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ELECTRICAL SYSTEM FROM UP-STEAM TO DOWN STREAM PATHS
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Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�T�e�H�V�C�e�L�J�h�w�o�4�h�w�U�Z�5�–�`�:: Old IEC 60439 , NEW IEC 61439 , IEC 62271

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

�p�O�:�]�Z�g�H�=�™�s�R�R�– �e�p�V�:�G �d�L�N�e�L�4�X�e�:���p�X�c���p�V�:�H�|�w�e����MV & LV Switch Board )

�H�l�–�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �eElectrical Switch Board
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1. �H�e�T�4�e�V�H�g�G�H �d�Ÿ�:����Installation)

2. �T�e�H�V�C�e�L�4�e�V�J�G�]�`�M����Testing Standard)

3. �X �d�4�\�F�c�S�e�U�L�`�4����External Design)

4. �H�e�T�V�c�G �d�M�p�V�:�G �d�L��(Level Voltage)

�H�l�–�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�p�M�M�H�•�e�:�u

5. �H�e�T�4�e�V�p�M�•�:�4 �d�Ÿ�L�p�X�c�=�L�g�G�5�`�:�<�L�Z�L��(Insulator)
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1. �4�e�V�H�g�G�H �d�Ÿ�:����Installation)

1.1 �Q�j�Ÿ�L�J�h�w�4�e�V�H�g�G�H �d�Ÿ�:����Area)

- �˜�·�—�˜�´�Ê�Š�£�µ�¥�Ä�œ�°�µ�‡�µ�¦Indoor 

- �˜�·�—�˜�´�Ê�Š�£�µ�¥�œ�°�„�°�µ�‡�µ�¦Outdoor

- � �̃¼�o�Å�¢�¢�o�µ�Â�•�•�˜�·�—�˜�´�Ê�Š�ž�¦�³�‹�Î�µ�„�´�•�š�¸�É��(Stationary Type)

- � �̃¼�o�Å�¢�¢�o�µ�Â�•�•�Á�‡�¨�º�É�°�œ�š�¸�É��(Movable  Type)

1.2 �X �d�4�\�F�c�4�e�V�H�g�G�H �d�Ÿ�:����Type)

1.3 �V�l�N�p�M�M�4�e�V�H�g�G�H �d�Ÿ�:��(Place)

- �Â�•�•�˜�´�Ê�Š�¡�º�Ê�œ��Floor Standing)

- �Â�•�•�˜�·�—�Ÿ�œ�´�Š��Wall Mount)

- �Â�•�•�˜�·�—�Á�¡�—�µ�œ��Ceiling Mount)

�H�e�T�4�e�V�H�g�G�H �d�Ÿ�:����Installation)
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2. �T�e�H�V�C�e�L�4�e�V�J�G�]�`�M����Testing Standard)

2.1 Old IEC 60439-1

- �„�µ�¦�š�—�­�°�•�˜�µ�¤�¨�´�„�¬�–�³�Â�•�•�•�µ�Š�­�n�ª�œ������PTTA :Partial Type Test Assembly)

2.3 New IEC 61439

2.2 TIS 1436 - 2540

Low Voltage Switch Boards
Type-Tested Licensed By
IEC 60439 -1 (LV) / IEC 61439 -2

- �„�µ�¦�š�—�­�°�•�˜�µ�¤�¨�´�„�¬�–�³�Â�•�•�Á�Œ�¡�µ�³����TTA : Type Test Assembly)

�H�e�T�T�e�H�V�C�e�L�4�e�V�J�G�]�`�M����Testing Standard)
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�o�L�j�Ÿ�`�^�e�5�`�:��IEC 60439 -1 �o�L�j�Ÿ�`�^�e�5�`�:��IEC 61439 -1
�������J�d�w�Z�s�N����General) �������5�`�M�5�•�e�U����Scope)

�������4�A�o�4�F�D�™�J�h�w�` �–�e�:�`�g�:����Normative references)

�������M�J�L�g�U�e�T����Definitions)
�������7�|�e�;�|�e�4�d�G�7�Z�e�T�p�X�c�M�J�L�g�U�e�T����Terms and definitions)

�������] �d�@�X�d�4�\�F�™�p�X�c�7�|�e�U�•�`����Symbols and abbreviations)

�������4�e�V�;�|�e�p�L�4�N�V�c�o�S�J�5�`�:�H�l �–�s�R�R�–�e����Classification of
ASSEMBLIES)

�`�U�l�•�^�d�Z�5 �–�`�U�•�`�U����������

�����7�k�F�X�d�4�\�F�c�J�e�:�s�R�R�–�e�5�`�:�H�l �–�s�R�R�–�e����Electrical characteristicsof
ASSEMBLIES)

�����7�k�F�X�d�4�\�F�c�J�e�:�s�R�R�–�e����Interface characteristics)

�����5 �–�`�T�l�X�J�h�w�r�^ �–�o�4�h�w�U�Z�4�d�M�H�l �–�s�R�R�–�e����Information to be given reg arding 
the
ASSEMBLY)

�����5 �–�`�T�l�X����Information)

�����]�S�e�Z�c�4�e�V�r�=�–�:�e�L����Service conditions) �����]�S�e�Z�c�4�e�V�r�=�–�:�e�L����Service conditions)

�����4�e�V�`�`�4�p�M�M�p�X�c�4�e�V�]�V �–�e�:����Design and construction)
�����5 �–�`�4�|�e�^�L�G�4�e�V�]�V �–�e�:����Construction requirements)

�����5 �–�`�4�|�e�^�L�G�N�V�c�]�g�J�K�g�S�e�Q�4�e�V�J�|�e�:�e�L����Performance
requirement)

�������5 �–�`�4�|�e�^�L�G�4�e�V�J�G�]�`�M����Test specifications) �4�e�V�J�G�]�`�M�o�<�Q�e�c
�p�M�M����Type tests)�p�X�c�4�e�V�J�G�]�`�M�N�V�c�;�|�e(Routine tests)

1�������4�e�V�H�V�Z�;�]�`�M�4�e�V�`�`�4�p�M�M��(Design verification)

���� �����4�e�V�H�V�Z�;�]�`�M�N�V�c�;�|�e��(Routine verification)

�q�7�V�:�]�V�–�e�:�o�L�j�Ÿ�`�^�e�T�e�H�V�C�e�L�<�M �d�M�o�4�•�e�p�X�c�r�^�T�•



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 9



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

Type testType testMechanical operation6

Type testType testClearance and
Creepage distance 

5

Test or insulation resistance Type testDielectric properties 2

Test or extrapolation from similar 
type tested arrangements 

Type testShort-Circuit 
withstand strength

3

Test or appropriate design 
and arrangement 

Type testShort �±circuit 
withstand of the 
protection circuit

4

Type testType testDegree of protection7

Test or extrapolationType testTemp rise limits1

PTTA
(Partially Type Tested Assembly)

TTA
(Type Tested Assembly)

Characteristics 
to be checked

No.

�•�š�­�¦�»�ž�„�µ�¦�š�—�­�°�•�˜�µ�¤�¤�µ�˜�¦�“�µ�œIEC60439 -1 �Á�—�·�¤
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Test-Insulation 
resistance

11

Dielectric testDielectric testInsulation9

Checking of protection 
measurement

Checking of protection and the 
electrical continuity of the protection 
circuits

Protection 
measurement

10

Inspection  if necessary electrical 
operation test

Inspection  if necessary electrical 
operation test

Wiring electrical 
operation

8

PTTA
(Partially Type Tested Assembly)

TTA
(Type Tested Assembly)

Characteristic to 
be checked

No.

�•�š�­�¦�»�ž�„�µ�¦�š�—�­�°�•�Â�•�•�ž�¦�³�‹�Î�µ�˜�µ�¤�¤�µ�˜�¦�“�µ�œIEC60439 -1 �Á�—�·�¤
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Comparison between the current and the new verification �³flow�´
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�&�R�P�S�D�U�L�V�R�Q���E�H�W�Z�H�H�Q���W�K�H���F�X�U�U�H�Q�W���D�Q�G���W�K�H���Q�H�Z���Y�H�U�L�I�L�F�D�W�L�R�Q���³�I�O�R�Z�´
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Tests described in IEC 61439 -1 in comparison with the type tests described in IEC 60439
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�4�e�V�J�G�]�`�M�o�<�Q�e�c�p�M�M����Type tests) �5�`�:��IEC ���������� ���� �4�e�V�H�V�Z�;�]�`�M�4�e�V�`�`�4�p�M�M��design verification) �5�`�:��IEC 61439 -1

�������5�h�G�;�|�e�4�d�G�5�`�:�`�k�F�^�S�l�T�g�J�h�w�o�Q�g�w�T�5�i�x�L����Temperature-rise limits) �������5�h�G�;�|�e�4�d�G�5�`�:�`�k�F�^�S�l�T�g�J�h�w�o�Q�g�w�T�5�i�x�L����Temperature-rise limits)

�������7�k�F�]�T�M�d�H�g�s�G�`�g�o�X�v�4�J�V�g�4��Dielectric properties) �������7�k�F�]�T�M�d�H�g�s�G�`�g�o�X�v�4�J�V�g�4��Dielectric properties)

�����7�Z�e�T�J�L�4�e�V�X�d�G�Z�:�;�V����Short-circuit withstand strength) �����7�Z�e�T�J�L�4�e�V�X�d�G�Z�:�;�V����Short-circuit withstand strength)

�����N�V�c�]�g�J�K�g�O�X�5�`�:�Z�:�;�V�N�–�`�:�4�d�L����Effectiveness of the protective 
circuit)

4���4�e�V�N�–�`�:�4�d�L�s�R�R�–�e�=�v�`�H�p�X�c�7�Z�e�T�]�T�M�l�V�F�™�5�`�:�Z�:�;�V�N�–�`�:�4�d�L����Protection against electric
shock and integrity of protective circuits)

�����V�c�U�c�^�•�e�:�r�L�`�e�4�e�[�p�X�c�V�c�U�c�^�•�e�:�H�e�T�O�g�Z�<�L�Z�L����Clearances and 
creepage distances)

�����V�c�U�c�^�•�e�:�r�L�`�e�4�e�[�p�X�c�V�c�U�c�^�•�e�:�H�e�T�O�g�Z�<�L�Z�L����Clearances and creepage distances)

�����4�e�V�N�B�g�M�d�H�g�:�e�L�J�e�:�4�X����Mechanical operation) �����4�e�V�N�B�g�M�d�H�g�:�e�L�J�e�:�4�X����Mechanical operation)

�����V�c�G�d�M�=�d�x�L�4�e�V�N�–�`�:�4�d�L��(Degree of protection) �����V�c�G�d�M�=�d�x�L�4�e�V�N�–�`�:�4�d�L�5�`�:�]�g�w�:�N�g�G�^�k �–�T��(Degree of protection of enclosures)

�] �•�Z�L�J�h�w�o�Q�g�w�T�p�X�c�=�h�x�Z�d�G

�������7�Z�e�T�7�:�J�L�5�`�:�Z�d�]�G�k�p�X�c�=�g�x�L�]�•�Z�L�N�V�c�4�`�M����Strength of material and parts)

9. �4�e�V�V�Z�T�4�d�L�5�`�:�`�k�N�4�V�F�™�]�Z�g�H�=�™�p�X�c�]�•�Z�L�N�V�c�4�`�M����Incorporation of switching devices 
and components)

10. �Z�:�;�V�s�R�R�–�e�S�e�U�r�L�p�X�c�4�e�V�o�=�j�w�`�T�H�•�`����Internal electrical circuits and connections)

11. �5�d�x�Z�H�•�`�]�|�e�^�V�d�M�H�d�Z�L�|�e�S�e�U�L�`�4��Terminals for external conductors)

12. �7�Z�e�T�o�5 �–�e�4�d�L�s�G �–�J�e�:�p�T�•�o�^�X�v�4�s�R�R�–�e����Electromagnetic compatibility; EMC)

�o�N�V�h�U�M�o�J�h�U�M�^ �d�Z�5�–�`�4�e�V�H�V�Z�;�]�`�M�H�l�–�s�R�R�– �e
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Summary table with the main changes 
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Flow chart to establish how to verify the temperatu re rise 
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�{ New structure with general rules and specific part for each type of assembly 
to make revision easier

�± Part 1 is a collection of requirements �±not an assembly standard 
�‡ All assemblies should specified as being in accordance with one   of the Parts 2 to 6 

inclusive
�± Possibility to extend 61439-X series for new type of assemblies

Busbar 
trunkings
61439 -6

Distribution
boards
61439 -3

Assemblies for 
construction sites
61439 -4

Assemblies for
public networks 
61439 -5

IEC 61439 -X 
LV switchgear 
& controlgear
Assemblies

General rules + Power switchgear and controlgear asse mblies
60439 -1

Current 
IEC 60439-X 
LV switchgear 
& controlgear
Assemblies 

General rules  
IEC 61439 -1 (2009 )

Power switchgear and
control gear assemblies 
61439 -2

Busbar
trunkings
60439 -2

Distribution 
boards
60439 -3

Assemblies for
construction sites 
60439 -4

Assemblies for
public networks 
60439 -5

�T�e�H�V�C�e�L�4�e�V�J�G�]�`�M�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�H�e�T�T�e�H�V�C�e�LIEC 61439-2

�˜�µ�¦�µ�Š�­�¦�»�ž�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�Á�¨�…�š�¸�É�¤�µ�˜�¦�“�µ�œIEC �Ä�®�¤�n���„�´�•��IEC �Á�„�n�µ

21
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IEC 61439 architecture Replaced Standards

22
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�®�¨�´�„�„�µ�¦�¡�º�Ê�œ�“�µ�œ�­�Î�µ�®�¦�´�•Design verification

�‡ �Ã�¦�Š�Š�µ�œ�Ÿ�¼�o�Ÿ�·�˜�˜�o�°�Š�ž�’�·�•�´�˜�·�˜�µ�¤�…�o�°�„�Î�µ�®�œ�—���Â�¨�³�Á�¨�º�°�„�…�´�Ê�œ�˜�°�œ�„�¦�¦�¤�ª�·�›�¸�Ä�œ�„�µ�¦�¦�´�•�¦�°�Š�˜�µ�¤�¤�µ�˜�¦�“�µ�œ�š�¸�É�„�Î�µ�®�œ�—�Ä�œ���� �ª�·�›�¸�œ�¸�Ê

�±Test: �Ã�—�¥�„�µ�¦�š�—�­�°�•�‡�º�°�ª�·�›�¸�„�µ�¦�š�¸�É�—�¸�š�¸�É�­�»�—�Â�¨�³�‹�Î�µ�Á�ž�È�œ�˜�o�°�Š�ž�’�·�•�´�˜�·�„�n�°�œ�ª�·�›�¸�°�º�É�œ
�±Calculation: �ª�·�›�¸�„�µ�¦�‡�Î�µ�œ�ª�–�˜�o�°�Š�Å�—�o�¤�µ�‹�µ�„�„�µ�¦�š�—�­�°�•�„�n�°�œ���Ã�—�¥�Ÿ�¨�š�¸�É�Å�—�o�‹�µ�„�„�µ�¦�š�—�­�°�•�‹�³�™�¼�„�‡�ª�•�‡�»�¤�°�¥�n�µ�Š

�Á�‡�¦�n�Š�‡�¦�´�—���„�µ�¦�œ�Î�µ�Ä�•�o�Š�µ�œ�‹�³�™�¼�„�‹�Î�µ�„�´�—���Á�Œ�¡�µ�³�•�µ�Š�­�n�ª�œ�…�°�Š�¡�·�„�´�—�Á�š�n�µ�œ�´�Ê�œ���¦�ª�¤�™�¹�Š�¦�³�—�´�•�Á�¡�º�É�°�‡�ª�µ�¤�ž�¨�°�—�£�´�¥

�±Design rules: �„�‘�„�µ�¦�°�°�„�Â�•�•���­�n�ª�œ�š�¸�É�¤�¸�„�µ�¦�Á�•�¸�É�¥�Š�Á�•�œ�‹�µ�„�„�µ�¦�„�Î�µ�®�œ�—�‡�n�µ���˜�o�°�Š�°�o�µ�Š�°�·�Š�‹�µ�„�ª�·�›�¸�‹�µ�„�Ÿ�¨�„�µ�¦�š�—�­�°�•��
�Â�¨�³�˜�o�°�Š�¤�¸�„�µ�¦�¨�—�š�°�œ�š�´�Ê�Š�„�¦�³�Â�­���˜�´�ª�œ�Î�µ�Â�¨�³�°�º�É�œ�Ç���¦�ª�¤�™�¹�Š�‡�ª�µ�¤�ž�¨�°�—�£�´�¥��

Design
verification

Test

Calculation

Design rules

23
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Overview Allowed Test methods 
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Design Verification

�‡ The twelve design verification characteristics are split down into two 
main areas, that of �µconstruction�¶��and �µperformance�¶��
�‡ Construction

�‡ Strength of materials and parts 
�‡ Degree of protection of enclosures 
�‡ Clearances and creepage distances
�‡ Protection against electric shock 

and integrity of protective circuits
�‡ Incorporation of switching devices and components
�‡ Internal electrical circuits and connections
�‡ Terminals for external conductors

�M�J�]�V�k�N�4�e�V�J�G�]�`�M�T�e�H�V�C�e�LIEC ���������� �������r�^�T�•
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Design Verification

�‡ Performance

�‡ Dielectric properties

�‡ Temperature rise

�‡ Short-circuit withstand strength

�‡ Electromagnetic compatibility

�‡ Mechanical operation
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Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

Summary New IEC ���������� ������Design verification replaces TTA and PTTA categories: 
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Description Verification Verification options available

Characteristic to be verified By testing By calculation By d esign rules

10.2 ) �4�e�V�J�G�]�`�M�7�Z�e�T�p�5�v�:�p�V�:�5�`�:�Z �d�]�G�k�p�X�c�=�g�Ÿ�L�]�•�Z�L�J�h�w
�r�=�–��(Strength of materials and parts)

YES NO NO

10.3 ) �4�e�V�H�V�Z�;�]�`�M�V�c�G �d�M�4�e�V�N�– �`�:�4 �d�L��(IP Degree of 
protection of enclosures)

YES NO YES

10.4 ) �4�e�V�J�G�]�`�M�V�c�U�c�^�•�e�:�H �d�Z�L�|�e�r�L�`�e�4�e�[�p�X�c
�V�c�U�c�^�•�e�:�H�e�T�O�g�Z�<�L�Z�L��(Clearances and creep age 
distances)

YES YES YES

10.5 ) �4�e�V�J�G�]�`�M�N�V�c�]�g�J�K�g�S�e�Q�5�`�:�Z�:�;�V�N�– �`�:�4 �d�L
�J�e�:�G�–�e�L�s�R�R�– �e��(Protection against electric shock 
and integrity of protective circuits)

YES NO NO

10.6 ) �4�e�V�J�G�]�`�M�4�e�V�J�|�e�:�e�L�5�`�:�]�Z�g�H�>�™�p�X�c�`�k�N�4�V�F�™
�`�j�w�L�u��(Incorporation of switching devices and 
components)

NO NO YES

�•�š�­�¦�»�ž�„�µ�¦�š�—�­�°�•�¤�µ�˜�¦�“�µ�œIEC ���������� ���� �Ä�®�¤�n
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Description Verification Verification options available

Characteristic to be verified By testing By calculation By design rules

10.7) �4�e�V�J�G�]�`�M�Z�:�;�V�Z�:�;�V�s�R�R�– �e�p�X�c�;�k�G�o�=�j�w�`�T�H�•�`�H�•�e�:���u
(Internal electrical circuits and connections)

NO NO YES

10.9) �4�e�V�J�G�]�`�M�7�k�F�]�T�M �d�H�g�5�`�:�7�•�e�7�Z�e�T�o�N�v �L�<�L�Z�L��
(Dielectric properties)

YES NO NO

10.10) �4�e�V�J�G�]�`�M�5�h�G�;�|�e�4 �d�G�5�`�:�`�k�F�S�l�T�g�o�Q�g�w�T��
(Temperature rise)

YES YES YES

10.11) �4�e�V�J�G�]�`�M�7�Z�e�T�J�L�J�e�L�H�•�`�4�V�c�p�]�X �d�G�Z�:�;�V��
(Short-circuit withstand strength)

YES YES YES

10.12) �4�e�V�J�G�]�`�M�7�Z�e�T�o�5�–�e�4 �d�L�s�G�–�5�`�:�]�L�e�T�p�T�•�o�^�X�v�4
�s�R�R�– �e��(Electromagnetic compatibility)

YES NO YES

10.13) �4�e�V�J�G�]�`�M�V�c�G �d�M�4�e�V�r�=�–�:�e�L�J�e�:�4�X��
(Mechanical operation)

YES NO NO

�•�š�­�¦�»�ž�„�µ�¦�š�—�­�°�•�¤�µ�˜�¦�“�µ�œIEC ���������� ���� �Ä�®�¤�n
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Test n o10
(10 -11 ) : �4�e�V�J�G�]�`�M�7�Z�e�T�J�L�J�e�L�H�•�`�4�V�c�p�]�X �d�G�Z�:�;�V��
(Short-circuit withstand strength)

Verification by design rules: Table 13-Check List

�^�T�e�U�o�X�5 �] �g�w�:�J�h�w�H�–�`�:�Q�g�;�e�V�F�e �r�=�• �s�T�•

1
�7�Z�e�T�]�e�T�e�V�I�r�L�4�e�V�J�L�J�e�L�H�•�`�4�e�V�X �d�G�Z�:�;�V�5�`�:Assembly �J�h�w
�r�=�–���L�–�`�U�4�Z�•�e�^�V�j�`�o�J�•�e�4 �d�M�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•

2
�5�L�e�G�Q�j�Ÿ�L�J�h�w�^�L�–�e�H �d�G�5�`�:�M �d�]�M�e�V�™�p�X�c�;�k�G�o�=�j�w�`�T�H�•�`�H�•�e�:�u�r�L�Z�:�;�V
�5�`�:��Assembly �J�h�w�r�=�–���T�e�4�4�Z�•�e�^�V�j�`�o�J�•�e�4 �d�M�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•

3
�Q�j�Ÿ�L�J�h�w�5�`�:�M �d�]�M�e�V�™�p�X�c�;�k�G�o�=�j�w�`�T�H�•�`�H�•�e�:�u���r�L�Z�:�;�V�5�`�:��
Assembly �J�h�w�r�=�–���T�e�4�4�Z�•�e�^�V�j�`�o�J�•�e�4 �d�M�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•

4
�=�L�g�G�5�`�:�M �d�]�M�e�V�™�>�d�Q�Q�`�V�™�H�J�h�w�r�=�–�] �|�e�^�V �d�M��Assembly �o�N�v �L�N�V�c�o�S�J
�o�G�h�U�Z�4 �d�L���V�l�N�V�•�e�:�o�^�T�j�`�L�4 �d�L�����Z �d�]�G�k�o�G�h�U�Z�4 �d�L�����T�h�V�c�U�c�^�•�e�:�J�h�w�o�J�•�e�4 �d�L
�^�V�j�`�L�–�`�U�4�Z�•�e�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•

5
�Z �d�]�G�k�J�h�w�r�=�–�p�X�c�7�k�F�]�T�M �d�H�g�5�`�:�]�j�w�`�L�|�e�s�R�R�– �e�J�h�w�r�=�–�r�L�p�H�•�X�c�Z�:�;�V�5�`�:
Assembly �J�h�w�r�=�–�����o�N�v �L�N�V�c�o�S�J�o�G�h�U�Z�4 �d�M�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•
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6

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

7
�7�Z�e�T�U�e�Z�5�`�:�]�j�w�`�L�|�e�s�R�R�– �e�J�h�w�s�R�s�^�X�O�•�e�L�N�V�c�o�S�J�s�T�•�T�h�]�g�w�:�N�– �`�:�4 �d�L
�H�e�T�5�–�`�M �d�:�7 �d�M�o�X�5�J�h�w��8.6.4 �r�L�p�H�•�X�c�Z�:�;�V�5�`�:��Assembly �J�h�w�r�=�–���T�h
�7�Z�e�T�U�e�Z�L�–�`�U�4�Z�•�e�^�V�j�`�o�J�•�e�4 �d�M�H �d�Z�J�h�w�o�N�v �L�H�–�L�p�M�M�^�V�j�`�s�T�•

8
Assembly �J�h�w�N�V�c�4�`�MEnclosure ���] �•�Z�L�N�g �G�J�h�w�T�h�s�R�s�^�X�����o�N�v �L
�V�l�N�p�M�M�o�G�h�U�Z�4 �d�M��Assembly �H�–�L�p�M�M�J�h�w�O�•�e�L�4�e�V�J�G�]�`�M�^�V�j�`�s�T�•

9
Enclosure �J�h�w�N�V�c�4�`�M�r�L��Assembly �T�h�V�l�N�p�M�M�o�G�h�U�Z�4 �d�L���N�V�c�o�S�J
�o�G�h�U�Z�4 �d�L�p�X�c�T�h�5�L�e�G�o�G�h�U�Z�4 �d�L�4 �d�M�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•

10
Partition ���] �•�Z�L�4 �d�Ÿ�L�� �r�L�Z�:�;�V�5�`�:��Assembly �J�h�w�r�=�–���T�h�4�e�V�`�`�4�p�M�M
�J�e�:�4�e�U�S�e�Q���o�^�T�j�`�L�4 �d�L�p�X�c�T�h�5�L�e�G�o�G�h�U�Z�4 �d�L�4 �d�M�H �d�Z�H�–�L�p�M�M�^�V�j�`�s�T�•

��� �́r�=�•�´���] �|�e�^�V �d�M�4�V�F�h�J�h�w�;�|�e�o�N�v �L�±�s�T�•�T�h�4�e�V�H�V�Z�;�]�`�M�`�j�w�L���u���o�Q�g�w�T
�³�s�T�•�r�=�•�´���] �|�e�^�V �d�M�4�V�F�h�J�h�w�;�|�e�o�N�v �L���±�;�|�e�o�N�v �L�H�–�`�:�T�h�4�e�V�H�V�Z�;�]�`�M�`�j�w�L���u���o�Q�g�w�T

�`�k�N�4�V�F�™�N�– �`�:�4 �d�L�s�R�R�– �e�X �d�G�Z�:�;�V�5�`�:�q�V�:�:�e�L�o�G�h�U�Z�4 �d�L�p�H�•�7�L�X�c�=�k�G�`�e�;�;�c�s�G�–�V �d�M�4�e�V�Q�g�;�e�V�F�e�I�–�e�T�h
�7�k�F�]�T�M �d�H�g�o�J�h�U�M�o�J�•�e�^�V�j�`�G�h�4�Z�•�e�r�L�J�k�4�u���o�V�j�w�`�:���o�=�•�L���7�k�F�X �d�4�\�F�c�Q�g�o�[�\��Breaking Capacity 
�p�X�c���V�c�U�c�` �d�L�H�V�e�U

�^�T�e�U�o�X�5 �] �g�w�:�J�h�w�H�–�`�:�Q�g�;�e�V�F�e �r�=�• �s�T�•
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�•�š�­�¦�»�ž�„�µ�¦�š�—�­�°�•�Â�•�•�ž�¦�³�‹�Î�µ�˜�µ�¤�¤�µ�˜�¦�“�µ�œIEC61439 -2 �Ä�®�¤�n
No. Characteristic to be checked Construction Performance

1 Degree of protection of enclosures

�� Clearances and creepage distances

�� Protection against electric shock and
integrity of protective circuits

�� Incorporation of built ��in components

�� Internal electrical circuits and connections

�� Terminals for external conductors

�� Mechanical operation

8 Dielectric properties

9 Wiring, operational performance and function
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3. �X �d�4�\�F�c�S�e�U�L�`�4����External Design)

3.1 �p�O�:�]�Z�g�H�=�™�M�`�V�™�G�p�M�M�S�e�U�L�`�4����External Design Assembly)

3.2 �p�O�:�]�Z�g�H�=�™�M�`�V�™�G�p�M�M�o�N�g �G����Open Type)

4.3 �p�O�:�]�Z�g�H�=�™�M�`�V�™�G�p�M�M�G�–�e�L�^�L�–�e�N�g �G�H�e�U����Dead Front Type)

4.4 �p�O�:�]�Z�g�H�=�™�M�`�V�™�G�p�M�M�q�7�V�:�^�•�`�^�k�–�T����Enclosed Type)

- �p�M�M�H�l�–�o�G�h�w�U�Z����Cubicle Type)

- �p�M�M�H�l�–�=�k�G����Multi Cubicle Type)

- �p�M�M�q�H�—�c����Desk Type)

- �p�M�M�4�X�•�`�:����Box Type)

- �p�M�M�4�X�•�`�:�=�k�G����Multi Box Type)

�˜�µ�¤�¨�´�„�¬�–�³�£�µ�¥�œ�°�„����External Design)
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4. �H�e�T�V�c�G �d�M�p�V�:�G �d�L��(Level Voltage)

�M�V�g�S�d�F�D�™�s�R�R�– �e�J�h�w�`�`�4�p�M�M�r�=�–�S�e�U�r�L�`�e�7�e�V�;�c�p�M�•�:�`�`�4�s�G �–�H�e�T�V�c�G�d�M�Q�g�4�d�G�5�`�:
�p�V�:�G�d�L�s�R�R�–�e�>�i�w�:�N�V�c�4�`�M�G �–�Z�U

2. �•�¦�·�£�´�–�”�r�Å�¢�¢�o�µ�Â�¦�Š�—�´�œ�ž�µ�œ�„�¨�µ�Š��(Medium Voltage Equipment)

3. �•�¦�·�£�´�–�”�r�Å�¢�¢�o�µ�Â�¦�Š�—�´�œ�˜�Î�É�µ��(Low �±Voltage Equipment)

�¡�·�„�´�—�Â�¦�Š�—�´�œ�Å�¢�¢�o�µ�˜�´�Ê�Š�Â� �̃n��1 ~ 52 kV

�¡�·�„�´�—�Â�¦�Š�—�´�œ�Å�¢�¢�o�µ�˜�Î�É�µ�„�ª�n�µ��1000 V

1. �•�¦�·�£�´�–�”�r�Å�¢�¢�o�µ�Â�¦�Š�—�´�œ�­�¼�Š��(High �±Voltage Equipment)

�¡�·�„�´�—�Â�¦�Š�—�´�œ�Å�¢�¢�o�µ�¤�µ�„�„�ª�n�µ��52 kV �…�¹�Ê�œ�Å�ž

�˜�µ�¤�¨�´�„�¬�–�³�…�°�Š�Â�¦�Š�—�´�œ��(Level Voltage)
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1. �`�k�N�4�V�F�™�H �d�G�H�•�`����Switching Device)

2. �`�k�N�4�V�F�™�7�Z�M�7�k�T����Control Device)

3. �`�k�N�4�V�F�™�]�•�:�] �d�@�@�e�F����Signaling Equipment)

4. �`�k�N�4�V�F�™�N�– �`�:�4 �d�L����Protection equipment )

5. �`�k�N�4�V�F�™�N�V �d�M�o�N�X�h�w�U�L�p�V�:�G �d�L���4�V�c�p�]����Regulating Equipment )

6. �M �d�]�M�e�V�™�p�X�c�H �d�Z�V�`�:�V �d�M�M �d�]�M�e�V�™����Bus bar & Bus bar Support)

7. �H�l�–�^�V�j�`�o�7�V�j�w�`�:�^�•�`�^�k�–�T����Cabinet)

8. �] �•�Z�L�N�V�c�4�`�M�`�j�w�L�u������Accessories)

�H�e�T�T�e�H�V�C�e�LIEC61439 -1 �^�V�j�`���T�`�4���������� ���������� �Z�]�J.2001 : IEC 61439 -2

�­�n�ª�œ�ž�¦�³�„�°�•�…�°�Š�­�ª�·�˜�•�r�•�°�¦�r�—��(Component )
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1. �`�k�N�4�V�F�™�H �d�G�H�•�`����Switching Device)

2. �`�k�N�4�V�F�™�7�Z�M�7�k�T����Control Device)

3. �`�k�N�4�V�F�™�]�•�:�] �d�@�@�e�F����Signaling Equipment)

1 2
3

4. �`�k�N�4�V�F�™�N�– �`�:�4 �d�L����Protection equipment )

4

�­�n�ª�œ�ž�¦�³�„�°�•�…�°�Š�­�ª�·�˜�•�r�•�°�¦�r�—��(Component)
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5. �`�k�N�4�V�F�™�N�V �d�M�o�N�X�h�w�U�L�p�V�:�G �d�L���4�V�c�p�]����Regulating Equipment )

5

6. �]�e�U�s�R���M �d�]�M�e�V�™���p�X�c�H �d�Z�V�`�:�V �d�M�M �d�]�M�e�V�™��
��Cable ,Bus bar & Bus bar Support)

6

7. �H�l�–�^�V�j�`�o�7�V�j�w�`�:�^�•�`�^�k�–�T����Cabinet)

7

8. �] �•�Z�L�N�V�c�4�`�M�`�j�w�L�u������Accessories)

8

�­�n�ª�œ�ž�¦�³�„�°�•�…�°�Š�­�ª�·�˜�•�r�•�°�¦�r�—��(Component)

37



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�p�X�c�5�–�`�4�|�e�^�L�G�H�e�T�T�e�H�V�C�e�L�H�•�e�:�u���J�h�w�o�4�h�w�U�Z�5�–�`�:

�5�–�`�4�|�e�^�L�G�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�H�e�T�T�e�H�V�C�e�L�H�•�e�:�u���J�h�w�o�4�h�w�U�Z�5�–�`�:

�5�–�`�4�|�e�^�L�G�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�J �d�w�Z�s�N

�5�–�`�4�|�e�^�L�G�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�H�e�T�T�e�H�V�C�e�L
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�5�–�`�4�|�e�^�L�G�]�Z�g�H�=�™�M�`�V�™�G�s�R�R�– �e�J �d�w�Z�s�N

Rated Voltage System 230/400 Volt (U0/U) /Other

Network System 3��Phase. 4-Wire

Ground Arrangement Solidly Ground / Other

Rated Frequency 50 Hz��

Rated Current 100 �±6300A (�˜�µ�¤�¦�³�•�»�Å�ª�o�Ä�œ�Â�•�•)

Rated Short Time Withstanding 50kA /1sec  :or  refer to Drawing 

Rated Peak Withstanding 183kA Peak  / other

Control Voltage ������ ����������Vac��/ other

Finished Electro galvanized / Polyester / Powder Paint Coating / other

Typical Form Separation Form 1/2/3/4( a,b)

IP : Index Protection 30/31/40/41/42/44 /54/other

Ambient Temperature 40 C /other

Temperature Rise Limited 65C/other

Standard Bus bar  Rated IEC 61439-2 / DIN 43671

Type of Switchboards IEC ���������� ��1/ ����/License/ other

Accessible Type Front acc. / Rear acc. 
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- Rated Operation Voltage : Ue
- �7�j�`�7�•�e�p�V�:�G �d�L�s�R�R�– �e�J�h�w�4�|�e�^�L�G�4�e�V�r�=�–�:�e�L�5�`�:

�Z�:�;�V�s�R�R�– �e�^�V�j�`�p�V�:�G �d�L�J�h�w�Z �d�G�J�h�w�5 �d�Ÿ�Z�5�`�:�`�k�N�4�V�F�™

�4�e�V�s�R�R�– �e�L�7�V�^�X�Z�:��MEA
�� �r�=�–�Q�g�4 �d�G�p�V�:�G �d�L�H�|�w�e�5�`�:�^�T�–�`�p�N�X�:�;�|�e�^�L�•�e�U���7�j�`

LV ; �� 30 / 400 VAC �����o�R�]�������]�e�U����MV; 12 KV,24 KV,36 kV

�4�e�V�s�R�R�– �e�]�•�Z�L�S�l�T�g�S�e�7��PEA
�� �r�=�–�Q�g�4 �d�G�p�V�:�G �d�L�H�|�w�e�5�`�:�^�T�–�`�p�N�X�:�;�|�e�^�L�•�e�U���7�j�`����

LV; ������ / 400 VAC �����o�R�]�������]�e�U��MV; 11 KV, 22 KV, 33 KV

Rated Voltage 
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Rated Insulation Voltage : Ui �7�j�`�V�c�G �d�M�p�V�:�G �d�L�]�l�:�]�k�G�J�h�w�<�L�Z�L�5�`�:�`�k�N�4�V�F�™�]�e�T�e�V�I

�J�L�s�G�–�r�L�]�S�e�Z�c�5�`�: �4�e�V�o�4�g�G�p�V�:�G �d�L�o�4�g�L(Over voltage) 

Rated 1 mn power frequency withstand voltage ( 50 Hz,1mn) �o�4�g�G�;�e�4�N�d�;�; �d�U

�S�e�U�r�L�`�k�N�4�V�F�™�o�=�•�L Transient �q�G�U�H�–�`�:�s�T�•�o�4�g�L�p�V�:�G �d�L�R�– �e�<�L�Z�L�J�h�w�4�|�e�^�L�G���J �d�Ÿ�:�L�h�Ÿ�7�•�e

�p�V�:�G �d�L�s�R�R�– �e���r�=�–�:�e�L�5�`�:�Z�:�;�V�r�G���u���H�–�`�:�]�l�:�s�T�•�o�4�g�L�������� % �5�`�:�p�V�:�G �d�L�s�R�R�– �e�<�L�Z�L�J�h�w

�4�|�e�^�L�G�p�T�–�o�Q�h�U�:�=�d�w�Z�7�V�l�•

Ui � ��1000 VAC

Ui = 690 or 750 VAC

- Rated Insulation Voltage : Ui
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�7�Z�e�T�I�h�w�J�h�w�4�|�e�^�L�G�5�`�:�H�l�–�s�R�R�– �e���^�T�e�U�I�i�:���7�•�e�7�Z�e�T�I�h�w�>�i�w�:�o�N�v �L�V�e�U�X�c�o�`�h�U�G�N�V�c�;�|�e�J�h�w�H�l�–
�`�–�e�:�`�g�:�r�L�4�e�V�4�|�e�^�L�G�S�e�Z�4�e�V�F�™�J�e�L�H�•�e�:�����q�G�U�r�^�–�I�j�`�Z�•�e�5�h�G�;�|�e�4 �d�G�`�U�l�•�J�h�w�V�–�`�U�X�c
�������±�������� �� �5�`�:�7�Z�e�T�I�h�w�J�h�w�4�|�e�^�L�G���o�=�•�L

������Hz   , 60Hz

400Hz   , And Etc.

�Q�g�4 �d�G�4�|�e�X �d�:�s�R�R�– �e����Rated Power ) ; P= watt , Q = Var , S VA

�Q�g�4 �d�G�o�Q�e�o�Z�`�V�™�p�R�7�o�H�`�V�™��Rated Power Factor )

Rated Frequency 
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1 �Q�g�4 �d�G�4�V�c�p�]�r�=�–�:�e�L��
��In; Rated Normal Current)

4 �Q�g�4 �d�G�4�V�c�G �d�M�4�V�c�p�]�X �d�G�Z�:�;�V�]�l�:�]�k�G�J�h�w �`�k�N�4�V�F�™�]�e�T�e�V�I�J�L�s�G�–�r�L�=�•�Z�:�V�c�U�c�o�Z�X�e�^�L�i�w�:��Icw
�±Rated short-time withstand current: kA rms./s.)

5 �Q�g�4 �d�G�4�V�c�p�]�X �d�G�Z�:�;�V�]�l�:�]�k�G��
��Ipk; Rated Peak Short Circuit Current)

6 �Q�g�4 �d�G�4�V�c�p�]�X�G�Z�:�;�V�]�|�e�^�V �d�M�R�g �Z�]�™��
��Icf; Rated Fuse Short Circuit Current)

2 �Q�g�4 �d�G�4�V�c�p�]�4�V�c�p�]�X �d�G�Z�:�;�V
��Icu �±Rated Ultimate short ��circuit breaking capacity: kA rms.)

3 �Q�g�4 �d�G�4�V�c�p�]�4�V�c�p�]�X �d�G�Z�:�;�V
��Ics �±Rated service short-circuit breaking capacity: kA rm s.)

Rated Current
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- Rated Diversity Factor
�H �d�Z�N�V�c�4�`�M�s�G�o�Z�`�V�™�>�g�H�h�Ÿ�p�R�7�o�H�`�V�™���5�`�:�H�l�–�s�R�R�– �e�^�V�j�`�H�l�–�s�R�R�– �e�J�h�w�T�h�Z�:�;�V�^�X �d�4�^�X�e�U�Z�:�;�V��
�^�T�e�U�I�i�:�` �d�H�V�e�]�•�Z�L�V�c�^�Z�•�e�:�O�X�V�Z�T�]�l�:�]�k�G�5�`�:�4�V�c�p�]�s�R�R�– �e�J�h�w�7�e�G�s�Z�–�r�L�Z�:�;�V�^�X �d�4�4�d�M�O�6�V�Z�T
�5�`�:�4�V�c�p�]�R�– �e�J�h�w�4�|�e�^�L�G�5�`�:�Z�:�;�V�^�X �d�4�J �d�Ÿ�:�^�T�G�r�L�H�l�–�q�G�U�H�–�`�:�L�|�e�7�•�e�L�h�Ÿ�T�e�r�=�–�] �|�e�^�V �d�M�4�e�V�J�G�]�M
�4�e�V�o�Q�g�w�T�5�i�Ÿ�L�5�`�:�`�k�F�^�S�l�T�g�G�–�Z�U��( Temperature Rise Limited)

�‹�Î�µ�œ�ª�œ�ª�Š�‹�¦�®�¨�´�„�˜�´�ª�ž�¦�³�„�°�•�Å�—�Á�ª�°�¦�r�Ž�·�˜�¸�Ê

������and 3 0.9

4 and 5 0.8

6 to 9 0.7

Up to 10 0.6
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�¤�µ�˜�¦�“�µ�œ�Â�Ÿ�Š�Á�¤�œ�­�ª�·�š�Ž�r�Â�¦�Š�˜�Î�É�µ
LOW VOLTAGE MAIN SWITCH BOARD STANDARD

46



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 47



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 48



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 49



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 50



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 51



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen 52



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )

Form 1

�‡ �˜�¼�oFORM�œ�¸�Ê�Á�®�¤�µ�³�„�´�•�Š�µ�œ�‡�ª�•�‡�»�¤�Ã�®�¨�—�Á�Œ�¡�µ�³�‹�»�—���Á�•�n�œ��load center, 
consumer unit, panel board, etc.

�‡ �„�¦�–�¸�Á�„�·�—Fault �…�¹�Ê�œ�°�µ�‹�‹�³�Å�—�o�¦� �́•�‡�ª�µ�¤�Á�­�¸�¥�š�´�Ê�Š�®�¤�—
�‡ �˜�o�°�Š�Ä�•�o�Á�ª�¨�µ�Ä�œ�„�µ�¦�Ž�n�°�¤�œ�µ�œ�®�¦�º�°�Á�ž�¨�¸�É�¥�œ�Ä�®�¤�n�š�´�Ê�Š�®�¤�—

�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�‹�³�Å�¤�n�¤�¸�„�µ�¦�„�´�Ê�œ�•�n�°�Š�Â�•�n�Š�Â�¥�„�•�´�­�•�µ�¦�r�°�°�„�‹�µ�„�°�»�ž�„�¦�–�r�Â�¨�³�…�´�Ê�ª�˜�n�°
�­�µ�¥�˜�´�ª�œ�Î�µ�£�µ�¥�œ�°�„�°�°�„�‹�µ�„�„�´�œ
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Form 1
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Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�‡ �H�l�–FORM �L�h�Ÿ�o�^�T�e�c�4 �d�M�:�e�L�7�Z�M�7�k�T�q�^�X�G�o�<�Q�e�c�;�k�G�����p�X�c�o�V�g�w�T�L�|�e�T�e�N�V�c�U�k�4�H�™�r�=�–�o�N�v �L�H�l�–
MAIN DB �U�•�`�U��

�‡ �o�^�T�e�c�4 �d�M�:�e�L�`�e�7�e�V���J�h�w�T�h�q�^�X�G�s�T�•�T�e�4�L �d�4���U�`�T�V �d�M�s�G�–�H�–�`�:�G �d�M�s�R�J �d�Ÿ�:�H�l�–���o�T�j�w�`�q�^�X�G�r�G��
�q�^�X�G�^�L�i�w�:�T�h�N�d�@�^�e��

�‡ �4�V�F�h�o�4�g�GFault �5�i�Ÿ�L�`�e�;�;�c�s�G�–�V �d�M�7�Z�e�T�o�]�h�U�^�e�U�M�e�:�]�•�Z�L���o�=�•�L�M �d�]�M�e�V�™���4 �d�M�5 �d�Ÿ�Z�H�•�`�]�e�U��,
�`�k�N�4�V�F�™�U�•�`�U

�‡ �H�–�`�:�r�=�–�o�Z�X�e�r�L�4�e�V�>�•�`�T�L�e�L�^�V�j�`�o�N�X�h�w�U�L�r�^�T�•�J �d�Ÿ�:�^�T�G

�T�h��Partition �4�d�x�L�p�U�4�V�c�^�Z�•�e�:�=�•�`�:�M�d�]�M�e�V�™�`�`�4�;�e�4�H�d�Z�`�k�N�4�V�F�™����Outgoing Unit����
�p�H�•�]�|�e�^�V�d�M�5�d�x�Z�H�•�`�]�e�U�H�d�Z�L�|�e�S�e�U�L�`�4����Terminal for External Conductor�����;�c�`�U�l�•
�S�e�U�=�•�`�:�o�G�h�U�Z�4�d�L�4�d�M�M�d�]�M�e�V�™

Form 2a

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )
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Form 2a
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Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�‡ �˜�¼�oFORM�œ�¸�Ê�Á�®�¤�µ�³�„�´�•�Š�µ�œ�‡�ª�•�‡�»�¤�Ã�®�¨�—�Á�Œ�¡�µ�³�‹�»�—�����Â�¨�³�Á�¦�·�É�¤�œ�Î�µ�¤�µ�ž�¦�³�¥�»�„�˜�r�Ä�•�o�Á�ž�È�œ�˜�¼�oMAINMDB
�‡ �Á�®�¤�µ�³�„�´�•�Š�µ�œ�°�µ�‡�µ�¦���š�¸�É�¤�¸�Ã�®�¨�—�Å�¤�n�¤�µ�„�œ�´�„���¥�°�¤�¦� �́•�Å�—�o�˜�o�°�Š�—� �́•�Å�¢�š�´�Ê�Š�˜�¼�o���Á�¤�º�É�°�Ã�®�¨�—�Ä�—���Ã�®�¨�—�®�œ�¹�É�Š�¤�¸�ž�´�•�®�µ��
�‡ �„�¦�–�¸�Á�„�·�—Fault �…�¹�Ê�œ�°�µ�‹�‹�³�Å�—�o�¦� �́•�‡�ª�µ�¤�Á�­�¸�¥�•�µ�Š�­�n�ª�œ���Á�•�n�œ�•�´�­�•�µ�¦�r���„�´�•�…�´�Ê�ª�˜�n�°�­�µ�¥��,�°�»�ž�„�¦�–�r�¥�n�°�¥�Ä�œ�•�n�°�Š

�Á�—�¸�¥�ª�„�´�œ
�‡ �˜�o�°�Š�Ä�•�o�Á�ª�¨�µ�Ä�œ�„�µ�¦�Ž�n�°�¤�œ�µ�œ�®�¦�º�°�Á�ž�¨�¸�É�¥�œ�Ä�®�¤�n�š�´�Ê�Š�®�¤�—���Â�˜�n�¤�¸�‡�ª�µ�¤�ž�¨�°�—�£�´�¥�­�¼�Š�…�¹�Ê�œ�„�ª�n�µFORM2a

�¤�P̧artition�„�´�Ê�œ�Â�¥�„�¦�³�®�ª�n�µ�Š�•�n�°�Š�…�°�Š�•�´�­�•�µ�¦�r�°�°�„�‹�µ�„�˜�´�ª�°�»�ž�„�¦�–�r����OutgoingUnit�����Â�¨�³�…�´�Ê�ª�˜�n�°
�­�µ�¥�˜�´�ª�œ�Î�µ�£�µ�¥�œ�°�„��Terminal forExternalConductor�������Â�˜�n�°�»�ž�„�¦�–�r�Â�¨�³�…�´�Ê�ª�˜�n�°�­�µ�¥�‹�³�°�¥�¼�n
�£�µ�¥�Ä�œ�•�n�°�Š�Á�—�¸�¥�ª�„�´�œ�Ã�—�¥�Å�¤�n�¤�¸�„�µ�¦�Â�•�n�Š�„�´�Ê�œ

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )

Form 2b
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Form 2b
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Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�T�h��Partition

�‡ �4 �d�Ÿ�L�p�U�4�V�c�^�Z�•�e�:�=�•�`�:�M �d�]�M�e�V�™�`�`�4�;�e�4�H �d�Z�`�k�N�4�V�F�™����Outgoing Unit ��

�‡ �4 �d�Ÿ�L�p�U�4�`�k�N�4�V�F�™����Outgoing Unit �� �p�H�•�X�c��Unit �`�`�4�;�e�4�4 �d�L

�‡ �4 �d�Ÿ�L�p�U�4�5 �d�Ÿ�Z�H�•�`�]�e�U�H �d�Z�L�|�e�S�e�U�L�`�4����Terminal for External
Conductor �����`�`�4�;�e�4�`�k�N�4�V�F�™����Outgoing Unit �����p�H�•�;�c�`�U�l�•�S�e�U�=�•�`�:
�o�G�h�U�Z�4 �d�L�4 �d�M�M �d�]�M�e�V�™

�‡ �H�l�–FORM �L�h�Ÿ�o�^�T�e�c�4 �d�M�:�e�L�7�Z�M�7�k�T�q�^�X�G�p�M�M�H�•�`�o�L�j�w�`�:��

�‡ �o�^�T�e�c�4 �d�M�:�e�L�`�e�7�e�V�����q�V�:�:�e�L���J�h�w�T�h�q�^�X�G�T�e�4���s�T�•�H�–�`�:�G �d�M�s�R�J �d�Ÿ�:�H�l�–���o�T�j�w�`�q�^�X�G�r�G��
�q�^�X�G�^�L�i�w�:�T�h�N�d�@�^�e��

�‡ �4�V�F�h�o�4�g�GFault �5�i�Ÿ�L�`�e�;�;�c�s�G�–�V �d�M�7�Z�e�T�o�]�h�U�M�e�:�]�•�Z�L�o�J�•�e�L �d�Ÿ�L

�‡ �r�=�–�o�Z�X�e�r�L�4�e�V�>�•�`�T�L�–�`�U�^�V�j�`�`�e�;�;�c�s�T�•�H�–�`�:�o�N�X�h�w�U�L���o�Q�h�U�:�H�V�Z�;�]�`�M�p�4�–�s�5�4�v
�]�e�T�e�V�I�;�•�e�U�s�R���s�G�–�H�e�T�N�4�H�g

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )

Form 3a
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Form 3a
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Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�‡ �H�l�–FORM �L�h�Ÿ�o�^�T�e�c�4 �d�M�:�e�L�7�Z�M�7�k�T�q�^�X�G�p�M�M�H�•�`�o�L�j�w�`�:

�‡ �o�^�T�e�c�4 �d�M�:�e�L�`�e�7�e�V���q�V�:�:�e�L���q�V�:�s�R�R�– �e���`�k�H�]�e�^�4�V�V�T�U�e�L�U�L�H�™���N�g �q�H�V�o�7�T�h���p�X�c�`�j�w�L�u �J�h�w�T�h�q�^�X�G
�T�e�4��������

�‡ �s�T�•�H�–�`�:�G �d�M�s�R�J �d�Ÿ�:�H�l�–���o�T�j�w�`�q�^�X�G�r�G���q�^�X�G�^�L�i�w�:�T�h�N�d�@�^�e��

�‡ �4�V�F�h�o�4�g�GFault �5�i�Ÿ�L�`�e�;�;�c�s�G�–�V �d�M�7�Z�e�T�o�]�h�U�M�e�:�]�•�Z�L�o�J�•�e�L �d�Ÿ�L�r�=�–�o�Z�X�e�r�L�4�e�V�>�•�`�T�L�–�`�U�^�V�j�`�`�e�;�;�c
�s�T�•�H�–�`�:�o�N�X�h�w�U�L���o�Q�h�U�:�H�V�Z�;�]�`�M�p�4�–�s�5�4�v�]�e�T�e�V�I�;�•�e�U�s�R���s�G�–�H�e�T�N�4�H�g

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )

Form 3b
�T�h��Partition

�‡ �4 �d�Ÿ�L�p�U�4�V�c�^�Z�•�e�:�=�•�`�:�M �d�]�M�e�V�™�`�`�4�;�e�4�H �d�Z�`�k�N�4�V�F�™����Outgoing Unit ��

�‡ �4 �d�Ÿ�L�p�U�4�`�k�N�4�V�F�™����Outgoing Unit �� �p�H�•�X�c��Unit �`�`�4�;�e�4�4 �d�L

�‡ �4 �d�Ÿ�L�p�U�4�5 �d�Ÿ�Z�H�•�`�]�e�U�]�|�e�^�V �d�M�H �d�Z�L�|�e�S�e�U�L�`�4����Terminal for External Conductor �� �`�`�4
�;�e�4�M �d�]�M�e�V�™�p�X�c�`�k�N�4�V�F�™����Outgoing Unit �� �p�H�•�5 �d�Ÿ�Z�H�•�`�]�e�U�G �d�:�4�X�•�e�Z�;�c�`�U�l�•�S�e�U�r�L�=�•�`�:
�o�G�h�U�Z�4 �d�L
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Form 3b
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�T�h��Partition

�‡ �4 �d�Ÿ�L�p�U�4�`�k�N�4�V�F�™����Outgoing Unit �� �p�H�•�X�c��Unit �`�`�4�;�e�4�4 �d�L

�‡ �4 �d�Ÿ�L�p�U�4�5 �d�Ÿ�Z�H�•�`�]�e�U�]�|�e�^�V �d�M�H �d�Z�L�|�e�S�e�U�L�`�4����Terminal for External
Conductor �� �`�`�4�;�e�4�M �d�]�M�e�V�™���p�H�•�5 �d�Ÿ�Z�H�•�`�]�e�U�G �d�:�4�X�•�e�Z�;�c�`�U�l�•�S�e�U�r�L�=�•�`�:
�o�G�h�U�Z�4 �d�L�4 �d�M�`�k�N�4�V�F�™

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )

Form ��a

70



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

Form 4a
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�� �T�h��Partition

�‡ �4 �d�Ÿ�L�p�U�4�V�c�^�Z�•�e�:�=�•�`�:�M �d�]�M�e�V�™�`�`�4�;�e�4�H �d�Z�`�k�N�4�V�F�™��

�‡ �4 �d�Ÿ�L�p�U�4�`�k�N�4�V�F�™����Outgoing Unit �� �p�H�•�X�c��Unit �`�`�4�;�e�4�4 �d�L

�‡ �4 �d�Ÿ�L�p�U�4�5 �d�Ÿ�Z�H�•�`�]�e�U�]�|�e�^�V �d�M�H �d�Z�L�|�e�S�e�U�L�`�4����Terminal for External
Conductor �����`�`�4�;�e�4�M �d�]�M�e�V�™�p�X�c�`�k�N�4�V�F�™����Outgoing Unit �� �p�X�c
�p�U�4��Feeder �`�`�4�;�e�4 �d�L�`�U�•�e�:�=�d�G�o�;�L

�¡�·�„� �́—�š�µ�Š�„�¨��(Mechanical Character )

Form ��b
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Form 4b
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�¤�µ�˜�¦�“�µ�œ�¦�³�—� �́•�„�µ�¦�ž�o�°�Š�„� �́œ�­�·�É�Š�®�n�°�®�»�o�¤�•�¦�·�£� �́–�”�r
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IP :Index or Degree of Protection

Element of the IP Code and their Meanings
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�7�Z�e�T�]�e�T�e�V�I�r�L�4�e�V�N�– �`�:�4 �d�L�` �d�L�H�V�e�U�5�`�:�`�k�N�4�V�F�™�s�R�R�– �e��

IPXX
First digit access to hazardous parts and ingress of solid foreign objects  ��X �H�d�Z�o�X�5
�^�X�d�4�p�V�4�M�•�:�=�h�x�I�i�:�V�c�G�d�M�4�e�V�N�–�`�:�4�d�L�=�g�x�L�]�•�Z�L�;�e�4�S�e�U�L�`�4�o�5 �–�e�I�i�:�]�•�Z�L�`�d�L�H�V�e�U�S�e�U�r�L�H�l �–�s�R�R�–�e��

IPXX
Second Digit Entry of water ��X �H�d�Z�o�X�5�^�X�d�4�J�h�w�]�`�:�M�•�:�=�h�x�I�i�:�V�c�G�d�M�4�e�V�N�–�`�:�4�d�L�L�|�x�e
�^�V�j�`�5�`�:�o�^�X�Z�o�5 �–�e�s�N�r�L�H�l �–�s�R�R�–�e��
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Standards Busbar Rated and Standards Busbar Design

���������M �d�]�M�e�V�™�p�M�M�o�N�X�j�`�U ���������M �d�]�M�e�V�™�p�M�M�J�e�]�h
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Temperature Rise Limited
Ambient Temperature

IEC 60439 -1 �4�|�e�^�L�G�4�e�V�`�`�4�p�M�M�U�`�T�V �d�M�r�^�–�`�k�F�^�S�l�T�g�o�Q�g�w�T�]�l�:�I �i�:��
���� °C �o�^�L�j�`�`�k�F�^�S�l�T�g�q�G�U�V�`�M�]�l�:�]�k�G��35 °C ��A nominal rise of 60 °C or 
more above an ambient of 40 °C is allowed by BS EN 60439 -
ed.4.1:2004 provided that suitable precautions are taken. BS 
EN 60439 -4.1:2004 (equivalent to IEC 60439 -1) Max Conduct 
Temperature 105 °C

IEC 61439 -2 �4�|�e�^�L�G�4�e�V�`�`�4�p�M�M�U�`�T�V �d�M��Max. Ambient 
Temperature @ 50 °C ,Max Temperature Rise Limited 105 °C

DIN 43671 �4�|�e�^�L�G�4�e�V�`�`�4�p�M�M�U�`�T�V �d�M�r�^�–�`�k�F�^�S�l�T�g�o�Q�g�w�T�]�l�:�I �i�:��65 °C
�o�^�L�j�`�`�k�F�^�S�l�T�g�q�G�U�V�`�M�]�l�:�]�k�G��35 °C .
Max Conduct Temperature 65 °C
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�„�µ�¦�˜�¦�ª�‹�­�°�•���š�—�­�°�•���Ž�n�°�¤���Â�„�o�Å�…���•�Î�µ�¦�»�Š�¦�´�„�¬�µ�Â�Ÿ�Š�Á�¤�œ�­�ª�·�š�Ž�r�Â�¦�Š�˜�Î�É�µ
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�„�µ�¦�š�—�­�°�•(TESTING)
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�’It isa question of balance between: 
�ƒthe needsof safetyand availability
�ƒthe constraintsof reliability and maintenability of the installation.

Safety

Maintenability

Reliability Availability

The LV ElectricalSwitch Boardhas to besafeand available
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�’ One general standard :
�‡IEC 60439-1 type-tested assemblies (TTA) and partially type-tested 

assemblies (PTTA)

�’ Four related standards:
�‡IEC 60439 -2 busbar trunking systems (busways)
�‡IEC 60439 -3 distribution boards (<250A, unskill people)
�‡IEC 60439 -4 assemblies for construction sites (ACSs)
�‡IEC 60439 -5 cable distribution cabinets (CDCs)

IEC 60439 series 
Low-voltage switchgear and control gear assemblies
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There are two type of tests: 

�’7 type tests are performed by the 
manufacturer on one or several
configurations:
�¾n�ï1 temperature rise limits
�¾n�ï2 dielectric properties
�¾n�ï3 short-circuit withstand
�¾n�ï4 protective circuit effectiveness
�¾n�ï5 clearances and creepage distances
�¾n�ï6 mechanical operation
�¾n�ï7 degree of protection.

The tests of standard IEC 60439-1

B They guarantee that the switchboard complies 
with the necessary standard requirement
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There are two type of tests: 

�’3 routine tests are performed by the panelbuilder
on eachparticular switchboard:
�¾n�ï8 general inspection
�¾n�ï9 insulation/dielectric test
�¾n�ï10 protection measures.

The tests of standard IEC 60439-1
B 

They guarantee that the switchboard
complies with the necessary standard 
requirement
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�’ Guarantees the safety and reliability of the switchboard, by avoiding problems such as:

�’ connection damages

�’ reduction in insulation performances

�’ risk of burn for maintenance operators

�’ electronic components damages

�’ faulty operation of the devices: inopportune release.

�’ How to proceed: 

�’ to measure the temperature of each equipment, aftera delay allowinga stabilized
temperature, when each circuit is used at its rated power and when the complete
switchboard is loaded with an appropriate diversity factor

�’ Result to be obtain

�’ temperature rise shall not exceed what the different equipment can withstand

�’ the temperature of accessible surfaces has to be checked

Test n�ï1 
(8-2-1): temperature rise limits

Test performed by the manufacturer
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�’ Guarantees the switchboard safety and reliability,
to avoid problems such as:

�’ electrical arc generation

�’ insulation performance decreasing

�’ connection damages

�’ Withstand impulse voltage test and an actest are performed

Test n�ï2 
(8-2-2): dielectric properties
Test performed by the manufacturer
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�’ This test simulates an incident which could occur on site.

�’ Withstanding the short-circuit currentsis:
�’ to avoid danger (rupture and projections of components, arc generation

and propagation outside the switchboard,...)

�’ it also means the installation canbe quickly put back into operation after
the incident.

Relationship between peak current (Ipk) and short-circuit current (Icw):
Ipk = Icw x n

RMS value of short-circuit current
kA eff/1s ( Icw)

n Ipk (kA)

Icw �d5 1.5 Ipk �d7.5

5 < Icw �d10 1.7 8.5 < Ipk �d17

10 < Icw �d20 2 20 < Ipk �d40

20 < Icw �d50 2.1 42 < Ipk �d105

50 < Icw 2.2 110 < Ipk

Test n�ï3
(8-2-3): short-circuit withstand

Test performed by the manufacturer
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�’ The effectiveness of the protective circuit is verified by two
tests:

�’ resistance measurement of the connection between the 
exposed conductive parts and the protective circuits

�’ short-circuit withstand performed between the 
protective conductor and the nearest phase conductor.

Test n�ï4
(8-2-4): effectiveness of the protective circuit

Test performed by the manufacturer
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�’ Clearance control: shortest distance between two conductive
parts.

�’ Creepage distance control: shortest distance along the surface of 
an insulating material between two conductive parts.

Test n�ï5 
(8-2-5): clearance and creepagedistances

Test performed by the manufacturer
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�’ Endurance of material, guaranteeing the longevity
of the various mechanisms.

�’ The standard requires50 operating cycles.

Test n�ï6
(8-2-6): mechanical operation

Test performed by the manufacturer
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�’ The tests carried out define the capacity of an equipped
switchboard to:
�’ protect persons against contact with live parts

�’ protect equipment against penetration of solid objects and liquids

Test n�ï7 
(8-2-7): degree of protection (IP, IEC 60529)

Test performed by the manufacturer

�„ 1st digit:  
�y protection of persons
�y protection against solids.

�„ 2nd digit: protection against liquids.
Note: in case of only protection of persons is needed, the 2 IP digits are replaced by x.
Example: IPxxB.

�„ Additional letter (optional): protection of persons against contact with live parts:
�y A: protect againts access of the back of the hand 
�y B: protect against access of fingers Ø 12 mm
�y C: protect against access of a tool Ø 2.5 mm
�y D: protect against access of a tool Ø 0.1 mm.

IP
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�’ 3 routine tests performed by the panelbuilder:

�’ n°8 general inspection
�’ n°9 insulation/dielectric test
�’ n°10 protection measures.

The 3 tests performed by the panel builder

�„ These 3 routine tests can be easily and rapidly performed by the 
panelbuilder:

�y overall inspection according to the mounting
instructions and technical documents (right device
ratings, tightening torques)

�y insulation checking by a dielectric test
�y checking of protective measures and of the 

electrical continuity of the protective circuits.  
�„ They complete the 7 manufacturer type tests and guarantee

professionnalism and responsability of panelbuilder.
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�’ Check of mechanical actuating elements, interlocks,... 
effectiveness.

�’ Check of proper layingof conductors and cables and proper
mounting of device.

�’ Check of connections adequate contact, especially screwed and 
bolted connections.

Test n�ï8
(8-3-1): general inspection

Test performed by the panelbuilder
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�’ No arc flash-over or insulator perforation must be
observed between the live parts each other and between
the live parts and the conductive structural parts.

Test n�ï9
(8-3-4): insulation resistance/(8-3-2): dielectric test

Test performed by the panelbuilder
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�’ Checking of protective measures and of the 
electrical continuity of the protective circuits for 
metallic assemblies.

Test n�ï10
(8-3-3): protective measures

Test performed by the panelbuilder
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�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ��(MAINTENANCE)
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�š�Î�µ�Å�¤���˜�o�°�Š�•�Î�µ�¦�»�Š�¦� �́„�¬�µ?
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�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ

�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ

�;�k�G�H�•�`�H�•�e�:�u�s�T�•�p�L�•�L/ �^�X�Z�T

�`�k�F�^�S�l�T�g/ �7�Z�e�T�=�j�Ÿ�L

Overload / Short Circuit

Protection Relay Setting

�­�µ�Á�®�˜�»�£�µ�¥�œ�°�„�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ

Input Voltage

Lightning Current

�`�k�N�4�V�F�™�S�e�U�r�L�=�|�e�V�k�G

�T�L�k�\�U�™/ �] �d�H�Z�™

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �‹�»�—�˜�n�°�®�¨�ª�¤���Å�¤�n�Â�œ�n�œ

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �°�»�–�®�£�¼�¤�·��/ �‡�ª�µ�¤�•�º�Ê�œ

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �°�»�–�®�£�¼�¤�·��/ �‡�ª�µ�¤�¦�o�°�œ

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �„�µ�¦�Á�„�·�—��Overload 

Short CircuitOverload

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �„�µ�¦�Á�„�·�—��Short Circuit

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �°�»�ž�„�¦�–�r�£�µ�¥�Ä�œ�•�Î�µ�¦�»�—

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�°�»�ž�„�¦�–�r�ž�o�°�Š�„� �́œ��Surge �Ä�œ�°�µ�‡�µ�¦���¤�¸�Å�ª�o�Á�¡�º�É�°�¨�—�®�¦�º�°�…�‹� �́—�„�¦�³�Â�­�Å�¢�¢�o�µ�®�¦�º�°�Â�¦�Š�—� �́œ�Å�¢�¢�o�µ�Á�„�·�œ
�•�´ �É�ª�‡�¦�¼�n���˜�µ�¤�¤�µ�˜�¦�“�µ�œ��IEC

Lightning Current Arrester

Surge Arrester

Discharge �„�¦�³�Â�­�¢�o�µ�Ÿ�n�µ�•�µ�Š�­�n�ª�œ�š�¸�É�¤�¸�…�œ�µ�—�¡�¨�´�Š�Š�µ�œ�¤�µ�„�Ã�—�¥
�š�¸�É�˜�´�ª�¤� �́œ�Á�°�Š�Å�¤�n�Å�—�o�¦� �́•�‡�ª�µ�¤�Á�­�¸�¥�®�µ�¥

�‹�Î�µ�„�´�—�Â�¦�Š�—�´�œ�Å�¢�¢�o�µ�Á�„�·�œ�Á�¡�º�É�°�Å�¤�n�Ä�®�o�Á�„�·�œ�‡�n�µ�š�¸�É�š�Î�µ�‡�ª�µ�¤
�Á�­�¸�¥�®�µ�¥�„�´�•�°�»�ž�„�¦�–�r�Ä�œ�°�µ�‡�µ�¦

�­�µ�Á�®�˜�»�£�µ�¥�œ�°�„�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: Voltage Surge

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�œ�°�„�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �¤�œ�»�¬�¥�r��
�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�­�µ�Á�®�˜�»�£�µ�¥�œ�°�„�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ��: �­� �́˜�ª�r

�­�µ�Á�®�˜�»�„�µ�¦�•�Î�µ�¦�»�—�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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Preventive Maintenance
for Low -Voltage Switchgear and Controlgear Assemblies
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�„�µ�¦�Á�˜�¦�¸�¥�¤�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ?
�˜�o�°�Š�„�Î�µ�®�œ�—�ž�o�µ�¥�Á�˜�º�°�œ� �̃n�µ�Š�Ç�•�n�Š�•�¸�Ê�Ä�®�o�•�´�—�Á�‹�œ���Á�¡�º�É�°�‡�ª�µ�¤�ž�¨�°�—�£� �́¥�Ä�œ�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ

�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
�„�µ�¦�Á�˜�¦�¸�¥�¤�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ?
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�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�Á�•�·�Š�ž�o�°�Š�„�´�œ����Preventive Maintenance��
Function Checking/ Circuit Breaker

�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ

�Á�¡�º�É�°�Á�¡�·�É�¤�ž�¦�³�­�·�š�›�·�£�µ�¡�Ä�œ�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š�°�»�ž�„�¦�–�r�Â�¨�³�¨�—�ž�´�•�®�µ�„�µ�¦�…� �́—�…�o�°�Š�Ä�œ�¦�³�•�•�Å�¢�¢�o�µ�Ž�¹�É�Š�„�µ�¦�š�—�­�°�•��Circuit Breaker 
�£�µ�¥�®�¨� �́Š�„�µ�¦�˜�·�—�˜�´�Ê�Š���¨�o�ª�œ�Â�¨�o�ª�Á�ž�È�œ�­�·�É�Š�š�¸�É�¤�¸�‡�ª�µ�¤�­�Î�µ�‡� �́•�Á�ž�È�œ�°�¥�n�µ�Š�¥�·�É�Š�­�Î�µ�®�¦� �́•�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ
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�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ

�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�Á�•�·�Š�ž�o�°�Š�„�´�œ����Preventive Maintenance��
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�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�µ�¤�­�£�µ�¡��ConditionBasedMaintenance)

�¤�¸�„�µ�¦�˜�·�—�˜�µ�¤�Ÿ�¨�„�µ�¦�˜�¦�ª�‹�­�°�•�Á�¡�º�É�°�š�Î�µ�Ä�®�o�š�¦�µ�•�­�£�µ�¡�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š�­�ª�·�˜�•�r�•�°�¦�r�—��(Condition monitoring)
�Â�¨�³�š�Î�µ�Ä�®�o�Á�®�È�œ�Â�œ�ª�Ã�œ�o�¤�…�°�Š�ž�´�•�®�µ���„�n�°�œ�š�¸�É�‹�³�Á�¦�·�É�¤�Á�„�·�—�…�¹�Ê�œ�‹�¦�·�Š��(Idea time to failure) �Á�¡�º�É�°�Ä�®�o�¤�¸�Á�ª�¨�µ�Â�„�o�Å�…�„�n�°�œ�š�¸�É
�‹�³�¨�»�„�¨�µ�¤�Å�ž�‹�œ�Á�ž�È�œ�‡�ª�µ�¤�Á�­�¸�¥�®�µ�¥�¦�»�œ�Â�¦�Š

�­�¦�»�ž�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ

122



Main LV Switchboard: Thammarat Promphenrangsi, Kasem Nincharoen

�ž�¦�³�Ã�¥�•�œ�r�š�¸�É�Å�—�o�‹�µ�„�„�µ�¦�•�Î�µ�¦�»�Š�¦� �́„�¬�µ(MaintenanceBenefit)
�X�G�5�`�M�o�5�H�5�`�:�:�e�L�>�•�`�T�M�|�e�V�k�:�V�d�4�\�e�o�J�•�e�J�h�w�;�|�e�o�N�v �L��Over Maintenance �=�•�Z�U�X�G��
Outage Duration �p�X�c�]�L�d�M�]�L�k�L��Work Optimization
�¦�¼�o�‹�»�—�…� �́—�…�o�°�Š�š�¸�É�Á�¦�·�É�¤�Á�„�·�—�…�¹�Ê�œ�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—

�¨�—�Á�ª�¨�µ�„�µ�¦�®�¥�»�—�š�Î�µ�Š�µ�œ�…�°�Š�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—

�¥�º�—�°�µ�¥�»�„�µ�¦�Ä�•�o�Š�µ�œ�­�Î�µ�®�¦� �́•�°�»�ž�„�¦�–�r�Å�¢�¢�o�µ�£�µ�¥�Ä�œ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—

�­�¦�»�ž�„�µ�¦�—�¼�Â�¨�•�Î�µ�¦�»�Š�¦� �́„�¬�µ�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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Infrared Thermal Image

Insulation Resistance Tester

AC. Dielectric Test Set

Protable Test Kit

Digital Low Resistance Tester

Relay Test Set

Power Quality Recorder

Primary Current Injection

Three Phase Power Supply
Torque Range

�¦�µ�¥�„�µ�¦�Á�‡�¦�º�É�°�Š�¤�º�°�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�˜�¦�ª�‹�­�°�•�˜�¼�o�­�ª�·�˜�•�r�•�°�¦�r�—�Å�¢�¢�o�µ�Â�¦�Š�˜�Î�É�µ
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Questions & Answers
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