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_Quick Installation/Removal Technology for First Wall

Katsuhiro TACHIKAWA, Tomovoshi HORIE+, Yasushi SEKI
. * %
Noboru FUJISAWA, Mitsunori KONDOH and Takac UCHIDA

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken
(Received June 8, 1989)

Fusion Next Step Device (FER) plans to experiment Deutrium-Tritium
(D-T) reaction, remote handling and other fusion engineering issues.

The fast neutron of 14 MeV caused by D-T reaction does not only activate
the structural components inside the vacuum vessel, but also damages
some first walls,

The technique to remove the armour tiles of first walls by simple
and quick operation is a key technology for the D-T burning Next Step
Device.

To establish the rational remote tile handling technolegy, consid-:-
eration of consistency between the reactor structure and remote equip-
ments should be made,

The report comprises mainly the joint structures of armour tiles,
design conditions (electro-magnetic force, cooling systems and so forth)
and remote equipments. In addition, it is referred to shape memory alloy
(SMA) applications, transportation of damaged tiles from the vacuum
vessel and inspection systems for the first wall integrity.

Hereafter, furthermore study in depth for the tile handling must
be made in parallel with verification of remote systems and tile attach-

ment structures using partial mockups.

The work was made by an investigation contract of JAERI with Toshiba
Corporation in fiscal year 1988.
+ Fusion Experimental Reactor Team

* Toshiba Corp.
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Table 2.1.1 Anticipated in-vessel tasks.

A) Expected normal: (occurs twice in D-T phase)
- Replacement of window in circular port
- Replacement of RF antenna tiles

- Replacement of IM? first wall tiles

B) Likely worst case: (any one in D-T phase) -
— Replacement of belt limiter feedthrough bellows
- Replacement of one antennae screen

— Detection of leak in vacuum vessel

C) Conceivable worst case: (not expected)

- Recover failed articulated boom




JAERI— M 89 —084

‘mm WIHE ™ DINTWE)
.‘r. . A ETOLE
i R&;

INIWHOVLLY 3NL LY

AL ANMIGED

CELTIR RIFES FRL PR LT ]
iNez Jai) mbhudn 4
COmL-N N MR 4

dokl 88 Bi¥Ya BMincTd B

(46h Imib Loom 8

’
]
L]
]

LN wRNAY M RalGeln

SONIH4S
11A37138

3MA30
N SNINIVL3Y
s e

3L
31IHdYHI
a3Lvod

. HINIHM
NOILYYITIVLENI

LPrsos xan
ad BRIV

AZ¥ere L QIR TUF
wrd avy

cowasE J1UARTIIG
(PrrNOS) LIS 2imLrold
AFEIC THIN AV N8 KX PE Dy

Fd) T )

&7 ) hraink b
£ Y
ey sk HMEGY AL L | (LA 0LE) A2 £-£1( 8 S22
wurgyr gy A A FhoYidi—2 L
AEC A 9IE SNS Ak ok (Bt 7 w
(grasid—2) 4
NS Ly E£—c D) 4 kL iy (b L—clHF) J VLl y (L) B A
0 (998) UL
27 U MIND [ g
&3/ —2—2L 19N £\ —aerns g W

I-11¢V ¢ m-a 7z d14L 1 ZEFRW H Er

(m

sudTsep TIBM 2ASITH

1°7°2 @798l




JAERI-M 891084

Hem
Py

qr) Loddny

g magrng

'\\\

N

[41v2g fing)
iy, dop miey

\.
I AT

¥ NG HRaeg

TEEf 3¢
A fitl s
suondQ yuauydeny sapy - 3111 i
L&—=ATA=2 TS - U] mig- uj Fed Jcg VL TE
MEt A * A7 [HE 9L A A/ BT QW [EE e} Ly
LENODNFA ~ &y WA FUIN0T YLLK L
2o oYk —2 — L
s e S-S (AR &7 “
= ./.G\‘UH\K u_h . : o T
(HREFH) ROty ( A ( Ny |(4rAd-a) %
1 yLccy Ny (00d) 4 pLocy (—2—uL) HoOH
(9asury 00g (998)  [RE035%
z2¢ (LU M) dclge=r/
— & — LR &Y (e x L —2—JLHT AN F W
HLIT T-9 dS1 % Xdd ¥ ZEIFN H Hr

(z) su3Tsep TTem 1sitg

1°¢'¢ ®1qel



JAERI—M 80 —084

"€110q TRtaw
£207000J0 w1A Mg I LO SITITY

#31ydea?® Jo juswydsel1ye [EROTUBYDAH

f AEI TR paeey - :az/ _ .\u._zu_z—m noM (544
K 7777777
” 13uubyl
I p3aj00]
A i W8S Y f
puaq axganpus) Jo dog N m\ 133108 utsuodx]
+ i 1
E II .
E & mu —
I ”|
r 7 1
am Aydey no
d oe 9

rBuspTom ueag UOJLYS8TE juUaJedEuRay

us paceq taued M3 JoJ 3daouon

GNIGTIN
8} 8¢ o4

STIANYH)
anonk -y

THNYR
@}1a0) HEW

JHIPIIM (9]
HYIE HBELI)
o THIUYASHYYEL .

JNLNALS 13115

FIVIVILNE pREL
PRIV AR
w e |
] -EIQQC-"
[T YT e

= o ANV LEW

i NLISRiNRY

NORYIARINYS

ey ——"} 4

- Al

;

Uy Asolute?] ogieg-togie yim apg suydeln

R

a!.l_.n!\

L RS

g ek e Bk &—ATR=a MUG- U]
‘ [y it P A A/ [6% Nk
S X RE L AGEY S £ [—o —F0WA & ¥ TR R
o2 -4
S S ( S 'S ( (HREEZ) “
(grimd—17) ”
VLo s S Ay (VLo s (—2—4) H W
. (00s) [EI5u35 ¥
1170 19 (MM e
-2 —LIHREEH — e~ LHBREEHE - — L YRR A E oy
IAN 2 -4 ILAN T4 ALIT -9 ZEFRN H H

(€) su3rsap TTem 15114

1*¢°¢ 214el




JAERI— M B89 -—084

Ty eI
oM LIN0NE S

ng- U]
b By
§ 6 b LL GO ANGES “ 6%

juamedusaxy 9171 TIPM u-uqm

2! 2
w01
!.|l|.* /.9:&
¥-¥ NOILI3S WN 0B @

INL
mo_m...ao
HOLON
— ONITORYH
M3 LNOHd

£—AFAT2 DG U]
P8I A - A /B
Jardd & &%
ywugrx 08 ¢ ‘2

E LIT ]

Tz -
B

a5
%]

#HE B
fGE
QAL VL LELORANGEL S 6T

B S
¥ Ll
HAPE

T o Wi~ 2 — L

()«

S 'S S-S ( (Grrid—a) .
S Lotk (o0d) VLot \bLicgk (—e=—4) H W
g 3 (09s) ST
56 11 UL M) EYE
—x V& 2 — LB ERE —e - LA HBREEE | T H
LID ¢€-6 LI1ID T1T-6 WID ¢ PN H O

() suBrsep TTem 3ISITJ

1°7°¢ 2T9FL



JAERI-M 89 —-084

e s la-

] \
BI00OY 3/ fuyzoig

njrg - ufg
g
(YR T) A0 LL&+])—n

A!.._our AxrnI) SONLUAS

561 612 » VOB
W 0T LY TTL N LW
) AMDIAH ONDIHOE. 1Y WDILIEOd OISVETIE
A3pey
ﬁhﬂa iy ﬁ._!l!.ﬁu [ sy

I8
Al 2 s

HIHETA It (BT
LSOCUILHIY

s - uj

L

SEAVEE I =N0 IO N ORI Ke 'S SN IO 4
Zidy

I

I 1

eI S

F o YR e L
(Wgsfz)

S-S GZo vk o)
(g7} ”
N Ay YLl Lh (—2-L) B 4
008 g (098)  [HIB0%%
0T I U/ M) EW
e — L HEERE — o~ LR PR ¥ W
qa4 -0t LID €-6 ZEFN H I

(g) suBTssp [[eBMm ISITd T1°7°7 2TqRL



JAERI-M 89— 084

(4 20 soyERIn) &J_ (s3TmEs90)}
IAE 20] I Oq TUBMEYIEIIT " AFNS JuBMYTEQIY

ﬁ . p_;_.__ _

anowae e3Tydoaf
113 0)

(e¥YYdean) IToeq Jnamon) 1y

(sng) eavrd
areq TTem 32}y, TRuvgD Ty |

—

| (soymr2aD) uuvm\ﬁ.l_ A
ﬁ A
ancwIe ajyydran
m (AoTREITD) - -

37049 FuByIFIIY

i LOH 10 EdImELRA])
wek el 1T0q IUATYIEIIY

Y E2EQ
NI R A A7 L N TS g b

¥ %

BTEOWMKE SN S ?HMH

{Ywno2n] a0 S48} u~.1 pnag

im:

(19uoaur) upd ¥oyooratmey \?:-R.!.u on 3e s3pgdmd)
(aysedmon 53) .

anoary

Oti] — @
P LI ™
— 3 i nIf@
Tt e oy o o] otaleh | (HE2®ANVEZE bk &)

@\M N MWL REZH N npg— ufp Y RE S
| 2 ¥
o (RIZ) 44 Ak T

_s_sw oo Yi 2L

mHWu ) ) W | & £ MO g-g | T ’

! ﬁ LEYLANTMO ooy C o (frsd-a) «
dosy - ZE I\ rdoch [ (—a—L) B W
waajwww i 008 (098) [y ¥
HEHEE L ~ 5 £ 0T [ (U /MmN B
APIAPET EIECH —x— L HEZAR ¥ H

g4 ¢-01 ya4 z-or ZEZEN B H

172z °TqeL

{9) sul3rsep TTem 1ISaT]



JAERI~M 89 —084

MIIDB dwe 3vdy jayoog

Eu!/«_m 2TmRIN] / v AM |.p
v
( ae RNBTIETEH s —
jE— m 2 —— k| Loy Lo — A
FOESNS h ; PR
apiydmn 3 ! ) WAac—1 4L 6 £ a
e
=
- [}
( —J T ] _.z q )|
(saTmelan) j l (oM 20 saTweaa))
o rea appng” | Hl_m_lion MWauyIeIIE TTEH o bmw%@
wﬁ 2 ﬁWMU IR AY Al TS|
amomae ajTydery; \
{a37rdean} |
170 JUIMUDFIIV INOMAY
y [31]

LF]

? R ET
U 2 ATERFEE N -

q

El

iZ|‘
|

(“L

ST wnoeiea
1

9z

A= S8

[E2

0
— o - LR

njlg-uj
ik
B Ffar — A1

S8 (

S Ll L4k

008
1

L gL

Y Lilgs

[Rig 2R RS

T e Yool — = — L
(9530 ;
(Crsid—12) P

(—2—4) H H

(09s) [R5

(U M) E

F M

¥ -0

ZEFN H H

(£ sulBTsap TTeM I5ITd T1°7'7 PI4RIL



o
3 TLE wasc ) FOCLS
ALATE MANOLIwG TOOLY

]
o RELLOWS AETRACTOR

W EUTTG 10088 - Pt

7 weLiea FOCLE - P

W ALOAIENT TOXS Pt

W CUTTNG TOCLE = WOOWS
OEUTTAG FOCLS = WINOWS
m RALNG [OOLS = WINOOWS
e I3 TORS

O HAND FELD CALERA
MIATER WASH FOCLS

A} NOUSING SHER DY

Ay SCREEN SHELD
o e F O

BELT [WITER SMELD
o A LUGT 36 L8

Fig.

JAERI—M 89 - 084

Fig. 2.1.1 Articulated boom and end effectors.
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Schematic diagram of separatrix dump plates.
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[SMA jack system|

Fig. 3.1.1 SMA application in fusion reactors.
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Fig. 3.1.2 TFlange-type SMA connector.
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Fig. 3.1.3 Changes in the SMA bolt strain due to heating and cooling.
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Fig. 3.1.4 C-shaped connector.
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Fig. 3.1.5 C-shaped connector force vs SMA bolt given strain.
(Eight SMA bolts are used.)

Upper wedge Lower wedge
/ Load cell \ End cap

-

~Tial
r : — /
/ SMA boit
Support frame Hydraoulic cylinder

Fig. 3.1.6 Structure of the SMA jack system.
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Fig. 3.1.7 Wedge force for several surface treatments at
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Fig. 3.1.8 0.5 % offset stress vs testing temperature.
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Table 4.1.1 Specification of plasma disruptions

1 B PRy
FEAEN 0.2 MW,/ mi~08MW. m?
REREE 757740 () 6§ MW, m?
12MW . m?
12MW . /m®
T f ¢ Foexp(—-2/4)
Fo ¢ 1X10%2 ,/m? « s
A 20cm
DORAEIN GRBERICIY - 1o ER B
f @ 2 (F—+ 780
Rl 60eV (Z=0) ~20eV (F— 5 X FEY)
BRSO
B F-#E A% 50% D, B0%T
B e Burn Time : 100 ~ 800 sec
Off —Burn Time ' 50 ~ 300 sec
FARS T g S
HEBER M] m? 1.0, 2.0, 3.0
=RELSE] ms 0.1, 5, 15, 50

* NS -2 IR ESE =T 2BARAK L5 5 -+ v 7 EH
aEETLELLE,

04+06/F. F:REBEMEBOA Ly ¥
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Table 4.l.2 Material data for armour tiles

AFAHEF -y OEES LD IC1IIKHEET AT % ~N—2&d 3,
W& 2 X 10°? /cm?®
T = EE T

Density Mg /m? 175

Specific heat KJ/Kg.K 2.09 - 181 exp{ — (T+273) /600 }
Thermal 0.8

conductivity _w/m.K 13.0 + 1.86 X102 #T

HL, T>1100 CDR T=11007T

Vapourization _

latent heat MI/Kg 591

Saturated Pa exp { 321 — 885 x10° / (T+273))
vapour pressure

Expansion rate 10-6/K 301+ 144 X107 *T

BL, T>1100 CHO&R T=1100"C
Young's modulus GPa 27.1 - 1.27 x107° #T

HL, T>000CoR T=300T
Poisson's ratio 0.14

Strength MPa sl 17.2 (o)

H#E 569 (o)

Fatigue curve Fig.2.2 -1

P, 27 —
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Fig. 4.1.1 Graphite temperature due to radiation cooling
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3000
Graphite temperature
facing t lasma
acing to p 52——0._‘5__,..-—-
’._.—-"'—--—- 6,2'.-_—- .8—--‘__.__
X 2000 -
g P Z - //’ Surface heat flux
'l:‘é o ry /// l l
-
5 e i=30 w/mK
QU N 7’ P
= e I~ | Graphitel €=0.8
@ //Graphite temperature s s
= L ol : ERadlatlon
// facing to base plate &g
1000k Base plate
T l I 1 I | L I I 1
0 0.1 0.2 0.3 0.4 0.5 0.4 0.7 0.8 0.9 1.0
0.37
Surface heat flux [MW,m?)

Fig. 4.1.2 Temperature due to radiation cooling from the surface

in steady state,
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Fig. 4.1.3 Heat load and armour surface temperature
during plasma disruption.
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Fig. 4.2.2 Eddy current of first wall during a plasma disruption,
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Fig. 4.2.3 Magnetic force of first wall during a plasma disruption,
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Fig. 4.2.4 Bending stress of first wall during a plasma disruption,
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Base plate for
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SMA pipe fitting Heating/cooling gas inlet
. Armour tile
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Fig. 5.1.1 First wall armour tile attachment design (I).
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Fig. 5.1.2 Ceolant channel for tile base plate.
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\-Groove for manipulation

Fig, 5.1.3 Armour tile coolant channel.
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Fig. 5.1.5 Base plate cooclant channel for armour tile.
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(b) Removal

{(a) Imstallation

Armour tile Handling hole Cylindrical foot f W 7/////4
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Fig. 5.2.2 Armour tile attachment design (IV).



JAERI-M 895 —084

(I1) ugrsaq

*TPUURUD JUBTOOD I[0G PnIs STT1 Inomay

b=

»

N\

atoq vzuml\\

3713 Jnowiy

TTeI9p-X

1°¢°¢ 814

\\\\.ﬁﬂmz pnas

—

xu____qw’

V-V UO0TID9§

) -

///.uﬂog pnag

(1) uStsag

e

e

1

)A//////HV[Hwﬂﬁmsu JUBTOO0N
N Ld
A

) .

98EBq Inowxy

Iny

//Iwaﬁu InowIy

X
aToq pnas



JAERI—M 89— 084

6. FTANZBRIIBELRL AT A

6.1 L RFLDDIE

FANERIERERARGN L T2 >OERICHBES NG, 1 DIBELLIA VERSIETHE,
O 1 DBIBGE LI AV ETFRY A L ERBTEFETH S, CHOBELKRER YT L%
TNENEM VAT LETBE AT LERRCERTEE, ALY ATFLOBEEZUTOLS
5,

1) Ay x7 4

CH®

ﬁﬁ%mmmmk@,ﬁ%a4w@%%%ﬁﬁo%zWﬁv9yrﬁm@mmwnf%;m

[ fifRIEE )

| ) & A DER < 185F & EENFHBBES OKA X S A S WIBED AR

i) #7792 (ImmBlTF) ORR

i) #v bEERS 4 L OBER, S b OBLDEAD L S ICEE HATHEONECTE

DRESDATEESHN T B0 50K

(BRI

EBRBEARIEEV T, Bl - TERRT~NEBEY A 8RO CE bR b, T, ff
BUERES 2N CE T 50T SR AR ®, § I SN EHEE L, o
T, UTOBLWERETEWNIETE 35k 0,

) BEESTTS (107 Torr BE)

) FEARE ;  ~3007C

i) 7 #EEE ;  10°rad ~ hour

CEE )

ABIE D BIETRIT-60CHE LT AR X3 -7OBTHGTE 245, HHD,

M) @EXYVR3—FTHETEN, EREOL 4+ HBUNETE 5,

(21 R T L

CE®g)

) 1B Ui 7 4 v DasHa & $ra L
i) Fa b DR
(T =54 0O

FAZIFFER OMINI 70 TiRst St & o,

SfH: 0 150mm X 150 mm X 10mm
MR T5T7 74 b
EE . 100g LT TEEicES



JAERI-M 89 — 084

CBRBEER)
FOLEORBEINRESAVDBBICHLEN, B5CET 5,

) BHPALZVGREAEE I ATRAT TAREL T 5. AKRREB LSV,

i) FEREE ;. ==&

iy remEE ; 10°rad /h

PIFR USSRV ATF L ERHBR U AT LG, FNEFNERNERY, ZOLBRNERTRI
B, LipL, FATEMORE ZOHH#LA v 7 » AR - ORE S PHRDOFIHR, FERELROME
EHEAG T ATOBAH D, CAD2ODVRFAEKALEYRT L% C C TR
b, TG, AVFFUYAR-PLOBEREFERICAN, 74 VORBESGVEZ IRTOF
lyﬁbvj,E%ﬁ%w%%ﬁbk%.m@w%m%T%bw94w£§@?5§®&ﬁéo
BEgic i, BEHTTHLJETSTF TR TEASh TV AEHEE 7 - 228K E L,
BT 7 - LSRRI 7 A VEERATE TR Y s Al T e vt -4 &y 4 RIES S
2y 7T BEWRERT 4 (Pan and tilt ) RUMN 5 v 77 o - 75 BR LB~
S - IBREL TV AR ET b, COSEBMERTOHEETHILRETH S,
—H., BEIAVER LY 1 ERBRERT 58, ThoZld a4y 7 2 608
THod, 1EACHETEDL SVORD 7 A VRS UESIS RIS, 0 & 7T - 7 I
Ko s ARFAITHT DI EBE 7 - 2% 2 Vv FF V2R - PERLTHECHLARLT
DRIFEDEEZIFEFICECHDICLTLE I, '

6.2 FANTBILATLOER

ERENEEZEPEIBEOFRELT, CCTEHSHE 7 - A RBETEESHNICTOEEHEH T -/~

T, MWRE S 7 2ALTHULANT B3V 27 28R L TH, BOHLIFIELTNET DE -
s VBOFRSREEY 27 20 (Rig.62.1) OBAEE S, Lib LD -7 ATE h -5
2E180° THIEIL /2 DDA v 55 v R b HEME T — £ AHA L, B2 (90°)C 7
—LEREREE L, (0T - bR L-E LTE - UHEBEGET L, PREAE (90°) @fE— b
(hi#—b) THEI v E- 2 Y P EAHULANTEARTEE. L LCOARIEA Y FF ¥
AF—tEIOBBEEL, FAMEE-FTHERELLIVE-Z Y ER LANT S ORE
VATLPBBEEIED, 2EELTOYAFLEFRENREMOREDITHN-T LT SEENS
%,

LTI 6 2.2 RTFANKRY R T A% B Lo, MRS &L 588 7 — 4 Fic
Ve EREGREL, TOLRIT A WERE y 7 A HBEEERFECE, COBEEAE A vFF VAR
—FENMLTHLANT 5 5ETH L, 77— LBEETO v — Bl Fig.6 2.3 iRd L 51C
L ZEBRIEET &, 172L, ZEMEOCBARNLH#E, MESHSROBETH 5, L —
WERORBE L TERII 7 — a6 bt~ b o v RTERBLTIA LA LT HiE6EE 5
N5,

BE, ANRTORBEGEIRBR 27 L E2BELT

) BZEHH 2 03 AESE A ZBES (KRE) &L, REHRLEL,

j— 45 ——



JAERI—M 85— 084

) FENEE . =G
i) r#sEE ;  10°rad /h
BEELL,

Fig.6.2.4 ., 2FF & LTHMOMIM 63 EZD ITER / FER DFALMIERICTRITxA
FREMRET - LDT - ARIROBESREWITLRBETS S, COTHE, SMHT—ag sy 4
SIREAVFFYRAE- P ENLTI EMTHFENT 7 £ 2 ETRIS Iz bOTH B, Fig. 6
25REHMEI T - LB ETVERL, AV FF Y aE— b LDEHE T - L REEERAIC
ADR 00 mm DAL, DLEHSEBE L, 7 — LR TH A - 45 (& & 3000 kg )
AR Lo REEART, 287 — 4 6 BHIDO T - AL DL, &7 — 251 2700 mm T, &
7 — L OETHEAE 56mm @ 500 mm X 3000 mm OUFEFRETR LTv 5,

Fig. 6.2.4 RUFig. 6. 2. 6 IL/RT £ 51 7 — 6B METRA, KI0EmmOBAET LT 5,
BEBMEST LM TH-7, Lvl, COREDESRIL 7 — £50E DIRE R 078 44
MDD +OMIET AT EHTE 5OTRIEI I,



JAERI-M 89 —084

3DUBUSIUTEW TOSSOA-UT IAN JI0J InokeT efoTysa-woog T[°7'9 374

jaed Axjugm
I TITei-uwooyg

3pINd aT7qeo

TEe2TTHquN
Irnpowt 2dEIALIUY *n°1L°0 1 ITeai-moog
7 10129JF9-puy aTqed
TeSTTTquUfl

11od A1jus
JTUN I9ISUBIL]

£9TT04ag,
1 TTea-woog

STOTY=A

meaq a \
sutayr1 \

,~ A1ddns 1amog

2UTTINO
7 IoloaIJe-puy

ToSS2A WNNDEA



JAERI-M 89—084
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Articulated boom

Access port

Fig. 6.2.2 Damaged tile transport system.
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Arm Joint

Fig. 6.2.3 Flexible rail structure at boom joint.
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DISPLACEMENT OF ARTICULATED HOOM FOR ITER
DISPLACEMENT - MAG MIN: ©, COE400C MAX: 1. 10E—01

Fig. 6.2.6 Displacement of ITER Articulated Boon
(Plan view)
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