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Type Tests of the Welded Bellows for the
Ports of the JT-60 Vacuum Vessel

Hidevuki TAKATSU, Masahiro YAMAMOTO, Masatsugu SHIMIZU,
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Kazuo SUZUKL , Tadashi SONOBE , Yuzo HAYASHI  and Gen-ichiro MIZUNO

Department of Large Tokamak Development

Tokai Research Establishment, JAERI

(Received January 31, 1984)

Type tests of three kinds of the welded bellows were carried out
to examine their applicability to the ports of the JT-60 vacuum vessel,
because strict specifications on the mechanical, vacuum and thermal
properties were required for them.

The following conclusions were obtained after seven kinds of type
tests.

(1) Spring constant and stress measurement tests showed a good agree-
ment between the measured values and the calculated ones and
confirmed the validity of the spring constant and stress evalua-
tion formula.

(2) The results of the Helium leak and outgassing rate measurement
tests were found to be below the specifications and showed the
good vacuum property of the welded bellows.

(3) The welded bellows kept up the structural integrity after the
thermal cycle, life and pressure tests and sufficient thermal and

mechanical property of the welded bellows was confirmed.

Keywords; Welded Bellows, JI-60 Tokamak, Type Test, Spring Constant,
Stress Measurement, Helium Leak, Outgassing Rate, Thermal

Cycle, Life Test, Pressure Test

% Hitachi, Ltd.

**% Trie Koken Co., Ltd.

Cli



JAERI-M 84-034

L (AL LU [Tev e mmmsmemseem e e e 1
9 T RERBRIG - vvveeerrore e e 5
21 BEEEND — KT IR S LB R e 5
0 0 FEEREREGIE [ oreree oo rrr e e 7
3 TR ERER T T o eeer e 15
31 @mﬂ’j f&anﬂ%ﬁ ....................................................................................... 15
311 AT TEELER et s 15
D12 JE RIS R e 16
30108 FREAERIR oot 16
31 A THTEGRER v reremree e 17

3.2 E?nftﬁﬁ%%ﬁ[ﬁﬁ .......................................................................................... 17
30 1 A T L e 1 e 27 EEE R e e 17
500 B AT ARGEEEHITETRER - reeeerr e 18

303 BMEGHEEEELER . e 19
3001 B A 2 JUERER e e 19

4. ﬂ”—/ uit ftkﬁjbcto‘*ﬁ‘j ................................................................................. 33
4.1 ﬁ%ﬁmﬁ’] an—lt%ﬁ ....................................................................................... 33
4011 ZRRTERRITEEEG rvrrr e 23
L10 B T EE BRBR oo 33
4.1. 53 ;‘%’rﬁfﬁ%ﬁ .......................................................................................... 36
BT A T TE G oo 36

4,0 B LRI G - vvee oo 35
B0701 AU T A 1) R ER 96
A0.0  FRH A ZGEFEHITEEER e 27

A3 BAIMERESRER v e omereemres o e e 37
A3 1 B 4 27 JU BRI e e 37

B B AU T e oo e s 53
FRFE e 54

Ciii >



I.
2.

5.

References

JAERI-M 84-034

Contents

Introduction ...................................................

Type tesgt items .............................................

2.1 Specifications for the welded bellows

2.2 Type tesgt ILtems -rrerrrererrrrrmaeiai e
Procedure of the type tests oo

3.1 Mechanical property ..............................

3.1.1 Spring constant measurement test
3.1.2 Stress measurement test ---ooeeeea.nn
3.1, Lif@ L@SE rrrereerrrrmmenmmmmmsrnt ot
3.1.4 PTressure LESE et
3.2  VaCUUm PLOPETLY st
3.2.1 Helium leak test --oreoreereriee

3.2.2 Outgassing rate measurement test

3.3 Thermal Property - oot
3.3.1 Thermal cycle test -rovorrrecrirmirneens
Results of the type tests aund discussion
4.1 Mechanical DIODErLY «eeeereeossiinaiiemin
4,1.1 Spring constant measurement test
4.1.2 Stress measurement test oo
4_1.3 Life L@ E  rrererrererees s
4.1_4 PressUre tESh serrerrrrii e
4,2 VacUUm PLOPEL LY «rrrwreetererrtrmrtratumn
4.2.1 Helium leak LeSt roerrrererrrocomineneen

4.2.2 Qutgassing rate measurement test

4_ 3 Thermal Property ....................................
4.3.1 Thermal cycle test --orrrroomrremmne.

CoNCTUSIONSG +-rrerrrrorisriaieiiiiaiiniiiiiieiraisiiaiininaiasy



JAERI -M 84-034

Gigeo - AREEEZKEC O LN TVE I VR -4 Y THD, kENAEO S 2o
D vE &y FEORHERERINGT & 51, BRIORE R8T 2REE RS N
. TR OEHN D X RS RONERARIRG DI L O 5B T Y -
7 N THDD, TSN TEEN o~ A RICER BN, BonkAx-27T
K& AR ARG 5 T EMTS B,

e ) BRI 5 0 C BN T — AR D SN TE T 5, £ DEAY FiE
FREBERE~OT 7 225 B E LIBAGE - ETHEL, - MHIAEE N -ZX%H
WAEHME LTE

O #F—rAENLTEESRCER SR ARG MARES & EEEHEOHOMER

DI (HZEOER S LCRAEE B OREICE B NS5 5).

@ BETEAEHOBEWRELIETOHRE.

@ BEEBRNICEBINLI2VE-—R Y ME, AFEML LU RIS ELHDOET
S (& LCAIB) ) 3 5 BT BN).,

@ BEITEEBDSH — P OBRED HEE
WEH 5

HAT S X REEE (BUF JT—60) AKORTCH VT, ABHOF— M EERD
i U B A A X — P BB hATRNSE, KORE — FTh 5 i+ ALInE
I (NBI) - b, FUZEHESH (V) # — b 52 CEZEEBMETH 2K E ) 3 #HA(SL)
Ee M EBLTOAEERD —% (BUF, NBI~NT—X, VAo XHLUSL~ND—X)T
WIS 2RI B B AR LTl Bo Fig. 113 JT - 60 AEOWEKTHY, V~m—
ZDOEMr AR LTS, 72, Table | iC3ENw —XOFFETTEED S,

EIETICH O THEE N 0 — XOER A ATHESR 0B 72013, R BY ORI L W TERE
~No— PR OBEN S ARSERBEES NP 5 TH S, §40D5, BEND —XiTid
K AR AR B, REREROZ LR ARSI T 5 7o K E I 05
W, T, BERAASCEFRSEOLOEEA AOENYY -7 FRIDEEFTHOET
HAEOEF AR B2 iid b, & 51, WENTEN L HRERBREIC 7 -7 08 L 500k
MhidnY, 77 X2 hoMARCELAEEOBF NG S 10, EEHMTHRIIBE~No -
MAOEIEHLVBERE, BR L GETRIIWEL S LRHEEREZSHELLTVIRD
EEHATETS 5H652 0 EBbNS, DEXOETTE, HENT X2 ENE
HE s 2570y SL AT — b B LU — F OEMEAIEE IS AEER ORI A A — P HSOb
ATHIN S LBELRE LD TERVROBDNBIE LUV A - MTOLFEHE D~ X g
FEHT AL E LI,

AL THOG LN S SEEOEE~N o -X12id, FRoind K275 BEZEaBENT 5 M,
BRI & BED FEL O S RRFBROZ L OFBO BESEA T 5 100 50 BRI &



JAERI -M 84-034

RENTWA, £/, Table 1 WRdmd BVEREFTHERAINA L E&BE LD, TDOH
A TR A B BERH B, I 60, BEEHEOETER LML TS0 LV AEZENE
HEMER ENTV S, —F, REENT -ZXEWFNGIEHICRETHD, HoONBI~a —X
DECEAEFREZET SBEHRIST -2 5EN5 5 A1, VINLEERBRDDVHES
BHITH L HEE FORE S TESN S, BN D - XOBEFRCMET 2 S EIETicd
Tt BoEBCHT BREEMIC T SELEOM LB OMERIZT . T, RS
FBic L AREFEMEMEBERT -2 Th, JT-40EFES ~OHERAEZEMNLLT
S S NAHET BB, —ICNT — % - A =5 —ICBT SEEEREZ L1,
PlEky, EBBE(FA—0BEERENr - X225 FL, ElAENo - XCEZRSNTVWS
R gE, BEEiges L UM REICET ARABICH L, BRI TO AL T
ORI HERERETT » /12, Table 2 WERHAREHE T L5, ABREHRIOE
ARBOBRAGEETLHOTE S, T, F2ECHEENn - XCERINA LS ERX
HBTEEOMEA 05, BIETRHEAERAFEOFE L, F4FTERBERET &
5,



Table 1

JAERI-M 84-034

Major specifications of the welded bellows for the ports of

the JT-60 vacuum vessel.

Port Vv SL NBL
Inner diameter {(mm) 590 370 653.1x723.8
Outer diameter (mm) 690 430 733.1 x803.8
Free length (mm) 520 393 464
Thickness (mm) 0.5 .35 0.48
Pitch (mm) 8.0 4.79 8.0
Cross section Circular Circular Rectangular
Number of corrugation 65 82 58
Offset length {(mm) + 30 +17 + 14
Designed temperature {(°C) R.T. & 250 R.T. & 520 R.T. & 250
Material Inconel 625
Designed pressure (kg/mm?) 0.01

Table 2

List of type test items.

1. Mechanical property

.1
.2
.3
A

— = =

Spring constant measurement test
Stress measurement test
Life test

Pressure test

2. Vacuum property

2.1
2.2

Helium leak test

Qutgassing rate measurement test

3. Thermal property

3.1

Thermal cycle test
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Fig. 1 Cross sectional view of the JT-60 tokamak machine showing a

typical application of the welded bellows to a fusion device.
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Dimensional specification and the measurement results for V

Table 3
bellows.
n: number of corrugation
I
ty . L | tz
& L
[e}) QL
T
I Y B < 22 BER N -
gelholisvliye) o O OO0 Oy &
alolol o o © olele| S
. . Nominal J )
Symbol Unit P . 1o v-01 V=02 v-03 V=04 v-05
] dimension R N
d, mm 690 + 0.5 690.1 690.1 690.1 689.9 690.0
ds mn 626 + 0. 626.1 625.9 626.2 626.0 626.1
d3 mm 614 + 0. 613.8 613.86 £13.8 613.8 613.9
dy i 590 = 0. 589.8 589.7 589.9 589.9 560.1
e - 1.s o 1.8 1.8 1.8 1.8 1.8
01 degree 52.5 = 2.5 52.0 52.0 52.0 52.90 52.0
ty mim 10 £+ 0.2 10.1 10.2 10.0 1G.0 10.2
D1 ram 690 + 0. 689.0 690.0 690.0 690.0 690.0
Ds mm 626 + 0. 626.1 626.0 £26.1 626.0 626.0
D; mm 614 £ 0. 613.9 613.8 £13.8 613.7 613.5
Dy mm 590 + 0. 589.7 589.7 589.9 589.7 589.8
e, mm 1.5 +8'3 1.8 1.8 1.8 1.8 1.7
P depree | 52.5 & 2. 52.0 52.0 52.0 52.0 52.0
Ly mm 10 £ 0.2 10.1 10.0 10.0 10.1 10.1
a mm 590 + 2 588.2 588.1 588.1 588.1 588.1
b mm 690 = 2 691.1 691.0 691.1 691.1 691.1
L3 Highin 570 590.0 574.0 580.0 580.0 580.0
La min 520 + 52 540 524 530 540 530
n - 65 65 65 65 65 65
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Table 4 ‘Dimensional specification and the measurement results for SL
bellows.
n: number of corrugation
4 ;
g2
t
: by . Ay L
——— )
6
- o < W0 —~ - [
pelboib ol =lige) o2 o o9 w— o o
oo oo e ol oo -GS o o o
. Nominal )
Symbol Unit . . SL-01 $L-02 - SIL~03
- _ dimension I L
d; mm 430 + 0.5 430.1 430.1 430.1
do mm 410 + 0.5 409.9 £10.1 410.2
da mm 399 £ 0.3 399.1 399.1 398.9
dy ma 365 + 0.8 365.0 365.7 365.4
dg mm 360 £ 0.8 260.0 360.0 359.9
s mm 1.9 +g'2 1.7 1.7 1.7
B8 degree 37.5 * 2.5 37.0 37.0 52.0
t1 mim 10 £ 0.2 10.0 10.1 10.0
a; mm 370 £ 2 368.4 368.5 368.5
b1 mm 430 + 2 430.9 431.0 430.9
e mm 360 £ C.8 360.1 360.1 360.1
asz mm 370 £ 2 368.5 368.5 368.5
b uli} 430 + 2 430.9 430.9 430.9
to il 10 + 0.2 10.1 10.0 10.0
+0.2 314.7 314.7 314.7
£ mm 314.5 0.1 314.7 314.7 314.7
’ 314.7 314.7 314.7
g mm 327 £ Q0.5 327.0 327.0 327.0
h mm 430 = 0.5 430.0 430.0 430.0
%1 i 443 & 44.3 460 466 440
Ry T 363 +£39.3 395 412 395
25 mm 192.5 194 203 193
Ly, mm 192.5 193 201 194
L5 mm 8 8.1 8.1 8.1
n - B2 82 82 82
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and the actual use.

Number of the welded bellows fabricated for the type test

Welded bellows

For actual use

For type test

v & 1
SL 2 1
NBI 14 1

Table. §

for

Result of the Helium leak test of the welded bellows both

the type test and for the actual use after baking.

Number of Sensitivity Leak rate
welded bellows of detector (Torr- L/sec) Judgement Comment
{Torr- L/sec)
SL-01 3.99 » 10-10 |< 3.99 x 1070 | Acceptable
SL-02 1.14 x 10710 |< 1.14 x 10710 | Acceptable
SL-03 8.61 x 10711 |< 8,61 x 10711 Acceptable |For type test
v-01 5.32 x 10-11 |« 5,32 x 1071 | Acceptable
v-02 6,65 x 1011 [< 6.65 x 10711 | Acceptable
V=03 1.40 x 10710 < 1.40 x 10710 ] Acceptable
V-04 7.98 x 10711 < 7,98 x 10711 | Acceptable
v-05 7.95 x 1071 |« 7,95 x 10711 | Acceptable |For type test
NBI-(01 2.20 x 10710 1< 2,20 x 10710 | Acceptable
NBI-(2 3.17 x 10™10 1< 3,17 x 10719 | Acceptable
NBI-03 3.05 x 10710 [« 3,05 x 107310 | Acceptable
NBI-(04 2,64 x 10710 1< 2,64 x 10710 | Acceptable
NBI-05 4,70 x 10-10 {< 4,70 x 10719 | Acceptable
NBI-06 3.55 x 10710 < 3,55 x 10710 | Acceptable
NBI-07 3.55 x 10710 |< 3.55 x 10719 | Acceptable
NBI-08 2,71 x 10~1¢ 1< 2,71 x 10710 | Acceptable
NBI-09 4,31 x 1071C¢ |< 4,31 x 10710 | Acceptable
NBI-10 4,46 x 10710 1< 4,46 x 10710 | Acceptable
NBI-11 4.27 % 1070 |< 4,27 x 10-1% | Acceptable
NBI-12 3,52 % 10710 (< 3,52 x 10710 Acceptable
NBI-13 3.79 x 10710 1< 3,79 x 10710 | Acceptable
NBI-14 4,42 x 10710 [< 4,42 x 10710 ! Acceptable
NBI-15 7.68 x 10™1¢ |< 7,68 X 10710 | Acceptable |For type test
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Table 9 Specifications of the thermal ecycle and the surface treatment

for the welded bellows.

NBI SL v
Max. temperature (°C) 250 = 20 520 = 20 250 * 20
Baking Min. temperature (°C) R.T. R.T. R.T
Cycle 200 200 200
Surface treatment Aceton rimse
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¥Fig., 2 Outline of the spring constant measurement in the (a) axial

and (b) transverse directions.
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Fig. © Block diagram for the life test.
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Fig. 10 Block digram for the outgassing rate measurement test.




A

JAERI-M 84-034

Photo. 1 View of the experimental setup for the axial spring constant

measurement of V bellows.

Photo. 2 View of the experimental setup for the transverse spring

constant measurement of V bellows.
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Photo. 3 View of the experimental setup for the life test.

Photo. 4 V bellows under the life test.
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Photo. 5 SL bellows under the life test.

Photo. & NBI bellows under the life test,
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Photo. 7 View of the experimental setup for the pressure test.

Photo. 8 View of the experimental setup for the outgassing rate

measurement of SL bellows.
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Photo. 9 V bellows under baking at the temperature over 250°C.
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Table 10 Result of the spring constant measurement test,

(kg /mm)
Bellows Direction . Cal. Meas.
Axial 0.34 0.36
SL
Transverse 0.49 0.57
Axial 0.44 0.56
v .
Transverse 0.89 1.20
Axial 1.03 1.33
NBI b 4.19 . 5.49
Transverse
y* 3.45 4.39

* x and y directions are shown in Fig. 22.

Table 11 Result of the Helium leak test of the type-test welded bellows

before type test, after life test and after pressure test.

Sensitivity Leak rate

of detector (Torr *L/sec) Judgement#*
(Torr-L/sec)

Before type test 7.60 = 1077 <7.60 x 107t¢ Acceptable
NBI After life test 6.50 x io_l° <6.50 x 10°1° Acceptable
After pressure test 4.98 x 1077 <4,98 x 1071° Acceptable
Before type test 1.42 x 107*° <1.42 x 1070 Acceptable
SL After life test 8.39 x 107} <8.39 x 107!* | Acceptable
After pressure test 8.61 x 10717 <8.61 x 107%? Ac;eptable
Before type test 1.47 x 1071° <1.47 x 107%° Acceptable
v After life test 1.37 x 107%°% <1.37 x 107" | Acceptable
After pressure test 7.95 = 1072 <7.95 x 10711 Acceptable

% Specification; 1 % 1077 Torr+L/sec {guaranteed)

5 x 107 Torr-4/sec {(as target}



JAERT-M 84-034

Table 12 Result of the fatigue evaluation.

Load conditieon

Equivalent stress
amplitude Og

Designed number

of cycles ny

Number 0f<stress
cycles to failure

Usage factor
Uy =ng/Ny

Cumulative usage
facror

(kg/mm?) applied at O, |Ny at stress Ogq U==L Ug
Thermal eycle 3.42 %, 900E 01 1.000E 07 9, 88E-06
A 4,54 6.039E 03 1.000E 07 6.03E-04
Bl 4.92 1.600E 03 1.000E 07 1.60E~04
(a)..sz 3.90 2.400E 03 1.000E 07 2.40E-04
B3 2.86 4.000E 03 1.000E Q7 3.99E-04 0.027
84 1.75 8.000E 03 1.000E 07 7.98E-04
c 5.81 2.350E 05 1.000E 07 2.35E-02
v D 13.60 1.000E 04 1.000E 07 1.00E-03
Thermal cycle 3,42 9.900E Ol 1.000E 07 G .88E-06
A 4.54 6.039E 03 1.000E 07 6.03E-04
Bl 4.92 1.600E 03 1.00GE 07 1.60E-04
(b) B2 3.90 2.400E 03 1.000E 07 2.40E-04 0.027
B3 2.84 4.000E 03 - 1.000E 07 3.99E-04 :
B4 1.75 £.000E 03 1.000E 07 7.98E-04
c 5.81 2.350E 05 1.000E 07 2.35E-02
b 7.34 1.000E 04 1.000E 07 1.00E-03
Thermal cycle 8.32 9.90CE 01 1.000E 07 9.B8BE-06
A 5.20 6.03%E 03 1.000E 07 6.03E-04
Bl 6.45 1.600E 03 1.000E 07 1.60E-04
(a) B2 5.14 2.400E 03 1.000E 07 2.40E-04 0.027
B3 3.77 4.000E 03 1.000E 07 3.99E-04 '
B4 2.3 8.000E 03 1.000E 07 7.98E-04
o 5.89 2.350E 05 1.000E 07 2.35E-02
sL D 12.64 1.000F 04 1.000E 07 1.00E-03
Thermal cycle 8.32 9.900E 01 1.000E 07 9.88E-06
A ' 5.20 6.039E 03 1.000E 07 &.03E-06
Bl 6.45 1.600E 03 1.000E 07 1.60E-04
(b B2 5.14 2.400F 03 1.000E 07 2.40E-06 0.027
B3 3.77 4.000E 03 1.000E 07 3.99E-04 :
B4 2.34 8.000E 03 1.000E ©7 7.98E-~04
c 5.89 2.350E 05 1.000E ©7 2.35E-02
1D 6.50 1.000E G4 1.000E C7 1.00E-03
Thermal cycle 10. 85 9.%00E 01 1.000E 07 9.88E-D6
A 14.26 6.039E Q3 1.000E 07 6.03E-D4
Bl 12.66 1.600E 03 1.000E 07 1.60E-04
(a)| B2 10.28 2.400E 03 1.000E 07 2.40E-04 0.052
B3 7.70 4.000E 03 1.000E 07 3.99E-04 )
B4 4.88 8.000E 03 1.000E 07 7.98E-04
c 18.50 2.350E 05 6.606E 06 3.56E-02
NBI D 22.45 1.000E 04 1.400E Q6 7.14E-03
Thermal cycle 10. 85 9.900E 01 1.000E 07 3.88E-06
A 14,26 6.039E 03 1.000E Q7 6.03E-04
Bl- 12.66 1.600E 03 1.000E 07 1.60E-04
b) B2 10.28 2.400E 03 1.000E 07 2.40E-04 0.039
B3 7.70 4.000E 03 1.000E 07 3.99E-04
B4 4.88 8.000E 03 1.000E 07 7.98E-04
c 18.50 2.350E 05 6.606E 06 3.56E-02
D 18.00 1.000E 04 8.000E 06 1.25E-03
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Table 13 Result of the outgassing rate measurement before and after

baking.

(Torr-+%/sec cm?)

NBI ST v
Before baking 8.6 x 1077 7.9 x 107*° 1.5 x 1071°
After baking 1.2 x 107%2 1.5 x 1012 5.9 x 10-12
Judgemeﬁt* Acceptable Acceptable Acceptable

* Specification; 1 x 107!! Torr-%/sec.cm?

Table 14 Inner surface area and

ment system.

volume of the outgassing rate measure-

NBI SL v
Bellows 1.1 x 10° 6.1 x 10* 1.3 x 10°
Inner surface area

(em?) - Piping etc. 5.0 x 103 6.8 x 10° 9.9 x 10°
Total 1.2 x 10° 6.8 x 10% 1.4 x 10°

Bellows 254.,4 52.2 177.0

Volume ;
Piping etc. 13.6 6.5 6.5
(L)
Total 268.0 58.7 183.5
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Fig. 19 Relation between the axial displacement and the
axial bending stress without atmospheric pressure.
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Fig. 20 Relation between the axial displacement and the axial bending

stress with atmospheric pressure.
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Fig. 21 Symbols of shape parameter for NBI bellows.
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SL bellows after pressure test

e _ SL=31x10° Torr-8/sec
ot - I /' SLoff
a L , . ) T . [ ",* ‘Jl______
g Ceak fesf . y [ x30 {
5 _min S R ) : : .
> P T B '
SN . - = - SLin
= \U
R .. . —
Time
Fig. 24 Chart of the Helium leak detection for the SL bellows after
pressure test.
V  beilows after pressure test .
SL=3.1x10 Torr-8/sec
s .
o SL off \\ x30 P
Legk-test :
e . 9 min x3
5 i —_—
g S e
He in
L4

Time

Fig. 25 Chart of the Helium leak detection for the V bellows after

pressure test,.



Temperature T (°C)

JAERT-M 84-034

500 ..
400
3001
200
100§+
1 | ] ] ]
4 3 6 7 8
Time (hr)
Fig. 26 -Example of the time histories of the temperature and the
pressure of SL bellows under the thermal cycle test.
V  bellews
-16 __
b
_300¢ S
0o
s 4 '2
=
—_
200 o
pd )
=3 —
o e 2
S o
= o
g 100 a
o ‘
— ’:
0
Time {hr)
Fig., 27 Example of the time histories of the temperature and the

pressure of V bellows under the thermal cycle test.

Pressure P (x 10° Torr)
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9
— 8 SL bellows after thermal cycle
£
o 6 5
s 5 =
fad ‘,/f”””” o
o 3 ‘

5 D min

Time

Fig. 28 Chart of the outgassing rate measurement for SL bellows

after the thermal cycle.

V bellows after thermal cycle

,////,f’y/l

. | 5.94x10°7 Torr

/ 2 min

Time
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Fig. 30 Mass spectrum of SL bellows before thermal cycle.
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Fig. 31 Mass spectrum of SL bellows after thermal cycle.
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Mass spectrum of V bellows after thermal cycle.
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