Flexible vacuum vessel bolometer camera design in ITER to adapt to
the final position of the gaps between Blanket Modules
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Abstract

Bolometer cameras in ITER will be mounted, among others, on the Vacuum Vessel (VV) wall behind Blanket Modules (BMs).
For the first assembly phase the platform (Cable fixations and the lower part of the internal signal chain) of VVV cameras has to
be delivered to fix the cables and protect their termination. During First Plasma, the as-built magnetic axis and magnetic flux
surface will be measured and the BMs fixation will be adjusted to align them to the shape of the magnetic flux surfaces.
Adjustments of the BMs of up to + 13,3 mm in toroidal and poloidal direction and up to + 20,3 mm in radial direction are
foreseen. Accordingly, VV cameras need adjustments, too, to assure a proper view of the plasma.

Calculations have been performed to define the impact of the possible BM movements onto the bolometer viewing cones. The
toroidal and poloidal movements can be followed by shifting the collimator and the sensor along with the BMs. The radial
movement of BMs was transferred to an additional poloidal shift of the sensor and collimator. The resulting concept for camera
design with its complex space envelope will be presented. It provides an alignment flexibility of the cameras of + 31 mm
poloidally and + 16 mm toroidally. Because of the short period between magnetic measurements and second assembly phase,
the number of customizable parts is kept as low as possible.
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1. Introduction

The ITER Bolometer Diagnostic comprises a system
of bolometer cameras located in two Upper Port
Plugs, one Equatorial Port Plug, five divertor
cassettes and 22 in-vessel positions in six different
Vacuum Vessel (VV) sectors with a total of about
550 lines of sight (LOS) Ref [1].

With a largely constant efficiency from soft-X ray to
infrared range, the diagnostic is the most important
contributor to the measurement of the total radiated
power for machine protection and its spatial
distribution for basic control, advanced control and
physics investigations.

Each VV camera consists of 5 LOSs. These LOSs
together make up the viewing cone of the camera.

One of the most challenging tasks is to design the 22
in-vessel cameras and mount them in two steps to the
VV wall.

2. Vacuum vessel bolometer cameras

VV cameras will be installed behind Blanket Modules
(BMs) on the VV wall and will observe the plasma
through the gaps between BMs. For providing better
view to the plasma, most of the related BMs have a
cut-out on the side, for the viewing cone of the

camera. At the rear is another cut-out for the camera
itself (Fig.1).

The cut-out for the viewing cone assures up to 30
mm wide clear view of the plasma between BMs.

During first plasma, the as-built magnetic axis will
be measured and the BMs fixation will be adjusted
to align the BMs to the shape of the resulting
magnetic flux surfaces. Adjustments of the BMs of
up to + 13,3 mm in toroidal and poloidal direction
and up to + 20,3 mm in radial direction are foreseen
Ref [2, 3]. The nominal gap between BMs is 14-20
mm. It is assumed, that all BMs will move very
similar to each other. Therefore, the relative distance
between each other will not change.

The lower part of the camera, called platform will be
attached to the VVV wall using two bosses, i.e. rings
with internal thread that are welded to the wall,
during the first installation phase of ITER, in order
to fix and protect the termination of mineral
insulated cables (MIC). As the platform has been
already installed, the final position of the BMs has to
be taken into account in the design of the upper part
of the camera. Some parts (as few as possible) of the
bolometer upper assembly have to be customizable
to be able to follow the BMs.
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Fig. 1. Bolometer cameras behind BMs (blue and grey), and the dedicated cut-outs (pink)

2.1. Impact of BM adjustment
Bolometer camera design

range on

All components inside the V'V will be installed with
tolerances. This mounting tolerance can be added to
the planned BM adjustments. The resulting values
give the tolerances bolometer cameras have to adapt
to and implement as an alignment flexibility.
Alignment flexibility means the possibility of
shifting the collimator and the sensor by
customization of the upper part of the camera with
respect to the platform. The situation is shown in
Figs. 1 and 2. The pink areas show the cut-outs for
both the viewing cone and the camera body.
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Fig. 2. Side view of bolometer camera and BM, defining
the directions of the tolerances for calculating the
alignment flexibility. Colours as in Fig. 1.

Calculation parameters are:

e ¢ - viewing angle, measured between the
central LOS of the viewing cone and the
normal to VV wall.

e /poloidal - poloidal adjustment of BMs.

e radial - Radial adjustment of BMs, max +
20,3 mm.

Toroidal and poloidal adjustments of the BMs can be
followed by customizing the camera housing so that
the collimator and the sensor shift along with the BM
adjustments. The value of the shift (4y_tor and
Az_pol, Fig.1.) is + 16 mm in both cases (+ 13,3 mm
from the BM adjustments and £ 2 mm from the
mounting tolerance of the bosses, rounded up to be
on the conservative side). This shifting does not
require any additional cut-outs for the camera body,
because the relative position of the adjustable
camera elements and the BMs remains the same.

However, the radial adjustment cannot be followed
by a simple shift of collimator and sensor in radial
direction. The sensor temperature has to be kept as
low as possible for reasons of performance, so an
elevation of the sensor and the sensor holder
elements cannot be implemented: the increased
thermal path would increase the sensor temperature.
Therefore, the radial adjustment of BMs was
transferred to an additional poloidal shift of the
sensor and collimator to be able to keep the viewing
cone aligned with the cut-out.

The value of the maximal possible shift has been
calculated for all 22 VV cameras, using the
parameters shown in Fig. 2.

The radial adjustment Aradial of the BM s
translated into a poloidal adjustment of the camera,
Az_vert according to the tangent of the angle a:

Az _vert
Aradial

The resulting poloidal shift values are summarized
in Table 1. The table also gives 4z_total, the sum of

tan(a) =



Az_vert and the maximal Az_pol=16mm, and
Az_des. The latter is a weighted average of Az_vert

and the maximum A4z_pol according to

Az des = \/162 + (Az_vert)?

Table 1. Alignment flexibility calculations

Camera a Az_vert Az_total Az_des
name [deg] [mm] [mm] [mm]
1011 6 2,1 18,1 16,1
1021 44 19,6 35,6 25,3
1051 23 8,6 24,6 18,2
1072 15 54 21,4 16,9
1081 13 4,7 20,7 16,7
1182 52 26 42 30,5
1184 52 26 42 30,5
3021 42 18,3 34,3 24,3
3082 14,4 5,2 21,2 16,8
3184 1 0,4 16.4 16,0
4021 43 18,9 34,9 24,8
4183 4 14 174 16,1
6072 12 4,3 20,3 16,6
6082 13,7 5 20,4 16,8
6184 4 14 174 16,1
8022 44 19,6 35,6 25,3
8072 2 0,7 16,7 16,0
8184 4 14 174 16,1
9022 43 18,9 34,9 24,8
9071 7 2,5 18,5 16,2
9072 20 74 23,4 17,6
9082 23 8,6 24,6 18,2
Maximum: 26 42 30,5

Due to lack of space inside the camera, the alignment
flexibility of the internal parts, - (Fig 4.) has to be
limited to 30,5 mm (rounded up to 31 mm) according
to 4z_des column.

This means that there is the possibility, that more
flexibility is needed than the interior allows. In this
case the sensor holder together with the cover and
the collimator will be adjusted by 31 mm, while the
BM cut-outs will be shifted at maximum by an
additional 11 mm. This can occur for 7 cameras
(where Az_total > 31 mm). In all 7 cases only one
LOS (6% of the 110 LOSs) might be partially
shadowed (looking partly through the dedicated
cutout and partly through the nominal gap between
BMs).

So the cameras shall be designed for a maximum of
+31 mm poloidal and £16 mm toroidal alignment
flexibility.

2.2. VV bolometer camera design: platform

The platform had to be designed to allow the
necessary alignment flexibility, i.e. sufficiently large

for subsequent customization of upper part of
camera.

After several iterations, the design shown in Figures
3-5 has been developed.

The platform (Fig.3.) is bolted down to two bosses,
which have been welded prior to the VV wall. Then
the MICs will be fixed to the platform and
electrically bonded to the platform printed circuit
board (PCB). The connection pads (Fig 3. right) will
be connected via electrical tracks to the female parts
of the remote handling (RH) connectors. The
concept of the RH connector is based on the solution
from ITER in-vessel magnetics diagnostic. The
assembly will receive a temporary cover to protect
the internal elements from the loads during first
plasma.
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Fig. 3. Platform design

The as built position of the platform will be
measured. This knowledge together with the
calculated final position of the BMs will be the input
for customizing the upper parts of the camera.

2.3. VV bolometer camera design: adjustable
electrical parts

The adjustable electrical parts will be installed
during the second assembly phase of ITER. The two
sides of the RH connector will be spot-welded
together to ensure a reliable electrical contact. The
assembly is shown in Fig. 4.
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Fig. 4. Adjustable electrical parts



Position of sensor holder on connection plate (CP)
can vary to respect alignment flexibility as shown in
the picture.

Because of the short period (~6 months) between
magnetic measurements and the second assembly
phase, the number of customizable parts should be
kept as low as possible. In this case the fixation parts
of the RH connectors, the sensor holder with the
sensor and their electrical and physical connection
can be manufactured in advance. The shape of the
CP can also be prepared.

When the final sensor holder position is calculated,
the tracks on the CP can be designed and
manufactured. The male RH connectors and the
sensor holder will be fixed to the CP. The electrical
connection between the plate and the sensor holder
will then be implemented.

2.4. VV bolometer camera design: adjustable
upper body

Fig. 5. Bolometer camera with installed upper parts

The upper assembly will be installed right after the
adjustable electrical parts.

The collimator and the cover (Fig.5) can be fully
manufactured and brazed together in advance. The
shape of the housing can also be prepared and the
cut-out for the cover and their fixation together will
be done at a later stage.

This methodology assures that only a few
components have to be designed (adjusted) and
manufactured right before the second assembly
phase of ITER.

2.5. Space envelope of the VV camera

A space envelope, - called Configuration
Management Model (CMM), which is a theoretical
volume in which the final camera has to fit in - needs
to be established, including all tolerances and
adjustment flexibility. The CMM is used to define
the shape of the BM cut-outs (see in Fig. 1. and 2.).
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Fig. 6. VV bolometer camera and its space envelope

22 CMM s have been defined (one example is shown
in Fig. 6). There are deviations between CMM
(transparent) and detailed camera model (darker
colors). The reason for this is the preliminary
maturity level of the detailed model: Several
components required for final design (e.g. captive
bolts or RH pins) are not yet implemented.
Furthermore some amount of space is foreseen for
design the evolutions of the collimator.

The poloidal enlargement of the collimator and the
cover for defining the space envelope is the outcome
of implementing the alignment flexibility, (coming
from the radial adjustment of the BMs). The values
have been defined according to the 4z_vert column
of Table 1. This prevents the possibility of physical
clash between BM and camera and allows the
bolometer designers to implement the Az_total
alignment flexibility in case needed and in case the
final design of the interior is compatible with this. At
the moment the interior has been designed for + 31
mm flexibility in poloidal direction.

3. Conclusions

The final position of the BMs in ITER will deviate
from their nominal position. Calculations have been
performed to assess the necessary alignment
flexibility of the VV bolometer cameras for
adjusting the sensor and the collimator with the final
position of the BMs and BM cut-outs.

The outcome of the calculation is a bolometer
camera which can adapt a maximum of £ 16 mm
toroidal- and + 31 mm poloidal alignment flexibility.
A design has been developed, which is able to handle
this. Also, a set of CMMs has been prepared based
on which the cut-outs on BMs have been defined to
accommodate bolometer cameras.
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