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Structural Design of Cryostat and Port Penetration of

International Thermonuclear Experimental Reaetor (ITER)

Masafumi SAWA+, Naokazu KANAMORI, Katsuhiro SHIMIZU+
Yukio NOMURA+, Yoshinao OHKAWA+, Kiyoshi SHIBANUMA
and Eisuke TADA

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

Naka-machi, naka-gun, Ibaraki-ken

(Received June 2, 1992)

Preliminary structural design of the ITER cryostat and port
penetration based on concrete cryostat was conducted and the structural
concept compatible with remote handling and nuclear shielding is proposed.
The ITER cryostat was mainly composed of side wall, upper cover, upper
port, horizental port, vacuum port, cooling pipe penetration. The upper
cover is designed to be fully detachable structure by remote handling
for assembling/disassembling the poloidal field coils. 1In addition, the
upper cover provides the biological shield for personal access for the
blanket maintenance operation. The upper port is designed to meet the
requirements of cooling pipe penetration, blanket maintenance and
biological shield. The layout of the cooling pipe is defined by simple
thermal stress analysis.

There are 16 horizontal ports arranged around the cryostat to
provide the access of heating & current drive system, fuel injectionm,
blanket test modules, vacuum pump and remote handling manipulators.

Each port should have the biclogical shield and bellows to prevent an

excessive thermal stress due to thermal expansion. These bellows are

+ Department of ITER Project
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non-circular cross—-section and the reinforced structure to prevent
buckling is proposed.

A partial model of the seal mechanism applicable to large gate
valves connected to the horizontal ports was fabricated and the basic
performance under cyclic loading has been investigated.

As a whole, the design concept of the cryostat and port penetration
has been successfully developed and more detailed analysis and critical

technology development will be conducted in the Engineering Design Phase.,

Keywords: Fusion, Internatiomal Thermonuclear Experimental Reactor (ITER)

Cryostat, Port Penetration, Non-circular Bellows, Gate Valve
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# 2.1 CRYOSTAT VESSEL REQUIREMENTS

Inner radius

Quter radius

Inside total height

Operating pressure inside
outside

Accidental pressure inside

outside

Operating temperature

Maximum temperature

Maximum leak rate

Toroidal electrical resistance of

cylindrical section

Minimum electrical resistance

for all ties to VV
"
Port requirements

1)
16
16
16
16

Midplane-horizontal
upper side-horizontal
lower side-pumping

top head-vertical

16 boottom head-vertical

20 Other Ports/penetration:
1 top head-centre

1 boottom head-centre

TBD piping penetrations

TBD coil elect. leads

Ports interfacing to vacuum vessel:

13m

13.7m max
27.3m

10 mbar

1 bar abs
2.0 bar abs (1 bar
design p.)

1.3 bar abs (1.3 bar
design P.)
20-35°C

TBD

10 mbar.1.s™t

equivalent of 10 mm of S5

100 micro Chm/sector

3.3m(W)x5.8m(H)

3.1m Dia

3.3m Dia

1 m dia permanent and a
large trapezoidal cover for
blanket segments replacement

1 m Dia

6.3m Dia
14m Dia
TBD
TBD
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BACKING STRUCTURE (54 - 7> )

LINING PLATE (%47 —)

STEEL BAR (##%)

PRE-STRESSED BAR

/

PCCV or RCV

BACKING STRUCTURE STEEL BAR

T/

PCCV:PRE-STRESSED CONCRETE
CONTAINER VESSEL

RCV :REINFORCED CONCRETE
CONTAINER VESSEL

LINING PLATE
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4,3 L&A — riEE

FEE—FREELT, BEEARAEEIRATVWE 5 vy v b, RUFHI A VEDSH
R, RUHBZSOERETHEOME LTHHINS, EETRCLOOFEREZZREL
T, KEOMARET A2 X~ FEEOBFE, BBRBLOEAMCEBRE L CHBEORIT £IT-
7z,

(1) RREF&RMAF

a) fEFRE: Max. 180 °C
by FHES: Max. 1.5 MPa
c) THERME:

- HlEAT 0.2 MPa

cF4RFTva vEOEHAN TBD

- R TBD

(F|H : 0.2G, K¥E: 0.3G)

(2) BEFEE

Il AE -+ OEFEEEHA31I~5LF T, LA - PEEEFTRCRI SAALH-FHE
CHEEERE SN, 75 44245y FEERBHRBENASERERORI D - X &4 LTERMAT
bhz, P&~ ORI EE LTEREET TS 78, 75 v 7y b EEBEER
WMXhTEY, Thdéoll, RFFAFNOBEZOKER, & E20mmZ#-> TRE
XhEBETHD, £/, F— I HMIEESHERNOHEFTHIK L7 71425 v FEENTH
SARMT IO THY, FEESFQEIE_EEE Y- VAL NI LI ZEOMIEREZR
Bl BILHEFhFRAE, HEHECHASF NV MEFETRMATOH, EERREZON
BT 7TEHEBICEBBEY - VTHEETZ DL L 2,
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4.4 JKFHR—- MEE

KA — Midm#E, FrHl, BEHRARCERATEOBEO T I A-~DT 7t R THHE
h3, ITERES®E (CDA) ToX— FiE (%) 2M4.4.11R59%,
IhbDFR—-FOH, —BHE—F, AvFFrAE-FPRENBIE~-FcHEHL, HERS
&k BRI, EROBREOBEAEOE A OBERNEERL 12,

BERF 2T kT, OBSEOBRL (01 LvEBREEL), QEHFEFRLOWME VL OH (b
({BL, NBI&—+r%K<) 2&E/E L1,

(1) ERESF

a) B AR B A~ i
o —REAKE A — b :¥1.2m x"3.4m
s A rvFFrAHEFA—-F:Y1.3m x"3.4m
» NBI #~— F :¥0.8m x"3.4m (ABTAMICX 9 % EE R M)
b) 24 VRUBEES T 2 EKES (SUS: H0=08:0208%&)
FoA Fvad : 3bcm
T = - Ve B (V) : 50cm
. TREEMR : 20cm (He £ EE : 0.1ppm)
(2) ’EFERM
a) {VHEE : max. 180°C

b EREAD : max. 1.5 MPa
c) TEZM

- FHiEANAE : 0.2MPa
c Fa A5y Ty OB  TBD
- IR : TBD (FEE 0.2G, K¥0.3G)
- HE : 25ton
(3) BEXHBE

AR a), b) LOBPHUAEREEEN4.4.2~3LTFT, ;

- H4.4.2(@)  —ROKEFR-— FFEE

+ X 4.4.2 (b) AveF+rvARAE—FEEY

« XM4.4.2() —ffAvFFoRAE-FREX

+ M4.4.3(a) NBI#-—FEHEK

- B14.4.3 (b) NBI #— r AKX

F—rHEER, BEFEABLITFTOLHEHEFBMCERIMIOAAFA - FGELIREGL, 751
A2y b ERBHUBRHONT —XAA LTI SAF 25y MIIKHD Y SN BEEE
WM& EzBEFE L, £/, IA VW T IEREBRTBLDI754F25y FlK
DF— FRERUCARICEREEEXETTET 2 &L, (BIBEEHNEXERE BEENE
ZERA LTI, TOLHICERBEEZSMT I Licky, HESHM~OHTHE OB,
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ERBRE~CATOBRR UCEREBEOMELEFNINGN S, LHLEDFL, ERBELD
e, 294425y FAMOIEEER, NEIRUTAEZXEREOKNMEFOH &[H LFE
X, SRORFAAETH 5,

KEF - FONBEEMELH44.41CR, —EEMEERAL, AAEORE% 20mm,
BERPE % 150mm & U, mAHECXN T 2HERACALDERICEIRARICY 72REY 588
Elfe IANVEHT HEREHERT 5-ONABERICERBEELZHED LD ET 5, B
BORBMBUEN—F 73 ) TRICMEAZRT I EIEDITI,

(4) SREEFEE
a) MifreF v
— A E R~ FICoWTRERUHECONEEEERL, 1741228 rdRE L,

BIFEFANZR4.4.512T77,

b)  RRITSRG

- BEERMA . WALEER] 150 mm
Ty F 200 mm

- WREZRE - WAEE 20 mm
v 20 mm
~N o — ZHATER 60 mm

- Mt v R 19000 kgf,/mnf
Erv ke 0.29

- MESEH O AR 0.02 kgf/mu
EBERIFR 7K H: 0.15 kgf/mnf

- BREH - MiFmEH L TEES W OEMR
¥ P el O o [ dz 3R

» FEREHNH - EEGBAEEN e AR

c) BHE
® HA44BRAEFMBREPBFIERERRTIEN T v 4 —HE2RT., RAZEMBIIFH3mm,
RAEHZI L RAAEHTS3kg/ muf &7 3,
@ H44T7T-BEBEMECBYIEERECRENI ¥ —HERT, BRAZEMNRIEFH0.05
mm, BAKGARFLAAENTI.Thkg/ mf & 5,
TR LD, —HERETECH L TETHCEERErBRIhTVWE I LN, BRSO
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FOR F.F.N

MM

POST-PROCFSSOR

- HKNI1TS

Hiane

¥

T T I S TR S TRt Sl s Tt Thmg e — -
P 3 MRS

P AT AW A A WA AN WA W N VO L X SR

Y AN
S b T\x «1\\ RIS
AT \\\ AR VT SR
AWMV “, R S I T S S LR
e S S A TR AT AR \',\\-'w
RSNV ‘X_\‘\ T S e e by
LN R AR N TR AT DR -\\\--\ S
RN RN T
‘|\\\ \ AN "\‘-\ ‘\\\
\’"‘l:{‘. R AT IR AR "*{' \"-\*-\v »\. R
\ .l\'\ A 1\*\ R TR g Gy e \, \.\\
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T "“f".**’**»‘f- AT TR T TR RS AR
NN R AL "J'\X \""3'“"*\'\“"\*\*:-‘-\'x\\X, i____ SR
P T f N S RS IR AT R ARV AT SR AT AR,
\{i- \H\\ - v\\i\r\h ’\"\: a-\~\;-\,,4-.\-\_ '\\

L \“

- 3
AN - *~5--=--X--r-i~—-—-\)--\—~‘4.-§.4- a--&-- f la. i
v'u T, ‘¢z S ovan 4 .A. £l ? s
.; CENY T
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e 7 ~/ /-w AT
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AT O Py
o L F 27 T R R h L E
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BERAE (0.15kg./mm?) Tt 5 4R

Xl 4. 4. 7(a)
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4.5 TEAR— MEE

THAF— FRETHEK, THSA - OBEHEECFIEHL, THT 7 7 » OB
HEOFEHB LA &, BEFBOENYHHEMV A Y»BE LS, Lich-T,
THEA — PR EROBEOEICEERESY (EERFERVCFARBEY) XX 288
MEREREINE, iz, KEX— R VRIETT 2 ERBIELERI NS, &
T, ThOoDEEEZFBEL, »oHRBRCLIIPBETHLBE T IBARTEERL 72,

(1) AT &{* _

a) HEEAH (HMSFAOHER) RCEZHEKZLOWMSVEHB ITEREZHER (CDA) &
fkk & 4 5,

b)) a4 NRicT A EEELR, IHFOIAAF-REEEEL, 40cmE T 3, BHEW
CBLTIRAEE— b LI 20cm &£ T %,
(SUS: H:0=0.8:0.2054&]

(2) BEt&H

a) {HMAEBE : max. 180°C
b) fEHHEF : max. 1.56MPa
c) WESEMN

- HigFRNAE : 0.2MPa

- F 4R35 Tva BB : TBD

- MRS : TBD (FEHE 0.2, K¥0.3G)

- HE : 123ton

- AHEE : 580ton (FPHBEMEED)
(3) E&Ha

M4.5.1 icHAXEELERT, CDATE, BRy 7 P e~y mHRES I SHLHF -}
PARE R B TH -2, CCTR, 2082 EBATHBELcBEE L. BES
BEOoREWE, KEE-FERABREESTHINOFd o F -t BELWES, 274
AR5y bERE-FEE, “o-XWENALTHSE I,

Sy 2 e 20F - rEELOWNEVHNBRAY 9FBCPELEL Sh Z/EEEMIC
IDBEXNBEELOND, LM -T, 5%, ERBERCEIESCHET 2R 2ED
BHLENRHA D,

WSS s PO bR E K — MEBEHO I Mt T AR, 754425y Flic
WMo BEERARUOABSERE LI DERET S b0 L L, (M4.5.18R,) 51 /35—
SISHIEESI XM LAE— P TR, EREIA -~ —BEF LI VERTZ b DL LT,

SRy b, BIRF 7 rOA - FEESERCSHEESI2HLEE - P KEFR -+ & Ek
T EEEEAEA LS, B, S/ POV TREREAE L TLA0ecmPBBELL DL EH
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BEOWEIRZZ50mme L, 20O F—FiF20mm e LTW 5, MEEASAHA5.21CRT,

(4) TEBLEF i

KFFE— b EEBRERE - FEEFMLL, AEEECH T BENBFTEERL. CO
s AERE (0.1MPa) Xt LT T+ — FEROBAEMIZO6mmEESD, 0.2MPad
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