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In-vessel viewing systems are essential to inspect all surface of in-vessel
components so as to detect and locate damages, and to assist in-vessel maintenance
operations. The in-vessel viewing operations are categorized into the three
cases, which are 1) rapid inspection just after off-normal events such as
disruption, 2) scheduled inspeétion, and 3) supplementary inspection during
maintenance operations. In case of the rapid inspection, the viewing systems
have to be operated in vacuum (ca.107°Pa) and high temperature (ca. 3000C )
under a gamma ray dose rate of 107 R/h. On the other hand, the latter two cases
are anticipated to be under atmospheric inert gas, 150C and 3x10° R/h (1], (23,
Accordingly, the in-vessel viewing systems are required to have sufficient
durability under those conditions of all cases as well as precision of the vision
to all of in-vessel surface.

Based on those requirements, scoping studies on various viewing concepts have
been performed and the applicability to the ITER conditions have been assessed.
As a result, two types of viewing systems have been chosen, which are a periscope
type viewing system and a image fiber type viewing sysytem with a multi-joint
manipulator. Both systems are based on radiation hard optical elements which are
being developed (3]. In this report, the design features of both viewing systems
are described, including technical issues for ITER application. Finally,

This activity is credited as a ITER Design Task and this report decribes the results of 1994 ITER
Design Tesk (D59). :
+ Department of ITER Project
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a periscope type viewing system is recommended as a primary system and the

following specifications/conditions are proposed for the further engineering

design.

(1) Unified type periscope with a movable mirror at the tip

2) Integrated lighting device into the periscope _

3} Accessed from top vertical ports located at 7.3m from the machine center

4} Proposed configuration with a total length of around 27m and a diameter of
200mm

(
(
(

Keywords : Fusion Experimental Reactor,ITER,In-vessl Viewing Equipment,Inspection

Periscope,Image Fiber,Radiation Hardness,High Temperature,High Vacuum
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1. OBJECTIVES

The objectives of this design study are as follows.

(1) Investigate various methods for applicable to the ITER in-vessel viewing system
(2) Develop a design concept of the selected method as a primary viewing system
(3) Clarify the issues of the primary viewing system when applied to ITER

2. DESIGN REQUIREMENTS

According to the current ITER design , the design conditions of the viewing system are considered for various

operation modes as described below. The detailed structural design of the viewing system is not included in
this report bacause of insufficient information on loading conditions such as magnetic loads and structural
constraints. ‘

(1) Design conditions for scheduled inspection (one day after shut down)
- Temperature :over 150°C .
- Atmosphere : vacuum/inert gas such as dry nitrogen
~ Dose rate - 3x10° R/h .
(2) Design conditions for rapid inspection (just after abnormal events such as plasma disruption)
- Temperature : ca, 300°C

- Atmosphere : vacuum(ca. 10-3 Pa)
- Dose rate : ca. 107 R/h
(3) Design conditions for stand-by in a storage cask
- Temperature : Room Temp.
- Atmosphere : vacuun/inert gas
- Dose rate : ca. 10 mR/h(gamma ray), ca. 102 n/cm2-s(neutron)

The viewing system for these operations is considered to be inserted from the upper vertical port or the
horizontal port into the vacuum vessel. In case of the upper vertical port insertion, the position of the viewing
system location is assumed to be around 9m from the machine center.
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1. OBJECTIVES

The objectives of this design study are as follows.

(1) Investigate various methods for applicable to the ITER in-vessel viewing system
(2) Develop a design concept of the selected method as a primary viewing system
(3) Clarify the issues of the primary viewing system when applied to ITER

2. DESIGN REQUIREMENTS

According to the current ITER design , the design conditions of the viewing system are considered for various
operation modes as described below. The detailed structural design of the viewing system is not included in
this report bacause of insufficient information on loading conditions such as magnetic loads and structural

constraints.

(1) Design conditions for scheduled inspection (one day after shut down)
- Temperature 1 over 150°C R
- Atmosphere : vacuum/inert gas such as dry nitrogen
- Dose rate : 3x108 R/h
(2) Design conditions for rapid inspection (just after abnormal events such as plasma disruption)
- Temperature : ca. 300°C

- Atmosphere : vacuumn{ca. 10-3 Pa)
- Dose rate : ca. 107 R/h
(3) Design conditions for stand-by in a storage cask
- Temperature : Room Temp.
- Atmosphere : vacuunv/inert gas
- Dose rate : ca. 10 mR/h(gamma ray), ca. 102 n/cmz—s(neutron)

The viewing system for these operations is considered to be inserted from the upper vertical port or the
horizontal port into the vacuum vessel. In case of the upper vertical port insertion, the position of the viewing
system location is assumed to be around 9m from the machine center.
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3. VIEWING METHODS

3.1 Comparative studies on various viewing methods

The comparative studies on various viewing methods have been performed mainly for a periscope type and a
image fiber type viewing systems since CCD camera and laser type viewing systems will be less radiation hard
capability due to their principle and component composition, comparing with the periscope and image fiber type
viewing systems[4],[5]. Figures 3.1.1 to 3.1.4 show the ITER tokamak layout, the upper vertical port
configuration and the plan view of the ITER in-vessel arca, which are the geometrical requirements to the
comparative studies on the viewing systems.

Table 3.1.1 shows the possible schemes of the periscope type and the image fiber type viewing systems, and
gives the general assessment results in terms of visualization, technical difficulty, reliability, rescue,
maintenability, controllability and mobility for the in-vessel viewing and the vacuum leak detection. As a
result, Plan-B and Plan-D in Table 3.1.1 are selected through this preliminary assessment as candidate methods
for the selection of a primary method with the further extensive investigation. The key features of both
concepts(Plan-B and Plan-D} are summarized below.

Item Plan-B Plan-ID
Viewing method Periscope - Image fiber
Access port Upper port Upper port
No. of port 6 6
Advantages Fine visualization, Simple rescue High accessibility & flexibility

3.2 Periscope type viewing system (Plan-B)
3.2.1 Outline of the system

Figures 3.2.1 and 3.2.2 present the overall structure and the cross-sectional view of the periscope type viewing
system located inside and ouside the ITER tokamak. In this configuration, the required height and instailation
area for the external support structure are 15m and 3x3 m?, respectively. A total length of the periscope is about
18m and the available stroke for insertion and removal is around 11m. Since the periscope position is located at
9m distance from the machine center, the insertion depth is limited to be 2450mm from the machine horizontal
center due to interference with the out-board blanket surface.

In order to enable viewing of all in-vesse! walls, the periscope type viewing system is designed to have 3
degrees of freedom, which are the sliding for insertion/removal along the periscope axis, the rotation of the
periscope body, and the tilting of a front-end mirror, Figure 3.2.3 shows a typical structure of the periscope tip
to rotate the periscope body and to tilt the mirror. These rotating and tilting mechanisms have been qualified
through experiences in the JT-60 in-vessel viewing system[6] but the reliability under the ITER in-vessel
environmental conditions should be assessed and demonstrated, including the radiation hardness of the
mechanisms.

Figures 3.2.4 and 3.2.5 represent the relation between the visual range and the tilting angle of the front-end
mirror, and the poloidal visual range of the in-vessel walls depending on the vertical location of the viewing
system inserted at the 9m distance from the machine center, respectively. InFig.3.24,a wide viewing range of
more than 120 degree can be attained by tilting the mirror up to 105 degree which is a maximum angle. From
Fig. 3.2.5, it is found that all in-vessel walls can be viewed using the sliding, rotating and tilting mechanisms,
excepting the divertor target plate in the out-board region as shown in (3) of Fig. 3.2.5. For viewing of this
specific area, there are two possibilities, which are to insert an additional image fiber type viewing system or to
change the periscope insertion position at 7m distance from the machine center instead of 9m distance.

Figure 3.2.6 represents typical viewing picture taken by the periscope type viewing system at the vertical
position (2) in Fig. 3.2.5. In this figure, one picture divided corresponds to a picture taken at a fixed mirror
position. Figure 3.2.7 represents the visible range in the toroidal direction using the periscope type viewing
system, From this figure, it is clear that a periscope can view more than 1 sector{18°) of the in-vessel walls.
The number of the viewing system to cover all in-vessel walls in the toroidal direction can be determined
according to this result but more detailed specifications such as a minimum resolution capability are needed for
selecting the final system arrangement.
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As a whole, the key features and remaining issues of the periscope fype viewing system are summarized below.
(1) Advantages:
- Possible to get a wide viewing range with a high quality picture
- Easy operation and rescue due to simple structure
(2) Disadvantages:
- Difficult to view a narrow area such as divertor target plate
- Relatively long length(ca. 20m) for insertion/removal
(3) Remaining issues:
- Radiation hardness of optical elements and rotating/tilting mechanisms
- Compactness of the system and storaging cask

3.2.2 Optical design and illuminance

Optical axis of the periscope type viewing system is basically composed of a front-end mirror, an objective lens,
a number of relay lens pairs, and an eye piece. If the minimum resolution is assumed to be 1mm from the 5Sm
distance, a focal value(F) on CCD camera externally located at a periscope end is to be 3.83 with a magnifying
index of 1. The optical transmittance estimated is to be 35.3% in the case of 16 relay lenses for the periscope
with a total length of 18m.

In this typical configuration of the periscope type viewing system, a minimum illuminance(E) on a subject can
be estimated to be 3823 Ix using the following relation.

E = Eq x I/T x [F2/F1]? x In x 1/f(er) (1)
where, E; . minimum illuminance of lens F (ca. 5 Ix)
T : transmittance of the periscope (0.353)

F1 . F value of the lens (1.4)

F2 . F value of periscope (11.5)

n : reflectance (0.5)

f(o) : illuminance rate depending on a light angle(or) (C.5)

The required luminous flux(F)) based on the minimum illuminance can be calculated using the equation of F=E
- R2 - @ where, R is the distance from a light source to a subject, and © is the angle. When R is 6m, the
maximum luminous flux is estimated to be 1.8x108 lm, which corresponds to 17 halogen lamps with a IkW
capacity. However, the luminous flux can be reduced by limiting the visible range and by adopting a reflector.
If the visible range of 30 degree and the reflector angle of 45 degree are assumed, the required luminous flux is
reduced to be 1.6x10° lm, which corresponds to 6 of 1kW halogen lamp.

3.2.3 Investigation on thermal and electromagnetic loads

The viewing capability is strongly influenced by the operating conditions such as dose rate, atmospliere, thermal
loads and electromagnetic loads. In case of the dose rate and atmosphere, the durability of the components under
the given conditions is the most important characteristics and the viewing capability should be assumed by the
radiation hard component development. On the other hand, thermal and electromagnetic loads raise a
possibility of misalignment of the optical axis due to thermal and mechanical loads applied to the periscope type
viewing system have been estimated as described below.

(1) Thermal loads

The thermal loads to be considered are the radiation heat in the ITER in-vessel area and the heat input due to a
lighting equipment of the viewing system. The radiation heat(Q1) can be calculated from the equation (2) and
the total heat is estimated to be around 6070 kcal/h with assumptions of the emissivity, temperature and surface
area corresponding to the ITER environments and the viewing system design.

Q1 =0-(T24-T14) - Ap/ { 1/e1 + (A/A2)  (1/ez - 1)} = 6070 keal/h @)

where, ©  :Stefan-Boltzman constant (4.88x10-3kcal/m?hek?)
T; :viewing system temperature (ca. 333°K)
T, . environmental temperature (ca. 473°K)
Ay . surface area of viewing system (ca. 7 .5m?)

rg_
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Ay . surface area of in-vessel wall (ca. 1016 m?)
€1 : emissivity of viewing system (0.44)
€7 . emissivity of in-vessel wall (0.55)

The heat input due to the lighting equipment is also estimated to be 2580 kcal'h by assuming the lighting
capacity of 3kW. As a whole, the total thermal loads applied to the viewing system are 8650 keal/h.

In case of a periscope type viewing system, the maximum operating temperature is normally limited to 60°C, so
that a cooling system should be incorporated within the viewing system so as to remove the thermal loads and
to maintain the system below 60°C. Two types of coolant, which are air and water, are available for cooling the
viewing system, If the inlet temperature of 30°C and the outlet temperature of 60°C are assumed, the required
total flow rate is estimated to be 18 m3/min(air) and 4.9 m3/min(water). As a result, the water cooling system
can be practical in terms of minimization of the coolant flow rate and the space for the cooling system.

(2} Electromagnetic loads

A electromagnetic load can be generally calculated from the equation (3) and the maximurn load(Fm) acting on
the viewing system is estimated to be 6N under the assumptions of a magnetic field of 0.1T in the all axes
directions and a viewing system with 150mm diameter and 30m length. The estimated magnetic loads of 6
N(0.6kgf) is sufficiently small and the structure supports near the port region can be possible to sustain the
viewing system.

Fm={(ps-1)-BZ-A}/(2 ps Ho) 3)

where, s : specific magnetic permeability (1.5)
Lo : magnetic permeability in vacuum (4nx10°7 T-m/A)
B - magnetic field (0.1T)
A . surface area of the viewing system (4.5x10'3m2)

3.3 Optical image fiber type viewing system (Plan-D)

3.3.1 Qutline of the system

The followings are given as the typical advantages and disadvantages of the optical image fiber type viewing
equipment. Both advantages and disadvantages are relatively opposite aspects compared with the periscope type
viewing equipment.
(1) Advantages :

- Possible to observe narrow and backward area

- Possible to approach close to the subject and observe the details
(2) Disadvantages :

- Viewing field is small and quality of the pictures is low compared with the periscope type

- Need to cooperate with a multi-joint type manipulator

- Complexity in structure and operation

- Long size equipment so as to observe all in-vessel surface

- Need to have rigid support

Figure 3.3.1 presents the outline of the image fiber type viewing system, which is basically composed of a
multi-joint manipulator and a storaging cask. The multi-joint manipulator consists of a multi-joint arm, an in-
vessel supporting arm and a support structure. The details of the storaging cask is presented in Fig. 3.3.2 and
the cask height can be reduced by using a movable pulley. Figure 3.3.3 shows an outline of the multi-joint
manipulator with a guide for the optical imagefiber and the total length including the support structure is
specified to be about 20m so as to observe the divertor target plate. In this concept, a large moment caused by
the multi-joint manipulator has to be supported at the base of the manipulator, so that a diameter of the access
port becomes large. Figure 3.3.4 shows a structural concept of the support structure which is designed to
sustain the manipulator moment using guide rollers located around the manipulator arm. The minimum space
for this support is 500mm in diameter and 3.2m in length.

Figures 3.3.5-1 and 3.3.5-2 show a concept of the elbow joint of the multi-joint manipulator and the joint is
designed to be able to rotate using a ball screw mechanism. Figure 3.3.6-1 shows an outline of the multi-joint
arm, and the number of joint and the arm length are defined so as to satisfy a minimum bending radius of
300mm. Figures 3.3.6-2 and 3.3.6-3 show the detailed joint structure of the multi-joint arm. Each joint can be

_4_
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rotated by 90 degree and the image fiber as a viewing sensor is layouted in the center of the arm fram. Major
specifications of the image fiber and the multi-joint manipulator are as follows.
(1) Image fiber
- Field angle : 30° (visible field diameter is estimated about 500mm from lm distance)
- Visible distance : 10-1000mm
- Critical diameter of curvature : 150mm
- Lighting source : Xenon lamp(300W)
- Light guide : 5mm dia.
- Illuminance : 3000ix in front of 1m
(2) Multi-joint arm
- Number of joint : 7
- Total length & weight : 2.3m/ca. 50kg
- Diameter : 240mm(1st joint)-160mm(6th joint)
- Load moment & required motor power : 50000kglmm/37W(1st. joint), 2400kgf-mm/1.9W(6th. joint}

Figure 3.3.7 shows a typical picture obtained from the image fiber type viewing system. The movable range
required to view all in-vessel surface depends on the number of access ports of the image fiber viewing system.
Figure 3.3.8 represents a top of view of the movable range in the toroidal direction. It is obvious that the
movable length required to the manipulator is 8m for 4 access ports and 5.7m for 6 access ports.

3.3.2 Examinations of mechanical strength on major components

The image fiber type viewing system requires high structural stiffness to sustain large momentum loads due to

kinematics of heavy multi-joint manipulator, comparing with the periscope type viewing system. In this
section, structural evaluation of the multi-joint arm, the in-vessel supporting arm and the support structure is
described.

(1) Multi-joint arm

The multi-joint arm is composed of 7 joints and a maximum load is applied to the semi-circular gear(No.2 in
Fig. 3.3.6-3) of the Ist joint during operation. According to the structural design mentioned above, the dead
weight and maximum moment(M) of the arm are estimated to be 50kg and 50,000kg-mm, respectively. The
circumference force(Ft) acting on the pitch circle of the gear can be represented by Ft = M / ro. where, o is the
radius of the gear, which is 120mm in this design. Asa result, the circumnference force is about 417kg. The
bending stress(aF) of the gear tooth can be calculated as follows.

op={Ft-Yp-YE - YB/(mpb)}- {Kv Ko /(KL Krx)} SF )

where, YF : constant depending on tooth geometry (2.2)
Yg : load distribution factor (1/1.7)
Ygp : factor of torsion angle (1)
mg : the number of module (2.5)
b : width of teeth (30mm)
Ky :dynamic factor (1)
Ko : over load factor (1.25)
Kp, :life time factor (1)
Kgx : dimension factor (1)
Sp : safety factor (1.2)

Substituting Ft(417kg) and above values for the equation (4), the bending stress is calculated to be about 10.8
kg/mm? which is lower than the allowable one.

(2) In-vessel supporting arm

The in-vessel supporting arm has to sustain the momentum loads generated by the dead weight of the arm and
the multi-joint arm. Figure 3.3.9 shows the typical loading condition and the cross-sectional view of the arm.
In this figure, the dead weight of the arm and the multi-joint arm is represented as concentrated loads of wy and
wo, respectively. According to this assumption, the momentum foads are estimated to be 2x106 kg-mm when
w1=360kg and wy=50kg.

In order to support this moment, a concept of the in-vessel support arm composed of a connecting rod and screw
has been developed as schematically shown in Fig. 3.3.10. Since the axial loads acting on the connecting rod
and screw are estimated respectively to be 4390kg and 5070kg under the 2x10° kg-mm moment, two
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comnecting rods with a 50x25 mm? cross-section are needed. In addition, the maximum deflection of the tip
and bending stres at the support base are 50min and 4.4 kg/mm? when the cross-sectional dimensions of the
arm are assumed to be 300mm height(b; & hj) and 10mm thickness(by & hp) in Fig. 3.3.9(b).

(3) Support structure

The moment applied to the support structure is supported by the roller guids which are attached at upper and
lower of the support structure, Hertzian siress on the contacting surface between the roller and the inside wall of
the port has been estimated using a simple model of a plane and a cylinder. The Hertzian stress(p) and the
width of the contacting surface(b) can be expressed in the following equation.

p2=q/(mr) 1/{(1-vi2)/Ey+(1-v22)/Ez} ®)
b2=4r/m-q{(1-v12)/E +(1-v22)/Ep} (6)
where, Ei,Ez : Young's modulug
vy, vz : Poisson's ratio
q : load per unit width of the contacting surface
r - radius of the guide roller

when E;=E»=E, v|=v2=0.3, p and b can be explained in the following relation
p=0418-(qE /)2 O
b=1.522(qr/E)l/2 )

When r =30mm, E=21000 kg/mm?, and a unit width of the contacting surface is 120mm, the Hertzian stress
and the contacting surface width are 28.4 kg/mm?2 and 0.15mm under the assumed moment described above.
This stress is lower than the tensile strength of stainless steel. In addition, this value is lower than the
endurance limit of Hertzian stress estimated from the Brinell hardness.

(4) Storage cask mechanism

The insertion/removal movement of the multi-joint manipulator into/from the vacuum vessel is driven by the
up-down actuator, two movable pulleys and rack & pinion mechanisms, as shown in Fig. 3.3.2. A preliminary
structural calculation of the rack & pinion mechanism shows the bending stress of around 28 kg/mm? with a
pinion width of 40mm, and the result is lower than the allowable one.

3.3.3 Influence of in-vessel and ex-vessel environments

The viewing capability and the system reliability of image fiber type viewing system strongly depend on the
operating conditions such as dose rate, atmosphere, thermal loads and electromagnetic loads, as well as the
periscope type viewing system. In case of image fiber type viewing, however, a multi-joint manipulator is
required, resulting in more serious concerns relating to the environmental conditions compared with periscope
type viewing. In particular, lubricants of joints, which are key structural elements to sustain heavy loads, have
to be torelable for both vacuum and inert gas environments under the gamma radiation. Since coating type solid
lubricants are not applicable to such large loading path, solid lubricants and grease lubricants will be candidates,
and the radiation hard greae[3] is attractive for practical use.

In addition, electrical equipment such as motors for operating the multi-joint arm will cause a siginifictant
temperature rise under the vacuum environments. For this, electrical components with high temperature
resistance and low outgassing characteristics are additionally required as well as the radiation hardness. The
radiation hard component development according to the R&D task(T35 & T252) covers all components
required for viewing systems and the viewing system development is essentially based on the technological data
base on the radiation hard components.



JAERI-Tech 96-010

4. CONTROL SYSTEM

Figure 4.1 shows an example of the control system for the periscope type viewing system. As to the control
system of the image fiber type viewing, the diagram is basically the same as the periscope type viewing one.
The control system is mainly composed of four control panels(Site control panel, Main control panel, Site
operation panel, Evacuation control panel) and three auxiliary equipments(Power supply system, Vacuum
evacuation system, Cooling system) and these panels and equipments are installed in the torus hall and the
central control room, respectively. The details of the control system will be designed after the decision of the
viewing method, so that at this point the key functions of the control panels are described below.

(1) Site control panel

This control panel plays a key role with the main control panel in the work, and the equipments which are
installed in the torus hall can be operated from the instructions of the site control panel.

(2) Main control panel

The main control panel unifies all over the system, and the operation mode is classified an automatic operation
and a manual operation. The panel is basically composed of two Central Processing Units(CPU1, CPU2), and
the CPUI directly exchanges the signals to the site control panel and CPU2 functions as an assistance.

(3) Site operation panel

As a rule this operation panel is installed at every periscope and it is possible to operate only ene periscope at
the site. Main purposes of the site operation are maintenance and repairing of the periscope.

(4) Evacuation control panel -

Inside the storaging cask is evacuated and maintained at a high vacuum condition, and the operational
informations of the vacuum evacuation system is exchanged through the evacuation control panel to the main
control panel.
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5. RECOMMENDED VIEWING METHOD

According to the comparative studies on various viewing methods, two types of viewing concepts, which are a
periscope type and an image fiber type, have been chosen for candidates of the ITER viewing system. Based on
this, preliminaly design of both concepts have been conducted and finally a periscope type viewing system is
recommended as a primary viewing system for ITER. In case of an image fiber type viewing system, however,
further design efforts should be continued for specific application to leak detection and narrow space inspection.
The recommended design outline of the periscope type viewing system is summarized below.
(1) Viewing method
- Periscope with 200mm dia. and 27m length (see Fig. 5.1}
(2) Access port
- Access from the top vertical port at a position of 7.27m from the machine center so as to
view the divertor target plate (see Fig. 5.2)
- 10 access ports with a diameter of 250mm (these conditions are to be determined after the
detailed specifications have been fixed)
(3) Structure and degree of freedom
- Unified type periscope with a movable mirror on the tip
- 3 degree of freedom (sliding, rotating and tilting)
- Water cooling (depending on materials of cylindrical mirror)
(4) Shielding plug .
- Rotary shielding plug (see Fig. 5.3)

6. REMAINING ISSUES

The following issues relating to the periscope type viewing system are to be involved in the further design

development and technology R&D program.

(1) Viewing capability of a long size periscope
In case of a long size periscope(ca. 27m), more than 20 of relay lenses made of radiation hard glasses are to
be installed, so that degradation of transmittance and optical aberration have to be qualified through a mock-
up testing.

(2) Radiation hardness of driving mechanisms
In order to view all of in-vessel walls, the periscope should have 3 degrees of freedom, which are the sliding
and rotating of the periscope, and the tilting of & mirror. In particular, the tilting mechanism will be located
at the front-end facing to objects, so that the radiation hardness to be qualified through irradiation test.

{3) Structural design ( Compactuess)
Design efforts should be made to develop a compact periscope viewing system according to the ITER design
conditions and spatial constraint. Several issues such as cooling system, tilting mechanism, and alignment
of optical axis are to be considered aiming at realization of a telescopic type system to reduce the length.
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Figure 3.1.3 Details of the upper port for the viewing system insertion
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Figure 3.1.4 Plan view of the ITER in-vessel area
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Figure 3.2.3 Structural concept of the periscope tip and the driving mechanisms
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Figure 3.2.4 Relation between the visible range and the tilting angle of the mirror
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Figure 3.3.5-2 Cross section of the in-vessel supporting arm
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Figure 3.3.8 Requested movable range to the image fiber type viewing system in the troidal
direction

Figure 3.3.7 Typical schem of the image fiber type viewing system in the core of ITER
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Figure 3.3.10 Structural concept of the in-vessel supporting arm
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Figure 4.1 Basic block diagram of the control system for the periscope type viewing system



JAERI-Tech 96-010

7931
12450

1500

I

Figure 5.1 Typical configuration of the periscope type viewing system
(located at 7.3m distance from machine center)




JEIUBD BWSR g WOJ BUIUBISIP (Z)
(4BIUED §NJOT WOJ SOUBLSIE (| )-

79 N4 Fa GG (58p)J04u W BU) 30 alauy

WUGZ | xCZ] | WWGZ | G| | WHGZxSZ| | WWGZ|xGZ| [ (ww)JoJdiw au3 40 suoisuswig

wupe g wine | g UUnE LE UwoE L E 21, (WL)uydep Ubl3Jesu|

wug/gs Wug/2 s eyaAa UG/ 2/ G (Uuyuol:isog 3404
) ® op EEJy

JAERI-Tech 96-010

Figure 5.2 Relation between the divertor plate and the viewing angles
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Figure 5.3 Details of the rotary type shielding plug




