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TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

�°�»�ž�„�¦�–�r�š�¸�É�°�µ�«� �́¥�®�¨� �́„�„�µ�¦�Á�®�œ�¸�É�¥�ª�œ�Î�µ�š�µ�Š�Â�¤�n�Á�®�¨�È�„�Å�¢�¢�o�µ

�Á�¡�º�É�°�Ä�®�o�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�‡�n�µ�Â�¦�Š�—� �́œ�Å�¢�¢�o�µ�„�¦�³�Â�­�­�¨� �́•�Ä�®�o

�Á�¡�·�É�¤�…�¹�Ê�œ�®�¦�º�°�¨�—�¨�Š�Å�—�o �Ã�—�¥�š�¸�É�‡�ª�µ�¤�™�¸�É�Å�¤�n�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š

�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ
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�^�T�–�`�p�N�X�:�s�R�R�– �e���q�G�U�J �d�w�Z�s�N�I�–�e�T�`�:�r�L�T�k�T�5�`�:���4�e�V�r�=�–�:�e�L���^�T�–�`�p�N�X�:�4�v�o�N�v �L
�`�k�N�4�V�F�™�H�–�L�J�e�:�p�V�4�J�h�w�;�c�o�N�v �L�`�k�N�4�V�F�™�J�h�w�]�•�:�I�•�e�U�Q�X �d�:�:�e�L�s�R�R�– �e�s�N�]�l�•�`�k�N�4�V�F�™
�`�j�w�L�r�L�V�c�M�M�s�R�R�– �e���>�i�w�:�^�e�4�T�`�:�I �i�:���4�e�V�H�g�G�H �d�Ÿ�:�����7�Z�e�T�]�Z�U�:�e�T�5�`�:�J �d�[�L�h�U�S�e�Q
�G�l�N�X�`�G�S �d�U���4�v�o�N�v �L�`�h�4�T�k�T�T�`�:�r�L�4�e�V�H �d�G�]�g�L�r�;�o�X�j�`�4�`�`�4�p�M�M�p�X�c�r�=�–�:�e�L��

�^�T �–�`�p�N�X�:�s�R�R�–�e��(TRANSFORMER)
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�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ�Â�¥�„�˜�µ�¤�•�œ�·�—�…�°�Š�Œ�œ�ª�œ���¤�¸�������•�œ�·�—

�������®�¤�o�°�Â�ž�¨�Š�Â�•�•�œ�Î�Ê�µ�¤� �́œ����Oil - Immersed Type Transformer��

�������®�¤�o�°�Â�ž�¨�Š�Â�•�•�Â�®�o�Š����Dry Type Transformer��

�ž�¦�³�Á�£�š�…�°�Š�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ
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TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

OIL �t IMMERSED TYPE TRANSFORMER
Hermetically Sealed

�Á�ž�È�œ�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ�•�œ�·�—�¦�³�•�µ�¥�‡�ª�µ�¤�¦�o�°�œ�—�o�ª�¥�œ�Î�Ê�µ�¤� �́œ�š�¸�É�¤�¸�˜�´�ª�™�´�Š�Â�•�•�ž�·�—�­�œ�·�š���Á�¡�º�É�°�ž�o�°�Š�„�´�œ�‡�ª�µ�¤�•�º�Ê�œ�‹�µ�„�°�µ�„�µ�«�£�µ�¥�œ�°�„�Á�…�o�µ�Å�ž
�­� �́¤�Ÿ� �́­�„�´�•�œ�Î�Ê�µ�¤� �́œ���Á�¡�¦�µ�³�‹�³�Á�ž�È�œ�Ÿ�¨�Ä�®�o�‡�ª�µ�¤�Á�ž�È�œ�Œ�œ�ª�œ�…�°�Š�œ�Î�Ê�µ�¤� �́œ�‹�³�¨�—�¨�Š���Â�¨�³�Á�¤�º�É�°�¤�¸�„�µ�¦�­� �́¤�Ÿ� �́­�„�´�•�„�p�µ�Ž�°�°�„�Ž�·�Á�‹�œ�Ä�œ�°�µ�„�µ�«�‹�³�š�Î�µ
�Ä�®�o�Á�„�·�—�„�µ�¦�°�p�°�„�Ž�·�Á�—�•�´ �É�œ �œ�Î�Ê�µ�¤� �́œ�‹�³�Â�ž�¦�­�£�µ�¡�Á�ž�È�œ�„�¦�—�š�Î�µ�¨�µ�¥�Œ�œ�ª�œ�„�¦�³�—�µ�¬�…�°�Š�®�¤�o�°�Â�ž�¨�Š���­�n�Š�Ÿ�¨�Ä�®�o�°�µ�¥�»�„�µ�¦�Ä�•�o�Š�µ�œ�®�¤�o�°�Â�ž�¨�Š
�­�´�Ê�œ�¨�Š
�’ Hermetically Sealed without Gas Cushion

�®�¤�o�°�Â�ž�¨�Š�•�œ�·�—�œ�¸�Ê�‹�³�¤�¸�˜�´�ª�™�´�Š�Â�•�•�ž�·�—�­�œ�·�š�Å�¤�n�¤�¸�°�µ�„�µ�«�®�¦�º�°�„�p�µ�Ž�Ä�—�Ç �°�¥�¼�n�£�µ�¥�Ä�œ�˜�´�ª�™�´�Š�®�¤�o�°�Â�ž�¨�Š
�’ Hermetically Sealed with N2

�®�¤�o�°�Â�ž�¨�Š�•�œ�·�—�œ�¸�Ê�¤�¸�™�´�Š�Â�•�•�ž�·�—�­�œ�·�š�Â�¨�³�¤�¸�Á�˜�·�¤�—�o�ª�¥�°�µ�„�µ�«�Â�®�o�Š�®�¦�º�°�„�p�µ�Ž�Á�Œ�º�É�°�¥�š�¸�É�Å�¤�n�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�š�µ�Š�Á�‡�¤�¸�„�´�•�œ�Î�Ê�µ�¤� �́œ���Å�—�o�Â�„�n���„�p�µ�Ž
�Å�œ�Ã�˜�¦�Á�‹�œ����N2)
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OIL �t IMMERSED TYPE TRANSFORMER

Open Type With Conservator Tank
�®�¤�o�°�Â�ž�¨�Š�•�œ�·�—�œ�¸�Ê�‹�³�¤�¸�™�´�Š�œ�Î�Ê�µ�¤� �́œ�­�Î�µ�¦�°�Š������conservator tank ) �˜�·�—�˜�´�Ê�Š�„�´�•�˜�´�ª�™�´�Š�Â�¨�³�¤�¸�•�n�°�Š�Á�ž�·�—�­�¼�n�£�µ�¥�œ�°�„�Ä�®�o�°�µ�„�µ�«�­�µ�¤�µ�¦�™�™�n�µ�¥�Á�š
�Á�…�o�µ���°�°�„�Å�—�o���Ã�—�¥�Ÿ�n�µ�œ�š�µ�Š�„�¦�³�Á�ž�µ�³�Â�„�o�ª�•�¦�¦�‹�»�­�µ�¦�—�¼�—�‡�ª�µ�¤�•�º�Ê�œ������dehydrating breather with silica gel ) �š�¸�É�˜�·�—�˜�´�Ê�Š�Å�ª�o�„�´�•�™�´�Š
�œ�Î�Ê�µ�¤� �́œ�­�Î�µ�¦�°�Š���Á�¡�º�É�°�ž�o�°�Š�„�´�œ�‡�ª�µ�¤�•�º�Ê�œ�Á�…�o�µ�­�¼�n�£�µ�¥�Ä�œ���Â�˜�n�„�È�¤�¸�Ã�°�„�µ�­�š�¸�É�‡�ª�µ�¤�•�º�Ê�œ�‹�³�Á�…�o�µ�Å�ž�­�¼�n�£�µ�¥�Ä�œ�Å�—�o���®�µ�„�­�µ�¦�—�¼�—�‡�ª�µ�¤�•�º�Ê�œ�Á�­�º�É�°�¤�­�£�µ�¡��
�‹�¹�Š�‹�Î�µ�Á�ž�È�œ�˜�o�°�Š�—�¼�Â�¨�­�µ�¦�—�¼�—�‡�ª�µ�¤�•�º�Ê�œ�Ä�®�o�°�¥�¼�n�Ä�œ�­�£�µ�¡�ž�„�˜�·�¡�¦�o�°�¤�Ä�•�o�Š�µ�œ�°�¥�¼�n�Á�­�¤�°
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OIL TRANSFORMER WINDINGS
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TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

OIL �t IMMERSED TYPE TRANSFORMER
Special Transformers

�’ Transformer for VSPP and SPP Application

�o�N�v �L�^�T �–�`�p�N�X�:�s�R�R�–�e�=�L�g�G�V�c�M�e�U�7�Z�e�T�V �–�`�L�G �–�Z�U�L�|�x�e�T�d�L�p�M�M��Step up �J�h�w�L�|�e�s�N�r�=�–�4�d�M��SPP 
(Small Power Producer ) �p�X�c��VSPP ( Very Small Power Producer )

�’ AVR Transformer with On Load Tap Changer

�o�N�v �L�^�T �–�`�p�N�X�:�s�R�R�–�e�=�L�g�G�V�c�M�e�U�7�Z�e�T�V �–�`�L�G �–�Z�U�L�|�x�e�T�d�L�q�G�U�5�G�X�Z�G�;�c�o�N�v �L�p�M�M�`�`�q�H �–���J�h�w�r�=�–�:�e�L
�o�Q�j�w�`�N�V�d�M�p�V�:�G�d�L�s�R�R�–�e�G �–�e�L�p�V�:�]�l�:�r�^ �–�]�T�|�w�e�o�]�T�`�q�G�U�`�d�H�q�L�T�d�H�g�g���q�G�U�4�e�V�H�g�G�H�d�x�:�`�k�N�4�V�F�™
�N�V�d�M�o�N�X�h�w�U�L�p�J�N�5�F�c�T�h�q�^�X�G����On Load Tap Changer �^�V�j�`��OLTC ) �>�i�w�:�;�c�]�e�T�e�V�I�N�V�d�M
�p�V�:�G�d�L�s�R�R�–�e�r�^ �–�]�T�|�w�e�o�]�T�`�q�G�U�`�d�H�q�L�T�d�H�g�g�r�L�5�F�c�;�•�e�U�4�V�c�p�]�s�R�R�–�e�q�G�U�s�T�•�H �–�`�:�G�d�M�s�R��
Transformer with On Load Tap Changer

�’ Transformer with On Load Tap Changer

�o�N�v �L�^�T �–�`�p�N�X�:�s�R�R�–�e�=�L�g�G�V�c�M�e�U�7�Z�e�T�V �–�`�L�G �–�Z�U�L�|�x�e�T�d�L�q�G�U�5�G�X�Z�G�;�c�o�N�v �L�p�M�M�p�U�4�5�G�X�Z�G���J�h�w
�L�|�e�s�N�r�=�–�:�e�L�o�Q�j�w�`�N�V�d�M�V�c�G�d�M�p�V�:�G�d�L�G �–�e�L�p�V�:�H�|�w�e�r�^ �–�]�T�|�w�e�o�]�T�`�q�G�U�`�d�H�q�L�T�d�H�g���q�G�U�4�e�V�H�g�G�H�d�x�:
�`�k�N�4�V�F�™�N�V�d�M�o�N�X�h�w�U�L�p�J�N�5�F�c�T�h�q�^�X�G������On Load Tap Changer �^�V�j�`��OLTC ) �>�i�w�:�;�c�]�e�T�e�V�I
�N�V�d�M�p�V�:�G�d�L�s�R�R�–�e�r�^ �–�]�T�|�w�e�o�]�T�`�q�G�U�`�d�H�q�L�T�d�H�g�g�r�L�5�F�c�;�•�e�U�4�V�c�p�]�s�R�R�–�e�q�G�U�s�T�•�H �–�`�:�G�d�M�s�R
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OIL �t IMMERSED TYPE TRANSFORMER
Special Transformers

�’ Transformer for Unit Substation

�o�N�v �L�^�T �–�`�p�N�X�:�J�h�w�`�`�4�p�M�M�o�Q�j�w�`�H�g�G�H�d�x�:�r�=�–�:�e�L�r�LEnclosure �5�`�: Unit Substation
�>�i�w�:�4�e�V�V�c�M�e�U�7�Z�e�T�V �–�`�L�5�`�:�^�T �–�`�p�N�X�:�J�|�e�s�G �–�U�e�4 �;�i�:�;�|�e�o�N�v �L�J�h�w�H �–�`�:�`�`�4�p�M�M�r�^ �–�G�h�4�Z�•�e
�^�T �–�`�p�N�X�:�H�e�T�T�e�H�V�C�e�L�J�d�w�Z�s�N �p�X�c�^�T �–�`�p�N�X�:�J�h�w�r�=�–�T�d�4�o�H�g�T�G �–�Z�U�L�|�x�e�T�d�L�^�T �–�`�p�N�X�:
�=�L�g�G�H�g�G�s�R�U�e�4�� less flammable oil )

�’ Transformer for Coal Mine Application (Vibration Pr oof)

�o�N�v �L�^�T �–�`�p�N�X�:�J�h�w�`�`�4�p�M�M�r�^ �–�V�d�M�p�V�:�]�d�w�L�]�c�o�J�j�`�L�;�e�4�4�e�V�5�L�]�•�:�p�X�c�4�e�V�r�=�–�:�e�L�s�G �–�G�h
�o�N�v �L�Q�g�o�[�\�o�^�T�e�c�]�|�e�^�V�d�M�r�=�–�:�e�L�r�L�o�^�T�j�`�:�I�•�e�L�^�g�L�>�i�w�:�T�h�4�e�V�]�d�w�L�]�c�o�J�j�`�L�;�e�4�4�e�V�J�|�e
�o�^�T�j�`�:�I�•�e�L�^�g�L

�’ Transformer for Solar Farm Application

�o�N�v �L�^�T �–�`�p�N�X�:�=�L�g�G�V�c�M�e�U�7�Z�e�T�V �–�`�L�G �–�Z�U�L�|�x�e�T�d�L�J�h�w�L�|�e�s�N�r�=�–�4�d�M�O�l �–�O�X�g�H�s�R�R�–�e�G �–�Z�U
�Q�X�d�:�:�e�L�p�]�:�`�e�J�g�H�U�™�� solar energy ) �o�L�j�w�`�:�;�e�4�4�e�V�r�=�–�:�e�L�;�c�H �–�`�:�r�=�–�:�e�L�V�•�Z�T�4�d�M
Solar Invertor �G�d�:�L�d�x�L�^�T �–�`�p�N�X�:�;�|�e�e�o�N�v �L�H �–�`�:�T�hCopper Shield �G �–�Z�U�o�Q�j�w�`�N�–�`�:�4�d�L
Harmonic
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TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

OIL �t IMMERSED TYPE TRANSFORMER
Special Transformers

�’Earthing Transformer
�Á�ž�È�œ�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ�•�œ�·�—�¦�³�•�µ�¥�‡�ª�µ�¤�¦�o�°�œ�—�o�ª�¥�œ�Î�Ê�µ�¤� �́œ�š�¸�É�œ�Î�µ�Å�ž�Ä�•�o�Ä�œ�¦�³�•�•�Å�¢�¢�o�µ������Phase �š�¸�É
�¦�³�•�•�Å�¢�¢�o�µ�Á�ž�È�œ�•�œ�·�—�Å�¤�n�˜�n�°�¨�Š�—�·�œ�Â�˜�n�˜�o�°�Š�„�µ�¦�Ä�•�o�¦�³�•�•�Å�¢�¢�o�µ�Á�ž�È�œ�•�œ�·�—�˜�n�°�¨�Š�—�·�œ�‹�¹�Š�‹�Î�µ�Á�ž�È�œ�˜�o�°�Š�­�¦�o�µ�Š
�‹�»�—��Neutral �Ä�®�o�¦�³�•�•�Á�¡�º�É�°�Á�ž�È�œ�‹�»�—�˜�n�°�¨�Š�—�·�œ�Ã�—�¥�Ÿ�n�µ�œ�®�¤�o�°�Â�ž�¨�Š�œ�¸�Ê���®�¤�o�°�Â�ž�¨�Š�•�œ�·�—�œ�¸�Ê�‹�³�¤�¸�…�—�¨�ª�—�š�¸�É
�˜�n�°�Á�ž�È�œ�Â�•�•��Zig-Zag �Á�¡�º�É�°�Ä�®�o�­�µ�¤�µ�¦�™�Å�—�o�‡�n�µ��Zero Phase Impedance �š�¸�É�Á�®�¤�µ�³�­�¤�Ä�œ�„�µ�¦�˜�n�°�¨�Š
�—�·�œ

�’Scott-T Transformer
�Á�ž�È�œ�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ�•�œ�·�—�¦�³�•�µ�¥�‡�ª�µ�¤�¦�o�°�œ�—�o�ª�¥�œ�Î�Ê�µ�¤� �́œ�š�¸�É�Å�ž�Ä�•�o�Ä�œ�„�µ�¦�‹�n�µ�¥�„�¦�³�Â�­�Å�¢�¢�o�µ�Á�¡�º�É�°�Ä�®�o�Á�ž�È�œ
�¦�³�•�•������Phase �‹�µ�„�Â�®�¨�n�Š�‹�n�µ�¥�Å�¢�¢�o�µ�¦�³�•�•������Phase�…�—�¨�ª�—�‹�³�™�¼�„�˜�n�°�Â�•�•��Scott-T 
Connection
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DRY TYPE TRANSFORMER
�’ Cast Resin Transformer

�o�N�v �L�^�T �–�`�p�N�X�:�p�M�M�p�^ �–�:�J�h�w�5�G�X�Z�G�G �–�e�L�p�V�:�]�l�:�^�•�`�^�k �–�T�G �–�Z�U�<�L�Z�LClass F �>�i�w�:
�<�L�Z�L�T�h�7�•�e�J�L�`�k�F�^�S�l�T�g�s�G �–�I�i�:������ �ÛC �J�h�w�J�|�e�G �–�Z�UResin with Glass Fiber
Reinforced �>�i�w�:�T�h�]�d�T�N�V�c�]�g�J�K�g�{�4�e�V�5�U�e�U�H�d�Z�5�`�:�Z�d�]�G�k�J�d�x�:�]�`�:�J�h�w�r�4�X �–�o�7�h�U�:�4�d�L �o�Q�j�w�`
�X�G�q�`�4�e�]�5�G�X�Z�G�p�H�4�V �–�e�Z�;�e�4�4�e�V�r�=�–�:�e�L�=�•�Z�:�`�F�k�^�S�l�T�g�]�l�: �4�V�c�M�Z�L�4�e�V�^�X�•�`�o�V
�>�g�w�L�;�c�J�|�e�S�e�U�r�H �–�]�S�e�Z�c�]�k�@�@�e�4�e�[�� vacuum ) �J�|�e�r�^ �–�5�G�X�Z�G�N�V�e�[�;�e�4
�R�`�:�`�e�4�e�[�� void free ) �T�h�;�k�G�N�V�c�]�:�7�™�o�Q�j�w�`�r�=�–�r�L�`�e�7�e�V�^�V�j�`�Q�j�x�L�J�h�w �J�h�w�7�|�e�L�i�:�I�i�:
�o�V�j�w�`�:�7�Z�e�T�N�X�`�G�S�d�U�;�e�4�o�Q�X�g�:�s�^�T �– �o�N�v �L�Q�g�o�[�\�o�=�•�L �r�L�`�e�7�e�V�]�l�: �q�V�:�Q�U�e�M�e�X
�o�N�v �L�H �–�L �^�T �–�`�p�N�X�:�=�L�g�G�L�h�x�;�c�s�T�•�H�g�G�s�R�o�T�j�w�`�o�4�g�G�X�d�G�Z�:�;�V�^�V�j�`�V�c�o�M�g�G�`�d�L�o�N�v �L�]�e�o�^�H�k
�r�^ �–�o�4�g�G�o�Q�X�g�:�s�^�T �–�`�e�7�e�V

�’ Conventional Low Voltage Dry Type

�o�N�v �L�^�T �–�`�p�N�X�:�=�L�g�G�p�^ �–�:�J�h�w�r�=�–�<�L�Z�LClass H �>�i�w�:�<�L�Z�L�T�h�7�•�e�J�L�`�k�F�^�S�l�T�g�s�G �–�I�i�:
������C �]�|�e�^�V�d�M�p�N�X�:�V�c�M�M�s�R�R�–�e�p�V�:�H�|�w�e�J�h�w�p�V�:�G�d�L�s�T�•�o�4�g�L���������� V

14
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ELECTRICITY DISTRIBUTION
APPLICATIONS

15
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ELECTRICITY DISTRIBUTION -WHY HV

�’ Total 3 Phase Losses = 3 I2R

�’ Active Power, P = �¥3 �9�,���&�R�V���ü

�’ I = P / ( �¥3 V Cos �ü��

�’ Losses = P2 R / (V2 Cos2 �ü��

�’ Losses are inversely proportional to the square of Voltage & directly proportional to the square of 
the Active Power

�’ High system voltage reduces transmission losses

�’ Requires more expensive lines, cables & transformers

�’ Generator transformers are step up

�’ Distribution transformers are generally step down

�’ Voltage taken down in several steps

�’ Lower voltages closer to the consumers

16
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TRANSFORMER FUNDAMENTALS
HEAT LOSS

Losses generate heat
�ƒ Removed through air ventilation or oil circulation

18
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TRANSFORMER FUNDAMENTALS
NO-LOAD LOSS

�’ No-load losses do not depend on the temperature

�’ Oil transformers have lower no-load losses than dry transformers for the same rating because the core 
is smaller (air needs larger clearance).

19
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TRANSFORMER FUNDAMENTALS
TEMPERATURE REFERENCE FOR LOAD LOSS

�’ Load loss:

�’ Load losses must be always referred to the same temperature

�’ Reference temperature for oil transformers is T=75º

�’ and for dry transformers T=120º. (F-class)

�’ Formula for recalculating the losses to any temperature:

P120º = P75º x (234,5 +120)/(234,5+75)

20
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TRANSFORMER FUNDAMENTALS
LOSSES AND EFFICIENCY

21



TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

Brand A Brand B Brand C

KVA
No Losses 

(W)
Losses (W)

No Losses 
(W)

Losses (W)
No Losses 

(W)
Losses (W)

1000 1600 13500 1600 13000 1600 13000

1250 1800 16000 1800 15500 1800 16000

1500 2000 18900 2100 18500 2100 19000

2000 2700 22700 2600 22500 2600 22700

2500 3200 26800 3000 26500 3300 26800
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Brand D Brand E Brand F

KVA NO-LOAD LOSSES 
(W)

LOSSES (W)
NO-LOAD LOSSES 

(W)
LOSSES (W)

NO-LOAD LOSSES 
(W)

LOSSES (W)

1000 2300 9790 1550 9000 2100 7470

1250 2900 12020 1800 11000 2400 9440

1600 3100 14240 2200 13000 2600 10700

2000 4200 17550 2600 16000 3500 12800

2500 5000 17550 3100 19000 4300 15400
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TRANSFORMER FUNDAMENTALS
WINDINGS AND CONDUCTOR MATERIALS

�’ Copper or Aluminum conductor is used

�’ Cu has a higher conductivity (1.7*108Wm) than Al ( 2.8* 108Wm), but a higher density

�’ Transformers with windings made of Cu or somewhat more compact, but heavier than 
those made of Al

�’ Cu is more expensive than Al and more kg of metal is needed => transformers with Cu 
windings are more expensive

�’ Specific markets or customers may require 

�’ Cu windings LV and HV coils use mostly the same conductor material,

�’ but it can also be different

�’ Cu and Al can be used in the shape of wires or foils

24
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TRANSFORMER FUNDAMENTALS
INSULATION
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TRANSFORMER FUNDAMENTALS
COOLING OF DRY TRANSFORMERS

26
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TRANSFORMER FUNDAMENTALS
COOLING OF OIL TRANSFORMERS
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�4�e�V�H�g�G�H �d�Ÿ�:
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ELECTRICITY DISTRIBUTIONElectricity System Interconnected
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e�4�e�V�H�g�G�H �d�Ÿ�:
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�¦�¼�ž�Â�•�•�„�µ�¦�˜�·�—�˜�´�Ê�Š�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ
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�¦�¼�ž�Â�•�•�„�µ�¦�˜�·�—�˜�´�Ê�Š�®�¤�o�°�Â�ž�¨�Š�Å�¢�¢�o�µ

MV LV
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�T�e�H�V�C�e�L��: �V�c�U�c�^�•�e�:�^�T�–�`�p�N�X�:�4 �d�M�V �d�Ÿ�Z�^�T�–�`�p�N�X�:
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e
�5�–�`�4�|�e�^�L�G�o�<�Q�e�c�r�L�4�e�V�H�g�G�H �d�Ÿ�:�^�T�–�`�p�N�X�:�p�H�•�X�c�=�L�g�G
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e
�^�–�`�:�^�T�–�`�p�N�X�:�s�R�R�– �e
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e: �q�7�V�:�]�V�–�e�:�^�–�`�:�^�T�–�`�p�N�X�:
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e: �q�7�V�:�]�V�–�e�:�^�–�`�:�^�T�–�`�p�N�X�:
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e: �q�7�V�:�]�V�–�e�:�^�–�`�:�^�T�–�`�p�N�X�:
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�5�–�`�4�|�e�^�L�G�T�e�H�V�C�e�L�4�e�V�H�g�G�H �d�Ÿ�:���Z�]�J���^�T�–�`�p�N�X�:�s�R�R�– �e: �q�7�V�:�]�V�–�e�:�^�–�`�:�^�T�–�`�p�N�X�:

41
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�T�e�H�V�C�e�L�5�`�:�^�T�–�`�p�N�X�:�s�R�R�– �e

�‡�4�e�V�`�`�4�p�M�M��: �Z�]�J������������
�‡�o�^�T�e�c�r�L�4�e�V�H�g�G�H�d�x�:��: �S�e�U�L�`�4�`�e�7�e�V��, �S�e�U�r�L�`�e�7�e�V
�‡�O�•�e�L�T�e�H�V�C�e�L�4�e�V�J�G�]�`�M��: Temp Rise �p�X�c�`�j�w�L����

- IEC 60076-11 : �<�L�Z�L��Class F = 155 C 
- IEC 60076-2 : �<�L�Z�L��Class A = 105 C 
- �7�Z�e�T�7�:�J�L�5�`�:�5�G�X�Z�G�H�•�`�p�V�:�G�d�L�s�R�R�–�e��IEC 60076-3 

�‡�V�c�U�c�o�Z�X�e�r�L�4�e�V�o�]�j�w�`�T�]�S�e�Q�5�`�:�L�|�x�e�T�d�L�^�T �–�`�p�N�X�:
�‡�q�`�4�e�]�r�L�4�e�V�o�4�g�G�7�Z�e�T�o�]�h�U�^�e�U�r�L�4�V�F�h�J�h�w�5�e�G�4�e�V�G�l�p�X���M�|�e�V�k�:�V�d�4�\�e
�‡�7�•�e�r�=�–�;�•�e�U�r�L�4�e�V�H�g�G�H�d�x�:���4�e�V�M�|�e�V�k�:�V�d�4�\�e
�‡�5�L�e�G�5�`�:�^�T �–�`�p�N�X�:
�‡�7�•�e�7�Z�e�T�]�l�@�o�]�h�U�5�`�:�^�T �–�`�p�N�X�:����Losses) 
�‡�Z�d�H�I�k�G�g�M����Material) �5�`�:�5�G�X�Z�G��
�‡�7�Z�e�T�]�e�T�e�V�I�r�L�4�e�V�V�c�M�e�U�7�Z�e�T�V �–�`�L
�‡�V�e�7�e�5�`�:�^�T �–�`�p�N�X�:���r�L�5�L�e�G�Q�g�4�d�G�J�h�w�o�J�•�e�u���r�L�p�H�•�X�c�U�h�w�^ �–�`
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�4�e�V�J�G�]�`�M
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�T�e�H�V�C�e�L�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e

�‡ IEC 60076
�‡ ANSI C57.12- 1993
�‡ NEMA TR.1
�‡ TIS 384- 2543
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TEST LABORATORIES
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THE FINAL TEST
ROUTINE AND SPECIAL TESTS
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�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e

�‡ �4�e�V�J�G�]�`�M�N�V�c�;�|�e����Routine test ��

�‡ �4�e�V�J�G�]�`�M�o�<�Q�e�c�p�M�M����Type test ��

�‡ �4�e�V�J�G�]�`�M�Q�g�o�[�\����Special test ��
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�4�e�V�J�G�]�`�M�N�V�c�;�|�e������Routine Test ) �N�V�c�4�`�M�G�–�Z�U

1. �4�e�V�Z �d�G�7�Z�e�T�H�–�e�L�J�e�L�5�`�:�5�G�X�Z�G������measurement of winding resistance )

�o�N�v �L�4�e�V�Z�d�G�7�Z�e�T�H �–�e�L�J�e�L�5�`�:�5�G�X�Z�G�p�H�•�X�•�c�5�G���o�Q�j�w�`�o�N�V�h�U�M�o�J�h�U�M�7�•�e�J�h�w�Z�d�G�s�G �–�V�c�^�Z�•�e�:�o�R�]�Z�•�e�T�h�5�G�X�Z�G�r�G
�O�g�G�N�4�H�g�^�V�j�`�s�T�•�p�X�c�o�Q�j�w�`�o�`�e�7�•�e�J�h�w�Z�d�G���s�G �–�T�e�` �–�e�:�`�g�:�4�d�M�`�k�F�^�S�l�T�g�N�d�;�;�k�M�d�L���]�|�e�^�V�d�M�4�e�V�p�N�X�:�7�•�e�` �–�e�:�`�g�:�s�N�J�h�w
�`�k�F�^�S�l�T�g�`�j�w�L���o�=�•�L���J�h�w�`�k�F�^�S�l�T�g��75 �Û�&��

2. �4�e�V�Z �d�G�` �d�H�V�e�]�•�Z�L�5�`�:�p�V�:�G �d�L�p�X�c�4�e�V�H�V�Z�;�]�`�M�4�e�V�4�V�c�; �d�G�o�R�]����measurement of voltage 
ratio and check of phase displacement )

�o�N�v �L�4�e�V�Z�d�G�`�d�H�V�e�]�•�Z�L�5�`�:�p�V�:�G�d�L�5�`�:�^�T �–�`�p�N�X�:�o�N�V�h�U�M�o�J�h�U�M�4�d�M�7�•�e�J�h�w�4�|�e�^�L�G�Z�•�e�T�h�7�•�e�I�l�4�H �–�`�:���T�h�7�•�e�7�Z�e�T
�7�e�G�o�7�X�j�w�`�L�`�U�l�•�r�L�Q�g�4�d�G�T�e�H�V�C�e�L�^�V�j�`�s�T�•�p�X�c�o�N�v �L�4�e�V�Z�d�G�7�•�e�7�Z�e�T�H�•�e�:�o�R�]�5�`�:�5�G�X�Z�G�J�d�x�:�]�`�:�G �–�e�L�^�V�j�`�J�h�w
�o�V�h�U�4�Z�•�e�4�e�V�^�e��Vector Group �5�`�:�^�T �–�`�p�N�X�:

�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e
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�4�e�V�J�G�]�`�M�N�V�c�;�|�e������Routine Test ) �N�V�c�4�`�M�G�–�Z�U

3. �4�e�V�Z �d�G�`�g�T�Q�h�p�G�L�>�™�X �d�G�Z�:�;�V������measurement of short-circuit impedance )

�o�N�v �L�4�e�V�Z�d�G�^�e��Impedance Voltage �G �–�Z�U�Z�g�K�h�4�e�V�X�d�G�Z�:�;�V�^�T �–�`�p�N�X�:�V�c�^�Z�•�e�:�4�e�V�H�V�Z�;�Z�d�G

4. �4�e�V�Z �d�G�7�Z�e�T�]�l�@�o�]�h�U�T�h�q�^�X�G������measurement of load loss )

�o�N�v �L�4�e�V�Z�d�G�^�e�7�•�e�7�Z�e�T�]�l�@�o�]�h�U�5�F�c�;�•�e�U�q�^�X�G�^�V�j�`��Copper Loss 

5. �4�e�V�Z �d�G�7�Z�e�T�]�l�@�o�]�h�U�s�T�•�T�h�q�^�X�G���p�X�c�4�V�c�p�]�s�T�•�T�h�q�^�X�G��������measurement of no - load 
loss and current )

�o�N�v �L�4�e�V�Z�d�G�^�e�7�•�e�7�Z�e�T�]�l�@�o�]�h�U�5�F�c�J�h�w�h�s�T�•�s�G �–�;�•�e�U�q�^�X�G�^�V�j�`�7�Z�e�T�]�l�@�o�]�h�U�r�L�p�4�L�o�^�X�v�4������Core Loss ) 
�p�X�c�Z�d�G���^�e�7�•�e�4�V�c�p�]�J�h�w�h�s�^�X�r�L�5�G�X�Z�G�r�L�5�F�c�s�T�•�s�G �–�;�•�e�U�q�^�X�G�^�V�j�`��No��Load Current

�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e
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�4�e�V�J�G�]�`�M�N�V�c�;�|�e������Routine Test ) �N�V�c�4�`�M�G�–�Z�U

6. �4�e�V�J�G�]�`�M�7�Z�e�T�J�L�H�•�`�p�V�:�G �d�L�H�e�T�7�Z�e�T�I�h�w�4�|�e�X �d�:�s�R�R�– �e������power frequency AC 

withstand test )

�o�N�v �L�4�e�V�H�V�Z�;�]�`�M�<�L�Z�L�S�e�U�r�L�^�T �–�`�p�N�X�:�J�h�w�7�d�w�L�`�U�l�•�V�c�^�Z�•�e�:���5�G�p�V�:�]�l�:�4�d�M�p�V�:�H�|�w�e���p�V�:�]�l�:�4�d�M��Ground 
�p�V�:�H�|�w�e�4�d�MGround �G �–�Z�U�4�e�V�;�•�e�U�p�V�:�G�d�L�]�l�:�4�V�c�p�]�]�X�d�M������Hz �V�c�^�Z�•�e�:�;�k�G�J�h�w�;�c�J�G�]�`�M�H�e�T�7�•�e�p�X�c�o�Z�X�e�J�h�w
�T�e�H�V�C�e�L�4�|�e�^�L�G

7. �4�e�V�J�G�]�`�M�7�Z�e�T�7�:�J�L�H�•�`�p�V�:�G �d�L�o�^�L�h�w�U�Z�L�|�e�o�4�g�L������induced voltage test )

�o�N�v �L�4�e�V�H�V�Z�;�]�`�M�<�L�Z�L�5�`�:�o�]�–�L�X�Z�G�p�H�•�X�c�o�]�–�L�J�h�w�Q�d�L�o�N�v �L�5�G�X�Z�G���G �–�Z�U�4�e�V�;�•�e�U�p�V�:�G�d�L�]�l�:�o�N�v �L�]�`�:�o�J�•�e
�r�^ �–�4�d�M�=�k�G�5�G�X�Z�G�H�e�T�V�c�U�c�o�Z�X�e�J�h�w�T�e�H�V�C�e�L�4�|�e�^�L�G

8. �4�e�V�Z �d�G�7�•�e�7�Z�e�T�H�–�e�L�J�e�L�<�L�Z�L������measurement of insulation resistance )

�o�N�v �L�4�e�V�H�V�Z�;�Z�d�G�7�•�e�7�Z�e�T�o�N�v �L�<�L�Z�L�q�G�U�V�Z�T�5�`�:�^�T �–�`�p�N�X�:�^�V�j�`�J�h�w�o�V�h�U�4�Z�•�e��Megger Test �q�G�U�7�•�e�Z�d�G�s�G �–
�H �–�`�:�T�h�7�•�e�]�l�:�H�e�T�J�h�w�T�e�H�V�C�e�L�4�|�e�^�L�G

�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e
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�4�e�V�J�G�]�`�M�N�V�c�;�|�e������Routine Test ) �N�V�c�4�`�M�G�–�Z�U

9. �4�e�V�J�G�]�`�M�V�`�U�V �d�w�Z�>�i�T�5�`�:�L�|�Ÿ�e�T �d�L������oil leak test )

�o�N�v �L�4�e�V�J�G�]�`�M�^�e�;�k�G�V�d�w�Z�>�i�T�5�`�:�H�d�Z�I�d�:�o�T�j�w�`�o�4�g�G�7�Z�e�T�G�d�L�o�Q�g�w�T�5�i�x�L

10 . �4�e�V�J�G�]�`�M�7�Z�e�T�o�N�v �L�<�L�Z�L�5�`�:�L�|�Ÿ�e�T �d�L������oil dielectric strength test )

�o�N�v �L�4�e�V�J�G�]�`�M�o�Q�j�w�`�^�e�7�•�e�7�Z�e�T�o�N�v �L�<�L�Z�L�5�`�:�L�|�x�e�T�d�L�q�G�U�4�e�V�Z�d�G�7�Z�e�T�=�j�x�L�p�X�c�7�Z�e�T
�o�N�v �L�4�V�G�5�`�:�L�|�x�e�T�d�L

�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e
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�4�e�V�J�G�]�`�M�o�<�Q�e�c�p�M�M������Type Test ) 
1. �4�e�V�J�G�]�`�M�p�V�:�G�d�L�`�g�T�Q�d�X�]�™�R�–�e�O�•�e������lightning impulse test )

�o�N�v �L�4�e�V�J�G�]�`�M�7�Z�e�T�7�:�J�L�5�`�:�<�L�Z�L�H�•�`�p�V�:�G�d�L�R�–�e�O�•�e�H�e�T�J�h�w�T�e�H�V�C�e�L�4�|�e�^�L�G

2. �4�e�V�J�G�]�`�M�`�k�F�^�S�l�T�g�J�h�w�o�Q�g�w�T�5�i�x�L������temperature rise test )
�o�N�v �L�4�e�V�J�G�]�`�M�o�Q�j�w�`�Z�d�G�7�•�e�`�k�F�^�S�l�T�g�5�F�c�J�h�w�^�T �–�`�p�N�X�:�V�d�M�S�e�V�c�]�l�:�]�k�G�Z�•�e�T�h�7�•�e�s�T�•�]�l�:
�o�4�g�L�4�Z�•�e�T�e�H�V�C�e�L�^�V�j�`�J�h�w�H�4�X�:�4�d�L���^�e�4�s�T�•�O�•�e�L�4�e�V�J�G�]�`�M���p�]�G�:�Z�•�e�^�T �–�`�p�N�X�:
�s�R�R�–�e�L�d�x�L�T�h�5�L�e�G�Q�g�4�d�G�s�T�•�H�V�:�4�d�M�J�h�w�H�4�X�:�^�V�j�`�s�T�•�o�H�v�T��KVA

3. �4�e�V�Z�d�G�V�c�G�d�M�o�]�h�U�:������determination of sound level )
�o�N�v �L�4�e�V�J�G�]�`�M�o�Q�j�w�`�Z�d�G�V�c�G�d�M�o�]�h�U�:�5�`�:�^�T �–�`�p�N�X�:�5�F�c�J�h�w�;�•�e�U�p�V�:�G�d�L�N�4�H�g

�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e
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�4�e�V�J�G�]�`�M�Q�g�o�[�\������Special Test ) 
1. �4�e�V�J�G�]�`�M�7�Z�e�T�7�:�J�L�H�•�`�4�e�V�X�d�G�Z�:�;�V����short-circuit withstand test)

�o�N�v �L�4�e�V�4�e�V�7�:�J�L�H�•�`�p�V�:�J�e�:�4�X�J�h�w�o�4�g�G�5�i�x�L�5�F�c�o�4�g�G�4�e�V�X�d�G�Z�:�;�V

2. �4�e�V�Z�d�G�4�e�V�7�e�U�N�V�c�;�k�M�e�:�]�•�Z�L����partial discharge measurement)
�o�N�v �L�4�e�V�J�G�]�`�M�4�e�V�7�e�U�N�V�c�;�k�s�R�R�–�e�V�c�^�Z�•�e�:�H�d�Z�L�|�e�O�•�e�L�q�Q�X�:�`�e�4�e�[�r�L
�<�L�Z�L�H�•�e�:�u���S�e�U�r�L�^�T �–�`�p�N�X�:���o�=�•�L���L�|�x�e�T�d�L���o�V�>�g�L���o�N�v �L�H �–�L

�4�e�V�J�G�]�`�M�^�T�–�`�p�N�X�:�s�R�R�– �e
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F Class or H Class Insullation Material

Insulation Class and Temperature Rise

Max. System temperature ( oC)Permissible temp . Rise (K)Insulation Class

����������B

������������F

������������H
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�’ Measurement of winding resistance 
�’ Measurement of ratio and proof of the vector 

group
�’ Measurement of short-circuit impedance, 

impedance voltage and short-circuit losses
�’ Measurement of no-load losses and no-load 

current
�’ Test with applied withstand voltage
�’ Test with induced withstand voltage
�’ Measurement of partial discharges

Routine tests according to IEC 60076-11 year 2004 
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Highlights

�‡ F class insulation

�‡ HV coils completely cast under vacuum into moulds

�‡ Based on high reinforcement of glass fibres insulation

�‡ Best mechanical strength and ideal resistance against temperature fluctuations
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�‡ Hardly inflammable and self-extinguishing under short circuit 
conditions

�‡ No content of any halogen, silicones, nitrogen in t he insulation 
materials.

�‡ Low partial discharge

�‡ Highly moisture proof, The transformer can operate u nder highly 
relative humidity and be switched on without pre-dr ying even after a 
long period of storage.

�‡ Most efficient cooling, forced cooling system renders increase of load 
up to 40%

Highlights
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DRY TYPE TRANSFORMER

�’ non-inflammable and self extinguishing :                                                                             
It is certified as F1

�’ insensitive to very high level of thermal 
shocks and load fluctuations and 
overload conditions :                                                                              
It is certified as C2

�’ insensitive to corrosive environment & 
resistant to pollution    & humidity:

It is certified as E2

�’ With respect to the dynamics ability to 
withstand short circuits.

It is certified of short circuit 
performance.

�’ Passed the Seismic Qualification test

It is certified of Seismic Qualification

High Quality Performance
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Sample Test Report of Dry Type  Transformer
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Comparison Table between Local Assembly and Fully Imported Dry Type 
Transformer

Description Local Assembly Fully Import
Brand A Brand B Brand C Brand D

Routine Test

Measurement of winding resistance Yes Yes Yes Yes Yes

Measurement of ratio and proof of the vector group Yes Yes Yes Yes Yes

—Measurement of short-circuit impedance, impedance 
voltage and short-circuit losses Yes Yes Yes Yes Yes

—Measurement of no-load losses and no-load current Yes Yes Yes Yes Yes

—Test with applied withstand voltage Yes Yes Yes Yes Yes

Test with induced withstand voltage Yes Yes Yes Yes Yes

Measurement of partial discharges On request Yes Yes Yes Yes

Type Test

Lightning Impulse Test On request On request On request On request On request

Temperature Rise Test On request On request On request On request On request

Special Test Ceritificates

—Ability to withstand the dynamics effects of Short Circuit Performance Test No Yes Yes Yes Yes

—Climatic Test (Thermal Shock Test) No Yes Yes Yes Yes

—Environmental Test No Yes Yes Yes Yes

—Fire Behavior Test No Yes Yes Yes Yes

—Seismic Test No N/A N/A N/A Yes
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TRANSFORMER SPECIFICATION
BASIC
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TRANSFORMER SPECIFICATION
ELECTRICAL INSULATION SYSTEM
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TRANSFORMER SPECIFICATION
WINDING TEMPERATURE RISE

64



TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

TRANSFORMER SPECIFICATION
TAP CHANGER

65



TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

TRANSFORMER SPECIFICATION
OFF LINE TAP CHANGER
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TRANSFORMER SPECIFICATION
OFF LINE TAP CHANGER �±OIL TYPE

�ƒ Tap changer located in the tank
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TRANSFORMER

On-Load Tap Changer for frequently varying voltages
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Dry-type transformers
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Environmental classes according to IEC Standard:

�‡E0 No condensation occurs on the transformers and pollut ion is negligible

�‡E1 Occasional condensation can occurs on the transformer. Limited pollution is  

possible

�‡E2 Frequent condensation or heavy pollution or combina tion of both.

Test conditions (new) for classes E1 /E2:

A) condensation test

�‡humidity in the test chamber > 93% ; conductivity of the water shall be 
0,1 - 0,3 S/m for class E1;    0,5 �« 1,5 S/m for class E2.

�‡temperature has to be regulated in such a manner that condensed water occurs
on the surface of the transformer tank.

�‡test duration: 6 hours 

�‡after that: separate-source and induced voltage tests  (reduced to 75%)

B) humidity penetration test

�‡humidity in the test chamber: 90% ±5%

�‡temperature: 50 °C  ±3°C 

�‡test duration: 144 Std. 

�‡after that: separate-source and induced voltage tests  (reduced to 75%)

Special Test



TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen 71

Climatic classes according to IEC Standard:
�‡C1 indoor installation only; operation at ambient temper ature >-5° ;  

transport and storage down to - 25 °C

�‡C2 transport, storage and operation down to - 25 °C

Test procedure (new):

�‡decrease of ambient temperature down to - 25 °C in 8 hours 

�‡maintain of the transformer at - 25 °C for 12 hours

�‡Class C1 only:  Rise of temperature  to - 5°C  in  4 hou rs  

�‡Class C1 only:  Maintain of the transformer at - 5 °C  for 12 hours

�‡temperature shock: Apply of twice the rated current unti l the maximum operation 
temperature is reached.

�‡after that: separate-source, induced voltage tests (re duced to 75%) and partial discharge 
measurement test

Special Test
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Special Test
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TRANSFORMER SPECIFICATION
Environmental & Climatic Conditions �±Dry Type
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DRY-TYPE TRANSFORMERS SPECIAL TEST CLASSIFIED UNDER THE 
CATEGORIES LISTED BELOW:

�‡ Environmental categoryE2
�‡ Climatic category C2
�‡ Fire category F1
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TRANSFORMER SPECIFICATION
FIRE RESISTANCE �±DRY TYPE
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COST DRIVERS
VOLTAGE CLASS AND IMPULSE LEVEL (BIL)
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TRANSFORMER SPECIFICATION
ENCLOSURE AND IP CLASSIFICATION
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DRY TRANSFORMERS - ACCESSORIES
ENCLOSURES

�’ Dry transformers can be used for indoor or outdoor installations

�’ for outdoor installations an enclosure is always necessary

�’ for indoor applications client may want an enclosure due to:

�’ safety reasons (energized transformers are not allowed to be

�’ touched)

�’ ambient conditions (e.g. dust, water,..)
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ENCLOSURE AND COOLING
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ENCLOSURE AND COOLING
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OIL TRANSFORMERS - ACCESSORIES
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TRANSFORMER BASIC REQUIREMENTS
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IMPEDANCE MEASUREMENT
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IMPEDANCE
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SIZE
�’ Space constraints

�’ transformer are bigger and heavier

�’ No specific advantage between Al or Copper

�’ Cu transformers are shorter, fatter and heavier but more expensive
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LOCATION
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MAINTENANCE & LIFE CYCLE EXTENSION

�’Preventive & corrective maintenance

�’On site active part drying & de-gassing

�’Oil regeneration

�’Life extension products

�’End of life management
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MAINTENANCE
DRY TRANSFORMERS
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MAINTENANCE
PARTIAL DISCHARGES
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MAINTENANCE
OIL TRANSFORMERS

90



TRANSFORMER����Thammarat Promphenrangsi, KasemNincharoen

�4�e�V�H�V�Z�;�]�`�M
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�4�e�V�H�V�Z�;�]�`�M�p�X�c�M�|�e�V�k�:�V �d�4�\�e�^�T�–�`�p�N�X�:
�4�e�V�M�|�e�V�k�:�V�d�4�\�e�^�T �–�`�p�N�X�:�s�R�R�–�e�J�h�w�L�g�U�T�r�=�–�4�d�L�J�d�w�Z�s�N�`�e�;�p�M�•�:�`�`�4
�s�G �–�o�N�v �L���� �Z�g�K�h�7�j�`

�’ �4�e�V�M�|�e�V�k�:�V �d�4�\�e�o�=�g�:�p�4�–�s�5����collective maintenance ) 
�4�e�V�M�|�e�V�k�:�V�d�4�\�e�^�X �d�:�;�e�4�J�h�w�^�T�–�`�p�N�X�:�=�|�e�V�k�G�p�X�–�Z�o�N�v �L�4�e�V�M�|�e�V�k�:�V�d�4�\�e�J�h�w�`�e�;�]�•�:�O�X�4�V�c�J�M�H�•�`�4�e�V�O�X�g�H
�o�L�j�w�`�:�;�e�4�^�T �–�`�p�N�X�:�`�e�;�=�|�e�V�k�G�T�e�4�;�L�s�T�•�]�e�T�e�V�I�r�=�–�:�e�L�H�•�`�p�X�c�4�e�V�=�|�e�V�k�G�G�d�:�4�X�•�e�Z�`�e�;�X�k�4�X�e�T�;�L�o�N�v �L
�7�Z�e�T�o�]�h�U�^�e�U�J�h�w�T�h�7�•�e�r�=�–�;�•�e�U�]�l�:�s�G �–
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�4�e�V�H�V�Z�;�]�`�M�p�X�c�M�|�e�V�k�:�V �d�4�\�e�^�T�–�`�p�N�X�:
�’ �4�e�V�M�|�e�V�k�:�V �d�4�\�e�o�=�g�:�N�– �`�:�4 �d�L����preventive maintenance)

�4�e�V�M�|�e�V�k�:�V�d�4�\�e�J�h�w�J�|�e�H�e�T�p�O�L�p�X�c�V�c�U�c�o�Z�X�e�J�h�w�s�G �–�4�|�e�^�L�G�s�Z �–���o�Q�j�w�`�N�–�`�:�4�d�L
�4�e�V�=�|�e�V�k�G�5�`�:�^�T �–�`�p�N�X�:�s�R�R�–�e���p�X�c�U�d�:�]�e�T�e�V�I�U�j�G�`�e�U�k�4�e�V�r�=�–�:�e�L�^�T �–�`
�p�N�X�:�r�^ �–�U�e�Z�L�e�L�5�i�x�L���q�G�U�T�h�4�e�V�Z�e�:�p�O�L�4�e�V�H�V�Z�;�]�`�M�`�U�•�e�:�]�T�|�w�e�o�]�T�`�`�e�;
�o�N�v �L�V�e�U�o�G�j�`�L���o�N�v �L�V�e�U�s�H�V�T�e�]���^�V�j�`�V�e�U�N�h���o�N�v �L�H �–�L���q�G�U�4�e�V�M�|�e�V�k�:�V�d�4�\�e�;�c
�J�|�e�J�d�x�:�5�F�c�J�h�w�;�•�e�U�s�R�p�X�c�o�T�j�w�`�G�d�M�s�R�p�X �–�Z���>�i�w�:�^�e�4�Q�M�o�;�`�7�Z�e�T�O�g�G�N�4�H�g�r�G���u��
�4�v�;�c�]�e�T�e�V�I�Z�e�:�p�O�L�r�L�4�e�V�>�•�`�T�M�|�e�V�k�:�s�G �–���o�Q�V�e�c�4�e�V�M�|�e�V�k�:�V�d�4�\�e�o�=�g�:�N�–�`�:�4�d�L
�o�N�v �L�4�e�V�M�|�e�V�k�:�V�d�4�\�e�J�h�w�o�L�–�L�4�e�V�H�V�Z�;�Q�M�p�X�c�>�•�`�T�p�>�T�4�•�`�L�J�h�w�^�T �–�`�p�N�X�:
�s�R�R�–�e�;�c�o�4�g�G�4�e�V��Breakdown �^�V�j�`�^�e�4�H �–�`�:�T�h�4�e�V�G�d�M�s�R�R�–�e���4�v�o�N�v �L�4�e�V�G�d�M
�s�R�R�–�e�`�U�•�e�:�T�h�p�O�L�X�•�Z�:�^�L �–�e���J�|�e�r�^ �–�]�e�T�e�V�I�V�d�M�T�j�`�I�i�:�O�X�J�h�w�;�c�4�V�c�J�M�J�h�w
�H�e�T�T�e�s�G �–
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�4�e�V�M�|�e�V�k�:�V �d�4�\�e�o�=�g�:�N�– �`�:�4 �d�L������PREVENTIVE MAINTENANCE )

�’ �G�–�Z�U�Z�g�K�h��Visual Check �^�V�j�`��Inspection Check 

�o�N�v �L�4�e�V�H�V�Z�;�]�`�M�`�k�N�4�V�F�™�S�e�U�L�`�4�J�h�w�J�|�e�e�s�G �–�G �–�Z�U�H�d�Z�o�`�:

�’ �G�–�Z�U�Z�g�K�h�Z �d�G�^�V�j�`�J�G�]�`�M������Measurement Or Testing )

�o�N�v �L�4�e�V�Z�d�G�p�X�c�J�G�]�`�M�`�U�•�e�:�X�c�o�`�h�U�G�o�Q�g�w�T�o�H�g�T�;�e�4��Visual Check / Inspection Check

�’ Insulation Resistance Measurement (Polarization Ind ex)

�’ PT 100 Check (measure resistance compare with table)

�’ Temperature Protection Test
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�H�V�Z�;�G�l�]�e�V�4�V�`�:�7�Z�e�T�=�j�Ÿ�L���^�e�4�o�]�j�w�`�T�7�k�F�S�e�Q�H�–�`�:�V�h�M�o�N�X�h�w�U�L �˜�¦�ª�‹�—�¼�¦�³�—� �́•�Â�¨�³�‡�n�µ�‡�ª�µ�¤�Á�ž�È�œ
�Œ�œ�ª�œ�…�°�Š�œ�Î�Ê�µ�¤� �́œ

�˜�¦�ª�‹�­�°�•�„�µ�¦�Ä�•�o�Š�µ�œ�…�°�Š
Buchholz relay

�˜�¦�ª�‹�­�°�•�Â�¨�³�…� �́œ�…�´�Ê�ª�˜�n�°�­�µ�¥�š�»�„�‹�»�—��
�š�´�Ê�Š�—�o�µ�œ�Â�¦�Š�­�¼�Š�Â�¨�³�Â�¦�Š�˜�Î�É�µ���Ä�®�o
�„�¦�³�•�´�•�Â�œ�n�œ�°�¥�¼�n�Á�­�¤�°���Á�¡�º�É�°�ž�o�°�Š�„� �́œ��
ARC�Â�¨�³�Á�„�·�—��OXIDE �°�´�œ�°�µ�‹�š�Î�µ�Ä�®�o
�®�¤�o�°�Â�ž�¨�Š�•�Î�µ�¦�»�—�Å�—�o

�˜�¦�ª�‹�ª� �́—�‡�n�µ�Œ�œ�ª�œ�¦�³�®�ª�n�µ�Š

���…�—�¨�ª�—�Â�¦�Š�­�¼�Š�„� �́•�…�—�¨�ª�—�Â�¦�Š�˜�Î�É�µ

���…�—�¨�ª�—�Â�¦�Š�­�¼�Š�„� �́•��Earth

-�…�—�¨�ª�—�Â�¦�Š�˜�Î�É�µ�„� �́•��Earth 

�°�¥�¼�n�Ä�œ�Á�„�–�”�r�š�¸�É�ž�¨�°�—�£� �́¥�®�¦�º�°�Å�¤�n

�˜�¦�ª�‹�­�°�•�Â�¨�³�˜�´�Ê�Š�¦�³�¥�³�Â�„�œ
� �̈n�°�¢�o�µ�Ä�®�o�™�¼�„�˜�o�°�Š

�˜�¦�ª�‹�Á�•�È�‡�¦�³�•�•�­�µ�¥�—�·�œ

�˜�¦�ª�‹�Á�•�È�‡�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š�Á�š�°�¦�r�Ã�¤�¤�·�Á�˜�°�¦�r

�š�Î�µ�‡�ª�µ�¤�­�³�°�µ�—�Â�¨�³�˜�¦�ª�‹�—�¼�„�µ�¦
�¦�´ �É�ª�Ž�¹�¤�…�°�Š�œ�Î�Ê�µ�¤� �́œ�˜�µ�¤�•�¦�·�Á�ª�–�˜�´�ª�™� �́Š
�Ã�—�¥�¦�°�•

�š�Î�µ�‡�ª�µ�¤�­�³�°�µ�—Bushing 
�š�´�Ê�Š�Â�¦�Š�­�¼�Š�Â�¨�³�Â�¦�Š�˜�Î�É�µ

�˜�¦�ª�‹�Á�•�È�‡�ž�³�Á�„�È�œ�š�»�„�‹�»�—

�˜�¦�ª�‹�Á�•�È�‡�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š
�°�»�ž�„�¦�–�r�ž�¦� �́•�Â�¦�Š�—� �́œ

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�5�–�`�7�Z�V�N�B�g�M �d�H�g�4�•�`�L�4�e�V�H�V�Z�;�]�`�M�p�X�c�M�|�e�V�k�:�V �d�4�\�e

���� �4�e�V�H�V�Z�;�]�`�M�^�T �–�`�p�N�X�:�s�R�R�–�e�5�F�c�;�•�e�U�s�R�s�T�•�7�Z�V�o�5�–�e�H�V�Z�;�]�`�M�r�L�5�F�c�J�h�w
�]�S�e�Q�`�e�4�e�[�T�h�7�Z�e�T�=�j�Ÿ�L�]�l�:�^�V�j�`�^�X �d�:�P�L�H�4�o�Q�V�e�c�7�Z�e�T�=�j�x�L�r�L�`�e�4�e�[�J�|�e�e�r�^ �–
�7�Z�e�T�o�N�v �L�<�L�Z�L�X�G�X�: �`�e�;�o�4�g�G�`�d�L�H�V�e�U�H�•�`�O�l �–�N�B�g�M�d�H�g�:�e�L�s�G �– �p�X�c�r�L�5�F�c�J�h�w�J�|�e�4�e�V
�H�V�Z�;�]�`�M �^ �–�e�T�o�5 �–�e�r�4�X �–�]�•�Z�L�J�h�w�T�h�s�R�R�–�e�o�4�g�L�4�Z�•�e�V�c�U�c�J�h�w�;�c�o�N�v �L�`�d�L�H�V�e�U�s�G �–

���� �4�e�V�H�V�Z�;�]�`�M�^�T �–�`�p�N�X�:�s�R�R�–�e�5�F�c�J�h�w�G�d�M�s�R �r�L�4�e�V�G�d�M�;�c�H�–�`�:�G �d�M�s�R�G�–�e�L�p�V�:�H�|�w�e
�4�•�`�L�p�X�c�G �d�M�G�–�e�L�p�V�:�]�l�:�H�e�T�p�X�c�o�T�j�w�`�G�d�M�s�R�p�X �–�Z�r�^ �–�J�|�e�4�e�V�H�V�Z�;�]�`�M�Z�•�e�T�h�s�R
�^�V�j�`�s�T�• �o�T�j�w�`�T�d�w�L�r�;�p�X �–�Z�Z�•�e�s�T�•�T�h�s�R�r�^ �–�J�|�e�4�e�VDischarge �N�V�c�;�k�J�h�w�`�e�;�;�c�H�4�7 �–�e�:�r�L�H�d�Z
�^�T �–�`�p�N�X�:�r�^ �–�^�T�G�4�•�`�L�J�k�4�7�V�d�x�: �V�Z�T�J�d�x�:�J�|�e�4�e�V�H�•�`�4�V�e�Z�L�™�`�U�l�•�H�X�`�G�o�Z�X�e�r�L�5�F�c�J�h�w
�N�B�g�M�d�H�g�:�e�L

���� �7�Z�V�]�Z�T�r�]�•�`�k�N�4�V�F�™�7�k�–�T�7�V�`�:�7�Z�e�T�N�X�`�G�S �d�U�H�•�e�: �u �r�^�–�7�V�M�I�–�Z�L�o�=�•�L �I�k�:�T�j�`
�<�L�Z�L�J�h�w�o�^�T�e�c�]�T�4�d�M�p�V�:�G�d�L�s�R�R�–�e �^�T�Z�4�o�>�R�H�h�x �V�`�:�o�J �–�e�<�L�Z�L �;�c�=�•�Z�U�X�G�`�d�L�H�V�e�U
�J�h�w�`�e�;�o�4�g�G�5�i�x�L�s�G �–

���� �O�l �–�J�|�e�4�e�V�H�V�Z�;�]�`�M�H�–�`�:�T�h�7�Z�e�T�V�l�–�o�V�j�w�`�:�` �d�L�H�V�e�U�;�e�4�s�R�R�– �e�p�X�c�Z�g�K�h�4�e�V�N�–�`�:�4�d�L
�`�d�L�H�V�e�U�G �–�Z�U

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e

�H �d�Z�I �d�:�^�T�–�`�p�N�X�:�s�R�R�– �e����Main Tank ��
�‡ �H�V�Z�;�]�`�M�V�`�U�V�d�w�Z�>�i�T�5�`�:�L�|�x�e�T�d�L, �7�V�e�M�L�|�x�e�T�d�L�M�V�g�o�Z�F�V�`�U�o�=�j�w�`�T
�‡ �H�V�Z�;�]�`�M�7�V�e�M�]�4�N�V�4, �P�k�• �L�p�X�c�5�U�c�J�h�w�o�4�e�c�H�g�G
�‡ �H�V�Z�;�G�l�Z�•�e�o�4�g�G�]�L�g�T�^�V�j�`�4�e�V�4�d�G�4�V�•�`�L�5�`�:�H�d�Z�I�d�:
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�H�V�Z�;�]�`�M�V�`�U�V �d�w�Z�>�i�T�5�`�:�`�k�N�4�V�F�™�V�`�M�H �d�Z�I �d�:���^�T�–�`�p�N�X�:�s�R�R�– �e

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�=�k�G�4�V�`�:�7�Z�e�T�=�j�Ÿ�L����Dehydrating Breather ��

�’ �H�V�Z�;�]�`�M�4�e�V�o�N�X�h�w�U�L�]�h�5�`�:�>�g�X�g�4 �–�e�o�;�X����Silica gel�����^�e�4�o�]�j�w�`�T�7�k�F�S�e�Q�;�c
�o�N�X�h�w�U�L�;�e�4���]�h�L�|�x�e�o�:�g�L�o�N�v �L�]�h�=�T�Q�l �^�V�j�`�G�|�e���7�Z�V�o�N�X�h�w�U�L�r�^�T�•

�’ �H�V�Z�;�]�`�M�V�c�G�d�M�L�|�x�e�T�d�L�r�L�I �–�Z�U�r�H �–�4�V�c�M�`�4�4�V�`�:�7�Z�e�T�=�j�x�L�Z�•�e�T�h�`�U�l�•�r�L�V�c�G�d�M
�T�e�H�V�C�e�L

�’ �H�V�Z�;�]�`�M�>�h�X�U�e�:�p�X�c�L�—�`�H�]�4�l�V�H �–�`�:�s�T�•�T�h�7�V�e�M�L�|�x�e�T�d�L�>�i�T�p�X�c�>�h�X�U�e�:�s�T�•
�p�H�4�V�c�p�^�:���T�h�O�g�Z�o�V�h�U�M

�’ �H �–�`�:�G�i�:�p�O�•�L�`�X�l�T�g�o�L�h�U�T�`�`�4�4�•�`�L�H�g�G�H�d�x�:�p�X�c�;�•�e�U�s�R

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�M�k�=�=�g�w�:�p�V�:�]�l�:���±�p�V�:�H�|�w�e���Q�V�–�`�T�N�c�o�4�v�L

�� �H�V�Z�;�]�S�e�Q�O�g�Z�����7�V�e�M�L�|�x�e�T�d�L, �V�`�U��Flash Over��

�� �H�V�Z�;�7�Z�e�T�]�c�`�e�G�5�`�:�M�k�=�=�g�w�:��

�� �H�V�Z�;�G�l�V�`�U�V�d�w�Z�>�i�T�5�`�:�7�V�e�M�L�|�x�e�T�d�L, �]�S�e�Q�>�h�X�U�e�:

�� �H�V�Z�;�G�l��Bolt & Nut �5�`�:�M�k�=�=�g�w�:�p�V�:�]�l�:���±�p�V�:�H�|�w�e��

���M�g�w�L���p�H�4���=�|�e�V�k�G���^�V�j�`�T�h�P�k�• �L�o�4�e�c�^�L�e���`�e�;�o�N�v �L�H�d�Z�L�|�e�r�^ �–�s�R�V�d�w�Z�X�:�G�g�L�J�|�e�r�^ �–�s�R�G�d�M�s�G �–��

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�5 �d�Ÿ�Z�H�•�`�]�e�U�s�R�o�5�–�e���±�`�`�4�����G�–�e�L�p�V�:�]�l�:
�p�X�c�p�V�:�H�|�w�e������

��Terminal Connector H.V.-L.V.��

�� �H�V�Z�;�G�l�V�`�U�`�e�V�™�7����Arc�����`�—�`�7�s�>�G�™�5�`�:�q�X�^�c���p�X�c
�]�L�g�T

- �H�V�Z�;�5�d�L��Bolt & Nut �5�`�:��Terminal Connector 
�r�^ �–�p�L�•�L

�� �H�V�Z�;�]�`�M�7�Z�e�T�]�c�`�e�G�p�X�c�J�e��Compound �o�Q�j�w�`
�=�•�Z�U�o�7�X�j�`�M�7�X�k�T�^�L �–�e�]�d�T�O�d�]�s�Z �–�o�N�v �L�4�e�V�4�d�L�7�Z�e�T�=�j�x�L�p�X�c
�`�`�4�>�g�o�;�L�r�L�`�e�4�e�[

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�=�k�G�N�V �d�M�p�V�:�G �d�L�s�R�R�– �e����Off Load Tap Changer ��

�’ �H�V�Z�;�]�S�e�Q�5�`�:��Handle �p�X�c��Tap Changer
�H�V�:�X�—�`�7�^�V�j�`�s�T�•

�’ �H�V�Z�;�]�`�M�V�`�U�V�d�w�Z�>�i�T�5�`�:�L�|�x�e�T�d�L�p�X�c�>�h�X�U�e�:����Seal��

�’ �H�V�Z�;�]�`�M�4�e�V�`�e�V�™�7����Arc�����^�V�j�`�o�=�j�w�`�T�H�g�G�5�`�:��Tap 
Changer �q�G�U�4�e�V�^�T�k�L�s�N���±�T�e������ �� �� �7�V�d�x�:

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�J�h�w�Z �d�G�V�c�G �d�M�L�|�Ÿ�e�T �d�L�^�T�–�`�p�N�X�:�s�R�R�– �e
�’ �] �d�:�o�4�H�4�e�V�5�U�d�M�H�d�Z�5�`�:�o�5�v�T�Z�d�G�V�c�G�d�M�L�|�x�e�T�d�L

�’ �H�V�Z�;�G�l�V�c�G�d�M�L�|�x�e�T�d�L�`�U�l�•�r�L�o�4�F�D�™�T�e�H�V�C�e�L���^�V�j�`�s�T�•

�’ �H�V�Z�;�5�d�L���L�—�`�H �]�4�l�V�r�^ �–�p�L�•�L

�’ �H�V�Z�;�]�`�M�V�`�U�V�d�w�Z�>�i�T�5�`�:�L�|�x�e�T�d�L�p�X�c�>�h�X�U�e�:��Seal��

�’ �H�V�Z�;�]�`�M���4�V�c�;�4���Q�X�e�]�H�g�4���Z�•�e�p�H�4�=�|�e�V�k�G�^�V�j�`�s�T�•

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�Á�š�°�¦�r�Ã�¤�¤�·�Á�˜�°�¦�r����Thermometer��

�’ �˜�¦�ª�‹�­�°�•�„�¦�³�‹�„���¡�¨�µ�­�˜�·�„���®�œ�o�µ�ž�´�—�Â�˜�„�•�Î�µ�¦�»�—�®�¦�º�°�Å�¤�n

�’ �˜�¦�ª�‹�­�°�•�¦�°�¥�¦�´ �É�ª�Ž�¹�¤�‡�¦�µ�•�œ�Î�Ê�µ�¤� �́œ

�’ �˜�¦�ª�‹�­�°�•�‡�n�µ�°�»�–�®�£�¼�¤�·��Top Oil �ª�n�µ�Á�„�·�œ�‡�n�µ�š�¸�É�„�Î�µ�®�œ�—�®�¦�º�°�Å�¤�n��

�’ �˜�¦�ª�‹�­�°�•�„�µ�¦�ª� �́—�°�»�–�®�£�¼�¤�·�™�¼�„�˜�o�°�Š�®�¦�º�°�Å�¤�n

�Š�µ�œ�˜�¦�ª�‹�­�°�•���Â�„�o�Å�…���Ž�n�°�¤���•�Î�µ�¦�»�Š�¦� �́„�¬�µ
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�`�k�N�4�V�F�™�7�Z�e�T�G �d�L����Pressure Relief Device ����

�H�V�Z�;�]�`�M�V�`�U�V�d�w�Z�>�i�T�p�X�c�7�V�e�M�L�|�x�e�T�d�L���M�V�g�o�Z�F�N�c�o�4�v�L

�H�V�Z�;�]�`�M�N�c�o�4�v�L�P�e�I �d�:����Cover Gasket ��
�� �H�V�Z�;�]�S�e�Q�N�c�o�4�v�L�P�e�I�d�:
�� �H�V�Z�;�G�l�V�`�U�V�d�w�Z�>�i�T�5�`�:�L�|�x�e�T�d�L

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�H�V�Z�;�]�`�M�M�k�=�q�a�X�>�™�V�h�o�X�U�™����Buchholz Relay����

�’ �H�V�Z�;�]�`�M�V�`�U�V�d�w�Z�>�i�T�M�V�g�o�Z�F�4�V�c�;�4���^�L �–�e�N�d�G�p�H�4�=�|�e�V�k�G�^�V�j�`�s�T�•

�’ �H�V�Z�;�]�`�M�Z�•�e�T�h��Gas �]�c�]�T�T�e�4�O�g�G�N�4�H�g�^�V�j�`�s�T�•

�’ �H�V�Z�;�]�`�M�4�e�V�V�d�w�Z�>�i�T�5�`�:�5 �–�`�H�•�`�o�4�X�h�U�Z

�’ �H�V�Z�;�]�`�M�4�e�V�J�|�e�:�e�L�5�`�:�M�k�=�q�a�X�>�™�V�h�o�X�U�™

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�H�V�Z�;�]�`�M�;�k�G�H�g�G�H �d�Ÿ�:�^�T�–�`�p�N�X�:�s�R�R�– �e��

�� �H�V�Z�;�]�`�M�7�Z�e�T�N�X�`�G�S�d�U�5�`�:�Q�j�x�L�J�h�w�H�g�G�H�d�x�:�^�T �–�`�p�N�X�:

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�H�V�Z�;�]�`�M�o�M�g�V�™�G�4�e�V�™�G���� �`�e�V�™�7�=�g�w�:�a�`�V�™�L

�‡ �H�g�G�H�d�x�:�7�V�M
�‡ �V�c�U�c�I�l�4�H �–�`�:

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�‡ �`�U�l�•�r�L�Q�g�4�d�G

�H�V�Z�;�Z �d�G�p�V�:�G �d�L���� �4�V�c�p�]�s�R�R�– �e

�‡ �q�^�X�G�]�T�G�k�X�U�™

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�H�V�Z�;�]�`�M�`�k�N�4�V�F�™�H �d�G�H�`�L�p�V�:�]�l�:�p�X�c�X�•�`�R�– �e�p�V�:�]�l�:
�‡ �]�S�e�Q�S�e�U�L�`�4�O�g�Z�T�d�L�o�V�h�U�M�s�T�•�p�H�4�V �–�e�Z

�‡ �r�] �–�R�g�Z�]�™�N�V�c�T�e�F1.5 �o�J�•�e�5�`�:�Q�g�4�d�G
�‡ �4�e�V�o�5 �–�e�]�e�U�p�L�•�L�]�L�g�J�s�T�•�T�h�V�`�U�`�e�V�™�7

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�J�G�]�`�M�7�•�e�o�N�v �L�<�L�Z�L�p�X�c
�7�Z�e�T�o�N�v �L�4�V�G�5�`�:�L�|�Ÿ�e�T �d�L

�‡ �J�G�]�`�M�7�•�e��Breakdown 
Voltage �H�e�T�T�e�H�V�C�e�L��
ASTM D877 �^�V�j�`��IEC 

�‡ �H�V�Z�;�]�`�M�]�h�5�`�:�L�|�Ÿ�e�T �d�L

�‡ �H�V�Z�;�]�`�M�7�•�e�7�Z�e�T�o�N�v �L�4�V�G��
�p�X�c���7�Z�e�T�^�L�j�G

�‡ �H�V�Z�;�]�`�M�]�g�w�:�o�;�j�`�N�L�r�L
�L�|�Ÿ�e�T �d�L

�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�:�e�L�H�V�Z�;�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
�4�e�V�Z �d�G�N�V�g�T�e�F�L�|�Ÿ�e�r�L�L�|�Ÿ�e�T �d�L����Water Content Measurement)
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�H�V�Z�;�Z �d�G�7�•�e�4�V�e�Z�G�™�5�`�:�^�T�–�`�p�N�X�:

�‡ �5 �d�Ÿ�Z�H�•�`�]�c�`�e�G���V �d�G�p�L�•�L
�‡ �7�•�e�T�e�H�V�C�e�L���½5 �:

�:�e�L�J�G�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�4�e�V�H�V�Z�;�Z �d�G�7�•�eInsulation Resistance ��500 Vdc. �±5000 Vdc. ��

�’ H.V. �±L.V. 

�’ H.V. �±Ground

�’ L.V. �±Ground

�J�|�e�4�e�V�Z�d�G�7�•�e�7�Z�e�T�H �–�e�L�J�e�L�<�L�Z�L�o�N�v �L�o�Z�X�e���� �L�e�J�h

�:�e�L�J�G�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�H�V�Z�;�Z �d�G�7�•�e�7�Z�e�T
�H�–�e�L�J�e�L�5�`�:�5�G�X�Z�G
�J �d�Ÿ�:�p�V�:�]�l�:�±�p�V�:�H�|�w�e

�o�N�v �L�4�e�V�Z �d�G�7�Z�e�T�H�–�e�L�J�e�L�5�`�:

�5�G�X�Z�G�p�H�•�X�c�5�G���o�Q�j�w�`

�o�N�V�h�U�M�o�J�h�U�M�7�•�e�J�h�w�Z �d�G�s�G�–�V�c�^�Z�•�e�:

�o�R�]�Z�•�e�T�h�5�G�X�Z�G�r�G�O�g�G�N�4�H�g

�^�V�j�`�s�T�•��

Winding resistance test

�:�e�L�J�G�]�`�M���p�4�–�s�5���>�•�`�T���M�|�e�V�k�:�V �d�4�\�e
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�H�e�V�e�:
�H�V�Z�;�]�`�M�o�Q�j�w�`

�M�|�e�V�k�:�V �d�4�\�e
�^�T�–�`�p�N�X�:
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�H�e�V�e�:
�H�V�Z�;�]�`�M

�o�Q�j�w�`
�M�|�e�V�k�:�V �d�4�\�e
�^�T�–�`�p�N�X�:
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�H�e�V�e�:�H�V�Z�;�]�`�M�o�Q�j�w�`�M�|�e�V�k�:�V �d�4�\�e�^�T�–�`�p�N�X�:
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�’ �M�V�g�\�d�J���o�;�V�g�@�=�d�U�^�T �–�`�p�N�X�:�s�R�R�–�e���;�|�e�4�d�G

�’ �M�V�g�\�d�J���o�`���>�e�U���o�J�7�q�L�q�X�U�h���;�|�e�4�d�G

�’ �M�V�g�\�d�J���>�h�>�h���^�T �–�`�p�N�X�:�s�R�R�–�e �;�|�e�4�d�G

�’ �M�V�g�\�d�J���o�`�M�h�M�h �;�|�e�4�d�G

SPECIAL THANKS
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