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             ���������� �!�"#�$%�&$$%'((')*#&+��,� �-.$#��"/"(�)0-+1��
'&�1��#2� XLPE 7�%�1 24 kV "7<=$>!�%�&>1#$(?�/.�1�#@�&A�(��#.��
B1�C&*�D%-A0@+#�&E���%F�G SF6  B1�J�%�&/!���K?�/.�#��JLMMN�
')*$$%'((B1��!�&*"(��(��O�LML�-A$�)�"J�-AJ�C&*�D%-A0@+0�%�&
$$%'(("7<=$�!�)$�%�&%&*���,$�/��J"/&��1#��JLMMN� (Emax) >�=
"%�1,S �0�,� �-.$#��"/"(�)0�#T��*>�=���LJ.J�#�&E��� "7<=$0?+>&�(/.�
/��J"/&��1#��JLMMN�#2�#D1  ')*�!�J�#2.%�&$$%'((&�JUS�
C&*�D%-A0@+#�&E���B1�#�&E���>�=")<$%0@+0����������� /<$E���%F�G 
SF6 GS=�J�/DK)�%VK*#J(�-�"CW�E���>�=1�0�>��LMMN�   ')*"7<=$
/!���K?�J�-�>�="?J�*#J,$�,� �-.$#��GS=�0@+E���%F�G"CW�-��/�(/DJ
#��JLMMN�(&�"�KC)��#��"/"(�)  ,� �-.$#��"/"(�)>�=L1+��%%�&
$$%'((#�J�&U0@+0�%�&>1#$(?�/.�1�#@�&A�(��#.��L1+-�J
J�-&X�� IEC 60270 GS=�0����������� L1+C&*�D%-A')*7�]��%�&
$$%'((,� �-.$#��@��10@+#�&E���C&*"T>E���%F�G SF6  >� ��� "7<=$
^S%V������?�_)>�=L1+��%%�&#&+��,� �-.$#��@��10@+#�&E���C&*"T>
%F�G  &�J>� �"CW�%�&7�]��'��>��')*��O�%�&>�= "?J�*#J0�%�&
>1#$(��1?�/.�1�#@�&A�(��#.��0�#��"/"(�)'&�1��#2�-.$LCL1+0�
$��/-  
 
�-�.-���/ :   ,� �-.$#��"/"(�)0-+1�� ,1�#@�&A�(��#.�� ,/��J"/&��1
#��JLMMN� ,#�&E���, #��JLMMN� #��"/"(�) , #��"/"(�)'&�1��#2�  

  

Abstract 
  This research aimed to design and construct the XLPE 24 
kV high voltage cable terminator in order to find out the partial 
discharge with the application of  SF6 gas insulation Then, it was 
calculated to find out the electric field parameter and designed to 
simulate the distribution of electric field stress at the  cable terminator 
in non-insulation condition by  the application  of  finite elements  

 
 
 
 
 
 
 
 
 
 
 
method. Moreover , the experiment after aimed to find out the optimum 
parameter of  Electric field Stress and the application of insulation 
called SF6 gas insulation which is a good insulator. In addition , the 
appropriate dimension of cable terminator with gas insulation to control 
the electric field at the end of underground cable was calculated.  This 
designed cable terminator can be used to examine the partial discharge 
according to IEC 60270 Standard. In this research , the researcher 
applied the SF6. The researcher also studied the output of the cable 
terminator with gas insulation for developing appropriate method to test 
the partial discharge of high voltage in the future.  
 

Keyword  : Cable  Terminator , Partial Discharge ,Electric  Field  
Stress, Insulation, Electric  Field  Underground Cable , High Voltage  

Underground Cable 
 

1.7�8-� 
                  ��%Clm?�$DC%&KA%�&>1#$(>����^�%&&JLMMN�'&�#2�J�
&�/�#2�"J<=$�!�",+�J�0�C&*">^ C&*%$(%�(0�C&*">^L>�#�J�&U_)�-
#��"/"(�)'&�1��#2�0-+1��'(( XLPE ?&<$"1��#��0-+� !� 1���� �%�&
-&��#$(E���>�=?D+J#��"/"(�)>�=_)�-$$%J���%B&����$D-#�?%&&J
#��"/"(�)J�/��J�!�"CW�$�.����=�>�=�*-+$�>!�%�&>1#$(#��  -�J/.�
J�-&X��%�&>1#$(%!�?�1 #!�?&�(0����������� �*L1+�!�"#�$��O�%�&
')*%�&$$%'(("7<=$>!�%�&>1#$(%�&?�/.�1�#@�&A�(��#.��-�J/.�
J�-&X��  IEC 60270 1���� �_2+������S�L1+>!�%�&^S%V���"/&�*?A
$$%'((#&+��@D1,� �-.$#��"7<=$>!�%�&>1#$(#��"/"(�)'&�1��#2� 
XLPE ,��17�%�1 24 %�B)B�)>A ,��1,$�#��>�=>!�%�&>1#$( 240 
-�&��J�))�"J-& "CW�@D1>1#$(%�&��1?�/.�1�#@�&A�(��#.�� (Partial  
Discharge)    ')*"CW�%�&>1#$(/.�/��J/�>�-.$'&�1��LMMN�,$�
L1$�")n%-&�%,$�E���',n� (Solid Dielectric Insulation) >�="CW�E���
C&*"T> XLPE ,$�#��"/"(�)'&�#2� B1�0�@D1,� �-.$#���!�"CW�$�.����=�
>�=�*-+$�)1/.�/��J"/&��1#��JLMMN�T��0�@D1,� �-.$#��"7<=$0?+/.�

 ���9�:�;<�	
=����>?@@�;77.�A��B��	CD@.�E=�=7
<FCAG
8;��G�8.H� XLPE  L
��G 24 kV  
.-�>��7�G.@7>��D�G
.���?Q7��.D	8RGE���E��C?F�A�S�T SF6 =�X8.��Y8	8 

 Study and Analysis   Design Cable Terminator XLPE  24 kV for testing the Partial Discharge 
(PD) by the Application of  SF6  gas Insulation 

 



���������	
��������	
	��������� �������� 31                                                      31st Electrical  Engineering  Conference  (EECON-31) 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________  

1�#@�&A�(��#.��0�#.��,$�,� �-.$#��')*0�#��"/"(�)0?+J�/.�>�=�+$�
>�=#D1?&<$LJ.J�")�"7<=$0?+L1+/.�1�#@�&A�(��#.��>�=>!�%�&��1T��0�#��
"CW�/.�1�#@�&A�(��#.��,$�#��$�.��'>+�&�� B1�Cl����#!�/�m0�%�&
-&��#$(/��J_�1C%-�')*#�=�(%7&.$�"�<=$���%,(��%�&_)�-��%
B&����GS=�"CW�%�&>1#$('((LJ.>!�)��')*#�J�&U>!����US�$��D%�&
0@+���0�)�%VK*,$�%�&"#<=$J#T�7>��%��T�7,$�#��"/"(�) >� ��� 0�
%�&$$%'((,� �-.$#��0�)�%VK*>�=_.��J��� ��*$$%'((0@+� !�J��?J+$
'C)�"CW�#�&E���'-.0����������� "CW�%�&$$%'((#&+��')*7�]��
#�&E���"7<=$^S%V�_)>�=L1+��%%�&0@+E���%F�G"CW�E���>�=@.��)1/.�
/��J"/&��1#��JLMMN�T��0�,� �-.$#��"7<=$0?+L1+/.�%�&��11�#@�&A�
(��#.��"CW�/.�>�=U2%-+$�')*'J.��!�>�=#D1 B1�0����������� L1+$$%'((
B1�0@+?)�%%�&0@+>oVp�,$�LML�-A$�)�"J�-A (Finite  Element Method) 
0�%�&��"/&�*?A?�/.�,$�#��JLMMN�>�="%�1,S �%.$� >� ��� "7<=$^S%V�12
7o-�%&&J0�%�&"%�1/.�/��J"/&��1#��JLMMN� (Electric  Field  Stress) 
,$�@D1,� �-.$#��0�,K*CN$�'&�1��#2�",+�>�=,� �$�")n%B-&1 "7<=$�!�LC#2.
%�&$$%'((,��1')*&2C'((,$�,� �-.$#�� &�JUS�%�&��"/&�*?A
/.�7�&�J�"-$&A-.��q  

 
 
 
 
 
 
&2C>�= 1 T�7B/&�#&+��T��0�,$�#��"/"(�)'&�1��#2� 
 

 
 

 
 
 

&2C>�= 2   %�&%&*���,$�#��JLMMN�>�=#��"/"(�) '(( Refractive Stress  
            Control J�)�%VK*>�=J�/.�"#+�^�%�ALMMN�>�=#J=!�"#J$"CW�)!�1�(,$� 
            E��� 
 

2. �a:b�����-�8	c>��D�.8������� 
/.�/��J/�>�,$�%�&E���-.$'&�1��LMMN� ')*/.�

/��J"/&��1#��JLMMN�#2�#D1>�=E���#�J�&U>�$�2.L1+ B1�LJ."%�1/��J
"#��?��?&<$"#��#T�7%�&"CW�E��� B1�#�J�&U?�L1+��%#J%�&?�/.�
/��J"/&��1#��JLMMN�'-.)*@� �E���0�#��"/"(�) L1+��%#J%�&>�= 1 

                            
max

E
*ηd

U
=            (1)                                              

B1�>�= 
max

E /<$ /��J"/&��1#��JLMMN�#2�#D1 (kV/mm.)  

           U      /<$ '&�1��LMMN� (kV) 
           d       /<$ &*�*?.��&*?�.��$�")n%B-&1 (mm.) 

           *η /<$ 'M/"-$&A#��JLMMN� 
 

 #��JLMMN�0�E���"/"(�)'&�#2� %�&0@+E���>�=J�/.� 
r
ε  

-.��%�� "?J�*>�=�*0@+%�(#J%�&LMMN�LJ.#J=!�"#J$ GS=��*@.��0?+
/��J"/&��1#��JLMMN�0�E���'-.)*@� �>�=J�/.� 

r
ε  -.��%��0?+J�/.�

0%)+"/���%�� /��J"#��?����%/.�#��JLMMN�0�"�< $E���>�=&�^J�01q
#�J�&U/!���KL1+��%#J%�&>�= (2) 
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B1�>�= 

xr
E  /<$  /��J"/&��1#��JLMMN�0�E���>�=&�^J� r

x
(kV/mm.) 

          U     /<$  '&�1��LMMN�>�=CN$� (kV) 
     

21
,εε   /<$  "C$&AJ�--���-� ,$�E���@� �>�= 1 ')* 2 

          
1

r       /<$  &�^J�,$�-���!� (mm.) 

    
2

r ,
3

r   /<$  &�^J�,$�E���@� �>�= 1 ')* 2 (mm.) 

   "#+�_.��^2��A%)��,$�,� �-.$#��"/"(�)'&�#2� ��%&2C 
#�J�&U?�,��1"#+�_.��^2��A%)��,$�,� �-.$#��"/"(�) B1� 

1
r  /<$ &�^J�

,$�-���!�J�/.�">.�%�( 9.2 mm. ')* 
2

r /<$ &�^J�,$�,� �-.$#��  (?���#<$ 
��^�%&&JLMMN�'&�#2� 1&.#!�&��  #��,A#*$�1)  1����  

 

2
r   =   

1
r  × e   

               =    9.2 × e  
           =    25.01 mm. 

'>�/.�0�#J%�&>�= (2) 
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        %!�?�10?+  
3

r  = 50 mm. "�<=$���%0�>�=�� �*>!�%�&#&+��,� �-.$#��

>�=J�,��1&�^J�">.�%�( 50 mm. 1���� ��*L1+  
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&2C>�=  8  T�7#��JLMMN�>�=,� �-.$#��"/"(�)0-+1��>�=�!�)$�,S � 
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           ��%/.�/��J"/&��1#��JLMMN� 
2

Er ')* 
3

Er  7(�.�#�J�&U0@+

0�%�&>1#$(L1+B1�LJ."%�1%�&"(&%1���A ���������� ")<$%�!�)$�,� �-.$
#��B1�0@+>.$$*/&�)�%0#"CW���#1DE��� ')* T�@�*0#.E���%F�G
#!�?&�(,� �-.$#�� ')*"7<=$>�-.$#T��*/��J1��$�%�^&�JUS� /.�/��J
/�>�-.$/��J"/&��1#��JLMMN�L1+C&*J�K 35 kV/mm.B1�")<$%,��1
"#+�_.��^2��A%)�� 60 mm. ')*/��J?�� 5 mm. "�<=$�,��1$*/&�)�/0#
,��1�� J��!�?�.��-�J>+$�-)�1>�=�LC 
 

3. ���@@�;77B��	CD@.�E=�=7
<;��.H� 
��%>oVz�>&�%&*($%G+$�'%�&.�J>�=7$"?J�*�� ��*

/!���K,��1,$�%&*($%L1+   
2

r = 25.01 mm. ?&<$"#+�_.��^2��A%)��
J�/.�">.�%�( 50.02 mm. #.��,$�X��&$�&�(�*-+$�J�%�&#�J_�#%�(,� �-.$
#��"/"(�)'&�1��#2��*-+$�J�%�&#�J_�#>�=7$1�LJ.%.$0?+"%�1/.�/�C�G�
'-�GA>�=�D1-.$�*>!�0?+"%�1/.� Partial Discharge U+��D1-.$#��#�J_�#LJ.
7$1�%�� ')*0�$�%?�+�>�=?�S=��*-+$�"CW��D1-.$#��"/"(�)0�%�&>1#$(
"7<=$"@<=$J-.$'?).��.�� GS=�0@+$)2J�"���J%)S�1��&2C>�= 3 

 

               
 

&2C>�= 3   T�7X��&$�&�(,� �-.$-���!�#��"/"(�)'&�1��#2� XLPE 
                @D1)1/.�/��J"/&��1#��JLMMN�>�=�D1-.$#��"/"(�)'&�1��#2�J�
?�+�>�=0�%�&"7�=J7< �>�=,$��D1#�J_�#'&�1��#2�>�=@D1>1#$(0?+J�7< �>�="7<=$ 
/.�,$�/��J"/&��1#��JLMMN�)1)�LJ.%.$0?+"%�1/.�1�#@�&A�(��#.��$��
J�"�<=$���%B/B&�.�1�#@�&A�?&<$1�#@�&A�-�J_�� 

 

 
 

 
 
 
 

&2C>�= 4  '((T�7@D1)1/.�/��J"/&��1#��JLMMN�>�=C)��,� �-.$#�� 
 

                
 

&2C>�= 5  T�7,$�,� �-.$#��"/"(�)'&�#2�')*"%���1/��J1�� 
 

 
 
   
 

  &2C>�=  6 T�7,� �-.$#��"/"(�)'&�#2�>�=C&*%$(#!�"&n�')+� 
 

4. ���>���E�F8����@�.�E=�=7
<;��G�8.H� 
%�&?�&*�*0�%�&C$%#��"/"(�)'&�1��#2� XLPE '&�1��#2�

7�%�1 24 kV ,��1#�� 240B1�0@+BC&'%&J COMSOL Multiphysics >!�
%�&/!���KB1�"C)�=��&*�*C)��#�� ��% XLPE US�@� � Sami ?.��%��40 
mm.,50 mm, 60 mm, 70 mm, 80 mm, 90 mm, 100 mm, 120 mm, 140 
mm, 180 mm -�J)!�1�(  �!�_)>�=L1+��%BC&'%&JJ�"C&��(">��(%�&"%�1
%�&��(LM-�J_�� �*L1+1��&2C  7 &*�*>�=C$%>�="?J�*#J /<$>�=  90 mm  
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&2C>�=  7  %&�M��"/&�*?A&*�*0�%�&C$%#��"/"(�)'&�1��#2� XLPE 
 

5.  ������Q�E.8����������B��	CD@.�E=�=7
<FCAG
8 

��%%�&%&*���#��JLMMN�>�=,� �-.$#��"/"(�)0-+1��B1�%�&
�!�)$�0@+BC&'%&J COMSOL Multiphysics  �*L1+1��T�7>�= 8 
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Discharge = 4.92 pC, Voltage =24.00 kV 
PD Detector 1 - 6/08/2008 03:14:06 PM 

Discharge =29.94 pC, Voltage = 6.47 kV 

6. e<����G.@7.�E=�=7
<;��G�8.H� XLPE  
             0�%�&>1#��"/"(�)'&�1��#2�1+��,� �-.$#��"/"(�)'&�1��#2�>�=
$$%'((#&+��")<$%0@+E���0�%�&>!�?�+�>�=)1/��J"/&��1#��JLMMN�
(&�"�KC)��#��"/"(�)>�=C)$% ?&<$>!�%�&/�(/DJ%�&?�%"?,$�
#��JLMMN� "7<=$?�/.�1�#@�&A�(��#.��>�="%�1T��0�#��"/"(�)>1#$( K 
?+$�Cz�(�-�%�& HV #.7&*�$J"%)+�)�1%&*(��B1�%�&>1#$(GS=�J�_)
,$�%�&>1#$(1��&2C&�J%�&-&����(#�mm�K1�#@�&A�(��#.�� (PD) 
-�J_)%�&-&����(#�mm�K 1����  
 E���%F�G#T��* @���(Air) >�=/��J1��T��0�%&*($%,� � 1.8  bar 

 
 
 
 
 
 
 
 

PD Detector 1 - 6/08/2008 01:24:02 PM 

  
E���%F�G#T��* .�//��� >�=/��J1��T��0�%&*($%,� � 1.8  bar 

 

 

 

 

 

PD Detector 1 - 6/08/2008 02:54:22 PM 
Discharge =4.13 pC, Voltage =2.87 kV 

E���%F�G  SF6 >�=/��J1��T��0�%&*($%,� � 1.8  bar 
 
 
 
 
 
 
 

 
 

7.  7�.���Q��e<���	
=����>? 
              1���� ���%_)%�&>1)$�"J<=$"&�">��(_)%�&>1#$(1+��E��� 
3  @��1C&*%$(   �S�#&DCL1+�.�%F�G SF6 #�J�&U)1%�&"%�1/.�   PD  L1+
1�%�.�$�%�^ ')*#Dmm�%�^0�$�-&�#.��%�&CN$�'&�1��LMMN�>�=">.�%�� 
�*7(L1+�.�"J<=$"&�$�1'&�1��%F�G0?+J�%,S �%n�*��=�)1/.�%�&"%�11�#@�&A�
(��#.�� (PD) L1+1�"7&�*�.�"J<=$"&�0#. SF6",+�LC�*"%�1/��J?��'�.�
,$�%F�G(�_��,$�#�� XLPE >!�0?+"%�1#T�7/��J"CW�E���>�=1� 
 

8.   �
CC
��������� 
              _2+�����0/&.,$,$(/DK  $���&�A�&"^&VX  7�]�"1@ 7&+$J>�J��� 
T�/��@���^�%&&JLMMN�  /K*��^�%&&J^�#-&A  #U�(��">/B�B)��7&*
�$J"%)+�"�+�/DK>?�&)�1%&*(�� >�="$< $"M|}$"/&<=$�J<$��1-&����(#�mm�K 
1�#@�&A�(��#.�� (PD) ')*$!����/��J#*1�%'%._2+�����"CW�$�.��1� 
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9. ���	�C
eHA=B�E8 
 
 
 
 

�i	�j
   =8C� RLk
l ;�A 	  #! � " &n �%�&^S%V�  �^ .( .
(��^�%&&JLMMN�) J.">/B�B)��&�@J�/)O�m(D&� C� 
2541 ')*#!�"&n�%�&^S%V� �^.J. (��^�%&&JLMMN�) ��%  
#U�(��">/B�B)��7&*�$J"%)+�)�1%&*(�� C� 2548  
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