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The ITER machine has three Neutral Beam Injectors (NBIs) placed tangential to the
plasma at a minimum radius of 6.25 m. During operation, neutrons produced by the D-T
reactions will irradiate the NBI structure and it will become radioactive. Radiation levels
will be such that all subsequent maintenance of the NBIs must be carried out remotely. The
presence of tritium and possibly radioactive dust requires that precautions be taken during
maintenance to prevent the escape of these contaminants beyond the prescribed boundaries.

The scope of this task is both the development of remote maintenance procedures and the
design of the remote handling equipment to handle the NBIs.

This report describes the design of remote handling tools for the ion source and its
filaments, transfer cask, maintenance time, manufacturing schedule and cost estimation.

Keywords : ITER, Neutron Beam Injector, Remote Handling Maintenance, Filament,
HV Connector, Ion Source

This work is conducted as a ITER Technology R&D and this report corresponds to ITER
Design Task Agreement (D311).
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1. TASK DESCRIPTION

1.1 Background and scope

The ITER machine has three Neutral Beam Injectors (NBIs) placed tangential to the plasma at a
minimum radius of 6.25 m. During operation, neutrons produced by the D-T reactions will
irradiate the NBI structure and it will become radioactive. Radiation levels will be such that all
subsequent maintenance of the NBIs must be carried out remotely. The presence of tritium and
possibly radioactive dust requires that precautions be taken during maintenance to prevent the
escape of these contaminants beyond the prescribed boundaries.

The scope of the 96-98 task is continue the development of remote maintenance procedures and
remote handling equipment started under the 95 design task, N 23 TD 09 FJ-5, to work with the
ITER-JCT to support the NB group in the design of key remote handling features of the NBIs.

This report describes the design of remote handling tools for the filaments and the ion source,
transfer cask, maintenance time, manufacturing schedule and cost estimation.

1.2 Technical outline
To develop remote handling procedures and equipment for the NBI remote handling Class-1
maintenance tasks. To work with the ITER-JCT RH Group to establish essential NBI / remote

handling interfaces.

1.3 Task description
(1) Develop the remote handling procedures proposed in the 95 Design Task Final Report
(2) Develop remote handling procedures, proposed by the JCT, for replacing the ion source
filaments
(3) Develop detailed RH procedures for the development of tools for disconnecting the HV
connection
(4) Provide preliminary designs of the remote handling equipment required for the following
tasks:
« double door docking of maintenance and transfer casks
* deployment of remote handling tools for disconnection / connection of the ion source /
accelerator '
* deployment and remote handling tools to disconnect / connect the HV connection
« removal of the ion source / accelerator module
« removal of the ion source filament
(5) Provide designs of tools to disconnect and reconnect the HV line from the NBI source module.
(6) Estimate the time required carrying out the Class-1 maintenance procedures
(7) Develop a schedule for design through procurement and test
(8) Prepare Cost Estimates
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1.4 Design conditions

The NBI modules are located in the NBI cell at the mid-plane level as shown in Fig. 1.4-1. The
NBI system contains 3 neutral beam injectors, a diagnostic neutral beam, diagnostic equipment and
bore tooling access facilities for the lower blanket and baffle modules. The NBI system is designed
to inject 50 MW beams into the ITER plasma. Three neutral beam injectors are placed tangentially
to the plasma at a radius of 6.5 m. Each unit is surrounded by a magnetic shield. The general layout
of the NBI is shown in Fig. 1.4-2.

Table 1.4-1 summarizes the main components of the NBI system, together with their overall
dimensions and dead weight. According to the remote handling classification of these NBI
components, the ion source and accelerator are allocated into Class-1, which requires scheduled
maintenance, as listed in Table 1.4-2. Therefore, this report focuses on the maintenance of these
two components for NBI Class-1 maintenance tasks. Table 1.4-3 represents the design conditions
defined for remote maintenance operation of the ion source and accelerator.

1.5 Deliverables
The following deliverables are to be included.
(1) Conceptual RH procedures for NBI ion source/accelerator maintenance
(2) Conceptual RH procedures for NBI filaments maintenance
(3) Design concept of tool for filament replacement
(4) Design concept of ion source replacement tools
(5) Design concept of monitoring system for NBI remote maintenance tools
(6) Maintenance time estimation
(7) Manufacturing schedule
(8) Cost estimation

2. FILAMENT REPLACEMENT

2.1 Filament replacement procedure

According to the current machine layout, the main RH procedures to replace the filaments have
been developed. From the scenario of beam operation, the pulses of 640 times and 1,000 seconds
per one shot are expected in the current machine design and routine maintenance is expected due to
the limited life time of the filaments. The filament replacement is categorized into Class-1
maintenance operation. They are installed into the ion source and the total number is 72. Table 2.1-
1 shows the design conditions of the filaments replacement and Fig.2.1-1 shows the schematic view
of the assembly of the filaments block. The six filaments are set into one block to facilitate the easy
maintenance and replacement. They are fixed to the housing as shown in Fig. 2.1-2.

Table 2.1-2 summarizes the developed procedures for the filament replacement and Table 2.1-3
shows the schematic view of the maintenance operations corresponding to the filament replacement

procedures.
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2.2 Tool design for filaments replacement

Six filaments are housed in one block and the blocks are attached to both right and left hand
sides of the ion source. Thus, two kinds of handling tools are required to replace the filament blocks
located at right and left hand side.

The functions required for the filament replacement is given in Table 2.2-1. The common type
manipulator, which is recommended by JCT, has an accuracy of 2.54 mm. Therefore, the gaps
between the tool and housing are considered to be over 0.5 mm from viewpoints of the accuracy
and machining. Figure 2.2-1 shows the design concept of the tool developed for filament
replacement. In the case that the material is SS304, the weight of tool is about 9 kg. Figure 2.2-2
shows the proposed design of filament arrangement for easy replacement. The requirements to be
considered for the associated equipment are listed below;

1) Handling capacity of the multicontact lever

- torque less than 0.22 kg-m from the lever size and strength

- to obtain the enough contacting power

2) Manipulator

- handling capacity for the tool handling/operation

- the interface for the end-effector

3) Cask

- methods for holding the filament before/after filament replacement

3. ION SOURCE REPLACEMENT

3.1 Ion source replacement procedure

In the case of the ion source/accelerator, routine maintenance is expected because of the
sputtering or erosion of the grids and degradation of the insulation voltage due to the build up of
cesium on the accelerator girds. In this report, the RH procedures to replace the ion
source/accelerator have been assessed.

The operation steps have been defined, corresponding to the main RH procedures required to
replace the ion source. The breakdown of these RH procedures including the required tools and
functions is summarized in Table 3.1-1 to Table 3.1-16, and the related drawings to each operation

step are shown in Fig. 3.1-1 to Fig. 3.1-18.
3.2 Conceptual design of handling tools

3.2.1 Bolt connection/disconnection tool for the flange

In the case of the ion source replacement and maintenance, a bolt connection/disconnection tool
(bolting tool) is needed for replacement of the ion source, which is connected to the NBI line with a
flange bolted. For the bolting tool of the flange, three methods with different actuators, which are
hydraulic pressure, air pressure and electric motor, are considered as candidates. Table 3.2-1 shows

_3_
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the comparison of three methods. From this, the method of electric power supply is proposed
because of its simplicity without auxiliary system such as pump and compressor although large
power consumption is required for large bolts.

3.2.2 Transfer cask
A transfer cask is required to transport heavy loads such as the ion source. In spite of that, the
precise positioning and handling are needed so as to assure the contamination control during
maintenance and transportation operations. The main requirements of the transfer cask are listed
below.
1) Loading the ion source (30 ton)
2) Loading the NBI cell door (15 ton)
3) Loading the following tools for the ion source replacement and maintenance
- Overhead crane
- Manipulator
- The transporter for the ion source
- Turning and tilting mechanism for the double seal door
- Double seal door for the maintenance
4) Preventing the spread of activated dust from the inside of cask
To facilitate these requirements, the following parameters have been specified for the transfer cask.
Fig.3.2-1 represents the external view of the designed transfer cask.

- Width :4.5m

- Height :6.25m

- Length :7m

- Cask walls : boundary of tritium (SS wall with thickness of 3 mm)
- Transportation : bogie type wheels

- Docking interface : double seal door for NB cell

(a) Positioning of the transfer cask
The transfer cask is traveling along the rail and connected to the NBI cell after changing the
direction using a turntable. The positioning mechanism of the cask is needed to adjust the
position and orientation of the cask for docking to the cell so as to accommodate misalignment
and assure leak tightness. In addition, it is required to equip bolting mechanism because NBI cell
door is a flange structure connected by bolts. Misalignment between the cask and the cell are to
be considered for all directions (horizontal direction, vertical direction, rotation and tilt). The
following functions are at least required to the cask from the viewpoint of reliable and tight
docking.
1) Guide mechanism between NBI cell flange and the transfer cask door
2) Interface adjustment mechanism by the transfer cask
- Cask level and orientation adjusting mechanism (such as air spring)
- Driving mechanism to contact to the flange surface

— 4 -
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- Locking and fixing mechanism after the positioning

Typical docking procedures between NBI cell and the transfer cask are shown in Table 3.2-2,
assuming that the air springs are used as a compliance mechanism for cask level and orientation
adjustment.
(b) Double seal door for the cask and the cell

The double-seal door, which is composed of a cask door and a cell door, is installed at the
docking interface between the transfer cask and the NBI cell, as shown in Fig. 3.2-2. The
double-seal door is designed to present the spread of activated dust during maintenance and
transportation operations. During transportation of the cask released from the cell, the cask door
is fixed to the cask to seal the cask opening. On the other hand, the cell door is fixed to the NB
cell and seals the cell opening. After docking of the cask to the cell, two doors are locked each
other and opened as one body for allowing maintenance operation though the openings of cell
and cask. The main functions required to the double-seal door are listed below.

- Cask-to-door connection with double seals for leak checking.

- Cell-to-door connection with double seals.

- Door-to-door connection with at least single seal for preventing contamination.

- Doors stored inside the cask by using manipulator.

- Fixing mechanisms compatible with RH operation.

- Cell door connection/disconnection from the inside of cask.

- Easy cleaning of dusts.

- Replacement of seals by RH operation.

- Rescueability.
Based on these required functions, a preliminary design study on the double-seal door has been
performed. The main results are described below.

1) Shape of the double-seal door _

According to the current machine layout and space constraints, the size of the double-seal

door is specified as follows.

* Cask door 13930 mm (W) x 4735 mm (H)
* Cell door : 3780 mm (W) % 4585 mm (H)
« Thickness of two doors : below 300 mm

« Weight of two doors : below 10 tons

2) Door open/close operation

Since two doors are stored and opened/closed within a limited space inside of the cask, the
door movement should be a parabolic trajectory as shown in Fig. 3.2-3 in order to avoid any
interference with the ion source which is transferred into the cask. In this operation, the
followings are taken into account for doors open/close and ion source transfer operations.

* The ion source is to be rotated by turning and tilting mechanism when two doors are

moved to the cell and cask flanged for connection.
« The ion source is to be moved radially into the cask with rotating at the same time.

_5__
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* The double-seal door is partially stuck out into the cell flange due to its trajectory.
3) Seal methods of the door

The double-seal door acts as a boundary of the contamination control, so that reliable leak
tightness has to be assured. For this, double-seals at each connection of cask-to-door, cell-to-
door, and door-to-door are required so as to enable leak testing for assurance. Double seals are
also required for cask-to-cell connection for the same reason as that of the double-seal door.
Figure 3.2-4 shows a schematic view of the double seals for connection of cask to cell. In this
figure, two possible seal methods, O-ring and seal gasket, are presented. Table 3.2-3
summarizes comparison and main characteristics of various seal materials. For these seal
materials, a relative comparison has been performed, including seal tightness, repeatable
usage, radiation tolerance, maintainability and cost, as listed in Table 3.2-4. As a result,
rubber O-ring is proposed for the seal material from viewpoints of repeatable lifetime, easy
maintenance/handling, low cost and high reliability.
4) Connection method of the double-seal door

Regarding the connection of the double-seal door, three methods, which are bolting type,
cotter pin type and clamping type have been considered. The comparison of these methods is
listed in Table 3.2-5. As a result, the following connection methods are proposed mainly from
viewpoints of space constraints and RH operation from inside of the cask.

- Cask-to-door : Cotter pins from cask flange
- Door-to-door : Cotter pins from cask
- Cell-to-door : Bolting (the same as NBI cell door connection)

3.2.3 Welding/cutting tool for the lip seal

When the ion source is replaced, it is required that the lip of the flange is cut by the lip seal
cutting tool. As for the cutting methods, a grinder type, a shear type and a melting type have been
investigated. Table 3.2-6 shows the relative comparison of these cutting methods. As a result, the
shear type cutting method is proposed to the lip seal cutting tool from the following reasons.

- Possible to perform the interval cutting while loosening bolts of the flange.

- Easy to collect the chip after cutting.

- Easy to reweld after the cutting because of smooth surface by mechanical cutting.
In addition, the traveling methods for welding/cutting tools have been also considered, which are a
manipulator handling type and a guide rail type which included a chain drive type, a ball screw
(rack&pinion) type and a wire rope type. Table 3.2-7 shows the relative comparison of these
traveling methods. The rack&pinion type whose guide rail is pre-installed inside the NBI cell is
better than the others because of the following reasons.

- Easy positioning

- Possible to equip the power supply inside the tool

- Possible to decrease the manipulator size because loads are supported by rail

Figures 3.2-5 and 3.2-6 show the design concept of the cutting/welding tool based on the

_6_
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mentioned reasons, respectively.

3.2.4 Transporter for the ion source
A transporter is to transport the ion source from the cell to the cask for replacement. The design
concept of the transporter, which is composed of a carrier, a supporting mechanism and a rail guide
mechanism, is described in this section.
For the design of the transporter, the following basic procedures are assumed for the ion source
removal.
(1) The cask is docked to the cell.
(2) The double seal door is opened.
(3) A rail for the ion source carrier is installed between the cask and the cell.
(4) The rail is connected and fixed.
(5) The ion source carrier is entered from the cask to the cell.
(6) The supporting mechanism on the carrier is jacked up for supporting the ion source.
(7) The flange of the ion source is removed by the manipulator with the bolting tool.
(8) The carrier supports the ion source dead weight.
(9) The carrier with the ion source is returned into the cask.
(10) The rail is restored into the cask.
(11) The ion source is fixed in the cask with the carrier
(12) The double seal door is closed.
(13) The cask is undocked and transported to the hot cell.

(1) Supporting mechanism
The following support methods are considered for supporting the ion source.

(a) A receiving plate and a screw jack

(b) A holding mechanism and a screw jack

(c) A receiving plate and an air spring
The key features and issues of these methods are described below.
(a) A receiving plate and a screw jack

The ion source is supported by the receiving plate, which is formed to a curved shape. The
jack up/down is carried out by a screw jack. Figure 3.2-7 shows the support mechanism of this
method.

Advantages :

- Sufficient alignment capability for all directions because the receiving plate is formed to a

curved shape corresponding to the outside shell of the ion source.

Issues :

- Need the fixation mechanism after the ion source received for stable transportation.

- Need the balancing mechanism.

- Need the synchronization operation of each screw jack.

_7_
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(b) A holding mechanism and a screw jack

The ion source is supported by the holding pins, which are inserted to the holes of the ion
source. Figure 3.2-8 shows the support mechanism of this method for the ion source.

Advantages :

- Possible to support the ion source stability.

Issues :

- Need compliance for positioning of the holding pins.

- Need the precise control to insert the pins into the hole of the ion source.

- Need the synchronization operation of each screw jack.
(c) A receiving plate and an air spring

The ion source is supported by the receiving plate, which is formed to a curved shape plate.
The jack up/down is carried out by air springs. Figure 3.2-9 shows the support mechanism of
this method.

Advantages :

- Sufficient alignment capability for all directions because the receiving plate is shaped to the

outside shell of the ion source.

- Easy to adjust the center of the ion source because of the air spring flexibility.

Issues :

- Need the fixation mechanism after the ion source received for stable transportation.

- Need the balancing mechanism.

As results, the holding pin supports are proposed for the supporting mechanism because of
stability for transportation although the detailed structure/mechanism is farther designed under

the required conditions for NB maintenance.

(2) Rail guide mechanism

The following methods are considered as the candidates of rail connection between the cask
and the cell.

- Case 1 : Manipulator handling type

- Case 2 : Pantograph type

- Case 3 : Rotation type

- Case 4 : Parallel link type

- Case 5 : Rail slide type

Table 3.2-8 summarizes the comparison of these rail connection methods. Figures 3.2-10 ~
3.2-14 show the rail connection structure corresponding to these methods. As the result, the rail
slide type connection is better than the others from a viewpoint of the rail positioning. The
structure of the drive mechanism to slide the rail is shown in Fig. 3.2-15.

The rail for the ion source transporter was sized under the loading conditions of the ion source
with the dead weight of 20 tons. The maximum wheel pressure (Pmax) is calculated by the
following equation.
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Pmax=0o-(W+G)/n
Here, G is the carrier weight, n is the number of wheels, and o is the biased load coefficient. An

allowable wheel pressure (P) is calculated by the following equation.
P=D-b-K
Here, D is the diameter of a wheel, b is the effective width of the rail, and K is an allowable
stress coefficient of a wheel (= 60~80 kg/cm2 : special steel). Figure 3.2-16 shows the
relationship of the maximum wheel pressure to the allowable wheel pressure. When the surface
of the rail is assumed to the flat, the Hertz stress can be calculated by the following equation.
PO=0.418 - (qE/D/2)1/2

Here, PO is the maximum pressure on the center of the contact surface, q is the line weight on the
normalized length, D is the diameter of a wheel, and E is modules of direct elasticity (= 2.1 x
104 kg/cm?). Examples of the calculation are shown in Fig. 3.2-17.

As the result, when the number of wheels is 8 and the width of the rail is 100 mm, the
minimum wheel diameter (D) can be 100 mm. Assuming non-uniform loads distribution on

wheels, the wheel diameter should be 150 mm for safety margin.

(3) Replacement procedures of ion source
From the above consideration, the removing and installing procedures of the ion source are
considered in detail. The removing procedures are described as follows.
(1) A manipulator in the cask grabs a bolting tool.
(2) The manipulator with the bolting tool approaches to the flange of the ion source.
(3) The bolting tool is installed on the guide rail of the flange and fixed.
(4) The bolting tool unscrews the bolts located at a regular interval.
(5) The bolting tool removes the lower bolts at first.
(6) The manipulator grabs a lip seal cutting tool.
(7) The lip seal cutting tool is installed on the guide rail of the flange and fixed.
(8) The lip seal cutting tool cuts the lower lip seal of the flange.
(9) The carrier approaches to the ion source.
(10) The ion source is received by the carrier.
(11) The bolting tool removes all bolts.
(12) The bolting tool is returned to the cask.
(13) The lip seal cutting tool cuts the remaining lip seal of the flange.
(14) The lip seal cutting tool is returned to the cask.
(15) The ion source on the carrier is transported and stored in the cask.
In the same way, the installing procedures can be described as the follows.
(1) The ion source on the carrier is moved to the NB flange.
(2) The positioning between flanges is carried out by the carrier.
(3) A manipulator in the cask grabs the bolting tool.
(4) The manipulator with the bolting tool approaches to the flange of the ion source.

— 9 —
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(5) The bolting tool is installed on the guide rail of the flange and fixed.
(6) The bolting tool fastens the bolts with a regular interval.
(7) The manipulator grabs a lip seal welding tool.
(8) The lip seal welding tool is installed on the guide rail of the flange and fixed.
(9) The lip seal welding tool welds the upper lip seal of the flange.
(10) The bolting tool fastens the bolts of the welded parts.
(11) The dead weight of the ion source is released from the carrier.
(12) The carrier is returned to the cask.
(13) The remained lip seal parts are welded by the lip seal welding tool.
(14) All bolts on the flange are fastened by the bolting tool.
(15) The lip seal welding tool is returned to the cask.
(16) The bolting tool is returned to the cask.
The main parameters of the ion source carrier are specified as listed below.

Degree of freedom 16

Allowable pay load : 31 tons

Allowable positioning error

- X axis :+25 mm

- Y axis : +30 mm, -0 mm

- Roll, Pitch, Yaw angles : 20.5, £0.5, 2 degrees
Allowable positioning error for the flange :0.1 mm

3.2.5 HV connection / disconnection tool

A high voltage (HV) connection line is composed of bus-bars, filament connectors and cooling
pipes. When the ion source is replaced, the HV connection line must be disconnected by tools.

Figure 3.2-18 shows a concept of the bus-bar handling and bolting by using two manipulators
and tools. The handling tool attached to the main manipulator grabs the center of the bus-bar and
supports the weight. The bolting tool attached to the wrench handling manipulator fastens the bolts.
Two type manipulators are controlled by the master-slave type control architecture.

The filament connector is formed to a square block in order to connect easily. The connector
block is connected in the center of the filament cable. When the connector is
connected/disconnected, one side of the connector is to be fixed in order to sustain the reaction
force and the other side is free for push/pull. The design conditions of the connector block for the
filament cable are listed below.

* Function

- Possible to connect the electrical cable of the filaments.
« Movement ranges

- From an electrical connection to a temporary place for the connector block.
» Handling method

- Easy connection for remote handling.

- Possible to handle with main and support manipulators cooperated.
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* Reliability and safety
- Need to verify the connector connection.
- Possible to recover in case of trouble.
- Possible to use in severe conditions.
Figures 3.2-19 and 3.2-20 show the handling tools designed for replacement of filament connectors.
Figure 3.2-21 shows the schematic view of the connector block.

The cooling pipes in the HV line are formed to double pipes in order to keep the electric
potential. When the pipes are cut/welded, the pipes have to be adjusted and aligned in straight to the
fixed pipes. In order to position and align the pipes, a pipe clamp mechanism has been designed.
Figure 3.2-22 shows the structural concept of the designed clamp mechanism together with a
welding tool. The main functions of this clamp mechanism are listed below.

» Possible to fix the upper and lower pipes.

* Possible to set the welding/cutting tools on.

* Possible to hold the cut pipes.

3.2.6 Ion source flange handling tool

When the ion source is removed, its flange is to be handled by a flange handling tool with a
bolting and a lip seal welding/cutting tool as mentioned above. Figure 3.2-23 shows the flange
handling tool designed. This tool can equip the bolting and lip seal welding/cutting tools.

3.2.7 Flange holding mechanism

When the outer flange, which is attached to the cell of the NBI, is removed, the double seal door
with the outer flange of NBI cell is stored in the cask by using a flange holding mechanism before
the maintenance operation. The holding mechanism has the functions of tilting and turning in order
to move the double seal door with the flange.

When the holding mechanism is moved to the cask, it has to be tilted to avoid interference with
the guide pin. Therefore, the holding mechanism is moved horizontally with tilting. The tilting
mechanism also avoids from the interference with the ion source on the transporter. After tilting, the
holding mechanism is turned to 180 degree. The double seal door with the flange is moved to the
temporary place and fixed. For carrying the holding mechanism with approximately 15 tons, the
tilting mechanism needs a strong support. Possible methods of the tilting are a cylinder type, a link
type and a rotation type, as schematically shown in Fig. 3.2-24. Issues of each tilting method are as
follows.

* Cylinder type

- A cylinder tilts a double seal door.
- Need a hydraulic type mechanism to support the door weight.
* Link type
- A link tilts a double seal door.
- Need an electric/hydraulic mechanism to support the door weight.
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* Rotation type
- Rotation mechanism rotates a double seal door.
- Difficult to install the rotation mechanism.
- Large torque applied on the rotation mechanism.
In addition, the holding mechanism needs a linear table to move the double seal door horizontally.
Accordingly, it is required that the linear table and the tilting mechanism are installed on the turn
table.

3.3 Overhead bridge crane

An overhead bridge crane is installed in the cask to handle the various equipment. The main
objectives of this crane are;

* to carry and move the manipulator.

* to move the maintenance double seal door.

* to move the monitoring equipment in the cask.

« to hold the utilities for the end-effector.

For the design of the crane, the followings are to be taken into account.

* Possible to carry the maintenance double seal door

- Consideration of the maximum transportation load.
- Consideration of the stable grasping mechanism.
- Rotation mechanism for the storing the door.

* Possible to move the manipulator.

e Possible to monitoring in the cask.

» Possible to handle remotely.

» Easy operation and rescue.

* Possible to clean easily.

« High reliability

- To select the radiation hardness material.
- Possible to change the parts with module structure.

To carry and move the manipulator, various bridge and trolley concept, such as suspension type,
suspension double rail type and overhead type are investigated. Table 3.3-1 shows the comparison
of the manipulator carrier. As a result, the suspension double rail type carrier is better than the
others from a view point of space availability due to the rail position. The cask wall is available to
store the double seal door because the rail can be installed on the ceiling. The suspension type can
be also adopted to the carrier.

The carrier on the crane must support the maintenance double seal door with a dead weight of
3.5 tons. Considering the supplementary parts for the carrier, the capacity of the carrier is to be
approximately 15 tons. Figure 3.3-1 shows the conceptual design of the crane carrier. It has the
hang saddle with the double rails.

The telescopic arm is installed on the carrier. It handles the maintenance double seal door and
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carries the manipulator. For operating the manipulator, the telescopic arm needs a stroke of 3.7 m.
In addition, the rotation mechanism is needed to rotate +180 degrees from a view point of the
manipulator operation range and the double seal door operation. Figure 3.3-2 shows a conceptual
design of the telescopic arm. The specifications of the crane are shown as the follows.

* Traveling speed : 0 ~ 10 m/min (variable)
* Traversing speed : 0 ~ 10 m/min (variable)
» Stroke speed : 1.0, 5.0 m/min

* Rotation speed :0~3 rpm

* Span :4.25m

» Traveling range :6.75m

» Telescopic stroke :3.65m

* Capacity : 15 tons

» Manipulator arm length :1m

4. MONITORING AND CONTROL SYSTEM

4.1 Monitoring system
When the NBI maintenance is carried out, a monitoring system helps operators for the remote
handling operations. The monitoring system covers the observation of the transfer cask movement
and the remote handling operation. A normal type camera, that is not radiation hardness type, is
adopted to the monitoring system because of low gamma radiation. The conditions of the
monitoring system are shown as follows.
* Conditions
- Same as the NBI maintenance conditions.
* Lighting
- No illumination in the NBI cell.
* Observation object
- Traveling situation of the transfer cask for the NBI maintenance.
- Situation in the transfer cask while traveling.
- Situation in the transfer cask during the NBI maintenance.
- Manipulator operation during the NBI maintenance.
Considering the above conditions, the observation cameras are required at least to motion traveling
of the cask operation in the transfer cask, the crane operation, the manipulator operation and the
transfer cask. The specifications of cameras are described as follows.
* Traveling observation camera
Two camera units are installed on the cask, corresponding to the traveling direction with
backward and forward.
* Transfer cask inside observation camera

For monitoring the double seal door and the ion source on the carrier, four camera units are
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installed on the corners of the cask inside.

* Crane observation camera
For monitoring the crane and the overall manipulator on the telescopic arm, two camera units
are installed on the right and left of the trolley.

» Manipulator observation camera
For monitoring the manipulator, two camera units are installed on the right and left of the
arm.

» Transfer cask outside observation camera
For monitoring the outside of the transfer cask, three camera units are installed on the NBI
maintenance floor, the cask lifter and the hot cell, respectively.

* Control and operation methods
All camera units are controlled from the central operation room. When the cask is connected
to the NBI cell, the monitoring system is controlled through the cable connection. While the
cask is traveling, the monitoring system is controlled by the trolley-bus-duct connection.

* Specifications of the camera unit

- Signal method :NTSC

- Imaging sensor : Charge Coupled Device (CCD)

- Minimum illumination 12 Lux

- Lens mount : C mount

- Lens : zooming mechanism

- [llumination : halogen lamp

- Movement : panning, tilting, zooming, focusing

Figure 4.1-1 shows the conceptual design of the monitoring system and Fig. 4.1-2 shows the

construction of the monitoring system.

4.2 Control system

The transfer cask is moved from the hot cell to the NBI cell. During the traveling, the cask is
controlled by remotely from the central control/operation room. Therefore, the communication
between the cask and the operation room is needed for control the cask traveling. Table 4.2-1
shows the comparison of the contact and non-contact type communication methods. As a result,
the closed combination wireless method seems better for cask control.

In the same way, the power supply is needed for the cask and RH equipment for operation.
Table 4.2-2 shows the comparison of the power supply methods, trolley and battery. As a result, the
trolley type on ceiling is better than the others from a view point of the space efficiency. If possible,
it should be considered to adopt the contactless energy transfer system. Figure 4.2-1 shows the
overall NBI maintenance system.
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5. MAINTENANCE TIME AND COST ESTIMATION

5.1 Estimation of the maintenance time

The filaments and the ion source replacement time were estimated under the assumed
maintenance scenario. The assumed conditions for the replacement are shown in Table 5.1-1,
which includes speed of each equipment, a destination of each equipment and each traveling
distance. The cask transfer route assumed for the NBI maintenance is shown in Fig. 5.1-1.

The estimated maintenance time for the filament replacement and the ion source replacement is
shown in Figs. 5.1-2 and 5.1-3, respectively. In the case of the filament replacement, the total
replacement time is estimated to be about 16 hours and the ion source replacement time is about 30

hours. This maintenance time estimates only processing time under the assumptions.

5.2 Cost estimation
The fabrication cost of NBI maintenance equipment based on the design study mentioned above
is preliminary estimated. The conditions of the estimation are listed below.
(a) Cost estimation items
* Number : one set
« Estimation items : design of the equipment, fabrication, installation
fabrication drawing
processing, fabrication, assemble
test and inspection in the factory
assemble in the spot
function test in the spot
(b) Equipment for estimation
* NB transfer cask
* Overhead crane
* Jon source transporter
* Turning and tilting mechanism for ion source
* Filament handling tool
* Bus-bar handling tool
» Filament connector handling tool
* Welding/cutting tool from outside
* Flange handling tool
* Cask docking wrench
* Lip seal welding/cutting tool
* Monitoring system for all equipment
* Controller for all equipment
The quantity of each equipment is described below.

(1) Transfer cask system
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* Transfer cask
* Bogie for the cask
* Double seal door for the cask
* Trolley for the signal and power supply
(2) Loading equipment
(a) Ion source transporter
* Transporter for the ion source movement
* Rail unit for the ion source traveling
(b) Overhead crane
* Telescopic arm
* Master slave type manipulator
* Double seal door support mechanism
¢ Traveling rail
(c) Turning and tilting mechanism
* Turn table
» Tilting mechanism
* Rail unit for the tilting mechanism
* Storage stand for the double seal door
(d) Double seal door for the maintenance
» Maintenance double seal door
* Storage stand for the maintenance double seal door
* Storage stand for the ion source flange
* Flange bolting tool
(e) Filament and HV handling Tools
* Filament handling tool
* Filament storage rack
* Flange bolting tool
* Bus-bar handling tool
* Filament connector handling tool
» Welding/cutting tool for the cooling pipe
* Positioning tool for the cooling pipe
* Lip seal welding/cutting tool
* Flange bolt connection tool
» Storage stand for the changing parts
» Storage stand for the tools
(3) Monitoring system
» Cask traveling observation camera unit
» Cask inside observation camera unit

* Overhead crane observation camera unit

1 set
: 2 set
: 1 set
11 set

1 1 set
: 1 set

11 set
: 1 set
: 1 set
: 1 set

: 1 set
: 1 set
: 1 set
. 1 set

1 1 set
: 1 set
1 set
11 set

: 2 sets for right and left
: 1 set
: 1 set
: 1 set
.1 set
: 1 set
11 set
: 1 set
: 1 set
: 1 set
: 1 set

: 2 set
1 4 set
: 2 set
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* Manipulator observation camera unit
« Control system for the monitoring
¢ [llumination
(4) Control and operation unit
* Central operation and control unit
* Relay box
» Trolley bus duct for the power supply and signal
(5) Test stand for a factory and spot
* NBI cell mock up equipment
* Ion source mock up equipment
* Traveling rail mock up equipment
* Traveling area mock up equipment
» Lifter mock up equipment
» Measurement equipment for tests
(6) Installation jigs
* Rail setting tools

Table 5.2-1 shows the result of cost estimation for the NBI maintenance equipment based on the

mentioned above.

5.3 Fabrication schedule

Figure 5.3-1 shows the fabrication schedule for the NBI maintenance equipment, which is

preliminary estimated on the basis of this design study.

6. CONCLUSION

The NBI maintenance has been designed and assessed under the ITER EDA conditions. It
covers the following equipment for replacement of filaments and ion source, which are the RH

Class-1 components.
- Transfer cask

- Manipulator system ( including manipulator and telescopic arm on the overhead crane)

- End-effector for each task

- Turning and tilting mechanism for the ion source
- Transporter for the ion source

- Maintenance double seal door

- NBI dome double seal door

- Double seal door handling mechanism

- Rail deploying mechanism for the transporter

- Monitoring system

- Control and operation system

In addition, preliminary estimation on cost, maintenance time and the fabrication schedule are

12 set
0 1 set
: 1 set

11 set
.1 set
.1 set

: 1 set
: 1 set
11 set
11 set
11 set
: 1 set

2 1 set



JAERI-Tech 99-055

presented in accordance with the results of this design study and assumptions.
Based on the design concepts developed in this task, more detailed design study is required to
develop the remote handling procedures and equipment/tools.
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Table 1.4-1 Main NBI components
Component Overall dimensions (m) Dead weight (ton)
Ton source & | IS & Acc 3.2diax2.8L 25.9
accelerator |I/S Vessel 5.0diax4.4L 50.2
Total 5.0diax4.4L 76.1
Beam line Neutralizer 1.2Wx22Hx3L 8.4
Residual ion dump 1.2Wx24Hx1.8L 3.4
Calorimeter 0.03Wx1.4Hx0.96L 10.9
Cryopump 3.475diax 6.95L 3.5
Beam limiter TBD 0.75
Vacuum vessel 3.675diax 6.95 L 18.5
Total 3.975diax 6.95 L 42
Vacuum Module bellows 1.7diax 0.76 L 0.5
duct Duct liner 064 Wx13Hx54L 8
Drift duct 3.0diax 1.52L 5.6
Port side bellows 20diax 1.75L 1.4
Port duct Port liner 064 Wx13Hx15L 8.2

Table 1.4-2 Remote handling classification of NBl components

Class-1 [ Class-2 | Class-3
Component | Frequency | Component | Frequency | Component | Frequency

Ion source & | 1 per year Neutralizer | Accident
Accelerator per NBI Ion dump Accident
Filaments 2 per year Calorimeter | Accident
per NBI Cryopump | Accident

Beam Accident

limiter
Beam duct | Accident

Table 1.4-3 Environmental conditions for Class-1 maintenance

Items Design conditions
Pressure 0.1 MPa
Vent/Purge gas air or nitrogen
Temperature ~ ambient
Radiation 0.1 ~ 1 Sv/h around the ion source

(preliminary estimate)

10-2 Sv/h outside the ion source vacuum boundary
10-3 Sv/h outside the beam line
10-4 ~ 10-5 Sv/h outside the magnetic shield

magnetic field

ZE€ro
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Table 2.1-1 Design conditions of the filament replacement

No. | Category Conditions
1 Functions 1) A manipulator handles the filaments with useful tools attached on the
end-effector.
2) A manipulator commonly handles other components by changing the
tools.
2 Structure,
dimension
(1) Filaments 1) Six filaments with electrodes at the side of them are set to one block.
2) One filament block has a mechanism to fix itself to the housing
mechanism on the ion source.
3) The electrodes have expand-plugs to connect and disconnect them by
lever operation.
(2) Housing 1) The housing installs the block of filaments as shown in Fig. 2.1-2.
2) The housing has a multi contact mechanism of electrodes.
3) The housing has filament locking devices and alignment tool mounting
holes.
(3) Surrounding | 1) The surrounding of the ion source is shown in Figs. 2.1-3 ~ 2.1-6.
3 Others 1) The total weight of six filaments and tool is less than 50 kgf.
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Table 2.1-2 Procedure of filaments replacement

I

NO. PROCEDURE PROBLEMS COUNTERMEASURES

1 | Preparatory Work
(1) Align cask with hatch.
(2) Remove hatch.
(3) Remove source dome cover,
(4) Prepare maﬁpulator

2 | Removal of Filaments
(1) Grasp tool by manipulator. * Mechanism to prevent move or drop during transportation * A stopper is provided with the linear guide.
(2) Install tool onto housing. * Interface structures of tool and housing -} * The upper lower guide pins and the holes of housing are tapered.
(3) Rotate tool. * Position of grasping tool by manipulator during rotation * The grasping position is the upper part of tool which does not interfere with buss bars, etc..
(4) Insert tool into housing. * Position of grasping tool by manipulator during insertion * The grasping position is that not to yield rotational force to tool.
(5) disconnect electrodes. * Position of grasping tool by manipulator during withdrawal * Same as above.
(6) Fix filament to tool. * Operation of rotating lever * Rotate the center axis of lever. (The end effector is required to replace.)
(7) Withdraw tool. * Structure to determine angular position of tool when rotating * A stopper is provided with the tool.
(8) Rotate tool. * Force needed for each operation * It will be studied in the basic design.
(9) Remove tool to cask. - Operation and Control of manipulator - Same as above.

3 | Installation of Filaments
(1) Grasp tool by manipulator. * Mechanism to prevent move or drop during transportation « Same as above ( 2(1) ).
(2) Fix filament to tool. * Structure to fix filaments + Locking structure using spring is provided.
(3) Install tool onto housing. - Interface structures of tool and housing + Same as above ( 2(2) ).
(4) Rotate tool. * Position of grasping tool by manipulator during rotation » Same as above ( 2(3) ).
(5) Insert too! into housing. * Paosition of grasping tool by manipulator during insertion - Same as above ( 2(4) ).
(6) Fix filament to housing * Position of grasping tool by manipulator during withdrawal + Same as above ( 2(5) ).
(7) Connect electrodes. * Operation of rotating lever * Same as above (2(6) ).
(8) Withdraw tool. * Structure to determine angular position of tool when rotating + Same as above ( 2(7)).
(9) Rotate tool. * Force needed for each operation + Same as above ( 2(8) ).
(10) Remove tool. * Operation and Control of manipulator - Same as above ( 2(9) ).

4 |Restoring Work

(1) Store replaced filaments.
(2) Store manipulator.

(3) Install source dome cover.

— 21 ~ 22 ~
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Table 2.1-3 Schematic view of filaments replacement (1)

NO. PROCEDURE SKETCHES
1 Preparatory Work
(1) Align cask with hatch.
(2) Remove hatch.
(3) Remove source dome cover.
(4) Prepare manipulator
o | Removal of Filaments
(1) Grasp tool by manipulator.
MANIPULATOR
[am ]
TOOL
(2) Install tool onto housing.
/ E ' ——
- - F l_'_,w
—
A I =
= :
(3) Rotate tool.
i f‘?‘ 1 * )
<—/ Lﬁ
(4) Insert tool into housing.
T
) -
il ¥
(5) disconnect electrodes.
& \
¥ &1/
ind |- 1 Jﬂ
K /4 v
3 =>
Le |
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Table 2.1-3 Schematic view of filaments replacement (2)

(6) Fix filament to tool.

N\

=10
-

e

519

(7) Withdraw tool.

¥

(8) Rotate tool.

(9) Remove tool to cask.

Installation of Filaments

(1) Grasp tool by manipulator.

(2) Fix filament to tool.

$50-66 4o2L-TyaV[



Table 2.1-3 Schematic view of filaments replacement (3)
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(3) Install tool onto housing.

(4) Rotate tool.

(5) Insert tool into housing.

§50-66 Yoal-Tyav(

(6) Fix filament to housing

(7) Connect electrodes.

(8) Withdraw tool. !




Table 2.1-3 Schematic view of filaments replacement (4)

(9) Rotate toal.

(10) Remove tool.

4 | Restoring Work
(1) Store replaced filaments.
(2) Store manipulator.

(3) Install source dome caver,

— 08 ~ 62 —
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Table 2.2-1 Functions of the filament replacement tool

NO. FUNCTION SKETCHES
1 { Prevention to move and drop during,
1 'PIN WITH SPRING
—_—

2 Interface structures of tool and|

housing }"" FE}‘:]

|
Pr*—' TAPERED PIN

3 | Grasping position during trasporta-

tion

GRASPING POSITION DURING ROTATION
4 | Grasping position during rotation
GRASPING POSITION DURING
INSERTION AND WITHDRAWAL
& | Grasping position during insertion
STOPPER FOR ROTATION
OPERATING POSITION OF LEVER

6 | Grasping position during withdraw-

al

+
7 Operating position of lever 5
b

8 | Determination of angular position OPERATING POSITION OF LEVER

during rotation

GRASPING POSITION DURING TRANSPORTATION

9 | Fixing filament

SPRING EFFECT

G50-66 Yoo L-Tydv[



— €€

Table 3.1-1 Maintenance scenario of NBI ion source

area

1.1.2 Transfer the cask to the main
building '
1.1.3 Lower the cask to NBI floor level

No. |Main procedure Sub procedure Assistant procedure(pre/post work) +Circumstances | Requirements for
-Space & cquipment/structure
interference +Tools,Remarks/Issues,etc.
1 1 Install the cask to 1.1 Lower the cask  [1.1.1 Install the tools to the cask <1R/h -horizontal movement
NBI maintenance to NBI floor level atmosphere mechanism(crane,rail &

truck)
-150tons lifter/crane

1.2 Move the cask
along the troidal
rail in the gallery

1.2.1 Locate the cask to a truck on the
rail of corridor
1.2.2 Move the cask on the corridor
1.2.3 Locate the cask in front of the NBI cell

-Position adjustment of the
cask to the truck

1.3 Locate the cask

on a turn table in

front of the NBI cell

1.3.1 Fix the truck on the turn table

-locking mechanism to fix the
cask to the turn table

§90-66 YooL-1¥daV[



Table 3.1-2 Maintenance scenario of NBI ion source

door

double seal door

of the cask by door tilting mechanism
2.1.2 Fix the double seal doors

Main procedure Sub procedure Assistant procedure(pre/post work) - Circumstances |* Requirements for
‘Space & equipment/structure
interference *Tools,Remarks/Issues,etc.
1 Docking of the cask [1.1 Dock the cask to |1.1.1 Slide the turn table -docking and positioning
to the NBI cell the cell 1.1.2 Positioning by the guide mechanism mechanism
1.1.3 Fix the cask to the docking flange -seal mechanism between the
docking flange and the cask
-applicability of O-ring
1.2 Connect the cask {1.2.1 Connect the cask door to the dome flange -seal mechanism of the cask
door to the NBI door
Pressure vessel dome {1.2.2 Unbolte the dome flange -Unbolting mechanism
1.2.3 Unlock the dome double seal door -to form a double seal door
-locking mechanism of dome
double seal door
2 Open the double seal}2.1 Open the dome |[2.1.1 Move the dome double seal door to back|102R/h -applicability of O-ring

-excange of the O-ring

-air condition in the NBI cell
-recover the dust around NBI
vessel dome

-door tilting mechanism

-fixing mechanism

G60-66 YO9L-TYIV[
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Table 3.1-3 Maintenance scenario of NBl ion source

line

1.1.2 Disconnect lower bus bar connecting
bolts by manipulator with impact wrench
1.1.3 Disconnect upper bus bar connecting
bolts by manipulator with impact wrench
1.1.4 Release and remove bus bars to the cask

No. |Main procedure Sub procedure Assistant procedure(pre/post work) »Circumstances |- Requirements for
*Space & equipment/structure
interference *Tools,Remarks/Issues,etc.

3 1 Disconnecting HV  {1.1 Remove bus bar {1.1.1 Grapple a bus bar by support arm -support arm with grappling

mechanism

-manipulator mechanism
-position adjustment of impact
wrench to the bus bar bolts

-storage of bus bars

1.2 Remove filament

feed connectors

1.2.1 Grapple a filament feed by support arm

1.2.2 Disconnect filament feed conectors by
manipulator

1.2.3 Temporary storage of the connectors on
the ion source

-filament feed grappling
mechanism
-Disconnecting/Connecting
mechanism of the connector
-position adjustment of arm
-storage of filament feed.

connectors

650-66 Yo2L-T¥dV[



Table 3.1-4 Maintenance scenario of NBl ion source

line

shield of pipe

1.3.2 Disconnect corona shield
1.3.3 Release and remove corona shield to the

cask

No. |Main procedure Sub procedure Assistant procedure(pre/post work) - Circumstances |- Requirements for
*Space & equipment/structure
interference +Tools,Remarks/Issues,ete.
3 1 Disconnecting HV 1.3 Remove corona  |1.3.1 Grapple a corona shield -corona shield fixing

mechanism
-position adjustment of

manipulator

-storage of corona shield

1.4 Cutting water
cooled feed pipes

1.4.1 Positioning clamp mechanism on pipe
1.4.2 Positioning pipe cutter on the clamp
1.4.3 Cutting the pipe

1.4.4 Remove the pipe cutter to the cask
1.4.5 Remove the clamp to the cask

-clamp/unclamp mechanism
-pipe cutter mechanism
-recovery of chips

-edge preparation

850-66 Yo°1-1y3v[



Table 3.1-5 Maintenance scenario of NBl ion source

rail to bridge between
the cell and cask

3.1.2 Fix the rail

No. |Main procedure Sub procedure Assistant procedure(pre/post work) - Circumstances |- Requirements for
*Space & equipﬁ1ent/structure
interference +Tools,Remarks/Issues,etc.
4 1 Install the radial rail{l.1 Install the radial {3.1.1 Deploy the rail -deployment and docking

mechanism of the radial rail

2 Deployment the RH

equipment/tools

2.1 Install the

manipulator

2.1.1 Deploy the manipulator
2.1.2 Locate the manipulator

-manipulator deployment
mechanism

-positioning and fixing
mechanism for the

manipulator

2.2 Install unbolting

2.2.1 Install the unbolting equipment by

-installation space for the

bolts

equipment/tools manipulator on flange of ion source manipulator and work area
-monitoring for the
manipulator movement,
measurement and control
2.3 unbolt 2.3.1 Unbolt of flange bolts, except holding ~unbolting mechanism

-move mechanism

2.4 Remove the

equipment

2.3.1 Remove the equipment to the cask

G50-66 YooL-TydV[
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Table 3.1-6 Maintenance scenario of NBl ion source

No. [Main procedure Sub procedure Assistant procedure(pre/post work) -Circumstances |- Requirements for
-Space & equipment/structure
interference +Tools,Remarks/Issues,etc.
5 1 Install the ion source|1.1 Install the ion 1.1.1 Move the transporter into ion source -transporter mechanism

transporter

source transporter

pressure vessell

1.1.2 Positioning the transporter to lifting
position

1.1.3 Raising ion source supports to load ion

source

-positioning the transporter

-sensing the load of ion source

2 Cutting rip seal

2.1 Install the

manipulator

2.1.1 Deploy the manipulator
2.1.2 Locate the manipulator

-manipulator deployment
mechanism

-positioning and fixing
mechanism for the

manipulator

2.2 Install rip seal

cutting tools

2.2.1 Install the rip seal cutting tool by

manipulator on flange of ion source

2.3 Cutting the rip

seal

2.31 Cutting the rip seal

-installation space for the
manipulator and work area
-monitoring for the,
manipulator movenient, :

measurement and control.

2.4 Store the tool

2.4.1 Remove the manipulator

2.4.1 Store the tools in the cask

950-66 YooL-1y¥daV[
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Table 3.1-7 Maintenance scenario of NBl ion source

No.

Main procedure

Sub procedure

Assistant procedure(pre/post work)

- Circumstances
*Space &

interference

‘Requirements for

equipment/structure

*Tools,Remarks/Issues,etc.

3 Unbolt the holding
bolts

3.1 Install unbolting

tool

3.1.1 Install the unbolting tool by manipulator

on flange of ion source

3.2 Unbolt the
holding bolts

3.2.1 Unbolt the holding bolt
3.2.2 Move the unbolting tool to next bolt

3.3 Recover trash

3.3.1 Put away trash in the cask

3.4 Store the tool

3.4.1 Remove the manipulator
3.4.2 Store the tools in the cask
3.4.3 Remove the manipulator to upper side of]

the cask

-monitoring for the
manipulator movement,

measurement and control
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Table 3.1-8 Maintenance scenario of NBI ion source

source

source

transporter

No. |Main procedure Sub procedure Assistant procedure(pre/post work) +Circumstances |- Requirements for
-Space & equipment/structure
interference +Tools,Remarks/Issues,ete.

6 1 Transfer the ion 1.1 Transfer the ion |1.1.1 Transfer the ion source by the ion source -driving and fixing mechanism

of the ion source

1.2 Move into the

cask

1.2.1 Move the ion source into the cask

1.2.2 Fix the ion source in the cask

2 Remove the radial

rail

2.1 Remove the radial
rail between the cell

and cask

2.1.1 Unlock the rail fixing mechanism
2.1.2 Re-store the rail in the cask

3 Close the double seal

door

3.1 Move the double

seal door to the cask

3.1.1 Unlock the double seal door
3.1.2 Grapple the double seal door by in-cask

-deployment mechanism of

double seal door

interface crane -balance of double seal door
3.1.3 Turn the double seal door -positioning of double seal door
3.1.4 Move to the interface position

3.2 Lock the NBI cell |3.2.1 Lock the NBI cell door -drive method of lock

door

4 Release the double
seal door and transfer

cask

4.1 Separate the
transfer cask door
from NBI cell door

4.1.1 Release the cask door from NBI cell door
4.1.2 Fix the cask door to the cask
4.1.3 Close the cask door seal

4.2 Release the cask

from the cell

4.2.1 Move the cask holizontally and detach

the cask from the cell
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Table 3.1-9 Maintenance scenario of NBl ion source

Main procedure

Sub procedure

Assistant procedure(pre/post work)

+Circumstances
+Space &

interference

-Requirements for
equipment/structure

+Tools,Remarks/Issues,ete.

5 Transport the
transfer cask
containing the ion

source

5.1 Rotate the cask

for transportation

5.1.1 Rotate the turn table
5.1.2 Unlock the cask from the turn table

5.2 Move on the

5.2.1 Move the cask along the toroidal rail

corridor 5.2.2 Locate the cask to the lifting position
5.3 Carry out the 5.3.1 Lift the cask

cask outside NBI 5.3.2 Transport the cask to the hotcell
floor
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Table 3.1-10 Maintenance scenario of NBl ion source

No. |Main procedure Sub procedure Assistant procedure(pre/post work) - Circumstances |- Requirements for
-Space & equipment/structure
interference *Tools,Remarks/Issues,ecte.
7 1 Install the cask 1.1 Lower the cask  |1.1.1 Install the tools to the cask <1R/h (similar No.1-1.1)
(include to NBI floor level [1.1.2 Transfer the cask to the main atmosphere '

maintenanced ion
source) to NBI

maintenance area

building
1.1.3 Lower the cask to NBI floor level

1.2 Move the cask
along the troidal
rail in the gallery

1.2.1 Locate the cask to a truck on the
rail of corridor
1.2.2 Move the cask on the corridor
1.2.3 Locate the cask in front of the NBI cell

(similar No.1-1.2)

1.3 Locate the cask

on a turn table in

front of the NBI cell

1.3.1 Fix the truck on the turn table

(similar No.1-1.3)
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Table 3.1-11 Maintenance scenario of NBI ion source

to the NBT cell

the cell

1.1.2 Positioning by the guide mechanism
1.1.3 Fix the cask to the docking flange

No. [Main procedure Sub procedure Assistant procedure(pre/post work) +Circumstances j* Requirements for
*Space & equipment/structure
interference *Tools,Remarks/Issues,ete.
8 1 Docking of the cask |1.1 Dock the cask to }1.1.1 Slide the turn table (similar No.2-1.1)

1.2 Connect the cask
door to the NBI

Pressure vessel door

1.2.1 Connect the cask door to the vessel door
1.2.2 Unlock the vessel door from vessel flange
1.2.3 Unlock the double seal door from cask

-Unlocking mechanism

2 Open the double seal

door

2.1 Open the double

seal door

2.1.1 Move the double seal door to side of the
cask by manipulator
2.1.2 Fix the double seal doors

102R/h

GG0-66 YodL-T¥av[



Table 3.1-12 Maintenance scenario of NBl ion source

rail to bridge between
the cell and cask

1.1.2 Fix the rail

No. (Main procedure Sub procedure Assistant procedure(pre/post work) -Circumstances |- Requirements for
-Space & equipment/structure
interference *Tools,Remarks/Issues,etc,
9 1 Install the radial rail|1.1 Install the radial {1.1.1 Deploy the rail

2 Transfer the ion

2.1 Transfer the ion

2.1.1 Transfer the ion source by the ion source

(reverse order of No.6-1)

source source transporter
2.2 Move into the 2.2.1 Unlock the ion source in the cask
pressure vessel 2.2.2 Move the ion source into the pressure
vesel
3 Bolt the holding bolts{3.1 Install bolting 3.1.1 Install the bolting tool by manipulator on

tool

flange of ion source

3.2 Bolt the holding
bolts

3.2.1 Bolt the holding bolt
3.2.2 Move the bolting tool to next bolt

3.3 Store the tool

3.4.1 Remove the manipulator

3.4.2 Store the tools in the cask
3.4.3 Remove the manipulator to upper side of]
the cask
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Table 3.1-13 Maintenance scenario of NBI ion source

No. |Main procedure Sub procedure Assistant procedure(pre/post work) + Circumstances |*Requirements for
*Space & equipment/structure
interference +Tools,Remarks/Issues,etec.
10 1 Remove the ion 1.1 Remove the ion ]1.1.1 Lower ion source supports to unload ion (reverse order of No.5-1)

source transporter

source transporter

source
1.1.2 Remove the transporter into the cask
from ion source pressure vessell

1.1.3 Positioning the transporter to fixing

position

2 Welding rip seal

2.1 Install the

manipulator

2.1.1 Deploy the manipulator
2.1.2 Locate the manipulator

2.2 Install rip seal

welding tools

2.2.1 Install the rip seal welding tool by

manipulator on flange of ion source

2.3 Welding the rip

seal

2.31 Welding the rip seal

-welding tool

2.4 Store the tool

2.4.1 Remove the manipulator

2.4.1 Store the tools in the cask
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Table 3.1-14 Maintenance scenario of NBIl ion source

No. |Main procedure Sub procedure Assistant procedure(pre/post work) +Circumstances |- Requirements for
*Space & equipment/structure
interference Tools,Remarks/Issues,ete.
11 1 Deployment the RH (1.1 Install bolting 1.1.1 Install the bolting equipment by (reverse order of No.4-2)

equipment/tools

equipment/tools

manipulator on flange of ion source

1.2 Bolting

1.2.1 Bolt of flange bolts, except holding bolts

1.3 Remove the

equipment

1.3.1 Remove the equipment to the cask

2 Remove the radial

rail

2.1 Remove the radial
rail to bridge between
the cell and cask

2.1.1 Remove the rail
2.1.2 Fix the rail

(reverse order of No.4-1)
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Table 3.1-15 Maintenance scenario of NBI ion source

No. [Main procedure Sub procedure Assistant procedure(pre/post work) - Circumstances |- Requirements for
Space & equipment/structure
interference Tools,Remarks/Issues,etc.
12 |1 Connecting HV line (1.1 Welding water 1.1.1 Positioning clamp mechanism on pipe -pipe welder

cooled feed pipes

1.1.2 Positioning pipe welder on the clamp
1.1.3 Welding the pipe

1.1.4 Remove the pipe welder to the cask
1.1.5 Remove the clamp to the cask

1.2 Install corona

shield on pipe

1.2.1 Install corona shield from the cask to the
pipe
1.2.2 Connect corona shield

(reverse order of No.3-1.3)

1.3 Install filament

feed connectors

1.3.1 Grapple the filament feed by
manipulator from Temporary storage place on
the ion source

1.3.2 Grapple a filament feed by support arm
1.3.3 Connect filament feed conectors by

manipulator

(reverse order of No.3-1.2)

1.4 Install bus bar

1.4.1 Grapple a bus bar by support arm
1.4.2 Install bus bars from the cask
1.4.3 Connect bus bar connecting bolts by

manipulator with impact wrench

(reverse order of No.3-1.1)
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Table 3.1-16 Maintenance scenario of NBl ion source

No. |Main procedure Sub procedure Assistant procedure(pre/post work) +Circumstances |*Requirements for
+Space & equipment/structure
interference +Tools,Remarks/Issues,etc.
13 |1 Close the double seal|1.1 Close the dome 1.1.1 Unlock the double seal door 102R/h (reverse order of No.2-2)

door

double seal door

1.1.2 Move the dome double seal door to NBI
cell from back of the cask by door tilting

mechanism

2 Undocking of the
cask from the NBI cell

2.1 Disconnect the
cask door from the

NBI Pressure vessel

2.1.1 Lock the dome double seal door
2.1.2 Bolte the dome flange
2.1.3 Disconnect the cask door from the dome

dome flange
2.2 Undock the cask |2.2.1 Disconnect the cask from the docking
from the cell flange

2.2.2 Slide the turn table

(reverse order of No.2-1)

3 Remove the cask to

maintenance hot cell

3.1 Remove the cask
from NBI cell to the

maintenance hot cell

3.1.1 Turn the table to the direction of corridor
rail

3.1.2 Unlock the truck on the turn table

3.1.3 Move the cask on the corridor

3.1.4 Locate the cask on the lifter

3.1.5 Lift the cask from NBI floor level

3.1.6 Transfer the cask to hot cell

<1R/h

atmosphere

(reverse order of No.1)
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Table 3.2-1 Comparison of the bolt connection tools

Type Hydroulic(or oil) pressure Electric motor Air pressure Remark
Item
' ] 5
I i Compared
Outline — with standard
type
[ ]
Applicable bolt size <M45 L <M36 / <M42
/6 6 6
Dimensions Compact Bigger owing to motor size Blgger than hydraulic pressure type
/ / owing to low pressure /
/0 A A
Hydraulic(or oil) pump Electric power supply Air compressor(large capacity)
Power source . . . .
(large size) _~|(large power consumption) (large air consumption)
‘ X 0O X
X 0) A
Estimation O : Compact O :Minimum application A : Compact

x : large pump, and apprehension

of leakage

A : large dimensions

X : large compressor, and
apprehension of air contamination
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Table 3.2-2(1) Docking procedure of the transfer cask

No. |Item Condition Motion Remarks
1 |Close air supply Cask level and orientation is
valve and exhaust aligned along guide pins.
valve of air spring
level control.
Cask fixing mech.
2 |Cask docking to cell (1)Cask is roughly positioned
by guide pins
(2)Misalignment of cask level
] and orientation is absorbed by
air spring
- @
=
> v/
3 |Cask locked by = . Cask is fixed by inserting
clamps of cell . iﬁ E cotters from cell to the final
position and seal tightness is
maintained between cask and
cell.
4
Double-seal door open
5 |Cask is supported by The cask is supported by jacks
cask fixing so as to keep the level constant
mechanism (jacks). during transportation of
componets and RH equipment.
6 |Air in air spring is
released.
7 |Maintenance
operation
8 [double-seal door

close




JAERI-Tech 99-055

Table 3.2-2(2) Docking procedure of the transfer cask

No. |Item Condition Motion Remarks

9 |[Cotters to lock cask
to cell is released

B

1%

10 |Cask undocking
T
11 |Open air supply 1l Cask is supported by air
valve and exhaust springs.
valve of air spring T
level control [l 'ff %?

12 |Cask fixing Cask level is controlled by
mechanism is automatic leveling mechanism
lowered. T of air spring.

P
W=
m _ =
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Table 3.2-3 Comparison of seal methods for double-seal door

No. Material Characteristics Demerits Construction Remarks
1)High temp. & high vacuous useage 1)Pressing torque is large
2)High resistance to radiation exposure (Approx.30kgf/mm) /Soft metal plate
3)Gas leak rate is very low 2)Repeat usage is difficult s3
1 |Metal O-ring because of shape transformation LO
3)Contact surface must be touch '
up Ra0.4-0.8
4)Difficult to follow
1)High temp. & high vacuous useage 1)Pressing torque is large
2)High resistance to radiation exposure 2)Repeat usage is difficult J{SOft metal
lCori 3)Gas leak rate is very low because of shape transformation - =
2 |Metal C-ring 4)Little pressing torque than Metal O-ring  |3)Contact surface must be touch NI
(Approx. 13kgf/mm) up Ra0.4-0.8
4)Difficult to follow
1)Compact 1)Resistance to radiation Rubber material
2)Easy install . o exposure : 5x10° Gy (L0000 *NBR
] 3)Many precedent and high reliability 2)Gas leak rate is not very low N \\ *EPR
3 |Rubber O-ring 4)Inexpensive ~ :‘:_ ) *Cloro-sulphate-
5)Contact surface may be touch upRa 1.6 NN ethylene rubber
6)Pressure torque is approx.1/10 x Metal O-
D)followable to surface 1)Resistance to radiation Rubber material
(easy transformation of rubber) exposure : 5x10° Gy *NBR
4 |Rubber packing 2)Gas leak rate is not very low :EPR
3)Necessary to construction to Cloro-sulphate-
easily transform the rubber ethylene rubber
1)Dfollowable to surface 1)Resistance to radiation Rubber material
(easy transformation of rubber) exposure : 5x10° Gy g4 *NBR
. . ] .
5 | Rubber inflate seal §)Pressmg torque is not necessary 2)Gas leak rate is not very low *EP R
)Contact consumption is little 3)Necessary to give pressure air <~ Pressure | *Cloro-sulphate-
4)Contact surface may be touchupRa 1.6 |4)Air leackage cause lose seal [ ethylene rubber
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Table 3.2-4 Comparison of the seal material

Type Metal Rubber Remarks
Item Metal O-ring Metal C-ring Rubber O-ring  |Rubber packing |Rubber inflate ’
Tightness © © O O O Metal is better
Resistance to pressure © © @) O @) Metal is better
Tritium tightness © © @) O O Metal is better
Repeatable usage life X X © © © Rubber is better
resistance to radiation Metal is better
© © O O O Shield is necessary for
exposure
rubber
Tightten force X A ) @) © Rubber is better
Maintenability O @) © © © Rubber is better
Cost A A © © O Rubber is better
Reliability © © © © A
Construction A A O © @) Rubber is better
Estimation X x © © A Rubber O-ring,,

packing are better
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Table 3.2-5 Comparison of the connection methods for the double seal door

Idea Bolting type Cotter pin type Clamp type Remarks
No. Item (same as NBI cell flange docking mech.)
1 [Outline
10

RWOVAL OF PRCSSURE 00

YESS{L _FASIINCRS

RCUQYAL OF CASK § 7 /Cél%

0008 _(ASIENCRS R == -l

e
| 75¢TRAVEL)
*Bolts set on MDD(Maintenance *Cotter pin and cotter pin press mech. [*Clamp and clamp drive mech. are set
double-seal door) flange are set on cask flange(or MDD) on cask flange(or MDD)
*Nuts set on cask flange *Wedge effect accomplish docking  |*Clamp power accomplish docking
*In-cask manipulator and bolting *Cotter pin press mech. is mechanical [*Clamp drive mech. is mechanical
equipment accomplish type or oil cylinder type type or oil cylinder type
bolting/unbolting
2 (Merits *Tightness is reliable *No. of cotters is less than bolt type  [*No. of cotters is less than bolt type

*Flange thickness is less than other *Thin mechanism *Hardly stick on connect point
type *Hardly stick on connect point
*Self tock

3 |Demerits

*No. of bolts is much than other type
*Length of bolt axis direction is much
than other type

*stick on bolt

*Thick flange

*Dimension of flange radius direction
is much than bolt tipe

*Mech. to privente from looseness is
necessary

*Thick flange

*Dimension of flange radius direction
is much than bolt tipe

*Mech. to privente from looseness is
necessary

4 [Applicablity

*Large cask flange width is necessity

*Door-door space is usable to set

*Hard to set mech.on account of space

flange connecting mech.
*Flange thickness is much

l Applicable J

4.1|Cask flange - {because of parallel setting with cell *QOperate from inside of cask
cask door flange connecting mech.
*Flange thickness is much
| Applicable J
4 |Cask door - {*Large cask flange width is necessity [*Door-door space is usable to set *Hard to set mech.on account of space
cell door because of parallel setting with cell *QOperate from inside of cask

4 |Cell flange -
cell door

*Same as cell flange docking

*Difficult to drive the pin through cask
maintenance door

*Mechanism to privente from

loc is necessary

Applicable

*Difficult to drive the clamp through
cask maintenance door

*Mechanism to privente from
looseness is necessary

F Estimation

*Open/close operation use time, but
tightness is reliable

*Rotation space is affected by
thickness of door

*Open/close operation time is short
*Dimension of flange radius direction
is much than bolt tipe

*QOpen/close operation time is short
*Dimension of flange radius direction
is much than bolt tipe

*Cask MDD

*Cask flange and cask MDD

*NBI cell flange and cell MDD

Maintenance double-seal door docking mechanism

and cell MDD

Bolting type

Cotter pin type setted cask flange side

Cotter pin type setted cask side
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Table 3.2-6 Comparison of the lip seal cutting methods

Type Mechanical type Melting type Remark
Item Grinder type Shear type
Lip seal
\ \
Lip seal cutterkﬂ f—
)
Outline o
wsgesee | =\ (B) Z e ;j
YT
plasma torch
Hand grinder 0= A
N *Cutting width is thin Cutting width is thin *Cutting width is thick
Cutting ability . . *Thermal influence is little . .
*Thermal influence is little e et T *Thermal influence is large
O [*Cutting line is polygonal @) A
*Cutting quality is good to re-weld, |, .
. i . .. . . to touch up the
Welding ability *Cutting quality is good to re-weld / but it is necessary to touch up cutt?g cf:t’::nze::rsfsa acrg 0 touch up
//o surface or to control rewelding l/m A A
secondary products and *Recovery system for cutting small {*Recovery system for cutting pieces |Recovery system for spatter and dust
recovery powder is necessary is necessary

is necessary, but easy system A

A

Estimation

A

*Cutting quality is better than shear
type, but cutting dust recovery is
difficult

*cutting line is non-linear and
polygonal, but cutting piece recovery
is easy.

X

*Lip seal repeat usage is few times
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Table 3.2-7 Comparison of traveling methods for the lip seal cutting/welding tool

Type] Manipulator handling”type Guide rail type Remark
Item Chain drive Ball screw Wire rope
Bolt wrench Movable table Guide rail Movable table Guide rail Movable table Guide rail
| | S ?E; =/
Outline ) ==!3! ..... O [ ] 1 o | f =
Chain / M Ball screw Motor ) / m
I Bolt wrench driver Wire rope Motor
*Best positioning accuracy, |*low positioning accuracy
Positioning ability |*Usable the flange as guide |*Better positioning accuracy |but must move step as - due to wire elongation and
0 O |curved object A lslip A
R o N o . o .
. N *in-cell permanent support is| Temporaly ral} is necessary, Temporaly ral} is necessary, Temporaly ral.l is necessary, Establish as
Handling ability and operation time is and operation time is and operation time is permanent
not necessary .
®) extended 4 extended 7S extended /A setting
Maintenance ability [*Good assembling ability ]*Good assembling ability _ |*Good assembling ability  [*Good assembling ability
O (@) @) O
O A X X

Estimation

*Usable the flange as guide

*Setting time is long

*Setting times are many
depend on ball screw length

*Setting time is long
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Table 3.2-8 Comparison of the rail connection types

Type Mainipulator moving type Pantograph type Rotation type Parallel link type Rail slide type
Nojltem
1 Qutline
‘Temporary set One rail to every side in ‘Rails are stored inside by pantograph ‘Rail are stored inside by rotation ‘Rails are stored outside by parallel ‘Rails are stored in turntable
Concept | cask mechanism mechanis. link mechanism :After opening double-seal door, rails
:After apenning the double-seal door,set :After opening double-seal door, rails -Agter opening double-seal door, rails :After opening double-seal door, rails are slided and extended in vessel
each rail by manipulator. are slided and opened at connecting are rotated and connected by rotation are moved parallel and connected by :Ion source cartyer runs each rails of
position. mechanism. parallel link mech inside and outside
2} Components |:Extension rails(with guide pins) :Rail slide mechanism :Rail rotation mechanism ‘Rail moving mechanism(parallel link type) |:Rail slide mechanism
:Rail open/shut mechanism :Connecting rails :Connecting rails :Extension rails
:Connecting rails
3| Advantages [:Simple components :Wide capacity of Connecting position :Comparatively simple mechanism ‘Comparatively simple mechanism :Few components in vessel
‘Rough Accuracy of rail positioning
in vessel
4] Dosadvantages |:Rail weight is limited by manipulator :Complicated mechanism -Necessary to avoid from interference ‘Entrance dimension in vgssel is limited ‘wide cask
capacity(eg.100x100x1000mm Rail= ‘Necessary to avoid from interference with double-seal door ‘Necessary to avoid from interference :Complicated turn-table mech
approx.80kg ‘can't handling) with turntable with in-cask rails ‘Difficult to balance of load on each wheel
S} Estimation |:Hard to adopt this type because of :Complicated mechanism ‘Necessary to positioning with double ‘Necessary to avoid from interference :Necessary to investigate running balance
manipulator capacity :Necessary to store in tum-table -seal door - with in-cask rails B
‘Necessary to absorb the cask position ‘Necessary to absorb the cask position ‘Necessary to absorb the cask position ‘Necessary to absorb the cask position
misalignment misalignment misalignment Misalignment
6] Remarks
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Table 3.3-1 Comparison of the manipulator carrier

Idea Suspension type T Suspension double rail type Overhead type
No. Item
1 {Outline I
o o - o °T ——\r/ Rail 3
1A
et =y ——
. i 31 / ] /
 Girder : el Caa U '
saddle Carier Girder 2,
Carrier Girder
' Carrier
t
*Saddles are hung with rails on the ceiling *Saddles are hung with rails on the ceiling *Rails arc put on the support supported on side walled
*Girder rail is hung with saddles *Girder double rails are hung with saddles *Saddles are put on rail
*Carrier is hung with girder rail *Carrier is put on girder double rails upside *Girder double rails are put on saddle
*Carrier is put on girder double rails upside
2 |Construction |*Carrier *Carrier *Carrier
*Low head type saddles *Low head type saddles *QOver head type saddles
*Suspension type girder *Double rail type girder *Double rail type girder
3 {Merits *Carrier can approach side wall nearer than doublerail type *Carrier can approach side wall nearer than doublerail type *Simple constructions of girder and carrier
*Side wall is use free *Side wall is use free *Cask ceiling is not requested strength by carrier
4 |Demerits *Support of carrier is complex *Across travelling span is shorten because of girder and saddle position|*Side wall cannot use free by rail supports
*Cask body must be strengthened *Cask body must be strengthened
3 [Estimation | faintenance double-seal door can be stored on side wall *Maintenance double-seal door can be stored on side wall *Maintenance double-seal door cannot be stored on side wall
*Complex layout disturbs maintenability
6 |Remarks
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Table 4.2-1 Comparison of the communication methods

No. of line)

Type Contact type Non-contact type
Item Connector transmission Trolley transmission  |Closed combination wirele{  wireless transmission |Optical space transmission
. Remott? copnector Twist cable and close Wireless with Antena or
Outline transmits signal between |Brush contacts trolley L . . ~ |Infrared rays
. combination unit leakage concentric cable
terminals
* M . . .
Characteristics Easy control with *Communicable all route - Cqmmumcable point to
sequencer point
Maker - Hitachi, Matsushita Hitachi - Yagi antena,etc.
Transmitted speed O X O A O
Image/sound O X O O O
Controllab i
ontro I\?O le units A (depend on No. of line) A (few) O (many) A (few) A (few)
Maintenability A (wear-out) A (wear-out) O O O
Reliability X (noise) X (noise) @) X (noise) A
Electric wave law O (out of regulation) O (out of regulation) O (not need license) A (need license) O (out of regulation)
A X X
Estimati 1 depends on . )
stimation (control dep (noise) © (noise) O
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Table 4.2-2 Comparison of the power supply methods

Type

Trolley type

Battery type

Item

On Ceiling

On side wall

on floor

Power is supplied by 4 trolley lines.

Power is supplied by battery on
cask.(assumption:usage of closed

Outline (assumption:usage of closed combination wireless communication) combination wireless
communication)
. . X
Possession capacity O (Large battery)
I O @)
Reliability (double trolley) (enough charge)
e O A
Control simplicity (easy) (need DC/AC transformer)
O @)
Plural control (zone control) (independent supply)
. ” O X
Maintenability (easy because of exposed equipment) (need battery charge)
Sat 0O O X A
alety (worker is hard to access) (worker is hard to access) (worker is easy to access) (ventilation at charge)
1 k O A
npact to cas (battery carry space)
@]
Estimation O (issue is design of on the turn X (Safety prob.) X (Large battery)

table)
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Table 5.1-1 Estimation conditions for the NBI maintenance time

No. | Item Condition
1 Destination of ion source Hot cell
2 Destination of filament Hot cell
3 Destination of NBI cell double seal door Hot cell
4 3 maintenance port work Parallel working
5 Layout cf. Fig. 5.1-1
6 Traveling distance from NBI cell to hot cell
- from NBI cell to equipment lift 20m
- from equipment lift to hot cell 70 m
7 Traveling speed of cask Max. speed : 16 m/min,
Mean speed : § m/min
Height of equipment lift 20 m
Speed of equipment lift Max. speed : 3 m/min
Mean speed : 1.5 m/min
10 | Cask traveling time 26 min
- from NBI cell to equipment lift Min. : 2.5 min, Max. : 3 min
- equipment lift Min. : 13.3 min, Max. : 14 min
- from equipment to hot cell Min. : 8.75 min, Max. : 9 min

- from equipment to hot cell
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Table 5.2-1 Cost estimation result for the NBl maintenance equipment

No. Item Quantity | Unit Unit Estimated cost
| price(ldl) (k%)
1 Design of fabrication 6,800 hr 7.98 52,668
2 Processing, fabrication, 22,300| hr 6.92 154,316
assembly
3 Test and inspection in factory 5,600 hr 6.92 38,752
Test jigs 1| set
4 Assembly in spot 2,800 hr 6.92 19,376
5 Test in spot 3,000] hr 6.92 20,760
6 Equipment, material, parts sub-total 844,800
a| Filament handling tools
- Replacement tools 2| set 2,600 5,200 (left & right)
- Storage stand 1] set 1,000 1,000
b | HV handling tools
Bus-bar handling tool
- Support arm 1| set - 3,000
- Bolt connection arm 1} set - 4,000
- End-effector 1] set - 1,000
Connector replacement tool
- Support arm 1| set - 4,000
- End-effector 1| set - 2,000
Pipe welding/cutting tools 1
- Support arm for pipes 1] set - 1,000
- End-effector 1] set - 1,000
- Pipe cutting tool 1| set - 5,000
- Pipe welding tool 1] set - 7,000
- Pipe alignment tool 1] set - 1,600
- Dust collecting tool 1] set - 4,000
Ion source handling tools
- Lip seal cutting tool 1| set - . 6,000
- Lip seal welding tool 1] set - 8,000
- Flange bolt connecting tool 1] set - 6,000
- Flange setting rail 1] set - 20,000
- Transporter 1] set - 65,000
c| Transfer cask
- Cask body 1] set - 100,000
d { Control unit 1{ set - 200,000
€| Manipulator
- Main manipulator 1] set - 100,000
- Overhead crane mechanism 1] set - 150,000
- Support arm 1] set - 15,000
f{ Double seal door 11 set - 25,000
gl Maintenance double seal door 1] set - 20,000
h | Monitoring system 1} set - 25,000
i} Turn & tilting mechanism 1| set - 65,000
7 Total 1,130,672




SPACE REQUIREMENT FOR CASK ROTAT 10N N8B CASK ON TURNTABLE

N8 CASK DOCKED 10
SQURCE VESSEL FLANGE

GALLERY RAILS

TURNTABLE

Fig.1.4-1 Layout of the NBI cells

N8B _CASK ON LIFT

LIFT SHAFT

950-66 YooI-1yaV[



CRYOPUMP

JAERI-Tech 99-055

BEAM SOURCE
PRESSURE VESSEL

BEAM L INE PRESSURE VESSEL

(VACUUM VESSEL)

(CHEVRON_TYPE)

Y S

S| 2

DI M

=

S| &

13

-

I =

S

Q

S

o

S N
Q
W
|
S0
S =
N~
= O
L
@ B
Q

[0
| "]
[
[
D
X
(2%

Ly
~
Mg/
S

&

o

S
-
(2 4
Q
-~
S

WATER RETURN
MANIFOLDS

FAST SHUTTER

ASSEMBLY

A
)
MI.E
Wl -~ Q
= WD~
S TOWn
S =D

Q~I
— Qluk~
= ~N =3O
o I/J
L

CALORIMETER

SUPPORTING RAILS

SUPPORT AL IGNMENT SYSTEM

Fig.1.4-2 Full view of the NBI



a

| ]

ikl

i
(IRl

c |
j r , ( \ﬂ VIEWON  SecTion A-A SECTION B-B  SECTION C-C
1

mme

i
an¥il
Ay

D

N7

nVar D

/ == 80 ANw

_

I::x=--::x:
o o —am i 1
¥

U .| o -
,ﬂxl=l-

j | | L. Fig.2.1-1 Assembly of a filament block

GG0-66 Yo°L-T¥aV[



JAERI-Tech 99-055

rop
ALIGNUENT TOOL
MOUNT ING HOLE

S

T~ L LAMENT HOUS ING 800Y

=~ \ FILAMENT {OCKING FEATURES

3 \ ELECTRICAL CONTACT STRIPS

80rrou
AL IGNUMENT TOOL
MOUNTING HOLE

Fig.2.1-2 Assembly of a filament housing



10N _SOQURCE ASSEMBLY

7/

AT LD TR TR R R

JAERI-Tech 99-055

NN

Q2222222277777

pr—

iz

i
\t
\t

\

O,

BSUELIEE11070707007 [ IITIL11777S.

167
[}
N
a4

277

S AIIIIIIIIIIIIIIIIIY 172777

N

ﬂ///////ll//l////}//)///////////4

G,

=

 SU—

Y

DN

Fig.2.1-3 Plan view of the ion source



COVER FLANGE

LIP SEAL

CUTAWAY IN INY SUPPORT

; FILAMENT HOUSING
= 6 FILANENTS EACH,

10N SOURCE ASSEMBLY .~

FILAMENT BUS BARS

/ / (3 10 EACH HOUSING]

"

CUTANAY IN 14V _SUPPORT

|
Fig.2.1-4 Elevation view of the ion source

GG0-66 Yool-TydV[



14V _SUPPORT STRUCTURE

FILAUENT HOUSINGS

~~__JON_SOURCE ASSEMBLY

#2400
CLEAR ACCESS DIA.

Fig.2.1-5 Side elevation view of the ion source

GG0-66 YoaL-T¥Av[



INSULATION FLANGE
EXTRACTION GRIDS

CLAMPS
ACCELERATOR STACK FLANGES

STEERING GRIDS » BEAM _SQURCE SHELL
PLASMA GRID CURRENT SUPPLY

GRID SUPPORTING STRUCTURE

GROUND POTENTIAL FLANGE (< )

S BEAM_SOURCE DOME

4P 2 M| 4 ARC_CURRENT_SUPPLY

\ N QVEN

RESERVE QVEN

ION_SOURCE
FILAMENT CASSETTE

FILAMENT HOUSING

Fig.2.1-6 3-D view of the NBI beam source

§50-66 Yo°1-Tydv[



GL

FILAMENT MOUNTING ARM

AN

275

118
1
=

156

0 126

41

1

50

50
80

=AY
T/

425

i

\LINBAR SLIDE RAIL

=

J
-
e
35
i

457

Fig.2.2-1 Dimension of the filament handling tool

GG0-66 Yo9L-T¥aV[



JAERI-Tech 99-055

43.5
OL—,
w
261
GUIDE PIN
60 16 35
|
) 4 ) l
B || B
. ' + E:
+— -
- L
' e~
7o) co‘ I
; - @ 4 —%_L
w
o o~
w —
I 1
| ETF
- "EE‘
Y

Fig.2.2-2 An optimized filament block



LL

COUIPUENT
(s

PIT

N\ 7

/
|

8
uu‘. [3
(000R’S p{(H 10515)

Fig. 3.1-2 NB turntable and gallery rails

TIRANSFCR
A

G50-66 YooL-I¥dAV[



8L —

SOURCE FI1LAMENT TRANSPORT

CASK ON TURNTABLE

NB CELL SHIELD
DOOR (3 OFF)

NB TURNTABLE

J OFF
? 5800 —
CALLERY g
RAILS 17

70N
~ 74
~ 12
/ P
/s S NS,
4 / L
¢ / ~
Noa <
N - "
~ 4
> ’I
~
~ Ny
LX) I
Se
TEE
= TR ™

TRANSPORT CASK DOCKED 10
PRESSURE VESSEL DOME

N

ROTATION ENVELOPE

LIFT SHAFT

N\

DIAGNOSTIC NEUTRAL BEAM

Fig. 3.1-2 NB turntable and gallery rails

G90-66 YooL-Iy¥dvl



6L

\ \

/- CASE DOOR \ \

\s ATOR
o OVERHEAD MANIPUL

_—— DOOR TILTING MECHANISM

MAINTENANCE OOUBLE DOORS
/‘/— TURN TABLE

) —iimir=ri=2X | — ION SOURCE TRANSPORTER

Fig. 3.1-3 Transfer cask prior to dock

G50-66 Yoo L-1¥dV[



SptsSsiE=

===l

DOMC DOUBLE DOOR BEING TILTED BELOW CRANE DOOR ROTATED 90 DEG

/ FINAL POSITION

/

DOOR COMBINATION DRAWN ON TO TURNTABLE

Fig. 3.1-4 Docking of cask and removal of double seal door

GG0-66 4°9L-T¥4V[



18

STANDARD MANIPULATOR

/ MAINTENANCE DOOR GRAPPLE FIXTURE

—

MANIPULATOR

ADDRESSING HV CONNECTION

MANIPULATOR BRIDGE

/— MANIPULATOR CARRIAGE

] ‘

=i seliz=m
/;Z;;\
fE{JJ"— | O,
Ne ===

Fig. 3.1-5 Overhead manipulator for disconnecting HV line

G50-66 YooL-I¥qv[



ACCELERATOR GRID
WATER L INES

FILAMENT FEED L INES

EXIRACIOR GRID WATER LINES
ARC_WATER LINES

BUS BAR FEEDS

BEAM SOURCE PRESSURE VESSEL

(VACUUM_VESSEL )

\BEAM SOURCE ASSEMBLY

Fig. 3.1-6 3-D view of NBI ion source

G50-66 Y°9l-1¥dv[



4 \HW\\
i
Cooling Water Lines - | 1
<3N\ S\ /
/ SOSNNNNS
( D
N
=<
- Feed C t =% T
. Filament Feed Connectors —=Saes- > Bus Bars
7
<)

Fig. 3.1-7 3-D view of HV connection

G50-66 UYo°L-TydAV[



B1AS BUS BAR

PLASMA GRID BUS BAR

7

W\m

FROM 18° FROM HORIZONTAL
PRIOR TO DISASSEMBLY

Fig. 3.1-8 Removal of bus-bars

g

§90-66 YooL-1y¥aV[



S8

d
BUS BAR JOINTS LFIF

HORIZONTAL VIEW FOL
REMOYAL OF BUS B

FILAMENT
CABLES
9 OFF
ONLY "4 _SHOWI)

~1

FILAMENT
CAULEY

Y(9
ONLY 41 SHOWN

p ‘I\“

-

0

WING
RS

o~

303

Fig. 3.1-9 Removal of filament feed connection

AHIN

FILAMENT
CABLES

){9 OFF
ONLY 4 SIOWN)

CONNECTOR BLOC
(SUPPORT STRUCT
NOT SHOWN)

R

LAMENT
CABLES
9 OFF
1 _SHOWN)

VIEW DURING REMOVAL OF FILAMENT
- CONNECTOR BLOCKS

GG0-66 YooL-1yavl



REMOVABLE SECTION
OF LXIRACIOR GRID

PIPE

REMOVABLE SECTION
OF ARC SUPPLY PIPE

2 véﬁ;;ﬁiﬂ = '&QQQQQ‘ —

| '/V’/. . / % ‘—‘".t “V\Vl\v‘ é%é
Ve —anmms S NN\ =
Y e W
1 /<N o8
60,55 S RN S\ ST

VIEW OF EXTRACTOR GRID AND

ARC SUPPLY FEED PIPES VIEW OF

REMOVABLE SECTION
OF CORONA SHILLD

n ACCELERATOR
"™ FEED PIPE
3

ACCELERATOR GRID-FEED PIPES

BEFORE REMOVING CORONA SHIELDS

Fig. 3.1-10 Removal of extractor and arc pipes

GG0-66 Yool-1¥dv[



mHMiﬁkLLLLL*’f

TOOL ATTACHED
10 FIXLD

1000 ATTACHED
10 FREE END

or PIPE

‘ of' | Y
LU WELD i 7
LOCATIONS /

P

SOURCE AND ALL CONNECTION ELEMENTS REMOVED

Fig. 3.1-11 Removal of feed pipes

§G0-66 UYo°L-T¥3IV[



Fig. 3.1-12 3-D view after HV lines removal

§50-66 YooL-I¥dv[



SOURCE TRANSPORTER

PRESSURE VESSEL RAILS

LINEAR TABLE
INTERMEDIATE SUPPORT / SOURCE TRANSPORTER

Fig. 3.1-13 Deployment source transporter (install radial rail)

G50-66 Yoo L-T¥aV[



el

Guide \Fixed Rack

Roller  Unbolting Equipment

Flange

Manipulator

Ion Source

Double Seal Door

Fig. 3.1-14 Unbolting equipment for flange of ion source

G50-66 Uo9L-T¥aV[






JAERT-Tech 99-055

i DIRENSIONS RELATE TO ROCW TEMPERATURE (293K)

HICH YOU TACE COmMELTIoN

R

10N SOUmCE & ALLLLERATOR

PRESSURE VESSEL PROFILE

IR

= B

\
3

DOCKING FLANCE

/A% o

I

uLll*LlJ_l‘l“

Fig. 3.1-16 Installation space for source transporter




mmmmmmmmmmmmmmmm




MAINTENANCE DOOR \ \

GRAPPLE FIXTURE \ I —\

MANIPULATOR GRAPPLING MAINTENANCE DOOR

b
I

I

i

j

|

=s
S

POSITIONING MAINTENANCE DOOR PLAN VIEW OF TRANSFER CASK AFTER UN-DOCKING

Fig. 3.1-18 Installation and disengagement of maintenanqe door

GG0-66 Y°dL-1ddV[



4000

70Q0

6250

672

Fig. 3.2-1 Conceptual design of the transfer cask

G50-66 YooL-IydV[



Connection of NBI cell flange
to cell door

NBI cell

Connection of cask door to cell door

Connection of cask door to cask flange

\ O

Cell door

Seal tightness of NBI cell flange
and cell door

Seal mechanism

(@)

(8]

Cask door

Transfer cask

Storage of maintenance
double-seal door

/gg ness of cask flange and cask dpor

PO Seal tightne£§ of cell door and cask door

(@]

—

/
- =

¢
) ~— \/v\ \/I
Compliance mechanism (air sprin Driving mechanism
Design subject
*Connecting mechanism of each doors — Bolting, Cotter pin, Clamp,etc.
(NBI cell door :Bolting type)
*Seal mechanism of each doors-flanges — (-ring by metal or rubber,Inflate seal, etc.
*Specifications of doors —®» No differential pressure Fig. 3.2-2 Conceptual design of the
limited operation space double seal door

G50-66 YO9L-T¥4v[



JAERI-Tech 99-055

’ Transfer cask

i = 3 Lz e ——
r \ /72
% =
-
qfﬁ’étw |
g
4L | T
% ) Jon source o]
1 /
22 (MR : /
/ 1/ ]
Maintenance double-seal door
4
U Tum table
L)
_— __ — — — — —

Fig. 3.2-3 Double seal door's locus without interference

- 97 ~ 98 —



Cell Seal check nozzle

Cask

/

Cask
Celi door g" - ’/ Tl |
—1 e | KGR
¢ Cell door S

1

N . J \ 5 J
Double seal door Double seal door
(a) O-ring seal structure | (b) Packing seal structure

Fig. 3.2-4 Seal methods with the leakage detection mechanism

65066 YoaL-1¥av[



JAERI-Tech 99-055

Lip seal

) ) \ (360) Tilting drive motor ‘
Lip seal cutting tool \ ] Ascent/Descent drive motor
Slide drive motor /
-

Rotation drive motor
L] I

4 L1 i1 . .
-‘H Guide I' -l ] _] -I Rotation drive motor
—TJ

\
(520)

S e | e

d IS |
7

é}ww
L™

- (440)

Permanet 550 Temporary Permanet

Rail Roller

Fig. 3.2-5 Conceptual desgin of the shear type lip seal cutting tool

- 101 ~ 102 —



Lip seal

Lip seal welding tool

JAERI-Tech 99-055

(360) Tilting drive motor Ascent/Descent drive motor

ya

Rotation drive motor

[—_F_] Rotation drive motor

LU

/‘ |

! ———————— Guide
o ‘l ! —_J ~
Q

e M e ]
s
U

] 1-] i,
| — it ||y
g Sl UL | P
!

(Rotation) = 7 FLE

T\

L \ "Li“\

\ Rail Roller (440)

Permanet 550 Temporary Permanet

Fig. 3.2-6 Conceptual design of the lip seal welding tool

— 103 ~ 104 —



— S0T —

Guide roller

! Receiving plate

Screw jack

Fig. 3.2-7 Support mechanism for the ion source : case 1

GG0~-66 Yoo L-TyAV[



— 901

=% ble

Holding pin

Fig. 3.2-8 Support mechanism for the ion source : case 2

GG0-66 YooL-1¥dV[



— 201

|
I

Receiving plate '

Air spring

Fig. 3.2-9 Support mechanism for the ion source : case 3

G60-66 Yoo L-Ty4V[



— 801 —

Movable Rails

Rail segments moved by
manipulator one by one

flnner Vessel Fixed Rails \

NBl Source Pressure Vessel Manipulator

Inner Cask Rails

|3
L

NBI Cask

Guide Pin

Fig. 3.2-10 Rail connection method : manipulator handling type

{ (

6G0-66 YodL-1¥dv[



60T

Movable Rails
Bal! Screw

flnner Vessel Fixed Rails
Inner Cask Rails

NB! Source Pressure Vessel

\ NBI Cask

Fig. 3.2-11 Rail connection method : pantograph type

G50-66 Yo°L-T1¥dav[



— 0T1

Movable Rails

flnner Vessel Fixed Rails
Inner Cask Rails

NBl Source Pressure Vessel

\ NBI Cask

Fig. 3.2-12 Rail connection method : rotation type

§G0-66 YooL-TydV[



111

Inner Cask Rails

NBl Sourge Pressure Vesgel

Fig. 3.2-13 Rail connection method : parallel link type

G50-66 YooL-I¥dV[



418!

Slide Rails

Inner Vessel Fixed Rails

“\

7

NBI Source Pressure Vessel

Inner Cask Rails

\ NBI Cask

Turn Table

Fig. 3.2-14 Rail connection method : rail slide type

G50-66 Y°9L-I¥aV[



JAERI-Tech 99-055

Idle Pinion

Slide Rail
Rack

Drive Pinion
Drive Motor

IS

Guide Roller

Turn Table Rail

— 113 —

Fig. 3.2-15 Structure of the rail slide mechanism



— ¥I1 —

40

35 |-

30

25

20

15

10

Assumption D:Wheel diameter assumption
(1)W:Weight of ion source=20ton (1)W=20ton
(2)G:Weight of carriage=5ton (2)G=5ton
(3) a : Biased load coefficient=1.2 B)a=1.2
(4)n:No. of wheels (4)K=60kg/cm?2
(5)D:Diameter of wheel D (mm)
-{(6)b:Effective width of rail
(7)K:allowable stress coefficient=60kg/cm?2 ——50
: Allowable wheel press.
P=D-b-K =100
—A—150
—200
Consisting condition 250
P>Pmax —e—300
Max. wheel press.
/ L Pmax= a - (#+8)/ n
.. B U S _L . _
n=6

T e T e e — —

--------- : - - - - j - - - - - - - - - - - - - - - - - - L n= 10
S B n=16
0 i i

P (b60) P(b100) P(b150) P (b200)

Fig. 3.2-16 Relationship of the maximum wheel pressure to the allowable wheel pressure

G50-66 UYo°L-Ty¥dv[



— SIT —

Heltz stressP0

140

120

100

80

60

40

20

kg/mm2

Wheel Dia.
D=50mm

Allowable max. contact pressure>P0

Consisting condition

D=100mm
Allowable max. contact pressure =+=P (b60D50)
=@=p (1100D50)
=== (h150D50)
%= D (,200D50)
=¥—P (b60D100)
—e—P (b100D100)
=P (b150D100)
=P (b200D100)
,, —— o P (e1000200
L T
- W e ——— -} P (b150D200)
- ‘Vi\ —a— P (b200D200)
N e
~—————
D =l Y
D=200mm
4 6 8 No. of wheels 10 12 16

Fig. 3.2-17 Relationship of the number of wheels to the Heltz stress on the rail surface

G50-66 Yo9L-Ty¥dv[



JAERI-Tech 99-055

(27.0) k k

=T =——t >+ = \ \ qff_ﬁ |
L = .
- ] § J ~. ' TP
- J | :
] r
! ul
|

Wrench \vrench handling manipulator
1 a

AR [T
r

755

BUS BAR handling manipulator

Specification
1.Wrench
:Bolt :M16(max.)

i s g 2. Manipulator $.${%3
] I } :Pay load :50kg
] __{____} (each for BUS BAR & wrench) $$$
| —

Fig. 3.2-18 Bus bar handling and bolting tool

- 117 ~ 118 —



— 611 —

Connector block A

S

g | %

L=
Pany ( }
A {gJ\ 17 o 1 am ¥ |
A L6 £ o }
_E)f\f\ ] ( || ]
Y U\ L - )

jw §

J;; %E \Connector handling manipulator

Connector positioning tool

/

/
L\

[
\

\Tool handling manipulator

Tool handling manipulator

il 'HTI Connector handling manipulator
l

N

Il

= ) !

190

0 | T

320

1 | L

Fig. 3.2-19 Filament connector handling tool

6G0-66 YodL-I¥av[



— 021

Guide Pin Filament Feed Connector

Support Arm A ; (fixed side)
Manipulator Hand ’(’ ’

Filament Feed Connector
(movable side)

Fig. 3.2-20 Main and support manipulators for filament connectors

G50-66 Y29L-Iydv[



121

OO0

o0

ON®

AN

000
Q

Fig. 3.2-21 Schematic view of the connector block

GG0-66 YodL-I¥aV[



JAERI-Tech 99-055

-

PN
L)

(215)

(260)

Pipe clamping motor

Pipe clamping screw

(@I

.=

e )

Tool rotation motor

Fit

18

T

|
!

73.2-22 Pipe clamp mechanism ‘

123 ~ 124 —



Pinion

T~

_

Guide Fixed Rack
Roller  Upbolting Equipment
! LT
| - [
EATHHH
Manipulator
Flange
Ion Source
gigigliyly!
H Double Seal Door

Fig. 3.2-23 lon source flange handling tool

650-66 YodL-T¥4V[



JAERI-Tech 99-055

(a) Cylinder type

(b) Link type

(c) Rotation type

Fig. 3.2-24 Tilting methods for the double seal door

— 126 —



Wheel with flange

|2

Hole of setting bolts
for telescopic arm

Wheel
3 F—
\f—r| _.
\\ FH. F‘
| ;
! g
Q| © b 9§ 3
H 1
T
d — Y
1
‘ Z00
1040
180 T
l Span
Wheel
Wheel
Motor Motor
L
q
’ S
o S——— — =H- a -
Bridge Carrier

Conceptual design of the crane bridge and carrier

G50-66 Yoo3L-I¥dvV[



— 8¢1 —

A
Hoist for telescopic expansion l

Motor for telescopic arm rotation T_Dz
—_— T —
Gear for rotation :
T

il
Cable storage w

Telescopic arm

i

=

1800

!

|

|

i.
1]

bom—iny

_ 3000

Bolt hole

for carrier,”

Motor for 1
telescopic T2

rotation

Connector A

A-A Section

Fig. 3.3-2 Conceptual design of the telescopic arm

GG0-66 Yo°L-I¥dv[



NBI MAINTENANCE FLOOR

» o (EQPUMENTLIET) 1 (HOT CELL) .
1 1 1 |
t + 4 1
': TORLLY UNIT ! TORLLY UNIT ! !
: \ \ i TORLLY UNIT 1] 1
i 0 i |
| | t 1
] 1 | i
[ . | & |
CASK TORLLY UNIT CASK TORLLY UNIT 7
TRANSFER CASK ITV UNIT(1
\ ) TRANSFER CASK ITV UNIT(2)
OVER HADE CRANE RELAY BOX
S— =P
CASK CAMERA L — -3
o (1‘3)““ ‘i — 7 CASK CAMERA
7 UNIT(3)
— v
N /== d RELAY BOX
CASK CAMERA (NEIHEE A
UNIT(2 H [ — . ™ —]
—1‘)_\\ y CASKCAMERA _______ _| ]| [CENTERCONTROLROOM] | _
I i UNIT4) i
L= - : !
» % BRIDGE MOUNTED ! i MGG
- CAMERA UNIT(1 ; i i
0 MANIPULATOR h M i g
| _CAMERAUNIT(1) | | | - BRIDGE MOUNTED : !
. : CAMERA UNIT(2) ! i
_ i :
1 . |
i ] MONITOR ;
MANIPULATOR / ) ; :
CAMERA UNIT(2) | | i : !
1 ' .
. [}
- 1N :
= | \ PN 7] | CONTROL [
S —| PPN ! T |
O= O O= i REMOTE CONTROL i
; UNIT i :
: !
: :
CASK CONTROL UNIT ! !
REMOTE CONNECTOR MANIPULATOR A l ‘
—

NBI TRNCEPORT CASK

RELAY BOX

Fig. 4.1-1 Conceptual design of the monitoring system

GG0-66 YodL-I¥dv[



JAERI-Tech 99-055

NBI MAINTENANCE

TRNSPORT CASK
CAMERA SYSTEM
REMOTE CONTROL ROOM UNIT
——{  REMOTE CONTROLUNIT |
POWER CONTROL UNIT
—— wmonToR |
TRANSPORT UNIT
- TROLLYUNIT |
REMOTE CONNECTOR |
CASK UNIT
|| TRANSFER CASK CAMERA : 2UNIT |
[ v cAmERA l

| PAN&TILT MECHANISM |

| CASKCAMERA : 4UNIT |
—{ PAN&TILT MECHANISM |

|| BRIDGE MOUNTED CAMERA : 2UNIT _ |
1 PAN&TILT MECHANISM |

| MANPULATORCAMERA: 2UNIT |
W
- PAN&TILT MECHANISM |

i

Fig. 4.1-2 Construction of the monitoring system

— 130 —



— 1€l

[ emore contaoLroom | S :

CASK DOUBLE DOOR

.......

LMANTENANCE DOUBLE DOOR |

L CELL MAINTENANCE DOUBLE DOOR ]

(o7 o L. Ny——

GG0-66 YooL-TYAV[

DR >§<) ( «—t>
I i

e -
[ [\

— ) '
CELL DOUBLE DOOR |
BASE
/ Ca— h

COMPONENTS NO. TEST COMPONENTS NO. TYONNY
1)CASKBODY/CHELL 1] 1)NBI CELL FLANGE 1 _
2)DOUBLE 1| 2)CELL DOUBLE DOOR 1 IBOGIECONTROLLNrr ]
3)BASE 1|3)RAIL 1
4)TURNTABLE BASE 1| 4)POWER UNIT 1
5) OVER HEAD CRANE SUPPORT 1] S)REMOOTE CONTROL UNIT 1
€)BOGIE 2 .
TIDRVE Ve ! Fig. 4.2-1 Overall NBI maintenance system




Elevator

JAERI-Tech 99-055

Cask

Hot cell
®
N

Turn table

Cask

NBI cells

— 132 —

Fig. 5.1-1 Layout of the NBI manintenance area
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Fig. 5.1-2 Estimation for the filament replacement time
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Fig. 5.3-1 Fabrication schedule of NBI maintenance system
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