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In-vesse! remote handling system [1] is essential for fusion experimental
reactor [2] so as to assemble and maintain the activated components due to DT
operation. Since thé remote handling system has to be operated under a high
temperature {(over 1501 }, an intensive gamma ray environment (over 3x10%R/h)
and a high vacuum (ca. 107° Pa) or inert gas such as a dry nitrogen, the
components are required to have sufficient durability to allow maintenance
operation for a sufficient length of time under severe environmental conditions.
For this, extensive irradiation tests and quality improvements of the components
including optimization of material composition have been conducted to develop
radiation hard components which can be tolerable for more than 10'? rads at a
dose rate of 10° R/h.

This report covers the gamma ray irradiation tests according to the Agreement
of ITER R&D Task (T35) in 1994 and describes radiation hardness of the standard

components for the ITER remote handling system which are categorized into the

This activity is credited as a ITER Technology R&D and this report describes test results and
interium status of 1994 ITER R&D Tesk (T35).

+  Department of ITER Project

++ Department of Material Development, Takasaki Radiation Chemistry Research Establishment
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robotics (Subtask-1), the viewing system (Subtask-2) and the common components
(Subtask-3). The components tested include commercial products for screening,
modefied products and newly developed products to improve the radiation hardness.

The total number of tested components in 1994 is thirty-four and the details
are 11 for subtask-1, 10 for subtask-2 and 13 for subtask-3.

The gamma ray irradiation tests have been conducted using No.2 and No.3 cells
at the cobalt building of Takasaki Establishment in JAERI. The radiation source
is cobalt sixty (Co-60), and the maximum dose rate of No.Z2 and No.3 cells is
about 1x10°% R/h and 2x10° R/h, respectively. The environmental conditions of
the irradiation tests are described below and all of components excepting
electrical wires have been tested in the No.2 cell.

{No.2 cell I Atmosphere and ambient temperature No.3 cell INitrogen gas and 250C ]

As a whole, many of components have been irradiated up to the rated dose of
around 1x10'° rads and the following main results are obtained. The developed
AC servo motor and periscope for radiation use have shown excellent durability
with the radiation hardness tolerable for more than 10° rads. An electrical
connector compatible with remote operation has also shown no degradation of
electrical characteristics after the irradiation of 10'? rads. As for polyimide
insulated wires, the mechanical and electrical characteristics are not degradated
after the irradiation of 10° rads and more radiation hardness can be expected
than the anticipation. On the contrary, standard position senmsors such as rotary
encoder show extremly low radiation hardness and further efforts have to be made

for improvements.

Keywords : Fusion Experimental Reactor, Remote Handling System, Irradiation Test,
Gamma Ray Irradiation, Radiation Resistant, Drivings, Lubricants,

Sensors, Optical Parts, Electric Wires
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1. TEST FACILITIES, CONDITIONS AND DOSIMETORY

1.1 Test facilities

All of the components tested have been irradiated using No.2 and No.3 gamma ray celis in the Co-60 building
of Takasaki Establishment, JAERI. Appendix 1 and Appendix 2 show the major specifications of these gamma
ray cells.

In the No.2 cell, the shape of the radiation source is a slab type and consequently the gamma flux can be unifom
in wide area. Radiation activity of the source is estimated to be 211K Ci and the dose rate range is from 1.5x106

R/h to 2.2x10% R/h depending on the distance from the source. Most of the components related to the subtask
1 and subtask 2 have been irradiated in this cell.

The shape of the source in the No.3 cell is a cylindrical type and therefore the dose rate is relatively intense
compared with the No.2 cell but the irradiation area is limited. Radiation activity of the source is 189KCi and
the dose rate range is from 1.7x100 R/h to 1.1x105R/h. The electric wires related to the subtask 3 have been
irradiated in this cell. :

1.2 Test conditions :

The interior environment in the both cells is not conditioned although fresh air is always blown to exhaust
ozones. Consequently, the environmental conditions of the irradiation tests are basically the atmosphere and
ambient temperature with humidity. However, the temperature and the pressure inside the irradiation chamber
in the No.3 cell can be adjusted up to 350°C and 1x10-3 Tom, respectively. The electric wires have been
irradiated in this chamber under the nitrogen gas of atmospheric pressure and 250°C.

1.3 Calibration of exposure dose rate

Alanine dosimeter, ferrous sulphate, PMMA* dosimeter, TLD** and others are allowable for gamma ray
dosimeters. Among the above dosimeters, alanine dosimeter has high degree of accuracy, wide measurable dose
range and long term stability after irradiation(refer Appendix 3). Accordingly, an alanine dosimeter named
AminograyTR, which is composed of alanine of 70wt% and polystyrene of 30wt%, is used for calibration of
exposure dose rate on the tested components. ESR spectrometer is used as a readout system from the alanine

dosimeter.
* Polymethyl meta-acrylate, ** Thermoluminescence dosimeter
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2. TESTED COMPONENTS

2.1 Subtask 1 : Robotics

Subtask 1 is classified into two groups. One of them is the drives and another is the sensors. Both groups are
essential components for in-vessel remote handling system. The drives consist of motors and
lubricants/bearings, and the sensors consist of position sensors, distance sensors, proximity sensors, tactile
sensors, force sensors and accelemeters, In the '94 task, AC servo motor(ID No. $1-D01), grease lubricants(S1-
D02) and ball bearings(S1-D03) have been tested as the drives, and six kinds of pesition sensors(1D No. §1-501
- 06) and two kinds of force sensors(ID No. $1-807 - 08) have been tested as the sensors. Typical features of
these components mentioned above are described below and their details are given in Appendix 4(data sheets,
tables and figures).

2.1.1 Drives : 2nd. phase AC servo motor (S1-D01)

Both the 1st. phase and the 2nd. phase AC servo motors are newly developed products and these stators and
position sensor coils are insulated with ceramics. The other materials except the lubricants are basically the
same as those of commercial motor. The 2nd phase AC servo motor is compact and light weight compared
with the 1st phase motor and has been irradiated in a vacuum. The followings are the major specifications of the
2nd. phase motor and the details are shown in Appendix 4, Figs. S1-D01-1 and 81-D01-2.

-Supplier : Yasukawa Electric Co.
-Rated power : 100W, -Rated torque : 5.30kgfem, -Rated speed of rotation : 1,800rpm
-Rated power rate : 0.85kw/s, -Max. instantaneous torque : 10.60kgf-cm, -Inertia moment of rotor :

4.32gf-cm-52, -Dimensions : 98mm dia., 175mm length, -Weight : 6.2kg
2.1.2 Drives : Grease lubricants (S1-D02)

Grease lubricants are generally handy and inexpensive compared with the solid lubricants and major concerns of
the grease lubricants are hardening due to radiation and wearing under high temperature operation. In order to
improve these unfavorable characteristics, a grease lubricant(GK-1) has been developed by modifying the base oil
and thickeners and this was applied to the ball bearing of the st phase ACservo motor. As a result, hardness of
the grease lubricant is gradually increased in proportion to doses and its radiation limit is estimated to be 1x109
rads[3]. To increase radiation hardness, 4 types of grease lubricants, which are GS-1, GS-4, (G5-7 and G5-13-2
as listed below, are fabricated as the 2nd generation grease with a combination of base oils and thickeners, such
as di-alkyl-tetra-phenylether(R2-4P2E), tetra-phenylether(4P2E), penta-phenylether(SP4E) and mono-alkyl-tetra-
phenyl-ether{R-4P2E).

-Supplier : Mtsumura Oil Research Co.

-GS-1*: R2-4P2E(288), -GS-4*: 4P2E(266), -GS-7*: R2-4P2E/5P4E(265), -GS-13-2%: R-4P2E/4P2E(265)
-The number in the parentheses means original penetration

Fig. $1-D02-1 in Appendix 4 shows a picture of the irradiated specimen.

2.1.3 Drives : Ball bearings (S1-D03)

A ball bearing is an elementary component of mechanical drives for remote handling system and life time of the
bearing strongly depends on lubrication of the retainer. A self-lubricating alloy(SL-alloy) is a promising
material as the retainer for radiation use. For this, the SL alloy composed of tungsten, copper and tugusten
disulfied has been applied to the retainer of the ball bearing. The major specifications of the ball bearing
fabricated are described below.

-Supplier : Yasukawa Electric Co.

-Dimensions : 15mm inner dia., 32mm outter dia., 9mm width

-Materials : Ball, Rings/MoS2 coated SKH4

Fig. S1-D03-1 in Appendix 4 shows a picture of the irradiated ball bearings.
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2.1.4 Sensors: Position sensors (5S1-S01 - S06)

Radiation hard position sensors are indispensable for sensing and positioning the posture both of remote
handling system and of in-vessel components to be maintained. In order to develop such position sensors, a
number of commercial base position sensors are selected and irradiated as a screening test. The tested position
sensors are wire-wound type potentiometer, magnet-resistive type potentiometer, differential transformer,
syncronous resolver and rotary encoder. In addition, an optical-fiber type encoder, which is newly developed for
radiation use, is also tested.

-Output signal form;

Analogue type : Wire wound type potentiometer, Magnetresistive type potentiometer, Differential transformer,
Synchronous resolver

Digital type : Rotary encoder, Optical fiber used encoder

-Driving mechanism;

Rotational motion type : Wire wound type potentiometer, Magnetresistive type potentiometer, Synchronous
resolver, Rotary encoder, Optical fiber used encoder

Linear motion type : Differential transformer

The followings are major specifications of these sensors.

(1) Potentiometer(wirewound type) -

-Supplier : Midori Sokki Co., -Model : CP-4M

-Resistance : 1kQ, —Rotatlonal tange : 350°, -Linearity : #0.5%, -Torque : 8gfcm, -Dimensions and weight :
36.5mm o.d., 20.5mm length, 50g

(2) Potentiometer(magnetresistive type)

-Supplier : Midori Sokki Co., -Model : CP-2URBM

-Input impedance : 15k€}, -Rotational range : +45°, -Linearity : £1.5%FS, -Torque : Sgficm, -Dimensions and
weight : 30mm o.d., 100mm length, 50g

(3) Differential transformer

-Supplier : Shinko Electronics Co., -Model : ST-2

-Exciting frequency : 300kHz —Excmng voltage : 1Vrms, -Output : 4V, -Inputimpedance : 200Q, -Linearity
range : 10mm*1% -Dimensions and weight : 12mm o.d., 87mm length

(4) Synchronus resolver

-Supplier : Minebea Co., -Model : 23BCX-9007-A01

-Frequency : 50/60Hz, -Primary voltage : 100V, -Secondary voltage : 90V, -Inputimpedance : 700€2,
-Dimensions and weight : 57mm o.d., 127mm length

(5) Rotary encoder

-Supplier : Tamagawa Seiki Co., -Model : E6B-CWZ3E

-Resolving power : 10ppr, -Output form : voltage, -Responsive frequency : 30kHz, -Step response : 1ps,
~Torque : 10gfcm, -Dimension and weight : 40mm o.d., 39mm length

(6) Optical fiber used encoder

-Supplier : Maicro Servo Inc., -Model : Prototype

-Resolving power : 10ppr, -Output form : voltage, -Dimension and weight : 50mm o.d., 83mm length

Fig. S1-801-1 in Appendix 4 shows the set up of the irradiation test of position sensors in the irradiation test
cell.

2.1.5 Sensors: Force sensors (S1-S07 - S(8)

As for the force sensors, foil type(S1-S07) and capsule type(S1-SO08) strain gauges are selected and tested. The
foil type and the capsul type strain gauges are commercial products with high heat resistance and thus high
radiation hardness can be expected, The maximum operating temperature of the foil type and the capsul type
gauges is 350°C and 550°C, respectlvely The base material of the foil type is a combination of polyimide and
alumina, and the capsule type is made of $S316. The major specifications of both gauges are described below
and the details are given in Appendix 4, Figs. 5§1-S07-1 and S1-08-1.

(1) Foil type
-Supplier : Kyouwa Electronic Instruments Co., -Model : KFU
-Gauge element : Ni-Cr, -Base : Polyimide/Alumina, -Adhesive : Polyimide/Alumina, -Lead : Ni coated

Cw/Polymer insulator
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(2) Capsule type

-Suuplier : Kyouwa Electronic Instruments Co., -Model : KHC

-Gauge element : Ni-CrV, -Base : 5316, -Adhesive : Point welding, -Lead : NI cable(the wire covered with
MgO and S8 tube)

2.2 Subtask 2 : Viewing system

The viewing system in subtask 2 is classified into three groupes. One of them is the cameras and others are the
optical parts and the optical fibers. Development of radiation hardness of these components is essential for in-
vessel viewing systems and operation of remote handling systems. The cameras consist of ITV and CCD, and
the optical parts consist of six components, which are periscope, reflecting mirror, glass, adhesive for lens,
coating materials for lens and lighting. The optical fiber means imagefiber. In the '94 task, the optical parts(1D
No. $2-P01 - P09) and the optical fiber(S2-FO1) except the cameras have been irradiated and tested. The
followings are the outline of these components and their details are described in Appendix 5(data sheets, tables

and figures).
2.2.1 Optical parts : Periscope-2 (52-P01)

A standard type periscope(periscope-1) which is a commercial product was tested as a screening before the
development of radiation hard type periscope(periscope-2). The results have shown that the observation
capability of the standard type periscope is limited up to about 10 rads at a dose rate of 1x106 R/h, which
corresponds to only 30 minutes operation in the ITER in-vessel conditionsf3], [4].

In the 2nd step of the development, the periscope-2 which is made of radiation hard materials has been fabricated
for irradiation tests. In this periscope, alkaline barium glass(NB glass), lead glass(LX glass) and OH doped
synthetic quartz(P-110) are chosen for the objective lens and relay lens, and no adhesive material is used for
assembling the lens. In addition, chromium nitride(CtN) coated mirrors and aluminum coated mirror are used
from the radiation hard standpoint. The overall configuration and dimensions of the periscope-2 are the same as
those of the petiscope-1. The measurement system including picture observation consists of CCD camera, video
monitor and CRT. The followings are major spscifications of the periscope-2 and Fig. $2-P01-1 in Appendix 5
shows the setup of the periscope system for irradiation tests.

-Supplier : Mitsubishi Electric Co.,/Minolta Co., -Model : Prototype

-Material of lens : NB glass, LX glass, OH doped(300ppm) synthetic quartz(P-110}, -Material of reflecting
mirror : CIN coated on glass, Al coated on glass, -Material of cylindrical mirror, diameter and length :
Aluminum alloy/80mm/6m, -Observing object : Bar code

2.2.2 Optical parts : Reflecting mirrors (S2-P02 - P04)

In general, aluminum coated reflecting mirror has a good reflectance capability but the surface erosion will be an
issue under intensive irradiation condition. In this investigation, chromium nitride(CrN) coated mirror(52-P02)
and platinum(Pt) coated mirror(S2-P04) are chosen as candidates for radiation use and aluminum(Al} coated
mirror(S2-P03) is also tested as a reference. The followings and Fig. 52-P234-1 in Appendix 5 show the major
specifications of the mirrors.

-Supplier : Japan Vacuum Metallurgy Co., -Model : Prototype
-Material of mirror : CrN coated on $S304(Coating film thickness:1, 3, 5jim), Pt coated on $8304(Coating film
thickness:0.2um), Al coated on SS304(Coating film thickness:0.1, 0.3um), -Dimensions : 50x50x2mm

2.2.3 Optical parts : Glass samples (32-P05 - P07)

Although about two hundred kinds of glasses are generally available for optical lens application, most of these
glasses are not radiation hardness. Among them, we have selected three kinds of glasses, such as alkaline
barium glass(NB)/(S2-P05), lead glass(LX)/(S2-P06) and synthetic quartz(52-P07) since they are potentially
radiation hard and applicability to the periscope can be foreseen. The followings are major specifications, and
their appearances are shown in Appendix 5, Fig. S2-P567-1.

-Supplier : Japan Electric Glass Co.,/Shinetsu Quartz Co.
-Material of glass : Alkaline barium glass, Lead glass, Five kinds of synthetic quartz, -Dimensions :
30x15x10mm
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2.2.4 Optical parts : Adhesive for lens (S2-P08 - P09)
Adhesive material based on resin is utilized for assembly of lens but the radiation resistance of the resin is
naturally low. Two kinds of adhesive, denaturation polyester resin(S2-P08) and thermosetting epoxy resin(S2-
P09) have been chosen for investigating the adhesion capability under the gamma ray radiation conditions and
the adhesion samples assembled between NB glass and LX glass have been irradiated. The test results are
shown in Fig. 82-P89-1 in Appendix 5.

-Supplier : Electric Chemical Indust.,/Cemedine Co.
-Material of adhesive : Denaturation polyester resin, Thermosetting epoxy resin

2.2.5 Optical fibers : OH doped image fiber (52-F(1)

Hydroxyl group(OH) doped synthetic quartz optical fiber is well-known as a radiation hard image fiber. In this
investigation, a image fiber with the following specifications is fabricated and tested under intensive gamma ray.
Fig. S2-F01-1 in Appendix 5 shows the setup of the imagefiber for radiation tests, together with periscope.

-Supplier : Fujikura Co., -Model : Prototype
-Materials of fiber and lens : Synthetic quartz(OH:800ppm), Crystal, -Number of core : 20,000,
-Dimensions : 13mm dia., 12m length - :

2.3 Subtask 3 : Common components

The common components in subtask 3 are classified into four groups, which are the cables/wires/connectors,
optical fiber's connectors, instrumentation devices and other commom materials. These components are
commonly used for many equipment including the subtask 1 and subtask 2. In the '94 task, the
cables/wires/connectors and the instrumentation devices have been irradiated. The cables/wires/connectors is
composed of electric parts including cable(ID Neo. 83-C01 - C02), wire(83-C03 - C06), thermocouple(S53-C07 -
C09) and connectors(S3-C10 - C11). The instrumentation devices is composed of vacuum gauges and two kinds
of ultra-sonic transducers(S3-101 - 102) as a sensor of non-destructive inspections. The followings are the outline
of these components and their details are described in Appendix 6(data sheets, tables and figures).

2.3.1 Cables/Wires/Connectors : Cables (53-C01 - C02)

Two types of electric cables, power cable(S3-C01) and signal cable(83-C02) are fabricated for the application to
AC servo motors and both cables have been irradiated and tested as an assembly of the motor. These cables are
fully insulated with ceramics. The followings are specifications of the cables and Figs. $3-C01-1 and 53-C02-1
in Appendix 6 show the cross sections of the cables.

(1) Power cable for the rad. hard. AC servo motor

-Supplier : Sumitomo Electric Indust., -Model : Prototype

-Number of wire : 3, -Breakdown voltage : 200-1000V, -Critical diameter of curvature : 5-30mm,
-Dimensions : 6.5mm dia., 6m length, -Material of the insulators : Alumina

(2) Signal cable for the rad. hard. AC servo motor

-Supplier : Sumitomo Electric Indust., -Model : Prototype

“Number of wire : 7, -Breakdown voltage : 200-1000V, -Critical diameter of curvature : 5-30mm,
-Dimensions : 5.15mm dia., 6m length, -Material of the insulators : Alumina

2.3.2 Cables/Wires/Connectors : Wire-(S/a) & Stator coil (S/a) (53-C03)

The wire-(S/a) which is nickel coated conductor and insulated with silicone oxide(Si02), is fabricated to the
application to motor stator coil. Five stator coils are fabricated using this wire for the irradiation test. The
followings are specifications of the wire and Fig. $3-C03-1 in Appendix 6 shows the outline of the stator coils.

-Supplier : Sumitomo Electric Indust., -Model : Prototype
-Tensile strength : 20—30kg/mm2, -Breakdown voltage : 100-500V, -Critical diameter of curvature : 10-30mm,
-Material of the insulator : Silicon oxide
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2.3.3 Cables/Wires/Connectors : Wire-(S/b) & Sensor coil (S/b)  (583-C04)

The wire-(S/b), nickel coated conductor with SiQ7 insulation, is also fabricated for sensor coil application. Five
sensor coils are fabricated using this wire for the irradiation test. The followings are specifications of the wire
and Fig. $3-C04-1 in Appendiv 6 shows the outline of the imitated sensor coil.

-Supplier : Sumitomo Electric Indust.,, -Model : Prototype
-Tensile strength : 20-30kg/mm2, -Breakdown voltage : 100-500V, -Critical diameter of curvature : 4mm,
-Material of the insulator : Silicon oxide

2.3.4 Cables/Wires/Connectors : Wire-(H/a-1) & Wire (I1/a-2) (583-C05)

In general, ceramics insulated wires show a good radiation hardness although their issues are low adhesive and
flexible capabilities. On the contrary, polyimide insulated wires have an advantage in terms of mechanical
flexibility. For this, in this investigation, polyimide insulated wires are fabricated and irradiated. The wire-
(H/a-2) listed below is the same as the wire-(t1/a-1) and baked at 250°C for outgassing. The followings are
specifications of the wires and Fig. $3-C5-1 in Appendix 6 shows a cross section of the wire.

-Supplier : Hitachi Cable Co., -Model : Prototype

Wire-(H/a-1) -Insulation capability : 1013Q, -BDV : 10kV, -Adhesive capability : SH(pencil hardness),
~Critical diameter of curvature : 1d(d means ouuter diameter of the wire)

Wire-(H/a-2) -lnsulation capability : 10120, -BDV : 9kV, -Adhesive capability : SH(pencil hardness),
-Critical diameter of curvature : 1d(d means ouuter diameter of the wire)

2.3.5 Cables/Wires/Connectors : Wire-(H/b-1) & Wire (H/b-2) (83-C06)

The wires, (H/b-1) and (H/b-2) listed below, are fabricated with a combination of cetamic and polyimide
insulators so as to accommodate their advantages of radiation hardness and mechanical flexibility. The
insulators are composed of two layers: the first layer is alumina and second layer is polyimide. The wire-(H/b-
2) was baked as well as the wire-(H/a-2) mentioned above. The followings are specifications of the wires and
Fig. $3-C06-1 in Appendix 6 shows a cross section of the wire.

-Supplier : Hitachi Cable Co., -Model : Prototype

Wire-(H/b-1) -Insulation capability : 9x1012Q, -BDV : 3kV, -Adhesive capability : SH(pencil hardness),
~Critical diameter of curvatire : 1-3d{d means ouuter diameter of the wire)

Wire-(H/b-2) -Insulation capability : 8x1012Q, -BDV : 2.5kV, -Adhesive capability : 5H(pencil hardness),
-Critical diameter of curvature : 2-4d(d means ouuter diameter of the wire)

2.3.6 Cables/Wires/Connectors : Thermocouple cable (S3-C07)

This thermocouple cable is also insulated with ceramics for radiation use and has been irradiated, together with
the AC servo motors. All of the insulators are the same as 2.3.1. The followings are specifications of the cable
and Fig. $3-C07-1 in Appendix 6 shows a cross section of the cable.

-Supplier : Sumitomo Electric Indust., -Model : Prototype

“Number of wire : 8(4 pairs of chromel/alumel), -Breakdown voltage : 200-1000V, -Critical diameter of
curvature : 5-30mm, -Dimensions : 6.5mm dia., 6m length, -Material of the insulators : Alumina

2.3.7 Cables/Wires/Connectors : Thermocouple K type-(H/a-1) & (H/a-2) (S83-C08)
These thermocouples are fabricated using the wire-(H/a-1) and wire-(H/a-2), the materials of the conductor are
chromel and alumel instead of copper. The followings are specifications of the thermocouples and Fig. 83-C08-

I in Appendix 6 shows a cross section of the cable.

-Supplier : Hitachi Cable Co., -Model : Prototype
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Wire-(H/a-1) -Conductor : 0.593mm dia. Ni coated chromel & alumel, -Jacket : Glass fiber fabrics, -Insulation
capability : 10130, -BDV : 10kV, -Adhesive capability : 5H(pencil hardness), -Critical diameter of curvature
: 1d(d means ouuter diameter of the wire)

Wire-(1/a-2) -Conductor : 0.593mm dia. Ni coated chromel & alumel, -Jacket : Glass fiber fabrics, -Insulation
capability : 10120, -BDV : 9kV, -Adhesive capability : 5H(pencil hardness), -Critical diameter of curvature :
1d(d means ouuter diameter of the wire)

2.3.8 Cables/Wires/Connectors : Thermocouple K type-(H/b-1) & (H/b-2) (S3-C09)

These thermocouples are made from wire-(H/b-1) and wire-(H/b-2) and the materials of the conductor are chromel
and alumel instead of copper. The followings are specifications of the thermocouples and Fig. 83-C09-1 in
Appendix 6 shows a cross section of the cable.

-Supplier : Hitachi Cable Co., -Model : Prototype

Wire-(H/b-1) -Conductor : 0.593mm dia. Ni coated chromel & alumel, -Jacket : Glass fiber fabrics,
-Insulation capability : 9x1012Q, -BDV : 3kV, -Adhesive capability : 5H(pencil hardness), -Critical diameter
of curvature : 1-3d(d means ouuter diameter of the wire)

Wire-(H/b-2) -Conductor : 0.593mm dia. Ni coated chromel & alumel, -Jacket : Glass fiber fabrics,
-Insulation capability : 8x1012Q, -BDV : 2.5kV, -Adhesive capability : SH(pencil hardness), -Critical
diameter of curvature : 2-4d(d means ouuter diameter of the wire)

2.3.9 Cables/Wires/Connectors : Electric connector with a ball bearing-(1st. phase)
(S3-C10)

The objevties of this connector are to develop an electric connector for easy connection-disconnection compatible
with remote handling and tolerable with intensive radiation environment. The first phase connector was to
verify the characteristics after the irradiation. The followings are specifications of the connector and Figs. 83-
C10-1 and C10-2 in Appendix 6 show cross sections of the connector.

-Supplier : Hitachi Haramachi Electronics Co., -Model : Prototype
Number of pin : 4, -Insulation capability : 1k€/DC500V, -BDV : DCikV/lmin., -Contact rewsistance : less
than 1m¢2, -Dimensions : 73mm o.d., 43mm length, -Insulator : Alumina, -Housing material : 85304

2.3.10 Cables/Wires/Connectors : Electric connector with a ball bearing
-(2nd. phase) (S3-C11)

The second phase connector has been improved to enhance the remote maintenability so as to easy connection-
disconnection with compactness. In addition, the associated too! for connection-disconnection has been
developed for remote operation. The followings are specifications of the connector and Fig. $3-Cl11-1 in
Appendix 6 shows cross sections of the connector.

-Supplier : Hitachi Haramachi Electronics Co., -Model : Prototype

Number of pin ; 10, -Insulation capability : 1kQ/DC500V, -BDV : DC1kV/1min., -Contact rewsistance : less
than 1m€, -Dimensions : 63mm o.d., 52mm length, -Insulator : Alumipa, -Housing material : Aluminum
alloy

2.3.11 Instrumentation devices : Ultra-sonic transducer
(Perpendicular injection type) (S3-101)

Ultra-sonic transducers(UT) for non-destructive inspection of weld joints are generalty composed of epoxy resin
and electrical parts, and thus improvements including material selection are necessary to increase the radiation
hardness. As a screening test, four types of ultra-sonic transducers have been fabricated and the performance
under irradiation has been measured using different couplants(water, grycerol). The followings are specifications
of the UT and Figs. $3-112-1 and 101-1 in Appendix 6 show the setup of UT sensors for the irradiation test.

-Supplier : Toshiba Co., -Model : Prototype

Materials of transducer -Oscillator : PbNbO3, -Filler & binder : Epoxy resin, -Casing : 55304, -Damper :
Powdered W and epoxy resin, -Protector plate : Alz03

Materials of contacted medium : Water, Grycerol
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2.3.12 Instrumentation devices : Ultra-sonic transducer
(Inclined injection type) (S3-102)

As for the inclined type UT, two kinds of wedge(PEL*, acrylic) have been also fabricated in combination with
two kinds of couplants. The followings are specifications of the UT and Figs. $3-112-1 and 102-1 in Appendix
6 show the setup for the irradiation test and cross sections of the UT. * PEI, polyether imide

-Supplier : Toshiba Co., -Model : Prototype

Materials of transducer -Oscillator : Pb(NbO3, -Filler & binder : Epoxy resin, -Casing : 55304, -Damper :
Powdered W and epoxy resin, -Protector plate : AlpO3

Materials of contacted medium : Water, Grycerol

Materials of wedge : PEl, Acrylic
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3. TEST RESULTS

The total exposure doses of the components tested are summarized in the table of Appendix 4, 5 and 6. In these

tables, almost all of the components have been irradiated more than 1x109 rads. More detail data including test
results, irradiation facility and conditions, test status, person in charge and major specifications of each
component are described in every data sheet, additional tables and figures in the appendix. In this chapter, the
main results of the major components in each subtask are presented. '

3.1 Subtask 1 : Robotics
3.1.1 Drives : 2nd. phase AC servo motor (S1-D01)

The second phase AC servo motor was irradiated up to 6.5x109 rads and stopped around 6.1x107 rads due to
abrasion and breakage of the bearings. The total runing time is 4,800hrs. Fig. $1-D01-2 in Appendix 4 shows
the typical characteristics of the motor under irradiation and it is found that temperature near the bearings is
increased more than 400°C. In this servo motor, the retainers in the bearings are made of SL alloy(self
lubricating alloy) and thus life time of the bearing will depend on radiation hardness of the SL alloy. The
breaked bearings due to the irradiation test is shown in Appendix 4, Fig. $1-D01-3. As a results, the dose

limit of this SL alloy bearing is estimated to be 5x109 rads. Since these is no damage on the motor unit, it can
be expected that the dose limit of the servo motor unit is over 5x109 rads.

3.1.2 Drives : Ball bearings (5S1-D03)

The frictional torques of the bearings have been measured under thrust loading of 6kgf in \aracuum(l()“'5 Torr)
and high temperature(120°C) environments after the irradiation test at the ambient conditions. Fig. $1-D03-2 in
Appendix 4 shows the operation limits obtained in this frictional torque test as a function of exposure dose. A
life time of this bearing under the thrust loads is 3,143hrs before irradiation and the life time is decreased down
to 1,742hrs and 954hrs at the doses of SOMGy and 120MGy, respectively. This degradation is caused by
degradation of SL alloy characteristics due to irradiation.

3.1.3 Sensors : Position sensors (S1-S01 - S06)

Six kinds of position sensors have been irradiated and their dose limits are summarized below. Since these
sensors expect an optical-fiber type encoder are standard ones commercially available, their dose limits are
relatively low as summarized below. On the other hand, an optical-fiber type encoder, which is newly

developed for radiation use, shows a good durability and its dose limit is over 109 rads. Figs. $1-801-3, S02-
2, S03-2 and S04-2 in Appendix 4 show the typical characteristics of those position sensors under the
irradiation tests.

-Potentiometer{Wirewound type) : 1.4x107 rads, -Potentiometer(Magnetresistive type) : 2.56x108 rads,
_Differential transformer : 2x107 rads, -Syncronous resolver : 1.78x108 rads, -Rotary encoder : probably
impossible to use at dose rete of 1x108 R/h, -Optical fiber used encoder : the irradiation test continued

3.1.4 Sensors : Force sensors (S1-S07 - S08)

Foil type and capsule type strain gauges which have high temperature resistance, have shown a good radiation
resistance compared with the position sensors. The measured strain signals as a function of doses are shown in

Appendix 4, Fig. 81-878-1. At 2.45x10 rads, signal wires of the both gauges were damaged at the connection
region to the gauges: this is probably due to residual strain, Although there is no damage on the gauges, the

dose limit of foil type and capsule type gauges is estimated to be 2x109 rads.

3.2 Subtask 2 : Viewing system
3.2.1 Optical parts : Periscope-2 (S2-P01)

Compared with the standard type periscope(periscope-1)[3], the periscope-2 which is a radiation hard type, have
shown an excellent durability under irradiation. As a results, the dose limits of observation and resolution

capability are estimated to be 2x102 rads and 1.2x107 rads at a illuminance of 8,500 Ix, respectively. The
— 9 —_



JAERI-Tech 96-011

resolution capability is determined by black and white lines with a wide of 2/3mm. These dose limits are
extremely high compared with the standard type periscope-! whose dose limits are 1x105 and 4.3x10% rads.
After the irradiation tests, the periscope-2 was inspected and discoloration of the cylindrical mirror was observed:
this is one of reason to cause the degradation of viewing capability. Fig. S2-P01-2 in Appendix 5 shows the
viewing performance of the periscope-2 in the irradiation tests.

3.2.2 Optical parts : Reflecting mirrors (S2-P02, P03, P04)

From the irradiation tests of three kinds of reflecting mirrers{chromium nitride(CrN) coated morror, platinum(Pt)
coated mirror and aluminum(Al) coated mirror), it is found that the Pt coated mirror's reflectance is drastically
decreased over 5x10° rads and the surface was erroded. On the contrary, reflectace of the CtN and Al coated
mirrors is not changed up to 1.2x10 10 rads although the surface of the aluminum coated mirror was erroded from
lower doses. The surface conditions after the irradiation and the measured reflectance are presented in Apppendix
5, Figs. $2-P234-1 and P234-2. The doses limit of these mirrors is 1.2x1010 rads(CrN), 1.2x1010 rads(Al)

and 5x109 rads(Pt), respectively.
3.2.3 Optical parts : Glass (S2-P05, P06, P07)

Figs. $2-P567-1 and P567-2 in Appendix 5 show the appearances of the glass samples after the irradiation and
the transmittance change of three kinds of glass samples as-a function of doses. The transmittance of both
alkaline barium glass(NB) and lead glass(LX) is decreased with increasing of doses in the range of visual wave
length(400-700nm). In particular, the transmittance losses are remarkable between 400nm and 600nm. In case
of the synthetic quartz, there is no change of the transmittance in the range from 400nm to 700nm. The dose

limit of these glasses is estimated more than 1x1010 rads,
3.2.4 Optical fibers : OH doped image fiber (S2-F01)

Hydroxy!l group(OH) or fluorine doped synthetic quartz image fiber is a radiation hard type image fiber[5]. In
the '94 task, the OH doped image fiber are selected and irradiated. As a result, the dose limits of observation
and resolution capability are 1.2x109 rads and 3.1x108 rads at illuminance of 8,500lx, respectively. The
differences of observation capability between this image fiber and the periscope-2 are considered due to the
differences of the materials, such as, natural quartz for objective lens and epoxy for fiber protector. Therefore, the
dose limit can be increased to replace natural quartz with synthetic quartz. Fig. $2-F01-2 in Appendix 6 shows
the measured view using the image fiber as a function of doses.

Afier the irradiation test, the imagrfiber was heat-treated in hydrogen gas at 250°C so as to recover the radiation
damage. Figs. 52-F01-3 and FO1-4 in Appendix 5 show the effect of the recovering treatment on the viewing
capability.

3.3 Subtask 3 : Common components

3.3.1 Cables/Wires/Connectors : Wire-(S/a) & Stator coil (S/a)  (53-C03),
Wire-(S/b) & Sensor coil (S/b) (S3-C04)

Electrical and mechanical characteristics of wires(S/a, §/b) and the coils are measured as a function of doses, and
the results are plotted in Figs. $3-C34-1 to C34-6 in Appendix 6. The insulation resistance of all wires and
coils is over 107Q up to 25MGy and the dependency on the radiation dose is not significant. Although the
breakdown voltage of the wire-(S/b) and the coil-(S/a) depends on radiation dose, it is in average not significant
up to 25MGy.

In Fig. S$3-C34-3, the mechanical flexibility is defined as a ratio of minimum bending radius to the wire
diameter. The bending radius of the wire-(S/b) becomes a minimum at the radiation dose of 10MGy and then it
is increased(hardening} due to radiation. On the other hand, the wire-(S/a} show a gradual inclination of
hardening due to irradiation. Test results of the mechanical flexibility are rather scatter among samples and are
not uniform tendency: this may be due to in homogenity of the ceramic insulators. Abrasion capability of the
wire-(S/a) becomes gradually sofiening. The dose acceptance characteristics of these specimen are estimated to

be 5x107 rads.
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3.3.2 Cables/Wires/Connectors : Wire-(H/a-1) & Wire-(H/a-2) (53-C053)

The wires, H/a-1 and H/a-2, have been irradiated up to 5x109 rads and the clectrical and mechanical
characteristics are measured as a function of the dose, as shown in Figs. $3-C56-1 and C56-2 in Appendix 6.

The insulation resistance of both wires is rapidly decreased from 10130 to 1012Q in the radiation range up to
10MGy and thereafter the resistance is gradually increased with a tendency to saturation. The breakdown
voltage of the wire-H/a is increased due to radiation. As a whole, the both wires with polyimide insulator can

be tolerable for the radiation dose up to 5x10% rads. As for the mechanical characteristics of the wire-(H/a-1,H/a-
2), elongation and flexibility(defined as a ratio of a minimum bending radius to the wire diameter) are not
influenced up to 50MGy.

3.3.3 Cables/Wires/Connectors : Wire-(H/b-1) & Wire-(H/b-2) (S3-C06)

The wires, H/b-1 and H/b-2, have been also irradiated up to 5x109 rads. The dependency of insulation
resistance of the wires on irradiation dose is almost the same as that of the wires-(H/a-1) and (H/a-2), as shown

in Fig. $3-C56-1. The breakdown voltage of the wires-(H/b-1) and (H/b-2) are not influenced up to 5x10° rads.
On the contrary, mechanical characteristics such as elongation and flexibility are decreased with increasing of the
exposure dose: this is due to hardening of the semi-sintering ceramic insulator. As a result, the dose limit of the

wires-(H/b-1) and (H/b-2), which are insulated with a combination of ceramic and polyimide is more than 5x109
rads. -

3.3.4 Cables/Wires/Connectors : Electric connectors used a ball bearing-(1st. and
2nd. phases) (S3-C10, C11)

The test results of both electrical connectors are shown in Appendix 6, Figs. §3-C10-3 and C11-2. The

breakdown voltage of both connectors are over 1kV up to the doses of 5x10% rads. In the Ist phase connector,
the contact resistance between pins and sleeves is almost the same level as the initial value before the irradiation.
On the contrary, the contact resistance of the 2nd phase connector is rapidly increased after the irradiation and is
reaching to saturation at 10MGy: this will be due to surface erosion of pin and sleeve caused by ozone and

humidity in the cell. As a whole, the both connectors can be tolerable up to 5x10 rads.

3.3.5 Instrumentation devices : Ultra-sonic transducer (Perpendicular injection
type, Inclined injection type) (S3-C10, C11)

Two types of ultra-sonic transducers, which are the perpendicular injection type and the inclined injection type,

have been irradiated up to 109 rads and their echo signals are measured as a function of dose. The results are
shown in Figs. $3-101-2 and 101-3 in Appendix 6, respectively. It is concluded that the dose limit of these

types of UT sensors are less than 108 rads and more extensive development including material selection is
needed.
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4. CONCLUSIONS AND RECOMMENDATIONS

This report summarizes the interim irradiation test results of various standard components for the ITER in-
vessel remote maintenance system. Several components developed for radiation use have shown excellent

durability at a dose rate of 106 R/h and their dose limits are over 109 rads. However, a number of components
are insufficient capability in terms of radiation hardness and thus extensive development is still required to
realize reliable maintenance operation for a sufficient length of time in the ITER in-vessel environments.

The main conclusions of the major components tested in this stage are given below.

(1) AC servo mator : The 2nd phase AC servo motor has been successfully developed for radiation use and the
dose limit of ceramic insulated stator and resolver coils is more than 109 rads. The main problem is related to
lubricants of the ball bearing and the development of radiation hard type synthetic oil grease is a key to solve
this problem: the radiation hardness of ball bearings and lubricants are very important not only for motors but
also for every mechanical drives and joints of remote maintenance system. Another problem is to increase
accuracy of the resolver for fine positioning of the system. A polyimide insulated resolver coil is planned to test
a servo motor with ceramic insulated stator coil as the next development step.

(2) Position sensors : Several commercial base position sensors are not tolerable for radiation environments and
extensive efforts have to be made to develop radiation hard position sensors. A optical-fiber type encoder has
shown excellent durability under the radiation conditions and- further improvement and investigation are to be
made for application of optical fiber to position sensors.

(3) Viewing system : The radiation hard type periscope has been successfully developed and can be tolerable for
more than 10Y rads. In addition, the periscope offers better quality of viewing than that of the radiation hard
imagefiber and thus the periscope is a promissing device for in-vessel viewing system. In order to demonstrate
the total system performance, a mock-up test simulating the real ITER configuration is need. As for the
imagefiber, the radiation hardness can be improved by adopting synthetic quartz. In addition, it has a
possibility to recover the radiation damage by heat treatment in hydrogen gas. As a whole, a combination of
periscope and imagefiber can offer wide viewing in open space and detail viewing in narrow space.

(4) Common components : Ceramic insulated wires and polyimide insulated wires have shown high radiation
torelance for more than 109 rads and the data base on their mechanical characteristics such as minimum bending
radius are accumulated. A combination of ceramic and polyimide insulation is also promissing for application
to the remote maintenance system. Based on these results, components or devices made of these wires are to be
fabricated and tested so as to demonstrate the integrated performance in the next development stage.
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4. CONCLUSIONS AND RECOMMENDATIONS

This report summarizes the interim irradiation test results of various standard components for the ITER in-
vessel remote maintenance system. Several components developed for radiation use have shown excellent

durability at a dose rate of 105 R/h and their dose limits are over 10% rads. However, a number of components
are insufficient capability in terms of radiation hardness and thus extensive development is still required to
realize reliable maintenance operation for a sufficient length of time in the ITER in-vessel environments.

The main conclusions of the major components tested in this stage are given below.

(1) AC servo motor : The 2nd phase AC servo motor has been successfully developed for radiation use and the
dose limit of ceramic insulated stator and resolver coils is more than 109 rads. The main problem is related to
lubricants of the ball bearing and the development of radiation hard type synthetic oil grease is a key to solve
this problem: the radiation hardness of ball bearings and lubricants are very important not only for motors but
also for every mechanical drives and joints of remote maintenance system. Another problem is to increase
accuracy of the resolver for fine positioning of the system. A polyimide insulated resolver coil is planned to test
a servo motor with ceramic insulated stator coil as the next development step.

(2) Position sensors : Several commercial base position sensors are not tolerable for radiation environments and
extensive efforts have to be made to develop radiation hard position sensors. A optical-fiber type encoder has
shown excellent durability under the radiation conditions and further improvement and investigation are to be
made for application of optical fiber to position sensors.

(3) Viewing system : The radiation hard type periscope has been successfully developed and can be tolerable for
more than 10? rads. In addition, the periscope offers better quality of viewing than that of the radiation hard
imagefiber and thus the periscope is a promissing device for in-vessel viewing system. In order to demonstrate
the total system performance, a mock-up test simulating the real ITER configuration is need. As for the
imagefiber, the radiation hardness can be improved by adopting synthetic quartz. In addition, it has a
possibility to recover the radiation damage by heat treatment in hydrogen gas. As a whole, a combination of
periscope and imagefiber can offer wide viewing in open space and detail viewing in narrow space.

(4) Common components : Ceramic insulated wires and polyimide insulated wires have shown high radiation
torelance for more than 102 rads and the data base on their mechanical characteristics such as minimum bending
radius are accumulated. A combination of ceramic and polyimide insulation is also promissing for application
to the remote maintenance system. Based on these results, components or devices made of these wires are to be
fabricated and tested so as to demonstrate the integrated performance in the next development stage.
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4. CONCLUSIONS AND RECOMMENDATIONS

This report summarizes the interim irradiation test results of various standard components for the ITER in-
vessel remote maintenance system. Several components developed for radiation use have shown excellent
durability at a dose rate of 109 R/h and their dose limits are over 109 rads. However, a number of components
are insufficient capability in terms of radiation hardness and thus extensive development is still required to
realize reliable maintenance operation for a sufficient length of time in the ITER in-vessel environments.

The main conclusions of the major components tested in this stage are given below.

(1) AC servo motor ; The 2nd phase AC servo motor has been successfully developed for radiation use and the
dose limit of ceramic insulated stator and resolver coils is more than 109 rads. The main problem is related to
lubricants of the ball bearing and the development of radiation hard type synthetic oil grease is a key to solve
this problem: the radiation hardness of ball bearings and lubricants are very important not only for motors but
also for every mechanical drives and joints of remote maintenance system. Another problem is to increase
accuracy of the resolver for fine positioning of the system. A polyimide insulated resolver coil is planned to test
a servo motor with ceramic insulated stator coil as the next development step.

(2) Position sensors : Several commercial base position sensors are not tolerable for radiation environments and
extensive efforts have to be made to develop radiation hard position sensors. A optical-fiber type encoder has
shown excellent durability under the radiation conditions and further improvement and investigation are to be
made for application of optical fiber to position sensors.

(3) Viewing system : The radiation hard type periscope has been successfully developed and can be tolerable for
more than 10? rads, In addition, the periscope offers better quality of viewing than that of the radiation hard
imagefiber and thus the periscope is a promissing device for in-vessel viewing system. In order to demonstrate
the total system performance, a mock-up test simulating the real ITER configuration is need. As for the
imagefiber, the radiation hardness can be improved by adopting synthetic quartz. In addition, it has a
possibility to recover the radiation damage by heat treatment in hydrogen gas. As a whole, a combination of
periscope and imagefiber can offer wide viewing in open space and detail viewing in narrow space.

(4) Common components : Ceramic insulated wires and polyimide insulated wires have shown high radiation
torelance for more than 107 rads and the data base on their mechanical characteristics such as minimum bending
radius are accumulated. A combination of ceramic and polyimide insulation is also promissing for application
to the remote maintenance system. Based on these results, components or devices made of these wires are to be
fabricated and tested so as to demonstrate the integrated performance in the next development stage.
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APPENDIX 1
Specifications of Gamma Irradiation Cell No. 2
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Specification of gamina ray irradiation facilities

1. No. 2 cell

1) Location
- Takasaki / JAER!

2) Radiation (aprit 1,°84)
- Radiation source containing system : Swimming pool
- Shape of the source : Slab type ( 45cm Height x 200cm Length }
- Activity of the source: 7.80 PBq { 211 kCi ) / Co-60
- Dose rate : 381 - 5.8 C/kg-h { 1.5x106 - 2.2x104 R/ )

3} Dimensions
- lrradiation table 260cm Width x 350cm Length
260cm Width x 150cm Length
- interior of the cell : 8m Length x 5m Width x 4.4m Height

4) Irradiation conditions

- Temperatre : Ambient temperature
- Humidity : Ambient humidity
- Atmosphere : The air

interior parts of the No. 2 cell
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APPENDIX 2
Specifications of Gamma Irradiation Ceil No. 3
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Specification of gamma ray irradiation facilities

1. No. 3 cell

1) Location
- Takasaki / JAERI

2} Radiation ( april 1, '94)
- Radiation source containing system : Swimming pool
- Shape of the source : Cylindrical type ( 45cm Height x 50cm dia. )
- Activity of the source : 6.99 PBqg { 189 kCi } / Co-60
- Dose rate . 448 - 28.1 C/kg-h { 1.7x1006 - 1.1x105 R/h )

3} Dimensions
- frradiation table : 220cm Width x 150cm Length
- Interior of the cell : 6m Length x 5m Width x 4.4m Height

4) irradiation conditions

- Temperaire : Ambient temperature to 350°C max.
= Humidity : Ambient humidity
- Atmosphere : 1x10°3 Torr to the air / No (1 atm. )

interior parts of the No. 3 celi
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APPENDIX 3 - Dosimetry



JAERI-Tech 96-011

Calibration of exposure dose rate

- Dosimeter : Alanine dosimeter* (AminograyTR)
- Readout system : Electron-spin resonance(ESR) spectrometer

* Alanine dosimeter is composed of alanine of 70wt% and polystyrene of 30wt%,
and it has high degree of accuracy, wide measurable dose range and long term
stability after irradiation.
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APPENDIX 4
Data sheets, Tables and Figures on Subtask 1 (Robotics)
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Irradiation Test Results of Radiation Hard Components

Classification (1) commercial products
{2) modefied products
{3) newly-developed products

Subtask 1 Robotics 1 Doses (y1ay) e Pamod !
ltem Component Oassilige ot ot e 0t L w0
- i 6 | A7 77778 | 612 e’
Drives |Motors] AC SoRC Mofor2 0 | PzzzzzZzZ7z7zzZzz7z2z72 | 65010°
AC servo motor-3 : ] : . T
{3rd. phase) (3}

Grease -1 (1stphase) | (2) 7 - 6.7t |
Grease -2 (2nd.phase) |  (2) ) | 4974100

Lubri- T : - :
camts | B8\ Gogop9 St | Wzzzzzzzzzzzzzzz22723 123°10"
" Ball bearing -a
Biea‘ ('I'hemoplnsﬂcily%olyimlde} (2)
rings Ball bearing - b o
{Thermosstling polyimide} (2)
Ball bearing - ¢ @
{PEEK} S T —
Ball bearing - d
(W?ype seirﬁ::igg alloy) (2)
Ball bearing -
(55310 ppaemaig aloyy | 2
Potentiometer - 1 7 .
P:»twr';‘?:o‘?,',?fmte!] i M |7 1.43'10°
otentiometer - N
i !Magneloraslselivslypa) (1) 1.35*10°

P:::L?:J Differential transformer | (1) 777 /” /WWI I, 3 410"
T " _| prr |

el WM 7.7 777777, e
Optical fiber encoder |  (3) T, 1.64*10°

Distan- Laser type (1} ‘
ca Laser iype
sensor]  with optical fiber 3
Capacitive type 1)
Magnetic type {1
Pros. Photo-electronic type (1)
mity Ult i 1
. rasonic type - {1)

High-frequency type (1)

Tactlle
sensor
| Force | Strain gauge (Fol type) (1) 7 . 1.271¢°
lsvain gauge weesiewoell () | V7, 177 1S
Accele . .
melers
I Classi-| : ; : {rad
tem Component fication] 1© 10 10 i0* 10 T (rad)
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Irradiation Test Results of Radiation Hardness Component

| Date | March, 95/ SI-DOI

Component ; AC serve motor-2 (2nd. phase)

v[ Actuator | [Mechanism | [ Sensor | Material [ [System | [Others
v| Integrated ganmima Acceptance characteristics up tol) :
dose (rad) :6.50x 109 100 103 105 107 10° 10i0 1013
Neutron
fluence (n/cm?2) 1010 1012 1014 106 1018 1020 Q22
Expenimental measurements v| During irradiation | v{ Post irradiation
Results :

- Motor was troubled by abrasion and breakage of the bearings, at that time, a total running time and a
doses are 4,800 hrs, and 61MGy, respectivily.
1) Estimated about 5x10° rad -

Iiradiation Feility

Name Nationality Owner Place

No.l Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 I Neutron I \/] Gamma l [Mixture
Flux{n/cm?-s) Peak : Dose rate(R/h) Peak : 1.5 x106

Ave. : Ave, : 1,34 x106
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : vac.
Status Person in Charge (Organization)

{ v Completed | |Ongoing | | Pianned | [K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product [ | Modefied product | v] Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :
Yasukawa Elec. Co.,
- Rated power : 100W, - Rated torque : 5.3kgfcim, - Rated speed of rotation : 1800rpm
- Dimensions and weight : 98min dia. x 175mm length, 6.2kg

2. Part of the component requiring radiation resistance enhancement :
- Both insulator materials of the stator coil and resolver coil are made of ceramics(S107).

Additional Information{if neccessary)

Refer to Fig. S1-D01-1, Fig. S1-D01-2 and Fig. S1-D01-3
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Fig. S1-D01-1 Cross sections of the 2nd. phase radiation hard AC servo motor
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Lrradiation Test Results of Radiation Hardness Component

[Date |March, 95/ S1-D02
Component : Four kinds of radiation hard grease (G5-1, GS-4, GS-7, GS-13-2)

Actuator | | Mechanism | | Sensor v[Material | |System [ ] Others
v Integrated gamma Acceptance characteristics up tol) :
dose (rad) :4.97x 109 101 103 105 107 109 1011 1013
Neutron _
fluence (n/cm?) : 1010 1012 1014 1016 1018 1020 1022
Experimental measurements | During irradiation ! v| Post irradiation
Results : '

- A penetration after the irradiation became hard in order of GS-1, GS-7, G8-13-2 and GS-4.
- Deterioration of a withstanding load capability was admitted alf of the irradiated grease.
1) Estimated about 5x10° rad

Irradiation Feility

Name Nationality Owner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 |Neutron | /] Gamma | I Mixture
Flux(n/em2-s) Peak: Dose rate(R/h) Peak : 1.5 x100
Ave. Ave.: 1.37 x106
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
[ TCompleted | v]Ongoing | |Planned ] [K. OBARA (JAERI, Naka) ]

Major Specifications of Irradiated Component
| Commercial product [ ¥ Modefied product | [ Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology

used, technical data) :

Matsumura Qil Research Co.,

- Base oil : GS-1(di-alkyl-tetra-phenylether(R2-4P2E)), GS-4(tetra-phenylether(4P2E)), GS-7(R2-
4P2E/penta-phenylether(SP4E)), GS-13 -2(mono-alkyl-tetra-phenylether(R-4PZE)/4P2E)

_ Thickener & others : Bentonite, Powdered MoS2, Antioxodant

2. Part of the component requiring radiation resistance enhancement :
- All of the grease are composed of synthetic base oil and inorganic thickener.

Additional Information(if neccessary)
Refer to Fig. $1-D02-1, Table S1-D02-1, Table S1-D02-2 and Table S1-D02-3
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Each grease specimen was contained in a glass tube
and set on the irradiation table

‘ Fig. 8§1-D02-1 Pictures of the irradiated radiation hard grease(2nd. phase)
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Table S$1-D02-1 Change of weight loss as a function of exposure time

Specimen Base oil (vol%) Weight loss ()
_ 24h 48h 96h
G3-1 R,-4P2E(100) 5.54 7.99 10.569
GS-4 4P2E(100) 77.99 78.79 79.19
GS-7 R,-4P2E(60),5P4E(40) 18.03 28.28 37.87
GS-13-2 R-4P2E(70),4P2E(30) 32.72 42.35 51.56

Test condition :150°C/10° ¢ Torr

Table $1-D02-2 Change of penetration as a function of accumulated exposure dose

Penetration
Specimen -
Before irrad. 100Mrad 510Mrad 1022Mrad
GS-1 288 323 351 353
GS-4 266 265 265 258
GS-7 265 304 300 323
GS-13-2 265 291 293 290

Table §1-D02-3 Change of withstanding load as a function of accumulated exposure dose

) Withstanding load (lbs)
Specimen .
Before irrad. 100Mrad 510Mrad 1022Mrad | 5000Mrad
GS-1 863 840 830 550 -
GS-4 625 540 650 600 400
GS-7 780 760 720 540 -
GS-13-2 847 780 770 865 545

Test condition :Block onring method (150°C/0.1Torr, 100 rpm, 20lbs/min)
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ SI-D93

Component : Ball bearings (Retainer made of SL alloy)

Actuator | ¥] Mechanism | [ Sensor IMaterial | [System | | Others

Integrated gamma Acceptance characteristics up tol) :

dose (rad) :1.29x 1010 101 103 105 107 109 10!l 1013

Neutron

fluence (n/cm?) Do 1010 10i2 1014 1016 (0!8 1020 1022

Experimental measurements [ During irradiation | v| Post irradiation
Results :

- Change of friction torque* on three bearings(before irradiation, 5x109 rad and 1.29x1G19 rad) were

measured as follows;
Before irradiation : 2.3X10%rev., 5x109 tad : 1.3x108rev., 1.29x10!01ad : 6.9x107rev.
* Test conditions ; 10-6Torr, 120 °C, 6kgf thrust load

1) Not determined yet(depends on conditions to use) )

Irradiation Feility

Name Nationality Owner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | v| Gamma ] ] Mixture
Flux(n/cm?2-s) Peak : Dose rate(R/h) Peak : 1.5 x106
Ave. : Ave.: 1.37x10¢
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
[ ] Completed | ] On going | |Planned | [K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product { ¥] Modefied product | | Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Yasukawa Elec. Co.,
- Type : Angular type - Dimensions : 15mm inner dia., 32mm outter dia., 9mm width

2. Part of the component requiring radiation resistanice enhancement :
- Materials : Retainer / SL alloy(W, Cu, WS2)
Ball, Outter and inner ring / MoS2 coated SKH4

Additional Information(if neccessary)
Refer to Fig. S1-D03-1 and Fig. S1-D03-2
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Fig. S1-D03-2 Friction torque test results of the irradiated bearings
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Irradiation Test Resuilts of Radiation Hardness Component

[Datc |March, 95/ S1-S01

Component : Potentiometer (Wirewound type)

Actuator | | Mechanism | v] Sensor [Material | | System | |Others
v| Integrated gamuma Acceptance characteristics up tol) :

dose (rad) :1.43x 109 10t 103 105 107 109 10!l 1013

Neutron

fluence (n‘em2) 1010 1012 1014 1016 1018 1020 1022

Experimental measurernents v| During irradiation | | Post irradiation
Results :

- Amplitude was drifted after 15 hours from the beginning of the irradiation.

- After 58 hours, the amplitude became zero level.
1) Estimated about 1.4x107 rad(tentative)/the trouble is assumed that it may be caused by a damage of

the actuator(std. type dc servomotor) for the potentiometer

Irradiation Feility

Name Nationality Owner Place
No.1 Co-60 building, No.2 cell - | Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 [ Neutron [ v] Gamma | | Mixture
Flux(n/ecm?Z-s) Peak : Dose rate(R/h) Peak : 1.5 x106
Ave. : Ave. : 9.36 x10°
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
[“TCompleted | [Ongoing | [Planned ] [K.OKA (JAERI, Naka)

Major Specifications of Irradiated Component

Commercial product [ | Modefied product | | Newly-developed product
1. General technical descriptions(suppliet, type, serial number(if available), data manufacturing, technology

used, technical data) :

Midori Sokki Co., - Model : CP-4M
- Resistance : 1kQ - Rotationable range : 350° - Linearity : £0.5% - Torque : 8gf-cm
- Dimensions and weight : 36.5mm o.d. x 20.5mm length, 50g

2. Part of the component requiring radiation resistance enhancement :
- Nothing

Additional Information(if neccessary})
Refer to Fig. $1-S01-1, Fig. $1-801-2 and Fig. S1-801-3




JAERI-Tech 96-011

Irradiation Test Results of Radiation Hardness Component

[ Date | March, 95/ $1-502

Component : Potentiometer (Magnetresistive type)

Actuator | |Mechanism | v] Sensor | Material ' | System { [Others
v| Integrated gamina Acceptance characteristics up to!} :

dose (rad) :1.35x 109 100 103 105 107 10° 1oll 1013

Neutron

fluence (n/em?) 1019 1012 1014 1016 1018 1020 1022

Experimental measurements v During irradiation | | Post irradiation
Results :

- Amplitude was drifted after 290 hours from the beginning of the irradiation.

- After 456 hours, the amplitude became zero level.
1) Estimated about 2.56x108 rad(tentative)/the trouble is assumed that it may be caused by a damage of

the actuator(std. type dc servomotor) for the potentiometer

Irradiation Fcility

Name Nationality Owner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | |Neutron [ ¥] Gamma | {Mixture
Flux(n/cm?:s) Peak : Dose rate(R/h) Peak : 1.5 x106
Ave. : Ave, : 8.84 x103
Temp.(°C) : ambi. | Hunidity(%) : ambi. Atmosphere(ait/vac./inert gas) : air
Status Person i Charge (Organization)
[ ¥] Completed | |Ongoing [ |Planned | |K.OKA (JAERI, Naka)

Major Specifications of liradiated Component

v| Commercial product | |Modefied product | | Newly-developed product

-1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Midori Sokki Co., - Model : CP-2URBM

- Input impedance : 15k€} - Rotationable range : ¥45° - Linearity : £1.5%FS - Torque : Sgf-cm

- Dimensions and weight : 30mm o.d. x 100mm length, 50g

2. Part of the component requiring radiation resistance enhancement :
- Nothing

Additional Information{if neccessary)
Refer to Fig. $1-S02-land Fig. S1-802-2
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Plane view of the irradiation test stand for the position sensors
Dimensions : 750 mm width x 1400 mm length

Configuration of the position sensors

From upper to bottom : potentio.(wirewound), potentio.(magneto.},
differential trans., resolver and optical fiber encoder

Each driving motor for the tested sensors is shielded with lead blocks

Fig. §1-801-1 Configurations of the irradiated position sensors interior of the test cell
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Configuration of the tested potentiometer
Model : CP-4M Supplier : Midori Sokki

Fig. S1-S01-2 Outline of the tested wirewound type potentiometer(Model : CP-4M)
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Configuration of the tested potentiometer
Model : CP- 2URBM Supplier : Midori Sokki

Fig. $1-802-1 Outline of the tested magnetoresistive type potentiometer(Model : CP-2URBM)
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Fig. S1-801-3 Irradiation test results of the wirewound type potentiometer
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Fig. $1-802-2 Irradiation test results of the magnetoresistive type potentiometer



JAERI-Tech 96-011

Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ $1-5603

Component : Differential transformer .
Actuator l l Mechanism | \/[ Sensor I Material [ | System | | Others
v} Integrated gamma Acceptance characteristics up tol)
dose (rad) 1 1.49x 109 100 103 105 107 10% 10!t 1013
Neutron
fluence (n/em?) (o010 1of2 jol4 jol6 o8 1020 @22
Experimental measurements v| During imradiation | | Post irradiation
Results :
- Amplitude was gradually reduced in height, and the height drastically changed after 247 hours.
1) Estimated about 2x107 rad(tentative)/the trouble is assumed that it may be caused by a damage of the
actuator(std. type de servomotor) for the transformer -

Irradiation Feility

Name Nationality Owner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | |Neutron [ v{ Gamma [ |Mixture
Flux(n/cin2:s) Peak : Dose rate(R/h) Peak : 1.5 x100
Ave. : Ave. : 9.76 x103
Temp.(°C) : ambi. | Humidity(%) : ambi. Atinosphere(air/vac finert gas) : air
Status Person in Charge (Organization)
[ v] Completed | |Ongoing [ [Planned | [K.OKA (JAERI, Naka)

Major Specifications of Irradiated Component

v| Commercial product | [ Modefied product [ [Newly-developed product

1. General technical descriptions(supplier, type, serial number(if availabie), data manufacturing, technology
used, technical data) :

Shinko Electronics Co., - Model ; ST-2

- Exciting frequency : 300kHz - Exciting voltage : 1Vrms - Qutput ; 24V Input impedance : 200Q2

- Linearity range : 10mm+1% - Dimensions and weight : 12inm ¢.d. x 87mm length

2. Pait of the component requiring radiation resistance enhancement :
- Nothing

Additional Information(if neccessary)
Refer to Fig. S1-503-1and Fig. S1-S03-2




JAERI-Tech 96-011

Irradiation Test Results of Radiation Hardness Component

[ Date | March, 95/ S1-S04

Cemponent : Synchronous resolver

Actuator | | Mechanism [ v] Sensor { Material | |System [ ] Others
¥| Integrated gaimma Acceptance characteristics up tol) ;

dose (rad) :1.77x 107 10l 103 105 107 109 10l jol3

Neutron

fluence (n/em?) 1010 1012 {014 1016 1018 1020 1022

Experimental measurements v| During irradiation { | Post irradiation
Results :

- Amplitude was not relatively changed, but the signai began to change irregularly after 160 hours.
- Recording of the signals were impossible to get after 858 hours.
1) Estimated about 1.78x 108 rad(tentative)/the trouble is assumed that it may be caused by a damage of

the actuator(std. type dc servomotor) for the resolver

Irradiation Feility

Name Nationality Owner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | ¥] Gamma [ | Mixture
Flux(n/cm?:s) Peak : Dose rate(R/h) Peak : 1.5 x100
Ave. : Ave.: 1.11x100
Temp.(°C) : ambi, [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
[“TCompleted | [Ongoing | |Planned | [K.OKA (JAERI, Naka)

Major Specifications of Irradiated Component

v] Commercial product | Modefied product | {Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Minebea Co., - Model : 23BCX-9007-A01

- Frequency : 50/60Hz - Primary voltage : 100V - Secondary voltage : 90V Input impedance : 700£2

- Dimensions and weight : 57mm o.d. x 127mm length

2. Part of the component requiring radiation resistance enhancement
- Nothing

Additional Information(if neccessary)
Refer to Fig. S1-804-land Fig. 51-804-2
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Configuration of the tested differential transformer
Model : ST-2 Supplier : Shinko Electric

Fig. $1-S03-1 Outline of the tested differential transformer(Model : ST-2)
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Configuration of the tested resolver

Model :23BCX-9007-A01
Supplier : Minebea

Fig. S1-S04-1 Outline of the tested resolver(Model : 23BCX-9007-A01}
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Fig. $1-S03-2 Irradiation test results of the differential transformer
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State of the resolver afier the irradiation
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was stuk; moreover, the wires and insulators were broken at the base

Fig. §1-804-2 Irradiation test results of the resolver
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Iitadiation Test Results of Radiation Hardness Component

| Date | March, 95/ SI-S05

Component : Rotary encoder

Actuator | | Mechanism | v] Sensor [Material | [System [ | Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) 1111 x 106 0l 103 105 107 10 10!l 1013

Neutron

fluence (n/em?2) 1010 1012 1014 016 1018 1020 {022

Experimental measurements : v| During irradiation | | Post irradiation
Results :

- The encoder was troubled at the moment when receiving gamma irradiation
1) This type encoder is probably impossible to use under a dose of 106R/h.

Irradiation Fcility

Name Nationality Qwner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Trradiation Conditions _
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | v| Gamma | [ Mixture
Flux(n/cm2-s) Peak : Dose rate(R/h) Peak : 1.5 x106
Ave, : Ave.: 1.11x100
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac.finert gas) : air
Status Person in Charge (Organization)
[“TCompleted | JOngoing | [Planned | [K.OKA (JAERI, Naka)

Major Specifications of Irradiated Component

v| Commercial product [ | Modefied product | | Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Tamagawa Seiki Co., - Model : E6B-CWZ3E

- Resolving power : 10ppr - Output form : voltage - Responsive freq. : 30kHz

- Rising time : 1us - Torque : 10gfcm - Dimensions and weight : 40mm o.d. x 39mm length

2. Part of the component requiring radiation resistance enhancement :
| - Nothing

Additional Information(if neccessary)
Refer to Fig. S1-805-1
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ S1-506

Component : Optical fiber used rotary encoder

Actuator | | Mechanism [ ¥] Sensor | Material | |System . | | Others
| Integrated gamma Acceptance characteristics up tol) :

dose (rad) 1 1.64x 107 10t 103 105 107 109 10!t 1013

Neutron

fluence (n/em?) 1010 1012 1014 1016 (018 1020 1022

Experimental measurements v| During imradiation [ | Post irradiation
Results :

- Output signal(amplitude and period) is not very much change at doses of 1.64x109 rad.
1) Not determined yet

Irradiation Fcility
Name Nationality QOwner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi

Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 [ Neutron I v| Gamma [ | Mixture

Flux(n/cm?'s) Peak : Dose rate(R/h) Peak : 1.5 x106
Ave. : Ave. : 1.04 x109
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
[TCompicted |v]Ongoing | |Planned | |[K.OKA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product | | Modefied product | ¥] Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :
Micro Servo Inc., - Model : Prototype
- Resolving power : 10ppr - Output form : voltage
- Dimensions and weight : 50mm o.d. x 83mm length

2. Part of the component requiring radiation resistance enhancement :
- Between the controller and the housing included rotational parts and lens system was connected by a

optical fiber.

Additional Information(if neccessary)
Refer to Fig. S1-506-1
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Irradiation Test Results of Radiation Hardness Component

[ Date | March, 95/ S1-507

Component : Strain gauge (Foil type for hi-heat resistance)

Actuator | [ Mechanism | ¥| Sensor [ Material | [System | | Others
¥} Integrated gamma Acceptance characteristics up tol) :

dose (rad) :1.27x 1010 100 103 105 107 109 1011 1013

Neulron

fluence (Wem?) 1010 1012 1014 1016 1018 1020 1022

Experimental measurements v| During irradiation | | Post irradiation
Results :

- Output signals could not be got by a radiation damage of the lead at 2.45x10 rad.
1) Estimated about 2x10? rad

Irradiation Feility

Name Nationality Qwrner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Trradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 ]Neutron ] \/l Gamma | | Mixture
Flux(n/cm?2-s) Peak : Dose rate(R/h) Peak : 2 x109
Ave. : Ave, : 1.5 x106
Temp.{°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge {Organization)
[ Completed | [Ongoing [ [Planned | |S.KAKUDATE (JAERI, Naka) |

Major Specifications of Irradiated Component
| Commercial product | | Modefied product | | Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology

used, technical data) :
Kyowa Electronic Instruments Co., - Model : KFU
- Gauge clement : Ni-Cr - Base : Polyimide/Al03 - Adhesive : Polyimide/Al>03
- Lead : Ni coated Cu/polymer

2. Part of the component requiring radiation resistance enhancement :
- Nothing

Additional Information(if neccessary)

Refer to Fig. S1-807-1 and Fig. 51-878-1
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Irradiation Test Results of Radiation Hardness Component

{Date | March, 95/ S1-S68
Component : Strain gauge (Capsule type for hi-heat resistance) .
Actuator | | Mechanism | v] Sensor | Material | |System [ | Others
v| Integrated gamma Acceptance characteristics up tol!) :
dose (rad) 21,27 x 1010 10t 103 105 107 109 1ol 1013
Neutron
fluence (n/cm?) 1010 1012 1014 1016 1018 1020 [022

Experimental measurements

| During irradiation | | Post irradiation

Results ;

1) Estimated more than 2x109 rad

- Special abnormality both of the gauge and the lead was not recognized at doses of 2.45x 109 rad.

Irradiation Fcility

Name Nationality Qwner Place
No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | v] Gamma | [Mixture
Flux(n/cm?'s) Peak : Dose rate(R/h) Peak : 2 x106
Ave, : Ave. : 1.5 x10%
Temp.(°C) ; ambi, | Humidity(%) : amnbi. Atmosphere(air/vac./inert gas) : air

Status

Person in Charge (Organization)

[ v] Completed | | On going | | Planned

| [S. KAKUDATE (JAERI, Naka)

Major Specifications of Irradiated Component

v| Commercial product

| [ Modefied product

l [ Newly-developed product

used, technical data) :

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology

Kyowa Electronic Instruments Co., - Model : KHC
- Gauge element : Ni-CrV - Base : S8316 - Adhesive : Point welding
- Lead : MI cable{wires covered with MgQO insulator and SS tube)

- Nothing

2. Part of the component requiring radiation resistance enhancement ;

Additional Information(if neccessary)

Refer to Fig. $1-808-1 and Fig. $1-578-1
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APPENDIX 5§
Data sheets, Tables and Figures on Subtask 2 (Viewing system)
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Irradiation Test Results of Radiation Hard Components

Subtask 2 Viewing system 1

Classification  {1) commercial products
(2) medefied products -
(3) newly-developed products

Doses (y-ray) i Planned |

ltem Component f?égﬁg'ﬁp Ctet et vt et L 10%y
v
Camera
GGD _
Periscope-1(sud.type) | (1) | P74 2.34*10°
Optical :gc?ﬁe Periscope-2 (Radhard type]  (3) | 27777077 2.0010°
1Ca
;?arts Periscope-3 (Adv.rad type) (3) )
{periscope) = 10
Refle-| CrN coated on 53304 (3) 1.20M0
cli r : 10
Minor | Al coated on S5304 o | 7222222277727, 1-20°10
Pt coated on SS304 (3) 1.20*10"°
Alkaline barium glass | (1) 777727777 7772, 10010
Grass Lead glass N7 777777777 77777777 R
Synthetic quartz (N A A W/W 755410
2528' Ultraviclet setting resin )] / I, 5.50*10°
I;g; Thermosetting resin (1) 5.50%10°
Coating| Si0: type (1
et b Ti0xZr0: type (1)
rJr?; AlzO3 type (1)
Halogen [amp 1
Lig'niin
v gg:' image |Rad.hard fiber oHdoen)| (1) | 2 22772272222720722722 7277 1:2010"
toarscope} " | Rad. hard fiber (F doped) | (1) -
| Classi- 0 i T ¥ w (rad})
tem Component fication| 10 10 10 10° 10 10
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Irradiation Test Results of Radiation Hardness Component

[Date [March, 95/ S2-POI

Component : Periscope-2 (Radiation hard type)

Actuator | | Mechanism | | Sensor [Material | ¥] System [ | Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) 12 x 109 100 103 105 107 10° 10i1 1013

Neutron

fluence (n/cm?) : 1010 1012 1014 1016 1018 1020 1022

Experimental measurements [ During irradiation | | Post irradiation
Results :

- The observation limit doses and the resolution capability limit doses are estimated 2x109 rad and
1.2x109 rad at a illuminance of 8,5001x, respectively. Here, the resolution capability means to
discriminate a chart of black and white lines with a wide of 2/3mm.

1) Estimated about 1.2x10° rad

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi

Irradiation Conditions

Rad, source & energy (MoV) - Co-60/L.17, 1.33 | |Neutron | v]Gamma | |Mixiure

Flux(n/cm2's) Peak : Dose rate(R/h) Peak : 1.5 x 106
Ave. Ave.: 1.0x 106
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
[TCompleted | [Ongoing | |Planned | [K OBARA (JAERI, Naka) B

Major Specifications of Irradiated Component

} Commercial product | | Modefied product { v| Newly-developed product

1. General technical descriptions(supplier, type, serial number(if availabie), data manufacturing, technology
used, technical data) :

Mitsubishi Elec. Co., / Minolta Co., / Nihon Elec. Glass Co.,

- Optical system / Number of objective lens, relay lens and reflecting mirror : 1, 4, 4

- Dimensions : 80mm dia. x 6m length - Material of the cylindrical mirror : Alumite treated Al alloy

- Observation system : CCD camera, Video monitor, CRT

2. Part of the component requiring radiation resistance enhancement :
- Materials of lens : Alkaline barium glass(NB), Lead glass(LX), Synthetic quartz
- Materials of reflecting mirror : CrN coated on glass, Al coated on glass

Additional Information(if neccessary)

Refer to Fig. S2-P01-1 and Fig. S2-P01-2




JAERI-Tech 96-011

(a) Periscope and light source
under the observation
( the back side view )

{b) The front view of the peri-
scope and light source

(c) Observation/Recording
system

Fig. 82-P¢1-1 Pictures of the radiation hard periscope system instalied
interior and exterior of the test cell
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Irradiation Test Results of Radiation Hardness Component

{ Date [ March, 95/ §2-P92

Component : Reflecting mirror (CrN coated on §5304)

Actuator ] ]Mechanism | I Sensor | Material | |System | [Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) :1.20x 1010 101 103 105 107 109 101l 1013

Neuiron

fluence (n/cm?) 1010 1012 10t4 1016 1018 1020 1022

Expenmental measurements | During irradiation | v] Post irradiation
Results :

- Reflectance and a surface conditions are not changed up to 1.20x1010 rad
1) Estimated more than 1.2x10'0 rad

Irradiation Fcility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 INeutron I /l Gamma I I Mixture
Flux(n/cm?'s) Peak : Dose rate(R/h) Peak : 2.0 x 10¢

Ave. : Ave.; 1.5x 106
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

| ¥] Completed | [Ongoing | [Planned | |K. OBARA (JAER!, Naka)

Major Specifications of Irradiated Component

[ Commercial product [ l Modefied product [ v] Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Japan Vacuum Metallurgy Co.,

- Dimensions : 50 x 50 x 2t mm

- Coating film thickness and reflectance(%) : Ium(62.2), 3um(61.5), 5um(60.9)

2. Part of the component requiring radiation resistance enhancement :
- Materials of the coating film and substrate : CfN, SS304

Additional Information{if neccessary)

Refer to Fig. 82-P234-1 and Fig. $2-P234-2
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Irradiation Test Results of Radiation Hardness Component

| Date | March, 95/ $2-P03
Component : Reflecting mirror (Al coated on SS304) :

Actuator | | Mechanism | |Sensor v| Material [ |System | | Others
¥| Integrated gamma Acceptance characteristics up to!) :

dose (rad) :1.20x 1010 o 103 105 107 109 1011 1013

Neutron

fluence (n/cm?) 1010 1012 10!+ [0t6 QI8 (020 Q22

Experimental measurements | During irradiation | | Post irradiation
Results :

- Reflectance is not changed up to 1.20x1010 rad but the surface began to erroded from lower doses.
1) Estimated more than 1.2x10190 rad

Irradiation Fcility

Name Nationality Owner Place

No.l Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Iradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | [ Neutron [ v Gamma [ [Mixture
Flux(n/cmZ2-s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave.: 1.5 x 106
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

{ v Completed | |[Ongoing | |Planned | |K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component

| Commereial product | | Modefied product | v{ Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Japan Vacuum Metallurgy Co.,

- Dimensions : 50 x 50 x 2t mm

- Coating film thickness and reflectance(%) : 0.1um{87.4), 0.3pm{86.6)

2. Part of the component requiring radiation resistance enhancement :
- Materials of the coating film and substrate : Al, SS304

Additional Information(if neccessary)

Refer to Fig. S2-P234-1 and Fig. S2-P234-2




JAERI-Tech 96-011

Irradiation Test Results of Radiation Hardness Component

[Date  [March, 95/ S2-P04

Component : Reflecting mirror (Pt coated on S5304)

Actuator | | Mechanism { | Sensor v| Material [ |System | | Others
v} Integrated gamma Acceptance characteristics up tol) :

dose (rad) :1.20x 1010 1ol 103 105 107 109 1oit  10i3

Neutron

fluence (n/em?) 1010 o1z 1014 1ol6 (0I8 1020 1022

Experimental measurements | During isradiation [ v| Post irradiation
Results :

- Reflectance was drastically decreased over 5x10% rad and the surface was erroded.
1) Estimated about 5x10° rad

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 |Neutr0n | -/] Gamma | | Mixture
Flux(n/cin?'s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave. : 1.5x 100
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

[ v] Completed [ | On going | | Planned | [ K. OBARA (JAERI, Naka)

Major Specifications of Irradiated Component

| Commercial product [ [ Modefied product [ #] Newly-developed product
1. General technical descriptions(supplier, type, setial number(if available), data manufacturing, technology
used, technical data) :
Japan Vacuum Metallurgy Co.,
- Dimensions : 50 x 50 x 2t mm
- Coating film thickness and reflectance(%) : 0.2um{76.8)

2. Part of the component requiring radiation resistance enhancement :
- Materials of the coating film and substrate : Pt, SS304

Additional Information(if neccessary)

Refer to Fig. $2-P234-1 and Fig. $2-P234-2
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Reflecting Mirror

1) Specifications

(1} Materials :

- CriN coated on SS304*
Coating film thickness : 1, 3, 5 um

- Pt coated on 88304
Coating film thickness : 0.2 um

- Al coated on $8304
Coating filrm thickness : 0.1, 0.3 um

* polished like a mirror

(2) Dimensions :-ﬁ50x50x2t mm

2) Measurement items

- Reflectance change as a function of doses

- inspecilon of surface conditions

Fig. 82-P234-1 Major specifications and surface conditions of the irradiated reflecting mirrors
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Irradiation Test Results of Radiation Hardness Component

[ Date | March, 95/ S2-P05

Component : Glass (Alkaline barium glass)

Actuator | | Mechanism | | Sensor v| Material | |System [ | Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) ;1 x 1010 101 103 105 107 10® 10l 1013

Neutron .

fluence (n/cm?) 100 1012 [0l4 10i6 1018 1020 1022

Experimental measurements | During irradiation [ v| Post irradiation
Results :

- Deterioration of transmissivity is large in the range of uv-ray, but in the range of over 500nm is
extremely small. -

- Degree of deterioration at 1x1010 rad : 40% at 400nm
1) Estimated more than 1x1010 rad

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co.60/1.17, 1.33 | |Neutron | ¥[Gamma [ |Mixture
Flux{(n/cm?-s} Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave.: 1.0 x 106
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

[“]Completed | [Ongoing | [Planned | |K. OBARA (JAERI Naka)

Major Specifications of Irradiated Component

v} Commercial product | | Modefied product ] | Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Japan Electric Glass Co.,

- Dimensions : 30 x1 5 x 10 mm

- Ingredients of the glass : Si0O2, BaO, R0, CeO2

2. Part of the component requiring radiation resistance enhancement :
- Add cerium-oxide as a ingredient in the glass

Additional Information(if neccessary)

Refer to Fig. $2-P567-1 and Fig. 82-P567-2
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[rradiation Test Results of Radiation Hardness Component

| Date | March, 95/ S$2-P06
Component : Glass (Lead glass)
Actuator | | Mechanism [ | Sensor v| Material [ |System | | Others
v| Integrated gamma Acceptance characteristics up tol) :
dose (rad) :9.99x 10° 10l 103 105 107 109 1001 1013
Neultron
fluence (n/cm?) 1010 10i2 104 1016 1018 1020 [022
Experimental ineasurements [ During irradiation | v| Post irradiation

Results :
extremely small. ~

1) Estimated more than 1x1010 rad

- Deterioration of transmissivity is large in the range of uv-ray, but in the range of over 500nm is

- Degree of deterioration at 1x1019 rad : 25% at 400nm

Irradiation Feility

Name Nationality

Owner Place

No.1 Co-60 building, Neo.2 cell Japan

Takasaki Estab., JAERI | Takasaki-shi

Irradiation Conditions

Rad. source & energy (MeV) : Co-60/1.17, 1.33 lNeutron I /I Gamma [ ]Mixture
Flux(n/cm?-s) Peak : Dose rate(R/h) Peak : 2.0 x 106
Ave, : Ave.: 1.0x 106

Temp.(°C) : ambi. [ Humidity(%) : ambi.

Atmosphere(air/vac./inert gas) : air

Status

Person in Charge {(Organization)

[ ] Completed | [ On going | |Planned

| [K. OBARA (JAERI, Naka)

Major Specifications of Iiradiated Component

v| Commercial product

| | Modefied product

| [ Newly-developed product

used, technical data)
Japan Electric Glass Co.,
- Dimensions : 30 x 15 x 10 mm

- Ingredients of the glass : SiOz, PbO, R0, CeO7

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology

2. Part of the component requiring racdiation resistance enhancement :
- Add cerium-oxide and lead-oxide as a ingredient in the glass

Additional Information(if neccessary)

Refer to Fig. 82-P567-1 and Fig. 82-P567-2
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Irradiation Test Results of Radiation Hardness Component

[Date [March,95/ $2-P07

Component : Glass (Synthetic quartz)

Actuator | | Mechanism [ {Sensor v| Material | [System - | [ Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) :7.55x 109 1ot 103 105 107 109 10!l 1013

Neutron

fluence (W/em?)  : 101¢ 1012 1014 1016 1013 1020 1022

Experimental measuremeri(s | During irradration [ v| Post irradiation
Results :

- Deterioration of transmissivity is not very much change in a visual wave length(300-700nin).
1) Estimated more than 1x1010 rad -

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 [Neutron | v] Gamma | | Mixture
Flux(n/cm?-s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave.: 1.0 x 106
Temp.(°C) : ambi. [ Humidity(%) : ambi. | Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

{ ¥| Completed | | On going | | Planned | |K. OBARA (JAERI, Naka)

Maijor Specifications of Iiradiated Component

v| Commercial product | | Modefied product | |Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Shinetsu Quartz Co.,

- Dimensions : 30 x 15x 10 mm

- Ingredients of the glass : Si0O2

2. Part of the component requiring radiation resistance enhancement :
- Added hydroxyl group of 300ppm in the glass

Additional Information(if neccessary)

Refer to Fig. S2-P567-1 and Fig. S2-P567-2
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Fig. S2-P567-2 Transmittance test results of the glasses after the irradiation test
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Irradiation Test Results of Radiation Hardness Component

[Date | March,95/ $2-P08
Component : Adhesive for lens (Ultraviolet setting resin(Denaturation polyester resin))

Actuator | ]| Mechanism [ [ Sensor v| Material | |System t | Others
¥| Integrated gamma Acceptance characteristics up tol) :

dose (rad) 155 x 107 ¢! 103 105 107 10% 1011 1013

Neutron

fluence (n/cm?) 1010 1012 1014 10i6 1018 1020 1022

Experimental measurements [ During irradiation [ v | Post irradiation
Results :

- Small clouds like island were occurred at 3.38x108 rzd, and after that at 7.75x 108 rad, concentric clouds

like a Newton's ring were observed.
- The adhesive strength capability was lost at 5.55x10° rad.

1) Estimated 1x108 rad

Irradiation Fcility

Name Nationality Owner Place

No.1 Co-60 buiiding, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 [ Neutron | v| Gamma [ ] Mixture
Flux(n/cm2-s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave.: 1.0x 106
Temp.(°C) : ambi. [ Humidity(%) : ambi. Atmosphere(air/vac./inert gas) ; air
Status Person in Charge (Organization)

[ Completed | [Ongoing | [Planned | [K OBARA (JAERI Naka)

Major Specifications of Irradiated Component
v] Commercial product | | Modefied product | [ Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology

used, technical data) :

2. Part of the component requiring radiation resistance enhancement :
- Nothing

Additional Information(if neccessary)
Refer to Fig. S2-P§9-1
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Irradiation Test Results of Radiation Hardness Component

[Date  |March, 95/ $2-P09

Component : Adhesive for lens (Thermosetting epoxy resin) .
Actuator | | Mechanism | | Sensor v| Material [ |System i | Others
| Integrated gamma Acceptance characteristics up tol) :
dose (rad) :5.5x 109 101 103 105 107 109 101 1013
Neutron
fluence (vem?) [ot0  1pl2 1014 10le QI8 1020 1022
Experimental measurements [ During irradiation | ¥] Post irradiation
Results :
- Color of the adhesive became change from transparency to brown.
- The adhesive strength capability was lost at 5.55x 109 rad.
1) Estimated 1x108 rad -

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab,., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 |Neutr0n | /[ Gamma ’ IMixture
Flux(n/em?-s) Peak : Dose rate(R/h) Peak : 2.0 x 109

Ave. Ave.: 1.0 x 106
Temp.(°C) : ambi. | Huinidity(%e) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

[ cCompleted | JOngoing | [Planned | [K. OBARA (JAER], Naka)

Major Specifications of Irradiated Component
v{ Commercial product | | Modefied product | | Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

2. Part of the component requiring radiation resistance enhancement :
- Nothing

Additional Information(if neccessary)

Refer to Fig. 52-P89-1
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Hesulis / adhesive for Lens

{1) In case of denaturation polyester resin,
at 3.38MGy
at 7.75MGy

are observed

small clouds like island

4]

concentric clouds like a Newton's ring

TR
L
i

Ny

(a) Appearance of some clouds (b) Appearance of Newton's ring
like island ( 3.38 MGy } (7.75 MGy )

{2) At a total dose of 55MGy, the adhesive strength
of both samples were entirely lost and two glasses
were peeled

e
s

2

Color of the adhesives became change from transparency to brown
{ Dimensions of a glass : 50x50x8t mm )

Fig. $2-P89-1 Irradiation test results of the adhesives and their appearances
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ $2-Foi

Component : Radiation hard imagefiber (Hydroxyl group doped fiber)

Actuator | [Mechanism | |Sensor v| Material | |System | | Others
v/| Integrated gamma Acceptance characteristics up tol):

dose (rad) :1.2x 1010 100 103 105 107 109 1011 1013

Neutron

fluence (nfcm?)  : 1010 1012 104 1016 1018 1020 1022

Experimental measurements } During irradiation ] v ] Post irradiation
Results :

- Observation limit doses and resolution capability lithit doses are 1.2x109 rad and 3.1x108 rad at

8,500Ix, respectively.
- Observation capability means to descriminate a chart of black and white lines with a wide of 2/3mm.
- As a results of the hydrogen gas treatment under a hi-temperature for the rad. damaged fiber,
transmissivity recovered around 10% after the treatment.
1) Estimated more than 3x108 rad

Irradiation Feility

| Name Nationality Owner Place
! No.l Co-60 building, No.2 cell Japan Takasaki Estab,, JAERT | Takasaki-shi

Irradiation Conditions
| Rad. source & energy (MeV) : Co-60/1.17, 1.33 ]Ncutron [ /] Gamina l f Mixture
‘ Flux(n/cm?s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave. : 8.75-9.25 x 10°
Temp.(°C) : ambi. | Humidity(%) : ambi, Atmosphere(air/vac./inert gas) : air
Status : Person in Charge (Organization)
["Completed | JOnpoing | [Planned | [K. OBARA (JAERI, Naka) |

Major Specifications of hiradiated Component

v} Commercial product | I'Modefied product { | Newly-developed product

1. Generaj technical descriptions(supplier, type, serial number(if availabie), data manufacturing, technology
used, technical data) :

Fujikura Co.,

- Number of core : 20,000 - Field angle : 30° - Diameter and length : 13mm / 12m

- Observation system : Ocular, CCD camera, Videeo monitor, CRT

2. Part of the component requiring radiation resistance enhancement :
- Adopted a hi-OH(800ppm) doped fiber

Additional Information(if neccessary)
Refer to Fig. S2-FO1-1, Fig. §2-F01-2, Fig. S2-F01-3 and Fig. 52-F01-4
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Radiation Hard imagefiber

1) Specifications

(1) Materials of fiber :Synthetic guariz (800ppm OH)
& objective lens

(2) Number of core : 20,000

(3) Fieid angle 1 30°

(4) Diameter & length :13mm / 12m
(5) Observing object : Bar code

(6) Observation system : Ocular, CCD camera, Video monitor
CRT.

2) Measurement items

- Plcture through the fiber was observed at every accumulated
dose using an observation/recording system

Radiation hard imagefiber was installed on the irradiation table
in the No.2 ceil.

Upper : Periscope Lower : Radiation hard imagefiber
The distance from the tip to the bar code is 55cm

Fig. $2-F01-1 Major specifications of the radiation hard imagefiber and its pictures

on the irradiation table
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4 I I ;
—&— Belore the treatment
|1
—_— ~-—--32--- After the treatment
E
el
T 3 —
~— i
@ Y
2 :
o B
ge! #3
g \
o 2 3
§e) 5
£ S5
= %"-.
0 ",
et A
S 1 5
0
(3]
o L
i ﬁ":ﬂﬁ-m-ﬂﬁpﬂw e LR N
s e s -"l-' E> 5‘“";::'::3"‘3:&"5#?«2'%’5;}‘"“‘
0 |

300 400 500 600 700 800
Wave length (nm)

Fig. 82-F01-4 Change of radiation induced loss and the observation results afier the recovery treatment
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APPENDIX 6
Data sheets, Tables and Figures on Subtask 3 (Common components)
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Irradiation Test Results of Radiation Hard Components

Classitication (1) commercial products
{2) modefied products

(3) newly-developed products

Subtask 3 Common components 1 Doses (y-ray) ) V7] { pamed |
. CIaSSi' L] 2 4 : . A
ltem Component ficationd 'P UM MU 2+ 1 (rad)
i WOW 777777772 bl
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ §3-CoI

Compenent : Power cable for AC servo motor

Actuator | |Mechanism | [Sensor | Material [ ] System [ ] Others
¥| Integrated gamina Acceptance characteristics up tol)

dose (rad) :7.5x10° 100 103 105 107 109 1011 1013

Neutron

fluence (n/em?) 1010 jol2 1014 1016 1018 1020 1022

Experimental imeasurements /l During irradiation [ v I Post irradiation
Results :

- This prototype ceramics insulated cable is actually used with a series of AC servo motor irradiation

test(2nd. phase and beyond).
- Up to now, any electrical troubles have not been occurred, and post irradiation test is planning after

the 3rd. phase AC servo motor irradiation test.
1) Not determined vet

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi

Irradiation Conditions

Rad. source & energy (MeV) : Co-60/1.17, 1.33 [ Neutron [ v] Gamma [ | Mixture

Flux(n/cm?2's) Peak : Dose rate(R/h) Peak : 1.5x 100
Ave. : Ave. : 7.0 x 103
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)
| [Completed | v]Ongoing [ |Planned | |K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component

| Commercial product | | Modefied product | ] Newly-developed product

I. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Sumitomo Electric Indust.,

- Number of wire : 3 - Breakdown voltage : 200-1,000V - Critical diameter of curvature : 5-30nun

- Dimensions : 6.5mm dia. x 6m length

2. Part of the component requiring radiation resistance enhancernent :
- Materials / Conductor : Ni coated OFC, Wire insulator & jacket : Al,O3
- Connector : Ceramics insulated three pins connector

Additional Information(if neccessary)

Refer to Fig. S3-C01-1 and Fig. 53-C01-2
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Irradiation Test Results of Radiation Hardness Component

[Date [March, 95/ $3-C02.

Component : Signal cable for AC servo motor

Actuator | | Mechanism { | Sensor | Material | | System | v{ Others
¥] Integrated gamma Acceptance characteristics up tol) :

dose (rad) 17.5x 107 100 103 105 107 109 101l (o3

Neutron

fluence (n/cm?2) 1010 1012 1014 jolé 10I8 1020 1022

Experimental measurements v| During irradiation | v] Post irradiation
Results :

- This prototype ceramics insulated cable is actuaily used with a series of AC servo motor irradiation
test(2nd. phase and beyond).

- Up to niow, any electrical troubles have not been occurred, and post irradiation test is planning after
the 3rd. phase AC servo motor irradiation test. -

1) Not determined yet

Irradiation Fcility

Name Nationality Owmner Place

No.1 Co-60 building, No.2 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | v] Gamma [ |Mixture
Flux(n/em?'s) Peak : Dose rate(R/h) Peak : 1.5 x 109

Ave. : Ave.: 7.0 x 105
Temp.(°C) : ambi. | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

[ TCompleted [v]Ongoing | {Planned [K. OBARA (JAERI, Naka)
got

Major Specifications of Irradiated Component

Commercial product | | Modefied product | /I Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Sumitomo Electric Indust.,

- Number of wire : 7 - Breakdown voltage : 200-1,000V - Critical diameter of curvature : 5-30mm

- Dimensions : 5.15mm dia. x 6m length

2. Part of the component requiring radiation resistance enhancement :
- Materials / Conductor : Ni coated OFC, Wire insulator & jacket : Al203
- Connector : Ceramics insulated six pins connector

Additional Information(if neccessary)

Refer to Fig. $3-C02-1 and Fig. $3-C02-2
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8.5

Sectional plan-of the cable
1.1, 1-2 : Conductor 2 :Wire _ 3 : Cable

Fig. $3-C01-1 Cross section of the power cable for AC servo motor(2nd. phase and beyond)

5.12
4.42

Sectional plan of the cable

1:Conductor 2:Sheath (AlpOg) 3 :Wiré
4 : Shield 5: Cable

Fig. $3-C02-1 Cross section of the signal cable for AC servo motor(2nd. phase and beyond)
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Irradiation Test Results of Radiation Hardness Component

{Date | March, 95/ S$3-C03

Component : Wire-(8/a) & Imitated stator coil with wire-(S/a)

Actuator | | Mechanism | [ Sensor { Material [ |System | v] Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) 1477 x 109 1ol 103 105 107 109 1oit 1013

Neutron

fluence (n/em?) 1010 1012 1014 polé jol8 1p20 1022

Experimental measurements ! During irradiation | v Post irradiation
Results :

Wire-(5/a) / Insulation capability : Not change, BDV : Not change, Flexibility : Slightly decreased,
Abrasion capability : Gradually decreased

Stator coil / Insulation capability ; Not change, BDV : Sllghtly decreased

1) Estimated more than 5x10° rad

Irradiation Fcility

Name Nationality Owner Place

No.1 Co-60 building, No.3 cell Japan Takasaki Estab., JAER] | Takasaki-shi
Irradiation Conditions ,
Rad. source & energy (MeV): Co-60/1.17, 1.33 | Neutron [ /! Gamma ] IMixture
Flux(n/cm2's) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave.:1.5x 106
Temp.(°C) : 250 | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : N» gas
Status Person in Charge (Organization)

[ [Completed |v]Ongoing | [Planned | |K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product | [ Modefied product | v| Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :
Sumitomo Electric Indust.,
- Tensile strength : 20-30kg/mm? - Breakdown voltage : 100-500V
- Critical diameter of curvature ; 10-30mm

2. Part of the component requiring radiation resistance enhancement :
- Conductor : 0.58mm dia.Ni coated - Insulator : Si0y

Additional Information(if neccessary)

Refer to Fig. §3-C03-1, Fig. S3-C34-1, Fig. S3-C34-2, Fig. $3-C34-3 and Fig. S3-C344
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ $3-C04

Component : Wire-(S/b) & Imitated sensor coil with wire-(S/b)

Actuator | | Mechanism | { Sensor | Material ' [ System . [ /] Others
v} Integrated gamma Acceptance characteristics up to!) :

dose (rad) :4.77x 109 10l 103 105 107 109 1011 1083

Neutron

fluence (n/em?) ¢ 1010 10i2 1014 1016 1018 1020 1022

Experimental measurements | During irradiation [ v} Post irradiation
Results : '

Wire-(S/b) / Insulation capability : Not change, BDV : Gradually decreased, Flexibility : Large variation
Abrasion capability : Gradually increased

Sensor coil / Insulation capability : Not change, BDV : Not change

1) Estimated more than 5x10% rad

Irradiation Feility

Name Nationality QOwner Place

No.1 Co-60 building, No.3 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron [ v] Gamma | | Mixture
Flux(n/cm?'s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave, : Ave.: 1.5x 106
Temp.(°C) : 250 | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : Na gas
Status Person in Charge (Organization)

[ | Completed [ ¥] On going [ |Planned B [ K. OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product [ I Modefied product | ¥] Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Sumitomo Electric Indust., _
- Tensile strength : 20-30kg/mm? - Breakdown voltage : 100-500V

- Critical diameter of curvature : 4imnm

2. Part of the component requiring radiation resistance enhancement :
- Conductor : 0.196mm dia.Ni coated OFC - Insulator : Si02

Additional Information(if neccessary)

Refer to Fig. $3-C04-1, Fig. S3-C34-1, Fig. $3-C34-2, Fig. §3-C34-3 and Fig. 53-C34-4
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192

[Sectional plan of wirel (um)

Sectional plan and a micrograph(x400) of the wire-(S/a)
1: Conductor 2:Coated Ni 3 : Coated Si02

\

Hold inorganic binder intoe coil

Qutward plan and picture of the imitated staior coil
with the wire-(S/a)

Dimensions : 80mm length x 62mm width x 20mm thickness

Fig. S3-C03-1 Outward plans and pictures of the wire-(S/2) and the imitated stator coil
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212

[Sectional plan of wirel (um)

Sectional plan and a micrograph(x400) of the wire-(5/b)
1 : Conductor 2:Coated Ni 3 : Coated 5i02

Mold inorganic binder into cofl

Cutward pian and picture of the imitated sensor coil
with the wire-{5/b}
Dimensions : 5mm length x Smm width x 10mm height

Fig. S3-C04-1 Outward plans and pictures of the wire-(S/b) and the imitated sensor coil
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Irradiation Test Results of Radiation Hardness Component

[ Date | March, 95/ §3-C05

Component : Wire-(H/a-1) & (H/a-2}-outgassing treatment(300°C/2h)

Actuator | | Mechanism | | Sensor [ Material [ ] System [ v] Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) :4.77x 109 100 103 105 107 109 loil 1013

Neutron

fluence (ncm?) 1010 1012 1014 1016 1018 1020 1022

Experimental measurements | During irradiation [ v] Post irradiation
Results :

Wire-(H/a-1) / Insulation capability : Not change, BDV : Not change, Elongation : Not change,
Flexibility : Not change

Wire-(H/a-2) / Insulation capability : Not ¢hange, BDV : Not change, Elongation : Not change,
Flexibility : Not change

1) Estimated more than 5x10° rad

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.3 cell Japan Takasaki Estab., JAERI | Takasaki-shi
Trradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | ¥] Gamma [ [Mixture
Flux(n/cm?-s) Peak : Dose rate(R/h) Peak : 2.0 x 10°

Ave. : Ave.: 1.5x 10°
Temp.(°C) : 250 | Humidity(%) : ambi. Atmosphere{air/vac./inert gas) : N gas
Status Person in Charge (Organization)

[ TCompleted |v{Ongoing | |[Planned | |K. OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product | v] Modefied product | | Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Hitachi Cable Co.,

Wire-(H/a-1) - Insulation capability : 1013 Q -BDV : 10kV - Adhesion capabi. : 5SH(pencil hardness)
- Critical diameter of curvature : 1d(d means outter dia. of the wire)

Wire-(H/a-2) / Insulation capability : 1012 BDV : 9kV  Adhesion capabi. : SH(pencil hardness)
Critical diameter of curvature : 1d(d means outter dia. of the wire)

2. Part of the component requiring radiation resistance enhancement :

- Conductor : 0.593mm dia.Ni coated OFC - Insulator ; Polyimide

Additional Information{(if neccessary)

Refer to Fig. S3-C5-1, Fig. $3-C56-1 and Fig. S3-C56-2
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ $3-C06

Component : Wire-(H/b-1) & (H/b-2)-outgassing treatment(300°C/2h)

Actuator | | Mechanism | | Sensor [Material | [ System [ v] Others
| Integrated gamma Acceptance characteristics up tol) :

dose (rad) 14,77 x 109 100 103 105 107 109 1o}t 1013

Neutron

fluence (n/cm?) : 1010 1012 10!4 10i6 0!8 1020 1022

Experimental measurements | During irradiation [ v Post irradiation
Results :

Wire-(H/b-1) / Insulation capability : Not change, BDV : Not change, Elongation : Slightly decreased
Flexibility : Drastically decreased after 2.5x107 rad

Wire-(H/b-2) / Insulation capability : Not change, BDV : Not change, Elongation : Slightly decreased
Flexibility : Drastically decreased after 2.5x10 rad

1) Estimated more than 5x10° rad -

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.3 cell Japan Takasaki Estab., JAERI { Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | Neutron | */l Gamma | | Mixture
Flux(n/cm2-s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : Ave.: 1.5 x 106
Temp.(°C) : 250 t Humidity(%) : ambi. Atmosphere(air/vac./inett gas} : N gas
Status . Person in Charge (Organization)

[ TCompleted [¥]Ongoing | |Planned ] [K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product [ v] Modefied product | [Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Hitachi Cable Co.,

Wire-(H/b-1) / -Insulation capability : 9x1012Q -BDV :3kV -Adhesion capabi. : SH{pencil hardness)
—Critical diameter of curvature : 1-3d(d means outter dia. of the wire)

Wire-(H/b-2) / -Insulation capability : 8x10!2Q -BDV:2.5kV
-Adhesion capabi. : SH(pencil hardness)
_Critical diameter of curvature : 2-4d(d means outter dia. of the wire)

2. Part of the component requiring radiation resistance enhancement :
- Conductor : 0.593mm dia.Ni coated OFC - Insulator : 1st. layer=Al203, 2nd. layer=Polyimide

Additional Information(if neccessary)

Refer to Fig. $3-C6-1, Fig. 53-C56-1 and Fig. $3-C56-2
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Sectional plan of the wire
1 : Conductor 2 : Polyimide

Fig. 83-C5-1 Cross section of wire-(H/a-1) and wire-(H/a-2)

Sectional plan of the wire
1:Conductor 2:Si02 3:Polyimide

Fig. 83-C6-1 Cross section of wire-(H/b-1) and wire-(H/b-2)
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H/a-1 : 0.6 dia. OFC / NI / Polyimide  H/b-1: 0.6 dia. OFC/ Ni/ SiO2 / Polyimide
H/a-2 : 0.6 diz. OFC / Ni / Polyimide  H/b-2 : 0.6 dla. OFC / Ni/ SiOg / Polyimide
{ outgassing treatment ) { outgassing treatment )

Fig. §3-C56-1 Insulation resistance and BDV changes of the wires(H/a-1,2, H/b-1,2)
as a function of accumulated exposure dose
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Irradiation Test Results of Radiation Hardness Component

[Date | March, 95/ $3-C07

Component : Thermocouple cable for AC servo motor

Actuator | |Mechanism [ | Sensor | Material | [System | ¥] Others
¥| Integrated gamma Acceptance characteristics up to!) :

dose (rad) 1 7.5 % 109 100 102 105 107 109 10!t 1013

Neutron

fluence (nfcm?) 1010 1012 10!4 1016 10i8 1020 1022

Experimental measuremernts v| During irradiation | ¥] Post irradiation
Results :

- This prototype ceramics insulated cable is actually used with a series of AC servo motor irradiation
test(2n¢l. phase and beyond).

- Up to now, any electrical troubles have not been occurred, and post irradiation test is planning after
the 3rd. phase AC servo motor irradiation test.

1) Not determined yet

Irradiation Fcility

Name Nationality Owner Place

No,1 Co-60 building, No.2 celt Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 |Neutron I /] Gamma I I Mixture
Flux(n/cm?2-s) Peak : Dose rate(R/h) Peak : 1.5 x 106

Ave. : Ave,: 7.0 x 105
Temp.(°C) : ambi. | Humidity(%s) : ambi. Atmosphere(air/vac./inert gas) : air
Status Person in Charge (Organization)

[ TCompleted |+v]Ongoing | !Planned | |K.OBARA (JAERI, Naka)

Major Specifications of Irradiated Component

Commercial product | [ Modefied product | v Newly-developed product

1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Sumitoino Electric Indust.,

- Number of wire : 8 - Breakdown voltage : 200-1,000V - Critical diameter of curvature : 5-30mm

- Dimensions : 6.5mm dia. x 6m length

2. Part of the component requiring radiation resistance enhancement :

- Materials / Conductor : Chromel of 0.32mm dia. x 4, Alumel of 0.32min dia. x 4
Wire insulator & jacket : Al;03 woven fabric SS

- Connector : Ceramics insulated three pins connector

Additional Information(if neccessary)

Refer to Fig. $3-C07-1
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Sectional plan of the cable
1:Conductor 2:Wire 3:Cable

Fig. $3-C07-1 Outward and sectional plans of the thermocouple cable
for AC servo motor(2nd. phase and beyond)
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Irradiation Test Results of Radiation Hardness Component

[ Date | March, 95/ $3-C08
Component : Thermocouple K type-(H/a-1) & (H/a-2)-outgassing treatment(300°C/2h)

Actuator | | Mechanism { | Sensor | Material | | System | v] Others
v| Integrated gamma Acceptance characteristics up tol) :

dose (rad) :4.77x 10° 100 103 105 107 109 1011 1013

Neutron

fluence (n/em?) 1010 1012 1014 1016 10!8 (020 1022

Experimental measurements [ During irradiation | v | Post irradiation
Results :

T/C~(H/a-1) / Insulation capability between two wires : Not change(2.3x1013Q)
T/C-(H/a-2) / Insulation capability betweentwo wires : Not change(1.6x1013€2)
1) Estimated more than 5x10% rad

Irradiation Feility

Name Nationality Owner Place

No.1 Co-60 building, No.3 cell Japan Takasaki Estab., JAERI | Takasaki-shi
frradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 [ Neutron [ v] Gamma | | Mixture
Flux(n/cm?2's) Peak : Dose rate(R/h) Peak : 2.0 x 109

Ave. : Ave.: 1.5x 106
Temp.(°C) : 250 | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : Ny gas
Status Person in Charge {Oxganization)

[ JCompleted | v] On going | | Planned | |K. OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
| Commercial product [ v| Modefied product | | Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology
used, technical data) :

Hitachi Cable Co.,

Wire-(H/a-1) / -Insulation capability : 1013 Q -BDV : 10kV -Adhesion capabi. : SH(pencil hard.)
-Critical diameter of curvature : 1d(d means outter dia. of the wire)

Wire-(H/a-2) / -Insulation capability : 1012 Q -BDV : 9kV -Adhesion capabi. : 5H(pencil hard.)
Critical diameter of curvature : 1d(d means outter dia. of the wire)

2. Part of the component requiring radiation resistance enhancement :

- Conductor : 0.593mm dia.Ni coated chromel & alumel

- Materials of insulator & jacket : Polyimide, glass fiber fabrics

Additional Information(if neccessary)

Refer to Fig. S3-C08-1
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Irradiation Test Results of Radiation Hardness Component

| Date | March, 95/ $3-C09
Component : Thermocouple K type-(H/b-1) & (H/b-2)-outgassing treatment(300°C/2h)

Actuator | | Mechanism | Tsensor | Material [ ]System | ¥] Others
¥| Integrated gamma Acceptance characteristics up tol) :

dose (rad) :4.77x 109 10l 103 105 107 109 10!t 1013

Neutron

fluence (n/em?) 1010 1012 1014 1016 1018 (020 (022

Experimental measurements | During irradiation | v| Post irradiation
Results :

T/C-(H/b-1) / Insulation capability between two wires : Not change{1.0x1013Q)
T/C-(H/b-2) / Insulation capability between two wires : Not change(1.0x1013Q)
1) Estimated more than 5x107 rad -

Irradiation Feility :
Name Nationality Owner Place

No.1 Co-60 building, No.3 cell [ Japan Takasaki Estab., JAERI | Takasaki-shi
Irradiation Conditions
Rad. source & energy (MeV) : Co-60/1.17, 1.33 | [Neutron | ¥] Gamma [ |Mixture
Flux(n/cm?2-s) Peak : Dose rate(R/h) Peak : 2.0 x 106

Ave. : _ Ave.: 1.5 x 106
Temp.(°C) : 250 | Humidity(%) : ambi. Atmosphere(air/vac./inert gas) : N2 gas

Status Person in Charge (Organization)
I |Completed [v]Ongoing | [Planned | [K. OBARA (JAERI, Naka)

Major Specifications of Irradiated Component
{ Commercial product [ v1 Modefied product | | Newly-developed product
1. General technical descriptions(supplier, type, serial number(if available), data manufacturing, technology

used, technical data) :

Hitachi Cable Co.,
Wire-(H/b-1) / -Insulation capability : 9x1012 Q) -BDV : 3kV -Adhesion capabi. : 5H(pencil hard.)

-Critical diameter of curvature : 1-3d(d means outter dia. of the wire)
Wire-(H/b-2) / -Insulation capability : 8x1012Q -BDV : 2.5kV -Adhesion capabi. : SH(pencil hard.)
-Critical diameter of curvature : 2-4d(d means outter dia. of the wire)

2. Part of the component requiring radiation resistance enhancement :
- Conductor : 0.593mun dia.Ni coated chromel & alumel
- Materials of insulator & jacket : SiOy/Polyimide, glass fiber fabrics

Additional Information(if neccessary)
Refer to Fig. 83-C09-1
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€cE

Sectional plan of the T/C couple

1 : Conductor{C/A) 2 : Polyimide
3 : Glass fiber fabrics

Fig. $3-C08-1 Cross section of the thermocouple (H/a-1,2)

Sectional plan of the T/C couple

1: Conductor(C/A) 2 :Si0Og
3 : Polyimide 4 : Glass fiber fabrics

Fig. §3-C09-1 Cross section of the thermocouple (H/b-1,2)



