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The components in the vacuum vessel of ITER (International
Thermonuclear Experimental Reactor), e.g. blanket and divertor, are replaced
periodically using the dedicated remote handling systems. The environment
conditions inside the vacuum vessel during the operation are temperature of
50°C, air or inert gas atmosphere at latm under gamma ray radiation ; therefore
multiple factors shall be considered for establishment of durability of the
remote handling systems. Concerning the dose rate of gamma ray under the
anticipated operation of ITER, it was evaluated 10kGy/h at the early stages of
ITER EDA (Engineering Design Activity), but presently it decreases down to
0.5kGy /h after detailed design and evaluation have been done.

However, a continual operation for one year at the longest is planned in the
remote handling systems, therefore the systems it is desired to be able to
operate longer than that.

According to the requirements above, JAEA (Japan Atomic Energy
Agency) advanced the development of radiation resistance components, major
components of approximately 55 kinds which comprise the remote handling
systems and that peripheral devices, since 1995 in ITER EDA. The dose rate and

the target accumulation dose for the designated radiation resistance were set

+ Environment and Industrial Materials Research Division, Quantum Beam Science Directorate
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10kGy /h and 10 - 100MGy, respectively.

On the basis of the development results, the radiation resistance motor
driving equipment, which comprised parts with different radiation resistance
levels, was designed simulating mechanisms of ITER remote handling systems.

The motor driving equipment, the servomotor turns the weight of 8kgf
| (dummy load) and controls, and continuous running test under high gamma
ray irradiation was lasted approximately four years from March, 2000.

Irradiation conditions on the test were ; the dose rate of 3.6kGy/h, the
accumulation dose of BOMGy at the minimum. The data were obtained, which
are acquired motor electric current, temperatures and the breakdown event
under the test conditions. In addition, appearanée changes of every component
and device were observed. The irradiation test was performed in two stages,
which was divided by a breakdown and successive overhaul of the equipment.
The achieved accumulation dose and running time in those stages were
approximately 47.6MGy/13,200hours and 23.9MGy/6,640hours, respectively.
As a result, it has been confirmed that sufficient radiation resistance of the
equipment, which is required against a dose rate of 0.5kGy/h at least,
corresponding to the atmosphere inside the vacuum vessel, was achieved.
Furthermore, the causes of breakdown at the 1st and the 2nd stages are
hardening of the grease lubricant filled up in the reduction gear, and
deterioration of electric insulation materials of power and signal lines, |
respectively.

In this report, we describe design conditions and basic specifications of
the radiation resistance motor driving equipment, the results of the 1st and the

2nd irradiation tests and the overhaul after the 1st stage irradiation test.
Keywords : ITER, Remote Handling System, Maintenance, Radiation Resistance

Component, Radiation Resistance Equipment, Gamma Ray, Servomotor, Grease

Lubricant
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Radiation
source
with
protection
board

Fig. 2. 1. Configuration of radiation resistance motor driving equipment

installed in the irradiation cell for the Ist stage irradiation test.

Controller (Rear)

Controller (Front)
Fig. 2. 3. Confroller and data acquisition system for the radiation resistance motor

driving equipment installed outside of the irradiation cell.
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Table 2. 1 Main material list of the small-sized radiation resistance AC servomotor.

Component Component part Material

Shaft SuUS
Ball bearing 1. Outer ring 1. SuUs

2. Inner ring 2. do.

3. Ball 3. do.

4. Retainer 4.do.

5. Shield plate 5. do.

6. Lubricant 6. Grease (Synthetic oil, Bentonite)
Bracket SS
Stator Coil 1. Coil 1. Cu, Ni, Polyimide

2. Insulator - 2. Alamid fiber

3. Wedge 3. do.

4. Coil connector 4, Polyimide, Si

5. Coil end strings 5. Glass fiber

6. Vernish 6. Bismaleimide, Epoxy
Stator core 1. Core 1. Si-Fe

2. Insulation paint 2. Polysiloxane resin
Cable tube Silicone varnish, Glass
Terminal Sn-piated Cu
Thermocouple 1. Conductor 1. Chromel, Almel

2. Insulator of tip 2. Polyimide
Flame Sus
Resolver Imported product (EP Co., USA)
Bearing for 1. Quter ring 1. High carbon Fe-Cr
resolver 2. Inner ring 2. do.

3. Ball 3. do.

4, Retainer 4. do.

5. Shield plate 5. do.

6. Lubricant 6. Grease (Synthetic oil, Bentonite or Urea)
Terminal table 1. Body 1. Polyimide

2. Upper lid 2. SiN

3. Side lid. 3. Al203

4. Screw 4. Ni-plated bronze
Rotor Rare earth Co magnet
Spacer SUS
Adhesive Acrylic resin
Ring SuUS
Support SUS
Bolt, Screw SuUS
Washer SUS
Flexible joint sSus
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Table 2. 2 Main material list of the reduction gear box (Brand name : HarmonicDrive).

Component

Component part

Material

Circular spline

Carbon steel

Flexspline

Ni-Cr-Mo steel

Wave generator

Carbon steel

Hub

Aluminum alloy (Al, Mg)

insert Aluminum alloy

WG. bearing High carbon Fe-Cr

Retainer Bronze

Washer Bronze

C-shape ring Steel

Screw High carbon steel

Shim plate SUS

Lubricant Grease (synthetic oil, Bentonite or Urea)

Table 2. 3 Main material list of the thermocouples.

Component Component part Material

Sheath SUS

Insulator Mg02

Terminal sleeve Fe-Ni-Co

Sheath guide SS

Terminal Al203

Pipe - Ni

Thermocouple

1. Conductor

| 1. Chromel, Almel

2. Jacket for conductor 2. Al203
3. jacket 3. Al203, inconel
Guide tube SUS
Plate SUS
Bolt and nut SUS
Washer SuUs
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Table 2. 4 Main material list of the limit switchs.

Component Component part Material
Case Ceramics
Terminal SuUS
Fixed plate SUS
Receiver plate SUS
Movable plate SuUs
Contact Platinum
Screw SUS
Washer SUS
Spring SUS
Push botton Ceramics
Bush SUS
Cover SUS
Holder Sus
Adhesive Adhesive for ceramics
Shaft SUS
Roller SuUs
Bearing SUS
Table 2. 5 Main material list of the angular bearing.
Component Component part Material
Bearing 1. Quter ring 1. High carbon Fe-Cr
2. Inner ring 2. do.
3. Ball 1 3. do.
4, Retainer 4. Bronze
5. Shield plate 5. Zinc-plated steel
6. Lubricant 6. Grease (Synthetic oil, Bentonite or Urea)
Table 2. 6 Main material list of the flexible joint.
Component Component part Material
Joint SuUS
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Table 2. 7 Main material list of the cam-follower.

Component Component part Material
Cam-follower 1. Stud 1. SUS
2. Outer ring 2. do.
3. Side plate 3. do.
4. Roller 4, do.
5. Retainer 5. do.
6. Lubricant 6. Grease (Synthetic oil, Bentonite or Urea)

Table 2. 8 Main material list of the electric connectors.

Component Component part Material
Connector 1 1. Shell 1. Zinc-plated aluminum alloy
2. Pin contact 2. Ni-plated and Au-plated Cu alloy
3. Insulator 3. Polyimide
connector 2 1. Shell 1. Zinc-plated aluminum alloy
2. Pin contact 2. Ni-plated and Au-plated Cu alloy
3. Insulator 3. Ceramics

Table 2. 9 Main material list of the terminal tables.

Component Component part Material
Terminal table 1 | 1. Body 1. Polyimide
2. Upper lid 2. PEEK (Polyether-ether-ketone)
3. Translation plate 3. Chromel, Alumel
4. Translation terminal 4. Ni-plated OFHC, Ni-plated bronze
5. Screw and washer 5. Ni-plated bronze, Ni-plated steel
Terminal table 2 | 1. Body 1. Polyimide
2. Upper lid 2. Ceramics
3. Translation plate 3. Ni-plated OFHC, Ni-plated bronze
4. Screw and washer 4. Ni-plated bronze, Ni-plated steel




JAEA-Technology 2006-023

. 10 Main material list of the electric wires and cables.

Table 2
Component Component part Material

Cable for motor | 1. Conductor 1. Polyimide-coated Cu

2. Jacket 2. Polyimide

3. Shield 3. Sn-plated Cu
Coaxial cable for | 1. Inner conductor 1. Ag-plated Cu wire
resolver 2. Insulator 2. Polyimide

3. Outer conductor 3. Ag-plated Cu wire

4, Jacket 4. PEEK (polyether-ether-ketone)

5. Shield 5. Sn-plated Cu
Wire for 1. Conductor 1. Chromel, Alumel
thermocouple 2. Coating material 2. Ceramics

3. Shield 1 3. Ceramics

4. shield 2 4. Inconel
Terminal 1. For thermocouple 1. Chromel, Alumel

2. For others 2. Ni-plated OFHC

(oxygen free high conductivity copper)
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SRl —sDER 1.7 x10° B, BEERH 2 AREICLERRE
SRS BEERAZL, BL, ATUVT, '71—791?~V—$7%11
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Shielding wall ] Controller
Data
actuisition
system
frradiation Dummy load
source (Co-B0)
e Reduction
gear box AC senvo
motor
Arm
Limit
; Cable &
switch "N\E \ wite
Terminal o
table ‘j !
1 J {
{ Inside of the cell ] [ OQutside of the cell ]

Fig. 2. 4. Arrangement of the radiation resistance motor driving equioment

under the irradiation test.

Dummy load

Fig.2.5. Movement of the rotational arm with the dummy load

during the irradiation test.
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Table 2. 11 Distribution of exposure dose rate on the radiation resistance motor

driving equipment during the radiation test.

Radiation source (Co-60)

Protection
o) board

Z i

1
/—-,@ \ A — @j/
3 D5 \@9 11
/ irteer o \ \ \ S
Limit switch  Fexible joint Terminal table

Connection AC servo motor

37.5¢cm

o
30 cm
36.5¢cm
%

S

[-]
R
42 cm

33.5cm

L/Reso!ver

Arm

Electric connector .
Reduction gear box

@ Alanine dosimeter

Alanine Position of the Alanine dosimeter (cm) Dose rate
dosimeter No. | Distance from protect. board Height from floor (kGy/h)
1 33.5 25.0 1.12
2 21.5 38.0 3.31
3 42.0 38.0 4.13
4 30.0 38.0 4.66
5 37.0 38.0 1.83
6* 30.0 38.0 5.05
7* 36.5 38.0 0.96
8* 30.0 35.0 5.91
o 36.5 35.0 0.99
10 * 30.0 33.0 5.85
11%* 36.5 33.0 2.66
12 25.5 22.5 4.93
13 45.0 22.5 3.20
14 25.5 22.5 6.81
15 42.0 22.5 3.26
16 33.5 41.0 4.71

* Mean value of exposure dose rate was calculated using these Alanine dosimeters (No.6, 7, 8, 9,

10, 11).

_;_19_
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2.0 2.0
M : Motor Current O : Stator Coil Temp.
3 : Motor Bearing Temp.
A Arm Bearing Temp.
1.5 115

—
o

Motor Current (Relative Value)
Temperature (Relative Value)

0.5

o
4]

0.0 — 1 2 2 0.0

10 20 30 40
Accumulation Dose (MGy)

50

Fig. 3. 1. Change of motor current and temperature as a function of

accumulation dose on the Ist stage irradiation test.
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Fig. 3. 2. Change of penetration and dropping point of the grease (Type : RG-42-1)

as a function of accumulation dose.
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Screws which lock the dummy load

Fig. 3. 3. Appearance change of the radiation resistance motor driving equipment

after the 1st stage irradiation test (accumulation dose of 47.6MGy).



JAEA-Technology 2006-023

3.2 51 BREOREEBRE O R ARIEHE
3.1 TR ESRMOELEOREREL, FREOMEEE, BERECLD L
WS, SOk, SREBREEICHEREE—FIDOLVINIZDNT
EHELE, BHomAE@Y ., FHEEgoEREN-TEZv I RSA4TTHD,
N—FZw I ESATERERANICEI O ~T s b—% (wave
generator), 7 Lo 2754 > (flexspline). ¥ —F 25 RXT 54 » (circular
spline) @ 3BEHOBWMEENSBRIN TS, BERICEHBMET Y —
A (BYsL - RG42-1) #{FERULKE,
M E — 4 RSB ARG O FHBEREIL 47.6MGy THDH. B
DHRBISFHBOBIHREREPRLZ /20, IR, FERE L VILAORR
BEICOVWTENOKBETICL2GERERICMET 2 L E2NnTh 69MGy.
64MGy LU NEY DEBEHRETH DI Z 05,
Fig. 3.4 IC9RIEOIREERT, T—sOBhiEERESNEYI-T Y
FU—HDRLEOS U —-AOBEBHEOBRGBHMSEEIC, ELTVIR
TS5 EDESSRIIBIREICERL TS EHITEEPTRD S, $#IC,
BEHETHEZIT—T xR —IDRFT UV ITREO TV IRTSA .
Y—FaSRTSA v OmEEICIEEELES Y —-ZADEEL. HEDEEZE
< BELTWVENWEIMIRETH -7z, ZEROBVIIHEHNEROEREE .
HERE (ERICIEBRGERNRELD) OBENMILEEZEZIONS,
CNODERELSY /) —IIVCTERESRL. BRICK> THERLEER, Jb
DRATSAVDOEICZLOEFREDY, FAOI—-TI xR b—FDORFULT
Tld, HiFY—RAFIEROEEGRECHOT MBI H > P EERIETES
EHEFE Nz,
TR & ER T — AR OIRERERIE., BEREEEFTL. AT U T OEEEE
DI EILBIRETIT /=0, BEERDLDBHIVYFER NG,
T ELVIVNOIEREBICDWNTIE, R VRREE ST U KETE—
SEE, DYINBEENFNOEERROEEEER. L YINICEIEE
MR SN=EH LY INENRE., BRE®RLUE, TOER. LJILADE
M OMHICRESNTOWE2EDORT Y X FDOT ) —R E—HRAML, H
[CEBL<ZERE, BbLTWeE, TS 2 ORT U TERT UV RBDL —
JIWEREOAT U 38U, HLWITU—REHA LR, ;
BEWEEZRICOWVWTIE, B—2ICD0WTIRigHER. HMER, SEEE
ICDWTENENRE U, Fia, YLD W TIIHEBREEBE Uk,
FORE, BERAL, BICBBEORWC ENDbho/, Table3.1~3.4 (2]
EHERERT,



JAEA-Technology 2006-023

BRMARTE, BRUARNEDM, RUA S RF=TICLpBEEL -
BHRO—BIChEnEHBSREBINEN, ZOBSETRIEGLOTESIT
LN T,

ELEICEDE, HiLOWRMMES U= (85 : RG42-1) %70 L /=R
(Fig. 3.5 FRBEHROWRESE) &L VILNART Y JEHEMBILEE— R
BB A ICHAARL, BIEEREZIT o/, FTOBR. FEMCEShE @
BEPDEEGET —ADRVMBED XL Q@Y —KRIS—0REHEEDEMNIC
L2 HENEETE SHEEINT, ERCBEET MRS hE, Fi
CNHOEROFERICDONWTIE, ThEhxodL D ICHIENS,
DIZDWTIE, Bl LEST Y —RABRERO TV IRTSA 0, Y—Fa5
ARTSAOWICEEY., BEPICHAS VBN REICTN. BRELT
T=ADIRYMEBES TN TN/, T, @ICDNVTIE., BLESTU—2R
PEREGY, E—SBRLENE<EoREDICRELEEEZSNS,



JAEA-Technology 2006-023

A part of the gear connected to the motor,

Ball bearings of the resolver.

Fig. 3. 4. Appearance change of the reduction gear box and the resolver

after the 1st stage irradiation test.
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Ball bearings which are inserted into the both ends of the resolver rotational axis.

Flexspline (left) and Circular spline (right) of the HarmonicDrive,

Wave generator, Flexspline and Circular spline of the HarmonicDrive which filt up the new grease.

Fig. 3. 5. Appearance of the reduction gear box and the resolver bearings

after the overhaul.
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Table 3. 1 Electric insulation resistance changes of the motor before and

after the 1st stage irradiation test (DC 500V /1min.).

Terminal After 1st step test Before 1st step test
U 75.3MQ over 100 MQ
\Y 77.0MQ over 100 MQ
W 72.3MQ over 100 MQ

Table 3. 2 Electric resistance changes between phases of the motor

before and after thelst stage irradiation test.

Phase After Tst step test Before 1st step test
U-v 4.1 Q 3.965 Q (20%C)
V-W 4.1 Q .3.964 Q (207C)
w-u 4.1 Q 3.963 Q (20°C)
U-E o0 .

V-E 00 -

W-E 00 -

Table 3. 3 Induced voltage changes of the motor before and after

the 1st stage irradiation test (unit : V).

rpm U-v V-W W-U
After Before After Before After Before

200 3.2 3.44 3.2 3.43 3.2 3.43

400 | 6.7 6.89 6.7 6.88 6.7 6.88

600 10.2 10.35 10.2 10.33 10.2 10.33

800 13.7 13.82 13.7 13.78 13.7 13.78

1000 17.2 17.27 17.2 17.23 17.2 17.23

Table 3. 4 Electric resistance changes between phases of the resolver

before and after the 1st stage irradiation test.

Phase After 1st step test Before 1st step test
R1 -R2 24.4 Q 24.3 Q
S2-54 73.9 Q 73.3 Q
S1-83 73.6 Q 73.1 Q
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Fig. 3. 6. Configuration of the radiation resistance motor driving equipment -

installed in the irradiation cell for the 2nd stage irradiation test.
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Fig. 3. 7. Change of motor current and temperature as a function of

accumulation dose on the 2nd stage irradiation test.
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Fig. 4. 1. Formation of acid from nitrogen gas due to gamma ray irradiation.
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