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BCDE56FGHI�JK�LMNOPQRS
JLTUVWXLYZ[\]^G>�K�_D`2
a]bVcdefg5fKhijklmnopqV
rs�tJ�QGuvJ�wxkyz{|}f�~
_D`2a]bg5k����Q��lmno]�
���f�#?�����cdeflmnoG�d
lmno]����f��D�����D��z��
� 270 MV/m ��G��f�~���tk���
#�lmno]�G��XLkG���lmno�
��� ���Q¡¢�~tJSkyz��£¤u
vJ�¥_¦§DE¨4�D�G�L5��©�J
�YZ[\]^{ª«kpqQ¡d�¬®�k¥
_¦§DE¨4�D¯G�L5���#��D��
���D��zV��SXt{�°±�J�~
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hijk]^²klmno��]^TU³´Gµ
¶�JL[1]~·¸¹ºjkBCDE567Q��5
6]�� 55»75 MV/m k¼½2��¾�J�T
U]�{fK 200 MV/m V¿ÀLt{�ÁÂ�J
K�L[2]~wxÃÄG��_D`2a]bg5G�
Lcdeflmno���SX�D�����D�
�zVÅIfK�200 MV/m £�klmno]��
RSJK�L[3]~fÆf�tkÇÈ��lmnoV
Ét�ÊL�Ë�TUkÌÍVÎÏLt{�]^k
Ð³�ÑÒ�JLÓkÔÕÖ�¡d�wIÄG��
]^TUk5�×®kØQ��¾�JLlmno
]��RSJL���¡L~
ttQ��BCDE56FGHI�JK�LMÙ

OPQRSJLTUVWXLYZ[\]^G>�K�
_D`2a]bVcdefg5fKhijklmn
opq��D�����D�pq�Vrs�tJ�
QuvJ�wxQRSJ�yz{|}f�~
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tJ�Q�ÚÛSG�d�YZ[\]^TUG
ÜÝ®V©f�Þkhijlmnopq�rsS

JKß�[3]~àk�ákâ>ÆãTÄ��kV�{
ËKäsL~
åæ��YZ[\k�¼4EG�Llmno]�
kç�Vèf��kQ¡L~tkåÆS�hié7
G]^Vêëìfí�G]bVg5f�{ßklm
no]�G��¼4EG�Lç����t{�
Class-1 kYZ[\�í�#��D�����D�
�z{lmno]�kCîïð�ñ��t{�è�
JK�L~tkòók]^TU�ôõ5�kØQ¡
d�hié7ö÷��Ar _øDG�L in situ TU
ùúû®�©�J���lmnoüx�uvJK
�L~

åæ YZ[\k�¼4E{lmno]�

åý��]þ�ó8�[4]

k�D�����D�pqQ¡L~tkåG��ô
õ5�kØkòó{�å�Gè�JL¥_¦§DE
¨4�D�k�z��ÊKè�JK�L~tkòó
�_øD�4�a`ë¨G�L in situ TUùúû
®�©�JK�L��_øDÝ� He G���J
K�L[5]~tkåÆS�]þ�ó8�V©X{��
D�����D�G�XLlmnok��V�	G

ñ�ÊLt{�QßLt{�vÆL~���¥_
¦§DE¨4�D�kòó��ª«G�ñ��cd
ef��Q�D�����D�V��XLt{�Q
ßL~]þ�ó8��¥_¦§DE¨4�D�{��

:

�©�J�YZ[\]^

Grade of oxygen-free copper



]^TUV�UG��K�Lt{ÆS�TUG�
¸XL�������d�ÆJLyz��D���
��D�G���lmno���
ñf��k{�
ÀSJL~fÆf��U�k�z���æ��k
]bg5Þklmno]þG�·J��àk�k�
D�����D��zGàk��·JK�L~

åý ]þ�ó8�k�z

å�G��¥_¦§DE¨4�D�{¬®V�
If�{ßk�D�����D�pq�è�JK�
L~tkòó� He _øD�4�G�L in situ T
Uùúû®�©�JK�L~tkyz�d��D
�����D�®G���cdeflmnok�
��ñ��t{���¬®k�z���Q�700 �
k¬®�©�J�]^kòó���D�����
D��Glmno]�� 250 MV/m ���Q�X
Lt{�vÆL~tkÞk¥_¦§DE¨4�D�
����[6]Gè�JK�L !G"¢KuvJ�~
ôõ5��J�]^G>�K�¬®Yfk�k�
400 ��hijæÞ²��700 ��hijæÞ²�
¬®�©�J��kVI#f�~àfK�tJS
k]^G>�K¥_¦§DE¨4�D��©�J�~

å� ¬®��¥_¦§DE¨4�D�k�z
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3.1  ¤®��:$5�

%�küxQI��]^kMN���Tæk&d
Q¡L~

Tæ MN��'�� !

(� )é

*+ Class-1 YZ[\ ,36
-�42 .[ 500� 2Þ²
C_ì /0

C_ì12 0.4 mm
�3� 2800 rpm

í45d6Ø 27m
8d 3 mm/min
59: ;<�D=aì

���MN�k>ú×?@��BCDE56FQ
ABÄGuvJK�LÇÈG�¢�~X�vá�N
CkDG�-2�42EF�.[G<4�-2�4
2jQkHIJ>ú 1 K²�.[G<4�-êìD
jQkHIJ>ú 1K²�àfK.[G<4Q¡L~
tk��GfKBL�J�Mü]^��lmno
üxIG���GNO�Q�#018kPQ4D2
4�)k��;4¨G�F�J�~

3.2 RSTU 

T 2 GÜÝ®�G¥_¦§DE¨4�D��©
�J�]^kRSTUVÂyzVèX~��J��
Wàk�k����{XÀL��Cîïð�YZG
�ß�yz{�¢K�L~tJ��¬®G�Ly
[\k�]�^_Q¡Lt{G�L~

T 2 RSTU
 ® RSTU [MPa]

5�k�� -25.31`45.70
5�� #b>ú -5.92`28.31
5�� H2 1000�-�42 126.09`115.25
5�� H2 1000�-�42�5� 7.31`130.65
5�� hij 900�-�42 38.09`48.39
5�� hij-�42�5� -28.68`63.71
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4.1 wxaD

Mü]^�#018QBL�J�PQ4D24�
)k��;4¨G�F�J���àkPQ4D24
�)QNbIkhié7Gc�J����GN@J
�~àfK�in situ _øD�4�a`ë¨ùúû
®�BdeG�LTUKF�'��hijlmno
üx�uÀLwxfgkü+ö÷�GàkNbIh
ié7V�dhÏ�Mü]^Vü+ö÷ÃGcf�~
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tJG�d�PQ4D24�Q]^VNbIhié
7Gcf�����iGjJLt{�?�]^Vh
ijlmnoüxGMXLt{�QßL~
ü+ö÷ÃGc�J�]^��He _øD�4�
G�dTUkùúû®�©�J���BdeG�
dTUKF�J�hijlmnoüxGM�JL~
tk²�]^��iGk�JLt{�?�H#hi
jQ�lfKtJSkNCVu�t{�QßL~h
ié7)kbU� 10-7»10-8 Pa Q¡d�g5]b��
m��dÞ² 64 7s�m��dÞ² 700 7s k_
D`2a]bQ¡L~

4.2 lmnopq��]^TU³´

ånGlmnopqVèX~lmno����Q
�lmno]��o?�noVpqLG"�no]
����XL�D�����D��z�±ËSJL~
����D�����D��rsXL�Qkno�
��� 10 �{ñ�?�����D�����D�
�k��no]��^ËK#��k(� 270MV/m){
�¢K�L~tkpq��å�{t?uvfK�L~

ån lmno��GwXLlmno]�kxy

���tkwxQkpzÄ�Ö{fK�]bVg
5f�í�k����¥_¦§DE¨4�D��©
�J�]^U²Q��?�{|k�LÆG]�]^
}U²Qlmno�º~f�t{���SJL~t
kt{��%�k5��'��wxG�L�Qk]
^k�d�����ËÆS#�lmno]�V��
SfK�Lt{Vè�fK�L~
å�G�hié7ö÷ÆS 150 �lmno��Q

k]^TU³´k�ûVèX~a`ë¨¤kBde
a�Pì2�d�]^MN�Æ�d�#����V
u¢�G��vS���k�4P�°±�J���
Cu k�4P����~lmnoüx¤k He _ø
D�4�a`ë¨G�d��Æ� C �RSfK�
L��Cu k�4P���G�d��qùú�TU
{�¢K�Lt{�°±QßL~àfK�150 �k
lmno�G������G���J�^ËKùú
�TU{�¢K�Lt{�vÆL~
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YZ[\GwXLTU®{hijlmnopq
{kxyG>�K�tJ�QGuvJKß�wxQ
RSJ�yzV�{ËKèX{{�G�%��BC
DE56FQHI�JK�LMÙOPQRSJLT
UVWXLYZ[\]^khijlmnopqVr
s�|}f�~àkyz�¬®�¥_¦§DE¨
4�D�G�d��QRSTUkñ��TUG��
5�XLt{G�d��D�����D��klm
no]��^ËK#?�L{�G�|}Ä�·qk
t�lmnopq�RSJLt{��SÆG�J�~
���ªÞG¥aìÓkh�V�ÏL���¶�V
XLt{G�d�]bg5����ÆS#�no]
��RSJL��qk¡Lt{�è�J�~
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RSTUkVÂG�®�]:k�UVR�~tt
G�fK�#VTXL~
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Number of breakdowns

Binding energy [eV]
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