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Aseismatic Analysis of ITER Vacuum Vessel (1)

~ Modeling and Eigenvalue Analysis -

+
Masatoshi FUTAKAWA, Koichi KOIZUMI+, Katsusuke SHIMIZU
+ *
Hideyuki TAKATSU , Yasushi MUTO and Toshio IMAKI

Department of High Temperature Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 6, 1992)

Engineering Design Activity (EDA) of International Thermonuclear
Experimental Reactor (ITER) project has been scheduled to be conducted
from 1992 to 1998 under the auspices of International Atomic Energy Agency
(TAEA). In this project, the Joint Central Team organized by European
Community (EC), the Community of Independent States (CIs), the United
States and Japan performs the detail design and analysis of the ITER.

The final purpose of this project is to construct the design and material
data base for the ITER, through the design, analysis and R&D works for key
components, The aseismatic evaluation of reactor components is one of the
key issues of the EDA., For this purpose, aseismatic analysis of the ITER
vacuum vessel was carried out based on the structure designed during the
Concept Design Activity (CDA) from 1988 to 1990. A 1/16 sector of the
vacuum vessel was modeled and analyzed by using a finite element method
(FEM) in order to obtain the vibratiomal behaviors in the poloidal plane.
Also, a simplified FEM model of the torus structure was developed to obtain
the behaviors in toroidal plane.

This report describes the results and discussion on the aseismatic

analysis of the 1/16 sector, the modeling method to simplify the double-

+ Department of ITER Project, Naka Fusion Research Establishment

% Takeda Engineering Development
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skin structure used in the vacuum vessel into orthotropic plates and the

aseismatic analysis of the 1/2 torus structure of the vacuum vessel.

The major conclusions obtained by a series of analyses are as follows ;

(1) The simplified model employing an orthotropic plate as a double-
skin reinforced with ribs is useful to represent the vibrational
behavior of the vacuum vessel,

(2) The natural frequency at the first mode obtained in the analysis of
the 1/2 torus structure is about 13 Hz under the free boundary
condition of each port and about 50 Hz under the fixed one.

(3) The vibrational behaviors at the lower modes are almost dominated

by the stiffness of the vessel shell and the mass of the upper port.

Keywords : ITER, Vacuum Vessel, Vibrational Behavior, Aseismatic

Analysis, Simplified Model, FEM, Natural Frequency.

(3



B R I

=W o=

H /N
b L5 B I weverememeeeeereeer e e e e et e 1
TTER A LB ORI B v eveveee e e e oot 3
T B D TR B eerereeereenren e e 5
1,716 & & &R T U O BT EBRAT - 6
4.1 :E%%fﬁ/l 2 LT PR TP EPER AL ERRETRIRRLEE 6
4.2 FERA — B e 6
Ao G KT AR oo | eeereee oot 7
Qo A BB AT 2 R eeeerer s 7
A5 T ERB A — B e e 7
A8 1716 & 2 & BT G R e rrer e 7
1/16.&95%5—-‘”@%5“: .................................................................................. 8
5,1 TUEEERELE U o 0D E F U [ererer i n et 8
5. 2 F BB A — B eeeererseren 9
B. 3 FKIIE A — | eereenerer e g
Do A TFRR AT B eeeeeeerer e 9
5. 5 TRBB A B eeeererr e 10
B. B 116t 7 4 BT GBS 10
| /22 & BRI A DB -revrereree e s s s 11
1 1L 2 S e F e e 11
6.2 [ IR B HRATAEEL oo ovvrrrrromertes st 11
6.3 U TAMERCERMEROREEEICEL ZHE 12
e D ererererreee e 13
S YR e v e L 14

JAERI-M 92-164



JAERI-M 92-164

Contents
1. Introduction ... ceeessanas J R R R ;
2. Core Structure of ITER +s..ccvvcveves eeearses e ererenaeae .-
3. Procedure of Modeling .......cc..- s acai e cese e Ceae s .
4, Eigenvalue of a Detailed 1/16 Sector MOdel vevveiceaomsearnsovonnannans
4.1 Double-skin Shell .,..... ceeeay P e R
4,2 Upper Port vs.eveseceress TR fevaes T
4.3 Horizontal Port ....... R R LR [
4.4 Lower DUCE .viveeecacssrnonanes cereen e e et rerarra e
4.5 LOWET POFL sevseesasssssmaarssensnatanecsssn heese e e
4.6 1/16 Vacuum Vessel ...eveverrennverses i eearesiarerer ey Cere e
5. Simplification of 1/16 Sector Model ..eeecuvecninarenssennanennenons
5.1 Double-skin Shell ......... eeeeranasasar e nean e raer s
5.2 Upper POrLt .euveessisrnranaosesnaonnenevueenns Carr e e
5.3 Horizontal POTt .oviviecnersssncnrarrasrassnnnsnss heresa ey
5.4 Lower Duct ..... ece e . craneas T
5.5 Lower Port ..... s rrenn e cesaean Ciseaecara e tieereraneen
5.6 1/16 Sector Vacuum Vessel .....vivuveeeruinoens . . [
6. 1/2 Sector Vacuum Vessel ....ceiveensrnrancens freeer e J
6.1 1/2 Sector Model ...evneeercusrerrenonerriseaeueneennansennsrnees
6.2 Eigenvalue Analysis Crees e e Ceareecaaarsa e
6.3 Effect of Rib Stiffmess and Shield Mass on
Vibrational Behavior ......ivecevenncens caraaasens e raraaa e

7. Conclusions ....vesuve:

References

.

(6)

et T s T - B B NN BN e R o A o VL R

10
10
11
11
11

12
13
14



JAERI-M 92-164

1. & U ® &

EESW RS EEBIFITER (International Thermonuclear Experimental Reactor)™
m,&%é@ﬂim,ﬁﬁ%ﬂ%ﬁ%%ﬁ?é:aéamabf,E%E%ﬁ&%MEAmﬁ
&Ka—nvﬂﬁﬁ%(Em,%@,CB,&Uaﬁmmﬁﬁﬁﬁfﬁ%ﬁ%%ﬁbfuébﬁ
< s EEEBETH S, ITERFEIIR, 1988405 1990 F LEMHS hi-lEETBRE (CDA
Concept Design Activity) 28T, AR & TEES (EDA ; Engineering Design
MMww)ﬁ%%én%ciﬁim,iﬁ@@@ﬁﬁ%#@%—A%mﬁt,6%%@?%%
®ﬁﬂﬁﬁ%%m¢5%®fﬁb,%%ﬁﬁ@%éﬁﬁLT%%®$—A%—AﬁE%ﬁ%®
R&D%%ﬁ-%%t,ﬂﬁé%%ﬁ@@%ﬂ%ﬁﬁ%t@%éfw?—9&—1%¥ﬁ¢%;
EAEMELTY 5,

Lﬁ@ﬁﬁ%%ii,Bﬁﬁ%ﬁﬁ%%(ﬁ?ﬁﬁ)f&ImAmwﬁﬁ&%fﬁok1%1
Ei@ﬁﬁé%ﬁﬁﬁﬁmTN%%%%ﬁ%ﬁ®ﬁﬁﬁﬁiLTP%oHER@%%%%®E%
&m%%%%%%ﬁ%wmﬁ%ﬁbnm,%mmﬁﬁﬁﬁ&ﬁﬁnm%ﬁwgﬁmwﬁnwm
?%ﬁﬁ@%@%&é#t@%%%m%ﬁ?éCtﬁ%??%%moC@kb,ﬂ%ﬁﬁ%%ﬁ
%w%%?%%ﬁ,mﬁ%ﬁ%%ﬁw;of%%¢5ﬁ§ﬁ55ﬁ,HER®ﬁ@%ﬁ%u,k
ﬂf@o@%mﬁ%%ﬁﬁ5tmu§%%®%%%ﬁ®twmﬁﬁttﬁﬁﬁiéCHM)%
ﬁ%fw%%@iiﬁ%ﬁﬁuﬁmﬁ%;am,ﬂ%ﬁ%@ﬁﬁméﬁﬁ%mf£%o

%%,Eﬁ%%%®ﬁ%ﬁﬁfﬁ”*-VX%%?wui%ﬁ%%ﬁﬁ$bf%%ﬁ,Eﬁ
Ltﬁﬁ%“FﬁﬁﬂK<wHER@%%%%K%LT,m%ﬁﬁ®mﬁ&%#%ﬁi-?z%
?wéﬂmtt%fwm%ﬁwazam@%f%éo%of,&@é%%ﬁ@ﬁb%ﬁ%@ﬁ
m%ﬁ%%%#&%émm,Ii%ﬁ%ﬁ%ﬁ%toomﬁw%ﬁ%ﬁ6@ﬁ§%mﬁ%&ﬁ
éoﬁﬁﬂﬁﬁﬁ%,TP@OKEVT@%Ekénﬁ%?WMibﬂ%%ﬁﬂ%ﬁéﬂt”%
JT%OE%E%QWEﬂﬁTH,@E%E%ﬁ~§%®%ﬁﬁf$6:&,&U@NU—XK
xbﬁﬁﬁfﬁ%f%%,am5$%L®ﬁ@%%mbf%fwkﬁménfm%o:nmﬁ
LT,HERﬁﬁgﬁ?m,E%—ﬁ%®VIW%EWK£m4fwﬁﬁmEﬁLth?ﬁ%
éﬂtﬁﬁiﬁﬁﬁﬁ%ﬁﬁtfﬁb,NU-X%K&DF*ilﬁﬁﬁﬁﬂﬁéﬁﬁﬁﬁm
Lfmmuo:@kb,yrﬁoﬁﬁﬁﬁwﬁ%éﬂt%%&@%&%ﬁ@ﬁmLf%ﬁ%ﬁb
2ot THy, ITEREEABMEOEFMVEBLETSH D,

A#i, ITERTAEBFOE —BEE LTERLLT S LvHERBORIBBETCIOVT, *
?wmt@ﬁﬁﬁﬁ%%momfﬁ%T%t@f&@,ﬁ%@%@%ﬁ-#mm,Eﬁﬁ%%
LTwdig & 1 -EREEEAROBERHEEY cEvT 2,

HER@fafvﬁggﬁm,faV&vb,§4ﬂ—9ﬁ%®ﬁm%ﬁ%ﬁm%n%§én
%@7m1%35m®b—52%E¢T%0,75??Mﬁ?5§§ﬁﬁ®%ﬁt%ﬂﬁ%5
bU%9Aﬁtﬂb@%~ﬁaLT@&%&%@?%%mﬁﬁvééoth,§%§§m.ﬁ
Wmﬁﬁéﬂéﬁﬁwﬁm«mﬁiﬁu&ﬁﬂ«®%&&ﬁ§ﬁﬁﬂmﬁ,Rﬁ%@ﬂ%&t

41_



JAERI-M 92-164

Ofth, 75 Z<MBEECEEASHI[EBEONM O cHllicid EMA -+, KPR -—F
BOTFE Y 7 F S h, B OMOBAET EMEEEE N5, WEROBE, 5, &
CERABORDHE, t4HbbARNBENTLIEERBLAOREEHEZLTEL, ThiCk
S TEFMICRET AN ERBNICTHEMT 2LENS S, 22T, AEEROEFLIOFF
WAGREREICLDTHI I EE2HELE LT, BWRITOLODEF ML, $Xb5AUMICHE
M7 HEE A S L CEERO BB AT O ERTOERZE W FEEZED L, EF WV
bt L TIRE FoRICEE LR,

BRiEBE - FOBRME

-y TR ECEHEBGO EF 0L

CHRUESBERETAVNLBE 2T T VDR

N5, RHEETHENLREBIFEFVERBVABIBEERTEEL O CREST IS0
Fffiic oV TR, HIEBMET 5, ThooRIERE, ITERBERTEECToRBTE3E
o ELHEEN B,



JAERI-M 92-164

2. ITERF.LHEEOHE

ITERFOEEOMESAF2.1icR7T, FOBBSEMTIoRT FERSBICLVBREN S,
1) 73 X2 LAY ZHEERS

2) BEF)F Y AOBBIERMARGILE - TERINZAL I VT -DAE~ORD &

LETH 75 vy FiBEK

3) 73 AHORMPERERT S 51— FHEN

4) 73 X< ULADHBERET L oA FEBIA N

5) FsZ<@BROULE Y, MEHEETI Ao S HEBEIA L

6) Fifd), 5) OREE A VOETEMAETIZISAA RS v b

7) FRoFABEMOERTBERUBEDROMEXIREIT > XFEEY

M2 licmd &2 cF0eE i, EREH0m, S3K25molEROREBEETHY, &
IR OB ERIT 24,000tonicET 5, FEHBE, K22 Rd L5 bod FAHHICLE
SEExht Ry s REREERBRBALE LTEBREATEY, 36L& 4G oRMHIHN
FAZBICTABLYBEREOE Y 2 — VIESBAETBEERA LTV S,
ITEROEZEERICERINIBEELE &0, R2.1IERT, BEFHFE, 77327k HTL
BAETES (HEE 10 *Torr) 2##Eda &tz bV F o affBBILOB —KENEELLTO
BEAH-TED, AFCR 7507 9 P RUESA -9 ZOFABEMHIRBEINS, BE
e OB SRR OBETOBENS o SR I6FEI SN2 s S EEE S
SHEXNTHY, FiEE, BHTM, S3H15moDAKEE2HET 2 F—F+ Vv BEEFTS
B,

FLEED1,/16% 7 ¥ 2H2.210RT, EEFREEE R, EEA-F, KER-1F
BEA-FREHEINE, SEHOFORABRITRHOBAN TH S

CEWE—F T vry FOSRBBTIRCFRNBED OXBHHNEEOCR O H L,
CIKEAE— TS A INBEERE L FHER O, RS N—y, BT v s AL

DATH « RTFEERERBEDO 7 7 2 R,

CTFEAE =  FHI A S— SRR T Iy P EYV - VOBHIEECROEL,
- S I A g7 - Kok 7

7, F2IEET LI CHEEBREINE 7 v r v FRUS A5 — 5 E0FAEEY
ODEEIR, ATHEEBCEZOH, HEERTHOENLXEMCL - THFHEsN b, IO
®,ﬁ%%ﬂﬁﬁéﬂ%%ﬁﬁﬂl/mkﬁ95&@%7%bVK%T%D

E2 1Rt EBEARET 2HEEFEROESE, oA S u—FHIENOBRN 5 B ERE
LB ARTE B, BiZR, T3 AERILD EFICSLERL oA 5 -HEAE
SEIEEIK N - 20BN EHIAERET A itk THRET LEAHXNTH 2N, BHE
& BPRFG oM A ShEIc X BIF SRS & BB SR T E 5 ME, DEK
WOEAEY, D75 X RENEEICEREREICRET S Y . - VEBRESEHE, O

43_



JAERI-M 92- 164

75 AvREHEEBL, BPERAFCE > TEEMCEBUEE IS RET D700,
WHAMEAMEAL, EEFoEEMEAGREESE, 2 oMBANERaN TS,
o, ABEFTE, EPEREOMESLEBET AAR L LTREI ATV A —HTEE
e (BERE)Y thidoxg: s L,

B—HEREEEER (A4AE) OofEHSN (17167 %) 2237 ¥. HEDCKEI
THOBOTH 5, :

(1) Bty 728BBF3 &0k AT ERREERAL, S#AT 5
BFEREM - AR 2 MNEEEHERL TV 3,

(2) "EEMEEEMOo-OOEHE LTRHHL, BRRERBEST S5 AX, @3~~~ E
EREEFEATAAR (HM2.4) koo F¥vBEIA VICHBEDERERELIERT 5,

i, BEABRUCALEENO 1/ 16€ 7 9 b 28R EZOFEEE2E 221017,

=
7))
s
o



i ot L 6 A me

JAERI-M 92-164

3. = F )4 ®» F )8

ITER® & 5 KB CHEM B BEECH L THERNoREEEET 258, —REshorn
HEMOFBRE L TEY THESARERZ LBV CHELRF IR LB e 7T VEMERLT
MEEF (BB 27> &l, FEERELIEIEOE, SHHENTH S, 0D,
HER 6 O FE L WIS E AR T 5 20 ORI E 7 v BEMOBMIEH O FHIE VS
hW2BIFEFLERBEEHWNEIELTEVS T2 LERS S, $1bb, BHETZREST
BT ATEMNEEEEHE Lo, TSR ERLINZEFTVCLOERL, Bohl
LSl (NEE, Ba%) 2BRCEBoEEM A EECR LGB TE s vEROVT
EMEHOFEMETIE O FHILEE L 5,

79 X v HEFEBROBMENTCAVARFFEERS. LR, AETFEEOFMIZLT 08
DThB, BESROBNMTEERT 50y, THEEREOREE NI HBLLE
FNTERTEEIBBEEN S, 22T, AR CHEEFHEONHHEEEL T -5 2
BEEDL/167 4 e 0T HEBEFHE LARMET FVAFERT 2, KI, I OFM
EFviz L CEEEBIZER L, BERBEROCEERE - FERL 2, ORRER
i, F— AR EERESN CIT I—@8)) 2 -ERcHsitlicl 1625 TFE
PEREL, COREEEF vicd LT b ER BB T, WEORHRIE>OTRERS LENS,
Wl E S VICERT 5 -BB-FEEFVORBS oYM, BEXSTFOLAMERERET S,
FEsic, EEEBCBEESNISEA— FRUOTHY 7 Hito W THMBEET . Kz, —
ESE R — PO LA EFAE—(F{LLE 1 16% 2 sEHEFLEERL K, B
EFNABETEERSE (F—32K50) CBHLABESAE F VL SEEERTETY, -
SAMmEhke LTOREEMITT 5, 351, BRLOTHMEZHRIT LR, BHeke TV
AHOTHRTHMEE A HESE S T 5BEEERTE£TV, NHE, BAFORIBIEENL

EEREY IR ERT 2 HBHELRY 5, COHBNELAAD 116+ 7 4 G4l
eFNVCEBLEBARFTEAERL, WEXEEOFTMEITI,

Plb, BEFEBOMBE KL THARKT CHRALABTFEERLHY, REILZEH
EMOBEHEBNEREEFVLOBFHRICOVTHENIZANS, U, FRTEMEE
FAREBEAEEROBEHEBIERIC VTR, B AR OIS E R R ORI
BT 2 BMIE A 0BT THERBC THETSFETH D, £/, XM TERI—EOH
Bricid, RREEARESEAMIE L 2 NAEREREBERIT 70 5 4 "FENIX”" 2/ L
72



JAERI-M 92-164

4. 116+ 7 ¥ 3£ 7 Vo EAHEEF

4.1 wBERR]L 6% 7 yOFHMEAALERT., TFVORERNR CRBETAEIZFG4149,
EUHI2960TH %, HMEFVICE, BHOBHEAOFMCBEHTELLIBFWF-FELERE
TR RO T ERBENERIN TV, DTESBRERCETERTERE LS,

4.1 ZEEHEE S o/ (—H&ER)

K42 “EEEEY - VOREMEFLVERY, BITEFVE, T d— - R+ GBERY:
1340}, 4 v+ =+ 2% » (BEHK 1340 RUC_FEMOME ) 7 GRERY : 1396) &
WEREN S, Btk TEBOhAEZSKRETOFEFRGHEF4 1, RENCHEEREE -~
243 RT, —EREE Y  LOFE-KEERBHIINIGHz TH B, F72, TEEMHG Y
c VOREE— Ficid, EHA-FPRUKEA - OEKIAGAFEOERITENTH S
Edbh B, i, 100Hz 2 TOREERE T — NIz ZEENM (1 v &X— Fi) oXxE £ -
FRRELAKI -,

4.2 E#EKR—H

LHE-FOHMEFVENL4ACTT, TFVORERENE, 292 TH 5, EEOLHF -~
MSid, 75 VA oy b OFORIEERO M Y F o AL B S LR RS ZHICH
DI O NBEHETH B0, KBEFTIE A LDEEICH>VWT bR EIT- 72, £4.212, ©
BEEOENMES, OBEREN1KOBE, RUOEREN2KOBED3y — 2DV THS
KETOBERBPOEREEFTT, RENBSEERDE - FE LTy 20— RKEFTRH £ —
FAERAS IR, 55, &7 — 2OHREMHE, 2TH -TIEEHE v = Ve OBRETE
2EEE LTS,

KAZIERT &5 bHF — L OWHRHHIH L TRRRROB B/ HE TS0, SRS
VA DI KBRS (0 & 15 5, C OB TEE Y < O~ KEHEDH (K35H)
EFDHEVCENL, BRAKOEVIBE TRAZEHLFORKER R IS L TEEF —
OREEBEHHBHEMICLE I EATHINE, £72, EKREFRBIVMBEELFEKRO RS
54 ThHB20HzBEN FTOEHICEET 32 L RHERSUOBAD STRIFEL UV,
D, SEORFTIEIROBERTARE S AT ZHEO EHA — b (—XEFRIY : 35He)
ARG EFLE Uiz, HL, DEBOBRRR, 75 v 7y bRESA =5 OBHEE
DEFEOLDIEARTHY, SOIERIELHBEE L DEBTEFVERLL L, @
EREOBEEINICS L 2EBNARE VI L EEET L, BRROEF MLz o0 TRS
BEORHTELENREZ LD EEL SN,



JAERI-M 92-164

4.3 KFER-Gb

4.6k EF - OB EFVERT, EFVOREREII2I0TH D, ZEE#E Y = VL
OBREFLEFELTVE, BROFBERIMRUCEESRE € - FE2E43RVRATIORT,
KEAR— rid, —RE— FOEGREHAHO0Hz TH B &0 0, WEHESEEHITHEEELS
Nz, SOk, KELA - FMEEORDIBULAEEER2KORXKEHEH CRETRER D
HOwEEZLNS, BL, KEX- FOEERRCHTAEFMERE LTOWREIBEATELL,

4.4 TEHEFI b

TEH S rOEMEFVERASIETRT, EFVRERBII138THL, “EHEME Y 2 VL
OEREVESYHERENSELBEEL N TS, FTHIZINE 7720 BEEEKOMICE
EREOEEATHTIRELE-THY, BoF— it~ TREMN350mm EEL, S0l
BEFTLTVWS, S0k, TEHY 2 Md, RENAKESLHEMTREH 55, RL44I1TRT £
—REERBEAWI00Hz TH B2 &4 6, MELEERRFICG L TRToBIERE&EY & L
THOEA B ENn b, ik, H49EFRBE - FETRT,

4.5 THEAR— b

T H— FOHMEFAVFELIOET, EFVORERKIINTHY, o £~ + LEH
THESOERATLEEL LTV, BROFEEEREK, EERSE - FEFK40 L4110
ot FHF— M, —KRIREEAS82Hz L - T A7y, THFZ P ERBFECHELRIE
%E%LNLTWﬁ%%&Lfﬂbﬁvu&#ﬂmfﬁéo

4.6 1160 5EEEH

1/16 %7 s BEREBROEGEEBIT M4 ISR LARHEF VI DT 72, ERICEEEF -
FHMCN o —ZPEEIR 2, 200>V TRESEOR&DELVFHMSNLIFETH
2, Ok, TITRREA— FOBERAELETE Lehs s, HRERL LcBE L TRIT
BT, £- FPEREHLIAEEERORIEHOE(LITOoVTHENT, &, VIhOoRs
IEVWTLTEHY 7 VEHRTELEETH Y, HEESRMHANENFORREN L ->TH 5,

FE- P EHOBRLTLETEE LABAOEGRBEEUCEGREE - FER46 LUK A4,
12107, ~KOBEHRHBIE54.5H2 TH Y, EROBEARDIZE, EHF—FMEOEP
PEEHTH %,

FATRUOKAISCE— FSMAEAHMBRE Lct 20BMEEERY, AR LAcL ST, L
HMAE— Pt —WOBRERIEOMNTFORTVS, EEHREHEIZX - rB2EEIRE~XT4E
EEETFLT336Hz2E > T3, M4.130BERGHE— VLD, BRCIZEEHEE Y =
WOKER—F & OBEGBEHAERCERA - P OQEOERESN AN ERLE I ERG0 5,

._77



JAERI-M 92-164

5. 1/16 %7 4 =7 LoMEL

R Lo Mt » T, THEBEIMAIC -EEY - VTERIMCEREB VBRI ST
hhte, TOEE KEIIKRTESB1/16€7 dBEEFVEER Lz, FRETEFLVOR
BEHENE CBREAKEIZAEN2TT321 Th b, UTEEBREZLLRITHEREERS,

5.1 —EEHESEYVI/IOEFTIIL

TEBEEE 2 VG, TEHEMCHRESNAH, MY Tk n RN EBEAERELTL
B, COUTAERERERTALEL /2427955 VELFCEMLAT IV TRERATERK
243, 2Ok, ) IEEBIALTEEREY - VE, THEAFORINIEREFDY
PRoERMABAMAt—BE Y 2 VICEF AT B LARELN 2, EllEF VO _HE
B e —HEROBLAREFVEBOABESHERERLD, VI HE_EEOH
BAb AR AT L, T8 b5, M2 KT _EFEREFVEF Ky 2 VD 6K —HERE
FUicBEE{LT A EERS

CEERES EE LT RO NESEG TR HO Y Vit F LT S0
W, B EmASIEN T AREAEEEF AV TELTILENS L.

F 9, EOFERRE B L T,

Ewx Iwx = Esx Isx (1)

Ewy Iwy = Esy Isy (2)
T/, WMNAEX T BMEMEE LTE,

Awx Ewx = Asx Esx (3)

Awy Ewy = Asy Esy (4)

RERT T AEPEREL, 2T, Er vy y®E T WE_RE—A Y, A:HEMR LT
W EEE, s —ERETHE, THLE, EAEAR (X, YEREN) CELscvr S EE
H4 ETEAEMEE LT B VIR, Bh, —EHEY 2 VICBT BRI,
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M THE L HLLICEELAPBTL2ILT, —EE V2 VOREEP _HE Y2 1DH0D &
— T B EHIc L, FROFRELIVBOALZRESVCHT 2EERBHOFHEETES.L,
RUOEEESE - FORBEAE5.31CRT, BERGHRCEHE - FzswTmED S
BiFTh s, chib, V7 s " EEBEORBEHIETEAEMH L LTHOE >~
B AT FREED T ENAD B,

xXpj, —EEY 2 ATHBEIhAHEF VW L TERRER I L AES(LERS 2, B
HHERICT T 2 BEEIF AT EF MV — 22 K2R T, ARLREL6€7 BT
LEEFAVRERLAEE2OFHRBRERKL T LA, ERSE M L 2EERBHROELER
542 EHTET, HEEOMA, THHbLERBOERICE > THRE - FOBIENHE
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Eih, SESEIHKIENTAERARONS, 2FTF VBB LABAORERKE,
BEYBAEZET 2L 2000 EXBHECHA L LENS D, S5, 5KEE (300HzER) £T
OEEESNO - BEAHETLE, WILUBEOBELIELETHLILEALNS, K55
CHEMESALEE e FLVOBERBE - FOREAE2RYT, BIBEF vtk - THRBMERR
+RBHTEZ3 0905, '

22T, WL ABRBICK-TL /1617 9 EFLVOBBLET- e, $HbB5, Y T
TEEBEA-EE Y L NVCEEXBMALER, TOHo—FEREFVORERSEEEI~4%
BEECER L THEEE S VEER L, Hb6IcBEETFLVERT, EFVORERMIZ 52T
55, ) TORREEPBDBHEICLVEL Y, —EBEE Y VERER) TEHTS
1008 IcaEan:, —HEEFLVOMEYEEIEREK I L CKRD LT,
®57IcEEEF v EEMEF VOBEEREROLE AR, BHEF VOETFREHIEE T -
FEbEMEFMIENTRISH LN o7, £72, M58 EERHE— FORBEHLRTH,
HERE —HLTE)—ER Y 2 VOBBEFVIc k> T _EEBE Y = VOEEE %
WBIEDDND,

5.2 L®MKR—+t

M50k FHE—roMBEFVART, “HERE Y VT AHEEFVORRSEIC
Sht, v MEOBEEHIC BT AERSERATESNL, oI, EEETFVICLEEREE -
FEEBELALGS, BEBOBREN 7, BEEF VORERFISSTHY, HFHET VO
I/ 6REOEFNEL > TV D, BERBHEECERBE-FoWT#gerveEFddMET v
OHEREAN5.7TREMS.101257T, EEEFVOEFRBHIEM e Fvick Ladmic
EhOMEAERT, MEOEAGRHE— FREE-BLTHEY, B TE@EET T VI
IO +oBEETESZ VAL,

5.3 KFEMR—=b

H5.11 1K ER— FOBBEFVERT, EFVORERRI2TH S, KEF-FDER
SEE. CEREBEY 2 VOBBEFMCBT SR~ EOBRRBRETONBE—RT I L
AlRESNS, 5.7, Mo l2 S F vtk -~ THLWERFREREVEHE-FO
e S OREETRT, M EF VOBEE RN ICIEERER M- 72 RBE Oy
ZHoh B,

5.4 THESY b
T4y 2 roEBEeF LEKE131LRT, EFVORERERIRIOTEH S, fthoF — Fickk~
TEEROERERZELC -T2, 2hid, FMEFLvrHCRBITICEETEHS 7 1D
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Lk AEERESHRBHEBEFVOM2EEBZDELI(REY. LHrLuds, plELAEBICXLD,
COERPETARSEORBHHIIRETREERELALTVLOLEELLNS,

5.6 TER—- b

M5.15MEEFrvesRd. FE4 2 Mk, fOoBSERCLEL THEEHL L TOM
WOHTEETH 2B KB EEILEIT-TH D, REEHE8 &L -7, K57, Bb5.161
BHEEF AP LELNEFEREBREVEHT - FOFMEFVEOEERERT, MEOD
1, 2ROBEERIREIEC KL TVAER, 3RUBTEIEDGROMHEEL S, Lo LR
B, FE 7 FEEBIEFVCLFERNAFERLSASEERIRLALTOLEAL N
%

5.6 1/1677EEREH
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OHBEREAXS1TRUNSG. 18R T, EEREGH I BERMER S REEO WM A EE
TIrEBHLNLH, EFRBEEEEFVCLDBERTEL L0005,
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EHRAEKRE— FCEHRE NS, 2O, ERBERZ L EERDHEOBMS A — b
BEEUHETTHEEL L > E VWA D,

MEZeticET 2T M e B, S, EKEERER MREEZEREHEIKTS 519
20Hz DI F) TRATARBESHICNTAMERT 2T VOBFHULEEL LS, LN -T,
REA— FEYAFELETEE LB AL MBS CEERERICE T S BE RSO
BEFLEEMEFLVEOERE, BEEF VL > THEBEEOFEMAETHIBEICRELIAL
WMETEZ2EDEEZLND,
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6. 1.2 7 7y EERLG~DEH

1162 4 0BBeFviaRIC -5 2AMEBHLALL /227 2 eF vEROTHEHER
BT, b7 ABEEE LTOoREFROBERGFE CRETT S o HI, KRR
wEAL) THMERCIEERIcEAShIERMOEROEE L DVWTEE LA, LITFIE, 1
S22y SHEFHEDETFVRUBRHREDL XS,

6.1 1,/20%FEFI

1/ 247 4 EHEEROBRIFEFLAKE.1 IKRT, KEFEF Vi, H5.1@xRL771,16
ky S EFLESE L — 5 AFMERELTVE, EFVORERIII 2362, BEIREIL 2415
Th b, FEFE— FRBCR—KOBRERCHOAF SN TS, BT, X PO
LFE Y OESERAEEE LEBE, RUTHY 7 MEHOS 2 RLEEE LEBE0
CEHOBREMN FTi-7, HEDBEZELTHEEERO 1/ 2EFVELTVEY, KT
FARED F— 5 ABEAL LTOEEFR2 A0 BKESHEHI> 0T, SEEdLe L
EERBE — FARE, BETE 3, |

VBRI EEMCRAXSNIEGMOER (SUSO T VEIBEERS 2 0 IdTHEBERK
WP EZoNTED, EBIZ1/16® 7 %47 0#50ton it 3,) OB L TIE, RET—
R OB RAEZE L TE2 R THEEES Y 2 VO EF VAR VTR, U 7tk -
Wi, O eA SV FRIE—BT241K (1/72€ 7 44#h) ©) 7OE%L 40mm (R{T
BEHES) 5 100mm i bx g T TRMEE L LGS, @EBA -, KREFR-FLOE
BHEET o4 FAHMIE—ET 5 4K0Y 7OFEA0mm A S 100mm CEABHE, @
TE B RBICT - 728, 037 — 22V THEAL, ERMEROEE OV TE, SUSH
DUHBEREEEL Ty = VEOTHEEEH2EE LTHENTL 5,

6.2 EBRHENER

6.3 BREE:AEERBEHOE(LIC>VTTRY., —RETESKE, &£ FHBe
FE S 7 b AFEREEE LEBAISTHz TH» e, T 7 PEROABELE LzBFICE
13.8Hz E RECET LR, LAad-T, F— 7 2HEEE LTOEEERORIEHE, &1 -
PRI ORHEEHIT L O RESCEESNE I LN B, HEAKRURES CHEFEHTTO
REVWSEEEHE - FE2RT. Thro b, Hio LA - P RETORLIMERKRE T - F
CERBTEL I EAEETES, ERICR, F-MRBRAo-XEH LTI A4 RSy
FicigE@axhasioy, TOBRTORNHAMET 2 LRFRTH S, LrLl, HBATNo -
ZOBKRSHEEOBEATENCEEL, TOHREZFELABRIZITS>CLBREETSS, T
DEIELTE, SROR&DABLTIHHHEMEAS LD LHAFEN L,
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6.3 UTBIHRUVERHEBORDEHISISTE

¢, IR X0 ETAROBERIMAEMS L EERS L, BB LK, K
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Wiz, M66ERMERAZE LA EXOKELRT. U 7TRICEXTEEM I EHRE
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f,/f2= W me/m, (5)
THXhE, T, LEBEM DL 20EERIKTHSE, chih, BEMEZETHIEE
RBLENESOBEIAWSE, /7T (1,716 22 %2479 400ton,/350ton) TH Lo, TO
REHOE(LRRIWIETHS I ENERTE 5,
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2, Xoz, FHE-FOBERE, —HEHEBSE 2 VOHERO2ENESZIENS, BESSH
OHEEERIE - EEEE Y - VORI S LHE - FOHEBIKBLAEXE SN EFELON D,
CoEMSL, SLIHAEERL I LAFRELEDR S,
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Q) FEA— b OBEERBERICEEHLR T o ABERARNAECEEL, ~RIEFER
B, BRBEOEVIESLH10Hz, ~BOBRRNS 2BE0H8sH2 &85, LA L,
EROBAREANEEOERBEO LY SLMELL S L, - FPREKIHEANREORK
G LR ERNBENEREINS, LanoT, INLORGEFEL MR
NEHOBRBETH S,

(3) BEER Y Tt & TEBEEAETIEEAR BT ORGEEHE, Bt LTEREAEE
HT+2 KOy VTETIENTES, COWBLFEITLD L1627 7 TFLOR
mEM, FHEFVOBEOLULTIERT S LN TE.

@) F— 3 2BERE LTOETEEBOERRSEHICE, SHA— FRBIZE T 2 RN
%#ﬁ%@#%o$—b%$f@ﬁﬁbﬁﬁi%ﬁf%mm%ék@,E%E%@~a@
HEEIEIT I3HzBEH KL 5,

(5) EEAEOEAEHEECYL TR, “EEHE Y = vORY, BEE - P OEESXE
HITH b,

P, BEFEORERIFOE--BEELT, AEZEROREREKLEI T - FEXRRE
%Lt%%%fWT%bKT5C&ﬁT%ﬁOL#Lm#b,F—7X%ﬁ%&bf®ﬂa%
PELIRIEEABT T 2720103, S6kEFNVERMIT 2FEOBAINLETH L, F&
iz ARIFFZIc L - TEOALHRER I S SItlREERD £,



(B
(2)
3
(4)
(5)

6

(7

JAERI-M 92-164

z & 3 W

HEF, ERattREEOREIR, 1991,

HAB#EHS, ZMEERFEER R cET HEREE, 1991,

i, fth, JT-60 OfEMEH (1), JAERI-M 8155 (1979),

E, fit, JT-60 DT (2), JAERI-M 8350 (1979),

HTAKATSU and M.SHIMIZU, Dynamic analysis method for a large complicated
structure and application to a fusion device, NED 60 (1980), 297-309,
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Xz AERERCHNT D EREE

73 XvRHEORFRIE:

Py Fe AALRADDE—TRE

75 XeBdHELb LIFTo—FIROHER :

1 0% Torr E2LF

~ 2.0 7oA — 4

hoA4 FAHBI A VT A RABERRUCLEEER~NOFS

75 X+ REEAKFOBHMANOIFRE

. FRBEMOER TRAOTOXHRE

#2.2 1 /167 7B 55BEOEERE

Component Mass (t)
Vacuum Double skin shell 50
vessel Shield material 50
compoenent Upper port 110
Horizontal port 30
Lower duct 1350
Lower port 10
Total 1 400
Inner Out-board blanket 175
structure In-board blanket 65
Shield plug 60
Divertor 25
Coil support 25
Total 2 350
Total (1 + 2 ) 750
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#&4.1 THEBBE Y - voEBRBK

Mode No. Frequency (Hz)

34.9
46.1
50.1
55.7
59.1

b L B

4.2 FEHE -+ oEEREEK

Frequency (Hz)
Mode No. Without a A single Double
boundary plate boundary plate boundary plates

1 10.5 35.5 61.7
2 15.9 40.0 68.0
3 25.86 50.6 84.9
4 32.3 65.2 87.9
5 35.2 65.4 91.4

4.3 K # - b DERERBR

Mode No. Frequency (Hz)

50.3
54.8
95.5
117.6
123.5

(41 I S L S
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4.4 Ty 0BERBH

Mode No. Frequency (Hz)

106.9
234.5
254.1
283.6
314.9

32 -SRI

# 4.5 T4 — oA KRB

Mode No. Frequency {Hz)

82.5
118.3
216.4
258.8
299.5

[S AT V- B OV B

# 4.6 1 167 s EERBOBHRIEK
(BREA— F RUTHS 7 +TLEE)

Mode No. Frequency (Hz)

54.
59.
76.
30.
93.

[31 I =N VR S ]
=S & I S e 4 )
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(FH# s 7 +EHEREE

1 ,/16+& 7 4 BEZEZ OFEE kB

Mode No.

Frequency (Hz)

Gl o W

33.5
35.1
37.9
38.5
45.5

%51 TEEEFLE —HEETF V0BT ERGHO LK
Frequency (Hz)
Mode No. Double~-skin Single-skin
1 183.8 189.7
2 187.9 208.9
3 211.3 221.3
4 242.8 249.3
5 256.4 306.0
5.2 WEFMCBITLERK
Horizontally | Vertically Total Decreasing Predicted Predicted
Model divided divided number rate (%) number in number in
number number {SPM/DPM)™ 1/16 sector | 1/1 sector
DPM1 6 32 674 - 4149 66384
SPM1 6 32 192 28.5 1182 18911
SPM2 4 32 128 19.0 788 12608
SPM3 4 16 64 9.5 394 6303
SPM4 4 11 44 6.5 271 4334
SPMS 4 8 a2 4.8 197 3152
SPMe 3 8 24 3.6 148 2364
SPMT 3 6 18 2.7 111 1773
SPM8 3 4 12 1.8 T4 1182
* SPM : Single-skin plate model, DPM : Double-skin plate model
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Upper Port

Horizontal Port
Poloidal Rib

Parallel Module
Toroidal Rib

Wedge Module
N

inner Skin [

Vacuum Duct

Cuter Skin

B2 3 W ERREEEE (BXRE) oGl
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Whole structure

I}

Divided each component

— T

Making a detailed model

L

Eigenvalue analysis
Static stiffness analysis

l

Making a simplified model

b

Eigenvale analysis &
Static stiffness analysis

Compatibility between
the simplified and
the detailed model

Making a simplified whole model

L

Eigenvalue & Response analyses

Displacement & Acceleration

Stress analysis using the detailed model

l

Evaluation of aselsmatic desigg_J

3.1 fg ¥ F R o #\ 7
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XY
AX—7
EXSONAR 5=
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AVAVA$A s B :

ONANNAA BN LK

XY YN YNAS TRy
'.'." YA .,

Y. — WA VAW Ve
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{thout a boundary plate (b) with single a boundary plate (¢) with double boundary plates
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s A e

61.7 Hz
with double boundary plates

(c) 1lst mode

10.5 Hz (b) 1st mede 35.5 Hz
without a boundary plate

(a) 1st mode

with a single boundary plate
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Double skin shell

(zH) Aousnbauy [DIMON

2 3 4 5 6 7 8 9

Mode number

%ﬁﬁﬁ%@ﬁm%?w&ﬁﬁg%?wm$5@%%@#

1% 5.7

BAuERE 2 VDBEETT NV

545 6
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