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Abstract 

In the J-PARC project, the beamline components will be highly irradiated by the high intensity protons. When these 
components require a precise and stable linear motion, a linear motion guide can be utilized so as to save time during 
the maintenance. At the Muon Science Facility, linear motion guides are utilized for the motion of the muon target in 
vacuum, and the solenoid coil in the atmosphere. A linear motion guide is composed of a rail, a carriage and balls, 
which are generally made of martensitic stainless steel, SUS440C (Japanese Industry Standard). Therefore, grease is 
required for lubrication because they are made from the same material. As the contamination of grease is not allowable 
in vacuum, we introduced SUS440C for the rail and the carriage, and silicon nitride for the balls. An irradiation test of 
the linear motion guide was performed at Takasaki Advanced Radiation Research Institute (JAEA-Takasaki). On the 
other hand, because SUS440C is more easily corroded than austenitic stainless steel in the atmosphere, the rust due to 
irradiated gases will jam the linear motion guide. Hence, we introduced a Raydent treatment (Raydent Industrial CO., 
LTD1), which is an electroplating of chromium alloy, to the parts made of SUS440C and use a radiation resistant grease 
GK-1 (Matsumura Oil Research Corp.2) for lubrication. Then the fabricated radiation resistant linear motion guide was 
also given an irradiation test at JAEA-Takasaki. In this report, we describe the present status for the development of 
radiation resistant linear motion guides both in vacuum and in the atmosphere. 
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1 http://www.raydent.co.jp/index.html 
2 http://www.moresco.co.jp/moresco_web/index.html 

��ÝÞ�Linear Motion7z��?@ 

1.1 Ö`@*[`�]O(9DS9�<�� 

ä¬-Linear Motion�[^��B`ï7ÊËA]
#I]K�9I-�B`-ÊËA]#Ð�7B`I
G.m->I�ÜÝDS�nf�}K87§c�9:
 �XYDS�;<=	bc¸w	���´;,d
9I-;<·XYA,�Om(�OÅSUS440C7�
L9;YIdL:m�m}I=-?:�
7�L9
ó�D�9ABO7�L}LYK�}Å}9qyx
Id9:@�h, ��9ó�D�-9ABODS
9�hÆ�F	æ���<}L:MUSED7Ln�
10-4Pa1	�h., �m-10Ê,10MGy-.	·
Õ7�qmnL9: ��`�ÊËA]#1ED©
mnL6100N-.,d�- ��.��þÐD¤
.-.,d9:;<=7��m-�B`-ÊËA]
#DSUS440C-7B`DxA�\7 �maLinear 
Motion�[^iTHK:�HSR15R�7ïqm-3�
H&�12,/Áb-@�Õ&ª�12¶WQ`+
60�<v�Dn�<��7^�a:;<=	�<v
�,�x\[Av-_Ý(}~I/Rm-dÅ	�

I��H<9:�h��<7�qmn-;<Am
ah²D��°Úm}LS�DÖ`@*[`DS�

n�ã7§L�<��7^�a:·Õ(14.2kGy/B-
537BÐ,�6.9MGy	�<7^�aI-SUS440CD
³nI/Rmnm?LÀÅK�}Å}�nm?�a:
³n¸¹D�1X·¹Å7
v�9Y[\IÓ��
¸Y¬­mn-dÅ¿0H<nL9;YI¶·,á
a:��YmnÖ`@*[`�]O(9,��h�
7É¹ÍÎ�9;YI,á}L;YIÇøma:�
1D�<c	Linear Motion�[^7S'��¸	�
�7��:�

� �1�Ã;<·xLinear Motion�[^Y��¸�

1.2 Ö`�(¼£Ô¤DS9�<�� 

� S��hDQL^Ð7ÍÎ�9apDÖ`�(¼
£Iqy}Ô¤�DLinear Motion�[^7�¼m-
9*B\7])O�Dn¨.Ö`�(¼£7^�a:

-868-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

9*B\7])O�,CF>�(#DnÖ`�(7
ûo��WQ`+60�<v�Dn�<��7^�a:
·Õ(12.4kGy/BDn556BÐ7S'1289BÐ-�
6.9MGy-15.9MGy	Ì:á	�<Õ,d�a:�
<DS9ÛÜ7¬­�9apD->I�ÆÇ��7
^�a:O+*B)100mm-I�ë.10mm/è,å
Km-*B^í`Dn>I�ÆÇ7�Pma:�2
D�<ÕDS�n�<?<¢Ama>I�ÆÇ7�
�:�

� 2 � � < D S 9 > I � Æ Ç 	 ¢ A
i6.9MGy,16MGy� 
�
�<DS�n>I�ÆÇ��ê�9I-L�ac
ÊËA]#7�B`�=eLny'-
�2n9Y
>I�ÆÇ��<c	×DQ9:¤·DLinear 
Motion�[^7åKm}L,;¼�9YåK,á}
Å}9;YIdÅd9I-;;,y
ï�7^�;
Y� �BDåK7^�;YDð��9:�}�«-
�<�9;YDS�n�êma>I�ÆÇ�åK7
o�p��«Dy'�<c	>I�ÆÇD4×�9
;Y7¬¯mnL9:>I�ÆÇ	ï3Ymn�Ô
¤�	Luv	UçIÉ¹,}��aqyxI�Ú
=<9:m�m}I=-Ö`@*[`�]O(9	
�<��D©mn>I�ÆÇ	ÈA�6µD��m
n7�-x;	 ��`iHSR15R	Ã�`2000N
D©mn ��`100N�- ��.i�þÐD¤
4�7�Ú9Y �qy,d9;YI¶·,áa:�

��Z8�Linear Motion7z��?@


2.1 �[¡(+��	�<�� 

� ;<?,�h�,	 �7�qmn-Linear 
Motion�[^	�<��7^�náaI-SUS440C
Ih²I�<H<n/R�9x\[Av}~	��
x�ODS�n��H<9;YIéGY}�a:6

²�,	Linear Motion�[^	 �7�Úaó�-
�B`7S'ÊËA]#D����7vm-Ã��
x7/ïH�9�x¥°-��x�OD°Úm}L
S�D9ABO7 ±�9�I01,d9Y­PH
<9:g4-Ã��x7/ïH�9����Ymn
�[¡(+��i�[¡(+���7ïqma:�
[¡(+��Y�)*8[Av��²�]Ê,d�-
÷q}¼òA��,d9:MUSED7Ln�@D_
(RcT®7r>�9�hÔ¤�D�[¡(+��
7vmnL9I-Ã;<·xy7¶·�9apD3
�H&�12,/Áb-@�Õ&ª�12¶�&·
�<v�1�êë¤Dn1MV,6mA	�&·DS9�
<��7
vma:g4-�	�<����7²�
×Ymn��:SUS304D�[¡(+��7vma
2mm¸	w�B+D©mn·Õ(7.8kGy/è-1.39B
Ð-2.22BÐ-3.6BÐ,�<?<39MGy-61MGy-
100MGy	�<7^�a:��D�<��B	��
7��:�

��� �[¡(+��	�&·�<���
~	�<Õ	�
N�Ñ�bYc~¢Am}��a
I-�<ÕI�Ú9YÚ8&I/RmnL9S�D
ÑPH<9:=DPNx7tu�9apDJIS5600-
5-6)*Ov]+�7	�ma:;	þ��5l5r
&ZDP[>,Â7�|-OW]�mBwDn¡"
7¶·�9:¡"maÑ�Dªon-�å`7Çq
�9:~	�<ÕD>mnN�å`0i¡"}m�
,d�a:�á±Lnn]vBO¢.Pq7^�a:
500gf-25èÐêsDn�Pma:��Dn]vBO
¢.	�<ÕDS9¢A7��:¬­Ymn�[¡
(+��7vH}L�È���à	�£�	n]vBO¢
.N��:s=�á���I6µ}¢A�N=<}
L:�

�<Õ
æMGyç

�È�� �� �0� !�� ����

Hv 2�2� 2�2� �ì0� �ì0� 2���

���n]vBO¢.	�<ÕDS9¢A�
�
�&·�<��	��Ymn�[¡(+���;<
·DS�nÓ¬DÛÜ7È|DÅL;YI���a:�

2.2 �[¡(+��7vmaLinear Motion�[^	

6²�,	�<�� 

� =Dca	�B`-ÊËA]#DSUS440C-7B
`DxA�\7 �maLinear Motion�[^	�B
`-ÊËA]#D�[¡(+��7vma:?a?
BD��x�OD¥°-¤K¸I°Úm}L´D9
ABO7 ±�9;YYma:9ABOYmnÃ;

Ö`�(¼£�!#0��É�<

�

�

2

�

à

 

� 2� à� !� ì� ���

O+*B)æ$$ç

>
I

�
Æ

Ç
æ
�
ç

�<c

�<feáùmc

�<feáùmf

Ö`�(¼£�!��É�<

�

2

à

!

ì

��

�2

�à

� 2� à� !� ì� ���

O+*B)æ$$ç

>
I

�
Æ

Ç
æ
�
ç

�<c

�<feáùmc

�<feáùmf

-869-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

<·x9ABOC��OWZ[�]^�Ê��i¥À�
e12¶�7ïqmaI-9ABO	:áD>mn
�gf	���G,d9:�[¡(+��	�	Ã
;<·x	1�7¬­�9apDÃ;<·x9AB
O7 ±maN	 ±m}LN	Ì:áD>mnW
Q`+60�<v�Dn�<��7^�a:��x�
O	1�7��m-Ö`@*[`�]O(9}~�
vH}��a:·Õ(6.3kGy/BDn476BÐ-�
3MGy	�<7^�a:�4D�[¡(+��7vm
aLinear Motion�[^7��:�

�4��[¡(+��7vmaLinear Motion�[^�
�

c4Y?´D�<DS9ÛÜ7¬­�9apD->
I�ÆÇ��7^�a:O+*B)100mm-I�ë
.10mm/è,åKm-*B^í`Dn>I�ÆÇ7
�Pma:�5D�<DS�n¢Ama>I�ÆÇ
i9ABO�m�7�m-�!D>I�ÆÇi9
ABO0��7��:�

� ��[¡(+��f-3MGy�<DS9>I�Æ
Ç	¢Ai9ABO�m��

�!��[¡(+��f-3MGy�<DS9>I�Æ
Ç	¢Ai9ABO0���
�
9ABO7 ±m}Ló���<DS�n>I�Æ
Ç��6�9I-åK,á}Å}9b~,�}L:

9ABO7 ±maó�D�-�<D>Þ}Å9
ABO7 ±�9;YDS�n¦�->I�ÆÇI
�6�9:m�m-�<DS�n>I�ÆÇ�bY
c~¢Am}L:ËSÌ[ÍÎ��ÏTSÏÌ�[^��[¡(
+��7vm-Ã;<·x9ABO7ûÒ�9;Y
DS�nÃ;<·xyI/ï�9;YI���a:�

�����


g4-�h�7S'6²�,	 �7�qmaÃ

;<·xLinear Motion�[^	,/7^�a:�B

`-ÊËA]#DSUS440C-7B`DxA�\7 

�maLinear Motion�[^��h�,;<·DS9

ÛÜ7È|DÅL;YI¶·,áa:?a6²�,

��B`-ÊËA]#D�[¡(+��7vmÃ;

<·x9ABO7ûÒ�9;YDS�n-Ã;<·

xy7/ï,á9;YI¶·,áa:gf	�GY

mn-ûÒ�9Ã;<·x9ABO	:áDS9>

I�ÆÇ	¢A7ÝÞ�9;Yx-S�6á}�<

ÕD©�9>I�ÆÇ	¢A7ÝÞ�9;YIl�

,d9:�

��KL 
�12D7Ln�
		R-���}~Dm¼�

Laèá-m½Ï-m	£7LaèLaTHKáK�
:	§¨�-òd�-?a�<��Dm¼�Laè
La3�H&�12,/Áb	©ô�-»��-ª
��-f>�-@/´`0Bêë¤12Áb	ïz
�r-dÅ	J;D���mï�?�: 
 

�[¡(+��f-�<i9ABO�m�

/

5

Q

2

-4

-7

/ 4/ 6/ Q/ 3/ -//

O+*B)æ$$ç

>
I

�
Æ
Ç

æ
�ç

�<c

�<f

�[¡(+��f-�<i9ABO0��

/

/.7

-

-.7

4

/ 4/ 6/ Q/ 3/ -//

O+*B)æ$$ç

>
I
�
Æ

Ç
æ
�
ç �<c9ABOûÒc

�<c9ABOûÒf

�<f

-870-




