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In-5itu Coating Device for JT-60

Kenjiro OBARA, Kozo KAWASAKI, Hajime HIRATSUKA, Takeshi KURODA
Kazuya OHTA, Yasuhiko MIYQ, Minoru OHKUBOVY and Mitsuru OHTA

Department of JI-60 Facility
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received June 1, 1988)

JT-60 in-situ coating device which was completed in February 1987
functions as follows;

—— repair of eroded or damaged surface of first walls such as
bumper limiters and liners in JT-60 vacuum vessel by
titanium carbide (TiC) deposition;

-— visual inspection of internal vacuum vessel components;

—— titanium flashing task for the first wall as surface pumping.

The device basically consists of an in-vessel manipulator with four
axes, a ohmically heated titanium evaporator, a fiberscope as the obser-
vation system, a maintenance stage and an acetylen gas injection system.

To meet its functional objectives, the in-vessel manipulator required
to be operaticnal in an ultra-high vacuum environment ('\-ulO"'6 Pa) at high
temperatures (v300°C).

The present paper describes the outline of the device and the results

of titanium flashing using the JT-60 in-situ coating device.

Keywords: JT-60, In-situ Coating, Limiters, Liners, Titanium Carbide,
High Temperature, High Vacuum, In-vessel Manipulator,

Fiberscope, Titanium Flashing, Surface Pumping
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Fig.1.2 Inside view of the JT-60 vacuum vessel. Many limiters and liners
‘ (first walls) are placed inside the vacuum vessel. :
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Tip of the manipulator inside the vacuum vessel.

fiberscopes are attached on the tip.

A couple of the
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Table 2.1 Major specifications of the driving mechanism'of the manipulator.

Belts and nuts :

TiC coated on SUS 304

ltems A axis 0 axis ¢ axis Z axis
1) Transportation Rod Rod Rod Wire— drum
of torgue
2) Range of 0+«— 1000 mm 0 «— 135° CWwW 180° 0 «— 7720 mm
motion ccw 180°
3) Velocity of 300 mm,/min 70°%/ min 70°/min 1268 mm.“min
motion
4) Specifications | 3¢ Induction Same A axis 3¢ Induction | 3¢ Induction
Qf power motor motor motor
AC 200V 740W AC 200V 725W | AC 200V 15kW
1300 r.p.m 1300 r.p.m 1450 r.p.m
5) Mechanical Torque Torque Torque Torque
protection limitter limiter limiter limiter : tkgf *cm
‘of over load |40 kgf*cm 50 kgfescm 40 kgfscm Load cell : 1300kg
B) Vacuum seal Magnetic Magnetic Magnetic Bellows
fluid seal fluid seal fluid seal
7) Detector Rotary encoder Rotary encoder | Rotary encoder | Rotary encoder
of positioning
8) Exposured Parts of high temp. : Inconel 625
materijals Parts of low temp. :SUS 304
in vacuum
9) Lubricants Gears : Dry lubricant (MoS:) on Inccone]l 625
Bearings : SL alloy
Washers : Ag
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Table 2.2 Major specifications of the titanium evaporator.

ltems

Specifications

1) Segment

Dimensions

Major material
Weight

Number of attachable

175 mm outer dia.
~ 215 mm length
SUS 304

~ 25kgf (Without shielding plate) |

1~4, segment

filament
Electric connecting method Series
of filaments
2) Filament
Materials Ti /W, Mo

Dimensions

Power

~ 35 mm outer dia.
~ 150 mm length

5V, 150A filament

3) Materials of other component
Filament holder
Filament sleeve
Bolt and nut

Insulator

SuUsS 304

Carbon

TiC coated on SUS 304
AL O;

4 ) Evaporating performance
Amount of titanium

Velocity of evaporation

2 g/ filament

2~3 mg/sec
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Table 2.3 Major specifications of the observation system.

|tems

Specifications

1) Fiber scope (S~—012)
Number of image core

Number of light core

Allowable vending radial

Depth of focus

Viewing directions

Viewing angle

Allowable temp.

Leak rate

Qutgassing rate

Observation performance

12,000
600
> 200 mm
50 mm ~ e
Straight /Side
20°
< 200 °C
<1 %107 Torr=£s (He)
< ~10°1! TorreL s+ cm?
The distance (£) wich is possible
to distinguish a defect size of
20 mm X 20 mm.

Straight view : £ < 700 mm

Side view : 2 < 500 mm

2) Light source (LS—300R)

Lamp - Xe lamp
-Power‘ 300°W

3} TV camera (TK—800)
Camera tube 273 inch, Single tube
Number of scanning line | 525
Resolution Heorizontal : 270, Vertical : 300
Reguirement illuminance | > 10 lux

of subjects
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Bellows

“‘\\\\\\. | | Zaxis

Ji
11

evaporator

Vacuum
vessel

Joint

Fig.2.1 Basic motions of the manipulator.
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Torque fimilter Moter
Z axis for Z aris .
o VL SkW (1aSQ rpm)

Belt '
Sebt .
1
Encader n
Dr‘u?ns fpm Reduciion ——}j_ﬂ
E)_I e
H 171000
+7420Mm
mox JP Weight senser
1100kgf
/Bcll joint
8 axis A axis B axis
Chain th Ctuich
[ st -~
e 118 Chein 220 . _  I22 " Chai
2.2 =T T e N — . L5Ee, 58 rpm .. Lhain
L ‘j—*- 17.3rom T e = Rt s — 724
~}— Reduction - fe833 i56rpm 128 |3 f=6 13rpm
gear hox
Handle HFAL:Y] 11775) +-Reduction
Eﬂ - €3] —— EI.’IOOI’,» gear box
U—TI U—: ﬁ {1710}
" Motor
sier Motor T 25W
40w 40W 1300 pm
Encoder 13Q0rpm]) Encoder 1300 pm Torque Targue | Toraze
limitter limitter limitter Broke
Arake Brake ﬂh ﬂu
Magnetic
broke
Reduction —
gear box
|L3C | 230 _ _ _____ __
40 * ] ’E] Coupling
e e o e e e e e kagneric thid
;—tedthrough
126
may 268kgl-cm
Magnetic  fluid
feadihrough
-300™
R =
maz M
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/1- 4Qkgf om
N 1218 [41:100
iz 235[ i
i 710 J2ou
254 l 'ZMJ
1710 :U: I3 ’
Fitz /
750

Fig.2.3 Driving mechanism of the manipulator.
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Fig.2.15 Arrangement of the ports for the acetylene gas injection system.
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hb, BB y—r 42 ML CHEEEABRS 2R, #AERE Y -7 v EE, P 1S
ONZRFFANTHRESNHBESRT 7 o AAHAEENITOO S,

BERAEOHEEER Y -~V F varyea— s OCRTIERES N, BEMBELRERED
ARFARRS 422 BB THERBKEREI LT 5,

Y=k TR, TERECILIv 2T L -4 BB OMAEBOIES IR LBEET D
CEEL, TRABEEBLEREOEBEGE, v =7 V-9 OHEICH VT RNy 2 7o 7EHELITA
HEDICEHEINAT B, _

M, AEEENEOEENBETO T OB HE D AW Ed 5
FOBMOFEET > TV B, B8, FHRETv=7T V-9 2RHIL T HE (V—F ¥
yEM) KR, T lBEREOBEESERERL, 7 2RBHRBLEERENTACRT
ERTALIKEHET - 7,

AHEMY 27 6T, BUMOREBHBERUCRTHEREEC SHLFERENL v, U
ToHEEREEL .

(1) EFENEER

1) Bikohr BER
REOMNEBEATOBERZROFENEICRE D,
BUBRF—FORASL, REFEF <7 %275, FHEF2v 73, 7 L%
RUOBRAE, X0y 7 F v 7MNEBESHAL, WEKHEESTCREVEEL L
LTHRE TCORERAT v 75HEL, BRERET < RSB ORRET D,
BEBOERERMI 1B DROELLS,

Ty AR 0. 2ms
C FHEE
FRFEF = v 7 2.0 ms
BETHF 7 1. 0 ms
YT bFxw s 0. 5 ms
BEEE
Srimpr E 5.0 ms
(e LA 5.0 ms
- mRETTORE 1. 0 ms
INEOBB UL LT XTORERERINGE8 8ms &5,
2) BEHOEF

BEOEER, 7- 2WEPOBFRE L EHFEHEEFELEY, 18H/D 4 5ms
BELNLZOTIMTIEINIEms & 755,
3) CRTHmE

NEMEES i3, RS422 BB TF -4 ORZEE2THIOTHEKRTUCRT~
DOFRFEEBELNLDL, =% D#E/S4 P E2T680 54+ s LLAK, CRTX
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# % -~ MELCOM70MX ., 3000
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BlEEE RS 422
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3..3 v 7 K
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3.2.1 HEHMoE@Emy Ty X4
A EE Y 2T 20HEHETHEE =T V-4 L, 4HEHL, SHMEEHT— 5 CEE
BRUSHRICYIBAZ THETE 2, Az T HOBIEARIC 2T, 2.1 1THKRUFig. 2.1
ABRE AL,
1 # & K
P AP AERRELT, X- Y- ZOBREEZREZHRET 3, Fig. 3.3 KART &
SIbaf FvAERra, Rl S VMELLELAHOBRNE (Xe, Yo, Zw)
RUTOESKHEhE B,

Xe = {Ry ~R, cosf)sin a (1)
Yy = (Ry —R, cosf) cos @ (2)
Zw = R, sin 8 (3)

v =T LA EBEBATARE - DA VAR, tTE5E, =TS OEHAE
Po (Xo0. Yo, Zo) BRUTOLHKHobE S,

Xo =R¢ sin a (4)
Yo =R cos @ (5)
Zo =2 _ (6)

T—s2BELD55, 7-4EEHRSLLLHAOEE.2A, 7 L0KBICHD AL
ffTBROES %2 A, & LkEE, T-ouWmEPr Xr, Yr, Zr) RUT—LR&IF
MBPs (Xp, Ye. Zg ) WFig. 3 diEqcd L5kl THohHeE b,

Pr OEBE
Xp =Xo + (A+2:) sinf «sin{¢ +a, ) (7
Yr =Yoo + (A+2.) sinb » cos ($+ a, ) (8)
Zr =20 — (A+2,) cos? (9)
Py O EE
Xg =Xo — (L—A) sinf «sin(¢ +a,) (107
- Yg =Yoo — (L—=A) sinf » cos {(¢$ +e,) : (11)

Zg =Zo + (L~A) cos ¥t (125
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TR E
Dr ={y XF2+YF2—-Rt}Z+—ZFZ (13)
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DB:{‘I XBZ+YBZ—Rt }2+ZBZ {14)
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BATAESEY 70 3 v b ZERIN S,

(2) Ko H
ZWHAERAENE» CHRNMUB I THEHE R 2BRBHHMERD LS ILIT-> TV 5,
$hiz, Z, ¢, A, OMRCEBI Y 7MY 3y FEBLIGVEEE TEHL, 46
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HERHERELE VA FLEHF - ELTANLTH B, £y 4 -y EHRBET 20
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MABHET -7 LTEBRERIETTY 5,
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REDBE THEAINZLOBHORIK PV TREEHESFLEITLLT 5, KitHR
YAFALTR, 727 -9 2N FEE-PIEEAANT S 0L - THHHITE
ROEEORBE.ITV, $HhE—A VY ICLBMEBEL VTR, HAHAHBEOFRIE
RUOSEEEEOMEABHAICIT> T3, $LEHOBEREC>VLTHE, EER
ANAESRELERIOMBET 2oErE2BRTELEILRH LT S,

3.22 EFHF7 7LIY)X L

BB L~NDRILLF s VEORE (2 -F 4 vY) TR, EGEEFEABESEFEGECT o
ARBIEDD, FY Y7474V POEEEMN, T-LMNE BESGRLEZERRICT A
N 2BBOM EBOEBHRCRER 7474y +BEBEH, BEASHEURVEESRG LGSO
HRERETOILEN DD,
DTrREESHOEEELEE Y21V —va VOB 7o - 20T~ 5,
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1) EBEEAKfHOEHR
EXfcm, HEEEmg s OHKRERENERE D cm, BEX fom 0oHEREIKE
DoVRERFLEA, EHONEOSC U 3EKT 7 voOREERD 5 (Fig. 3.5
BR) .
BRRERBC LD ARDERE:

= Uy, ¥y, ¥ (157

m 1 cos 2wy — cos 2w
v, = — - (16)
27z ¢\ a 2
m 1 sin 2wy —sin 2w
q’y = - Wy — @y + ! = (17
2n2 g \a? A

m A sin 2wy —sin 2wy,
¥, = S oy — o1, + (18}
272¢ \at 2

LB, TLT

H = h-z+bcose a9
Y = y-—bsine ' (200
a = H +y® (21)
tan oy = 2872 tan oy, = 2272

a a

ARIEBOVTEE 7454V IDF 4 vEEA pgrom ' & Lick, BMEE~7 b AVKOEH
FOBABESLLOREEEt (EFEEm+s ') BRORPORH LN B,

t = - (22)

EEERBHEFIE 3 6KRT LI —F A KoMBEEKL TVWI0T, EEmMRSL -
5 A RMEITH B HEHEE,

(Rc +rc)cosv+Vrc2—(Rc +1c)? sin?y v | Svg
A = { Resec (ac — iv|) ve <1vi€ag  (23)
Re ac<f”l§”
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Thobd b, T Tag, ve FETOR,P oKD LN 2,

Re —ro

Cos g = —T———— (24)
Re +r¢
2 rcn'v Re 1o

tanve = (25)

Rc (Re+3r¢)

CHEDVERER2x -y 2 BETHLOLT &

x = (R, + Acos») cos ¢ (26

y = (Ry +Acosv) sin p (273

z = Asin ¢ (28)
L2,

BRICT7 4 54 Y MLE (X4, Vqo 2q)% 7 —LDEERCEBRT 2, 7494 +OD
AHmEEE, T-LOWMEZMESDEHOEBEE v MELALSINERERILER (x,
y,z) 20 -5 - §EECERT A& (Fig. 3.7 28

X Xg cos@Pg—sin®Pg 0] [sin®q 0 — cos O g
y S=<{vyq ¢t [sin®Py cosPg 0 1 0 n (29)
z Zg 0 0 1 cos®q 0 sin®y g

AR (L, 7, &) ORM (d¢, ¢, ¢e) BRIBOT, BEx -y z B R
AEHLTEEREEKRORD &R Fos

P, cos®q —sin®g 0 sin Oy 0 — cos 9q ¢,
G, s =|sin®Pq  cosPq 0 0 t 0 ¥, (30)
¥, 0 0 1 cos®q 0 sin g Ve

20 ZRBELHE T o—

HEMRBUEBEGRE - FORE, BEBERRHOBE, 7472 VM EEEBORERUVE
ERfMaRE, 7o REHFOBRBCHEIN 5,

Vall—Va YTEBLIMEKREUNBIL= 7L -7 ZWMBX g, 23747 4
VIRBHEBEST S, 747 AV IEBEDO FRCES VTS vORRERELLE
(745 AV P BEEROEMNMCIDER) TEF LV YTREAZRDPOLTEF LY EE
THRBAREAT 2, RFNEFHKRoRLF 7 vIER, BERHCARHTZF7 VR
THETF U VRFROLBOL LOBAERHINL X THARTRIEZL T
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=7 -7, FEHEMNEP SV Y ENLTEREBANT 7 X whiOfM B
(FEEFEL) T THASNSL, RRNEPOHEMABEESCHVCEENBR =71
—sEBEHsELFELLTR, HE, ¥EHHRVEHIH 5,
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FOMBCTOEEEZRA L REZYE FiEFM1) CL-TROBEMNBECHHT 28
AR ThH D, FIEOMBECE - TEBL AHEMBCHEEDT AL LLAHTH 5,
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EHEEARTH 5. NHRBEEHAROEENEO 7 o — % Fig. 3. 9 KRT,

2) T EIZ7 o —

Tt @3 FHIAABEINAEEH 7055 ACRVEET ZHBE - FICL-> TE
fFah 3, BETH, 29 CRTEETINDIEEFREHO b FvRUPF gy
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57 3y AN—RAI-TOTITIREOBRESEEANL, BEEMEIK 7 — 425
OB LD Y 23V —Ya VEITI, BEHENE~NORI B AFRLIEGITH,
2O EHEBEENIBRL, ERNCEHFEIETEEHEMEC VW TOABEHRED D
OHEBEMBERS 7 7 1 v EERT B,

D774 NVERENT — L2 FSHCRTIETRINGEESEHE—BELOBES X
DUERZEOHEEFRIBEREEABEIMA oA vy rLEbiz YR MERKIN B,

HEEHL 7 v — % Fig. 310K R"d, 7L OWRBBEETE, BFREL SEHBIZTF
FRECYDBAL T EICL D, AREASREMNOBMEA MM ARIELOHEWHIIRRT 52
LTS, WARIBESELBRESCRECEKIEING,
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RESMEDE, REBH, REHEBBRUERHIUERALF Y VEEEEZCRTICE
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RECHEREZERIINCBRTE 5,
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FANTZEANLET ST oMb L THREARTEMS X OBRERREIC &
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ARBXe5, T sACRTEELE SNAHEESNRGABEL TN b= 7L
-5 20T 5,
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/\ Poloidal
v

a T - P coordinates
Z
Y

b X-Y-7Z coordinates

Fig.3.1 T-P and X-Y-Z coordinates for the JT-60 vacuum torus.
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Cash Disk <
Memory Memory Comroller

4M8B [28KB 135MB
SVP
X3000
CPU
M2313

System
onsole DMA

: Flexible Disk
CoMn%]r[g‘ller Q M2889-60
BC209 Cire
Printer
656-3

Serial  176.8 KBPS Dimension Hard
Controller Copy
BT 308

DS3OIB AHZ241A

Serial 9600 BPS . I Inspection
| Controller ) : méJgITfor
BT309 -~ J
PID PID
Driver Receiver 'DICO Digital Input
DOCO Digital Output

-AINO 6| Analog Input
-AOVO || Analog Output

Fig.3.2 Configuration of the computer system.
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,

| pd RN
\Q b -
\__/ R : Torus Radius -
R : Poloida! Radius

Pro‘j'ec"ti'on of the toroidal Poloidal cross-section
cross —section at point O

Fig.3.3 Coordinates of the JT-60 vacuum torus for the manipulator drive.
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Y Z
(L-A)sin

N 7 PD Pa
5 N (A+))sin Zg

(L—A)coéB

1
|
b
f
i
|
!

X ~ (A+\)cos8

S ]

(L~A)sin@ (A+X,)sin8

I I
|

Projection of the toroidal Cross -section at
cross - section manipulator arm

Fig.3.4 Projection of the manipulator arm inside the vacuum vessel.

Source |

Fig.3.5 Cylindrical evaporation source unit axis parallel to the
receiving Plane.
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Fig.3.6  Coordinates of the JT-60 vacuum torus for film thickness
calculation.
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Jtn fillament on ¢-7M-¢ axes

Fig.3.7 Coordinates for the film thickness calculation on a evaporation
source.



INSPECT MODE

JAERI-M 88-117

Y

¥

AUTO SCANMODE

MANURAL

!

INPUT

SCAN POSITION

¥

OPERATION GUIDE

L
\b‘

INPUT
INSPECT POSITION

!

ARM SIMULATION

INSPECT START

]

MAKE THE LIST OF INJURITY

|

COATING MODE

|

]

INSPECT START

OPERATE GUIDE AGAINIST INJURITY LIST

]

INPUT COATING POINT

)

COATING SIMULATION

0K

Yes

COATING START

!

MAKE THE REPAIR LIST

l

INSPECT MODE

Fig.3.8

Procedure for the coating and inspection.
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Origingl
Qint
Start Stop
Semi- Auto No. |
Intervention Address
Address
- éggzé}Auto Advance Reverse
Scar Registration |
Repair
Manual
Intervention Advance Reverse
Manual
< C
Manual ‘ .
Cance! , BS — Switch

; Function Key

Fig.3.9 Operation diagram for the manipulator.



JAERI-M 88-117

INPUT PUSH BS
SETTING POSITION SHOW THE ARM OPERATION

'

SELECT
AUTOMATIC OPERATION

!

INPUT COORDINATE POSITION

{

OPERATION GUIDE |

¥ ¥

INPUT SETTING POSITION IG SETTING WORK
—

|
N

START SIMULATION

|

-INDICATION SIMULATION RESULT

!

START OPERATION

|

INDICATE ARM OPERATION

<)

LIST MAKE BS FINISH INSPECTION WORK
| H
Y

INDICATE INJURITY LIST

END

Fig.3.10 Inspection operation flow.
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COATING MOOE MANUAL BS
START BS
{
OPERATION GUIDE INDICATION
' ARM OPERATION

f

) A

INPUT
COATING POSITION

INSTALL FILAMENT

| 3
¢-—u

COATING SIMULATION

{
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SIMULATION RESULT

!
START BS

y
INDICATION

ARM OPERATION

¥
COATING START

|

WATCH
COATING CURRENT
COATING TIME

COATING THICKNESS

| Ye

No
REPAIR LIST

Fig.3.11

Coating operation flow.
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E_ AR HEE EEeElES  REEE I OR

G- T

foEhRE-f (1. WSER, 2. &%, 3. Ti779v1)
2. BlAR 0T 8%, 2. 74046 )
(18 @AG{i-10)_1 =50
3. EEAT (1. T-PEE, ), BEE
3. BIAL, 4. @EVAM)
4, ZET174 01
BRI 17 1. 10°2.90" 3. 180" 4. 360°
VEVAY 1,2,3,4,5,6
747548 L,2,3,4
7474047211, U=T78, 2.5-2A
bORERARA 1 AR 2. A |
b mERE [ #ELL, 2. #IH) #ERE [ IC

Fig.3.12.() CRT format which is shown on the 3-D display.
Operation mode selection. Operator selects either inspection

mode or ccating mode.

B ARl G Ee e lEy EEak 1062 | (s87-gi-zm 1520
RaRRET L9701 &R

£-1NO P
wek [ Qs

{2:16M0)
- 16317 [_](14n518)
i |
= - wE R
pe iy, e B
S gErEE - B
i3 =

Fig.3.12./2 CRT format which is shown on the 3-D display.
Operation ggide at inspection mode. This format shows the

extent of observation areas.
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F-tNO PL2

g1 2 3567189
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=2 = | &0

REAI: 0 B0 [ BRAR: 2 MRG0, 6
RG] PAGE 1/ i

16347(8) =

Fig.3.12.{3) CRT format which is shown on the 3-D display.

IG guide at inspection mode. This table shows the result of
the detectable areas for its fiberscope.

B A B e EEef e IR ITORY |

1937-91-22 1414
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Fig.3.12.[4) CRT format which is shown on the 3
Inspection condition.

-D disptay.

Several parameters for the inspection
are possible to be set and be shown on this table.
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Fig.3.12.5 CRT format which is shown on the 3-D display.
Simulation display at inspection mode. A simulated result is
shown on the CRT.
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Fig.3.12{6) CRT format which is shown on the 3-D display.
Manipulator driving display. This format shows the manipulator

position, the distance between the tip of the fiberscope and
the first walls during inspection.
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Fig.3.124{7) CRT format which is shown on the 3-D display.

Inspection result display. The frame can be rotated and

magnified at selected position and scale by a joy stick.
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(a) Iype of the adaptor : straight view
Distance from the fiberscope tip te an object : 700 mm

Object : chart sample (the dimension of & square is 20 mm
in 1¢ngth) ‘

(b) Type of the adaptor : side angie
Distance from the fiberscope tip to the object : 500 mm
Object : chart sample (the dimension of a square is 20 mm

in length)

Fig.5.1 Observation results. These photographs show the displaied
7 U pictures on a monitor TV. -
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Fig.5.2 Observation result. This phbtograph'shows a part of erroded
toroidal limiter in the J7-60 vacuum vessel.

U h
158,68~ 258,08
120.8 208.0F
current
99.9+ 158,08} . {
60,8 104.91 7
[ e e = [ T Tt JT'““"—'___'"“'“
/// ’,ﬁ*,u“,_/ AN
30,6 5601 e ] D voltage
AN
L4 wm = \\m
8.8~ 8.0- 73 - i7T YT 37559 47155

_ Time

Fig.5.3 An example of electric current and voltage wave forms on

titanium filaments during the flashing.
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Fig.5.5 Time dependent behavior cof pressure in the JT-60 vacuum vessel

before and after the flashing.
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