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Design and Development of Remote Maintenance System

for ITER-CDA In-vessel Components
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Keizoh HONDA*, Shin MURAKAMI and Jun-ichi ADACHI
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(Received February 24, 1993)

In the CDA (Conceptual Design Activities) of ITER (International
Thermonuclear Experimental Reactor), a rail-mounted vehicle system was
designed and adopted as a primary option of the in-vessel remote
maintenance system for divertor and first wall/armor tile. 1In
maintenance, two sets of semi-circular rails are depleoyed in the
vacuum vessel and a circle of the rails is formed. Two sets of
vehicles with manipulators travel along the rail, and carry out
maintenance of damaged in-vessel components. Features of the system are
1) high positioning accuracy of the manipulator by high mechanical
stability of the rail, a base structure for in-vessel maintenance, and
2) effective maintenance operation by high mobility of the vehicle.
Feasibility of this vehicle concept has been demonstrated by a 1/5
scale model of the system. In parallel with the feasibility study

‘using the scale model, critical components of the in-vessel maintenance

+ Department of ITER Project
* Toshiba Corporation

*% Kawasaki Heavy Industries, Ltd.
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system, such as a full-scale partial model of the telescopic manipulator
for divertor handling, an internal-access pipe welder/cutter head for
divertor cooling pipes, an inspection head to detect the damaged armor
tiles, etc. have been fabricated and tested. By these feasibility
studies, effective database for ITER-EDA (Engineering Design Activities)

was established.

Keywords: ITER, CDA, Remote Handling, Vehicle, Manipulator, Divertor,

Armor Tile
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0.00 -5, 00 211 253 0.02 -4.96 0,02 0.04
5.00 -2.00 198 195 4.94 -2.01 -0.08 -0.01
5.00 0.00 186 194 5.01 0.04 0.01 0.04
5.00 2.00 177 194 5.00 1.88 0.00 -0.12
10.00 5.00 161 135 10.02 5.05 0.02 0.05
10.00 0.00 185 136 9.98 0.13 -0.02 0.13
10.00 -5.00 210 136 10.02 -5.02 0.02 -0.02
x] TVEIHE OMNBIZTIHOED.,

Y {0,0)
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6. 5. 1 H&EHK

6. 5. lit7—v—FANKHRATE.L—FOFEMEMEIZ2—F/VRy b7
— S AEALE VAT LOERHEOLRET T, AHE4L. 2816 0 0 mmOEZEMER
HEv_tFal—4. 0Ky Ay bo—5, BRABERERFIVE 2 —F THREIATH
3. BHREROBIESUTINRT

%6. 5. 1 w=¥ail—FOfkk

(1) wEMEA~=—tab—%

%6. 5. 1 KEFIHRETRT, T4 BHE 6,: 817 LMK
GIRAIE AV AEMEATEHIIT —LEE 8.: 817 — LW
INEL TR EICE DT —LOBAERE f;: %27 — Al
CEAEESIT, BEHON-EZ 7 F 8,37 — Al
SATFTLHHUEETECPTEMEE  (DAEEH g.,: =180 Pt
EHoTd, H. BRICENTET — 4 f,:650mm
HEWMICSkeDF I T oA MY fs:+60° ~—180°
ST B, g,:t120°

EEE 8,:10° /s
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¥1250mm, EX2000mmoDE _ 6;:10° /s
HFEORIZEREImmDANS OmmDE £.:20° /s
RTHBRARIIHITONT NS, T —AE L::800mm
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(3) EHAMEE L;:400mm

T2 AL — 7 OEMICEDTIIRLTV iRE & 5kg
AASOEGE,S ., BlES (EETL— b FRER 30k g
DIEFDOR) OFLEZFMT S, sHlFE
BTVEEILE - 72RO L (Eo) ME KB |BEA2 0mm OKFEMER)
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(4) ot 1—%
aAVE 2 —FRUTOBEERET TS,
DoV al—4VOFAFEBENBEICBH KD, vPal—7DOFHEHBE 2085,
OB LTRSS DHUEREGPIB A vy -7 c—ZEALTHOYRASL, v=Eal
— DGR EEMETHTERIES,
OFEMBMIEMN—2—F/Fy P 7—7ZHEL, LEBRED/HOERLUEMERT
YOBEET I

(b)Y oy PO bo—7F
AV —%kh, v L—YOFAAEMB NG TSEBHAERS-232C%
ﬁbf%’%é‘& ‘O\ 2=t 2 V—&@%—?’&ﬁi)ﬁ'%o

6. 5. 2 =w=FilL—FOB#EsE
HELmw P b — Y OBHBSHEAFBIL, M., v EaL—FODERXEG. 5. 2

IR,

#6. 5. 2 ‘\7_:[:“_1[/—-5703E§_

1 % 11keg 2 & 1. 4kg
27— A 4. 8lkg 3 B 4. 25kg
B3IT— A 0. 19k g 4 # 2. 66kg
BL4T— 4 0. 15kg | 17} 17273 4. 81kg

LER 29. 27kg

(1) WEHE

6. 5. 2icid 1 3EFRKLS kg FUNOWREEMATRAZLBAAZAEL
MERO— FEAT, BM@IATAUF—DER AR~V TRHIEL, M. FARLSTD
BASLBLMIWMEEY (T—LoN—FE2y 7 NS4 7%) 2RI 2HESHOEN
hEELTHIZELL,

(2) MEHR
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%6. 5. 3 FHMEHTORRKEAEHS
BRES
52 & # % (om)
EODME on/Kgf BOME wmn/Kgf
P 0.15/4.5 -0.072/-4.9 0. 06
P, 0.11/4.5 -0, 0687/-4.9 0.03
P 0.12/4.5 -0.072/-4.9 0.03
P, 1.46/4.4 -L.05 /-5.1 0.28
Ps 1.63/4.4 -1.21 /-5.1 0.28
P, 1.60/4.6 -1.25 /-5.3 0.35
Py. 1.88/4.6 -1.47 /-5.3 g. 35
Ps 4.44/4.6 -4.25 /-5.3 0.58
P 3.73/4.3 -3.33 /4.7 0.53
P 4.96/4.3 -4.56 /-4.7 0.64
P, 5.80/4.3 -5.47 /-4.7 0.53
P, 17.50/5. 1 -14.9 /-4.8 2.22
P, 17.50/4. 8 -16.9 /-4.6 2.08
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e
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2 [d] 2n

Yes

FhROMBERENYTS | O FAMNE: X, Y, 6

2Pl —F D&MD | © R =-RS-232C=aEa—%
ﬁﬁ?”?%ﬁ’%?é %%@ﬁ’:ﬁ‘?—y (91., 92. 93, 94)
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Al F - E2HBET
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© NNOAA - HFH - HAEOK
NNOEA
NNOAEAAEO~1LIZEHILTEIHO/RE

© X, Y, 0

© HEEFNIZLD3EHTF

(Xr Y, 9)*<915 92- 93: 94)
© Mz2iF sinb,, cosli, @z, sinbs,
cosf,, sinf,, cosfy
© (X, 8§Y, 68)
© BEETIICLZ¥E8F
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6. 5. 4 FEBRER
(1) ¥875—%
Ay L LTRIG. 5. 3IREILUTOTEHICDOTHELR,

LW ELcgEe0sd (6. 5. 3 (a) )
Do.,=0°, §.=800mm, @,;=0" IZEZEL.
—120° < B, < +120° [CEALZIELES,
®6,=0°, 0,=800mm, &,=0" [TEHEL.
~180° < 8; < +680° wEZHEEE,
@6.,=0", 8;,=0", 8:=4° KE=EL.
150mm < 8. < 800mmiZELIEILEZE,
DE,=800mm, 8,=0", 8,=0" ITEEL,
-15° < 8, < +25° ic&fb&xELs,

2HHPEMLIBEOFEH (W6. 5. 3 (b))
®8,=0", 8,80 0mmicEEL.
~120° < B, < +60°, —-120° < 8, < +120° KHEhas¥rE&E,

FL— rOELERARICTFEXBE LIzBE0FE (W6. 5. 3 (c))
&0 #WOPOAEFEEELT, KEAM (x) 1300mm~1600mm
HFEAH (y) —150mm~+150mm DEERE

DO WOFRLEBESELT, KEHM (x; 1000mm~1300mm
TEAM (y) —500mm~—200mm DHREHEE

(2) Zma—FNExy P T—TOANE
Da=y b : 4 (B WMONETF— 72 TOFEHEH)
o=y b7 (8, 85, 8:%Fsin, cosiZl. 8 3FDXEER)

@azw b 10 (DEQORSD

(3) FHER

#£6. 5. 1FEH&EREs7T. AWEBOERICHTAKET S L.

Dazy FEAPWTFROBSLEETFHEE?2. 0mmD 1/ 3UNDOBREINRE->TW S,
OFHEBEEELI Loy ML TOBEFRL,

EHF IO TR TV HOBEAEE > TN,
@1 WMOADHEETRTEBRIELOF— 52, FHUKEIBEETAKEL 0 nod

VBN OBEIINZE > TS,
@2 WAEIELBEEF. ANBEHHBOROERBHELE O HEFRMEF LT
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bFUHERR AL LM,
CHEERNOT— 5 T, BMHE LEHSDRLODTANE L HNBEOHOIERFE D
it FHEERE O,

(4) FRUBOWERR

FUCLVER LIS 2a— TRy NT—2 12k, RMOMBTF— 52 AVTEEMES
IEL, EBICv Y L—F FWEIETHAML 2,

£6. 5. 2{3%6. 5. 10No. 12~No. 15> ¥H izt h@Bontk=a-~-2/x2y bT—7
AROCTHNEME L AT LOREZT>1HERETHL, WVTHOBAELBERE mx s )7
LT3g,
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6. 5. 1 FHER
AR T F 7 =2 EROBRAIEE FTMREARLORE
No. |7y | Hd A H | H
v Al -4 [} T K
I ¥
4 Xon [ Yoo | @deg| Xon | Yoo | & deg
1|4 (10} 0.001] @ ¢ 40 100,000 |0.21 [0.23 |0.10 {0.63 [0.59 |0.23
20710 001 @ | 40 20,000 [0.19 |0.16 [0.10 [0.57 |0.38 |0.22
3110 (20 001 @ | 40 18,000 |0.06 [0.08 |0.10 |0.23 |0.39 [0.23
417 (10 .001] @ | 61 20,000 {0.13 |0.22 ;0.10 |0.41 |0.64 |0.29
5 10 |20 001 @ | 61 17,000 |0.10 {0.11 [0.10 |0.30 [0.34 [0.27
6| 7 (10 0.00l] @ | 11 20,000 (0.14 (0.13 |0.04 [0.32 70.30 |0.11
T 10 120 001 @ | 11 20,000 |0.04 {0.10 [0.01 [0.09 {0.29 |0.01
817 (10 001 @ | 33 20,000 [0.14 |0.13 [0.13 [0.54 [0.42 |0.26
9 |10 |20 001 @ | 33 15,000 {0.09 [0.12 [0.10 |0.40 |0.28 |0.32
10| 7 (10 .00l ® | 64 | 500,000 {0.72 [2.96 [8.68 {2.01 |7.37 |29.64
11 |10 }20 001 ® | 64 | 400,000 |0.26 [1.55 ;3.04 |0.81 {5.54 |9.68
12 | 7 {10 | 0.001] ® | 49 20,000 |[0.11 |0.16 {0.06 [0.25 {0.45 |0.27
13 [10 |20 | 6.001] ® | 49 40,000 [0.14 |0.15 |0.06 |0.40 (0.47 |0.27
t4 | 7 {10 001, @ | 49 20,000 {0.10 |0.09 ;0.03 [0.30 {0.21 |0.11
i5 10 120 001 @ | 49 20,000 |0.08 [0.09 |0.03 0.28 |0.21 {0.09
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%£6. 5. 2 (a) X=1300~1600mm, Y=-150~150 nnD MR HERA O MIERSR

HEAE 4 [E No. 12D # IEKE R No. 13D IERE R

X on|Y om| 6deg| X mm | Y mm | Odeg| X mm | Y oo Gdeg| X mm | Y .mm | & deg

1450 0| -43[1444.9| -11.5(-44.5(1450.0 0.5{-43.211450.3| -0.5/-43.3

1450| 150 -36]1445.8| [37.7|-37.7[1450.3| 149.5|-35.9(1450.0] 149.5]-36.0

-150.3|-45.2|1450.4|-150. 8|-44.9

—

1450|-150| -45|1444.1|-161.6|-46. 2| 1450.

1300 0 -47/1295.0, -8.4|-48.0[1300.0f -0.8|-47.3/1300.0{ -0.6/-46.9

1550 0| -22|1545.8| -15.5|-24.0[1550.6| ~-1.1{-21.9[1550.4} ~-1.1}-22.0

140.7|-41. 411300.3| 149.5/-39.971300.2| 149.5[-40.0

)

1300 150} -407]1295.

-157.51-54. 8/ 1300. 3| -150. 4| -54. 1{1300. 0| -150. 4;-54.3

oo

1300 -150| -54|1295.

133.9! -9.8/1552. 4| 148.2| -6.2,1551.3| 148.3} -6.3

o

1550} 150 -6 1448.

-165.4(-29. 1|1550. 4| -151.0(-26.9|1550. 4|-151. 1 -27. ¢

(=]

1550(-1501 -27{1544.
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#£6. 5. 2 (b) X=1000~1300om, Y=-500~-200 mo® MEFEERA ORIERR
BEAE 4 1E B No. [4D LR R No. 15D i IER R

No.

X on!Y ne| Odeg| X mm | Yoo |Hdeg: Xan | Y om |fdegi X mm | Y oo | 6 deg
1 |1150(-350| -70|1147.3|-355.0(-70.3|1149.6(-350.6-70.1|1149.5/-350.5(-70.0
2 |1150|-200 -79|1148.7|-204.4!-78.9,1149.9;-200.0{-79.0(1149.8|-199.9,-79.0
3 |1150|-500| -80/1148.1|-505.1,-79.9|1149.8|-500.2|-80.0(1149.6/-500.5|-80.1
4 |1000(-350¢ -100{1002.5|-354.6(-99.0| 999.9/-350.2|-99.9| 999.9|-350.2]-99.9
5 |1300{-350| -64,1295.5|-357.2 -64.6(1209.7|-350.7|-64.0(1298.5|-350.9|-64.1
6 |1000(-200] -96/1002.0{-203.9(-95.2| 999.9(-200.4|-96.0| 999.9(-200.4,-95.9
7 |1000|-500] -100(1002. 1|-505.1(-99.011000.1|-500.4(-99.0(1000. ¢|-500.5|-99.9
8 [1300|-200| -61!1295.8(-207.1}-61.7[1299.9|-200.5|-61.1|1299.8|-200.5|-61.1
9 |[1300/-500] -65{1294.8|-507.7|-65.6|1299.5|-500.6(-65.1{1289.5|-500.8|-65.1
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150~800mm
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6. 6 VoTF—IEHE

TS X THEPRIEZEBICL N ZOPREERERINT S, — . EEFHAKH D
Fwny£3$yb(%1%\#4N—9‘757#vb)%&?-&ﬂ?%ﬁ\ﬁﬁﬁﬁw
BACPHBI A -2 P ERETINDICEEESNY VS 2R ILERH S5, HBE. Z
DEENY LY — ) v Fo—VBEZIIRINTHE, fAAEd. FEEHICHIA V7T F
VAZE—PIEL. 3m. B3, AmOEROEEARRICL DY v T NVEETILE
BHD, COBBASUEREBETIN., NEROEECRRTSY v THHEOF » v 79
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