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Fabrication and Performance Tests
of a Prototype In-Situ Coating Machine for JT-60

Kenjiro OBARA, Tetsuya ABE and Yoshio MURAKAMI

Department of Thermonuclear Fusion Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received August 21, 1987)

Prior to the design and construction of the J7-60's in-situ coating
device, a prototype machine was fabricated and tested tc confirm the
applicability of proposed driving methods and mecnanical eiements to the
device which would be operated in very severe conditions including high
ambient temperature and high vacuum. The machine basically consists of
an in-vessel manipulator, a fiberscope and an ohmically heated titanium
evaporator.,

From the test results, we recommended to use the combination of
Inconel 625 and a self-lubricating alloy for the solid-lubricated bearings
and MoS,-coated Inconel 625 for the solid-lubricated gears. It was also
found that TiC cocating showed a effect for the prevention of welding
between bolts and nuts.

In order to optimize the operating parameters of the machine, many
wall inspection tests and titanium evaporation tests were carried out
in a large vacuum vessel by simulating the JT-60 conditions.

Keywords: JT-60, In-situ Coating, Prototype Machine, High Temperature,
High Vacuum, In-vessel Manipulator, Fiberscope, Titanium
Evaporator, Molybdenum Disulfide, Self-Tubricating Alloy,
Inconel 625, Titanium Carbide
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Table 1.1 Major specifications of the JT-60 vacuum vessel.
Items Specifications
Material Inconel 625 alloy
Structure The Vacuum Vessel consists of 8 sectorial
rigid sectors and 8 belows sectors
Shape Egg-shaped cross section (2m x2.86m)
Capacity 100 m3

Ports

Ultimate pressure
Helium leak rate

Maximum bakeout
temperature

Less than 1.3 x10°% (Pa)
Less than 6.5 x10°% (Pa.m3/s)
500(°C)

Plasma diagnostics ports,

Torus vacuum pumping ports,
Additional heating ports,
Preionization ports,

Gas injection ports,

Fast movable limiter ports,
Adjustable limiter ports,
Electromagnetic diagnostics ports

1982
(57)

1983
(58)

1984
(69)

1985
(60)

1986
(61)

1987
(62)

Trial manufacture

small—sized manipulator

of

—

Prototype

Atm.

manipulator
for JT—60

Vac.

Manufacturing of the

manipulator

Fig. 1.1

- . Design and fablication

[ ]

 Experiment

_5_

Development program for the JT-60 in-situ coating manipulator.
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NN N

In-situ coating manipulator

1.2 Bird's-eye view of JT-60.

Fig.

‘ . kﬁ‘ 5

iy
. — -
i
B
i\

Diagnostic equipment stage

Two in-situ coating manipulators

were mounted on the diagnostic equipment stage in February

1987.
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Table 3.3 Results of the resclving power experiment of the observation

system.
S5 100 | 200 | 300 | 400 | 500 600 | 630
1 mm O @) A X X X X
2 mm O o O O S o x
3mm | 0  0lo|olo| oo
5 mm O @ o O O O ©

1 : The distance from the tip of the fiber to the TiC

coated sample.
W : The width of aline in the chart.
Circle : Very good, Triangle : Good, Cross : No good

Table 3.4 Summary cf the experiment of the observation system.

? .Arn1 pos?tion ‘ Ti[t* N
2R e | (e
50 1.09 0.76 — 32 36.9 O
100 1.09 077 — 28 36.9 O
- 200 1.09 0.76 — 20 271 O
300 1.08 0.73 — 12 18.2 O
400 1.09 068 — 4 11.5 O
500 1.03 0.64 ) 0 O
600 093 0.64 0 0 O
700 0.82 0.64 0 0 X
800 0.73 0.64 0 0 X

1 : The distance from the tip of the fiber to the
TiC coated sample.

* '+ The tilt between the tip of the fiber and the
TiC coated sample ( calculated value ).

Circle : Good, Cross : No good
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Table 3.5 Weight losses after the filament heating experiment.

Filament Position of Weight of filament (g)

numbers filament!32) | Before After Weight

flashing flashing loss

4 1 -@ 13.700 13.223 0.5

1 -®@ 13.730 13.323 0.4

1-@ 13.730 13.307 0.4

1 -® 13.730 13.291 0.4

122) 1 -® 13555 13000 0.6
1-® | 13629 12.765 0.8

1 -® 13771 13.070 0.7

1-® 13.849 12.940 0.8

2 -@ 13815 13.333 0.5

2-0@ 13.666 13.025 0.7 -

2-@® 13.430 11.789 16

2-® 13.688 12837 0.9

3-0 13.342 12.620 0.7

I-® 13.846 13.042 0.9

3-® 13532 13.025 0.5

3I-@ 13.783 11.273 2.2

1)

o—wn\—o filament

2)
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Fig. 3.1 A photograph showing the manipulator with a dummy load

Fig. 3.2 A result of
Bearings:
Shaft :

(17 kgf).
=
5 “*\Z\ﬁ> Bearing : Needle bearing (SUJ -2
H "~ Axis of pinion : MoSz on Inconel 625
/ i
o ;
o g5
- OF / Pressure Stop for
= - f/ Repetitive - / torque over
S S A ——
<= £ = / Repeated number
L] —
= :
% oo
::'; "D:i | l /Surfuce temp. of chamber
iy
[ lﬁ_
= & Temp. of bearin
= /
5| | Motor current
0.5} 20010+ L R R N O U NP o
e e e e gt m A m———————
04r Range of stroke
0.5} Pt Tttt
100
0.2t
Lot
ol ol v 0 b e e e e L ey
[ 5 10 15 26 30 35 40
: Time (hr!

the repetitive motion experiment for A axis.
Conventicnal roller bearings,
MoS,-coated Inconel 625
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- ' Bearing : SL alley
£ A;"“\\ Axis of pinion : Inconel 625
@ 6L £ hN
= X :
. 3 [ ~ \\ Pressure
E = & I F’. it Sto
E < g ] Repetitive oy p
s S S5l f e e ] |
= =2 [ | Surface temp. of chamber ) .
= E os00f | [ oo P
5 © 5 r_TZEQQULmeJH 1390
- @ 100 300 13
g, 5 gl -{100] —3001 .Eﬁﬂ ]
= = & Temp of bearing
A Y .
1000l 051200165 - Motor current I . o _c:
800 04r j Range of stroke ] r
600} 0.3 T T T T
100}
400+ 0.2}
200f 0.1
oL ol 0._10'? el TN R Y S SRR | RN T RS SRS R PR S SN S S R R
0 5 10 15 20 53 55 60
Time (hr)
Fig. 3.3 A result of the repetitive motion experiment for A axis.
Bearings: SL alloy,
Shaft : Inconel 625
Bearing : Ag fon plating on needle bearing
e S Axis of pinion : Inconel 625
o 10 Stop for
S N Pressure torque over
= et e ™ l
E I é- el | /kf Repetitive T b L .
= T2 8 . mation SI‘ fhba_i\
£ - ol 8 start urface temp. of chamber ;
W, £ 300 |
s 8 a ; Reeofed number '
a [ a
(=4 = f
£ 3 |« —————l,l::*Jw______iil"”“”“‘——1ﬂ| \\
@, = Temp. of bearin 1 \
1000k 054 200l 165 Molor current
800) 04r HRunge of stroke 1
o R S I A 4
100}
4001 0.2+
200t 0.1
ob ol olig’— S U S S S SR T P RV
0 5 10 15 20 25 30 35
Time (hr)

Fig. 3.4 A result of the repetitive motion experiment for A axis.

Bearings:
Shaft :

Ag-coated roller bearing,
Inconel 625
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Fig. 3.5 A photograph of the Ag-coated roller bearings taken after
the repetitive motion experiment.

Fig. 3.6 A photograph of the inner ring of the Ag-coated roller
bearings taken after the repetitive motion experiment.

Fig. 3.7 A photograh of the holder of the Ag-coated roller bearings

taken after the repetitive motion experiment.
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Repetitive maotion experiment of & oxis

" Atomosphere © Vacuum

Temperature : 300T {surface of chamber )

: , " Weight of dummy load . 17 kg
T 1 T T T . T T T T
o
S
©
F &
k=
-
=
=
| 2
13
D
force the motor
100 - l to cool — Repeated number
s, x=--x Temp. of motor
A EA o-—  Motor current
B A Yy A :
f ‘\ ,‘I‘ \
- 601 / VoOoF A
lJI ‘| f‘ ‘\
[ ! e, = M m— e x. e g T = e -
- 40 j i e i ]
I
By 3 e T e e e e
L ] 1 L I ) ! 1 . 1 1 )
0 | 2 3 4 5 7 8 9 o 11 12 13 14 15
Time . (Hr)

Fig. 3.8 A result of the repetitive motion experiment for & axis.
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Fig. 3.9 Two motor current waves of 8 axis.

1.0
08

06
04
02

A)

{

Motor current



JAERI-M 87-143

Fig. 3.10 Scanning Electron Micrographs of the SL alloy surface after
the 6 axis repetitive motion experiment, (x 75).

Fig:‘3;11;13¢annihg'E]ectron Micrographs of the SL_aTToy‘SQrféce‘after
i “the 6 axis repetitive motion experiment, (x 1500)!: '
- Right : undiscolored part.

1—
.
et
ot

: discolored part.

'Fig;-3.12 Optica1'miékﬁgraphs of the 5L alloy surface;a?ter_fhe
8 axis repetitive motion experiment, {x 150).

Right : wundiscolored part.
Left : discolored part.
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Fig. 3.13 A photograph of the surface of the gear which was used
as a part of the & axis.

Fig. 3.15 A phtograph of heated filaments taken through a viewing
port of the JVX-II vacuum chamber,
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Fig. 3.16 A photograph of the evaporator and the joint installed
in the JVX-II vacuum chamber.

Fig. 3.17 A photograph of the fiber-scope mounted on the maniputatar

arms.
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Chart sample

Fig. 3.18 Chart sample for the resolving power experiment of the
cbservation system.

Comerag
Chart sample control unit
Colour
Fiber scope (8m) TV camera VTR Monitor

[

o~
=
lﬂl

. L-ight source

Compdhents Specifications

Dainichi-Nihon

'Light_Squce. ‘ LS-300 Dainichi-Nihon

- -Densen Co.
~ TV camera B ' ; TR . _
" (ccu) CH-C70 VICTOR
VTR VHS Type VICTOR
Monitor CX-101M VICTOR

Fig. 3.19 Schematic diagram of the cbservation system
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Fig. 3.20 A photograph of the TiC-coated sampie for the observation
experiment. The sampie was made of molybdenum and the
‘half of the surface was eroded by electron beam.

Fig. 3.21 A result of the observation experiment.
Distance from the fiber-scope tip to the object : 50 mm
Atmosphere : Vacuum (107° Pa)
Temperature: 200°C _ _
Object : TiC-coated molybdenum block (see Fig. 3.20)
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Fig. 3.22 A result of the observation experiment.

Distance from the fiber-scope tip to the object : 300 mm

Atmosphere :
Temperature:
Object :

Vacuum (10°° Pa)
200°C
TiC-coated molybdenum block (see Fig. 3.20)

Fig. 3.23 A result of the observation experiment.

- Distance from the fiber-scope tip to the object : 500 mm

Atmosohere
Temperature
Object

Vacuum (107° Pa)
20¢°C
TiC-coated molybdenum block {see Fig. 3.20)
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Fig. 3.24 A result of the observation experiment.
Distance from the fiber=scope tip to the object : 800 mm
Atmosphere : vacuum (107° Pa)
Temperature: 200°C
Object . TiC-coated molybdenum block {see Fig. 3.20)

¢ dalllmli. el

Fig. 3.25 Eroded poloidal limiter used for the experiment.
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Atomospherei Air

Temperaturet Rdom teémp.

er 50 mm o

Fig. 3.26 A resuit of the observation experiment.
Distance from the fiber-scope tip to the object: 50 mm
Atmosphere :; air.
Temperature: R.T.
Object : eroded poloidal Timiter (see Fig. 3.25)

Arotigsphere: Adr
. tures. 'Rc:oém_f"'temp;.;
3008

Fig. 3.27 A result of the observation experiment.
Distance from the fiber-scope tip to the object : 300 mm
Atmosphere : air.
Temperature: R.T.
Object . ercded poloidal limiter (see Fig. 3.25)
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Fig. 3.29 A photograph of the fiber-scope at a limiting position.
g-axis : 135° , A axis : 260 mm.
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o/o 4 f{ilaments

a/a (2 filaments
|
' 2 -
/A-GO
p— it r
— ;_50
-4 0
-30
< o 20
—_—
-10
UGV W - 0
40 45 50 35 &0 80 130
Time . {min}

Fig. 3.30 Time vs. voltage and’current“éUFVes for the cases of 4 and
12 fitaments. :

Fig. 3.31

-The titanium evaporation wire

after the evaporation experiment

Titanium evaporators after the filament heating experiment,

(v}

Voltage
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Fig. 3.36 TiC film formed on molybdenum substrate with the prototype

in-situ coating device.
Sample © TiC on Mo

| Er © 5 keV
Ti After argon ion etfching

i

12 %

51 %
37 %

400 600 800 1000

Electron energy E (eV)

L
200
Fig. 3.37 Auger spectrum of the TiC coated sample.
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