ¦��´��°���ª� ¼̈��oª¥ 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 
 ��µ�Â¦��´��°��ªµ¤�oµ��µ��¸É�µ�Á­µÁ�}�Å��µ¤­¤�µ¦�̧É�� 
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Á¤ºÉ° (VR)2  �º° ��µ�Â¦��´��¦n°¤�ªµ¤�oµ��µ��̧É�µ�Á­µ­n��̧ÉÁª¨µ����T��
    Å¤Ã�¦ª·�µ�̧­Îµ®¦´��¦³Â­¢jµ�nµ�¸É¤̧¥°�� º̈É��¸É���Å¤Ã�¦ª·�µ�̧ 

   (�·Ã¨Ãª¨�r� 
 R   ­´¤�¦³­·��·Í®́�Á®�°�Â¦��´���Voltage refraction coefficient) 

 
 �µ�­¤�µ¦�̧É���Â¦��´�­³�o°��µ�Á­µ­n��oµ�Á�¸¥��¸ÉÁª¨µ��Å¤Ã�¦ª·�µ�̧ ��·�Ä��¦�¸�¸ÉÁª¨µ
Á�·��µ��°�� º̈É��¹�Á­µ�oµ�Á�¸¥�Â¨³¥o°��΅��o°¥�ªnµ���Å¤Ã�¦ª·�µ�̧; �S���S) ­µ¤µ�Á�¸¥�Å�o
Ä®¤n�µ¤­¤�µ¦�̧É�� 
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Á¤ºÉ° (VT)2  �º° �¨¦ª¤� º̈É�Â¦��́�­³�o°��µ�Á­µ�oµ�Á�¸¥��̧É�oµ���Á­µ­n���������������
   �̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧ (�·Ã¨Ãª¨�r� 

�oµ�S  1 S  �³Å¤n¤̧Â¦��´�­³�o°��°�Á­µ�oµ�Á�¸¥�¤µ�¸ÉÁª¨µ���Å¤Ã�¦ª·�µ�¸��´��́Ê�
Â¦��´�¦ª¤�́Ê�®¤��̧É�oµ���Á­µ­n��¹�Å�o�µ¤­¤�µ¦�¸É�� 

   2T2T2T )V()V()V(     ���� 

Á¤ºÉ° 2T )V(   �º° ��µ�Â¦��´�¦ª¤�́Ê�®¤��¸É�oµ���Á­µ­n� (�·Ã¨Ãª¨�r� 

­Îµ®¦´�Â¦��´��̧É�Crossarm °́��´� n Á¤ºÉ°Áª¨µ���Å¤Ã�¦ª·�µ�¸�­µ¤µ¦�®µÅ�o�oª¥ª·�̧�
Interpolation �´�­¤�µ¦�̧É�� 
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  (19) 

Á¤ºÉ° (Vpn)2  �º° ��µ�Â¦��´��̧É Crossarm °́��´��n (�·Ã¨Ãª¨�r� 
 pn�  Áª¨µÄ��µ¦Á� º̈É°��̧É�µ��oµ����¹��Crossarm n��°�Á­µ­n�� 

    (Å¤Ã�¦ª·�µ�̧� 

Â¦��´�Á­·¦r��¦n°¤�»� ¼̈��oª¥Á¢­�n �̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧��º°��¨�nµ��°�Â¦��́�Á­·¦r��¸É�
Crossarm °́��́� n�Â¨³Â¦��´�Á­·¦r��°�­µ¥�́ª�ÎµÁ¢­��́�­¤�µ¦�̧É�� 

  2Tn2pn2sn )V(K)V()V(      ���� 

Á¤ºÉ° (Vsn)2  �º° ��µ�Â¦��´��¦n°¤�»� ¼̈��oª¥Á¢­�n �̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧ 
   (�·Ã¨Ãª¨�r� 
 Kn  �´ª�¦³�°��µ¦Á�ºÉ°¤�n°��Coupling factor) 

®΅��µ�� º̈É��¦³Â­¢jµ�nµ�nµ¥°�Å®¨�nµ�Å�Â öª��nµ�nµ�ÇÄ�­nª��°�Á­µ­n�Å¤n�Îµ¤µÄ�o�
Á­·¦r�°·¤¡¸Â���r�°�Á­µ­n��¹�Å¤n¤̧�¨�¦³��Ä�Áª¨µ�́�¤µ��ÎµÄ®oÂ¦��´�Ä�Áª¨µ�̧É���Å¤Ã�¦ª·�µ�¸�
Á�}�Å��µ¤­¤�µ¦�¸É����´��¸Ê 
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Á¤ºÉ° (VT)6  �º° ��µ�Â¦��´��oµ���Á­µ­n��̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧­Îµ®¦´��¦³Â­
    ¢jµ�nµ�̧É¤̧¥°�� º̈É��̧É���Å¤Ã�¦ª·�µ�¸�(�·Ã¨Ãª¨�r� 

 (VR)6    ��µ�Â¦��´��¦n°¤�ªµ¤�oµ��µ��̧É�µ�Á­µ­n��̧ÉÁª¨µ����T��
    Å¤Ã�¦ª·�µ�̧�(�·Ã¨Ãª¨�r� 

 (Vpn)6    ��µ�Â¦��´��̧É Crossarm °́��´��n (�·Ã¨Ãª¨�r� 

�¨�¦³���µ�Á­µ�oµ�Á�¸¥�Å¤n¤̧�¨�oª¥Á�n��́��̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧�­Îµ®¦´�ª·�̧�µ¦�̧Ê�³�·�
�µ¦­³�o°��¦´Ê�Â¦�Á�nµ�´Ê���´��́Ê��¹�Å�o�nµÂ¦��́�­³�o°��oµ����°�Á­µ­n��µ¤­¤�µ¦�̧É���Â¨³
Â¦��´��¦n°¤�»� ¼̈��oª¥Á¢­�n �µ¤­¤�µ¦�¸É�� 
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Á¤ºÉ° (VT)6  �º° �¨¦ª¤� º̈É�Â¦��́�­³�o°��́Ê�®¤��¸É�oµ���Á­µ­n�Á¤ºÉ°Áª¨µ��������������������������������
   ��Å¤Ã�¦ª·�µ�̧ (�·Ã¨Ãª¨�r� 
  (Vsn)6  ��µ�Â¦��´��¦n°¤�»� ¼̈��oª¥Á¢­�n �̧ÉÁª¨µ���Å¤Ã�¦ª·�µ�̧  
   (�·Ã¨Ãª¨�r� 
 
�µ�£µ¡�̧É����nµ�ªµ¤����Å�°·Á È̈��¦·��(Dielectric strength) �°��»� ¼̈��oª¥�̧ÉÁª¨µ���������������������

�, 6Å¤Ã�¦ª·�µ�̧�­µ¤µ¦�®µÅ�o�´�­¤�µ¦�̧É���, 25 �µ¤ Î̈µ�´� 

   W820)V( 2I       ����  

   W585)V( 6I       ���� 

Á¤ºÉ° (VI)2  �º° �ªµ¤�����n°�µ¦ªµ�Å¢�µ¤�·ª�°���ª� ¼̈��oª¥�¸ÉÁª¨µ 
   ��Å¤Ã�¦ª·�µ�̧�(�·Ã¨Ãª¨�r� 
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 (VI)6  �º° �ªµ¤�����n°�µ¦ªµ�Å¢�µ¤�·ª�°���ª� ¼̈��oª¥�¸ÉÁª¨µ 
   ��Å¤Ã�¦ª·�µ�̧�(�·Ã¨Ãª¨�r� 
 W  �ªµ¤¥µª�°���ª� ¼̈��oª¥��Á¤�¦� 
 

 
 

£µ¡�¸É�22���¦µ¢Â¦��´�-Áª¨µ­Îµ®¦´��µ¦ªµ�Å¢�µ¤�·ª�°���ª� ¼̈��oª¥��CIGRE) 
�̧É¤µ: EPRI Transmission line reference book 345 kV and above (1987) 
 

­Îµ®¦´��nµ�¦³Â­ª·�§�·�̧É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Á¢­�n �̧ÉÁª¨µ��, 6
Å¤Ã�¦ª·�µ�̧��·�Å�o�µ�­¤�µ¦�̧É��, 27 �´��̧Ê�(Å¤n�·�¦ª¤Â¦��́��̧É�ªµ¤�̧É�Îµ΅�� 
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Á¤ºÉ° (Icn)2  �º° �¦³Â­ª·�§�·�¸É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Á¢­�n�Á¤ºÉ°
    Áª¨µ���Å¤Ã�¦ª·�µ�̧���·Ã¨Â°¤�m������������������������������� 

 (Icn)6    �¦³Â­ª·�§�·�¸É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Á¢­�n�Á¤ºÉ°
    Áª¨µ���Å¤Ã�¦ª·�µ�̧���·Ã¨Â°¤�m������������������������������� 



 

�� 

 
6. �µ¦ª·Á�¦µ³®rÃ�¥�´ÉªÅ��°��¨�¦³���µ��ªµ¤�̧É�Îµ΅���³¦ª¤Å��¹�Â¦��´��ªµ¤�̧É

�Îµ΅��̧É¤̧Á¢­Â���nµ��́��ÎµÄ®oÁ�·��µ¦�´�°°��°�ª��¦�(Tripouts) Â¨³��µ�Â¦��´��ªµ¤�̧É�Îµ΅�
��³�́Ê��¹É�¤̧­nª��nª¥Á¡·É¤�¨�µ¦�´�°°��°�ª��¦�́Ê�®¤� Á¤ºÉ°�Îµ�nµÄ�­¤�µ¦�¸É26, 27 ¤µÄ�o�µ��
�ÎµÄ®o�¦³Â­ª·�§�·Ä®¤nÁ¤ºÉ°�Îµ�¹��¹��ªµ¤�̧É�Îµ΅�Á�}�Å��µ¤­¤�µ¦�̧É��, 29 

  2cn
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    (28) 

  6cn
6sn

nnon
6cn )I(

)V(
)sin(VW585)I( 






 


    (29) 

Á¤ºÉ° (Icn)2  �º° �¦³Â­ª·�§�·�¸É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Á¢­�n�Á¤ºÉ°
   Áª¨µ���Å¤Ã�¦ª·�µ�̧Ã�¥�·�Â¦��´��ªµ¤�̧É�Îµ΅����·Ã¨Â°¤�m������� 
 (Icn)6    �¦³Â­ª·�§�·�¸É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Á¢­�n�Á¤ºÉ°
   Áª¨µ���Å¤Ã�¦ª·�µ�̧Ã�¥�·�Â¦��´��ªµ¤�̧É�Îµ΅����·Ã¨Â°¤�m������� 
  Von    ��µ�Â¦��´��nµ¥°��µ�­µ¥Á¢­�n �¹�¡ºÊ��·� (�·Ã¨Ãª¨�r� 
 n  ¤»¤�°�Â¦��´�Á¢­�n��³�́�¡΅� (Instantaneous voltage angle) 
  n   ¤»¤Á¢­�°�Â¦��́�Á¢­�n (0, -120, +120) 
 
7. �ªµ¤�nµ�³Á�}�Ä��µ¦ªµ�Å¢�µ¤�·ª®µÅ�oÃ�¥�¦��µ��¦µ¢�ªµ¤�nµ�³Á�}��°�¢jµ�nµ

Á¤ºÉ°Å�o�nµ�¦³Â­¢jµ�nµª·�§�·�µ��o°���nµ�ªµ¤�nµ�³Á�}��¦³Â­¢jµ�nµ�µ¤¦¼��̧É15�Â¨³�Îµ�ª�¢jµ�nµ�̧É
Á�oµ¤µÄ�­µ¥­n���́��́Ê��Îµ�ª��µ¦ªµ�Å¢�µ¤�·ª¥o°��΅��¹�®µÅ�o�µ��¨�¼��°��´Ê�­µ¤�nµ�Ã�¥Ä®o
¤̧®�nª¥Á�}��¦´Ê��n°�����Å¤ r̈�n°�e®¦º°�¦´Ê��n°������·Ã¨Á¤�¦�n°�e 
 

� 
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�µ¦®µ­¤¦¦��³¢jµ�nµ�°��ªµ¤¨o¤Á®¨ªÄ��µ¦�̧¨�r  

�µ¦ªµ�Å¢Á�ºÉ°��µ��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�r�Ä�oÂ���Îµ¨°�Á¦�µ��·�Á¡ºÉ°®µ¦³¥³­»��oµ¥
­¼n�´ª�Îµ�°��¦³Â­¢jµ�nµ�(Final leader step) �µ¤£µ¡�̧É���Ã�¥�́ÉªÅ�­�µ¤Å¢¢jµÁ�¦Á�¸¥��r(Electric 
field gradient) ¦°�Ç��´ª�Îµ¤́�¤̧�nµ­¼��ªnµ¦³�´�¡ºÊ��·���ÎµÄ®o rc��rg�Á­¤°�­Îµ®¦´�ª��¨¤¦´«¤̧�rc�¤̧
«¼�¥r�¨µ��¸É­µ¥�´ª�ÎµÁ¢­,­µ¥�̧¨�r�Â¨³Á­o�Â�ª�°��¼��Îµ®��Á�}�¦³¥³�µ��rg��°�¡ºÊ��·������������������
�oµ¢jµ�nµ¨�Ä�Ã�o��A,B �³�nµ¨�­¼n­µ¥Á¢­�¹É�¤̧¦³¥³Á�}��DC�¦³¥³�̧Ê�³¨�¨�Á¤ºÉ°�¦³Â­Á¡·É¤�¹Ê����������������
�̧É�¦³Â­­¼�­»��nµ®�¹É��̧É�ÎµÄ®o DC�= 0 Â¨³�¦³Â­�ÉÎµ­»��nµ®�¹É��̧É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°�
��ª� ¼̈��oª¥Á�}��nµ�¦³Â­ª·�§�·��Á¤ºÉ°°·��·Á�¦��nµ��¦³Â­­°��nµ�̧Ê�Á¦µ�È�³Å�o°́�¦µ�µ¦ªµ�Å¢
Á�ºÉ°��µ��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�rÁ�}��´�­¤�µ¦�̧É30 (IEEE Standard 1243, 1997) 

 

£µ¡�¸É�����¦³¥³­»��oµ¥Á�oµ­¼n­µ¥�´ª�ÎµÄ�Â���Îµ¨°�Á¦�µ��·� 
�̧É¤µ: IEEE Standard 1243-1997 

   dI)I(f)I(DLN2SFFOR
max

C

II

II
1Cg 





   (30)  

Á¤ºÉ° SFFOR ��º° �Îµ�ª��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�r���¦´Ê��n°�����·Ã¨Á¤�¦�n°�e�
  Ng  �Îµ�ª�¢jµ�nµ¨��·�; GFD  (�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� 

 L  �ªµ¤¥µª�°�­µ¥­n��(�·Ã¨Á¤�¦� 
 DC(I)  ¦³¥³�̧ÉÁ�·��ªµ¤ ö¤Á®¨ªÄ��µ¦�¸¨�r�°��¦³Â­¢jµ�nµ�(Á¤�¦� 
 f1(I)  �ªµ¤®�µÂ�n��°��ªµ¤�nµ�³Á�}�­Îµ®¦´��¦³Â­¢jµ�nµ���������������

    Î̈µ�́�Â¦� 
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 IC  �¦³Â­¢jµ�nµª·�§�·�ÉÎµ­»��̧É�ÎµÄ®oÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� 
   ��ª� ¼̈��oª¥ (�·Ã¨Â°¤�m� 
 Imax  �¦³Â­¢jµ�nµ­¼�­»��̧É�ÎµÄ®o¦³¥³ DC(I)=0 (�·Ã¨Â°¤�m� 
 
­Îµ®¦´��¦³Â­¢jµ�nµª·�§�·­µ¤µ¦�®µ�nµÅ�o�µ¤­¤�µ¦�¸É���Â¨³Á­·¦r�°·¤¡¸Â���r�°��������������

­µ¥�´ª�Îµ�¹É��·��¨�µ�Ã�Ã¦�µÁ�}�Å��µ¤­¤�µ¦�¸É��  

   
CR
h2ln

r
h2ln60Z      (31) 

Á¤ºÉ° Z  �º° Á­·¦r�°·¤¡¸Â���r�°�­µ¥�́ª�Îµ�̧É¤̧�¨�µ�Ã�Ã¦�µ (Ã°®r¤� 
 h �ªµ¤­¼�Á�¨̧É¥�°�­µ¥�´ª�Îµ�µ�¡ºÊ��·���Á¤�¦� 

  r ¦´«¤̧�°�­µ¥�´ª�Îµ��Á¤�¦� 
 RC ¦´«¤̧Ã�Ã¦�µ�°�­µ¥�´ª�Îµ�¸É­�µ¤Å¢¢jµÁ�¦Á�̧¥��r�������·Ã¨Ãª¨�r 
  �n°Á¤�¦��Á¤�¦� 

Â¨³­Îµ®¦´��ªµ¤®�µÂ�n��°��ªµ¤�nµ�³Á�}��°��¦³Â­¢jµ�nµ Î̈µ�́�Â¦� ­µ¤µ¦�®µÅ�o
�µ��µ¦�¦³�µ¥Â���log-normal Ä�¦¼��°�¢{��´��r�µ¤­¤�µ¦�̧É�� 
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  33.1kA1.61IkA20I ln      (32A) 

  605.0kA3.33IkA20I ln     (32B) 

Á¤ºÉ° ln �º° �ªµ¤Á�̧É¥�Á��¤µ�¦�µ�Â���log 
 I  �nµ�¨µ��°��¦³Â­¢jµ�nµ�(�·Ã¨Â°¤�m� 
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�µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ�°�­µ¥­n��¸É¤̧°¥¼n  

�{�®µÄ��µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ�°�­µ¥­n�Å¢¢jµ�Îµ΅��̧É¤̧°¥¼n�­·É�Â¦�Ä��µ¦
ª·Á�¦µ³®r�º°�®µªnµ�´ªÂ�¦Ä��¸ÉÁ�¨̧É¥�Â�¨�Å�oÂ¨³�´ªÂ�¦Ä��̧ÉÁ�¨̧É¥�Â�¨�Å¤nÅ�o��´ªÂ�¦­Îµ�´��¸É
­n��¨�n°­¤¦¦��³¢jµ�nµ�Å�oÂ�n�£¼¤·�¦³Á�«Â¨³�µ¦�¸¨�r�µ¤�¦¦¤�µ�·�°�­µ¥­n��Á�ºÉ°�Å��°�����������
¼̈��oª¥�̧ÉÄ�o�µ���µ¦�¦µª�r�°�Ã�¦�­¦oµ�Á­µ­n���oµ�µ¦®µ�ªµ¤­´¤¡´��r�°��ªµ¤�´��o°��µ�Å¢¢jµ
Á�ºÉ°��µ�¢jµ�nµ­µ¤µ¦�¦³�»�ÎµÂ®�n�­nª��̧ÉÁ�}��{�®µÄ�­µ¥­n�Å�o��µ¦�¦´��¦»��³Å�o�¨�̧É¤̧
�¦³­·��·£µ¡�¸�ªnµ�µ¦�¦´��¦»�Â�oÅ��́Ê�®¤��¦ª¤�¹��ª¦Á¡·É¤�µ¦�¦ª�­°�¡ºÊ��̧ÉÄ�Á��Â�ª������������
­µ¥­n�� ¼̈��oª¥�Â¨³�µ¦�¦µª�rÁ­µ�oª¥��n°��Îµ�µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ (Chapter4 EPRI 
Handbook, 2004) 

�´Ê��°�®΅�Ä��µ¦ª·Á�¦µ³®rÂ¨³�¦´��¦»�­¤¦¦��³¢jµ�nµ�°�­µ¥­n�Å¢¢jµ�Îµ΅��̧É¤̧°¥¼n�����������
­µ¤µ¦�­¦»�Å�o�´��¸Ê 

1. ®µ­µÁ®�»�ªµ¤�´��o°��µ�Å¢¢jµ� 
1.1  ®µ�¦³ª́�·�ªµ¤�´��o°��µ�Å¢¢jµÁ�ºÉ°��µ�¢jµ�nµÃ�¥Ä�o�o°¤¼¨�̧É¤̧�µ¦�´��¹� 
���������µ�®�nª¥�µ� 
1.2  Á�¦¸¥�Á�̧¥�­¤¦¦��³¢jµ�nµ�́��nµÁ�¨̧É¥�°�­µ¥­n��́Ê�®¦º°¤µ�¦�µ� 
1.3 �¦³�»�¨�°��ªµ¤�´��o°��µ�Å¢¢jµªnµÁ�}�Â��Ä�� 
 �-��­¦oµ��ªµ¤Á­¸¥®µ¥Ä®o°»��¦�r®΅�� 
 �-���ªµ¤�´��o°�Á�·��¹Ê�Á�}�Áª¨µ�µ�� 
 �-��Á�·��µ¦�Îµ�µ��´Éª��³�°�Á�¦�Á�°¦r 

2. ®µ��·�Â¨³�ÎµÂ®�n��ªµ¤�´��o°��µ�Å¢¢jµÁ�ºÉ°��µ�¢jµ�nµ 
2.1  ¡·­¼��rªnµ¢jµ�nµÁ�}�­µÁ®�»�ªµ¤�´��o°��¦·��oª¥ª·�̧ 
 �-��®µ�ªµ¤­´¤¡´��rÁ®�»�µ¦�r�́��o°�Â¨³Á®�»�µ¦�r¢jµ�nµ�µ��o°¤¼¨¦³���µ¦ 
 ������¦ª��́�¢jµ�nµ 
 �-��Ä�o�o°¤¼¨�́��¹�­£µ¡°µ�µ«�̧ÉÂ­��Ä®oÁ®È�ªnµ¤̧�µ¦Á�·�¡µ¥»Ä�¡ºÊ��̧É�̧É¤̧ 
������������Á®�»�µ¦�r�́��o°� 
2.2 �®µ�ÎµÂ®�n��¸ÉÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Ä�­µ¥­n��oª¥ª·�̧ 
 �-��Á�oµÅ��¦ª�­°�­µ¥­n� 
 �-���´��¹��o°¤¼¨�°�®�nª¥�µ��¸É�ÎµÁ�·��µ¦Â�oÅ�Á®�»�µ¦�r�´��o°� 
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  -  �o°¤¼¨ NLDN/FALLS Ä��¦�̧�¸É¤̧ 
  -  �o°¤¼¨�¸É�¼��́��¹��µ�¦¸Á¨¥r¦³¥³�µ�Â¨³Á�¦ºÉ°��́��¹�Á®�»�µ¦�r�¦³Â­�·�¡¦n°� 
 ����(fault) 

3. �Îµ�ª�­¤¦¦��³¢jµ�nµ�°�­µ¥­n��µ��o°¤¼¨�µ¦°°�Â���̧É®µÅ�o 
3.1 ��Îµ®���»�®¤µ¥�°�­¤¦¦��³¢jµ�nµ�¸É�o°��µ¦ªnµ�³Ä�oª·�̧�µ¦Â�oÅ��{�®µ®¦º° 
 �°°�Â��Ä®¤n�́Ê�­µ¥­n� 
3.2 �¦ª�¦ª¤�o°¤¼¨�̧É�ÎµÁ�}�Ä��µ¦�Îµ�ª�­¤¦¦��³¢jµ�nµ Å�oÂ�n 

- ��¦³ª´�·�µ¦Á�·�Á®�»�µ¦�r�´��o°� 
- ��o°¤¼¨¡ºÊ��µ�Ä��µ¦°°�Â�� 
- �Plan and Profile Â¨³Â���one line 
-  �o°¤¼¨�µ��µ¦�¦ª�­°�­µ¥­n� 
- ��µ¦Á�·��¼�µ¤Â�ª­µ¥­n�  
- �£¼¤·�¦³Á�«�Á�ºÉ°�Å��°�Á��Â�ª­µ¥­n� 
- �Á�ºÉ°�Å��°�°»��¦�r­nª��¦³�°�Ä�Á­µ­n� 
-  �µ¦�Îµ®���¦µª�r�¸ÉÄ�o�µ� 

3.3 �®µ¦¼�¦nµ�Â¨³£¼¤·�¦³Á�«�°�­µ¥­n� �oµ¤̧Â�n®�¹É�®¦º°­°�¦¼�Â���¦µ¥¨³Á°̧¥�Ä� 
�� ��µ¦�Îµ¨°��°�Á­µ�»��o��ÈÅ¤n�ÎµÁ�}��o°�Ä�o 
3.4 �¦³�»�nµ°́�¦µ�ªµ¤�´��o°��µ�Å¢¢jµ�̧ÉÁ�}�Á�jµ®¤µ¥ 
3.5 �¦³�»�o°�Îµ�́��°��o��»��̧ÉÄ�o 
3.6 ��oµ¤̧Ã�¦Â�¦¤�The Fault Analysis and Lightning Location System (FALLS)   
        ®µ� »̈n¤Á®�»�µ¦�r�´��o°��̧ÉÁ�·��¹Ê�Ä�­µ¥­n��oª¥ 
3.7 ��Îµ�ª�­¤¦¦��³¢jµ�nµ  

-  ®µªnµÁ®�»�µ¦�r�´��o°��µ��µ¦�Îµ�ª�Á�}�Â��Ä��Å�oÂ�n��ªµ¤ ö¤Á®¨ª�°� 
 �µ¦�¸¨�r��µ¦ªµ�Å¢�µ¤�·ª¥o°��΅���µ¦ªµ�Å¢Á®�̧É¥ª�Îµ�®¦º°Á�·��ªµ¤ 
���� �´��o°�®¨µ¥ª��¦ 
- � ®µªnµ�ÎµÂ®�n�Ä�Ä�­µ¥­n��¸ÉÁ®�»�µ¦�r�´��o°��µ��µ¦�Îµ�ª�Á�·�¤µ��¸É­»� 
-  Á®�»�µ¦�r�´��o°��µ��µ¦�Îµ�ª�Â¨³Á�·��¹Ê��¦·�Á®¤º°��́�®¦º°Å¤n 

4. ®µ�´ªÂ�¦�̧É¤̧�¨�¦³���n°­¤¦¦��³¢jµ�nµ�°�­µ¥­n� 
4.1 �Â­���µ¦ª·Á�¦µ³®r�´ªÂ�¦�̧É¤̧�¨�¦³���́�­µ¥­n�¤µ��̧É­»� 



 

�� 

5. �¦³Á¤·�ª·�̧�µ¦�¦´��¦»��̧É�ÎµÄ®oÁ�·��¨�¦³Ã¥��r¤µ��̧É­»���oª¥ª·�̧�µ¦�¦´��¦»���������������
�µ¦��ª���µ¦�¸¨�r��µ¦�¦µª�r�Â¨³�µ¦Á¡·É¤°³Á¦­Á�°¦r 
5.1 ¦³�»�µ�Á º̈°��̧ÉÁ�}�Å�Å�oÄ��µ¦�¦´��¦»� 
5.2 �Îµ�ª�­¤¦¦��³¢jµ�nµÄ®¤n�µ�Â�n¨³�µ�Á º̈°��̧É�¦´��¦»� 
5.3 Â­���µ¦ª·Á�¦µ³®r�¦³Ã¥��rÂ¨³�o��»��̧ÉÄ®o�¦³­·��·�¨¤µ��̧É­»� 
5.4 Á º̈°��µ�Á º̈°��̧É�ÎµÄ®o�µ¦�¦´��¦»�Á�·��¦³­·��·�¨¤µ��¸É­»��Â¨³¡·­¼��r�oª¥ªnµ

�µ�Á º̈°��̧Ê�³Å¤n­n��¨�¦³���́�¡ºÊ��̧É°ºÉ�Ä�¦³��Å¢¢jµ 
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Ã�¦Â�¦¤�TFlash Â¨³�Arcview GIS 

Ã�¦Â�¦¤�TFlash  

TFlash Á�}�Ã�¦Â�¦¤­Îµ®¦´�®µ�nµ­¤¦¦��³¢jµ�nµ�°�­µ¥­n�Å¢¢jµ�Îµ΅���¹É�¡´��µÃ�¥��
Electrical Power Research Institute (EPRI) Á¡ºÉ°ª·Á�¦µ³®r�¨�¦³���µ�¢jµ�nµ��­µ¥­n��®µ¡ºÊ��¸É�̧É
¤̧�{�®µ�Á�¦¸¥�Á�¸¥��¨®΅��µ¦Â�oÅ��{�®µ�oª¥�µ¦�¦´��¦»��ªµ¤�oµ��µ��¸É�µ�Á­µ��µ¦�¸¨�r�
�µ¦��ª� Â¨³�µ¦Ä�o°³Á¦­Á�°¦r�(Arresters) �´��́Ê��¹�­µ¤µ¦�ª·Á�¦µ³®r�nµ­¤¦¦��³¢jµ�nµÁ�·¤�°�
­µ¥­n��¸É¤̧°¥¼n�Á¡ºÉ°�Îµ®��ª·�̧�µ¦�¦´��¦»��nµ�̧ÊÄ®o�¸�¹Ê��Â¨³°°�Â��­µ¥­n�Ä®¤nÄ®o¤̧�µ¦�j°��́�
¢jµ�nµ�̧É�¦³®¥´�Å�o (TFlash Users' Guide, 2000) 

1. �o°¤¼¨�¸É�³�Îµ®��¨�Ä�Ã�¦Â�¦¤ 

-��µ¦�Îµ®���nµ�´ªÂ�¦¡ºÊ��µ��°�­µ¥­n��Å�oÂ�n�¦³�´�Â¦��́���nµ­�·�·�´ªÂ�¦¢jµ�nµ  
��΅�¬�³� º̈É�¢jµ�nµ�Â¨³�nµ�ªµ¤Â�È�Â¦��°��µ¦��ª�Ä�¦³��� 

 

£µ¡�¸É�����®�oµ�nµ��µ¦�Îµ®���́ªÂ�¦¡ºÊ��µ��°�­µ¥­n� 
�̧É¤µ: TFlash Users' Guide 
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-��µ¦�Îµ®���nµ�nµ�Ç��°�Á­µ­n�Â�n¨³�o��Å�oÂ�n�΅�¬�³£¼¤·�¦³Á�«�¦¼�¦nµ�Á­µ­n� �������������
 ����������µ¦�¦µª�r��ªµ¤®�µÂ�n�¢jµ�nµ��­µ¥Å¢��»� ¼̈��oª¥�Â¨³°³Á¦­Á�°¦r 

 

 

£µ¡�¸É�����®�oµ�nµ��µ¦�Îµ®���nµ�nµ�Ç��°�Â�n¨³Á­µ­n� 
�̧É¤µ: TFlash Users' Guide 
 

2. �´Ê��°��µ¦ª·Á�¦µ³®r�°�Ã�¦Â�¦¤  

 �µ¦�Îµ�ª�­¤¦¦��³�°�­µ¥­n��­Îµ®¦´�Ã�¦Â�¦¤�TFlash Ä�o®΅��µ¦ª·Á�¦µ³®r�oª¥
�µ¦Á� º̈É°��¸É�°�� º̈É�Á¡ºÉ°®µÂ¦��´��¦n°¤��ª�Â�n¨³Á¢­�Áª¨µ�°��µ¦�Îµ�ª�������������������
Â�n¨³�´Ê�Á�nµ�́������µÃ�ª·�µ�̧��¦³Â­¢jµ�nµ�¼��Îµ¨°��̧É®¨µ¥�ÎµÂ®�n��Ã�¥Ä®o�¦³Â­Â¨³
Â¦��´�Á�}�� º̈É�Á� º̈É°��̧ÉÅ���­µ¥�´ª�Îµ��¹É��¼�­³�o°��΅�¤µ�µ�Á­µ�oµ�Á�¸¥�Â¨³¦³��
�¦µª�r��oª¥ª·�̧�µ¦�̧Ê­µ¤µ¦�ª·Á�¦µ³®r�́�Ã�¦�­¦oµ��̧É�´��o°��­nª��¦³�°��¸ÉÅ¤nÁ�}�Á�·�
Á­o��°�°³Á¦­Á�°¦rÂ¨³��ª� ¼̈��oª¥Å�o� ­Îµ®¦´�Ã�¦Â�¦¤�̧ÊÄ�o®΅��µ¦�Îµ�ª��´Ê��IEEE 
Â¨³�CIGRE �¹É�Á�}�ª·�̧�µ¦�Îµ�ª�­¤¦¦��³¢jµ�nµ�°�­µ¥­n�Ä� Chapter 12, EPRI 
Transmission line reference book 345 kV and above�®µ�nµÂ¦��́�®΅��µ�Á�·�¢jµ�nµÁ�̧¥�
�́�¦¼�Â���µ¦Á�¦��µª�r�°� ¼̈��oª¥�­Îµ®¦´��TFlash Ä�o�nµ Coupling factor�= 0.7��� 
 



 

�� 

3. �nµ�́ªÂ�¦­µ¥­n��̧É¤̧�¨�́�­¤¦¦��³¢jµ�nµ   

3.1 ¦¼��¦��µ¦�́�ªµ��°�­µ¥�́ª�Îµ 

 �µ¦�́�ªµ��°�­µ¥�´ª�ÎµÁ�}��{��́¥­Îµ�´��̧É¤̧�¨�́�­¤¦¦��³¢jµ�nµ ��µ�Â¨³
�n°�ªnµ��°�­µ¥Á�}�­·É��̧ÉÂ­��ªnµ¢jµ�nµ¤̧Ã°�µ­Á�oµ¤µÄ�­µ¥­n�¤µ��o°¥Á¡¸¥�Ä���
�n°�ªnµ��°�­µ¥­µ¤µ¦��Îµ®���µ¦Á®�̧É¥ª�Îµ�µ�Â¤nÁ® È̈�Å¢¢jµÁ¤ºÉ°Á�·�¢jµ�nµ��ªµ¤­¼�
��µ�­µ¥ �µ¦�Îµ�bundle �°�­µ¥�´ª�Îµ­n��¨�́��nµÁ­·¦r�°·¤¡¸Â���r� 

 ­Îµ®¦´��ªµ¤�oµ��µ��°�­µ¥�´ª�Îµ�Ã�¥���·Å¤n�Îµ¤µÄ�o�Îµ�ª�­¤¦¦��³�
¢jµ�nµÁ�ºÉ°��µ��µ¦�·�Á¡¸Ê¥��°�Â¦��́�Â¨³�¦³Â­� º̈É�¢jµ�nµ�¹Ê�°¥¼n�́�Ã�Ã¦�µ¤µ��ªnµ
�ªµ¤�oµ��µ��°�Ã¨®³��Ã�¥Á�¡µ³�¦�̧�¸É�nª�Á­µ¦³¥³­´Ê�Ç��ªµ¤Á�}�Á® È̈��°�­µ¥
�¸¨�rÂ¨³�ªµ¤Á�}�°³ ¼̈¤·Á�¸¥¤�°�­µ¥Á¢­�³Ä®o�¨Å¤nÂ���nµ��́� 

3.2 ¦¼�¦nµ�Á­µ­n� 

 ¦¼�¦nµ�Á­µ­n�Á�}��´ªÂ�¦­Îµ�´��́��µ¦Á¡·É¤Â¦��´��¦n°¤��ª� ¼̈��oª¥�¦¼�¦nµ��°�
Á­µÂ¨³�ªµ¤­¼�¤̧�µ¦°°�Â��®¨µ�®¨µ¥��µ���µ�Á�·¤Á�}�Á­µÅ¤oÁ­µÁ�̧¥ª�̧É¤̧­µ¥
�·�Á¡¸¥�®�¹É�Á­o�Å�oÁ�¨̧É¥�Á�}�Á­µÃ�¦�Á® È̈�­¼���´��́Ê��´ªÂ�¦¡ºÊ��µ��¸É�ÎµÁ�}��o°�
ª·Á�¦µ³®r�Å�oÂ�n 

3.3.1 �ªµ¤­¼�Á­µ��-���ªµ¤­¼�Á­µÁ�}��́ª�Îµ®��Áª¨µÁ� º̈É°��¸É�°�� º̈É��µ� 
�oµ���­¼n�µ��°�Á­µ ¥·É��oµ�ªµ¤­¼��°�Á­µÁ¡·É¤Á�}�­°�Á�nµ�Â¦��´��¦n°¤��ª�
¼̈��oª¥�ÈÁ¡·É¤�¹Ê��¦³¤µ�­°�Á�nµ�oª¥ 

3.3.2 �Á­·¦r�°·¤¡¸Â���rÁ­µ��-��Á­µ­n�­µ¤µ¦�¡·�µ¦�µÁª¨µÁ� º̈É°��̧É�°�� º̈É� 
�¦³Â­�́Éª�¦¼n�µ�Ã�¦�­¦oµ��°�Á® È̈�Â�n¨³­nª�Å�o��¹É�­n��¨�́�� º̈É��¦³Â­
¢jµ�nµ�°�­µ¥­n��¸ÉÁ� º̈É°��¸É�nµ�­µ¥�¸¨�r�¸É�oµ���Á­µ¨�­¼n�·�Å�o��´��́Ê��´ªÁ­µ�¹�
� öµ¥�́�­µ¥­n�ªµ�Ä�Â�ª�´Ê��µ��́��·��̧É¤̧�nµÁ­·¦r�°·¤¡¸Â���rÁ�}��́ª�Îµ®��
Â¦��´��¦n°¤Á­µ�Â¨³Á­·¦r�°·¤¡¸Â���r�³Â���nµ�Å��µ¤¦¼�¦nµ��̧ÉÁ�¨̧É¥�Å��oª¥�
�́ÉªÅ�Â öª¤̧�nµ�¦³¤µ������Ã°®r¤�­Îµ®¦´�Ä��TFlash Ä�o­¤�µ¦�Îµ�ª��nµÁ­·¦r�
°·¤¡¸Â���r�µ¤�CIGRE �̧É¡´��µ�µ��Chisholm, Chow and Srivastava ¤̧¦¼�Â��
�µ¤­¤�µ¦�¸É����´��¸Ê 
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Á¤ºÉ°� Zave  �º°� Á­·¦r�°·¤¡¸Â���rÁ­µÁ�¨̧É¥ (Ã°®r¤� 
        Rave ¦´«¤̧Á­µÁ�¨̧É¥��Á¤�¦� 
        r1  ¦´«¤̧Á­µ­nª�����Á¤�¦� 
        r2  ¦´«¤̧Á­µ­nª��¨µ���Á¤�¦� 
        r3  ¦´«¤̧Á­µ­nª��µ���Á¤�¦� 
        h1  �ªµ¤­¼�Á­µ�µ��µ��¹��¨µ�Á­µ��Á¤�¦� 
        h2  �ªµ¤­¼�Á­µ�µ��¨µ�Á­µ�¹��oµ�����Á¤�¦� 
 

3.3 ��ª� ¼̈��oª¥��n°�ªnµ�°µ�µ« 

 �µ¦ªµ�Å¢�µ¤�·ª�µ�¢jµ�nµ¤́�Á�·�¦³®ªnµ���Ã¨®³¤̧Å¢� Á�n��­µ¥�´ª�Îµ�������������������
ª�Â®ª�Ã�Ã¦�µ�Â�n�Á® È̈��Á�}��o��Â¨³��Ã¨®³�¦µª�r� Á�n���µ�°�Á­µ��¦°­°µ¦r¤�
�´ªÂ�ª� ¼̈��oª¥�Á�}��o���µ¦°°�Â���¹��Îµ�¹��¹��µ¦ªµ�Å¢Â��Á¢­-Á¢­�µ��ªµ¤
¥µª�°��»� ¼̈��oª¥Á�}� Î̈µ�´�Â¦��n°���¹É��ª¦¤̧��µ�­´Ê��̧É­»�Â�n���µ¦ªµ�Å¢Â��
Á¢­-Á¢­Å�o��µ�£µ¡�¸É����oµ�Da Â¨³�DL�Á�}�¦³¥³�µ�­µ¥�´ª�Îµ­¼n�¦°­°µ¦r¤Â¨³�µ
�°�Á­µ�µ¤ Î̈µ�´��¤̧�nµ�o°¥�ªnµ�ªµ¤¥µª�µ¦Á�·�°µ¦r��°� ¼̈��oª¥��Dt ) ¦³¥³�Da Â¨³�
DL��³�¨µ¥Á�}��µ�Á�·��°��µ¦ªµ�Å¢�µ¤�·ªÂ����ÎµÄ®o¦³¥³�µ¤�·ª��ª��
(creepage distance) Å¤n­µ¤µ¦�Ä�oÁ�}��µ�Á�·��°��µ¦ªµ�Å¢Á¤ºÉ°Á�·�¢jµ�nµÅ�o 



 

�� 

 

£µ¡�¸É�26���µ�Á�·��µ¦ªµ�Å¢­Îµ®¦´��»� ¼̈��oª¥Â���V-String 
�̧É¤µ: TFlash Users' Guide 
 

 �{�®µ®΅�Ä��µ¦�Îµ®���n°�ªnµ�®¦º°��ª�Á¡ºÉ°���µ¦ªµ�Å¢�µ�¢jµ�nµ��ªµ¤
�����̧Ê�Îµ®���µ�¦¼�¦nµ�� º̈É�¤µ�¦�µ�����x50 Å¤Ã�¦ª·�µ�̧�Â�n¦¼�� º̈É��¸ÊÁ�·��¹Ê��µ�
¢jµ�nµ�o°¥¤µ��Ä�Ã�¦Â�¦¤­µ¤µ¦��Îµ�ª�Â¦��´��¦n°¤ ¼̈��oª¥®¦º°�n°�ªnµ�°µ�µ«
�µ�¦¼�� º̈É�¤µ�¦�µ�Å�o�Â�nÅ¤n­µ¤µ¦�Ä�o¦¼�� º̈É�Á�¡µ³�µ�Â��Å�o��¹��ÎµÄ®o�o°�¤̧
ª·�̧�µ¦®µ�ªµ¤��Å�o�°���ª����ª·�̧��º° 

3.3.1 ª·�̧�¦µ¢Â¦��´�Áª¨µ��-���¦µ¢Â¦��´�Áª¨µ�̧Ê®µÅ�o�µ��µ¦��­°��°� 
¦¼�� º̈É�¤µ�¦�µ�����x50 Å¤Ã�¦ª·�µ�¸�µ¤£µ¡�̧É�� �oµ�µ¦ªµ�Å¢¤µ��ªnµ
¤µ�¦�µ��µ��¦µ¢Â¦��´�Áª¨µ�­·É��¸Ê�³Á�}��´ª�°��ªµ¤ ö¤Á®¨ª�̧ÉÁ�·��¹Ê�Â¨³
Áª¨µÁ�¦��µª�r�ª·�̧�µ¦�¸Ê�nµ¥Â¨³�Îµ�ª��oª¥Ã�¦Â�¦¤Å�oÁ¦Èª��ªµ¤Â¤n�¥Îµ¨�¨�
Á�ºÉ°��µ�Á�}�¦¼�� º̈É�¤µ�¦�µ��Â�n¥´�­µ¤µ¦�¥°¤¦´�Å�o� 



 

�� 

 

£µ¡�¸É������¦µ¢Â¦��´�-Áª¨µ 
�̧É¤µ: TFlash Users' Guide 

3.3.2 ª·�̧�´��̧�µ¦�Îµ¨µ¥�(Disruptive index)  -��ª·�̧�µ¦�́Ê�Á�·¤�¼�¡´��µÃ�¥� 
Witzke and Bliss Á¡ºÉ°�¦³¤µ��ªµ¤ ö¤Á®¨ª�°�®¤o°Â�¨��Îµ΅��µ�°·¤¡´¨­r
¢jµ�nµÅ¤nÁ�}�¤µ�¦�µ��Â�n­µ¤µ¦��Îµ¤µÄ�o�́� ¼̈��oª¥®¦º°�n°�ªnµ�°µ�µ«Å�o�
ª·�̧�µ¦�̧Ê�Îµ®���´��̧�µ¦�Îµ¨µ¥�µ¤­¤�µ¦�̧É��� 

      dtA)T9VDE B   (34) 

Á¤ºÉ°�� DE ��º° �´��̧�µ¦�Îµ¨µ¥ 
        V(t) �nµÂ¦��´�°·¤¡´¨­r�́�¡΅� 
�������� A, B �nµ���̧ÉÅ�o�µ��µ¦��­°� 

 �nµ���̧É�A Â��Â¦��´��ÉÎµ­»��¸É�µ¦Á�¦��µª�r�¹É�Å¤nÁ�·��¹Ê��¨°�¦¼�� º̈É�
Â¨³Á¨�¥��Îµ΅��B Â­��Ä®oÁ®È�ªnµ�µ¦Á�¦��µª�rÅ¤nÁ�}�Á�·�Á­o���oµ�DE ¤̧�nµ�¹�
�nµª·�§�·��µ¦Á�¦��µª�r�È�³Á�·��¹Ê�   

3.3.3 ª·�̧�Leader progression  -  ª·�̧�µ¦�¸Ê¡´��µÃ�¥�CIGRE Á¡ºÉ°�¦³Á¤·� 
�ªµ¤�����n°�µ¦ªµ�Å¢�°� ¼̈��oª¥®¦º°�n°�ªnµ�°µ�µ«�µ�¦¼�¦nµ�� º̈É��Á�}�
�µ¦�Îµ¨°��¦³�ª��µ¦Á�¦��µª�r�­¤�µ¦�̧ÊÅ�o�µ��µ¦��¨°�®µ�nµ�corona 
inception time (tc), streamer formative time (ts), leader propagation time (tl)  
ª·�̧�µ¦�̧ÊÁ�}��̧É¥°¤¦´�­Îµ®¦´��n°�ªnµ�°µ�µ«�Â�nÄ�oÅ¤nÅ�o�́���ª� ¼̈��oª¥��ÎµÄ®o
�µ¦�Îµ�ª��oª¥Ã�¦Â�¦¤�oµ�ªnµª·�̧°ºÉ��Â�nÁ�}�ª·�̧�¸�̧É­»�Ä��µ¦®µ�ªµ¤���� 



 

�� 

3.4 �»�΅�¬�³�µ¦�¦µª�r�°�Á­µ­n� 

 �»�΅�¬�³�µ¦�¦µª�rÁ�}��́ªÂ�¦­Îµ�´�¤µ��n°­¤¦¦��³¢jµ�nµ­µ¥­n��Ä�¡ºÊ��̧É
¤̧¢jµ�nµ�n°¥Á­µ­n��̧É¤̧�nµ�ªµ¤�oµ��µ��ÉÎµ�³Ä®o­¤¦¦��³¢jµ�nµ�¸�ªnµÄ�o­µ¥�¸¨�r®�¹É�
®¦º°­°�Á­o���ªµ¤�oµ��µ��̧É�µ�Á­µÁ�¨̧É¥�Â�¨�Å��µ¤�ªµ¤�ºÊ�Ä��·� Â¨³Å¤nÁ�}�
Á�·�Á­o�Á¤ºÉ°¤̧Á­·¦r�Á�oµ¤µÄ�­µ¥­n��Ä��¸É�̧Ê¡§�·�¦¦¤�°��ªµ¤�oµ��µ��³Ä�o�µ¤�Weck 
�´�­¤�µ¦�¸É��, 36� 
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Á¤ºÉ°�� R   �º° �ªµ¤�oµ��µ��°��ground electrode Â���́�¡΅��(Ã°®r¤� 
 Ro �ªµ¤�oµ��µ��°��ground electrode��̧É�¦³Â­�ÉÎµ�ªµ¤�̧É�ÉÎµ�(Ã°®r¤� 
 I �¦³Â­Á�oµ­¼n ground electrode Â���́�¡΅����·Ã¨Â°¤�m� 
 IC �¦³Â­ª·�§�·�µ¦Á�·�Å°°°��°� electrode���·Ã¨Â°¤�m� 
 ES Á�¦Á�¸¥��r�µ¦Á�·�Å°°°��°��·��(�·Ã¨Ãª¨�r�n°Á¤�¦� 
  �ªµ¤�oµ��µ��·��(Ã°®r¤-Á¤�¦� 
 
3.5 Á­·¦r�°³Á¦­Á�°¦r�°�­µ¥­n� 

 �n°�­��¦µ¤Ã¨��¦´Ê��̧É���expulsion or protector tubes� �¼�Ä�oªµ��¦n°¤ ¼̈��oª¥
Á�}��n°Å¢Á�°¦r�¸É¤̧Ã�¦�­¦oµ�Ä®oÁ­¸¥®µ¥�oµ�Ä��n°��¸É ¼̈��oª¥�³ªµ�Å¢��µ¦°µ¦r�
£µ¥Ä��n°�ÎµÄ®oÁ�·��ªµ¤�´�­¼��Á¤ºÉ°�¦³Â­¢jµ�nµ­¼��¹Ê�°»��¦�r�̧Ê�ÈÅ¤n­µ¤µ¦��nª¥
�j°��́�Å�o�Á­·¦r�°³Á¦­Á�°¦r�¸É�¦n°¤ ¼̈��oª¥Ä�o�́�¤µ�Ä�¡ºÊ��¸É�̧É¤̧�́Ê�¢jµ�nµ�n°¥Â¨³
�ªµ¤�oµ��µ��·�­¼���oµ��ÈÄ�o�n°�µ�­µ¥�¸¨�rÅ��counterpoise �´��́Ê��µ¦Ä�o������������������
Á­·¦r�°³Á¦­Á�°¦r�¹��¨µ¥Á�}�ª·�̧Á�¡µ³­Îµ®¦´��¦·Áª��¸É�o°��µ¦�ªµ¤Á�ºÉ°�º°­¼� 

 



 

�� 

3.6 �¨�¦³���°�Ã�Ã¦�µÂ��Å¤nÁ�}�Á�·�Á­o� 

 Ã�Ã¦�µÂ��Å¤nÁ�}�Á�·�Á­o��µ�­µ¥Á¢­Â¨³­µ¥�¸¨�r­µ¤µ¦�Á�¨̧É¥�Â�¨�
Â¦��´��¦n°¤ ¼̈��oª¥¤µ��¹������Á­·¦r�Ã�Ã¦�µ�̧Ê­µ¤µ¦��nª¥¨�Â¦��´�¥°�Â¨³Áª¨µ
Á�·��µ��°�� º̈É�Å�o� 

 
4. �¨΅¡�r�̧ÉÅ�o�µ�Ã�¦Â�¦¤ 
 - Text Report Window Â­���o°¤¼¨�̧ÉÅ�o�µ��µ¦�Îµ�ª��°�Ã�¦Â�¦¤ 
 -�Line Graph Window Â­���¦µ¢�̧ÉÅ�o�µ�­�·�·�µ��µ¦�Îµ�ª� 
 - Oscillograph Output Window Â­���¨Á�}��¦µ¢Â¦��́��°�Â�n¨³Á­µ­n� 
 - Strokes Window Â­���·«�µ��µ¦Á�·�¢jµ�nµ�̧É�¦³Â­¢jµ�nµ�nµ�nµ�Ç� 

 

 

£µ¡�¸É�28��®�oµ�nµ��¨΅¡�r�̧ÉÅ�o�µ�Ã�¦Â�¦¤�TFlash 
�̧É¤µ: TFlash Users' Guide 
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 ­Îµ®¦´��TFlash version 4.0.22 Å�oÁ¡·É¤Á�·¤�ªµ¤­µ¤µ¦�Ä��µ¦�Optimize �µ�Á º̈°�Á¡ºÉ°
�¦´��¦»�­¤¦¦��³¢jµ�nµ­µ¥­n��¸É­´¤¡´��r�́�Á�·��o��»���nª¥®µª·�̧�µ¦�¦´��¦»��̧ÉÄ�oÁ�·��o��»�Å�o
°¥nµ�¤̧�¦³­·��·�¨¤µ��̧É­»��Ã�¥�Îµ®���nµ�ªµ¤�´��o°��°�¦³��Á�}��Îµ�ª��¦´Ê��n°�e�ª�Á�·��̧ÉÄ�o
Á�}��»��¦ª¤�¹�¦µ¥¨³Á°̧¥��°�Â�n¨³�µ�Á º̈°���µ¦�Îµ®���nµÂ¨³�¨�¸ÉÅ�oÂ­��ÅªoÄ�£µ¡�¸É�� 

 

£µ¡�¸É�29��®�oµ�nµ��µ¦�́Ê��nµÂ¨³�¨�¸ÉÅ�o�µ��TFlash Optimizer 
�̧É¤µ: TFlash Users' Guide 
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Ã�¦Â�¦¤�Arcview GIS  
 

 ArcView GIS Á�}�Ã�¦Â�¦¤�Geographic Information Systems (GIS) Ã�¦Â�¦¤®�¹É���̧É
Å�o¦´��µ¦¡´��µ¤µ�µ��¦·¬´��Enviromental Systems Research Institute Inc. (ESRI) Á¡ºÉ°Ä�o�µ�Ä�
�µ¦�ÎµÁ­�°�o°¤¼¨�Â¨³Á¦¸¥��o��o°¤¼¨ �µ�Ã�¦Â�¦¤�Arc/Info ®¦º°Ã�¦Â�¦¤°ºÉ�Ç��̧É­µ¤µ¦�Ä�o
�µ�Å�o�nµ¥Â¨³¤̧�¦³­·��·£µ¡ Á�ºÉ°��µ��µ¦�Îµ�µ���¦³����·�́�·�µ¦�°��Windows System �¹É�¤̧
Á¤�¼�nµ�Ç�Â­����®�oµ�°�Â¨³­µ¤µ¦�Á�d�Å�o®¨µ¥Ç�®�oµ�nµ���Windows) Ä�¦³®ªnµ��µ¦�Îµ�µ�� 

 Ã�¦Â�¦¤ ArcView GIS Ã�¦Â�¦¤Â¦���º°�ArcView 1.0 ­µ¤µ¦�Ä�o�µ�Å�oÁ�¡µ³�µ¦
�ÎµÁ­�°�µ�Ä�¦¼�Â��Â���¸ÉÁ�nµ�́Ê� Â�nÃ�¦Â�¦¤Å�o¤̧�µ¦¡´��µÁ¦ºÉ°¥¤µ��ÎµÄ®o¤̧�¦³­·��·£µ¡¤µ�
�¹Ê��� n̈µª�º°��°��µ��¼oÄ�o­µ¤µ¦�Ä�o�µ��ÎµÁ­�°�Â¨³Á¦¸¥��o��o°¤¼¨�µ¤Á�ºÉ°�Å��nµ�Ç�Â öª          
¥´�­µ¤µ¦�Ä�oÄ��µ¦� ·̈�Â���¸ÉÅ�oÁ�}�°¥nµ��¸�­¦oµ�Â¨³Â�oÅ��o°¤¼¨�́Ê��̧ÉÁ�}�¡ºÊ��̧É��Spatial Data) 
Â¨³�µ¦µ��µ��o°¤¼¨��Database)Å�o Â¨³¥´�­µ¤µ¦�¦´��o°¤¼¨�̧É�́�Á�È�Ä�¦¼�Â���nµ�Ç�Á�n��
AutoCAD (.dwg), Image (.tiff, .bmp, etc.) Â¨³­µ¤µ¦�Ä�oÄ��µ¦ª·Á�¦µ³®r�o°¤¼¨Á�·�¡ºÊ��¸É��Spatial 
Analysis) Å�o�oª¥�Ã�¥�µ¦Á�¸¥��»��Îµ­´É���Scripts) ®¦º°Ä�oÃ�¦Â�¦¤�¦³¥»��r (�»��Îµ­´É�­ÎµÁ¦È�¦¼���
�°��µ��̧ÊÄ��µ¦�Îµ�o°¤¼¨�̧É�¼��́�­¦oµ��¹Ê�Ã�¥�ArcView �¸É°¥¼nÄ�¦¼��Shape file Å�Ä�o�µ�®¦º°
Á�¥Â¡¦n�Á¦µ­µ¤µ¦��¸É�³Ä�o�Software °ºÉ�Ç�Á�n��ArcExplorer �¹É�Á�}��Freeware �̧É�µ��¦·¬´��ESRI 
Å�o¡´��µ�¹Ê� Â¨³¤̧�ªµ¤­µ¤µ¦�Ä��µ¦Â­���¨�o°¤¼¨�­°��µ¤Â¨³ª·Á�¦µ³®r�o°¤¼¨�GIS �̧ÉÅ�o
�́��Îµ�¹Ê�Å�o°̧��oª¥��gis�me.com, ����� 

 

£µ¡�¸É�30��®�oµ�nµ�Â¦��°�Ã�¦Â�¦¤�Arcview 
�̧É¤µ: ESRI�s ArcView 3.x Literature 



 

�� 

 
 

£µ¡�¸É�31���µ¦Â­���¨�ÎµÂ®�n��nµ�Ç���Â���̧É�°�Ã�¦Â�¦¤�Arcview 
�̧É¤µ: ESRI�s ArcView 3.x Literature 
 

 
 
 
  

    
 



°»��¦�rÂ¨³ª·�̧�µ¦ 
 

°»��¦�r 
 

1. Á�¦ºÉ°��°¤¡·ªÁ�°¦r­nª��»��¨ (Intel Pentium D 3.0 GHz, Ram 1 GB) 
2. ¦³����·�´�·�µ¦�Microsoft Windows XP 
3. Ã�¦Â�¦¤�TFlash version 3.0.21, version 4.0.22 
4. Ã�¦Â�¦¤�Arcview GIS version 3.3 

 
 

ª·�¸�µ¦ 
 

 1.  Á º̈°�­µ¥­n�Á¡ºÉ°®µ�nµ­¤¦¦��³¢jµ�nµ­µ¥­n��¸É¤̧°¥¼n�µ��o°¤¼¨Á®�»�µ¦�r­µ¥­n�
Å¢¢jµÂ¦�­¼��´��o°�Á�ºÉ°��µ�¢jµ�nµ�Îµ�ª�¤µ��̧É­»��°��e¡�«��������°��µ¦Å¢¢jµ iµ¥� ·̈�Â®n�
�¦³Á�«Å�¥�Îµ�ª����¦³�´�Â¦��´���º°����, 230, 500 �·Ã¨Ãª¨�r°¥nµ�¨³���­µ¥­n�� 

 ����Ä�o�o°¤¼¨¢jµ�nµ�µ�¦³��®µ�ÎµÂ®�n�¢jµ�nµ�e¡�«��������°��µ¦Å¢¢jµ iµ¥� ·̈�Â®n����������������
�¦³Á�«Å�¥�¤µª·Á�¦µ³®rÂ�ªÃ�o¤�µ¦Á�·�¢jµ�nµÂ��Á¤�¨��·��°��¦³Á�«Å�¥�Ã�¥�Îµ�o°¤¼¨¢jµ�nµ
�̧ÉÅ�o¤µ­¦oµ�Á�}��Shape file ��Â���¸É�¦³Á�«Å�¥�oª¥Ã�¦Â�¦¤�Arcview GIS  

�����Îµ�´Ê��°��µ��Chapter4 of Handbook for Improving Overhead Transmission Line 
Lightning Performance�Á¡ºÉ°®µ�nµ­¤¦¦��³¢jµ�nµ­µ¥­n��̧É¤̧°¥¼n�oª¥Ã�¦Â�¦¤ TFlash version 
3.0.21 �Ã�¥Ä�o�ªµ¤®�µÂ�n�¢jµ�nµ¨��·��n°¡ºÊ��¸É�(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e��Ä�Â�n¨³�nª�Á­µ
�µ� Shape file��o°¤¼¨¢jµ�nµ�̧É¦³¥³����, 1 �·Ã¨Á¤�¦�ª́��µ�Â�ª�¹É��¨µ�­µ¥­n�°°�Å��oµ��oµ��́Ê�
­°��oµ��­Îµ®¦´�¦µ¥¨³Á°̧¥��°�­µ¥­n�Ä�o�nµ�µ�Â���µ�ª·«ª�¦¦¤�Â¨³Á º̈°��¦´��¦»�­¤¦¦��³
¢jµ�nµ�µ�­µ¥­n��̧É¤̧�nµ¤µ��ªnµ¤µ�¦�µ��IEEE 1313.2-1999 clause 5.1 �oª¥�µ¦Ä�o Optimizer of 
TFlash version 4.0.22 Ã�¥�Îµ®��Á�·��»�Å¤nÁ�·���� öµ��µ� 
  



 

�� 

�µ¦­¦oµ��µ��o°¤¼¨ 

1. �o°¤¼¨Á®�»�µ¦�r­µ¥­n�Å¢¢jµÂ¦�­¼��´��o°�Á�ºÉ°��µ�¢jµ�nµ 

 Ä�o�o°¤¼¨Á®�»�µ¦�r­µ¥­n�Å¢¢jµÂ¦�­¼��´��o°�Á�ºÉ°��µ�¢jµ�nµ�°��e¡�«����� Á¡ºÉ°Á º̈°�
­µ¥­n��¸É¤̧�Îµ�ª�Á®�»�µ¦�r�́��o°�¤µ��¸É­»�Ã�¥¦³�»�nª�Áª¨µÂ¨³­µÁ®�»®΅��´�£µ¡�̧É��� 

 

£µ¡�¸É�����®�oµ�nµ��µ¦�o�®µ�o°¤¼¨Á®�»�µ¦�r­µ¥­n�Å¢¢jµÂ¦�­¼��´��o°� 
�̧É¤µ: Â���­¤¦¦��³¦³��Å¢¢jµ��µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 

�µ��o°¤¼¨�e¡�«��������ÎµÄ®oÁ º̈°�Â�ª­µ¥­n�Å�o���Â�ª��º° 
- ����kV Â�¨�����́���»¦¸ ( KLA-CT) �Îµ�ª�Á®�»�µ¦�r�́��o°��6 �¦´Ê� 
- ����kV °nµ��°�����nµ¨µ���(AT-TL3) �Îµ�ª�Á®�»�µ¦�r�´��o°��3 �¦´Ê� 
- ����kV Å�¦�o°¥����ª́��o°¥�ª��¦�̧É� (SNO-WN#3) �Îµ�ª�Á®�»�µ¦�r�´��o°��                   

1 �¦´Ê� 

Á¡ºÉ°®µÁ®�»�µ¦�r�´��o°�Á�¨̧É¥Á�ºÉ°��µ�¢jµ�nµ��¹�Ä�o�o°¤¼¨¥o°�®΅�����e��´Ê�Â�n�e�¡�«������������������
2544 � 2548 ¤̧¦µ¥¨³Á°̧¥��´��µ¦µ��̧É�� 

 



 

�� 

�µ¦µ��¸É����¦µ¥¨³Á°̧¥�Á®�»�µ¦�r�́��o°�Á�ºÉ°��µ�¢jµ�nµ�e�¡�«������-�����(��«������-����� 
 

­µ¥­n� Áª¨µ ¦µ¥¨³Á°¸¥� 
����kV ��������������������
Â�¨�����́���»¦ ̧

2/4/2001 
15:02 

115 kV.Line CT-KLA Trip RC.��Îµ�µ�­´��·��́Ê��2 �oµ��®­�3-­��
�¦ª�¡��¸ÉT.78/1 ¢jµ�nµ Arcing horn 

 15/4/2001 
12:16 

115 kV.Line KLA-CT Trip RC.�Îµ�µ�­´��·��2 �oµ���¦ª�¡��¸É�
T.69/1 ¼̈��oª¥�Flashover Á�ºÉ°��µ�¢jµ�nµ�­£µ¡°µ�µ«¤̧ ��� 

 6/6/2001 
13:12 

115 kV.Line KLA-CT Trip RC.�Îµ�µ�­´��·�2 �oµ��®­�2-­��¦ª�
¡��̧É�T.78/1 Arcing Horn ¤̧¦°¥�Arc Á�ºÉ°��µ�¢jµ�nµÁ­µÃ�¦�Á® È̈� 

 11/6/2001 
15:26 

115 kV.Line KLA-CT Trip RC.�Îµ�µ�­´��·��oµ�Á�̧¥ª�̧É CT. ���������������
®­�2-­��¦ª�¡��̧É�T.91/2 Flashover Á�ºÉ°��µ�¢jµ�nµÁ­µÃ�¦�Á® È̈� 

 25/7/2001 
4:54 

115 kV.Line CT-KLA Trip RC.­´��·��2 �oµ���¦ª�¡��̧É�T.62/3 
Arcing Horn Á¢­�C ¤̧¦°¥ Arc Á�ºÉ°��µ�¢jµ�nµÃ�¦�Á® È̈� 

 12/9/2001 
10:51 

115kV.Line CT-KLA Trip RC.�Îµ�µ�­´��·��2 �oµ���¦ª�¡��̧É�
T.53/2 Arcing Horn ¤̧¦°¥�Arc Á�ºÉ°��µ�¢jµ�nµ 

 5/10/2001 
14:16 

115 kV.Line CT-KLA Trip RC.�Îµ�µ�­´��·��2 �oµ��¦ª�¡��̧É�
T.57/1 Arcing Horn ¤̧¦°¥ Arc Á¢­�C Á�ºÉ°��µ�¢jµ�nµÁ­µÃ�¦�Á® È̈� 

 8/5/2002 
12:40 

115 kV Line CT-KLA Trip RC.­´��·��oµ�Á�¸¥ª�¸É�KLA ®­�2-­�
�¦ª�¡��¸É�T.89/3 Arcing Horn Á¢­ A ¤̧¦°¥�Arc Á�ºÉ°��µ�¢jµ�nµ 

 5/12/2002 
15:48 

115 kV Line CT-KLA Trip RC �Îµ�µ�­´��·��́Ê��2 �oµ���̧É�­¢��CT 
 ����LFL. Show Phase C ¦³¥³�µ��13.5 km (Á�È¤�57.0 km) �̧É�
­¢��KLA ���·�­µÁ®�»�®­�2-­��¦ª�¡��̧É Tower 91/1 Arcing 
Horn Phase B ¤̧¦°¥�Arc �¦·Áª�����»n�Á���µ�°��nµÄ®¤n ���´���»¦ ̧

 10/5/2003 
15:53 

115 kV Line CT-KLA Trip RC �Îµ�µ�­´��·��́Ê��2 �oµ��­µÁ®�»�
®­�2-­��¦ª�­°�¡��¸É�T.68/2 Á¢­�A Â¨³�T.72/2 Á¢­�A,C 
Arcing Horn ¤̧¦°¥¢jµ�nµ°»��¦�rÅ¤nÁ­¸¥®µ¥�­£µ¡°µ�µ«��̧É����������������
­¢� CT  ����¨¤Â¦��, �¸É�­¢��KLA ¤º��¦¹Ê¤�­¦»�Å¢�́��Å¤n¤̧ 

 15/6/2003 
3:22 

115 kV Line CT-KLA Trip RC �Îµ�µ�­´��·��́Ê��2 �oµ��­µÁ®�»�
®­�2-­���¦ª�¡��¸É�Tower 75/2 ¼̈��oª¥�Flash Over �́Ê��3 Phase 
­£µ¡°µ�µ«� ���®�´��́Ê�­°�­¢��­¦»�Å¢�´�Å¤n¤̧ 



 

�� 

�µ¦µ��¸É������n°� 
 

­µ¥­n� Áª¨µ ¦µ¥¨³Á°¸¥� 
����kV ��������������������
Â�¨�����́���»¦ ̧

6/9/2003 
13:43 

115 kV Line CT-KLA Trip RC �Îµ�µ�­´��·��́Ê��2 �oµ��­µÁ®�»�
®­�2-­���¦ª�­µ¥­n�¡���̧É Tower 55/3 Arcing Horn ¤̧¦°¥�Arc 
­£µ¡°µ�µ«� �����́Ê��2 ­¢��­¦»�Å¢�´�Å¤n¤̧ 

 16/10/2004 
11:00 

115 kV Line CT-KLA Trip RC. ­´��·��́Ê��2 �oµ��­µÁ®�»��������������������
®­�2-­­��¦ª�¡��T 85/2 Arcing Horn Phase C ¤̧¦°¥�Arc 
­´��·¬�µ�¢jµ�nµÁ­µÃ�¦��­£µ¡°µ�µ«���·��́Ê��2 ­¢� 

 18/5/2005 
9:13 

115 kV Line CT-KLA Trip RC.­´��·��´Ê��2 �oµ��­µÁ®�»�®­�2-­­��
�¦ª�¡��Arcing Horn Phase A ¤̧¦°¥�Arc Á�ºÉ°��µ�¢jµ�nµ��̧É�Tower 
65/3 ���µ¥µ¥°µ¤�°��µ¥µ¥°µ¤����́���»¦¸ ­£µ¡°µ�µ«��̧É�­¢�CT 
¤º��¦¹Ê¤��¸É�­¢�KLA   ���¢jµ�³�°� 

 1/8/2005 
9:43 

115 kV Line CT-KLA Trip RC. ­´��·��́Ê��2 �oµ��­µÁ®�»��������������������
®�nª¥®­�2-­­���¦ª�­°�¡��¦°¥ Arc Á�ºÉ°��µ�¢jµ�nµ�̧É�Tower 
76/1 Á¢­�C �o°��̧É���ª́�Ä®¤n�°���µ¥µ¥°µ¤ ���́���»¦¸�­£µ¡°µ�µ«����������������
 �����́Ê��2 ­¢� 

 16/8/2005 
2:16 

115 kV Line CT-KLA Trip RC.­´��·��´Ê��2 �oµ��­µÁ®�»����������������������
®�nª¥®­�2-­­���¦ª�­µ¥­n�¡� Arcing Horn Phase A,B ¤̧¦°¥�
Arc Á�ºÉ°��µ�¢jµ�nµ��¸É�Tower 95/2 ��Á�µ�µ¥«¦¸ °��nµÄ®¤n����́���»¦¸�
­£µ¡°µ�µ«��¸É�­¢�CT  ���¨¤Â¦��, �̧É�­¢��KLA ���· 

 28/8/2005 
12:52 

115 kV Line CT-KLA Trip RC. "OFF" °¥¼n�­µÁ®�»�®­�2-­­��
�¦ª�¡��¸É�Tower 91/1 Arcing Horn Á¢­�B ¤̧¦°¥�Arc ­¦»�Å¢�´��������������
�¸É­¢��CT 38.7 MW �µ��10 �µ�̧ ­£µ¡°µ�µ«�¤º��¦¹Ê¤��́Ê��2 ­¢���������������
¤̧�Switching Solid �nµ¥�115 kV Line to PEA. �¸É ­¢�CT°¥¼n 

 4/10/2005 
2:11 

115 kV Line CT-KLA Trip RC. ­´��·��́Ê��2 �oµ��®­�2-­­����
�¦ª�¡���¸É�Tower 63/2 Arcing Horn Á¢­�C ¤̧¦°¥�Arc ��������������������
­£µ¡°µ�µ« �����́Ê��2 ­¢� 

 
 



 

�� 

�µ¦µ��¸É������n°� 
 

­µ¥­n� Áª¨µ ¦µ¥¨³Á°¸¥� 
 7/10/2005 

14:43 
115 kV Line CT-KLA Trip RC.­´��·��´Ê��2 �oµ��­µÁ®�»�®­�2-­­��
�¦ª�¡��¸É�Tower 83/2 ¼̈��oª¥�Phase C Fash Over ­£µ¡°µ�µ«���������������
�¸É�­¢��CT  ����, �¸É�­¢��KLA ¤º��¦ºÊ¤ 

����kV ��������������
°nµ��°�����nµ¨µ�� 

24/9/2001 
0:55 

230 kV.Line AT2-TL3#2 Trip RC.�Îµ�µ�­´��·�2 �oµ���¦ª�¡��¸É�
T.16/3 ¼̈��oª¥¤̧¦°¥�Flashover Á�ºÉ°��µ�¢jµ�nµ 

 13/10/2001 
1:24 

230 kV.Line AT2-TL3#1 Trip RC.�Îµ�µ�­´��·��2 �oµ��®­�3-­�
�¦ª�¡��¸É�T.21/3 ¼̈��oª¥ Flashover Á�ºÉ°��µ�¢jµ�nµ 

 24/6/2005 
18:29 

230 kV Line AT2-TL3#2 Trip RC. ­´��·��́Ê��2 �oµ��­µÁ®�»������������������
®­�1-­­���¦ª�¡���̧É�Tower 39/2 ¼̈��oª¥�Á¢­�B Flashover 
Á�ºÉ°��µ�¢jµ�nµ��¦·Áª����Ã��Ä®¤n�°��oµ�®¤°���­¦³�»¦ ̧�����������������
­£µ¡°µ�µ«�¤̧ �����´Ê��2 ­¢� 

 13/9/2005 
21:27 

230 kV Line AT2-TL3#1 Trip RC. ­´��·��́Ê��2 �oµ��­µÁ®�»�������������������
®­�1-­­���¦ª�¡��̧É�Tower 44/1 Phase C ¼̈��oª¥�Flash Over 
Á�ºÉ°��µ�¢jµ�nµ�­£µ¡°µ�µ«��¸É�­¢�TL3  ����, �¸É�­¢��AT2 
¤º��¦ºÊ¤ 

 2/10/2005 
20:12 

230 kV Line AT2-TL3#2 Trip RC. �Îµ�µ��Lockout ­µÁ®�»��������������������
®­�1-­­���¦ª�¡��̧É�Tower 40/1 ¼̈��oª¥�Phase A,B Flashover 
Á�ºÉ°��µ�¢jµ�nµ�­£µ¡°µ�µ«��¸É�TL3  �����̧É�AT2 ¤º��¦¹Ê¤�����������������������
­¦»�Å¤n¤̧Å¢¢jµ�́� 

����kV ����������������������
Å�¦�o°¥����ª́��o°¥�
ª��¦�¸É�� 

26/3/2005 
17:59 

500 kV Line SNO-WN No.3 Trip RC ­´��·��­µÁ®�» ¼̈��oª¥�
Flashover �µ�¢jµ�nµ��¸É�T118/3A Á¢­ C 

�� 
 
 
 
 



 

�� 

2. �o°¤¼¨¢jµ�nµ 

 Ä�o�o°¤¼¨�µ�¦³��®µ�ÎµÂ®�n�¢jµ�nµ®µ�ªµ¤®�µÂ�n�¢jµ�nµÁ�}��Îµ�ª��¦´Ê��°�¢jµ�nµ
�n°¡ºÊ��¸ÉÄ�Â�n¨³�nª�Á­µ�(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e��Ã�¥Ä�o¦³¥³����, 1 �·Ã¨Á¤�¦�µ�Â�ª
�¹É��¨µ�­µ¥­n�°°�Å��oµ��oµ��́Ê�­°�� 

�o°¤¼¨¢jµ�nµ�̧ÉÅ�oÁ�}��Text Document �o°��ÎµÅ�Â�¨�Ä®oÁ�}�Å¢ r̈�Excel Comma 
Delimited �
� csv) Á¡ºÉ°­¦oµ��µ¦µ��Attributes Â¨³­¦oµ��Shapefile��oª¥Ã�¦Â�¦¤�Arcview ���������������
Á¤ºÉ°�ÎµÂ�ª�°�­µ¥­n�¤µªµ�Â¨³­¦oµ�¦³¥³�µ�°°�¤µ�oµ��oµ��oª¥�Buffer 0.5, 1 �·Ã¨Á¤�¦��ÎµÄ®o
­µ¤µ¦�®µ�Îµ�ª�¢jµ�nµÅ�o�´�£µ¡�̧É��, 34 

 

 

£µ¡�¸É�33��Â­��Â�ª­µ¥­n����Shapefile �¸É­¦oµ��µ��o°¤¼¨¢jµ�nµ�LLS 
 
 



 

�� 

 

£µ¡�¸É�34���µ¦®µ�Îµ�ª�¢jµ�nµÂ�n¨³�nª�Á­µ�°�Ã�¦Â�¦¤�Arcview 
 

3. ¦¼�¦nµ�Á­µ 

Á­µ�̧ÉÄ�oÁ�}�Á­µÃ�¦�Á® È̈� (Tower) �¦³�°��oª¥Á® È̈��µ�­µ��¦³�°��́��¤̧�ªµ¤
­¼�Å¤n�ÉÎµ�ªnµ����Á¤�¦�¤̧�µ�¦µ�����µ¦¼�­¸ÉÁ®¨̧É¥¤ 

­Îµ®¦´�­µ¥­n������kV Â�¨�����́���»¦¸� 
- Á­µÃ�¦�Á® È̈�Â��ª��¦Á�¸É¥ª type SA1, LSA1,SB1, SD1& SDE � 

­Îµ®¦´�­µ¥­n������kV °nµ��°�����nµ¨µ��� 
- Á­µÃ�¦�Á® È̈�Â��ª��¦�¼n type DA1, LDA1, DB1, DC2, DD2, DDE& DT2 � 

­Îµ®¦´�­µ¥­n� ����kV Å�¦�o°¥����ª́��o°¥�ª��¦�̧É����������������� 
- Á­µÃ�¦�Á® È̈�Â��ª��¦�¼n type DL, DM, DH, DT20, DT40, DT60& DTR 
 



 

�� 

 

£µ¡�¸É�����Á­µÃ�¦�Á® È̈�Â��ª��¦Á�¸É¥ª 
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 
 
 

 

£µ¡�¸É�����Á­µÃ�¦�Á® È̈�ª��¦�¼n 
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 
 



 

�� 

4. ¦³¥³®nµ��°�Â�n¨³�nª�Á­µÂ¨³¦³¥³®¥n°�­µ¥�(Span and Sag) 

 �������­Îµ®¦´�­µ¥­n������kV,�����kV,�����kV Á�¡µ³­µ¤­µ¥­n��̧Ê¤̧�nµ�Ruling span Á�nµ�́��
���, 400, 390 Á¤�¦��µ¤ Î̈µ�´��Â�n­Îµ®¦´�¦³¥³®nµ��°��nª�Á­µ�¦·��̧É�·��´Ê��³Ä�o�nµ�µ�Â���
Structure list Â¨³¤̧¦³¥³®¥n°�­µ¥�¸É�¹É��¨µ��nª�Á­µ�¤̧�nµ�´��̧Ê� 

 Ä��̧É�¸ÊÁ º̈°�Ä�o�¸É°»�®£¼¤·­¼�­»��̧ÉÄ�o�µ��(Maximum operating temperature) Â¨³�
Ambient Temperature 32C 

­Îµ®¦´�­µ¥­n������kV Â�¨�����́���»¦¸� 
- ­µ¥�́ª�ÎµÁ¢­�(65C) Á�nµ�́��������Á¤�¦, ­µ¥�¸¨�r�(40C) Á�nµ�́�������Á¤�¦ 

­Îµ®¦´�­µ¥­n������kV °nµ��°�����nµ¨µ��� 
- ­µ¥�́ª�ÎµÁ¢­�(65C) Á�nµ�́��14.80�Á¤�¦, ­µ¥�¸¨�r�(40C) Á�nµ�́�������Á¤�¦ 
- Á�¡µ³­Îµ®¦´��type LDA1 �̧É¤̧¦³¥³®nµ��nª�Á­µ¤µ��(Ruling span Á�nµ�́��          

550 Á¤�¦) ¦³¥³®¥n°�­µ¥�°�­µ¥�́ª�ÎµÁ¢­�(65C) Á�nµ�́��27.93�Á¤�¦, ������
­µ¥�̧¨�r�(40C) Á�nµ�́�������Á¤�¦ 

­Îµ®¦´�­µ¥­n� ����kV Å�¦�o°¥����ª́��o°¥�ª��¦�̧É������������������ 
- ­µ¥�́ª�ÎµÁ¢­�(75C) Á�nµ�́��15.67�Á¤�¦, ­µ¥�¸¨�r�(40C) Á�nµ�́�����������������������
������Á¤�¦ 

5. ­µ¥�´ª�Îµ 

­µ¥�´ª�ÎµÅ¢¢jµÁ�}�­µ¥�¸Á�¨̧¥ª�(Strand) ��·�°³ ¼̈¤·Á�̧¥¤Â��Á® È̈��(Aluminum 
Conductor Steel Reinforced : ACSR) ­µ¥�´ª�Îµ�oµ��°�Á�}�°³ ¼̈¤·Á�̧¥¤�¸Á�¨̧¥ª�£µ¥Ä�Á�}�Â��
Á® È̈��̧Á�¨̧¥ªÁ¡ºÉ°�nª¥Ä��µ¦¦´�Â¦� 

­Îµ®¦´�­µ¥­n������kV Â�¨�����́���»¦¸� 
- ­µ¥�́ª�ÎµÁ�}�­µ¥������MCM ACSR � HAWK �  �Îµ�ª��Al/St =����� 
�Îµ�ª�­µ¥�n°Á¢­�= 1 Á­o� 

­Îµ®¦´�­µ¥­n������kV °nµ��°�����nµ¨µ��� 
- ­µ¥�́ª�ÎµÁ�}�­µ¥�������MCM ACSR �Îµ�ª��Al/St =����� �Îµ�ª�­µ¥����������������
�n°Á¢­�= 1 Á­o� 

­Îµ®¦´�­µ¥­n� ����kV Å�¦�o°¥����ª́��o°¥�ª��¦�̧É������������������ 



 

�� 

- ­µ¥�́ª�ÎµÁ�}�­µ¥�������MCM ACSR �Îµ�ª��Al/St =����� ��Îµ�ª�­µ¥�������������
�n°Á¢­�= 4 Á­o� 

 

 

£µ¡�¸É�37��­µ¥�´ª�Îµ�1272MCM ACSR 
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 
 

6. ­µ¥�¸¨�r 

­µ¥�¸¨�r®¦º°�µ��¦´Ê�Á¦¸¥�­µ¥�Overhead Ground Wire ; OHGW ¤̧®�oµ�̧É�j°��́�
­µ¥�´ª�ÎµÅ¢¢jµÅ¤nÄ®oÁ­¸¥®µ¥Á�ºÉ°��µ��¼�¢jµ�nµ�­µ¥�̧Ê�³�¹�°¥¼n��¥°�Á­µÂ¨³¤̧¤»¤�¨°�� »̈¤����������
­µ¥�´ª�ÎµÅ�o  ­Îµ®¦´�­µ¥�¸¨�r�́Ê����­µ¥­n��̧ÊÁ�}�­µ¥Á® È̈��»�­´��³­¸ 7 Á­o��¸Á�¨̧¥ª�(Galvanized 
steel wire strand) ��µ�Á­o��nµ�«¼�¥r�¨µ��·ª�°�Á�nµ�́��3/8 �·Êª 

­Îµ®¦´�­µ¥­n������kV Â�¨�����́���»¦¸� 
- ¤»¤�j°��́������Îµ�ª����Á­o� 

­Îµ®¦´�­µ¥­n������kV °nµ��°�����nµ¨µ��� 
- ¤»¤�j°��́������Îµ�ª����Á­o� 

­Îµ®¦´�­µ¥­n� ����kV Å�¦�o°¥����ª́��o°¥�ª��¦�̧É��� 
- ¤»¤�j°��́�����Îµ�ª����Á­o� 



 

�� 

 

 
 

£µ¡�¸É�38��­µ¥�3/8" OHGW 
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 
 

7. ¼̈��oª¥Â¨³°»��¦�r�́�¥¹��(Hardware Assemblies) 

¼̈��oª¥�̧ÉÄ�o�Îµ�µ��¦³Á�ºÊ°�Á� º̈°��(Porcelain) ¤̧�ªµ¤Â�È�Á�¦µ³��¦·Áª��·ªÁ� º̈°�������������
Á�}�¤́�Á¡ºÉ°Ä®o�ÊÎµ ��Îµ¦³­·É�­��¦�Å�o�nµ¥ ¼̈��oª¥�̧ÉÄ�oÁ�}� ¼̈��oª¥Â�ª��(Suspension type 
insulator) ¤̧΅�¬�³�µ¦�n°Á�}�Â���o°�n°�Ball and Socket type  

�»�°»��¦�r�́�¥¹��°�­µ¥�´ª�ÎµÂ¨³­µ¥�¸¨�rÂ�n�Á�}������·��º°�Â��Â�ª��
(Suspension type) Â¨³Â��Â¦��¹��(Tension type) ­Îµ®¦�́�»�°»��¦�r�́�¥¹��°�­µ¥�´ª�Îµ¥´�
Â�n�¥n°¥¨�Å�°̧�Á�}�Â��Â�ª�Á�¸É¥ª, Â�ª��¼n, Â��Â�ª�¦¼��´ª�VÁ�¸É¥ª, Â��Â�ª�¦¼��́ª�V�¼n, 
Â��Â¦��¹�Á�̧É¥ª, Â��Â¦��¹��¼n��µ¦Á º̈°�Ä�o�µ�Â��Ä��È�¹Ê�°¥¼n�́�Â¦��¹��°�­µ¥­n� �°��µ��̧Ê¥´�¤̧
°»��¦�r�¦³�°�­µ¥°ºÉ�Ç�Á�n��Vibration damper, Spacer Á�}��o� 

�­Îµ®¦´�­µ¥­n������kV Â�¨�����́���»¦¸� 
- �»� ¼̈��oª¥Â��Â�ª�Á�¸É¥ªÁ�}� ¼̈��oª¥�class���-���Îµ�ª��8� ¼̈��x 1 Â�ª 
- �»� ¼̈��oª¥Â��Â�ª��¼nÁ�}� ¼̈��oª¥ class 52-3��Îµ�ª��8� ¼̈��x 2 Â�ª 
- �»� ¼̈��oª¥Â��Â¦��¹�Á�¸É¥ªÁ�}� ¼̈��oª¥ class���-���Îµ�ª��11� ¼̈��x 1 Â�ª  



 

�� 

­Îµ®¦´�­µ¥­n������kV °nµ��°�����nµ¨µ��� 
- �»� ¼̈��oª¥Â��Â�ª�Á�¸É¥ªÁ�}� ¼̈��oª¥ class���-���Îµ�ª��14� ¼̈��x 1 Â�ª 
- �»� ¼̈��oª¥Â��Â�ª��¼nÁ�}� ¼̈��oª¥ class���-���Îµ�ª��14� ¼̈��x 2 Â�ª 
- �»� ¼̈��oª¥Â��Â¦��¹�Á�¸É¥ªÁ�}� ¼̈��oª¥ class���-���Îµ�ª� 15� ¼̈��x 1 Â�ª 
- �»� ¼̈��oª¥Â��Â¦��¹��¼nÁ�}� ¼̈��oª¥ class���-���Îµ�ª� 15� ¼̈��x 2 Â�ª 

­Îµ®¦´�­µ¥­n� ����kV Å�¦�o°¥����ª́��o°¥�� 
- �»� ¼̈��oª¥Â��Â�ª�¦¼��´ª�VÁ�¸É¥ªÁ�}� ¼̈��oª¥ class��-����Îµ�ª����������������������������������
��� ¼̈� x 2 Â�ª 

- �»� ¼̈��oª¥Â��Â�ª�¦¼��´ª�V�¼nÁ�}� ¼̈��oª¥ class class��-���Îµ�ª���������������������������������������������
��� ¼̈� x 4 Â�ª 

- �»� ¼̈��oª¥Â��Â¦��¹�Á�¸É¥ªÁ�}� ¼̈��oª¥ class���-���Îµ�ª����� ¼̈��x 1 Â�ª   
- �»� ¼̈��oª¥Â��Â¦��¹��¼nÁ�}� ¼̈��oª¥ class���-����Îµ�ª����� ¼̈� x 2 Â�ª 

Á�ºÉ°��µ�Ã�¦Â�¦¤�TFlash ¼̈��oª¥�¸ÉÄ�o�³�¼�¦³�»Á�}��Porcelain Standard type �������������������
Å¤n­µ¤µ¦��°��class �°� ¼̈��oª¥Å�o��¹�¦³�»Å�oÁ¡¸¥��Îµ�ª� ¼̈��oª¥�¸ÉÄ�o�n°Â�ªÁ�nµ�́Ê� 

 

£µ¡�¸É������»� ¼̈��oª¥Â��Â�ª��¼n 
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 



 

�� 

 

 

£µ¡�¸É������»� ¼̈��oª¥Â��Â�ª�¦¼��´ª�V  
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 

8. �µ¦�¦µª�r 

¦³���µ¦�n°¨��·��¸É�µ�¦µ��°�Á­µÃ�¦�Á® È̈��Ã�¥�́ÉªÅ��µ¤Â���Îµ®��Ä®o�Îµ�̧É
�µ�¦µ�­°��µ��®¦º°­¸É�µ��µ¤�ªµ¤�ÎµÁ�}�Á¡ºÉ°Ä®o�nµ�ªµ¤�oµ��µ�¨�¨�Â¨³­µ¤µ¦�¦´��¦³�»
�nµ¥Á��µ��́ªÁ­µ¨��·�Ä®o¤µ��̧É­»���nµ�µ¤�̧É�Îµ®��Åªo�°���¢���Å¤nÁ�·�����Ã°®r¤�́Ê�­µ¤Â¦��´��
¦³���n°¨��·��¦³�°��oª¥Â�n�­µ¥�·��(Ground rod) ­µ¥�n°Ã¥��µ�¦µ��°�Á­µÃ�¦�Á® È̈��
�Counter poise) �¹É� {�°¥¼nÄ��·�Â¨³¤̧­µ¥�n°¥¹��·��́� Stub Ã�¥¤̧�Connecting Ground Plate Á�}��
�´ª¥¹���¦�¸�°�����& 230 kV ¤̧�µ�Á º̈°�Ä®o�n°¨��·����Â���­Îµ®¦´����0 kV ¤̧�µ�Á º̈°�Ä®o�n°�������������
¨��·����Â�� 



 

�� 

 

£µ¡�¸É���  Ground rod �̧É {�Ä��·��°�Á­µ­n� 
�̧É¤µ: �°�ª·«ª�¦¦¤­µ¥­n���µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������� 
 

9. °³Á¦­Á�°¦r 

­Îµ®¦´�­µ¥­n��°���¢���Á�·¤Å¤n¤̧�µ¦Ä�o°³Á¦­Á�°¦r�Ä��̧É�¸Ê�µ¦�¦´��¦»�­¤¦¦��³
¢jµ�nµ¤̧�µ¦�Îµ¨°��µ¦�·��́Ê�°³Á¦­Á�°¦r��¹É�Á º̈°�Ä�oÁ�}��NGK Arrester ��·� Zno Series gap  Â��
Normal Duty type�¤̧¡·�́�Â¦��́� 87 kV (Á�·¤Ä�o�µ��́������kV�Â�n�¦³¥»��rÄ�o�́������kV) 

 

£µ¡�¸É�42��΅�¬�³�µ¦�·��´Ê�Ä�o�µ��NGK Arrester 
�̧É¤µ: NGK Insulators Ltd. (2004) 



 

�� 

 

­Îµ®¦´�¦µ¥¨³Á°̧¥��́Ê�®¤��°��o°¤¼¨�̧É�Îµ¨°�¨�Ä�Ã�¦Â�¦¤�°��´Ê����Â�ª­µ¥­n��̧Ê����������������
�³Â­��ÅªoÄ�£µ���ª��̧É���(�µ¦µ���ª��̧É����-���) 

 

 



�¨Â¨³ª·�µ¦�r 
 

�¨ 
 

�����¨�µ��o°¤¼¨Á®�»�µ¦�r­µ¥­n�Å¢¢jµÂ¦�­¼��́��o°�Á�ºÉ°��µ�¢jµ�nµ 
 

1.1 ­µ¥­n������kV Â�¨�-�´���»¦¸���ªµ¤¥µª­µ¥­n����������·Ã¨Á¤�¦��� 

�µ¦µ��¸É�����µ¦µ�Â­��Á®�»�µ¦�r�́��o°�Á�ºÉ°��µ�¢jµ�nµÁ�¨̧É¥�°�­µ¥­n������kV KLA-CT 

�e ¡�«� �Îµ�ª��¦´Ê��´��o°�¦ª¤ 
Â�n¨³�e 

�Îµ�ª��¦´Ê��´��o°� 
Á�¨̧É¥��e��·Ã¨Á¤�¦ 

�Îµ�ª��¦´Ê��´��o°� 
Á�¨¸É¥��e�����·Ã¨Á¤�¦ 

2544 7 
2545 2 
2546 3 
2547 1 
2548 6 

0.0678 6.7754 

 
1.2 ­µ¥­n������kV °nµ��°���-��nµ¨µ�����ªµ¤¥µª­µ¥­n����������·Ã¨Á¤�¦�� 

�µ¦µ��¸É�3���µ¦µ�Â­��Á®�»�µ¦�r�́��o°�Á�ºÉ°��µ�¢jµ�nµÁ�¨̧É¥�°�­µ¥­n��230 kV AT2-TL3 

�e ¡�«� �Îµ�ª��¦´Ê��´��o°�¦ª¤ 
Â�n¨³�e 

�Îµ�ª��¦´Ê��´��o°� 
Á�¨̧É¥��e��·Ã¨Á¤�¦ 

�Îµ�ª��¦´Ê��´��o°� 
Á�¨¸É¥��e�����·Ã¨Á¤�¦ 

2544 2 
2545 0 
2546 0 
2547 0 
2548 3 

0.0194 1.9450 

 



 

�� 

1.3 ­µ¥­n������kV Å�¦�o°¥���ª́��o°¥�ª��¦�̧É����ªµ¤¥µª­µ¥­n����������·Ã¨Á¤�¦��� 

�µ¦µ��¸É�����µ¦µ�Â­��Á®�»�µ¦�r�́��o°�Á�ºÉ°��µ�¢jµ�nµÁ�¨̧É¥�°�­µ¥­n����� kV SNO-WN#3 

�e ¡�«� �Îµ�ª��¦´Ê��´��o°�¦ª¤ 
Â�n¨³�e 

�Îµ�ª��¦´Ê��´��o°� 
Á�¨̧É¥��e��·Ã¨Á¤�¦ 

�Îµ�ª��¦´Ê��´��o°� 
Á�¨¸É¥��e�����·Ã¨Á¤�¦ 

2544 0 
2545 0 
2546 0 
2547 0 
2548 1 

0.0022 0.2232 

 
 
�����¨�µ�Ã�¦Â�¦¤�Arcview GIS �¸É�Îµ¤µÄ�o�´��o°¤¼¨¢jµ�nµ�EGAT LLS 

2.1 �¨�µ��µ¦�Îµ�o°¤¼¨¢jµ�nµ�e�¡�«������¤µ­¦oµ��Shape file ��Â���¸É�¦³Á�«Å�¥ 

2.1.1 Â�ªÃ�o¤�ªµ¤®�µÂ�n�¢jµ�nµÄ�¡ºÊ��¸É�́Ê��eÂ¨³Â�n¨³Á�º°� 
 

 

£µ¡�¸É������ªµ¤®�µÂ�n�¢jµ�nµÂ��Á¤�¨��·��́Ê�®¤��°��e�¡�«����� 
 



 

�� 

 

£µ¡�¸É�����¢jµ�nµÂ��Á¤�¨��·�Ä�Â�n¨³Á�º°��°��e�¡�«����� 



 

�� 

2.1.2 Â�ªÃ�o¤�nµ�¦³Â­¢jµ�nµ�°�Â�n¨³Á�º°� 

 

£µ¡�¸É������¦³Â­¢jµ�nµ�̧ÉÁ�·��¹Ê�Ä��e�¡�«����� 



 

�� 

 

 

£µ¡�¸É������ªµ¤�nµ�³Á�}��°�¢jµ�nµ�ª��e�¡�«������(�Îµ�ª�¢jµ�nµ�ª��´Ê�®¤�����,�����¦´Ê�) 
 
 
 

 

£µ¡�¸É�����­¦»��nµ­¼�­»�-�ÉÎµ­»�-Á�¨̧É¥�°��¦³Â­¢jµ�nµ�ª��e�¡�«������ 
 

 



 

�� 

 

£µ¡�¸É������ªµ¤�nµ�³Á�}��°�¢jµ�nµ¨��e�¡�«��������Îµ�ª�¢jµ�nµ¨��´Ê�®¤���,038,151 �¦´Ê�� 
 

 

 

£µ¡�¸É�����­¦»��nµ­¼�­»�-�ÉÎµ­»�-Á�¨̧É¥�°��¦³Â­¢jµ�nµ¨��e�¡�«����� 
 



 

�� 

 

£µ¡�¸É�50��Á�¦¸¥�Á�¸¥��ªµ¤�nµ�³Á�}��°��¦³Â­¢jµ�nµ�LLS, CIGRE, IEEE 
 

2.2 �Îµ�ª�¢jµ�nµ¨��·��(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e���°�Â�n¨³�nª�Á­µ�¸É¦³¥³����, 1 �·Ã¨Á¤�¦
�µ�Â�ª�¹É��¨µ�­µ¥­n�°°�Å��oµ��oµ��́Ê�­°��oµ� 

2.2.1 ­µ¥­n������kV Â�¨�-�´���»¦ ̧
 

 

£µ¡�¸É������ªµ¤®�µÂ�n�¢jµ�nµ��Â�ª­µ¥­n����� kV KLA-CT 



 

�� 

 
 

 

£µ¡�¸É�����Á�¦¸¥�Á�¸¥��ªµ¤®�µÂ�n�¢jµ�nµ�¸É¦³¥³����, ���·Ã¨Á¤�¦�°�­µ¥­n����� kV KLA-CT 
 

2.2.2 ­µ¥­n������kV °nµ��°���-��nµ¨µ�� 

 

£µ¡�¸É�53���ªµ¤®�µÂ�n�¢jµ�nµ��Â�ª­µ¥­n��230 kV AT2-TL3 
 
 



 

�� 

 

 

£µ¡�¸É�54��Á�¦¸¥�Á�¸¥��ªµ¤®�µÂ�n�¢jµ�nµ�¸É¦³¥³�0.5, 1��·Ã¨Á¤�¦�°�­µ¥­n��230kV AT2-TL3 
 
 

2.2.3 ­µ¥­n������kV Å�¦�o°¥���ª́��o°¥ ª��¦�̧É� 

 

£µ¡�¸É�55���ªµ¤®�µÂ�n�¢jµ�nµ��Â�ª­µ¥­n��500 kV SNO-WN#3 
 



 

�� 

 

£µ¡�¸É�56��Á�¦¸¥�Á�¸¥��ªµ¤®�µÂ�n�¢jµ�nµ�¸É¦³¥³�0.5, 1��·Ã¨Á¤�¦�°�­µ¥­n��500kV SNO-WN#3 
 

­Îµ®¦´�¦µ¥¨³Á°̧¥��ªµ¤®�µÂ�n�¢jµ�nµ�̧É¦³¥³����, 1 �·Ã¨Á¤�¦�»��nª�Á­µ�°��´Ê����Â�ª
­µ¥­n��(¡�«��������³Â­��ÅªoÄ�£µ���ª��̧É���(�µ¦µ���ª��¸É����-���� 

 
3.  �¨�µ��µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ­µ¥­n��µ¤ª·�¸�µ¦�EPRI Handbook Â¨³Ã�¦Â�¦¤�TFlash 

3.1 ­µÁ®�»�ªµ¤�´��o°��µ�Å¢¢jµ� 

3.1.1 �ªµ¤�´��o°��µ�Å¢¢jµÁ�ºÉ°��µ�¢jµ�nµÄ�o�o°¤¼¨�µ�Â���­¤¦¦��³¦³��Å¢¢jµ� 
 �µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥��¹É�Â­��¦µ¥¨³Á°̧¥��µ¤�µ¦µ��̧É� 

3.1.2 Á�¦¸¥�Á�̧¥�­¤¦¦��³¢jµ�nµÃ�¥Ä�o�nµÁ�¨̧É¥�°�­µ¥­n��´Ê�­µ¤���µ¦µ��̧É�-�� 
 �́�¤µ�¦�µ� IEEE 1313.2-1999 clause 5.1 
 
 
 
 
 
 



 

�� 

�µ¦µ��¸É�5��Â­���µ¦Á�¦¸¥�Á�̧¥��nµÁ�¨̧É¥­¤¦¦��³¢jµ�nµ�́�¤µ�¦�µ��IEEE 

­µ¥­n� �Îµ�ª��¦´Ê�Á®�»�µ¦�r�́��o°��(¡�«��2544-2548) 
Á�¨¸É¥��e�����·Ã¨Á¤�¦ 

�nµ�¸É¦³�»Ä��IEEE 
Á�¨¸É¥��e�����·Ã¨Á¤�¦ 

����kV KLA-CT 6.7754 20 
����kV AT-TL3 1.9450 20 
����kV SNO-WN#3 0.2232 0.5 

 
3.1.3 �¨�°��ªµ¤�´��o°��µ�Å¢¢jµ Á¤ºÉ°¡·�µ¦�µ¦µ¥¨³Á°̧¥��µ��µ¦µ��¸É� ­µ¤µ¦�­¦»� 
�����������Á�}��Îµ�ª��¦´Ê�Â¨³Á®�»�µ¦�r�¸ÉÁ�·��¹Ê�Å�o�´��̧Ê 

�µ¦µ��¸É����­¦»��Îµ�ª��¦´Ê�Â¨³Á®�»�µ¦�r�´��o°�Á�ºÉ°��µ�¢jµ�nµ�̧ÉÁ�·��¹Ê��¡�«�����-���� 

Á®�»�µ¦�r�´��o°� ����kV KLA-CT ����kV AT-TL3 ����kV SNO-WN#3 
�Îµ�ª�Á®�»�µ¦�r 
Á�ºÉ°��µ�¢jµ�nµ�́Ê�®¤� �� � � 

Å¢�́� � � � 
Trip Recloser  �� � � 
Arcing Horn ¤̧¦°¥ arc �� � � 
¼̈��oª¥�flashover � � � 

Distance Relay �Îµ�µ�Â­��
�»��̧ÉÁ�·��fault � � � 

 

3.2 ®µ��·�Â¨³�ÎµÂ®�n��ªµ¤�´��o°��µ�Å¢¢jµÁ�ºÉ°��µ�¢jµ�nµ 

3.1.1 ¡·­¼��rªnµ¢jµ�nµÁ�}�­µÁ®�»�ªµ¤�´��o°��¦·�  
������������Ã�¥Ä�o�o°¤¼¨�́��¹�­£µ¡°µ�µ«�µ�¦µ¥¨³Á°̧¥��µ¦µ��̧É�  
 
 
 
 



 

�� 

�µ¦µ��¸É����­£µ¡°µ�µ«Ä�Á®�»�µ¦�r�´��o°�Á�ºÉ°��µ�¢jµ�nµ�¡�«�����-���� 

­£µ¡°µ�µ« ����kV KLA-CT ����kV AT-TL3 ����kV SNO-WN#3 
Á�·�¢jµ�nµ �� � � 
 ��� �� � � 
¤º��¦¹Ê¤ 4 2 0 
���· 3 0 0 
Å¤n¦³�» 7 2 1 
 
 ®µ�ªµ¤­´¤¡´��r¦³®ªnµ�Á®�»�µ¦�r�´��o°��¸ÉÁ�·��¹Ê��¦·�Â¨³Á®�»�µ¦�r¢jµ�nµ�µ��o°¤¼¨¦³��
�µ¦®µ�ÎµÂ®�n�¢jµ�nµ�Ä��̧É�̧Ê¤̧�o°¤¼¨�ÎµÂ®�n�¢jµ�nµ�µ�¦³���EGAT LLS (Áª¨µ�¸É¦³�»Á�}��GMT 
Time = Áª¨µ�¦³Á�«Å�¥����) ¤̧Á¡¸¥��e�¡�«������Á�nµ�́Ê���Îµ¤µÄ�o�́�Ã�¦Â�¦¤�Arcview GIS �������������
®µ�ªµ¤­´¤¡´��rÃ�¥Á�¦¸¥�Á�̧¥��ÎµÂ®�n��̧ÉÁ�·�Á®�»�µ¦�r�́��o°��́��ÎµÂ®�n�¢jµ�nµ�̧ÉÁ�}�Å�Å�o�µ�
Áª¨µ�¦³¥³�µ����µ��¦³Â­¢jµ�nµ� 

 �°��µ��̧Ê¥´�Ä�o�Stroke window �°�Ã�¦Â�¦¤�TFlash version 4.0.22��¦ª�­°�ªnµ��µ�
�¦³Â­¢jµ�nµ�ÎµÄ®oÁ�·��µ¦ªµ�Å¢Â��Ä��Ã�¥Á�¦¸¥�Á�̧¥�¦³¥³�µ��µ�Á­µ�¹��ÎµÂ®�n�¢jµ�nµ (DT) 
®¦º°¦³¥³�µ��µ�Â�ª­µ¥­n��¹��ÎµÂ®�n�¢jµ�nµ�(DL) ªnµ°¥¼nÄ��nª�Ä��°��X-Distance �¹É�Â�n�Á�}�
�nª��´��̧Ê�(¦³���µ¦®µ�ÎµÂ®�n�¢jµ�nµ¤̧�ªµ¤�¨µ�Á� º̈É°��°�¦³¥³�µ��¦³¤µ������Á¤�¦� 

����������-�°¥¼nÄ��nª��¸É¤̧Ã°�µ­¢jµ�nµ¨�­µ¥�̧¨�r� Back flashover (BFO) � 
����������-�°¥¼nÄ��nª��¸É¤̧Ã°�µ­¢jµ�nµ¨�­µ¥Á¢­� Shielding failure flashover (SFO)� 

 ����������-Å¤n°¥¼nÄ��nª�Ä�Á¨¥  ¦³�»Å¤nÅ�oªnµÁ�}��µ¦ªµ�Å¢Â��Ä� 
 
 
 
 
 
 



 

�� 

�µ¦µ��¸É�8��Â­���µ¦Á�¦¸¥�Á�̧¥�Á®�»�µ¦�r¢jµ�nµÂ¨³Á®�»�µ¦�r�´��o°��°�­µ¥­n��115kV KLA-CT  
 

Á®�»�µ¦�r�´��o°��(�µ¦µ��̧É1) Á®�»�µ¦�r¢jµ�nµ�µ��EGAT LLS (Arcview GIS) Stroke window (TFlash) 

Á­µ
�o��̧É Á¢­ Áª¨µ 

�¦³Á�«Å�¥ 
GMT 
Time 

GMT 
Time Time 

�¦³Â­
¢jµ�nµ� 

 I (kA) 

¦³¥³�µ�
�µ�Á­µ 
DT (km) 

¦³¥³�µ� 
�µ�Â�ª­µ¥­n��

DL (km) 

¦³¥³®nµ��µ�
¢jµ�nµ�¹�Á­µ­n��

X (m) 

Á¢­�̧É¤¸Ã°�µ­
¢jµ�nµÁ�oµ¤µ 

��·��µ¦����
ªµ�Å¢ 

108 C 65/3 
C 
A 
B 

A 18/5/2005 
9:13 

18/5/2005 
2:13 2:26:32.101 13:32.101 29.0 7.67 6.88 

108 > G 
¦³�»Å¤nÅ�o�� 

76/1 
C 
A 
B 

C 1/8/2005 
9:43 

1/8/2005 
2:43 

2:40:30.527 -02:29.473 -112.5 8.21 0.31 168 > G BFO 

95/2 
A 
B 
C 

A,B 16/8/2005 
2:16 

15/8/2005 
19:16 19:19:17.701 03:17.701 -33.5 1.86 0.42 100.5 > G BFO 
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�� 

�µ¦µ��¸É�8��(�n°�� 
 

Á®�»�µ¦�r�´��o°��(�µ¦µ��̧É1) Á®�»�µ¦�r¢jµ�nµ�µ��EGAT LLS (Arcview GIS) Stroke window (TFlash) 

Á­µ
�o��̧É Á¢­ Áª¨µ 

�¦³Á�«Å�¥ 
GMT 
Time 

GMT 
Time Time 

�¦³Â­
¢jµ�nµ� 

 I (kA) 

¦³¥³�µ�
�µ�Á­µ 
DT (km) 

¦³¥³�µ� 
�µ�Â�ª­µ¥­n��

DL (km) 

¦³¥³®nµ��µ�
¢jµ�nµ�¹�Á­µ­n��

X (m) 

Á¢­�̧É¤¸Ã°�µ­
¢jµ�nµÁ�oµ¤µ 

��·��µ¦ 
ªµ�Å¢ 

95.5 B 
91/1 

A 
B 
C 

B 28/8/2005 
12:42 

28/8/2005 
5:42 5:23:53.348 -18:06.652 -20.6 3.35 0.74 

95.5 > G 
¦³�»Å¤nÅ�o 

70.5 - 60.5 C 
63/2 

C 
A 
B 

C 4/10/2005 
2:11 

3/10/2005 
19:11 19:33:28.600 22:28.600 9.8 0.85 0.42 

60.5 > G 

¦³�»Å¤nÅ�o 

85.5 - 80.5 C 
83/2 

C 
A 
B 

C 7/10/2005 
14:43 

7/10/2005 
7:43 7:42:49.205 -00:10.795 -14.2 1.03 0.55 

80.5 > G 
BFO 
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�µ¦µ��¸É�9��Â­���µ¦Á�¦¸¥�Á�̧¥�Á®�»�µ¦�r¢jµ�nµÂ¨³Á®�»�µ¦�r�´��o°��°�­µ¥­n��230kV AT2-TL3 

Á®�»�µ¦�r�´��o°��(�µ¦µ��̧É1) Á®�»�µ¦�r¢jµ�nµ�µ��EGAT LLS (Arcview GIS) Stroke window (TFlash) 

Á­µ
�o��̧É Á¢­ Áª¨µ 

�¦³Á�«Å�¥ 
GMT 
Time 

GMT 
Time Time 

�¦³Â­
¢jµ�nµ� 

 I (kA) 

¦³¥³�µ�
�µ�Á­µ 
DT (km) 

¦³¥³�µ� 
�µ�Â�ª­µ¥­n��

DL (km) 

¦³¥³®nµ��µ�
¢jµ�nµ�¹�Á­µ­n��

X (m) 

Á¢­�̧É¤¸Ã°�µ­
¢jµ�nµÁ�oµ¤µ 

��·��µ¦
ªµ�Å¢ 

131 B 
39/2 
B-C 
A-A 
C-B 

B 24/6/2005 
18.29 

24/6/2005 
11:29 11:23:32.911 -05:27.089 -14.0 0.11 0.095 

131 > G 
BFO 

44/1 
B-C 
A-A 
C-B 

C 13/9/2005 
21:27 

13/9/2005 
14:27 14:29:07.144 02:07.144 -33.4 0.75Span 0 181> G BFO 

161 B 
40/1 
B-C 
A-A 
C-B 

A,B 
2/10/2005 

20:05 
2/10/2005 

13:05 13:06:42.313 01:42.313 -24.6 0.47 0.30 
161 > G 

SFO 
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�µ¦µ��¸É�10��Â­���µ¦Á�¦¸¥�Á�¸¥�Á®�»�µ¦�r¢jµ�nµÂ¨³Á®�»�µ¦�r�´��o°��°�­µ¥­n��500kV SNO-WN#3 
 

Á®�»�µ¦�r�´��o°��(�µ¦µ��̧É1) Á®�»�µ¦�r¢jµ�nµ�µ��EGAT LLS (Arcview GIS) Stroke window (TFlash) 

Á­µ 
�o��̧É Á¢­ Áª¨µ 

�¦³Á�«Å�¥ 
GMT 
Time 

GMT 
Time Time 

�¦³Â­
¢jµ�nµ 
I (kA) 

¦³¥³�µ� 
�µ�Á­µ 
DT (km) 

¦³¥³�µ� 
�µ�Â�ª­µ¥­n�� 

DL (km) 

¦³¥³®nµ��µ�
¢jµ�nµ�¹�Á­µ­n�� 

X (m) 

Á¢­�̧É¤¸Ã°�µ­ 
¢jµ�nµÁ�oµ¤µ 

��·��µ¦
ªµ�Å¢ 

158 A 

148 -118 C 

118/3A 
C-C 
A-A 
B-B 

C 26/3/2005 
17:59 

26/3/2005 
10:59 

10:51:28.391 -07:31.609 -10.7 0.77 0.52 

118 > G 

¦³�»Å¤nÅ�o 
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£µ¡�¸É�57��Á®�»�µ¦�r¢jµ�nµ�¸ÉÁ�}�Å�Å�oÂ¨³Á­µ­n��̧ÉÁ�·�Á®�»�´��o°��°�­µ¥­n��115kV KLA-CT 
 
 
 
 
 
 
 
 



 

�� 

 

 

£µ¡�¸É�58��Á®�»�µ¦�r¢jµ�nµ�¸ÉÁ�}�Å�Å�oÂ¨³Á­µ­n��̧ÉÁ�·�Á®�»�´��o°��°�­µ¥­n��230kV AT2-TL3 
 
 

 

£µ¡�¸É�59��Á®�»�µ¦�r¢jµ�nµ�¸ÉÁ�}�Å�Å�oÂ¨³Á­µ­n��̧ÉÁ�·�Á®�»�´��o°��°�­µ¥­n��500kV SNO-WN#3 



 

�� 

3.2.1 ®µ�ÎµÂ®�n��̧ÉÁ�·��µ¦ªµ�Å¢�µ¤�·ª�°� ¼̈��oª¥Ä�­µ¥­n��oª¥ª·�̧ 

������������Ä�o�o°¤¼¨�µ�Â���­¤¦¦��³¦³��Å¢¢jµ�°��µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥������������
�¹É�Á�}��o°¤¼¨�́��¹��°�®�nª¥�µ��¸É�ÎµÁ�·��µ¦Â�oÅ�Á®�»�µ¦�r�´��o°� �ÎµÄ®o�¦µ�
�ÎµÂ®�n��°�Á­µ­n�Â¨³Á¢­�̧ÉÁ�·�¢jµ�nµ�¦ª¤�¹�ª´��Áª¨µ�̧ÉÁ�·�Á®�»�µ¦�r�´��o°��Ã�¥¤̧�´��¹�
�µ¦�Îµ�µ��°�¦¸Á¨¥r¦³�»Ä��o°¤¼¨�°��µ¦µ��̧É���oª¥Á�n��́� 
 

3.3 �Îµ�ª�­¤¦¦��³¢jµ�nµ�°�­µ¥­n��µ��o°¤¼¨�µ¦°°�Â���̧É®µÅ�o 

3.3.1 ¦ª�¦ª¤�o°¤¼¨�¸É�ÎµÁ�}�Ä��µ¦�Îµ�ª�­¤¦¦��³¢jµ�nµ  

        Ä��̧É�¸ÊÄ�o�o°¤¼¨¡ºÊ��µ�Ä��µ¦°°�Â���µ�®�nª¥�µ��°�ª·«ª�¦¦¤­µ¥­n��Ã�¥Ä�o
Â���Structure list, Insulators and Hardwares list, List of Ground Electrodes �°��´Ê��������������
��­µ¥­n� Á�}��o°¤¼¨¦µ¥¨³Á°̧¥��°�Á­µ­n�¦nª¤�́��µ¦Ä�o�o°¤¼¨¢jµ�nµ�̧ÉÅ�o�°�Â�n¨³�nª�Á­µ
�µ��o°�����(£µ���ª��̧É����Îµ®��Á�oµÄ�Ã�¦Â�¦¤�TFlash version 3.0.21 Á¡ºÉ°�Îµ�ª�
­¤¦¦��³¢jµ�nµ�°�­µ¥­n��´Ê�®¤�  

 
�µ¦µ��¸É�����­¤¦¦��³¢jµ�nµ�°��́Ê����­µ¥­n��Îµ�ª��µ�Ã�¦Â�¦¤�TFlash 
 

¦³¥³®nµ��µ�Â�ª�¹É��¨µ�­µ¥­n������������������
�����·Ã¨Á¤�¦ 

¦³¥³®nµ��µ�Â�ª�¹É��¨µ�­µ¥­n������������������
�����·Ã¨Á¤�¦ ­µ¥­n� 

SFO 
(�¦´Ê���e�����km) 

BFO 
(�¦´Ê���e�����km) 

Total 
(�¦´Ê���e�����km) 

SFO 
(�¦́Ê���e�����km) 

BFO 
(�¦´Ê���e�����km) 

Total 
(�¦´Ê���e�����km) 

115 kV 
KLA-CT ����� 25.401 ������ ����� ������ ������ 

230kV 
AT2-TL3 ����� ����� ����� ����� ����� ����� 

500kV 
SNO-WN#3 9.329 0.041 9.370 9.004 0.033 9.037 

 
 



 

�� 

 
 

 

£µ¡�¸É�60��­¤¦¦��³¢jµ�nµ�°�Â�n¨³�nª�Á­µ­Îµ®¦´�­µ¥­n��115kV KLA-CT 
 



 

�� 

 

£µ¡�¸É�61��­¤¦¦��³¢jµ�nµ�°�Â�n¨³�nª�Á­µ­Îµ®¦´�­µ¥­n��230kV AT2-TL3 
 

 



 

�� 

 

£µ¡�¸É�62��­¤¦¦��³¢jµ�nµ�°�Â�n¨³�nª�Á­µ­Îµ®¦´�­µ¥­n��500kV SNO-WN#3 
 

 ­Îµ®¦´�¦µ¥¨³Á°̧¥��¨­¤¦¦��³�°�Â�n¨³�nª�Á­µ�́Ê����­µ¥­n��Â­��ÅªoÄ�£µ���ª��̧É���
��µ¦µ���ª��¸É����- ��� 



 

�� 

3.3.2 �¨�µ��Îµ�ª�­¤¦¦��³¢jµ�nµ� 

�µ¦µ��¸É�����Á�¦¸¥�Á�̧¥�Á®�»�µ¦�r�´��o°��̧ÉÅ�o�µ��µ¦�Îµ�ª�Â¨³Á�·��¹Ê��¦·� 

­µ¥­n� Á®�»�µ¦�rÁ�·��¹Ê��¦·��
(�µ¦µ��¸É�� 

Á®�»�µ¦�r�µ��µ¦�Îµ�ª� 
(�µ¦µ��¸É���-�¦³¥³®nµ�����¤�� �Îµ�ª�Á�nµ�ªµ¤Â���nµ� 

115 kV 
KLA-CT 6.7754 � BFO ������ � BFO 4.067 

230kV 
AT2-TL3 1.9450 � BFO, SFO ��������BFO, SFO 3.549 

500kV 
SNO-WN#3 0.2232 � SFO 9.037 � SFO 40.488 

Á�ºÉ°��µ�¤̧�ªµ¤Â���nµ�¦³®ªnµ��µ¦�Îµ�ª�Â¨³Á®�»�µ¦�r�¦·�¤µ���¹��o°�Ä�o�o°¤¼¨�µ�
�µ¦�¦ª�­°�­µ¥­n��°�®�nª¥�µ���·�´�·�µ¦Á��£µ��¨µ���¹É�Ä��̧É�¸Ê¤̧Á�¡µ³�o°¤¼¨�°�­µ¥­n��
���kV Â�¨�-�́���»¦¸�e�¡�«������Á�nµ�́Ê��(¦µ¥¨³Á°̧¥�°¥¼nÄ�£µ���ª��̧É����µ¦µ���ª��¸É������¹�
Å�o�Îµ�µ¦Â�oÅ��nµ�ªµ¤�oµ��µ��̧É�µ�Á­µÄ�Ã�¦Â�¦¤�TFlash version 3.0.21 Â¨³Á�¦¸¥�Á�̧¥�
Á�¡µ³�e�¡�«������Á�ºÉ°��µ��ªµ¤®�µÂ�n�¢jµ�nµ�¸ÉÅ�oÁ�}��°��e�¡�«����� 

�µ¦µ��¸É�13��­¤¦¦��³¢jµ�nµ®΅��µ�Ä�o�o°¤¼¨­Îµ¦ª��°�­µ¥­n��115kV KLA-CT 

�nµ�ªµ¤�oµ��µ��¸É�µ�Á­µ 
Á®�»�µ¦�rÁ�·��¹Ê��¦·� 

(¡�«������ 
(�¦´Ê���e�����km) 

Á®�»�µ¦�r�µ� 
�µ¦�Îµ�ª� 
(�¦´Ê���e�����km) 

�Îµ�ª�Á�nµ�ªµ¤
Â���nµ� 

�nµ�̧É­Îµ¦ª�Å�o�e�¡�«����� ������ 1.464 
�nµ®΅��µ��¦´��¦»��¡�«����� 

������ 
������ 1.369 

3.3.3 ¦³�»�nµ°́�¦µ�ªµ¤�´��o°��µ�Å¢¢jµ�¸ÉÁ�}�Á�jµ®¤µ¥Â¨³¦³�»�o°�Îµ�́��°��o��»��̧ÉÄ�o 

        Á º̈°��o°�Îµ�́��°��o��»�Á�}�Á�·���� öµ��µ��¦³�»Á�jµ®¤µ¥°́�¦µ�ªµ¤�´��o°�Á�}�����������������
���¦´Ê��n°�e�Â¨³Á º̈°�Á�jµ®¤µ¥�µ��Îµ�ª�Á�·��n°�µ¦¨�¨��°�Á®�»�µ¦�r�´��o°��̧ÉÄ®o
�¦³­·��·�¨¤µ��̧É­»�Â���Ã�¥Á º̈°��¦´��¦»�Á�¡µ³­µ¥­n��¹É�¤̧�nµ�ªµ¤�´��o°�Á�ºÉ°��µ�



 

�� 

¢jµ�nµÁ�¨̧É¥¤µ��¸É­»��µ��µ¦µ��̧É���¹�Á º̈°��¦´��¦»�­µ¥­n�����kV Â�¨�-�́���»¦¸�Â¨³Á�}�
­µ¥­n��¸É¤̧�o°¤¼¨Ä� öÁ�̧¥��nµ­Îµ¦ª��¦·�� 

3.4 ®µ�´ªÂ�¦�̧É¤̧�¨�¦³���n°­¤¦¦��³¢jµ�nµ�°�­µ¥­n� 

��������������nµ�ªµ¤�oµ��µ��µ�Á­µ�-�¤̧�µ¦�¦´��¦»��nµÁ�}����, 5, 1 Ã°®r¤�¦µ�µ�°��»��Ground rod 
Á�nµ�́�������µ�Â¨³�»� Ground rod�with Counterpoise Á�nµ�́�������µ� 

 

£µ¡�¸É������¨�¦³���n°­¤¦¦��³¢jµ�nµ­µ¥­n��µ��µ¦Á�¨̧É¥�Â�¨��nµ�ªµ¤�oµ��µ��µ�Á­µ 
 

 �nµ�CFO �°���ª� -�Á¡·É¤�nµ�̧ÊÃ�¥Á¡·É¤�Îµ�ª� ¼̈��oª¥�type���-��(CFO = 80kV)�¦µ�µ ¼̈�¨³�
�����µ���Îµ�ª���, 2, 3 ¼̈�� 

 

£µ¡�¸É������¨�¦³���n°­¤¦¦��³¢jµ�nµ­µ¥­n��µ��µ¦Á�¨̧É¥�Â�¨��nµ��ª� 
 

 �µ¦Á¡·É¤�Arrester - �nª¥¨�Â¦��´�Á�·��°� ¼̈��oª¥Å�oÃ�¥�¦��Â�nÁ�ºÉ°��oª¥¦µ�µ­¼��Ä��̧É�¸ÊÄ�o�
NGK Arrester ¦µ�µ�¦³¤µ��»�¨³���,200 �µ���¹��o°�Á º̈°��·��´Ê�Á�¡µ³�µ��o��µ�Á¢­�̧É¤̧�{�®µ



 

�� 

Á�nµ�́Ê��ª·�̧Á º̈°��·��´Ê�Ä�oª·�̧�µ��TFlash version 4.0.22��¤̧°¥¼n����Â����º°��·��´Ê��»�Á¢­�°�Á­µ­n��
�·��́Ê�Á�¡µ³Á¢­�̧É¤̧�{�®µ�̧É­»��°�Â�n¨³ª��¦�Â¨³�·��´Ê�Á�¡µ³Á¢­�̧É¤̧�{�®µ�¸É­»��°�Â�n¨³Á­µ­n��
Á�ºÉ°��µ�­µ¥­n������kV KLA-CT Á�}�ª��¦Á�̧É¥ª�ª·�̧�·��´Ê�­°�Â��®΅��¹�Ä®o�¨Á®¤º°��́�  

 

£µ¡�¸É������¨�¦³��­¤¦¦��³¢jµ�nµ­µ¥­n��µ��µ¦�·��´Ê�°³Á¦­Á�°¦r 

 ¤»¤�j°��́��(Shielding angle) - �nª¥�j°��́�Å¤nÄ®o¢jµ�nµÁ�oµ¤µ­µ¥Á¢­Ã�¥�¦��Á�·¤Á�}�¤»¤�
���¨�¤»¤¨�Á® º̈°�����oª¥���ª·�̧��º°�¥oµ¥­µ¥�̧¨�rÃ�¥Á¡·É¤�ªµ¤­¼��°�Á­µ°̧�������Á¤�¦��·�Á�}�
Á�·��¦³¤µ��16,739 �µ��¤»¤�j°��́��̧Ê�³¨�¨�Á�}��̧¨³�´Ê��º°������, 18.15, 15��µ¤ Î̈µ�´��
­Îµ®¦´�°̧�ª·�̧�º°�µ¦Á¡·É¤­µ¥�¸¨�r°̧�Á­o��µ�Á­o�Á�·¤Á�}�¦³¥³®nµ��������Á¤�¦�Å��µ��oµ¥(-) ®¦º°
�ªµ�����·�Á�}�Á�·��°�­µ¥�¸¨�r¦ª¤Á® È̈��¦³¤µ� 6,443����,�����µ���µ¦Á¡·É¤�³Á¡·É¤�¸¨³Á­o��¸¨³
�oµ���¹�Á�}��1W (-1.386, +1.386),  2W (+-1.386, -+1.386) 

 

£µ¡�¸É�����ª·�̧�µ¦¥oµ¥­µ¥�¸¨�rÄ®o­¼��¹Ê��°�Ã�¦Â�¦¤�TFlash 



 

�� 

��

 

£µ¡�¸É������¨�¦³��­¤¦¦��³¢jµ�nµ�µ��µ¦¥oµ¥­µ¥�¸¨�rÄ®o­¼��¹Ê� 
 

 

£µ¡�¸É�68���µ¦Á¡·É¤­µ¥�¸¨�r�oª¥Ã�¦Â�¦¤�TFlash 
 
 

 

£µ¡�¸É������¨�¦³��­¤¦¦��³¢jµ�nµ�µ��µ¦Á¡·É¤­µ¥�¸¨�r 



 

�� 

3.5 �¦³Á¤·�ª·�̧�µ¦�¦´��¦»��̧ÉÄ®o�¨�¦³Ã¥��r¤µ��¸É­»�� 

3.5.1 ¦³�»�µ�Á º̈°��̧ÉÁ�}�Å�Å�oÄ��µ¦�¦´��¦»�� 

       ��µ��´ªÂ�¦�̧É¤̧�¨�¦³��­¤¦¦��³¢jµ�nµÄ��o°������¹�Á º̈°�Ä�oª·�̧�¦´��¦»����ª·�̧��º° 
 -��¦´��¦»��nµ�ªµ¤�oµ��µ��µ�Á­µÁ® º̈°���, 5 Ã°®r¤ 
 -�Á¡·É¤ ¼̈��oª¥��, 2 ¼̈��(CFO = 80, 160 kV) 
 - �·��́Ê�°³Á¦­Á�°¦r�»�Á¢­Â¨³�·��´Ê�Á�¡µ³Á¢­�¸É¤̧�{�®µ�¸É­»� 
 -�Á¡·É¤­µ¥�¸¨�r���Á­o��µ��oµ��oµ¥�(-1.386 Á¤�¦)� 

3.5.2 �Îµ�ª�­¤¦¦��³¢jµ�nµÄ®¤n�µ�Â�n¨³�µ�Á º̈°��̧É�¦´��¦»� 

 Ä�oª·�̧�µ¦�Optimizer of TFlash version 4.0.22 Á¡ºÉ°­¦oµ��µ�Á º̈°��µ�ª·�̧�¦´��¦»�
Ä��o°�������Ã�¥Á º̈°�Ä�o�¸¨³���ª·�̧(¦¼�Â���̧É�-��, 3�ª·�̧�(¦¼�Â���̧É�-���, 2 ª·�̧�(¦¼�Â���¸É
��-��� �ÎµÄ®oÅ�o¦¼�Â���́Ê�®¤�����¦¼�Â��  

�µ¦µ��¸É�14��¦¼�Â���´Ê�®¤��̧ÉÄ�o�¦´��¦»�­¤¦¦��³¢jµ�nµ 

¦¼�Â���¸É ª·�¸�µ¦ 
1 10 ohm+1Insulator(80kV)+Arrester worst phase+ 1W Shield  
2 5 ohm+1Insulator(80kV)+Arrester worst phase+ 1W Shield  
3 10 ohm+1Insulator(80kV)+Arrester all phase+ 1W Shield  
4 5 ohm+1Insulator(80kV)+Arrester all phase+ 1W Shield  
5 10 ohm+2Insulator(160kV)+Arrester worst phase+ 1W Shield  
6 5 ohm+2Insulator(160kV)+Arrester worst phase+ 1W Shield  
7 10 ohm+2Insulator(160kV)+Arrester all phase+ 1W Shield  
8 5 ohm+2Insulator(160kV)+Arrester all phase+ 1W Shield  
9 10 ohm+1Insulator(80kV)+Arrester worst phase 

10 5 ohm+1Insulator(80kV)+Arrester worst phase 
11 10 ohm+1Insulator(80kV)+Arrester all phase 
12 5 ohm+1Insulator(80kV)+Arrester all phase 
13 10 ohm+2Insulator(160kV)+Arrester worst phase  

 � 



 

�� 

�µ¦µ��¸É�14����n°� 

¦¼�Â���¸É ª·�¸�µ¦ 
14 5 ohm+2Insulator(160kV)+Arrester worst phase  
15 10 ohm+2Insulator(160kV)+Arrester all phase 
16 5 ohm+2Insulator(160kV)+Arrester all phase  
17 1Insulator(80kV)+Arrester worst phase+1W Shield 
18 2Insulator(160kV)+Arrester worst phase+1W Shield 
19 1Insulator(80kV)+Arrester all phase+1W Shield 
20 2Insulator(160kV)+Arrester all phase+1W Shield 
21 Arrester worst phase+1W Shield+10ohm 
22 Arrester worst phase+1W Shield+5ohm 
23 Arrester all phase+1W Shield+10ohm 
24 Arrester all phase+1W Shield+5ohm 
25 1W Shield+10 ohm+1Insulator(80kV) 
26 1W Shield+5 ohm+1Insulator(80kV) 
27 1W Shield+10 ohm+2Insulator(160kV) 
28 1W Shield+10 ohm+2Insulator(160kV) 
29 10 ohm+1Insulator(80kV) 
30 5 ohm+1Insulator(80kV) 
31 10 ohm+2Insulator(160kV) 
32 5 ohm+2Insulator(160kV) 
33 10 ohm+Arrester worst phase  
34 5 ohm+Arrester worst phase  
35 10 ohm+Arrester all phase 
36 5 ohm+Arrester all phase  
37 10 ohm+1W Shield 
38 5 ohm+1W Shield 
39 1Insulator(80kV)+Arrester worst phase 



 

�� 

�µ¦µ��¸É�14����n°� 

¦¼�Â���¸É ª·�¸�µ¦ 
40 2Insulator(160kV)+Arrester worst phase 
41 1Insulator(80kV)+Arrester all phase 
42 2Insulator(160kV)+Arrester all phase 
43 1Insulator(80kV)+1W Shield 
44 2Insulator(160kV)+1W Shield 
45 Arrester worst phase+1W Shield 
46 Arrester all phase+1W Shield 

 
 
 

 

£µ¡�¸É�70���µ¦�Îµ®��Á�jµ®¤µ¥,Á�·��»�Â¨³�µ�Á º̈°��¦´��¦»�­¤¦¦��³Ä��Optimizer of  TFlash  
 



 

�� 

 
£µ¡�¸É������µ¦�Îµ®���nµÂ¨³¦µ�µÄ�ª·�̧�µ¦�´Ê����ª·�̧ 



 

�� 

3.5.3 Â­���µ¦ª·Á�¦µ³®r�¨�¦³Ã¥��rÂ¨³�o��»��̧ÉÄ®o�¦³­·��·�¨¤µ��¸É­»� 

�µ¦µ��¸É������¨�̧ÉÅ�o�µ��µ¦�Optimization Ã�¥Ä�o���ª·�̧ 

�n°�Â�oÅ� ®΅�Â�oÅ� %��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o�
�µ��µ¦�

Optimize 

�Îµ�ª��o�
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

1 0.819 13.286 14.106 25.151 0.423 7.232 7.655 13.649 Ground 35 56,040 -48.37 -45.57 -45.73 21,864.85 
         Insulator 167 263,025     
         Add shield 46 680,800     
           999,865     
� 0.819 13.286 14.106 25.151 0.418 6.558 6.975 12.437 Ground 86 173,075 -49.01 -50.64 -50.55 19,753.36 
         Insulator 167 263,025     
         Add shield 38 562,400     
           998,500     
� 0.819 13.286 14.106 25.151 0.423 7.232 7.655 13.649 Ground 35 56,040 -48.37 -45.57 -45.73 21,864.85 
         Insulator 167 263,025     
         Add shield 46 680,800     
           999,865     
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�µ¦µ��¸É�������n°� 

�n°�Â�oÅ� ®΅�Â�oÅ� %��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o�
�µ��µ¦�

Optimize 

�Îµ�ª��o�
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

� 0.819 13.286 14.106 25.151 0.418 6.558 6.975 12.437 Ground 86 173,075 -49.01 -50.64 -50.55 19,753.36 
         Insulator 167 263,025     
         Add shield 38 562,400     
           998,500     
� 0.819 13.286 14.106 25.151 0.355 5.734 6.089 10.857 Ground 39 63,080 -56.70 -56.84 -56.83 17,508.05 
         Insulator 169 532,350     
         Add shield 27 399,600     
           995,030     
� 0.819 13.286 14.106 25.151 0.358 5.578 5.936 10.583 Ground 75 156,785 -56.34 -58.02 -57.92 17,264.08 
         Insulator 169 532,350     
         Add shield 21 310,800     
           999,935     
� 0.819 13.286 14.106 25.151 0.355 5.734 6.089 10.857 Ground 39 63,080 -56.70 -56.84 -56.83 17,508.05 
         Insulator 169 532,350     
         Add shield 27 399,600     
           995,030     

93 



 

�� 

�µ¦µ��¸É�������n°� 

�n°�Â�oÅ� ®΅�Â�oÅ� %��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o�
�µ��µ¦�

Optimize 

�Îµ�ª��o�
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

� 0.819 13.286 14.106 25.151 0.358 5.578 5.936 10.583 Ground 75 156,785 -56.34 -58.02 -57.92 17,264.08 
         Insulator 169 532,350     
         Add shield 21 310,800     
           999,935     

 
 
�µ¦µ��¸É������¨�̧ÉÅ�o�µ��µ¦�Optimization Ã�¥Ä�o���ª·�̧ 
 

�n°�Â�oÅ� ®¨´�Â�oÅ� 
%��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

9 0.819 13.286 14.106 25.151 0.694 9.630 10.324 18.408 Ground 32 54,990 -15.36 -27.52 -26.81 36,806.19 
         Insulator 169 266,175     
         Arrester 13 665,600     
           986,765     
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�� 

�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®¨´�Â�oÅ� 
%��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

10 0.819 13.286 14.106 25.151 0.713 8.810 9.523 16.980 Ground 88 178,235 -12.97 -33.69 -32.49 29,438.63 
         Insulator 169 266,175     
         Arrester 10 512,000     
           956,410     

11 0.819 13.286 14.106 25.151 0.737 9.846 10.583 18.870 Ground 31 54,345 -10.05 -25.89 -24.97 37,440.83 
         Insulator 169 266,175     
         Arrester 4 614,400     
           934,920     

12 0.819 13.286 14.106 25.151 0.743 8.671 9.414 16.785 Ground 88 178,235 -9.37 -34.74 -33.26 27,213.99 
         Insulator 169 266,175     
         Arrester 3 460,800     
           905,210     

13 0.819 13.286 14.106 25.151 0.563 7.802 8.365 14.916 Ground 36 60,795 -31.28 -41.28 -40.69 23,382.80 
         Insulator 169 532,350     
         Arrester 7 358,400     
           951,545     
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�� 

�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®¨´�Â�oÅ� 
%��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

14 0.819 13.286 14.106 25.151 0.575 7.296 7.871 14.034 Ground 76 159,365 -29.82 -45.09 -44.20 22,600.40 
         Insulator 169 532,350     
         Arrester 6 307,200     
           998,915     

15 0.819 13.286 14.106 25.151 0.589 7.812 8.401 14.979 Ground 36 60,795 -28.13 -41.20 -40.44 22,262.60 
         Insulator 169 532,350     
         Arrester 2 307,200     
           900,345     

16 0.819 13.286 14.106 25.151 0.590 7.333 7.924 14.128 Ground 76 159,365 -27.95 -44.80 -43.83 22,792.81 
         Insulator 169 532,350     
         Arrester 2 307,200     
           998,915     

17 0.819 13.286 14.106 25.151 0.430 8.406 8.835 15.753 Insulator 169 266,175 -47.58 -36.73 -37.36 26,533.33 
         Add shield 49 725,200     
           991,375     
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�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®¨´�Â�oÅ� 
%��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

18 0.819 13.286 14.106 25.151 0.313 6.576 6.889 12.284 Insulator 169 532,350 -61.77 -50.51 -51.16 19,373.71 
         Add shield 31 458,800     
           991,150     

19 0.819 13.286 14.106 25.151 0.430 8.406 8.835 15.753 Insulator 169 266,175 -47.58 -36.73 -37.36 26,533.33 
         Add shield 49 725,200     
           991,375     

20 0.819 13.286 14.106 25.151 0.313 6.576 6.889 12.284 Insulator 169 532,350 -61.77 -50.51 -51.16 19,373.71 
         Add shield 31 458,800     
           991,150     

21 0.819 13.286 14.106 25.151 0.402 8.243 8.645 15.414 Ground 44 65,420 -50.88 -37.96 -38.71 25,775.32 
         Add shield 63 932,400     
           997,820     

22 0.819 13.286 14.106 25.151 0.447 8.281 8.728 15.562 Ground 75 169,445 -45.44 -37.67 -38.12 26,185.17 
         Add shield 56 828,800     
           998,245     
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�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®¨´�Â�oÅ� 
%��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

23 0.819 13.286 14.106 25.151 0.402 8.243 8.645 15.414 Ground 44 65,420 -50.88 -37.96 -38.71 25,775.32 
         Add shield 63 932,400     
           997,820     

24 0.819 13.286 14.106 25.151 0.447 8.281 8.728 15.562 Ground 75 169,445 -45.44 -37.67 -38.12 26,185.17 
         Add shield 56 828,800     
           998,245     

25 0.819 13.286 14.106 25.151 0.423 7.232 7.655 13.649 Ground 35 56,040 -48.37 -45.57 -45.73 21,864.85 
         Insulator 167 263,025     
         Add shield 46 680,800     
           999,865     

26 0.819 13.286 14.106 25.151 0.418 6.558 6.975 12.437 Ground 86 173,075 -49.01 -50.64 -50.55 19,753.36 
         Insulator 167 263,025     
         Add shield 38 562,400     
           998,500     
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�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®¨´�Â�oÅ� 
%��µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

27 0.819 13.286 14.106 25.151 0.355 5.734 6.089 10.857 Ground 39 63,080 -56.70 -56.84 -56.83 17,508.05 
         Insulator 169 532,350     

         Add 
shield 

27 399,600     

           995,030     
28 0.819 13.286 14.106 25.151 0.358 5.578 5.936 10.583 Ground 75 156,785 -56.34 -58.02 -57.92 17,264.08 
         Insulator 169 532,350     

         Add 
shield 

21 310,800     

           999,935     
 
 
 
 
 

99 



 

��� 

�µ¦µ��¸É������¨�̧ÉÅ�o�µ��µ¦�Optimization Ã�¥Ä�o���ª·�̧ 
 

�n°�Â�oÅ� ®΅�Â�oÅ� 
%��µ¦¨�¨��°� 
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

29 0.819 13.286 14.106 25.151 0.754 9.864 10.618 18.933 Ground 31 54,345 -7.93 -25.76 -24.72 12,964.56 
         Insulator 169 266,175     
           320,520     

30 0.819 13.286 14.106 25.151 0.754 8.690 9.444 16.839 Ground 88 178,235 -7.93 -34.59 -33.05 13,448.45 
         Insulator 169 266,175     
           444,410     

31 0.819 13.286 14.106 25.151 0.595 7.794 8.389 14.958 Ground 36 60,795 -27.42 -41.33 -40.53 14,636.28 
         Insulator 169 532,350     
           593,145     

32 0.819 13.286 14.106 25.151 0.595 7.305 7.900 14.085 Ground 76 159,365 -27.42 -45.02 -44.00 15,721.84 
         Insulator 169 532,350     
           691,715     

33 0.819 13.286 14.106 25.151 0.754 12.043 12.796 22.816 Ground 36 61,440 -8.05 -9.36 -9.28 105,899.75 
         Arrester 18 921,600     
           983,040     
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�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®΅�Â�oÅ� 
%��µ¦¨�¨��°� 
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

34 0.819 13.286 14.106 25.151 0.764 11.412 12.175 21.709 Ground 77 174,605 -6.80 -14.11 -13.69 72,619.22 
         Arrester 16 819,200     
           993,805     

35 0.819 13.286 14.106 25.151 0.805 11.998 12.803 22.829 Ground 35 60,150 -1.76 -9.69 -9.23 106,346.03 
         Arrester 6 921,600     
           981,750     

36 0.819 13.286 14.106 25.151 0.806 11.118 11.924 21.261 Ground 77 174,605 -1.65 -16.32 -15.47 60,950.81 
         Arrester 5 768,000     
           942,605     

37 0.819 13.286 14.106 25.151 0.402 8.243 8.645 15.414 Ground 44 65,420 -50.88 -37.96 -38.71 25,775.32 
         Add shield 63 932,400     
           997,820     

38 0.819 13.286 14.106 25.151 0.447 8.281 8.728 15.562 Ground 75 169,445 -45.44 -37.67 -38.12 26,185.17 
         Add shield 56 828,800     
           998,245     
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�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®΅�Â�oÅ� 
%��µ¦¨�¨��°� 
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

39 0.819 13.286 14.106 25.151 0.695 10.369 11.064 19.727 Insulator 169 266,175 -15.24 -21.96 -21.57 45,580.64 
         Arrester 14 716,800     
           982,975     

40 0.819 13.286 14.106 25.151 0.562 8.259 8.821 15.728 Insulator 169 532,350 -31.37 -37.84 -37.47 26,508.71 
         Arrester 9 460,800     
           993,150     

41 0.819 13.286 14.106 25.151 0.742 10.440 11.182 19.938 Insulator 169 266,175 -9.46 -21.42 -20.72 42,489.62 
         Arrester 4 614,400     
           880,575     

42 0.819 13.286 14.106 25.151 0.591 8.383 8.974 16.001 Insulator 169 532,350 -27.93 -36.90 -36.38 27,298.65 
         Arrester 3 460,800     
           993,150     

43 0.819 13.286 14.106 25.151 0.430 8.406 8.835 15.753 Insulator 169 266,175 -47.58 -36.73 -37.36 26,533.33 
         Add shield 49 725,200     
           991,375     
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�µ¦µ��¸É�������n°� 
 

�n°�Â�oÅ� ®΅�Â�oÅ� 
%��µ¦¨�¨��°� 
­¤¦¦��³¢jµ�nµ ¦¼�Â�� 

SFO BFO FO FO/100km SFO BFO FO FO/100km 

ª·�̧�̧ÉÅ�o 
�µ��µ¦�

Optimize 

�Îµ�ª��o� 
�̧É�o°�Â�oÅ� 

�·�Á�}�Á�·��
(�µ�� 

SFO BFO FO 
Cost/%FO 

44 0.819 13.286 14.106 25.151 0.313 6.576 6.889 12.284 Insulator 169 532,350 -61.77 -50.51 -51.16 19,373.71 
         Add shield 31 458,800     
           991,150     

45 0.819 13.286 14.106 25.151 0.433 10.150 10.583 18.870 Add shield 67 991,600 -47.18 -23.60 -24.97 39,706.33 
           991,600     

46 0.819 13.286 14.106 25.151 0.433 10.150 10.583 18.870 Add shield 67 991,600 -47.18 -23.60 -24.97 39,706.33 
           991,600     
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£µ¡�¸É������¦µ¢Â­��­¤¦¦��³¢jµ�nµ�̧É¨�¨��µ��µ¦�Optimization �ª·�̧ 
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3.5.4 Á º̈°��µ�Á º̈°��̧ÉÄ®o�µ¦�¦´��¦»�Á�·��¦³­·��·�¨¤µ��¸É­»� 

 
�µ¦µ��¸É�����Á�¦¸¥�Á�̧¥��µ�Á º̈°��¸ÉÄ®o�¦³­·��·�¨�̧É­»� 
 

% �µ¦¨�¨��°�
­¤¦¦��³¢jµ�nµ �Îµ�ª�Á­µ�̧É�o°��¦́��¦»� �o��»����µ�� 

¦¼�Â�� 
SFO BFO FO Groun

d Insulator Add shield Cost  
Ground 

Cost  
Insulator 

Cost 
Add shield 

Sum 
Cost 

Cost/%FO Remark 

29 -7.93 -25.76 -24.72 31 169 - 54,345 266,175 - 320,520 12,964.56 Cost/%FO �o°¥�̧É­»� 

29-1 -7.93 -34.58 -33.03 10 - 31 
5  - 72 

169 - 10 - 54,345 
5 -112,280 

266,175 - 432,800 
 13,103.63 

Á�ºÉ°��µ�¦¼�Â���̧É����¤̧�o��»�¦ª¤�����������
Å¤n�¹���� öµ��µ���¹��¦́��¦»��oª¥�������������
�nµ�ªµ¤�oµ��·��� Á¡·É¤Á�·¤ 

6 -56.34 -58.02 -57.92 75 169 21 156,785 532,350 310,800 999,935 17,264.08 
 %FO, %BFO ¨�¨�¤µ��̧É­»� 

18 -61.77 -50.51 -51.16 - 169 31 - 532,350 458800 991150 19,373.71 
 

%SFO ¨�¨�¤µ��̧É­»� 
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ª·�µ¦�r 
  

1. �o°¤¼¨¢jµ�nµÁ¤�¨��·��°��EGAT LLS 

�µ��µ¦Ä�oÃ�¦Â�¦¤�Arcview GIS ¦nª¤�́��o°¤¼¨¢jµ�nµÂ��Á¤�¨��·��°��EGAT LLS  ����������
�ÎµÄ®oÅ�oÂ�ªÃ�o¤¢jµ�nµÄ��¦³Á�«Å�¥�°��e�¡�«������¡�ªnµ¤̧�ªµ¤®�µÂ�n�¤µ�Ä�¡ºÊ��̧É£µ�
�¨µ��£µ��³ª́�°°��£µ��³ª́�°°�Á�̧¥�Á®�º°��¦³Â­¢jµ�nµ­nª�Ä®�n�³Á�}�¢jµ�nµÂ��¨��(~ 90�) 
¤̧�nµ°¥¼nÄ��nª�����¹��-���kA�­Îµ®¦´��¦³Â­¢jµ�nµÂ���ª��(~ 10�) ¤̧�nµ°¥¼nÄ��nª�����¹�����kA�¡�
Ä��¦·Áª�£µ��¨µ� �nµ�¦³Â­¢jµ�nµ­¼�­»��̧Éª´�Å�o�º°�-223.0 kA, ������kA ¤̧�ªµ¤�nµ�³Á�}��°�
�¦µ¢¦¼�¦nµ�Ä� öÁ�¸¥��́�¦¼�Â���IEEE Â�n¤̧�nµ�ªµ¤�nµ�³Á�}��ÉÎµ�ªnµ�­µ¤µ¦�Â�n�°°�Å�oÁ�}������������������
���nª���º° 

-��nª��¸É��¤�¦µ�¤-¤̧�µ�¤�Á�}��nª��̧É¤̧�ªµ¤®�µÂ�n�¢jµ�nµ�o°¥�̧É­»��Á¦·É¤�o��̧É£µ�Á®�º°
�°� n̈µ��£µ��³ª́�°°�Á�̧¥�Á®�º°�Â¨³¨�­¼n£µ��¨µ���Îµ�ª�¢jµ�nµÂ¨³�nµ�¦³Â­¢jµ�nµÅ¤n­¼�¤µ� 

-��nª��¸É��Á¤¬µ¥�-¡§¬£µ�¤�Á�}��nª��̧É¤̧�ªµ¤®�µÂ�n�¢jµ�nµÂ¨³�Îµ�ª�¢jµ�nµ¤µ��¸É­»��
Ã�¥Á�¡µ³£µ��¨µ��£µ��³ª́�°°��£µ��³ª́�°°�Á�̧¥�Á®�º°�°� n̈µ� 

-��nª��¸É��¤·�»�µ¥�-�́�¥µ¥��Á�}��nª��¸É¤̧�ªµ¤®�µÂ�n�¢jµ�nµÂ¨³�Îµ�ª�¢jµ�nµ�n°��oµ�­¼�
Ä� öÁ�¸¥��́��́Ê����Á�º°� 

-��nª��¸É���»¨µ�¤-�́�ªµ�¤�Á�}��nª��̧É¤̧�ªµ¤®�µÂ�n�¢jµ�nµ¨�¨�Á�ºÉ°��µ�Á�oµ­¼n§�¼®�µª
Â¨³¢jµ�nµ­nª�¤µ�°¥¼nÄ��¦·Áª�°nµªÅ�¥ 

Á¤ºÉ°�Îµ­µ¥­n��́Ê����Á­o��µ�¤µ®µ�nµ�GFD �°�Â�n¨³�nª�Á­µ¡�ªnµ�́Ê�¦³¥³�����Â¨³���
�·Ã¨Á¤�¦�Ä®o�nµÁ�¨̧É¥ GFD Ä� öÁ�¸¥��́��­Îµ®¦´�­µ¥­n�����kV AT2-TL3, 500kV SNO-WN#3 ���������������
¤̧�nµÁ�¨̧É¥�GFD ~ 14.5 �¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e�Â¨³Â�ª­µ¥­n�����kV KLA-CT ¤̧�nµÁ�¨̧É¥�
GFD ~ 7.5 �¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e 

 

 



 

��� 

 

2. ­¤¦¦��³¢jµ�nµ�°��´Ê����Â�ª­µ¥­n� 

Á¤ºÉ°�Îµ�o°¤¼¨�µ¦Á�·�Á®�»�µ¦�r�´��o°�Á�ºÉ°��µ�¢jµ�nµ¥o°�®΅�����e�°��´Ê����­µ¥­n�¡�ªnµ
Á®�»�µ¦�r­nª�¤µ�Å¤nÁ�·�Å¢�´��¤̧Á¡¸¥�Á®�»�µ¦�r�Trip Recloser Â¨³�¦ª�¡��µ¦°µ¦r��̧É�Arcing 
Horn ®¦º°ªµ�Å¢�̧É ¼̈��oª¥Á�nµ�́Ê��­£µ¡°µ�µ«¤́�¦³�»ªnµ¤̧¢jµ�nµ� ����­¤¦¦��³¢jµ�nµ�°��́Ê����
Â�ª­µ¥­n��µ�Á®�»�µ¦�r�´��o°��̧ÉÁ�·��¹Ê�¥o°�®΅�����e�¥´�°¥¼nÄ�Á���r¤µ�¦�µ��°� IEEE 1313.2-
1999 ­Îµ®¦´�­µ¥­n��̧É¤̧�Îµ�ª�Á®�»�µ¦�r�´��o°�Á�¨̧É¥¤µ��̧É­»���º°����kV  KLA-CT (��������¦´Ê�
�n°�e�n°������·Ã¨Á¤�¦)  

Á¡ºÉ°Ä®oÂ�nÄ�ªnµ¢jµ�nµ�³Á�}�­µÁ®�»�°�Á®�»�µ¦�r�´��o°��¦·���¹��Îµ�o°¤¼¨�EGAT LLS�Ä�����������
�e�¡�«������®µ�ªµ¤­´¤¡´��rÁ�¸¥��́�Á®�»�µ¦�r�´��o°�Á�ºÉ°��µ�¢jµ�nµ�¸ÉÁ�·��¹Ê��¦·��Â¨³�¦³Á¤·�ªnµ
Á®�»�µ¦�r�´��o°��nµ�³Á�}��µ¦ªµ�Å¢��·�Ä��oª¥Ã�¦Â�¦¤�TFlash �¡�ªnµ 

-�­µ¥­n�����kV KLA-CT Å¤n¤̧¢jµ�nµÁ�·��¹Ê�Ä�¦³¥³Ä� öÁ­µ�(DT) Â�n¤̧¢jµ�nµÄ� öÂ�ª���������������
­µ¥­n��(DL)Ä�¦³¥³®�¹É��·Ã¨Á¤�¦��µ¦ªµ�Å¢­nª�Ä®�nÁ�}��Back Flashover 

- ­µ¥­n�����kV AT2-TL3 ¤̧¢jµ�nµÁ�·��¹Ê�¦³¥³Ä� öÁ­µ�(DT)�Â¨³Â�ª­µ¥­n��(DL)�Ä�¦³¥³
�����·Ã¨Á¤�¦��µ¦ªµ�Å¢Á�}��́Ê��Back Flashover Â¨³ Shielding Failure 

- ­µ¥­n�����kV SNO-WN#3 ¤̧¢jµ�nµÁ�·��¹Ê�¦³¥³Ä� öÁ­µ�(DT)�Â¨³Â�ª­µ¥­n��(DL)�Ä�
¦³¥³®�¹É��·Ã¨Á¤�¦��µ¦ªµ�Å¢�¦´Ê�Á�¸¥ª�̧ÊÅ¤n­µ¤µ¦�¦³�»Å�oªnµÁ�}�Â��Ä� 

�µ¦®µ­¤¦¦��³¢jµ�nµ�µ��µ¦�Îµ�ª��oª¥Ã�¦Â�¦¤�TFlash version  3.0.21�Â¨³�o°¤¼¨
�ªµ¤®�µÂ�n�¢jµ�nµ�n°¡ºÊ��¸ÉÄ�Â�n¨³�nª�Á­µ�Ã�¥Ä�o¦µ¥¨³Á°̧¥�­µ¥­n��µ��µ¦°°�Â��Á�·¤�¡�ªnµ
�o°¤¼¨�ªµ¤®�µÂ�n�¢jµ�nµ�̧É¦³¥³������·Ã¨Á¤�¦Ä®o�nµ­¤¦¦��³¢jµ�nµÄ� öÁ�¸¥��́�¦³¥³����·Ã¨Á¤�¦�
�¹�Â¤o�³¤̧�µ��nª�Á­µ�°��̧É¦³¥³������·Ã¨Á¤�¦Ä®o�nµ�ªµ¤®�µÂ�n�¢jµ�nµÁ�}�«¼�¥r���³�̧É¦³¥³���
�·Ã¨Á¤�¦�°��nª�Á­µÁ�¸¥ª�́�¤̧�nµ�ªµ¤®�µÂ�n�¢jµ�nµÅ¤nÁ�}�«¼�¥r�� 

­Îµ®¦´��nµ­¤¦¦��³¢jµ�nµ�µ��µ¦�Îµ�ª��°�Ã�¦Â�¦¤ TFlash version  3.0.21�¡�ªnµ������������
­µ¥­n�����kV�KLA-CT�Â¨³����kV SNO-WN#3 ¤̧�nµ¤µ��ªnµÁ���r¤µ�¦�µ��°� IEEE 1313.2-
1999 ��°��µ��̧Ê�́Ê����­µ¥­n�¥´�¤̧�nµ­¤¦¦��³¢jµ�nµ�µ��µ¦�Îµ�ª�­¼��ªnµÁ®�»�µ¦�r�́��o°��¦·�
�n°��oµ�¤µ��ÎµÄ®o�o°�Á º̈°�Ä�o�o°¤¼¨�̧ÉÅ�o�µ��µ¦­Îµ¦ª�Á¡·É¤Á�·¤�Á�ºÉ°��µ��o°¤¼¨�¸ÉÅ�o�µ��µ¦­Îµ¦ª�



 

��� 

¤̧Á¡¸¥�Â�ªÁ�¸¥ª��º°����kV�KLA-CT �¹�Á�¨̧É¥��nµ�ªµ¤�oµ��µ��̧É�µ�Á­µÄ®¤nÄ®oÁ�}�Å��µ¤�¦·��
Â¨³Á�¦¸¥�Á�̧¥��́�Á®�»�µ¦�r�´��o°��¦·�Á�¡µ³�e�¡�«�������Á�nµ�´Ê���ÎµÄ®o­¤¦¦��³¢jµ�nµ�µ��µ¦
�Îµ�ª��̧ÉÅ�o�µ�Ã�¦Â�¦¤�TFlash version 3.0.21�¤̧�Îµ�ª�Á�nµ�ªµ¤Â���nµ�¨�¨�Á® º̈°Á¡¸¥��������
Á�nµ��¹É�Ä� öÁ�¸¥�Á®�»�µ¦�r�´��o°��¦·�¤µ��ªnµ� � 

3. �µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ 

�µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ�oª¥Ã�¦Â�¦¤ TFlash version 4.0.22��¹É��¦´��¦»�Á�¡µ³�����������
­µ¥­n�����kV�KLA-CT�Á�ºÉ°��µ�¤̧Á®�»�µ¦�r�´��o°�Á�¨̧É¥¤µ��̧É­»��Â¨³­¤¦¦��³¢jµ�nµ�°��
TFlash��́Ê�­°�Áª°¦r�́É�Ä®o�nµÅ¤nÁ�nµ�́��(Version 4.0.22 ¤̧�nµ���������¦´Ê��n°�e�n°������·Ã¨Á¤�¦�
��³�̧É�Version 3.0.21�¤̧�nµ���������¦´Ê��n°�e�n°������·Ã¨Á¤�¦ ) �¹�Á�¦¸¥�Á�¸¥��ªµ¤Â���nµ��°�
­¤¦¦��³¢jµ�nµ®΅��µ¦�¦´��¦»�Á�}��µ¦¨�¨��°��nµ�%BFO, %SFO, %FO  

�µ¦Á º̈°�Â�ª�µ�Á¡ºÉ°�¦´��¦»�Á º̈°��µ�Â�ªÃ�o¤�¨�¦³���°�Â�n¨³Â�ª�µ��¡�ªnµ� 

- �µ¦¨��nµ�ªµ¤�oµ��µ��̧É�µ�Á­µ�nª¥¨��nµ�BFO °¥nµ�Á�¸¥ª�Â¨³�µ¦¨��ªµ¤�oµ��µ�
Á® º̈°���Ã°®r¤�Ä®o�¨΅¡�rÅ¤nÂ���nµ��́����Ã°®r¤ 

-��µ¦Á¡·É¤�nµ�CFO Ã�¥�µ¦Á¡·É¤��ª� ¼̈��oª¥�nª¥¨��́Ê��nµ�BFO, SFO Á º̈°��µ¦Á¡·É¤Á�}���������������������
�, 2 ¼̈��Á�ºÉ°��µ��Îµ�ª� ¼̈��oª¥Á�·¤�̧ÉÄ�oÄ�­µ¥­n��̧Ê¤̧�Îµ�ª�¤µ�Á¡¸¥�¡°­Îµ®¦´�¦³�´�Â¦��´��̧Ê 

-��µ¦�·��´Ê��Arrester �nª¥¨��́Ê��nµ�BFO, SFO �µ¦Á º̈°��·��́Ê�Á�¡µ³Á¢­�̧É¤̧�{�®µ�³�nª¥
¨� SFO�Å�o¤µ��ªnµ�µ¦�·��´Ê��»�Á¢­ 

-��µ¦¥oµ¥­µ¥�¸¨�rÄ®o­¼��¹Ê�Á¡ºÉ°¨�¤»¤�̧¨�r�µ�����Á® º̈°����¨�Å�oÁ�¡µ³�nµ�SFO Â�n�ÎµÄ®o�
BFO ¤̧�nµ­¼��¹Ê���¹�Å¤nÁ º̈°�Â�ª�µ��¸ÊÄ��µ¦�¦´��¦»� 

-��µ¦Á¡·É¤­µ¥�¸¨�rÁ¡ºÉ°¨�¤»¤�¸¨�r�µ�����Á® º̈°�����nª¥¨��́Ê��nµ�BFO, SFO�Ã�¥Á�¡µ³
�µ¦Á¡·É¤­µ¥�¸¨�r�µ��oµ��oµ¥�³¨�Å�o¤µ��ªnµ�Á�ºÉ°��µ�­µ¤µ¦��j°��́�­µ¥Á¢­Å�o�¹����Á¢­��´��́Ê�
�¹�Á º̈°��µ¦Á¡·É¤­µ¥�̧¨�r�µ��oµ��oµ¥Á¡¸¥�ª·�̧Á�¸¥ª 

Á¤ºÉ°Á º̈°�Â�ª�µ��´Ê�®¤�Á¡ºÉ°Ä�o�¦´��¦»�Å�o�Â¨³�Optimization �¦´Ê�¨³��, 3, 4 ª·�̧�������������
�ÎµÄ®oÅ�o¦¼�Â���́Ê�®¤��̧ÉÂ���nµ��́��¹�����¦¼�Â���Â�n®΅��µ�Ä�oÃ�¦Â�¦¤�TFlash version 
4.0.22 Optimizer�Â öª¡�ªnµ�¨�°��´Ê�����¦¼�Â���̧Ê�ÊÎµ�́��µ�¦¼�Â���Á® º̈°�¨�¸ÉÅ¤n�ÊÎµ�́�Á¡¸¥��������



 

��� 

���¦¼�Â��Â¨³�Optimization �¦´Ê�¨³���ª·�̧�ÎµÄ®o�µ�ª·�̧Ä�o�o��»�Å¤n�¹����% (Ä��̧É�̧Ê�Îµ®���o��»��
�� öµ��µ�) �»�¦¼�Â��®΅��µ� Optimization�Â öªÅ¤n­µ¤µ¦�¨�­¤¦¦��³¢jµ�nµÄ®oÁ® º̈°����¦´Ê���
�n°�e�n°������·Ã¨Á¤�¦�µ¤Á�jµ®¤µ¥�¸É�Îµ®��Å�o 

Á¤ºÉ°�Îµ�µ¦¡·�µ¦�µ�́Ê�����¦¼�Â���¡�ªnµª·�̧�µ¦¦¼�Â���̧É�����o°��¦´��¦»��ªµ¤�oµ��µ������������
�µ�Á­µÄ®oÁ® º̈°����Ã°®r¤, Á¡·É¤ ¼̈��oª¥��� ¼̈� ­n��¨Ä®o�nµ�Cost/%FO �o°¥�̧É­»�Á¡¸¥��12,964.56��µ��������������
Â�nª·�̧�µ¦�̧ÊÄ�o�o��»�Å¤n�¹����% �¹��Optimization Á¡·É¤�oª¥�µ¦¨��ªµ¤�oµ��µ��¸É�µ�Á­µ°̧����������������������
��Ã°®r¤�Â�n¥´����ÎµÄ®o�nµ�Cost/%FO �o°¥�̧É­»�Á¡¸¥��13,103.63��µ�Â¨³Ä�o�o��»�Å¤n�¹����%�
Á�n�Á�·¤�­µ¤µ¦�¨��nµ­¤¦¦��³¢jµ�nµÅ�oÁ¡¸¥���������Â¨³¨�Å�oÂ�nÁ¡¸¥��nµ�BFO Á�nµ�´Ê�  

�oµ¡·�µ¦�µÁ�}��nµ­¤¦¦��³¢jµ�nµ�̧É¨�¨�¤µ��̧É­»��¦¼�Â���¸É­µ¤µ¦�¨��nµ�SFO ¤µ��̧É­»�
�º°�¦¼�Â���̧É���Â¨³¦¼�Â���̧É­µ¤µ¦�¨��nµ�BFO, FO ¤µ��¸É­»���º°�¦¼�Â���¸É��Â�nÁ¤ºÉ°Á�¦¸¥�Á�¸¥�
�́Ê�­°�¦¼�Â���¸Ê�¡�ªnµ¦¼�Â���¸É��­µ¤µ¦�¨� SFO�Å�oÄ� öÁ�̧¥��́�¦¼�Â���̧É���Â¨³¥´�¤̧�nµ 
Cost/%FO��o°¥�ªnµ�oª¥ 

Á�ºÉ°��µ�­µ¥­n�����kV KLA-CT ¤̧�µ¦ªµ�Å¢­nª�¤µ�Á�}�Â���BFO �´Ê�Á®�»�µ¦�r�¦·�
Â¨³�µ¦�Îµ�ª��µ�Ã�¦Â�¦¤�Á¤ºÉ°¡·�µ¦�µ�µ�­¤¦¦��³¢jµ�nµ,���·��µ¦ªµ�Å¢, Cost/%FO ¡�ªnµ
¦¼�Â���¸É���¹É��o°��¦´��¦»��ªµ¤�oµ��µ��µ�Á­µÄ®oÁ® º̈°���Ã°®r¤, Á¡·É¤ ¼̈��oª¥��� ¼̈�, Á¡·É¤­µ¥�¸¨�r
Á�}�¦¼�Â���̧ÉÄ®o�¦³­·��·£µ¡�¸�¸É­»��Á¡¦µ³­µ¤µ¦�¨�Å�o�́Ê��nµ�BFO, SFO, FO Å�o­¼��¹�������%, 
56.34%, 57.92% �µ¤ Î̈µ�´��Ã�¥�¸É¤̧�nµ Cost/%FO Á¡¸¥����,264.08��µ��Á¤ºÉ°Ä�oÁ�·�¨��»�Å¤nÁ�·������������������
�� öµ��µ������������� 
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­¦»�Â¨³�o°Á­�°Â�³ 

�­¦»� 
 
 �µ��µ¦�Îµ�o°¤¼¨¢jµ�nµ�¸ÉÅ�o�µ�¦³���µ¦®µ�ÎµÂ®�n�¢jµ�nµ¤µª·Á�¦µ³®r�oª¥Ã�¦Â�¦¤�
Arcview GIS Â¨³�Îµ�ª�®µ­¤¦¦��³¢jµ�nµ�°�­µ¥­n��̧ÉÄ�o�µ�°¥¼n�́Ê����­µ¥­n��oª¥Ã�¦Â�¦¤�
TFlash�version 3.0.21 Á�¦¸¥�Á�¸¥��́�Á®�»�µ¦�r�´��o°��¦·��­¦»�Å�oªnµ 

1. �µ¦�Îµ�o°¤¼¨¢jµ�nµ¤µ­¦oµ���Â���̧É�¦³Á�«Å�¥Á�}�Â���¸É�ªµ¤®�µÂ�n�¢jµ�nµ������������������
­µ¤µ¦�Ä�o�°�¡ºÊ��̧É�¸É¤̧¢jµ�nµÂ��Á¤�¨��·��n°¥Å�o��nª¥Ä®oÁ¦µ�¦µ�ªnµ¡ºÊ��̧É�́Ê�­n��¨�¦³���́�����������
­µ¥­n�Á�ºÉ°��µ�¢jµ�nµ¤µ��o°¥Á¡¸¥�Ä� Â�n�o°¤¼¨Ä��̧É�̧Ê¤̧Á¡¸¥��e�¡�«������Á�nµ�́Ê���¹��ª¦�³Á�È�
�o°¤¼¨¢jµ�nµÄ®o¤µ��ªnµ�̧Ê�Â¨³�ª¦Á�È�Ä�¦¼�Â��­�·�·Á¡ºÉ°�¼Â�ªÃ�o¤�°�¢jµ�nµ�¸ÉÁ�·��¹Ê�Ä�Â�n¨³�e 

2. Á®�»�µ¦�r�´��o°��¦·��̧ÉÁ�·��¹Ê�¤̧�ªµ¤­´¤¡´��r�́��ÎµÂ®�n�¢jµ�nµ�̧ÉÁ�·��¹Ê���ÎµÄ®o������������������
Á¦µ­µ¤µ¦�Ä�o�o°¤¼¨�EGAT LLS ¡·­¼��rªnµ¢jµ�nµÁ�}�­µÁ®�»­Îµ®¦´�­µ¥­n��̧É¤̧�{�®µ�¸Ê�Â¨³�µ��³Á�
¦¼�Â���µ¦ªµ�Å¢�¸É¤́�Á�·��¹Ê�Å�o�Á¡ºÉ°®µÂ�ª�µ��µ¦�¦´��¦»�­µ¥­n�Å�o°¥nµ�Á®¤µ³­¤ 

3. �µ¦�Îµ�ª�­¤¦¦��³¢jµ�nµ­µ¤µ¦�Ä�o¦µ¥¨³Á°̧¥�­µ¥­n��µ��o°¤¼¨�µ¦°°�Â��Å�o�
Â�n®΅��µ�­µ¥­n�Ä�o�µ�Å�Â öª�ª¦Ä�o�o°¤¼¨�ªµ¤�oµ��µ��µ�Á­µ�¸ÉÅ�o�µ��µ¦­Îµ¦ª��¦·��®¦º°�oµ
¤̧�µ¦Á�¨̧É¥�Â�¨��µ�°¥nµ�Ä�Â�ª­µ¥­n���³Ä�o�µ��È�ª¦Ä�o�o°¤¼¨�´Ê��oª¥��¹��³­µ¤µ¦�
�µ��³Á�­¤¦¦��³¢jµ�nµ�°�­µ¥­n�Å�oÄ� öÁ�¸¥��́�Á®�»�µ¦�r�´��o°��¦·�¤µ��¹Ê� 

­Îµ®¦´��µ¦�¦´��¦»�­¤¦¦��³¢jµ�nµ�°�­µ¥­n�����kV Â�¨�-�́���»¦¸�oª¥Ã�¦Â�¦¤ 
TFlash�version 4.0.22��ÎµÄ®oÁ®È�ªnµ­µ¥­n��¸ÊÁ�·¤¤̧�nµ�ªµ¤�oµ��µ��¸É�µ�Á­µ­¼��Â¤o¤̧�µ¦�¦´��¦»�
Â öªÄ��e�¡�«������Â�n¥´�­µ¤µ¦�Á�·��µ¦ªµ�Å¢¥o°��΅�Á�ºÉ°��µ�¢jµ�nµÅ�oÄ��e�¡�«�������¹�����������������
���¦´Ê��Â­��ªnµ�µ¦¨��nµ�ªµ¤�oµ��µ��̧É�µ�Á­µÄ®oÅ�o�µ¤�o°�Îµ®��°¥nµ�Á�¸¥ª¥´�Å¤nÁ¡¸¥�¡°�Á¤ºÉ°
Ä�oÃ�¦Â�¦¤�Optimization Á º̈°�ª·�̧�µ¦�̧ÉÄ®o�¦³­·��·�¨¤µ��¸É­»��¡�ªnµ��ª¦¤̧�µ¦�¦´��¦»��nµ
�ªµ¤�oµ��µ��̧É�µ�Á­µÄ®o�o°¥�ªnµ�o°�Îµ®���Á¡·É¤ ¼̈��oª¥¤µ��¹Ê��Á¡·É¤­µ¥�¸¨�r°̧�Á­o�Á¡ºÉ°Ä®o¤»¤
�¸¨�r�o°¥¨�Ä�Á­µ­n��µ��o��̧É¤̧�{�®µ��³�nª¥¨�­¤¦¦��³¢jµ�nµÅ�o¤µ�Á�º°������� 

 



 

��� 

Á�ºÉ°��µ�¢jµ�nµ¤̧�¨�¦³���́�­µ¥­n�Â¦��´������kV �n°��oµ�¤µ� �´��´Ê�Ä��¦�¸�̧É�³­¦oµ�
­µ¥­n�¦³�´�Â¦��´��̧Ê��¹��ª¦�³«¹�¬µ�n°�ªnµ¡ºÊ��̧É�̧É�³�·��´Ê�¤̧�ªµ¤®�µÂ�n�¢jµ�nµ­¼�®¦º°Å¤n�oª¥
�o°¤¼¨¢jµ�nµ�̧É¤̧�µ¦Á�È��nµÁ�}�­�·�·�Ä��¦�¸�̧É¡ºÊ��̧É�´Ê�¤̧�ªµ¤®�µÂ�n�¢jµ�nµ­¼��ª¦�³Ä®o�nµ�ªµ¤
�oµ��µ��¸É�µ�Á­µ¤̧�nµ�o°¥�ªnµ�o°�Îµ®�� ¤̧�Îµ�ª� ¼̈��oª¥¤µ��ªnµ���·�Á¡·É¤�nµ�CFO Â¨³¤̧¤»¤�¸¨�r
�o°¥¨�®¦º°¤̧­µ¥�¸¨�r¤µ��ªnµ®�¹É�Á­o���³�nª¥¨��µ¦ªµ�Å¢�´Ê�®¤��¹É�Á�}��¨�ÎµÄ®oÁ�·�Á®�»�µ¦�r
�´��o°��°�¦³��­µ¥­n�Å¢¢jµÅ�o��ÎµÄ®o­¤¦¦��³¢jµ�nµ�°�­µ¥­n��¸�¹Ê��oª¥ 

 
  

��o°Á­�°Â�³ 
 

ª·�¥µ¡��r�¸Ê�ÎµÁ­�°Á¡¸¥�Â�ª�µ��µ¦�Îµ�o°¤¼¨�́Ê�¢jµ�nµ��o°¤¼¨Á®�»�µ¦�r�´��o°��̧É¤̧°¥¼n������������
¤µÄ�o�¦³Ã¥��rÄ��µ¦®µ­¤¦¦��³¢jµ�nµ��¦´��¦»�­µ¥­n��̧ÉÄ�o�µ�°¥¼n�®µ��³Ä�oÂ�ª�µ��¸ÊÄ��µ¦
°°�Â���ª¦�³ª·Á�¦µ³®r�́�­µ¥­n�®¨µ¥ÇÂ�ª�Á¡ºÉ°Ä®o­µ¤µ¦�­¦»��{�®µ�̧ÉÁ�·��¹Ê��́Ê�®¤���Îµ¤µ
­¦oµ��o°�Îµ®���̧É�´�Á���¹Ê�Â¨³�»o¤�nµ�́��µ¦¨��»�­¦oµ�­µ¥­n��¸É¤̧­¤¦¦��³¢jµ�nµ�¸��°��µ��̧Ê
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Andrew R.Hileman.  1999.  Insulation Coordination for Power Systems.  �¦´Ê��¸É�2. Marrel 
 Dekker,Inc., New York USA. 
 

http://www.gis�me.com.


 

��� 

Ed Bardo (Vaisala Inc.).  2005.  The New TS Series Lightning Detection Network, In Lightning 
 Location System Seminar .  Electricity Generating Authority of Thailand, 
 Chacheongsao Thailand.   
 
Electric Power Research Institute (EPRI).  2000.  TFlash User's Guide.  (Help Topics in 
 Program TFlash).  Palo Alto, California USA.   
 
Enviromental Systems Research Institute, Inc.  June 2002.  What's New in Arcview 3.1,3.2 and 
 3.3,  �In �An ESRI Whitepaper .  ESRI, California USA. 
 
J.G.Anderson.  1987.  Chapter12 of Transmission Line Reference Book 345 kV and 
 Above.  Electric Power Research Institute(EPRI).  2 ed.California USA. 
 
J.G. Anderson and W.A. Chisholm.  2004.  Chapter6 of EPRI AC Transmission  Line 
 Reference Book-200 kV and Above.  Electric Power Research Institute(EPRI).              
 3 ed. California USA. 
 
Kliebphipat, Ravadee.  2005.  Overview of EGAT LLS,   In Lightning Location System 
 Seminar .  Electricity Generating Authority of Thailand, Chacheongsao Thailand. 
 
K&R Consulting, LLC Cosponsored by EPRI.  2004.  Handbook for Improving Overhead 
 Transmission Line Lightning Performance (1002019).  160.   
 
Lightning Location and Protection, Inc.  1993.  Advanced Lightning Direction Finder 
 Installation Operation and Maintenance Manual.  Arizona USA.   
 
Martin A.Uman.  1984.  Lightning.  Revised ed. Mc Graw-Hill, New York USA. 
 
Scott Michael Steiger.  2001.  Cloud-To-Ground Lightning Characteristics over Houston, 
 Texas.  Master of Science thesis,  Texas A&M University.   



 

��� 

 
Transmission and Distribution Committee of the IEEE Power Engineering Society.  1997.  IEEE 
 Guide for Improving the Lightning Performance of Transmission Lines (IEEE Std.1243-
 1997),  ISBN 1-55937-937-5.   In IEEE Standard Board Approved 26 June 1997.  The 
 Institute of Electrical and Electronics Engineers, Inc., New York USA. 
 
Vernon Coorey.  2003.  The Lightning Flash.  IEE, UK. 
 
Vladimir A.Rakov and�Martin A.Uman.  2003.  Lightning, Physics and Effects.  �¦´Ê��¸É�1. 
 Cambridge University Press, Cambridge UK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

��� 

 

 

 

 

 

 

 

 

£µ���ª� 

 



 

��� 

 

 

 

 

 

 

 

 

£µ���ª��� 
¦µ¥¨³Á°¸¥��°�­µ¥­n� 

 

 



 

��� 

�µ¦µ���ª��¸É�����¦µ¥¨³Á°̧¥�­µ¥­n�����kV Â�¨�-�́���»¦¸��������������������������������  
(�Îµ�ª�Á­µ 169 �o��¦³¥³�µ����������·Ã¨Á¤�¦� 

 
�ªµ¤®�µÂ�n�¢jµ�nµ������������
Â�n¨³�nª�Á­µ 

(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� 
Á­µ�o��¸É���·�Á­µ�
��·��°��»�¨¼��oª¥ 

�ªµ¤­¼�Á­µ
(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�µ�Á­µ 

(Ã°®r¤� 
�����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 

#47/2A SDE+0 SS 28.02 195.07 Driven Rod 1 15.379 7.689 
#47/3A SD1+0 SS 28.02 192 Driven Rod 1 36.458 28.646 
#48/1 SA1+0 SS 28.155 350 Driven Rod 1 14.286 12.857 
#48/2 SA1+1 SS 29.155 345 Radial CP 30 17.391 10.145 
#48/3 SA1+1 SS 29.155 355 Radial CP 32 16.901 18.31 
#49/1 SA1+0 SS 28.155 350 Driven Rod 20 22.857 15.714 
#49/2 SA1+0 SS 28.155 275 Radial CP 10.5 10.909 7.273 
#49/3 SA1-3 SS 25.155 291 Driven Rod 17 10.309 13.746 
#49/4 SA1-2 SS 26.155 292 Radial CP 16.4 17.123 15.411 
#50/1 SA1-2 SS 26.155 292 Radial CP 5.5 6.849 11.986 
#50/2 SA1-1 SS 27.155 300 Radial CP 16 13.333 11.667 
#50/3 SA1-2 SS 26.155 350 Radial CP 25 14.286 8.571 
#51/1 SA1-3 SS 25.155 247 Radial CP 52 4.049 10.121 
#51/2 SA1-3 SS 25.155 243.3 Radial CP 10.2 24.661 18.496 
#51/3 SD1+0 ST 28.02 353.7 Driven Rod 43 8.482 9.895 
#52/1 SA1+0 SS 28.155 346 Radial CP 50 8.671 7.225 
#52/2 SA1-1 SS 27.155 349 Radial CP 10.7 8.596 8.596 
#52/3 SA1-1 SS 27.155 348 Radial CP 32 8.621 8.621 
#53/1 SA1+2 SS 30.155 347 Radial CP 25 2.882 5.764 
#53/2 SA1+2 SS 30.155 347 Radial CP 45 2.882 2.882 
#53/3 SA1+0 SS 28.155 353 Radial CP 24 5.666 5.666 
#54/1 SA1-1 SS 27.155 352 Radial CP 32 0 5.682 
#54/2 SA1+0 SS 28.155 337 Radial CP 40 8.902 5.935 
#54/3 SA1+0 SS 28.155 337.92 Radial CP 35 5.919 7.398 
#55/1 SA1+0 SS 28.155 348 Radial CP 5.6 5.747 5.747 
#55/2 SA1+0 SS 28.155 353 Radial CP 50 2.833 9.915 
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#55/3 SA1+0 SS 28.155 353 Radial CP 35 5.666 7.082 
#56/1 SA1+0 DS 28.155 333.39 Radial CP 3.9 5.999 8.998 

#56/2 SD1+0 ST&DT 28.02 348.61 Radial CP 6.5 2.833 8.606 
#56/3 SA1+1 SS 29.155 349 Driven Rod 12 8.596 10.029 
#57/1 SA1+1 SS 29.155 350 Driven Rod 1.3 2.857 4.286 
#57/2 SA1+1 SS 29.155 346 Radial CP 50 5.78 4.335 
#57/3 SA1+2 SS 30.155 350 Radial CP 70 2.857 4.285 
#58/1 SA1+0 SS 28.155 348 Driven Rod 25 0 2.874 
#58/2 SA1+1 SS 29.155 350 Radial CP 14.8 5.714 5.714 
#59/1 SA1+2 SS 30.155 350 Radial CP 40 0 1.429 
#59/2 SA1-3 SS 25.155 350 Radial CP 23 5.714 5.714 
#59/3 SA1+0 SS 28.155 346 Radial CP 45 14.451 10.116 
#60/1 SB1+0 ST 28.03 359 Radial CP 36 11.142 12.535 
#60/2 SA1+2 SS 30.155 355 Radial CP 120 2.817 5.634 
#60/3 SA1+3 SS 31.155 352 Radial CP 80 2.841 5.682 
#61/1 SA1+2 SS 30.155 354 Radial CP 38 11.299 11.299 
#61/2 SB1+3 ST 31.03 353 Radial CP 20 5.666 5.666 
#61/3 SA1+1 SS 29.155 361 Driven Rod 13.9 8.31 5.54 
#62/1 SA1+2 SS 30.155 364 Radial CP 14.5 5.495 6.868 
#62/2 SA1+0 SS 28.155 342 Driven Rod 1 5.848 4.386 
#62/3 SA1+1 SS 29.155 350 Driven Rod 9.5 5.714 4.286 
#63/1 SA1+0 SS 28.155 348 Driven Rod 3.2 5.747 4.31 
#63/2 SA1-3 SS 25.155 271.96 Radial CP 30 7.354 9.193 
#63/3 SD1+3 ST 31.02 346.04 Radial CP 1 14.449 5.78 
#64/1 SA1+3 SS 31.155 349 Driven Rod 4.5 8.596 10.029 
#64/2 SA1+3 SS 31.155 356 Radial CP 12.3 5.618 5.618 
#64/3 SA1-3 SS 25.155 325 Driven Rod 6.3 6.154 7.692 
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#65/1 SA1+2 SS 30.155 350 Radial CP 8.7 8.571 10 
#65/2 SA1+2 SS 30.155 346 Driven Rod 1 11.561 11.561 
#65/3 SA1+0 SS 28.155 347 Radial CP 22 2.882 7.205 
#66/1 SA1+1 SS 29.155 340 Radial CP 35 11.765 4.412 
#66/2 SA1+0 DS  28.155 342 Radial CP 19 8.772 11.696 
#66/3 SA1+1 DS 29.155 343 Radial CP 56 2.915 4.373 
#67/1 SA1+1 SS 29.155 344 Radial CP 67 5.814 5.814 
#67/2 SA1-2 SS 26.155 343 Radial CP 30 5.831 7.289 
#68/1 SA1+0 SS 28.155 338 Driven Rod 3.5 8.876 5.917 
#68/2 SA1+1 SS 29.155 343 Driven Rod 2 2.915 5.831 
#68/3 SA1+0 SS 28.155 335 Radial CP 80 5.97 2.985 
#69/1 SA1+0 SS 28.155 335 Driven Rod 1.7 5.97 4.478 
#69/2 SA1+2 SS 30.155 328 Driven Rod 16.5 12.195 16.768 
#69/3 SB1+0 ST 28.03 350 Radial CP 20 8.571 7.143 
#70/1 SA1+0 SS 28.155 350 Driven Rod 2 8.571 7.143 
#70/2 SA1+0 SS 28.155 341 Driven Rod 3 5.865 5.865 
#70/3 SA1+0 SS 28.155 338 Radial CP 10 8.876 11.834 
#71/1 SA1+0 SS 28.155 337 Radial CP 3.5 5.935 10.386 
#71/2 SA1+1 SS 29.155 320.2 Driven Rod 17.3 3.123 6.246 
#71/3 SA1+0 SS 28.155 320 Radial CP 75 3.125 6.25 
#72/1 SA1-2 SS 26.155 310 Radial CP 6 6.452 4.839 
#72/2 SA1-2 SS 26.155 315 Radial CP 19.3 12.698 9.524 
#72/3 SA1+0 SS 28.155 311 Radial CP 28 0 4.823 
#72/4 SA1+2 SS 30.155 329 Driven Rod 4.8 9.119 7.599 
#73/1 SA1+0 SS 28.155 339 Radial CP 35 5.9 4.425 
#73/2 SB1+3 ST 31.03 336 Radial CP 14 2.976 2.976 
#73/3 SA1+3 SS 31.155 334 Radial CP 50 8.982 8.982 
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#74/1 SA1-3 SS 25.155 328 Driven Rod 14 3.049 6.098 
#74/2 SA1+0 SS 28.155 326 Radial CP 7 6.135 3.068 
#74/3 SA1+0 SS 28.155 299 Radial CP 16 10.033 15.05 
#75/1 SA1+0 SS 28.155 193.74 Radial CP 11 0 5.162 
#75/2 SD1-2 ST 26.02 388.26 Radial CP 5 10.302 7.727 

#75/3 SB1+0 ST&SI 28.03 345 Radial CP 30 2.899 2.899 
#76/1 SA1+0 SS 28.155 345 Radial CP 25 8.696 7.246 
#76/2 SA1+0 SS 28.155 347 Radial CP 20 0 4.323 
#76/3 SA1+1 SS 29.155 347 Radial CP 12.5 8.646 7.205 
#77/1 SA1+0 SS 28.155 347 Driven Rod 35 2.882 7.205 
#77/2 SA1+1 SS 29.155 346 Radial CP 45 2.89 4.335 
#77/3 SA1+0 SS 28.155 351 Radial CP 7 8.547 7.122 
#78/1 SA1+1 SS 29.155 356 Driven Rod 35 2.809 1.405 
#78/2 SA1+3 SS 31.155 356 Driven Rod 17 5.618 5.618 
#78/3 SA1+3 SS 31.155 356 Radial CP 30 8.427 5.618 
#79/1 SA1+0 SS 28.155 344 Driven Rod 30 11.628 8.721 
#79/2 SA1+0 SS 28.155 343 Radial CP 17.5 17.493 13.12 
#80/1 SA1+0 SS 28.155 347 Radial CP 44 2.882 7.205 
#80/2 SA1+1 SS 29.155 347 Driven Rod 17 14.409 8.646 
#80/3 SA1+1 SS 29.155 348 Driven Rod 9 28.736 18.678 
#81/1 SA1+1 SS 29.155 346.99 Driven Rod 13 11.528 5.764 
#81/2 SD1+0 ST 28.02 325.01 Driven Rod 11 6.154 7.692 
#81/3 SA1+2 SS 30.155 330 Radial CP 10 0 4.545 
#82/1 SA1+3 SS 31.155 329 Driven Rod 50 3.04 3.039 
#82/2 SA1+0 SS 28.155 330 Driven Rod 75 6.061 4.545 
#82/3 SA1+0 SS 28.155 333 Driven Rod 57 12.012 9.009 
#83/1 SA1+0 SS 28.155 316 Radial CP 42 3.165 3.165 
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#83/2 SA1+0 SS 28.155 327 Radial CP 54 0 1.529 
#83/3 SA1+0 SS 28.155 326.19 Radial CP 35 0 4.598 
#84/1 SD1+0 ST 28.02 334.81 Radial CP 32 5.974 7.467 
#84/2 SA1+0 SS 28.155 336 Radial CP 55 5.952 7.44 
#84/3 SA1+0 SS 28.155 328 Radial CP 3 6.098 6.098 
#85/1 SA1+0 SS 28.155 329 Radial CP 33 15.198 10.638 
#85/2 SA1+0 SS 28.155 340 Radial CP 38 2.941 4.412 
#85/3 SB1+0 ST 28.03 340 Radial CP 23 17.647 13.235 
#86/1 SA1+1 SS 29.155 340 Radial CP 35 8.824 7.353 
#86/2 SA1-3 SS 25.155 320 Driven Rod 30 3.125 1.563 
#86/3 SA1+2 DS 30.155 350 Radial CP 67 11.429 8.571 
#87/1 SA1+2 DS 30.155 350 Radial CP 12 8.571 10 
#87/2 SA1+0 SS 28.155 350 Radial CP 21 5.714 8.571 
#87/3 SA1-2 SS 26.155 350 Radial CP 35 5.714 5.714 
#88/1 SA1+0 SS 28.155 358 Radial CP 30 5.587 6.983 
#88/2 SA1+2 SS 30.155 342 Radial CP 11 2.924 7.31 
#88/3 SA1+2 SS 30.155 356 Radial CP 44 5.618 7.023 
#89/1 SA1+2 SS 30.155 333 Radial CP 17 3.003 6.006 
#89/2 SA1+1 SS 29.155 336 Radial CP 10.4 2.976 1.488 
#89/3 SA1-3 SS 25.155 310.94 Radial CP 27 3.216 3.216 
#90/1 SD1+0 ST 28.02 350.06 Driven Rod 35 11.427 17.14 
#90/2 SA1+3 SS 31.155 374 Radial CP 20 5.348 5.348 
#90/3 SA1+1 SS 29.155 371 Radial CP 44 10.782 6.739 
#91/1 SA1+0 SS 28.155 369 Radial CP 60 8.13 8.13 
#91/2 LSA1-3 SS 25.03 309 Radial CP 18.5 3.236 6.472 
#91/3 SA1+0 SS 28.155 310 Radial CP 18 6.452 6.452 
#92/1 SA1+0 SS 28.155 306 Radial CP 100 0 1.634 
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#92/2 SA1-2 SS 26.155 350 Radial CP 65 0 2.857 
#92/3 SA1+0 SS 28.155 329 Radial CP 7 9.119 6.079 
#93/1 SA1-2 SS 26.155 331 Radial CP 25 0 3.021 
#93/2 SA1+0 SS 28.155 303.19 Radial CP 48 9.895 14.842 
#93/3 SD1+0 ST 28.02 347.81 Radial CP 12 5.75 2.875 
#94/1 SA1+1 SS 29.155 355 Radial CP 15 8.451 7.042 
#94/2 SA1+0 SS 28.155 347 Radial CP 128 8.646 5.764 
#94/3 SA1+0 SS 28.155 343 Radial CP 17 5.831 7.289 
#95/1 SA1+1 SS 29.155 361 Radial CP 25 5.54 4.155 
#95/2 SA1-2 SS 26.155 358 Radial CP 25 5.587 6.983 
#95/3 SA1+2 SS 30.155 332 Radial CP 13.5 6.024 4.518 
#96/1 SA1+3 SS 31.155 300 Radial CP 12.8 6.667 5 
#96/2 SA1-2 SS 26.155 293 Radial CP 11 6.826 3.413 
#96/3 SA1-3 SS 25.155 325 Radial CP 14 12.308 9.231 
#97/1 SA1+0 SS 28.155 350 Radial CP 24 2.857 5.714 
#97/2 SA1+1 SS 29.155 365 Radial CP 28 10.959 5.479 
#97/3 SA1+3 SS 31.155 320 Radial CP 34 9.375 10.938 
#98/1 SA1+3 SS 31.155 377.99 Radial CP 35 5.291 9.259 
#98/2 SD1+0 ST 31.02 299.01 Driven Rod 24 10.033 8.361 
#98/3 SA1+3 SS 31.155 328 Radial CP 36 3.049 6.098 
#99/1 SA1-2 SS 26.155 317 Radial CP 55 3.155 4.732 
#99/2 SA1-2 SS 26.155 316 Radial CP 50 15.823 11.076 
#99/3 SA1-1 SS 27.155 315 Radial CP 16.5 3.175 3.175 

#100/1 SA1-2 SS 26.155 308 Driven Rod 8.5 9.74 4.87 
#100/2 SA1+0 SS 28.155 310 Radial CP 9.4 3.226 3.226 
#100/3 SA1+0 DS 28.155 315 Driven Rod 3.6 6.349 7.937 
#101/1 SA1+1 DS 29.155 370 Radial CP 25 16.216 12.162 
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#101/2 SA1+1 SS 29.155 374 Radial CP 12 5.348 6.685 
#101/3 SA1+0 SS 28.155 328 Radial CP 69 15.244 9.146 
#102/1 SA1+0 SS 28.155 366.6 Radial CP 30 0 2.728 
#102/2 SA1-3 SS 25.155 310.09 Radial CP 47 9.675 8.062 
#102/3 SD1-3 ST 25.02 314.91 Radial CP 40 12.702 6.351 
#103/1 SA1+1 SS 29.155 360 Radial CP 57 8.333 9.722 
#103/2 SA1-3 SS 25.155 175.86 Radial CP 13 5.686 5.686 
#103/3 SDE-3 ST 25.02 84.7 Radial CP 13.5 5.686 5.686 
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#0/1 DDE-3 ST&DT 39.05 148 Driven Rod 2 6.757 10.135 
#0/2 DA1-3 SS 39.99 273.95 Driven Rod 5.4 0 3.65 
#1/1 DD2+0 DT 42.05 363.52 Driven Rod 2.1 2.751 6.877 
#1/2 DA1+3 DS 45.99 374.77 Driven Rod 6 10.673 14.676 
#1/3 DA1+0 SS 42.99 418 Driven Rod 4.5 14.354 7.177 
#2/1 DA1+2 SS 44.99 410 Driven Rod 4.5 7.317 3.658 
#2/2 DA1+0 DS 42.99 409 Driven Rod 3.5 4.89 6.113 
#3/1 DD2+0 DT 42.05 405.16 Driven Rod 15.9 4.936 1.234 
#3/2 DA1+1 SS 43.99 413.22 Driven Rod 1.6 0 4.84 
#4/1 DA1+1 SS 43.99 415 Driven Rod 1.6 2.41 6.024 
#4/2 DA1+3 DS 45.99 418 Driven Rod 12 11.962 10.766 
#4/3 DA1+3 DS 45.99 400 Driven Rod 7.4 15 10 
#5/1 DA1+0 DS 42.99 400 Driven Rod 11.3 5 8.75 
#5/2 DA1+3 DS 45.99 331 Driven Rod 2.1 12.085 16.616 
#5/3 DA1+0 SS 42.99 413 Driven Rod 4.5 21.792 14.528 
#6/1 DA1+1 SS 43.99 406 Driven Rod 4 27.094 11.084 
#6/2 DA1+2 SS 44.99 398 Driven Rod 4 2.513 7.538 
#7/1 DA1+2 DS 44.99 413 Driven Rod 3.6 12.106 7.264 
#7/2 DB2+0 DT 42.04 378.06 Driven Rod 9.1 10.58 14.548 
#7/3 DA1+1 SS 43.99 398.94 Driven Rod 2.4 15.04 16.293 
#8/1 DA1+1 SS 43.99 412 Driven Rod 4.5 14.563 15.777 
#8/2 DA1+2 SS 44.99 419 Driven Rod 8 19.093 9.547 
#9/1 DA1+2 SS 44.99 405 Driven Rod 3.5 9.877 3.704 
#9/2 DB2+0 DT 42.04 414 Driven Rod 2.5 9.662 10.87 
#9/3 DA1+3 DS 45.99 316 Driven Rod 5 6.329 20.57 
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#10/1 DA1+3 DS 45.99 422 Driven Rod 30 23.697 9.479 
#10/2 DA1+3 SS 45.99 410 Driven Rod 2 4.878 4.878 
#11/1 DA1+2 SS 44.99 428 Driven Rod 1.194 7.009 9.346 
#11/2 DA1+1 SS 43.99 412 Driven Rod 10 7.282 10.922 
#12/1 DA1+3 SS 45.99 418 Driven Rod 1.194 9.569 8.373 
#12/2 DA1+0 SS 42.99 415 Driven Rod 2.6 4.819 12.048 
#12/3 DA1+1 SS 43.99 401 Driven Rod 1.3 9.975 14.963 
#13/1 DA1+3 SS 45.99 416 Driven Rod 1.4 12.019 10.817 
#13/2 DA1+0 SS 42.99 386 Driven Rod 4 7.772 10.363 
#14/1 DB2+3 DT 45.04 424.83 Driven Rod 2 7.062 4.708 
#14/2 DA1+3 DS 45.99 422 Driven Rod 15 9.887 12.359 

#14/3 DDE+0 ST&DT 42.05 483 Driven Rod 5 13.158 2.632 
#14/5 DDE+0 ST&DT 42.05 140.32 Driven Rod 3.5 14.253 14.253 

#15/1 DA1+3 DS 45.99 343 Driven Rod 1.8 11.662 8.746 
#15/2 DA1+3 DS 45.99 259 Driven Rod 4 7.722 13.514 
#15/3 DA1+0 SS 42.99 407 Driven Rod 3.5 14.742 17.199 
#16/1 DA1+1 SS 43.99 404 Driven Rod 2.5 4.951 8.663 
#16/2 DA1+0 SS 42.99 402 Driven Rod 2.2 7.463 4.975 
#16/3 DA1+0 SS 42.99 400 Driven Rod 1.7 15 8.75 
#17/1 DA1+0 SS 42.99 397 Driven Rod 4.2 15.113 11.335 
#17/2 DA1+0 SS 42.99 403 Driven Rod 3 4.963 7.444 
#18/1 DA1+0 SS 42.99 404 Driven Rod 5 7.426 7.426 
#18/2 DA1+0 SS 42.99 405 Driven Rod 2.5 9.877 9.877 
#18/3 DB2+0 DT 42.04 391 Driven Rod 2 10.23 16.624 
#19/1 DA1+0 SS 42.99 382 Driven Rod 6.3 23.56 19.633 
#19/2 DA1+0 SS 42.99 393 Driven Rod 5 5.089 6.361 
#20/1 DA1-1 SS 41.99 391 Driven Rod 9 2.557 3.836 



 

��� 

�µ¦µ���ª��¸É���  (�n°� 
 

�ªµ¤®�µÂ�n�¢jµ�nµ������������
Â�n¨³�nª�Á­µ 

(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� 
Á­µ�o��¸É���·�Á­µ�
��·��°��»�¨¼��oª¥ 

�ªµ¤­¼�Á­µ
(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� 
�����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 

#20/2 DA1+0 SS 42.99 375 Driven Rod 10 10.667 14.667 
#20/3 DA1-1 SS 41.99 390 Driven Rod 2.2 15.385 17.949 
#21/1 DA1-2 SS 40.99 369 Driven Rod 1.3 16.26 17.615 
#21/2 DA1-2 SS 40.99 368 Driven Rod 1.5 16.304 19.022 
#21/3 DA1-2 SS 40.99 367 Driven Rod 1.2 19.074 19.074 
#22/1 DA1+1 SS 43.99 355 Driven Rod 1.4 8.451 9.859 
#22/2 DA1+0 SS 42.99 394 Driven Rod 1.3 17.767 17.766 
#23/1 DD2+0 DT 42.05 391.15 Driven Rod 7 25.566 23.009 
#23/2 DA1+3 DS 45.99 289.32 Driven Rod 7 20.738 15.554 
#23/3 DA1+0 SS 42.99 403 Driven Rod 1.6 14.888 13.648 
#24/1 DA1+1 SS 43.99 400 Driven Rod 1.3 17.5 17.5 
#24/2 DA1+3 DS 45.99 418 Driven Rod 1.9 14.354 9.569 
#25/1 DA1+3 DS 45.99 387 Driven Rod 110 25.84 18.088 
#25/2 DA1+0 SS 42.99 386 Driven Rod 2 31.088 22.021 
#25/3 DA1+0 SS 42.99 399 Driven Rod 2 15.038 16.291 
#26/1 DT2+0 DT 42.04 395 Driven Rod 1.3 12.658 12.658 
#26/2 DA1+1 SS 43.99 406 Driven Rod 1.194 4.926 9.852 
#27/1 DA1+0 SS 42.99 401 Driven Rod 1.2 9.975 11.222 
#27/2 DA1+2 DS 44.99 402 Driven Rod 1.6 7.463 7.463 
#27/3 DD2-3 DT 42.05 337.5 Driven Rod 10.6 8.889 5.926 
#28/1 DA1+1 SS 43.99 376.16 Driven Rod 1.4 5.317 6.646 
#28/2 DA1-1 SS 41.99 388 Driven Rod 1.2 10.309 11.598 
#28/3 DA1-1 SS 41.99 374 Driven Rod 3.5 18.717 10.695 
#29/1 DA1-2 SS 40.99 371 Driven Rod 1.6 16.173 14.825 
#29/2 DA1+2 SS 44.99 391 Driven Rod 1.9 10.23 14.066 
#30/1 DA1+1 SS 43.99 411 Driven Rod 1.7 9.732 13.382 
#30/2 DA1+1 SS 43.99 401 Driven Rod 4.8 9.975 12.469 



 

��� 

�µ¦µ���ª��¸É���  (�n°� 
 

�ªµ¤®�µÂ�n�¢jµ�nµ������������
Â�n¨³�nª�Á­µ 

(�¦´Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� 
Á­µ�o��¸É���·�Á­µ�
��·��°��»�¨¼��oª¥ 

�ªµ¤­¼�Á­µ
(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� 
�����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 

#30/3 DA1+1 SS 43.99 412 Driven Rod 1.5 12.136 8.495 
#31/1 DA1+0 SS 42.99 393 Driven Rod 1.7 15.267 12.723 
#31/2 DA1-1 SS 41.99 384 Driven Rod 1.194 15.625 14.323 
#32/1 DA1+0 SS 42.99 391 Driven Rod 1.4 23.018 14.066 
#32/2 DA1+0 SS 42.99 392 Driven Rod 1.194 15.306 21.684 
#32/3 DA1+1 SS 43.99 408 Driven Rod 11 12.255 12.255 
#33/1 DB2+0 DT 42.04 400 Driven Rod 1.9 17.5 22.5 
#33/2 DA1-1 SS 41.99 380 Driven Rod 3.5 15.789 13.158 
#33/3 DA1+0 SS 42.99 382 Driven Rod 1.6 13.089 15.707 
#34/1 DA1+0 SS 42.99 398 Driven Rod 1.5 25.126 20.101 
#34/2 DA1+0 SS 42.99 400 Driven Rod 1.6 15 17.5 
#35/1 DA1+0 SS 42.99 397 Driven Rod 2.9 22.67 17.632 
#35/2 DA1+1 SS 43.99 398 Driven Rod 1.8 20.101 18.844 
#35/3 DA1+0 SS 42.99 399 Driven Rod 45 25.063 28.822 
#36/1 DA1+1 SS 43.99 405 Driven Rod 8.5 22.222 19.753 
#36/2 DD2+0 DT 42.05 397.7 Driven Rod 4 30.174 28.916 
#37/1 DA1+3 DS 45.99 408.3 Driven Rod 4 14.695 25.716 
#37/2 DA1+2 DS 44.99 426.76 Driven Rod 4.5 25.776 23.432 
#37/3 DA1-3 DS 39.99 379 Driven Rod 6.4 47.493 35.62 
#38/1 DA1+3 DS 45.99 392 Driven Rod 1.7 17.857 16.58 
#38/2 DA1+1 DS 43.99 421 Driven Rod 4 28.504 24.94 
#39/1 DA1+1 SS 43.99 405 Driven Rod 2.5 22.222 32.099 
#39/2 DA1+1 SS 43.99 406 Driven Rod 1.5 24.631 32.018 
#40/1 DA1+2 SS 44.99 413 Driven Rod 3.4 29.056 29.056 
#40/2 DA1+1 SS 43.99 415 Driven Rod 1.7 31.325 20.482 
#40/3 DA1+1 SS 43.99 411 Driven Rod 8.9 34.063 27.98 
#41/1 DA1+0 SS 42.99 401 Driven Rod 4.3 4.988 13.716 
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#41/2 DA1+0 SS 42.99 399 Driven Rod 1.9 35.088 26.316 
#42/1 DA1+0 SS 42.99 405 Driven Rod 3.5 9.877 17.284 
#42/2 DA1+0 SS 42.99 388 Driven Rod 1.8 10.309 12.887 
#42/3 DD2+0 DT 42.05 387.7 Driven Rod 2 23.214 21.924 
#43/1 DA1+0 DS 42.99 397 Driven Rod 3.9 10.076 13.854 
#43/2 DA1+0 DS 42.99 400 Driven Rod 1.4 12.5 11.25 
#44/1 DA1+4 DS 46.99 403 Driven Rod 3 32.258 21.092 
#44/2 DA1+6 DS 48.99 457 Driven Rod 2 15.317 26.258 
#44/3 DA1+4 DS 46.99 408 Driven Rod 3 39.216 26.961 
#45/1 DA1+3 DS 45.99 438 Driven Rod 2.4 15.982 15.982 
#45/2 DA1+1 DS 43.99 377 Driven Rod 18 26.525 23.873 
#46/1 DA1+3 DS 45.99 409.09 Driven Rod 2 14.667 12.222 
#46/2 DA1+3 DS 45.99 399 Driven Rod 9 12.531 13.784 
#46/3 DA1+2 DS 44.99 318 Driven Rod 3.5 18.868 15.723 
#47/1 DA1+3 DS 45.99 425 Driven Rod 4 14.118 25.882 
#47/2 DD2+0 DT 42.05 405.85 Driven Rod 6 17.248 18.48 
#48/1 DA1+0 DS 42.99 398.7 Driven Rod 6 22.573 18.811 
#48/2 DA1-3 SS 39.99 376 Driven Rod 6.5 10.638 18.617 
#48/3 DA1+0 SS 42.99 376 Driven Rod 5 23.936 18.617 
#49/1 DA1-1 SS 41.99 369 Driven Rod 17.3 13.55 12.195 
#49/2 DA1-2 SS 40.99 377 Driven Rod 1.6 10.61 13.263 
#49/3 DA1+0 SS 42.99 377 Driven Rod 5 15.915 13.263 
#50/1 DA1-2 SS 40.99 377 Driven Rod 4.8 26.525 17.241 
#50/2 DA1-1 SS 41.99 375 Driven Rod 12 21.333 24 
#51/1 DA1-2 SS 40.99 350 Driven Rod 7.9 14.286 15.714 
#51/2 DA1-1 SS 41.99 350 Driven Rod 12.5 11.429 10 
#51/3 DA1-3 SS 39.99 350 Driven Rod 14.5 11.429 10 
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#122/3A DT60+4.5 

ST15&DT13 
57.5 177.28 Driven 

Rod 
0.1 21.011 18.384 

#122/2A DL+6 VS3 56 178.98 Driven 
Rod 

0.1 11.282 14.102 

#122/1A DM+10.5 
VS18 60.5 246.02 Driven 

Rod 0.1 22.349 22.349 

#121/4A DL+6 VS3 56 230 Driven 
Rod 

0.1 12.194 6.097 

#121/3A DL+6 VS3 56 297.46 Driven 
Rod 

0.1 8.696 28.261 

#121/2A DT60+9 
DT13 

62 313.35 Driven 
Rod 

0.1 26.894 31.937 

#121/1A DT60+4.5 
DT13 

57.5 284.19 Driven 
Rod 

0.1 6.383 7.978 

#120/4A DL+6 VS3 56 210 Driven 
Rod 

0.1 17.594 1.759 

#120/3A 
DM+10.5+15B VS18 75.5 92.21 Driven 

Rod 0.1 0 4.762 

#120/2A 
DM+10.5+15B VS18 

75.5 213.38 Driven 
Rod 

0.1 21.69 16.267 

#120/1A DT60+7.5 
DT13 60.5 326.32 Driven 

Rod 0.1 18.746 11.717 

#119/4A DT20+4.5 
DT14 

57.5 255.32 Driven 
Rod 

0.1 21.451 13.79 

#119/3A DL+3 VS3 53 250 Driven 
Rod 

0.2 19.583 21.542 

#119/2A DL+3 VS3 53 250 Driven 
Rod 0.3 24 20 
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#119/1A DL+7.5 VS3 57.5 360 Driven 
Rod 

0.2 24 26 

#118/3A DL+4.5+7.5B 
VS3 

62 359 Driven 
Rod 

0.1 22.222 22.222 

#118/2A DL+7.5 VS3 57.5 269.66 Driven 
Rod 

0.1 27.855 18.106 

#118/1A DT60+4.5 
DT13 

57.5 391.34 Driven 
Rod 

0.1 22.25 12.979 

#117/3A 
DM+10.5+7.5B VS18 68 360 Driven 

Rod 0.1 12.777 16.61 

#117/2A DM+7.5+7.5B 
VS18 

65 380 Driven 
Rod 

0.1 5.556 5.556 

#117/1A DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 0 2.632 

#116/2A DM+7.5+15B 
VS18 

72.5 319.8 Driven 
Rod 

0.1 11.429 12.857 

#116/1A DT40+10.5 
DT14 

63.5 440.2 Driven 
Rod 

0.1 43.777 31.27 

#115/2A 
DM+10.5+15B VS18 75.5 510 Driven 

Rod 0.1 20.445 24.989 

#115/1A DM+9+15B 
VS18 

74 510 Driven 
Rod 

0.1 21.569 18.627 

#114/2A 
DM+10.5+15B VS18 

75.5 465.33 Driven 
Rod 

0.1 15.686 17.647 

#114/1A DT40+10.5 
DT14 

63.5 424.67 Driven 
Rod 

0.1 25.788 21.49 

#113/2A DM+9+15B 
VS18 

74 500 Driven 
Rod 

0.1 30.612 34.144 
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#113/1A DM+9+15B 

VS18 
74 501 Driven 

Rod 
0.1 10 16 

#112/4A 
DM+10.5+15B VS18 

75.5 365.92 Driven 
Rod 

0.1 17.964 14.97 

#112/3A DT40+3 
DT14 

56 219.08 Driven 
Rod 

0.1 16.397 10.93 

#112/2A 
DL+10.5+7.5B VS3 

68 334 Driven 
Rod 

0.1 31.952 34.234 

#112/1A DL+9+7.5B 
VS3 66.5 301 Driven 

Rod 0.1 23.952 26.946 

#111/3A DL+10.5 VS3 60.5 323 Driven 
Rod 

0.1 36.545 21.595 

#111/2A DL+7.5 VS3 57.5 256.95 Driven 
Rod 

0.1 18.576 24.768 

#111/1A DT20+10.5 
DT14 

63.5 439.05 Driven 
Rod 

0.1 31.134 35.026 

#110/3A DM+4.5+15B 
VS18 

69.5 315 Driven 
Rod 

0.1 18.221 21.638 

#110/2A DL+10.5 VS3 60.5 338.2 Driven 
Rod 0.1 12.698 17.46 

#110/1A DM+9 
VS5&VS19 

59 405.8 Driven 
Rod 

0.1 17.741 19.219 

#109/2A DM+4.5+15B 
VS18 

69.5 467 Driven 
Rod 

0.1 17.25 18.482 

#109/1A DM+7.5+15B 
VS18 

72.5 334 Driven 
Rod 

0.1 14.989 11.777 

#108/4A DL+6 VS3 56 256 Driven 
Rod 

0.1 23.952 16.467 
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(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 
#108/3A DT60+3 

DT13 
56 78 Driven 

Rod 
0.1 27.344 31.25 

#108/2 DT60+3 DT13 56 88 Driven 
Rod 

0.1 34.091 51.136 

#108/3 DT60+10.5 
DT13 

63.5 418 Driven 
Rod 

0.1 9.569 11.962 

#109/1 DM+10.5+15B 
VS18 

75.5 522 Driven 
Rod 

0.1 19.157 8.621 

#109/2 DM+10.5+15B 
VS18 75.5 380.2 Driven 

Rod 0.1 7.891 7.891 

#109/3 DT60+3 DT13 56 279.8 Driven 
Rod 

0.1 14.296 16.083 

#110/1 DL+4.5 VS3 54.5 333 Driven 
Rod 

0.1 18.018 18.018 

#110/2 DM+7.5+15B 
VS18 

72.5 420 Driven 
Rod 

0.1 16.667 14.286 

#111/1 DT40+9 DT14 62 452 Driven 
Rod 

0.1 11.062 14.38 

#111/2 DM+10.5+15B 
VS18 75.5 500 Driven 

Rod 0.1 20 21 

#111/3 DM+10.5+7.5B 
VS18 

68 422 Driven 
Rod 

0.1 16.588 18.957 

#112/1 DM+7.5+7.5B 
VS18 

65 329.5 Driven 
Rod 

0.1 9.105 9.105 

#112/2 DT40+4.5 
DT14 

57.5 378.5 Driven 
Rod 

0.1 26.42 22.457 

#113/1 DM+9+7.5B 
VS18 

66.5 385.3 Driven 
Rod 

0.1 15.572 14.275 
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#113/2 DT20+10.5 

DT14 
63.5 344.7 Driven 

Rod 
0.1 8.703 10.154 

#113/3 DL+10.5 VS3 60.5 351 Driven 
Rod 

0.1 14.245 9.972 

#114/1 DL+9 VS3 59 339 Driven 
Rod 

0.1 5.9 5.9 

#114/2 DL+9 VS3 59 330 Driven 
Rod 

0.1 3.03 4.545 

#114/3 DTR+6 VS3 58.5 348 Driven 
Rod 0.1 11.494 15.805 

#115/1 DM+10.5+15B 
VS18 

75.5 422.3 Driven 
Rod 

0.1 4.736 11.84 

#115/2 DT60+6 DT13 59 288.7 Driven 
Rod 

0.1 17.319 19.051 

#115/3 DL+6 VS3 56 283 Driven 
Rod 

0.1 14.134 21.201 

#116/1 DL+7.5 VS3 57.5 288 Driven 
Rod 

0.1 24.306 13.889 

#116/2 DL+4.5 VS3 54.5 275.3 Driven 
Rod 0.1 18.162 16.346 

#116/3 DT60+6 DT13 59 394.7 Driven 
Rod 

0.1 10.134 17.735 

#117/1 DM+10.5+15B 
VS18 

75.5 520 Driven 
Rod 

0.1 15.385 15.385 

#117/2 DM+10.5+15B 
VS18 

75.5 500 Driven 
Rod 

0.1 10 9 

#118/1 DM+10.5+15B 
VS18 

75.5 494 Driven 
Rod 

0.1 10.122 6.073 
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#118/2 DM+10.5+15B 

VS18 
75.5 464 Driven 

Rod 
0.1 15.086 14.009 

#119/1 DL+7.5+7.5B 
VS3 

65 228 Driven 
Rod 

0.1 30.702 19.737 

#119/2 DM+10.5+15B 
VS18 

75.5 500 Driven 
Rod 

0.1 14 17 

#119/3 DM+10.5+15B 
VS18 

75.5 262.11 Driven 
Rod 

0.1 7.63 9.538 

#120/1 DT60+3 DT13 56 101.89 Driven 
Rod 0.1 9.814 14.722 

#120/2 DM+10.5+15B 
VS18 

75.5 145 Driven 
Rod 

0.1 13.793 17.241 

#120/3 DM+9+15B 
VS18 

74 224.16 Driven 
Rod 

0.1 8.922 6.692 

#120/4 DT60+6 DT13 59 325.4 Driven 
Rod 

0.1 0 4.61 

#120/5 DT60+6 DT13 59 253.44 Driven 
Rod 

0.1 3.946 3.946 

#121/1 DL+3 VS3 53 160.86 Driven 
Rod 0.1 6.217 3.108 

#121/2 DT60+6 DT13 59 406.79 Driven 
Rod 

0.2 4.917 7.375 

#121/3 DM+7.5+15B 
VS18 

72.5 510 Driven 
Rod 

0.1 5.882 7.843 

#122/1 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 11.765 10.784 

#122/2 DM+10.5+15B 
VS18 

75.5 225 Driven 
Rod 

0.1 8.889 6.667 
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#122/3 DM+6 VS18 56 352 Driven 
Rod 

0.1 2.841 7.102 

#123/1 DM+9+15B 
VS18 

74 423.21 Driven 
Rod 

0.1 18.903 12.996 

#123/2 DT20+10.5 
DT14 

63.5 294.79 Driven 
Rod 

0.1 27.138 20.354 

#124/1 DM+3 VS18 53 235 Driven 
Rod 

0.1 8.511 12.766 

#124/2 DM+7.5+15B 
VS18 72.5 510 Driven 

Rod 0.1 19.608 18.628 

#124/3 DM+10.5+15B 
VS18 

75.5 433.7 Driven 
Rod 

0.1 11.529 11.529 

#125/1 DT60+6 DT13 59 326.3 Driven 
Rod 

0.2 9.194 9.134 

#125/2 DL+9 VS3 59 360 Driven 
Rod 

0.1 11.111 11.111 

#125/3 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 11.429 8.571 

#126/1 DL+9 VS3 59 300 Driven 
Rod 0.1 6.667 13.333 

#126/2 DL+7.5+7.5B 
VS3 

65 420 Driven 
Rod 

0.1 7.143 9.524 

#126/3 DM+10.5+7.5B 
VS18 

68 420 Driven 
Rod 

0.2 9.524 13.095 

#127/1 DM+7.5+15B 
VS18 

72.5 500 Driven 
Rod 

0.1 8 8 

#127/2 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 11.765 11.765 
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#128/1 DM+10.5+15B 

VS18 
75.5 470 Driven 

Rod 
0.1 10.638 12.766 

#128/2 DL+7.5+7.5B 
VS3 

65 440 Driven 
Rod 

0.1 11.364 14.773 

#129/1 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 19.608 15.686 

#129/2 DM+10.5+15B 
VS18 

75.5 470 Driven 
Rod 

0.2 25.532 19.149 

#130/1 DM+4.5+15B 
VS18 69.5 396 Driven 

Rod 0.1 20.202 12.626 

#130/2 DTR+10.5 VS3 63 354 Driven 
Rod 

0.1 2.825 8.475 

#131/1 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 5.714 11.429 

#131/2 DL+9 VS3 59 332 Driven 
Rod 

0.1 9.036 10.542 

#131/3 DM+6+7.5B 
VS18 

63.5 414 Driven 
Rod 

0.1 7.246 8.454 

#132/1 DL+7.5+7.5B 
VS3 65 310 Driven 

Rod 0.1 9.677 6.452 

#132/2 DL+9 VS3 59 339 Driven 
Rod 

0.1 8.85 8.85 

#132/3 DM+7.5+7.5B 
VS18 

65 441 Driven 
Rod 

0.1 2.268 3.401 

#133/1 DM+10.5+15B 
VS18 

75.5 437 Driven 
Rod 

0.1 4.577 6.865 

#133/2 DM+10.5 VS18 60.5 357 Driven 
Rod 

0.1 8.403 4.202 
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(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 
#134/1 DL+6+7.5B 

VS3 
63.5 360 Driven 

Rod 
0.1 5.556 5.556 

#134/2 DL+10.5 VS3 60.5 360 Driven 
Rod 

0.1 5.556 5.556 

#134/3 DL+10.5 VS3 60.5 355 Driven 
Rod 

0.1 8.451 7.042 

#135/1 DL+10.5 VS3 60.5 335 Driven 
Rod 

0.1 8.955 7.463 

#135/2 DL+9 VS3 59 371 Driven 
Rod 0.1 10.782 10.782 

#135/3 DM+7.5+7.5B 
VS18 

65 369 Driven 
Rod 

0.1 2.71 6.775 

#136/1 DL+9 VS3 59 334 Driven 
Rod 

0.1 8.982 13.473 

#136/2 DL+9 VS3 59 286 Driven 
Rod 

0.1 0 8.741 

#136/3 DL+6 VS3 56 289 Driven 
Rod 

0.1 10.381 8.651 

#137/1 DL+9 VS3 59 341 Driven 
Rod 0.1 2.933 4.399 

#137/2 DL+10.5 VS3 60.5 360 Driven 
Rod 

0.1 8.333 6.944 

#137/3 DL+10.5 VS3 60.5 360 Driven 
Rod 

0.1 8.333 5.556 

#138/1 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 17.143 10 

#138/2 DL+9 VS3 59 340 Driven 
Rod 

0.1 2.941 2.941 
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#138/3 DL+4.5+7.5B 

VS3 
62 340 Driven 

Rod 
0.1 5.882 5.882 

#139/1 DM+9+15B 
VS18 

74 320 Driven 
Rod 

0.2 9.375 4.688 

#139/2 DL+9 VS3 59 340 Driven 
Rod 

0.1 2.941 5.882 

#139/3 DL+10.5 VS3 60.5 360 Driven 
Rod 

0.1 0 6.944 

#140/1 DL+10.5 VS3 60.5 365 Driven 
Rod 0.1 2.74 1.37 

#140/2 DL+10.5 VS3 60.5 261.92 Driven 
Rod 

0.1 15.272 9.545 

#140/3 DT40+4.5 
DT14 

57.5 415.88 Driven 
Rod 

0.1 2.405 3.607 

#141/1 DM+10.5+15B 
VS18 

75.5 488 Driven 
Rod 

0.1 10.246 8.197 

#141/2 DM+10.5+7.5B 
VS18 

68 382.87 Driven 
Rod 

0.1 2.612 5.224 

#142/1 DT20+7.5 
DT14 60.5 231.13 Driven 

Rod 0.1 4.327 2.163 

#142/2 DL+4.5 VS3 54.5 161.38 Driven 
Rod 

0.1 6.197 3.098 

#142/3 DT60+3 DT13 56 263.62 Driven 
Rod 

0.1 3.793 5.69 

#142/4 DL+6 VS3 56 173.56 Driven 
Rod 

0.1 5.762 5.762 

#142/5 DH+4.5+7.5B 
VS9A&VS20 

62 269.44 Driven 
Rod 

0.1 3.711 1.856 
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#143/1 DL+1.5 VS3 51.5 213.87 Driven 
Rod 

0.1 9.351 7.014 

#143/2 DT60+3 DT13 56 228.13 Driven 
Rod 

0.1 4.384 6.575 

#143/3 DL+10.5 VS3 60.5 286 Driven 
Rod 

0.1 6.993 6.993 

#143/4 DL+4.5 VS3 54.5 238.36 Driven 
Rod 

0.1 8.391 2.098 

#144/1 DT60+3 DT13 56 310.64 Driven 
Rod 0.1 3.219 8.048 

#144/2 DM+9+7.5B 
VS18 

66.5 423 Driven 
Rod 

0.1 2.364 3.546 

#144/3 DM+6+15B 
VS18 

71 413.98 Driven 
Rod 

0.1 2.416 4.831 

#145/1 DT40+10.5 
DT14 

63.5 389.16 Driven 
Rod 

0.1 10.278 5.139 

#145/2 DM+4.5+7.5B 
VS18 

62 365 Driven 
Rod 

0.1 2.74 4.11 

#146/1 DM+10.5+7.5B 
VS18 68 364 Driven 

Rod 0.1 0 1.374 

#146/2 DL+10.5 VS3 60.5 358 Driven 
Rod 

0.1 8.38 5.587 

#146/3 DTR+10.5 VS3 63 359 Driven 
Rod 

0.1 5.571 8.356 

#147/1 DL+10.5 VS3 60.5 354 Driven 
Rod 

0.1 14.124 12.712 

#147/2 DL+10.5 VS3 60.5 357 Driven 
Rod 

0.1 11.205 12.605 

       



 

��� 

�µ¦µ���ª��¸É�������n°� 
 

�ªµ¤®�µÂ�n�¢jµ�nµÂ�n¨³�nª�Á­µ 
(�¦́Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� Á­µ�o��̧É���·�Á­µ�����������

��·��°��»� ¼̈��oª¥ 
�ªµ¤­¼�Á­µ

(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 

#147/3 DL+10.5 VS3 60.5 356 Driven 
Rod 

0.1 14.045 8.427 

#148/1 DL+10.5 VS3 60.5 355 Driven 
Rod 

0.1 0 5.634 

#148/2 DL+10.5 VS3 60.5 352 Driven 
Rod 

0.1 11.364 8.523 

#148/3 DM+4.5+15B 
VS18 

69.5 435 Driven 
Rod 

0.2 9.195 10.345 

#149/1 DM+10.5+15B 
VS18 75.5 498 Driven 

Rod 0.2 6.024 6.024 

#149/2 DM+10.5+15B 
VS18 

75.5 509 Driven 
Rod 

0.1 1.965 5.894 

#150/1 DM+10.5+15B 
VS18 

75.5 470.09 Driven 
Rod 

0.1 10.636 7.445 

#150/2 DT60+10.5 
DT13 

63.5 458.91 Driven 
Rod 

0.1 8.716 9.806 

#151/1 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 13.726 12.745 

#151/2 DM+9+15B 
VS18 74 510 Driven 

Rod 0.1 7.843 4.902 

#152/1 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 7.843 7.843 

#152/2 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 5.882 9.804 

#153/1 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 7.843 3.922 

#153/2 DM+10.5+15B 
VS18 

75.5 510 Driven 
Rod 

0.1 17.647 14.706 

       



 

��� 

�µ¦µ���ª��¸É�������n°� 
 

�ªµ¤®�µÂ�n�¢jµ�nµÂ�n¨³�nª�Á­µ 
(�¦́Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� Á­µ�o��̧É���·�Á­µ�����������

��·��°��»� ¼̈��oª¥ 
�ªµ¤­¼�Á­µ

(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 
#154/1 DM+10.5+15B 

VS18 
75.5 407.11 Driven 

Rod 
0.1 17.194 15.966 

#154/2 DT20+6 DT14 59 410.89 Driven 
Rod 

0.1 36.506 25.554 

#155/1 DM+10.5+15B 
VS18 

75.5 454.25 Driven 
Rod 

0.2 8.806 12.108 

#155/2 DH+10.5+7.5B 
VS9A&VS20 

68 186.75 Driven 
Rod 

0.2 21.419 24.096 

#155/3 DM+10.5+7.5B 
VS18 68 472 Driven 

Rod 0.1 33.898 25.424 

#156/1 DM+10.5+15B 
VS18 

75.5 337 Driven 
Rod 

0.1 32.641 20.771 

#156/2 DL+7.5+7.5B 
VS3 

65 380 Driven 
Rod 

0.2 39.474 38.158 

#157/1 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 25.714 22.857 

#157/2 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 25.319 28.132 

#157/3 DM+9 
VS5&VS19 59 350.53 Driven 

Rod 0.1 14.264 15.691 

#158/1 DM+10.5 VS18 60.5 414 Driven 
Rod 

0.1 19.324 19.324 

#158/2 DM+6+15B 
VS18 

71 494 Driven 
Rod 

0.2 20.243 14.17 

#158/3 DM+10.5+15B 
VS18 

75.5 360 Driven 
Rod 

0.1 25 19.444 

#159/1 DM+10.5+15B 
VS18 

75.5 124 Driven 
Rod 

0.1 32.258 48.387 
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��·��°��»� ¼̈��oª¥ 
�ªµ¤­¼�Á­µ

(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 
#159/2 DM+10.5+15B 

VS18 
75.5 360 Driven 

Rod 
0.2 25 30.556 

#159/3 DL+7.5 VS3 57.5 348.8 Driven 
Rod 

0.1 11.468 20.069 

#160/1 DT60+9 DT13 62 355.2 Driven 
Rod 

0.2 14.077 21.115 

#160/2 DL+9 VS3 59 359 Driven 
Rod 

0.2 11.142 12.535 

#160/3 DL+10.5 VS3 60.5 345 Driven 
Rod 0.3 23.188 23.188 

#161/1 DTR+9 VS3 61.5 351 Driven 
Rod 

0.2 28.49 27.066 

#161/2 DL+10.5 VS3 60.5 369 Driven 
Rod 

0.2 18.97 23.035 

#161/3 DL+10.5 VS3 60.5 358 Driven 
Rod 

0.1 33.52 18.156 

#162/1 DL+9 VS3 59 361 Driven 
Rod 

0.1 36.011 26.316 

#162/2 DL+10.5 VS3 60.5 315 Driven 
Rod 0.1 15.873 12.698 

#162/3 DL+9 VS3 59 349 Driven 
Rod 

0.2 22.923 21.49 

#163/1 DL+10.5 VS3 60.5 357 Driven 
Rod 

0.2 25.21 25.21 

#163/2 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.1 34.286 25.714 

#164/1 DL+10.5 VS3 60.5 357 Driven 
Rod 

0.2 25.21 21.008 
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�ªµ¤®�µÂ�n�¢jµ�nµÂ�n¨³�nª�Á­µ 
(�¦́Ê��n°�µ¦µ��·Ã¨Á¤�¦�n°�e� Á­µ�o��̧É���·�Á­µ�����������

��·��°��»� ¼̈��oª¥ 
�ªµ¤­¼�Á­µ

(Á¤�¦� 

¦³¥³®nµ��
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(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 

#164/2 DL+10.5 VS3 60.5 356 Driven 
Rod 

0.2 30.899 23.876 

#164/3 DL+9 VS3 59 342 Driven 
Rod 

0.3 20.468 24.854 

#165/1 DL+10.5 VS3 60.5 331.18 Driven 
Rod 

0.2 15.098 15.097 

#165/2 DT40+4.5 
DT14 

57.5 397.82 Driven 
Rod 

0.3 12.568 15.082 

#165/3 DM+4.5+15B 
VS18 69.5 474 Driven 

Rod 0.2 18.987 27.426 

#166/1 DM+10.5+15B 
VS18 

75.5 437 Driven 
Rod 

0.2 16.018 17.163 

#166/2 DM+10.5 VS18 60.5 394 Driven 
Rod 

0.4 10.152 10.152 

#167/1 DM+9+7.5B 
VS18 

66.5 388.4 Driven 
Rod 

0.2 18.023 21.885 

#167/2 DT20+6 DT14 59 327.6 Driven 
Rod 

0.2 15.262 15.262 

#167/3 DM+7.5+15B 
VS18 72.5 505 Driven 

Rod 0.2 17.822 15.842 

#168/1 DM+10.5+15B 
VS18 

75.5 491 Driven 
Rod 

0.1 10.183 11.202 

#168/2 DM+10.5+15B 
VS18 

75.5 443 Driven 
Rod 

0.2 18.059 15.801 

#169/1 DM+10.5 VS18 60.5 439 Driven 
Rod 

0.2 15.945 15.945 

#169/2 DM+10.5+15B 
VS18 

75.5 508 Driven 
Rod 

0.2 15.748 12.795 
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��·��°��»� ¼̈��oª¥ 
�ªµ¤­¼�Á­µ

(Á¤�¦� 

¦³¥³®nµ��
�nª�Á­µ
(Á¤�¦� 

��·��°��
Ground 

�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 
#170/1 DM+9+15B 

VS18 
74 505 Driven 

Rod 
0.2 23.762 21.782 

#170/2 DM+9+15B 
VS18 

74 494 Driven 
Rod 

0.1 12.146 13.158 

#171/1 DM+10.5+15B 
VS18 

75.5 446.25 Driven 
Rod 

0.2 26.891 23.529 

#171/2 DT20+9 DT14 62 312.75 Driven 
Rod 

0.3 28.777 17.586 

#171/3 DL+7.5 VS3 57.5 336 Driven 
Rod 0.2 17.857 14.881 

#172/1 DL+10.5 VS3 60.5 351 Driven 
Rod 

0.2 5.698 12.821 

#172/2 DL+10.5 VS3 60.5 343 Driven 
Rod 

0.2 23.324 18.95 

#173/1 DL+10.5 VS3 60.5 332.94 Driven 
Rod 

0.2 6.007 12.014 

#173/2 DT40+4.5 
DT14 

57.5 337.06 Driven 
Rod 

0.1 5.934 10.384 

#173/3 DL+10.5 VS3 60.5 354 Driven 
Rod 0.1 14.124 12.712 

#174/1 DL+10.5 VS3 60.5 354 Driven 
Rod 

0.2 5.65 7.062 

#174/2 DL+10.5 VS3 60.5 359 Driven 
Rod 

0.2 11.142 9.749 

#174/3 DL+10.5 VS3 60.5 360 Driven 
Rod 

0.2 13.889 20.833 

#175/1 DTR+10.5 VS3 63 355 Driven 
Rod 

0.2 25.352 16.901 
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��·��°��
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�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 

#175/2 DL+10.5 VS3 60.5 352 Driven 
Rod 

0.1 31.25 22.727 

#175/3 DM+10.5+7.5B 
VS18 

68 429 Driven 
Rod 

0.2 13.986 15.151 

#176/1 DM+10.5+7.5B 
VS18 

68 431 Driven 
Rod 

0.2 9.281 5.8 

#176/2 DM+10.5+15B 
VS18 

75.5 196 Driven 
Rod 

0.2 0 5.102 

#176/3 DM+10.5+15B 
VS18 75.5 127.44 Driven 

Rod 0.3 7.847 15.694 

#177/1 DT60+10.5 
DT13 

63.5 400.32 Driven 
Rod 

0.3 2.498 0 

#177/2 DT60+10.5 
DT13 

63.5 423.24 Driven 
Rod 

0.2 2.363 5.907 

#177/3 DM+10.5+7.5B 
VS18 

68 403.92 Driven 
Rod 

0.2 9.903 7.427 

#178/1 DH+10.5 
VS9A&VS20 

60.5 345.08 Driven 
Rod 

0.2 5.796 11.592 

#178/2 DL+10.5 VS3 60.5 357 Driven 
Rod 0.4 14.006 14.006 

#178/3 DL+10.5 VS3 60.5 350 Driven 
Rod 

0.3 25.714 22.857 

#179/1 DL+10.5 VS3 60.5 355 Driven 
Rod 

0.2 25.352 25.352 

#179/2 DL+10.5 VS3 60.5 349 Driven 
Rod 

0.2 25.788 27.221 

#179/3 DL+10.5 VS3 60.5 354 Driven 
Rod 

0.2 22.599 18.362 
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(Á¤�¦� 

��·��°��
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�ªµ¤�oµ��µ��������������������������
�·� 

(Ã°®r¤-Á¤�¦� �����·Ã¨Á¤�¦ �����·Ã¨Á¤�¦ 
#180/1 DM+9+15B 

VS18 
74 289.99 Driven 

Rod 
0.2 27.587 12.069 

#180/2 DT20+10.5 
DT14 

63.5 458.01 Driven 
Rod 

0.2 15.283 18.559 

#181/1 DM+10.5+15B 
VS18 

75.5 403.79 Driven 
Rod 

0.1 7.43 12.383 

#181/2 DT40+3 DT14 56 317.21 Driven 
Rod 

0.1 25.22 22.067 

#181/3 DL+9 VS3 59 341 Driven 
Rod 0.2 11.73 17.595 

#182/1 DL+10.5 VS3 60.5 291 Driven 
Rod 

0.2 17.182 18.9 

#182/2 DL+6 VS3 56 338.53 Driven 
Rod 

0.1 14.77 10.339 

#182/3 DM+10.5+7.5B 
VS5&VS19 

68 430.47 Driven 
Rod 

0.1 13.938 20.907 

#183/1 DM+7.5+15B 
VS18 

72.5 441.87 Driven 
Rod 

0.2 38.473 28.289 

#183/2 DT20+6 DT14 59 164.13 Driven 
Rod 0.2 0 12.186 

#183/3 DM+10.5+15B 
VS18 

75.5 182 Driven 
Rod 

0.1 32.967 30.22 

#183/4 DM+10.5+15B 
VS18 

75.5 105.54 Driven 
Rod 

0.1 9.475 52.113 

#184/1 DT60+4.5 
DT13 

57.5 179.3 Driven 
Rod 

0.2 44.618 27.886 

#184/2 DT60+6 
ST15&DT13 

59 220.17 Driven 
Rod 

0.1 44.618 27.886 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#47/2A 0.000888 0.007495 0.008383 0.000444 0.003748 0.004192 
#47/3A 0.002864 0.018913 0.021777 0.002184 0.013973 0.016157 
#48/1 0.012681 0.131382 0.144063 0.010619 0.108584 0.119203 
#48/2 0.012897 0.226216 0.239113 0.007997 0.153525 0.161522 
#48/3 0.012618 0.27892 0.291538 0.012843 0.260103 0.272946 
#49/1 0.016714 0.142467 0.159181 0.012265 0.108922 0.121187 
#49/2 0.00787 0.088043 0.095913 0.005355 0.059678 0.065033 
#49/3 0.003219 0.02884 0.032059 0.004005 0.033589 0.037594 
#49/4 0.005815 0.058157 0.063972 0.005448 0.056523 0.061971 
#50/1 0.003097 0.026616 0.029713 0.004531 0.036324 0.040855 
#50/2 0.005651 0.06587 0.071521 0.005282 0.069395 0.074677 
#50/3 0.005477 0.081418 0.086895 0.003475 0.054678 0.058153 
#51/1 0.001703 0.179915 0.181618 0.003168 0.191 0.194168 
#51/2 0.007359 0.050553 0.057912 0.005785 0.041928 0.047713 
#51/3 0.003837 0.018876 0.022713 0.004194 0.018181 0.022375 
#52/1 0.006979 0.266452 0.273431 0.006254 0.256517 0.262771 
#52/2 0.004224 0.045849 0.050073 0.004174 0.043864 0.048038 
#52/3 0.004525 0.13547 0.139995 0.004525 0.13547 0.139995 
#53/1 0.003155 0.040772 0.043927 0.005569 0.059262 0.064831 
#53/2 0.002732 0.079107 0.081839 0.003111 0.10592 0.109031 
#53/3 0.003994 0.041328 0.045322 0.003994 0.041328 0.045322 
#54/1 0.000199 0.025566 0.025765 0.002679 0.074984 0.077663 
#54/2 0.005604 0.116813 0.122417 0.004338 0.117749 0.122087 
#54/3 0.004456 0.103012 0.107468 0.005107 0.109018 0.114125 
#55/1 0.004151 0.03196 0.036111 0.004283 0.033982 0.038265 
#55/2 0.002351 0.109034 0.111385 0.006908 0.238157 0.245065 
#55/3 0.003932 0.083887 0.087819 0.005509 0.130238 0.135747 
#56/1 0.003975 0.039347 0.043322 0.006024 0.056995 0.063019 
#56/2 0.001426 0.002559 0.003985 0.004036 0.005863 0.009899 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#56/3 0.006163 0.051739 0.057902 0.008122 0.08184 0.089962 
#57/1 0.002714 0.025195 0.027909 0.003795 0.033574 0.037369 
#57/2 0.003886 0.120964 0.12485 0.003121 0.113262 0.116383 
#57/3 0.003365 0.16469 0.168055 0.004278 0.185691 0.189969 
#58/1 0.000326 0.005095 0.005421 0.002365 0.023541 0.025906 
#58/2 0.003584 0.026166 0.02975 0.003883 0.030522 0.034405 
#59/1 0.001071 0.046235 0.047306 0.002226 0.069156 0.071382 
#59/2 0.001982 0.023676 0.025658 0.002063 0.025272 0.027335 
#59/3 0.010281 0.306185 0.316466 0.007275 0.229957 0.237232 
#60/1 0.006997 0.047585 0.054582 0.007517 0.04925 0.056767 
#60/2 0.005023 0.425098 0.430121 0.007738 0.576887 0.584625 
#60/3 0.003072 0.126661 0.129733 0.006144 0.253322 0.259466 
#61/1 0.011103 0.187954 0.199057 0.011494 0.196392 0.207886 
#61/2 0.005634 0.021345 0.026979 0.005634 0.021345 0.026979 
#61/3 0.006416 0.060895 0.067311 0.004637 0.047688 0.052325 
#62/1 0.006224 0.041183 0.047407 0.006883 0.043422 0.050305 
#62/2 0.004496 0.032802 0.037298 0.003698 0.028735 0.032433 
#62/3 0.004261 0.033571 0.037832 0.003196 0.02518 0.028376 
#63/1 0.004034 0.03169 0.035724 0.003036 0.023767 0.026803 
#63/2 0.003703 0.077944 0.081647 0.003911 0.08624 0.090151 
#63/3 0.012745 0.023903 0.036648 0.005474 0.012756 0.01823 
#64/1 0.011474 0.095726 0.1072 0.010669 0.069911 0.08058 
#64/2 0.006344 0.045344 0.051688 0.006592 0.047896 0.054488 
#64/3 0.002548 0.01901 0.021558 0.003073 0.022536 0.025609 
#65/1 0.007702 0.056464 0.064166 0.009042 0.067053 0.076095 
#65/2 0.010591 0.064997 0.075588 0.010781 0.067192 0.077973 
#65/3 0.003174 0.048152 0.051326 0.005979 0.072952 0.078931 
#66/1 0.007713 0.152932 0.160645 0.003528 0.093121 0.096649 
#66/2 0.005808 0.059184 0.064992 0.006494 0.061197 0.067691 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#66/3 0.002588 0.155095 0.157683 0.003738 0.215423 0.219161 
#67/1 0.004182 0.190788 0.19497 0.004331 0.209356 0.213687 
#67/2 0.002502 0.05681 0.059312 0.003046 0.06905 0.072096 
#68/1 0.006215 0.047357 0.053572 0.004473 0.037729 0.042202 
#68/2 0.002735 0.024901 0.027636 0.004274 0.033148 0.037422 
#68/3 0.00403 0.22616 0.23019 0.002504 0.192018 0.194522 
#69/1 0.004273 0.032353 0.036626 0.003073 0.022244 0.025317 
#69/2 0.011242 0.085756 0.096998 0.014712 0.110197 0.124909 
#69/3 0.005206 0.015495 0.020701 0.004723 0.015143 0.019866 
#70/1 0.006848 0.067645 0.074493 0.005707 0.056375 0.062082 
#70/2 0.004501 0.041876 0.046377 0.004369 0.038919 0.043288 
#70/3 0.00605 0.044744 0.050794 0.00789 0.056881 0.064771 
#71/1 0.004542 0.036381 0.040923 0.007617 0.058609 0.066226 
#71/2 0.002488 0.0258 0.028288 0.004826 0.048635 0.053461 
#71/3 0.002183 0.128714 0.130897 0.004343 0.257428 0.261771 
#72/1 0.002392 0.016998 0.01939 0.002074 0.015811 0.017885 
#72/2 0.004694 0.052342 0.057036 0.003521 0.039258 0.042779 
#72/3 0.001204 0.053678 0.054882 0.003726 0.077527 0.081253 
#72/4 0.006893 0.038369 0.045262 0.006315 0.038587 0.044902 
#73/1 0.005154 0.126658 0.131812 0.003947 0.099282 0.103229 
#73/2 0.002855 0.009096 0.011951 0.002715 0.008017 0.010732 
#73/3 0.008326 0.212905 0.221231 0.008355 0.212905 0.22126 
#74/1 0.001671 0.014347 0.016018 0.00267 0.021343 0.024013 
#74/2 0.003797 0.030531 0.034328 0.002079 0.025009 0.027088 
#74/3 0.006239 0.055013 0.061252 0.00883 0.071143 0.079973 
#75/1 0.001898 0.015506 0.017404 0.004438 0.04015 0.044588 
#75/2 0.002762 0.002074 0.004836 0.002097 0.001751 0.003848 
#75/3 0.002091 0.044881 0.046972 0.001975 0.035572 0.037547 
#76/1 0.006358 0.076703 0.083061 0.005385 0.066315 0.0717 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#76/2 0.000793 0.016139 0.016932 0.003462 0.039238 0.0427 
#76/3 0.005548 0.038919 0.044467 0.005072 0.038968 0.04404 
#77/1 0.00285 0.039619 0.042469 0.005496 0.059557 0.065053 
#77/2 0.00215 0.0742 0.07635 0.003525 0.135101 0.138626 
#77/3 0.005909 0.040291 0.0462 0.005142 0.036272 0.041414 
#78/1 0.002753 0.042733 0.045486 0.001676 0.029692 0.031368 
#78/2 0.005751 0.035566 0.041317 0.005504 0.032867 0.038371 
#78/3 0.008842 0.118147 0.126989 0.006208 0.088071 0.094279 
#79/1 0.008242 0.076679 0.084921 0.006115 0.056228 0.062343 
#79/2 0.012073 0.102214 0.114287 0.009054 0.076659 0.085713 
#80/1 0.003449 0.187875 0.191324 0.005847 0.222737 0.228584 
#80/2 0.009745 0.079544 0.089289 0.006415 0.056735 0.06315 
#80/3 0.020248 0.147585 0.167833 0.013092 0.094874 0.107966 
#81/1 0.010882 0.114691 0.125573 0.005854 0.064501 0.070355 
#81/2 0.003204 0.005232 0.008436 0.003676 0.004676 0.008352 
#81/3 0.001424 0.022579 0.024003 0.00532 0.047445 0.052765 
#82/1 0.002637 0.019936 0.022573 0.003343 0.039092 0.042435 
#82/2 0.003929 0.053868 0.057797 0.003013 0.042864 0.045877 
#82/3 0.007835 0.090124 0.097959 0.005876 0.067591 0.073467 
#83/1 0.002933 0.101287 0.10422 0.002668 0.084501 0.087169 
#83/2 0.000264 0.025368 0.025632 0.001168 0.052034 0.053202 
#83/3 0.000323 0 0.000323 0.003528 0.061444 0.064972 
#84/1 0.002505 0.016198 0.018703 0.003276 0.022744 0.02602 
#84/2 0.00453 0.195706 0.200236 0.005662 0.244626 0.250288 
#84/3 0.004234 0.032212 0.036446 0.004366 0.034232 0.038598 
#85/1 0.009685 0.172297 0.181982 0.006938 0.129857 0.136795 
#85/2 0.003872 0.124919 0.128791 0.004063 0.120491 0.124554 
#85/3 0.008789 0.028256 0.037045 0.006591 0.021961 0.028552 
#86/1 0.008306 0.246705 0.255011 0.00673 0.193888 0.200618 



 

��� 

�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#86/2 0.001621 0.017074 0.018695 0.001006 0.011495 0.012501 
#86/3 0.009193 0.364802 0.373995 0.006803 0.262807 0.26961 
#87/1 0.008234 0.058929 0.067163 0.008973 0.061095 0.070068 
#87/2 0.004537 0.053972 0.058509 0.006509 0.074005 0.080514 
#87/3 0.002642 0.086222 0.088864 0.002875 0.100204 0.103079 
#88/1 0.004274 0.079185 0.083459 0.005201 0.093324 0.098525 
#88/2 0.003219 0.022132 0.025351 0.007096 0.044304 0.0514 
#88/3 0.005126 0.125127 0.130253 0.006882 0.189172 0.196054 
#89/1 0.003343 0.025782 0.029125 0.006117 0.044056 0.050173 
#89/2 0.002132 0.017268 0.0194 0.001408 0.015021 0.016429 
#89/3 0.001615 0.026065 0.02768 0.001672 0.022611 0.024283 
#90/1 0.005407 0.014615 0.020022 0.008038 0.021199 0.029237 
#90/2 0.00805 0.084002 0.092052 0.009528 0.110707 0.120235 
#90/3 0.008056 0.219182 0.227238 0.005273 0.157241 0.162514 
#91/1 0.007103 0.341834 0.348937 0.006614 0.29115 0.297764 
#91/2 0.019112 0.015939 0.035051 0.035025 0.022841 0.057866 
#91/3 0.004001 0.037204 0.041205 0.004339 0.04672 0.051059 
#92/1 0.000529 0.113264 0.113793 0.001461 0.157876 0.159337 
#92/2 0 0 0 0.001146 0.074164 0.07531 
#92/3 0.005661 0.038998 0.044659 0.004066 0.03115 0.035216 
#93/1 0.000673 0.01884 0.019513 0.001533 0.02513 0.026663 
#93/2 0.006601 0.156928 0.163529 0.00989 0.263126 0.273016 
#93/3 0.002525 0.004468 0.006993 0.001436 0.004097 0.005533 
#94/1 0.006506 0.062005 0.068511 0.005086 0.043921 0.049007 
#94/2 0.006533 0.58632 0.592853 0.004518 0.428234 0.432752 
#94/3 0.004555 0.041276 0.045831 0.005232 0.043579 0.048811 
#95/1 0.004399 0.061048 0.065447 0.003599 0.054509 0.058108 
#95/2 0.002262 0.041412 0.043674 0.002665 0.047025 0.04969 
#95/3 0.005548 0.04213 0.047678 0.004484 0.038729 0.043213 



 

��� 

�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#96/1 0.006353 0.04175 0.048103 0.004751 0.031311 0.036062 
#96/2 0.002248 0.019492 0.02174 0.001167 0.011031 0.012198 
#96/3 0.004062 0.032517 0.036579 0.002993 0.023195 0.026188 
#97/1 0.002372 0.058313 0.060685 0.00405 0.066089 0.070139 
#97/2 0.007641 0.09464 0.102281 0.004269 0.063015 0.067284 
#97/3 0.01031 0.182877 0.193187 0.010708 0.163794 0.174502 
#98/1 0.006641 0.122236 0.128877 0.0108 0.190944 0.201744 
#98/2 0.009806 0.022202 0.032008 0.008813 0.023075 0.031888 
#98/3 0.005139 0.102178 0.107317 0.007179 0.121262 0.128441 
#99/1 0.001171 0.075328 0.076499 0.001798 0.126202 0.128 
#99/2 0.005339 0.260488 0.265827 0.003901 0.195331 0.199232 
#99/3 0.002297 0.038663 0.04096 0.002008 0.031168 0.033176 
#100/1 0.003435 0.024288 0.027723 0.001803 0.013351 0.015154 
#100/2 0.002732 0.031838 0.03457 0.00228 0.021971 0.024251 
#100/3 0.003255 0.027997 0.031252 0.004002 0.033985 0.037987 
#101/1 0.010289 0.15487 0.165159 0.008004 0.125215 0.133219 
#101/2 0.005416 0.052372 0.057788 0.005902 0.052223 0.058125 
#101/3 0.010363 0.471492 0.481855 0.006641 0.344735 0.351376 
#102/1 0.001321 0.024693 0.026014 0.002387 0.036459 0.038846 
#102/2 0.003343 0.127778 0.131121 0.00293 0.129911 0.132841 
#102/3 0.003045 0.044766 0.047811 0.001593 0.025163 0.026756 
#103/1 0.007875 0.336025 0.3439 0.007533 0.293855 0.301388 
#103/2 0.002184 0.017702 0.019886 0.002282 0.018909 0.021191 
#103/3 0.000331 0.000681 0.001012 0.000331 0.000681 0.001012 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#0/1 0.000122 0 0.000122 0.000182 0 0.000182 
#0/2 0.000122 0 0.000122 0.002459 0 0.002459 
#1/1 0.002004 0 0.002004 0.005498 0 0.005498 
#1/2 0.015409 0 0.015409 0.022244 0 0.022244 
#1/3 0.023233 0.012591 0.035824 0.013054 0.006295 0.019349 
#2/1 0.015452 0 0.015452 0.007726 0 0.007726 
#2/2 0.007854 0 0.007854 0.008726 0 0.008726 
#3/1 0.005527 0 0.005527 0.002562 0 0.002562 
#3/2 0.001461 0 0.001461 0.007043 0 0.007043 
#4/1 0.003633 0 0.003633 0.009904 0 0.009904 
#4/2 0.022312 0 0.022312 0.021463 0 0.021463 
#4/3 0.027058 0 0.027058 0.019132 0 0.019132 
#5/1 0.008458 0 0.008458 0.012132 0 0.012132 
#5/2 0.017258 0.008537 0.025795 0.024242 0.01494 0.039182 
#5/3 0.032624 0.014776 0.0474 0.022913 0.009851 0.032764 
#6/1 0.044242 0 0.044242 0.019111 0 0.019111 
#6/2 0.011942 0 0.011942 0.014895 0 0.014895 
#7/1 0.018387 0 0.018387 0.012733 0 0.012733 
#7/2 0.013783 0 0.013783 0.017572 0 0.017572 
#7/3 0.022401 0 0.022401 0.025043 0 0.025043 
#8/1 0.024022 0 0.024022 0.026025 0 0.026025 
#8/2 0.034883 0 0.034883 0.020012 0 0.020012 
#9/1 0.021187 0 0.021187 0.008845 0 0.008845 
#9/2 0.01285 0 0.01285 0.013388 0 0.013388 
#9/3 0.012909 0.010508 0.023417 0.034761 0.011821 0.046582 
#10/1 0.040962 0.016418 0.05738 0.021723 0.006567 0.02829 
#10/2 0.01731 0 0.01731 0.011588 0 0.011588 
#11/1 0.012091 0 0.012091 0.015684 0 0.015684 
#11/2 0.013215 0 0.013215 0.019468 0 0.019468 



 

��� 

�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#12/2 0.009203 0 0.009203 0.020338 0 0.020338 
#12/3 0.015636 0 0.015636 0.024327 0 0.024327 
#13/1 0.021499 0 0.021499 0.021422 0 0.021422 
#13/2 0.013969 0.010813 0.024782 0.017687 0.009732 0.027419 
#14/1 0.011271 0 0.011271 0.008777 0 0.008777 
#14/2 0.018301 0 0.018301 0.020669 0 0.020669 
#14/3 0.002307 0 0.002307 0.0008 0 0.0008 
#14/5 0.001252 0 0.001252 0.001252 0 0.001252 
#15/1 0.015478 0 0.015478 0.01189 0 0.01189 
#15/2 0.012312 0.015731 0.028043 0.017593 0.011798 0.029391 
#15/3 0.01978 0.013791 0.033571 0.023516 0.01609 0.039606 
#16/1 0.009376 0 0.009376 0.014879 0 0.014879 
#16/2 0.012274 0 0.012274 0.009233 0 0.009233 
#16/3 0.024011 0 0.024011 0.014123 0 0.014123 
#17/1 0.025439 0 0.025439 0.018612 0 0.018612 
#17/2 0.010278 0 0.010278 0.013311 0 0.013311 
#18/1 0.012203 0 0.012203 0.012671 0 0.012671 
#18/2 0.017531 0 0.017531 0.017695 0 0.017695 
#18/3 0.015426 0 0.015426 0.023464 0 0.023464 
#19/1 0.036932 0 0.036932 0.032953 0 0.032953 
#19/2 0.011793 0 0.011793 0.012986 0 0.012986 
#20/1 0.004958 0 0.004958 0.00705 0 0.00705 
#20/2 0.016182 0 0.016182 0.02232 0 0.02232 
#20/3 0.020658 0 0.020658 0.024747 0 0.024747 
#21/1 0.021042 0 0.021042 0.023069 0 0.023069 
#21/2 0.01914 0 0.01914 0.022181 0 0.022181 
#21/3 0.02227 0 0.02227 0.022569 0 0.022569 
#22/1 0.014369 0 0.014369 0.016077 0 0.016077 
#22/2 0.027568 0.016037 0.043605 0.02781 0.016036 0.043846 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#23/1 0.02655 0 0.02655 0.024307 0 0.024307 
#23/2 0.034822 0.04341 0.078232 0.027541 0.039069 0.06661 
#23/3 0.022088 0.018116 0.040204 0.019872 0.016607 0.036479 
#24/1 0.028172 0 0.028172 0.027954 0 0.027954 
#24/2 0.031464 0 0.031464 0.022992 0 0.022992 
#25/1 0.043435 0 0.043435 0.030217 0 0.030217 
#25/2 0.049273 0 0.049273 0.034868 0 0.034868 
#25/3 0.032576 0 0.032576 0.033032 0 0.033032 
#26/1 0.149728 0 0.149728 0.15143 0 0.15143 
#26/2 0.017935 0 0.017935 0.024607 0 0.024607 
#27/1 0.016125 0 0.016125 0.01899 0 0.01899 
#27/2 0.013801 0 0.013801 0.014168 0 0.014168 
#27/3 0.008958 0 0.008958 0.006614 0 0.006614 
#28/1 0.008901 0.00197 0.010871 0.009773 0.002463 0.012236 
#28/2 0.012648 0 0.012648 0.014342 0 0.014342 
#28/3 0.022548 0 0.022548 0.013641 0 0.013641 
#29/1 0.021414 0 0.021414 0.018311 0 0.018311 
#29/2 0.017141 0 0.017141 0.022273 0 0.022273 
#30/1 0.016018 0 0.016018 0.022026 0 0.022026 
#30/2 0.015258 0 0.015258 0.019279 0 0.019279 
#30/3 0.018284 0 0.018284 0.013702 0 0.013702 
#31/1 0.025923 0 0.025923 0.02128 0 0.02128 
#31/2 0.025245 0 0.025245 0.022754 0 0.022754 
#32/1 0.036895 0 0.036895 0.023562 0 0.023562 
#32/2 0.026795 0 0.026795 0.034568 0 0.034568 
#32/3 0.020426 0 0.020426 0.021648 0 0.021648 
#33/1 0.021652 0 0.021652 0.027329 0 0.027329 
#33/2 0.024208 0 0.024208 0.021705 0 0.021705 
#33/3 0.022078 0 0.022078 0.025276 0 0.025276 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#34/1 0.039276 0 0.039276 0.032356 0 0.032356 
#34/2 0.027187 0 0.027187 0.030003 0 0.030003 
#35/1 0.036833 0 0.036833 0.029739 0 0.029739 
#35/2 0.030838 0 0.030838 0.028283 0 0.028283 
#35/3 0.041522 0 0.041522 0.046925 0 0.046925 
#36/1 0.036345 0 0.036345 0.033446 0 0.033446 
#36/2 0.029597 0 0.029597 0.028185 0 0.028185 
#37/1 0.034226 0 0.034226 0.050869 0 0.050869 
#37/2 0.039267 0 0.039267 0.039015 0 0.039015 
#37/3 0.054347 0 0.054347 0.041716 0 0.041716 
#38/1 0.040392 0 0.040392 0.035034 0 0.035034 
#38/2 0.040986 0 0.040986 0.036127 0 0.036127 
#39/1 0.036065 0 0.036065 0.049112 0 0.049112 
#39/2 0.040055 0 0.040055 0.052603 0 0.052603 
#40/1 0.05089 0 0.05089 0.053092 0 0.053092 
#40/2 0.052187 0 0.052187 0.037066 0 0.037066 
#40/3 0.052682 0 0.052682 0.04238 0 0.04238 
#41/1 0.014392 0 0.014392 0.026482 0 0.026482 
#41/2 0.053686 0 0.053686 0.042136 0 0.042136 
#42/1 0.021492 0 0.021492 0.03106 0 0.03106 
#42/2 0.018504 0 0.018504 0.02383 0 0.02383 
#42/3 0.024589 0 0.024589 0.023944 0 0.023944 
#43/1 0.017618 0 0.017618 0.021861 0 0.021861 
#43/2 0.016636 0 0.016636 0.015861 0 0.015861 
#44/1 0.055908 0 0.055908 0.038005 0 0.038005 
#44/2 0.045274 0.074316 0.11959 0.062722 0.100239 0.162961 
#44/3 0.075755 0.010541 0.086296 0.057282 0.018071 0.075353 
#45/1 0.04117 0.016037 0.057207 0.036488 0.016037 0.052525 
#45/2 0.041056 0.01469 0.055746 0.037447 0.01469 0.052137 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#46/1 0.033741 0 0.033741 0.028693 0 0.028693 
#46/2 0.025021 0 0.025021 0.026024 0 0.026024 
#46/3 0.026037 0.013776 0.039813 0.022574 0.015153 0.037727 
#47/1 0.026449 0.016978 0.043427 0.042989 0.031125 0.074114 
#47/2 0.019731 0 0.019731 0.022768 0 0.022768 
#48/1 0.035115 0 0.035115 0.030279 0 0.030279 
#48/2 0.014211 0 0.014211 0.022404 0 0.022404 
#48/3 0.037805 0 0.037805 0.032585 0 0.032585 
#49/1 0.021984 0 0.021984 0.018933 0 0.018933 
#49/2 0.015125 0 0.015125 0.01795 0 0.01795 
#49/3 0.024636 0 0.024636 0.021353 0 0.021353 
#50/1 0.034536 0 0.034536 0.023049 0 0.023049 
#50/2 0.027372 0 0.027372 0.02913 0 0.02913 
#51/1 0.020459 0 0.020459 0.022614 0 0.022614 
#51/2 0.014613 0 0.014613 0.013181 0 0.013181 
#51/3 0.006173 0 0.006173 0.005401 0 0.005401 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#122/3A 0 0 0 0 0 0 
#122/2A 0.019762 0 0.019762 0.022499 0 0.022499 
#122/1A 0.013314 0 0.013314 0.013375 0 0.013375 
#121/4A 0.037953 0 0.037953 0.023946 0 0.023946 
#121/3A 0.026729 0 0.026729 0.061147 0 0.061147 
#121/2A 0 0 0 0 0 0 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#121/1A 0 0 0 0 0 0 
#120/4A 0.027387 0 0.027387 0.005406 0 0.005406 
#120/3A 0.023238 0 0.023238 0.005621 0 0.005621 
#120/2A 0.011092 0 0.011092 0.008907 0 0.008907 
#120/1A 0 0 0 0 0 0 
#119/4A 0 0 0 0 0 0 
#119/3A 0.044585 0 0.044585 0.046378 0 0.046378 
#119/2A 0.055064 0 0.055064 0.048892 0 0.048892 
#119/1A 0.098964 0 0.098964 0.099098 0 0.099098 
#118/3A 0.144392 0 0.144392 0.148393 0 0.148393 
#118/2A 0.080791 0 0.080791 0.060108 0 0.060108 
#118/1A 0 0 0 0 0 0 
#117/3A 0.007892 0 0.007892 0.009498 0 0.009498 
#117/2A 0.004971 0 0.004971 0.005304 0 0.005304 
#117/1A 0.004605 0 0.004605 0.012428 0 0.012428 
#116/2A 0.007076 0 0.007076 0.009792 0 0.009792 
#116/1A 0 0 0 0 0 0 
#115/2A 0.036147 0 0.036147 0.040371 0 0.040371 
#115/1A 0.030002 0 0.030002 0.027634 0 0.027634 
#114/2A 0.027611 0 0.027611 0.028805 0 0.028805 
#114/1A 0 0 0 0 0 0 
#113/2A 0.036633 0 0.036633 0.039555 0 0.039555 
#113/1A 0.018975 0 0.018975 0.026549 0 0.026549 
#112/4A 0.022475 0 0.022475 0.022281 0 0.022281 
#112/3A 0 0 0 0 0 0 
#112/2A 0.137009 0 0.137009 0.143213 0 0.143213 
#112/1A 0.148067 0 0.148067 0.162983 0 0.162983 
#111/3A 0.148228 0 0.148228 0.098109 0 0.098109 
#111/2A 0.071057 0 0.071057 0.070445 0 0.070445 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#111/1A 0.000215 0 0.000215 0.000287 0 0.000287 
#110/3A 0.034174 0 0.034174 0.041183 0 0.041183 
#110/2A 0.049636 0 0.049636 0.065492 0 0.065492 
#110/1A 0.005262 0 0.005262 0.005959 0 0.005959 
#109/2A 0.01792 0 0.01792 0.019467 0 0.019467 
#109/1A 0.034725 0 0.034725 0.027264 0 0.027264 
#108/4A 0.056099 0 0.056099 0.039313 0 0.039313 
#108/3A 0 0 0 0 0 0 
#108/2 0 0 0 0 0 0 
#108/3 0 0 0 0 0 0 
#109/1 0.024306 0 0.024306 0.012276 0 0.012276 
#109/2 0.012397 0 0.012397 0.010194 0 0.010194 
#109/3 0 0 0 0 0 0 
#110/1 0.041371 0 0.041371 0.042002 0 0.042002 
#110/2 0.032266 0 0.032266 0.031055 0 0.031055 
#111/1 0 0 0 0 0 0 
#111/2 0.025683 0 0.025683 0.027198 0 0.027198 
#111/3 0.01232 0 0.01232 0.01392 0 0.01392 
#112/1 0.00428 0 0.00428 0.004452 0 0.004452 
#112/2 0 0 0 0 0 0 
#113/1 0.012217 0 0.012217 0.011189 0 0.011189 
#113/2 0.000135 0 0.000135 0.000158 0 0.000158 
#113/3 0.061662 0 0.061662 0.046172 0 0.046172 
#114/1 0.038468 0 0.038468 0.033587 0 0.033587 
#114/2 0.01905 0 0.01905 0.024768 0 0.024768 
#114/3 0.017759 0 0.017759 0.024129 0 0.024129 
#115/1 0.019351 0.001337 0.020688 0.031077 0.003343 0.03442 
#115/2 0 0 0 0 0 0 
#115/3 0.046288 0 0.046288 0.066168 0 0.066168 
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¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#116/1 0.088699 0 0.088699 0.066873 0 0.066873 
#116/2 0.051062 0 0.051062 0.03989 0 0.03989 
#116/3 0.000225 0 0.000225 0.000203 0 0.000203 
#117/1 0.024668 0 0.024668 0.025381 0 0.025381 
#117/2 0.01601 0 0.01601 0.014733 0 0.014733 
#118/1 0.014655 0 0.014655 0.0094 0 0.0094 
#118/2 0.032195 0 0.032195 0.02923 0 0.02923 
#119/1 0.105655 0 0.105655 0.074133 0 0.074133 
#119/2 0.035527 0 0.035527 0.031143 0 0.031143 
#119/3 0.00969 0 0.00969 0.011582 0 0.011582 
#120/1 0 0 0 0 0 0 
#120/2 0.005898 0 0.005898 0.007455 0 0.007455 
#120/3 0.004078 0 0.004078 0.003619 0 0.003619 
#120/4 0 0 0 0 0 0 
#120/5 0.000045 0 0.000045 0.000045 0 0.000045 
#121/1 0.00842 0 0.00842 0.004728 0 0.004728 
#121/2 0.000045 0 0.000045 0.000023 0 0.000023 
#121/3 0.007977 0 0.007977 0.009297 0 0.009297 
#122/1 0.016467 0 0.016467 0.015796 0 0.015796 
#122/2 0.010774 0 0.010774 0.008891 0 0.008891 
#122/3 0.000159 0 0.000159 0.000398 0 0.000398 
#123/1 0.016636 0 0.016636 0.012722 0 0.012722 
#123/2 0 0 0 0 0 0 
#124/1 0.001445 0 0.001445 0.002167 0 0.002167 
#124/2 0.019044 0 0.019044 0.019269 0 0.019269 
#124/3 0.019845 0 0.019845 0.019554 0 0.019554 
#125/1 0 0 0 0 0 0 
#125/2 0.04227 0 0.04227 0.042238 0 0.042238 
#125/3 0.064299 0 0.064299 0.053115 0 0.053115 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#126/1 0.032452 0 0.032452 0.04863 0 0.04863 
#126/2 0.038474 0 0.038474 0.060081 0 0.060081 
#126/3 0.010578 0 0.010578 0.014349 0 0.014349 
#127/1 0.009687 0 0.009687 0.010439 0 0.010439 
#127/2 0.017111 0 0.017111 0.017111 0 0.017111 
#128/1 0.024082 0 0.024082 0.028414 0 0.028414 
#128/2 0.063258 0 0.063258 0.080683 0 0.080683 
#129/1 0.035132 0 0.035132 0.034043 0 0.034043 
#129/2 0.036988 0 0.036988 0.027944 0 0.027944 
#130/1 0.023906 0 0.023906 0.016382 0 0.016382 
#130/2 0.013826 0 0.013826 0.026882 0 0.026882 
#131/1 0.028402 0 0.028402 0.056794 0 0.056794 
#131/2 0.032015 0 0.032015 0.042774 0 0.042774 
#131/3 0.010777 0 0.010777 0.012573 0 0.012573 
#132/1 0.052201 0 0.052201 0.039952 0 0.039952 
#132/2 0.033323 0 0.033323 0.03006 0 0.03006 
#132/3 0.004837 0 0.004837 0.005337 0 0.005337 
#133/1 0.00711 0 0.00711 0.009995 0 0.009995 
#133/2 0.003315 0 0.003315 0.002111 0 0.002111 
#134/1 0.033799 0 0.033799 0.028834 0 0.028834 
#134/2 0.030155 0 0.030155 0.030155 0 0.030155 
#134/3 0.04178 0 0.04178 0.036077 0 0.036077 
#135/1 0.04519 0 0.04519 0.03766 0 0.03766 
#135/2 0.041002 0 0.041002 0.039375 0 0.039375 
#135/3 0.00988 0 0.00988 0.013642 0 0.013642 
#136/1 0.034744 0 0.034744 0.054258 0 0.054258 
#136/2 0.009807 0 0.009807 0.043454 0 0.043454 
#136/3 0.026811 0 0.026811 0.030178 0 0.030178 
#137/1 0.023381 0 0.023381 0.025576 0 0.025576 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#137/2 0.038489 0 0.038489 0.035334 0 0.035334 
#137/3 0.045433 0 0.045433 0.032184 0 0.032184 
#138/1 0.07846 0 0.07846 0.046715 0 0.046715 
#138/2 0.029045 0 0.029045 0.02091 0 0.02091 
#138/3 0.021647 0 0.021647 0.021647 0 0.021647 
#139/1 0.022544 0 0.022544 0.018704 0 0.018704 
#139/2 0.015621 0 0.015621 0.020981 0 0.020981 
#139/3 0.00471 0 0.00471 0.037397 0 0.037397 
#140/1 0.011318 0 0.011318 0.015121 0 0.015121 
#140/2 0.042114 0 0.042114 0.025848 0 0.025848 
#140/3 0 0 0 0 0 0 
#141/1 0.013424 0 0.013424 0.010837 0 0.010837 
#141/2 0.002882 0 0.002882 0.003838 0 0.003838 
#142/1 0.00006 0 0.00006 0.00003 0 0.00003 
#142/2 0.009113 0 0.009113 0.004556 0 0.004556 
#142/3 0 0 0 0 0 0 
#142/4 0.009998 0 0.009998 0.010846 0 0.010846 
#142/5 0.008186 0 0.008186 0.006467 0 0.006467 
#143/1 0.015095 0 0.015095 0.011004 0 0.011004 
#143/2 0 0 0 0 0 0 
#143/3 0.024719 0 0.024719 0.024906 0 0.024906 
#143/4 0.018933 0 0.018933 0.009007 0 0.009007 
#144/1 0 0 0 0 0 0 
#144/2 0.002115 0 0.002115 0.002756 0 0.002756 
#144/3 0.002001 0 0.002001 0.00358 0 0.00358 
#145/1 0 0 0 0 0 0 
#145/2 0.001659 0 0.001659 0.001949 0 0.001949 
#146/1 0.001742 0 0.001742 0.003067 0 0.003067 
#146/2 0.031028 0 0.031028 0.024803 0 0.024803 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#146/3 0.020657 0 0.020657 0.023076 0 0.023076 
#147/1 0.061053 0 0.061053 0.056848 0 0.056848 
#147/2 0.064262 0 0.064262 0.068038 0 0.068038 
#147/3 0.071983 0 0.071983 0.051138 0 0.051138 
#148/1 0.018924 0 0.018924 0.033913 0 0.033913 
#148/2 0.033577 0 0.033577 0.032392 0 0.032392 
#148/3 0.019527 0 0.019527 0.018508 0 0.018508 
#149/1 0.009754 0 0.009754 0.010079 0 0.010079 
#149/2 0.003657 0 0.003657 0.008541 0 0.008541 
#150/1 0.013014 0 0.013014 0.010123 0 0.010123 
#150/2 0 0 0 0 0 0 
#151/1 0.021047 0 0.021047 0.019849 0 0.019849 
#151/2 0.012475 0 0.012475 0.008888 0 0.008888 
#152/1 0.013352 0 0.013352 0.01204 0 0.01204 
#152/2 0.00901 0 0.00901 0.013938 0 0.013938 
#153/1 0.011069 0 0.011069 0.006952 0 0.006952 
#153/2 0.023792 0 0.023792 0.019287 0 0.019287 
#154/1 0.022817 0 0.022817 0.020676 0 0.020676 
#154/2 0 0 0 0 0 0 
#155/1 0.015483 0 0.015483 0.017524 0 0.017524 
#155/2 0.009138 0 0.009138 0.010452 0 0.010452 
#155/3 0.015162 0 0.015162 0.011646 0 0.011646 
#156/1 0.076234 0.035354 0.111588 0.05394 0.026516 0.080456 
#156/2 0.20208 0 0.20208 0.184629 0 0.184629 
#157/1 0.15302 0 0.15302 0.139786 0 0.139786 
#157/2 0.112683 0 0.112683 0.117634 0 0.117634 
#157/3 0.006389 0 0.006389 0.007058 0 0.007058 
#158/1 0.00595 0 0.00595 0.006037 0 0.006037 
#158/2 0.02165 0 0.02165 0.016765 0 0.016765 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#158/3 0.033844 0 0.033844 0.025779 0 0.025779 
#159/1 0.022986 0 0.022986 0.031222 0 0.031222 
#159/2 0.046829 0 0.046829 0.061425 0 0.061425 
#159/3 0.04047 0 0.04047 0.063129 0 0.063129 
#160/1 0 0 0 0 0 0 
#160/2 0.049431 0 0.049431 0.059779 0 0.059779 
#160/3 0.08537 0 0.08537 0.087817 0 0.087817 
#161/1 0.075989 0 0.075989 0.073152 0 0.073152 
#161/2 0.121427 0 0.121427 0.13946 0 0.13946 
#161/3 0.163994 0 0.163994 0.104911 0 0.104911 
#162/1 0.163666 0 0.163666 0.112219 0 0.112219 
#162/2 0.122184 0 0.122184 0.093346 0 0.093346 
#162/3 0.09074 0 0.09074 0.082831 0 0.082831 
#163/1 0.140754 0 0.140754 0.138309 0 0.138309 
#163/2 0.171116 0 0.171116 0.13685 0 0.13685 
#164/1 0.147123 0 0.147123 0.118818 0 0.118818 
#164/2 0.15623 0 0.15623 0.122786 0 0.122786 
#164/3 0.10397 0 0.10397 0.110444 0 0.110444 
#165/1 0.077115 0 0.077115 0.084449 0 0.084449 
#165/2 0 0 0 0 0 0 
#165/3 0.018189 0 0.018189 0.026108 0 0.026108 
#166/1 0.025946 0 0.025946 0.029919 0 0.029919 
#166/2 0.004358 0 0.004358 0.004471 0 0.004471 
#167/1 0.011471 0 0.011471 0.013741 0 0.013741 
#167/2 0 0 0 0 0 0 
#167/3 0.017127 0 0.017127 0.015349 0 0.015349 
#168/1 0.017766 0 0.017766 0.018477 0 0.018477 
#168/2 0.025126 0 0.025126 0.022549 0 0.022549 
#169/1 0.007264 0 0.007264 0.007038 0 0.007038 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#169/2 0.026601 0 0.026601 0.022478 0 0.022478 
#170/1 0.030807 0 0.030807 0.027812 0 0.027812 
#170/2 0.019597 0 0.019597 0.020203 0 0.020203 
#171/1 0.036226 0 0.036226 0.032051 0 0.032051 
#171/2 0 0 0 0 0 0 
#171/3 0.062399 0 0.062399 0.049092 0 0.049092 
#172/1 0.051636 0 0.051636 0.07485 0 0.07485 
#172/2 0.099019 0 0.099019 0.091333 0 0.091333 
#173/1 0.047415 0 0.047415 0.058874 0 0.058874 
#173/2 0 0 0 0 0 0 
#173/3 0.060874 0 0.060874 0.058868 0 0.058868 
#174/1 0.041644 0 0.041644 0.045432 0 0.045432 
#174/2 0.052712 0 0.052712 0.04896 0 0.04896 
#174/3 0.075173 0 0.075173 0.09013 0 0.09013 
#175/1 0.068482 0 0.068482 0.060571 0 0.060571 
#175/2 0.108931 0 0.108931 0.078261 0 0.078261 
#175/3 0.03241 0 0.03241 0.026188 0 0.026188 
#176/1 0.00596 0 0.00596 0.004228 0 0.004228 
#176/2 0.002247 0 0.002247 0.005219 0 0.005219 
#176/3 0.002972 0 0.002972 0.006382 0 0.006382 
#177/1 0 0 0 0 0 0 
#177/2 0 0 0 0 0 0 
#177/3 0.006287 0 0.006287 0.005117 0 0.005117 
#178/1 0.003572 0 0.003572 0.006353 0 0.006353 
#178/2 0.061192 0 0.061192 0.066088 0 0.066088 
#178/3 0.121712 0 0.121712 0.110292 0 0.110292 
#179/1 0.135919 0 0.135919 0.132135 0 0.132135 
#179/2 0.135964 0 0.135964 0.141627 0 0.141627 
#179/3 0.093026 0 0.093026 0.083469 0 0.083469 
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�µ¦µ���ª��¸É���  (�n°) 
 

¦³¥³������·Ã¨Á¤�¦ ¦³¥³�1.0��·Ã¨Á¤�¦ Á­µ�o��̧É 
SFO BFO Total SFO BFO Total 

#180/1 0.050995 0 0.050995 0.036533 0 0.036533 
#180/2 0 0 0 0 0 0 
#181/1 0.013176 0 0.013176 0.018111 0 0.018111 
#181/2 0 0 0 0 0 0 
#181/3 0.049916 0 0.049916 0.067613 0 0.067613 
#182/1 0.079006 0 0.079006 0.094731 0 0.094731 
#182/2 0.047973 0 0.047973 0.038961 0 0.038961 
#182/3 0.025154 0 0.025154 0.025168 0 0.025168 
#183/1 0.030744 0 0.030744 0.024749 0 0.024749 
#183/2 0 0 0 0 0 0 
#183/3 0.015066 0 0.015066 0.014924 0 0.014924 
#183/4 0.0073 0 0.0073 0.02124 0 0.02124 
#184/1 0 0 0 0 0 0 
#184/2 0 0 0 0 0 0 
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�µ¦µ���ª��¸É������o°¤¼¨­Îµ¦ª�Â¨³�¦´��¦»��ªµ¤�oµ��µ��¸É�µ�Á­µ 
����������������������������   (­µ¥­n�����kV Â�¨�-�́���»¦)̧ 
 

�nµ�¦µª�rÁ­µ­n���Ã°®r¤� Î̈µ�́��̧É Á­µ­n� �o��̧É 
�Îµ�ª��»� {� 
Ground rod 

�ªµ¤¨¹� 
��Á¤�¦� �n°�Â�oÅ� ®¨´�Â�oÅ� 

­£µ¡�·� ®¤µ¥Á®�» 

1 T.97/2 2 18, 24 21 6 �·�¦nª����¦µ¥ - 
2 T.96/2 1 18 16 4 �·�Á®�̧¥ª���¦µ¥ - 
3 T.96/1 3 15, 24, 24 26 7 �·�Á®�̧¥ª���¦µ¥ - 
4 T.95/3 1 21 15 5 �·�Á®�̧¥ª���¦µ¥ - 

5 T.95/2 2 24, 21 14 7 ¼̈�¦´�,�·�Á®�¸¥ª ®�oµ�·��´Ê� ¼̈�¦´��������������
°́�Â�n� (Á�·�Á�µ�� 

6 T.94/1 1 8.5 13 9 ¼̈�¦´�,�·�Á®�¸¥ª ¤̧�´Ê�®·��o�® »̈¤   
(Á�·�Á�µ�� 

7 T.93/2 1 21 13 8 �·�Á®�̧¥ª���¦µ¥  
8 T.92/3 3 11, 11, 11 12 8 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 
9 T.91/3 1 12.7 11 5 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 
10 T.89/3 1 21 11 2 �·�Á®�¸¥ª  

11 T.87/3 1 21 12 5 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��·��µ����������������
�o�® »̈¤ 

12 T.86/1 1 14.5 12 4 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 
13 T.85/3 1 17 13 5 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 
14 T.85/2 1 19.5 15 4 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��·��µ��o�® »̈¤ 
15 T.83/2 1 14 17 5 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��·��µ��o�® »̈¤ 

16 T.82/3 - - - - - ­ª�­¨³¦°�Á­µ­n�
Á�oµ¡ºÊ��̧ÉÅ¤nÅ�o 

17 T.82/2 1 11 12 6 - ¤̧�´Ê��·��µ��o�® »̈¤ 
18 T.82/1 1 12 14 5 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê��·��µ��o�® »̈¤ 

19 T.81/3 - - - - - ­ª�Â�oª¤́��¦,¦n°��ÊÎµ
Á�oµ¡ºÊ��̧ÉÅ¤nÅ�o 

20 T.80/1 1 17 13 6 ¼̈�¦´�,�·�Á®�¸¥ª ¤̧�´Ê��·��µ��o�® »̈¤ 
21 T.78/1 1 21 14 5 �·�Á®�¸¥ª - 

22 T77/2 - - - - - ­ª�¡¦·�Å�¥ 
Å¤n­µ¤µ¦�Á�oµ¡ºÊ��̧ÉÅ�o 
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�µ¦µ���ª��¸É�����(�n°) 
 

�nµ�¦µª�rÁ­µ­n���Ã°®r¤� Î̈µ�́��̧É Á­µ­n� �o��̧É 
�Îµ�ª��»� {� 
Ground rod 

�ªµ¤¨¹� 
��Á¤�¦� �n°�Â�oÅ� ®¨´�Â�oÅ� 

­£µ¡�·� ®¤µ¥Á®�» 

23 T.76/1 1 21 13 4 �·�Á®�̧¥ª���¦µ¥ - 
24 T.73/3 2 14,20 17 8 ¼̈�¦´�,�·�Á®�¸¥ª ¤̧�´Ê�®·��o�® »̈¤ 
25 T.72/2 3 21, 21, 21 18 8 ¼̈�¦´� �´Ê�®·�®�µÂ�n��o�® »̈¤ 
26 T.71/2 1 4 10 9 ®·� �´Ê�®·�®�µÂ�n��o�® »̈¤ 
27 T.69/3 1 21 12 3 �·�Á®�¸¥ª �´Ê��·��µ��o�® »̈¤ 
28 T.65/1 1 20.5 9 3 �·�Á®�̧¥ª���¦µ¥ �´Ê��·��µ��o�® »̈¤ 

29 T.63/2 2 24, 24 23 5 �·�Á®�¸¥ª ®�oµ�·��´Ê� ¼̈�¦´�°�́
Â�n� (Á�·�Á�µ�� 

30 T.62/1 1 21 9 3 �·�Á®�̧¥ª���¦µ¥ �´Ê��·��µ��o�® »̈¤ 
31 T.61/3 1 14 16 7 �·�Á®�̧¥ª���¦µ¥ �´Ê��·��µ��o�® »̈¤ 

32 T.58/1 - - - - - 
Å¦n¤́�­Îµ�³®΅�,�����������������
¤̧¦n°��ÊÎµÅ¤n­µ¤µ¦�
Á�oµ¡ºÊ��̧ÉÅ�o 

33 T.55/3 1 20.5 13 5 �·�Á®�̧¥ª���¦µ¥ �´Ê��·��µ��o�® »̈¤ 

34 T.55/2 2 11.5, 
11.00 

16 5 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 

35 T.54/2 - - - - - �ÊÎµ�nª¤�´�Å¤n­µ¤µ¦�
Á�oµ¡ºÊ��̧ÉÅ�o 

36 T.53/2 1 17.5 16 7 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 

37 T.53/1 3 12.0, 14.0, 
11.50 

23 10 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 

38 T.52/1 3 12.0,12.0, 
12.0 

17 8 �·�Á®�̧¥ª���¦µ¥ ¤̧�´Ê�®·��o�® »̈¤ 

39 T.50/2 1 19 13 5 ¼̈�¦´�,�·�Á®�¸¥ª �´Ê��·��µ��o�® »̈¤ 
40 T.49/4 1 19.5 16 3 ¼̈�¦´�,�·�Á®�¸¥ª �´Ê��·��µ��o�® »̈¤ 
41 T.48/2 1 21 12 2 �·�Á®�̧¥ª���¦µ¥ - 
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�¦³ª´�·�µ¦«¹�¬µ�Â¨³�µ¦�Îµ�µ� 
 
�ºÉ°���µ¤­�»¨ Â��¦¸¥µ���ª ·̈��·�·�¦ 
ª´��Á�º°���e��̧ÉÁ�·� ���¤�¦µ�¤�¡�«����� 
­�µ��̧ÉÁ�·�� �¦»�Á�¡² 
�¦³ª́�·�µ¦«¹�¬µ �¦·��µ�¦¸ª·«ª�¦¦¤«µ­�¦r­µ�µÅ¢¢jµ�Îµ΅� 

¤®µª·�¥µ΅¥�¦¦¤«µ�¦r�� 
�ÎµÂ®�n�®�oµ�¸É�µ¦�µ��{��»�́� ª·«ª�¦¦³�´�� 
­�µ��̧É�Îµ�µ��{��»�́� �µ¦Å¢¢jµ iµ¥� ·̈�Â®n��¦³Á�«Å�¥ 
�¨�µ��̧Á�n�Â¨³¦µ�ª́¨�µ�ª·�µ�µ¦� - 
�»��µ¦«¹�¬µ�̧ÉÅ�o¦´� - 

 


