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Test of the O-ring Deformation

for a Large Sized Vacuum Optical Window

Yoshimitu TSUKAHARA, Yuzuru NEYATANI, Hidenori SUNAOSHI,
Morimasa SHITOMI and Akira NAGASHIMA

Department of Fusion Plasma Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received January 5, 1998)

Test of the viton O-ring deformation has been performed for a new type of large
sized vacuum window having a diameter of more than 80 mm. To prevent a vacuum
leak mainly caused by the crack of optical window, a new standard for the viton O-ring
has been proposed. The size of the O-ring was determined by the requirement to keep
the finite gap between the optical window and the supported metal flange at any time.
The validity of this new standard was confirmed by the deformation test for the O-ring

under the condition of vacuum pumping and the baking.
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d28  (%1) BEM  |2045mm [20.50mm [20.50mm {20.50mm |20.45mm |20.50mm |20.45mm |20.50mm
d3#  (%1) WEfE  |41.85mm |[41.90mm |41.85mm |41.85mm |41.85mm [41.90mm |41.85mm |41.85mm
48k (%1) Pl 8.80mm | 8.90mm | 8.90mm | 8.85mm | 8.85mm | 8.85mm | 8.85mm | 8.85mm
EIRE
BB P
AR (%2) 21T 122T 21C 123C 2T 122°C 21T 123C
BAE  (%2) 21T 62T 21T 63T 22 63T 21T 62°C
cH (%2) 21T 43T 20C 43C 22T 42T 20T 43C
D (¥%2) 21T 58C 20C 58C 22T 58T 20C 58C
X1 ¥Fryv 7UMEERES 2ROF vy THERA. FA—RSHs+ERO L
2 BEANEEFIE IHORZE7 S VRABRAZERA, M—LS8r2ROC &
#2-3 Wi —F Y FROX v v TRIERE (W5.0XL6.0mm (FALE) ]
P BB |3/24 188F |3/25 185 |3/26 18B% |3/27 18% |3/31 18B% | 4/1 1885 | 472 188 | 4/3 188%
¥y E
Fyy 2.65mm  12.75mm (2.70mm |2.70mm |2.65mm [2.80mm [2.75mm |2.70mm
5 EaT
28 (%1) PEME  [2045mm |20.50mm |20.50mm |20.50mm |20.45mm |20.55mm {20.60mm |20.50mm
d3#8  (%1) MEME  |41.85mm |41.90mm [41.85mm [41.85mm |41.85mm |41.90mm |41.85mm |41.85mm
daff  (%1) PEME | 7.55mm | 7.55mm | 7.55mm | 7.55mm | 7.55mm | 7.55mm | 7.60mm | 7.55mm
e REE
R P
AR (%2) 20C 121T 20T 122C 21T 122T 21T 123
B&  (%2) 20C 63T 20T 63T 21T 63T 21T 62T
ca (%2) 20T 43T 20C 43T 21T 2T 21T 43T
DA (%2) 20T 57C 20T 58C 21T 58T 21T 58T

¥l Fry 7THEERRE2HOY v v 7THERN. A—L5Hi8RBO L
2 RENEENEE IRORET S > VRBRAEERA. I—LSHi 88O &
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#£3-1 A% FBOF vy TRIELHE [W5.0XL5.0mm (FAE) ]
PEAEE | 477 10B% [4/11 186% |4/14 1085 |4/18 188F |4/21 108% [4/25 18BF |4/28 108 | 52 18EF
Xy /E
¥y 1.50mm 1.60mm |1.55mm 1.55mm 1.55mm 1.60mm |1.50mm |1.55mm
& R
2% (%1) fIEE  [2045mm {20.55mm [20.55mm [20.50mm [20.55mm [20.55mm |20.50mm |20.55mm
A3 (%1) WIEE |41.85Smm [41.90mm |41.85mm |41.85mm |41.85mm |41.90mm |41.85mm |41.85mm
dazk  (%1) PEfl 8.70mm | 8.75mm | 8.75mm | 8.70mm | 8.75mm | 8.75Smm | 8.75mm | 8.75mm
HEIRE
BRI P
AE (¥%2) 21T 122T 23T 123C 2T 122 23T 123C
BE  (X%2) 21T 63T 23T 64C 2T 63C 23T 62T
cH (%2) 21T 2T 23T 3T 2T 2T 23T 43C
DA (%2) 21T 58°C 23T 59C 22T 58T 23T 58T
X1 ¥Fry TRHEHEFRRE2HOX v v 7THERA. A—E5HL RO &
%2 EEANEEIE IR0oRZE7 I Y VRARARERA, A—RsRisBol L
#3-—2 EHER-FVIIBOX vy THERE (5.0mme (AE) ]
FIE BB |5/12 1085 |5/16 188% |5/19 10B% |5/23 18BF |5/26 108F [5/30 188% | 6/2 108% | 6/6 18E¥
¥y 7l
Fayy 1.40mm 1.45mm 1.40mm 1.40mm 1.40mm |[1.45mm |1.35mm 1.35mm
e ERT
Q2% (%1) WEE  |2045mm |20.50mm |20.50mm |20.50mm [20.55mm |20.55mm [20.50mm |20.50mm
a3 (%1) MEfE  |41.85mm [41.90mm [41.85mm |41.85mm |41.85mm |41.90mm |41.85mm |[41.85mm
daBf  (%1) PIEME 8.80mm | 8.85mm | 8.85mm | 8.85mm | 8.90mm | 8.90mm | 8.90mm | 8.90mm
AT iRE
RERIEE
AE (%2) 22T 123TC 23T 123C 23T 123T 23C 122
BE  (%2) 22C 62T 23T 63T 23T 63T 23T 62T
cH (%2) 22T 43C 23C 43T 23T 43T 23T 27T
D& (%2) 22T 57C 23T 58T 23T 59T 23T 58C
%1 ¥ry 7HEBFRRE2HOX v v TRIZEAN., B—RL5HEER0Z L

%2 BENESTRE IHNOREY S Y VRRAXERA. A-—-iLsBtgRol L
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®3-3 EHRAN—F Y FBOF v v 7THIERLHE (W5.0XL6.0mm (FHE) )
WEHRE | 6/9 108F |6/13 188% |6/16 108% |6/20 188% |6/23 108% |6/27 188% |6/30 10BF | 7/4 18BF
¥yv 7l
¥y 2.70mm |2.75mm |2.75mm [2.75Smm |2.75mm [2.80mm |2.75mm |2.75mm
W5
d288  (%1) WEM  |2045mm [20.50mm |20.55mm [20.50mm [20.55mm |20.55mm |20.50mm |20.55mm
d3f8 (1) WEM  |41.85mm [41.90mm |41.85mm {41.85mm [41.85mm [41.90mm {41.90mm |41.85mm
daff  (x1) BIEE 7.50mm | 7.55mm | 7.55mm | 7.50mm | 7.55mm | 7.55mm | 7.55mm | 7.55mm
FEIRE
1R E ) S P
AR (%2) 21T 122°C 23C 123C 23T 122 23T 123C
BH  (%2) 21T 62C 23T 63T 23T 63C 23T 627C
Cxl (%2) 21T 42T 23T 43T 22T 42T 23T 43T
D (%2) 21T 571C 23T 58T 2T 58T 23 58T

1 Xry 7HEERIE2HOX v v 7THERA. A—RSHBisB0
*2 BRENEBFRRIE IHORZET S Y VRBAZEERAN., A—-Re5HisBoc
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F81 KRILEFOHITFLYICLSE8EE?

2 VEEHVICRTHRICETIMET S, #ARICHA LD N (BHFE) #Q. HFUD
BEHeF. * DHOBRERfps T3 &,
#EH ) =Qcosa+Fsina
7K 1 =Fcosa-Qsina
&L B, ZIT. alRH2ICRTI—FBERT, HITUBCREEHICL Y BEIRE
L. ZhHPFTHEHNEIDT.
Fcosa-Qsina=p(Qcosa+Fsina)
ELED, COREQIIDVWTEFT R &

_F.cosa-psina

LCoSO+SsinQ
CRY BRI MLIET, RUDBBREIETDET=F - dR2THBNDT.

_2T cosa-usino (1)

d pcoso+sino
KRDZFLLADA = ML I TIEa~25 | u~0.15-02TH 3D Tu=02& L T,

Q=8.14T/d (2)
BB,

2 X»r5. ARTHERLAEMIOD R DS (8K) 1. d~0.92cmTH 3N T.
T=150kgcmDiBEE : Q=1327kg/&X => Qt=1327x8=10616kg
T=200kgcm®izE& : Q=1770kg/ & => Qt=1770x8=14160kg

&5 3,

Fcosa

Q:&Ah tano=L/nd
F:RE%. 2&RLOBE
T: @&~y a:J—F& (25 )
=K ° d: B5ziE
al)—FB (25 ) Lok
X 1 X 2

2) HWEREHES FAR P.167 (BBFNS 2 F) BT £#HH
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82 HEBFFORDICKLIEMFE

F4ZT7Ta  BORBICLEBAUTOEEIIDODWTRETL /-,
(1) QUL TP DRINTHI AV B EEMTEH?
(2) BHAR—FAEAARICTNT IS VOAICERT SN ?

1, BNOEE

ENOTiE . 20cmd x 2cmt

EOME . AR

BOEE . nx10(cm)x 10(cm) x 2(cm) x 2.65(g/cc) = 1.66 (kg)

2, K— h#ARETEE
FAN—ZEROKAIMRE20GH D - 1158 DEMBETE.
1.66 (kg) x 20 (G) =33.3 (kg)
CHERARREELEERL TNMEL. ZOFEBILEL>TON XTI HFDRINTHI AN E
BEEMTIIEREL,

3, R— MNHEBARFE

HiTH & RHEIC33.3kgDHEN MH - 15 EEBET 3,

ARELCLZBMARDFTEIE~189kgT. COFEBICLIBEEANIION T EHTX
DERFRE%203 (KLY 1F) ELTH. 0.3x189=57kgTH 3, £->T. IREIC LS
FTEICEH-T. HSZXPFThBZEIRHE W,



EBRBEA R SI) LHmEE

x1 SIEXRHAE I CHBIEAL F2 SIEftHlah 847 x5 SIHEEAE
| % i 5 AN i 5 58 PRORE i 5
& Sl KL m %, 8, B| min. h d 0% = 7 v| E
1 i SIE =R IA kg B, 2, B| ., VAR I S 4 p
oo M 4 s Y v b oL L 0 5 3| T
5t w7 v =T A b vt 10° | # el G
BAOLEE [ L v v K EFENLE | eV 10¢ | » 2l M
¥ 48 8| W mol BETEREN | u 10° + o k
* gin v 5 3 cd 102 ~ 7 ¢ h
T @ |7 v 7 v rad 1eV=1.60218x 10°'°J 0|7 #| da
ik AI|ATFIITY st 1 u=1.66054x 107" kg o7 d
1072 £ v F c
. 1073 N i m
£3 BEOZHE L SIETEG D B
&4 SIEHiICHENIC 4
| san | fhod ST 0|+ s n
BB RS i r k8 HrrE s Ber 10 & 3l p
15} [ ¥~ o V| Hz s! % W i B 107" 7 x4k f
5 Za-tv| N | mkg/s A7 a— L A 0" vt a
E 71, & H|v 2 # wv| Pa| N/m’ /N - v b
ik MB (Y 2 — v J | Nm s = | bar G
TR, KRHER|7 v +| W[ s ¥ v Gal L R1—5(3 TEEBERAE] B5 K E8
T 8 EJ | 7 - o v{ C A-s £ . ) = Ci ER®E 1985 FEfliTick 3, 250, 1eV
&AL %H;jé%ﬁ B fl/‘ MV W/A [P N R BLU 1 udfEiid CODATA D 1986 EHEZ
% & 5 ®B|7 7 7 K F Cc/v 5 K rad I & » 7
& S K K|+ - 4| Q| va v |  rem o
D A AV 2. RAWIZHE, Lo b, TN, ~V ¥
B dlv = — | Wb | V.s 1 A= 0.1 nm=10"""m —VHEBERTVANBEORMEDNTC
s = ] 2 = 7 -
{:& f s f 'f o) ) ’ EI x:ji 1 b=100 fm?=10"%* m’ CTREBLI,
B v ~ v - =137 :
! ; AR A I 1 bar=0.1 MPa=10°Pa 3.Abar &, JISTEREDOILENEEHT I
_ e ABRBOE2DNF I —iLHEEhTO
% il - 2 v| Im | cd-sr 1 Gal=1cm/s*=10""m/s® ; *
" glv 2 2| Im/m? 1Ci=3.7x10'°Bq °
= x ) fmwm i B 4. ECHWRFHAISS T bar, barnkk
W &  #E|~ 2 v o Bl s L R=2.88x107°C/kg O TMFEDHE ) mmHg £ K205 77
\
m W & R|7 v 4| Gy| Jke I rad=1cGy=10"Gy At T 77
B OB % B|iv-—~nrtr| Sy J/kg lrem=1cSv=10"8v %o
B [ %
/1| N(=10°dyn) kgf Ibf £ {MPa{=10 bar) kgf/cm’® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ E 1Pa-s(N.s/m*)=10P(#£7 X)(g/(cm-s)) 1.33322 x 107 | 1.35951 x 107 | 1.31579 x 10°3 1 1.93368 x 10°?
BT 1m%/s=10'St(X b — 2 2) (em?¥/s) 6.89476 x 107° | 7.03070 x 10~ | 6.80460 x 10"2 51.7149 1
:Z‘L J(=10"erg) kgfem kW+ h cal (GttE:) Btu ft « 1bf eV 1cal = 4.18605 J (3t &)
;'? 1 0101972 | 277778 x10°7 |  0.238889 | 9.47813 x 107 0.737562 | 6.24150 x 10" =4.184J  (#ft3)
] 9.80665 1 2.72407 x 10°° 2.34270 9.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10* 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (R KL E.
. 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10°* 3.08747 261272x 10" (fgg | pPS (AE )
) 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 10%! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10" 0.323890 | 1.28506 x 10"* 1 846233 x 10" = 735.499 W
1.60218 x 107'* | 1.63377 x 10°%°| 4.45050 x 1072¢| 3.82743 x 10" | 1.51857 x 10722 | 1.18171 x 10~ 1
& Bq Ci % Gy rad L33 C/kg R 8 Sv rem
B I a5 B
1 270270 x 107! % 1 100 % 1 3876 % 1 100
HE ® & &
3.7 x 10% 1 0.01 1 2,58 x 107 1 0.01 1

(86 % 12 A 26 HIRTE)
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