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Concept of a module type of blanket has been applied to ITER shield blanket, of which size is
typically ImW x 1mH x 0.4mB with the weight of 4 ton, in order to enhance its maintainability
and fabricability. Each shield blanket module consists of a shield block and four first walls
which are separable from the shield block for the purpose of reduction of an electro-magnetic
force in disruption events, radio-active waste reduction in the maintenance work and cost
reduction in fabrication process. A first wall support leg, a part of the first wall component
located between the first wall and the shield block, is required not only to be connected
metallurgically to the shield block in order to withstand the electro-magnetic force and coolant
pressure, but also to be able to replace the first wall more than 2 times in the hot cell during the
life time of the reactor. Therefore, the consistent structure where remote handling equipment
can be access to the joint and carry out the welding/cutting works perfectly to replace the first
wall in the hot cell is required in the shield blanket design.

This study shows an investigation of the blanket module #10 design with a new type of the first
wall support leg structure based on Disc-Cutter technology, which had been developed for the
main pipe cutting in the maintenance phase and was selected out of a number of candidate
methods, taking its large advantages into account, such as 1) a post-treatment can be eliminated
in the hot cell because of no making material chips and of no need of lubricant, 2) the cut
surface can be rewelded without any machining. And also, a design for the small type of
Disc-Cutter applied to the new blanket module #10 has been investigated.

In conclusion, not only the good performance of Disc-Cutter technology applied to the updated
blanket module, but also consistent structure of the simplified shield blanket module including
the first wall support leg in order to satisfy the requirements in the design have been proposed.

Keywords: ITER, Blanket Module, First Wall, Separable First Wall, Disc Cutter YAG Laser
Beam, Hot Cell, Welding Equipment, Cutting Equipment

+ Division of Fusion Energy Technology
¥ Cooperative Staff



JAEA-Technology 2006-042

ITER 3&#EZ 772 7 o MBI B —BEXFEH OB A E B L OBA FIEO PRI

} F AR JI R FE R S i
- EEERTZEBEEFY ITER Yoy =sha=yh
TR ISR BB BB AN R SR B EAY

(2006 4 7 A 3 H%H) -

ITER D752 4o Mk, BAEME R OHRSFAEOBLAA S 1mW x 1mH x 0.4mB HE0 & #
AL DV a2 — WEEEZE LD, Fo, BT T 7y Nt 3 5 5 —BE LR A5
1k FARTT L a RO BT DR, S EESE BOHIER LR Ea X DR D72
OIT, WHDPEERICTHECEOMELRAL T 5, BRI on I —
BEZF NS B W COBERUATE ERE SN TRY , ZDEREIL S IA DT A AT S var
OB 2 BTG HERES NS, LnL, BT3B e T 2 E Lo
DLBELEINTNDT2D T T 7y MOREERLEE 5 2 DBRIE, BRI ARy ML N
T T AE R IR S P E OB D O EEE S OREEE TR D HILTND,

AW TIE, B— E*iﬁﬂiﬂw@liﬁjﬂi&bf B DOUWTFIEO TG, PEEHED M
(=gl uﬁﬂﬁb”;&%%@%u é(@JﬁUH# T DFRAENRBHM B R EDTDOFEREDH%
MENERS  E-BEBECFOEEUNEEEH X OMEN TLARE) 2HT5
Dick-Cutter @Jﬁfﬁ&ﬁﬁ%%}@%ﬁb\ Z DORERRHIE T RTREL 72 Dl 7 7 o MBERE & DR
MEIToT, BEEIZIX, B OEE B G B LT 7 A% B B L 7R A5
@W*B’l‘%a_@fﬁi’f%:ﬁok I, BB —BE SR HIEN T8 A T REZ: Dick-Cutter O/NEALIRET
211077,

RBIEI LD . ERHRSE T M BN S A8 % 595 Dick-Cutter D ZEHE~DE |
T AMEA A BN T DL, ITER IRV TRRE SR> THDARy ML CAHRT B2 55 —
BED X FFIEE B L ONE T 7 7y bOEES uXTLf//f/I/VC%/D\Ié@&)%)T% GERY
?m L. ERLA~OBEWAREMEE R 2R TET,

BRETRE RS RFZE A (BEAE) : T311-0193  FRIFIRBRE A (L 801-1
+ A =L — TR = b
MR A



JAEA-Technology 2006-042

Contents

1. Introduction.

2. Objectives and Design Conditions

2.1 Objectives ---
- 2.2 Design Conditions

3. Investigation of Welding and Cutting Methods

3.1 Welding Equipment
3.1.1 Welding Methods
3.1.2 Selection of Welding Methods

3.1.3 Welding Conditions of YAG Laser
3.2 Cutting Equipment
3.2.1 Cutting Methods
322 Comparison of the applicable Cutting Method e
3.2.3 Selection of the cutting method

3.3 Selection of Nondestructive Inspection Method

3.4 Remote Handling Tools for FW replacement in Hot Cell --------=-----

4. Investigation of Blanket Module Design -

4.1 Design of Blanket Module
4.1.1 Design of FW Support Leg
4.1.2 Design of the back cover plate
4.1.3 Design of Shield Blanket Module #10

4.2 Design of Disc-Cutter Head

4.2.1 Premise conditions
4.2.2 Evaluation of the strength
4.2.3 New Disc-Cutter head

~ 5. Conclusions -

Acknowledgement

References

iii

N =

O 0 AN O W L W

S
L W N

30

30
30
33
34

37

37
38
43

71
72

72



4TIy RV A VREHRE

JAEA-Technology 2006-042

ER/N
1.

p=(118

=

2. HEYLERESRMF

2.1 BHY

22 R

3. W - SRR ORE

3.1 Febisas

3.1.1 IEEFIEORE
3.1.2 BEHEFIEORE

3.1.3 YAG I/—'DL(@E?@MI*#

3.2 Gl

3.2.1 YIWrREOHE
3.2.2 i Tee 7R BT RIE O L

3.2.3 I FRIEDORE

3.3 FERERETIEORE

34— BESEHUTENE R R O

41 T2y NEY 2 —/VORRE -

41.1 HRET R ORE
4,12 Has %%)\}Lﬂ%ﬁéi—@m

413 7Ty M0 EY 2 —/VDOiRE

4.2 F—BEZE WA Disc-Cutter BRENESDRE

42.1 BiRSM

4.2.2 FREEFM
4.2.3 BRERE OAAREE

5. HhEm

s

S 30k

iv

N

O 0 N N [

i e
W W N

30

30
30

33

34
37
37
38
43

71

72

72



JAEA-Technology 2006-042

1. Introduction

A module type of blanket has been applied to the ITER shield blanket in order to
enhance its maintainability and fabricability, typically the size of ImW x ImH x 0.4mB
with the weight of 4 ton. Moreover, a separable first wall (FW) concept from a shield block

“is applied with a view to reducing an electro-magnetic force (EMF) in disruption events, a
radio-active waste in the maintenance work and fabrication cost. FW, which consists of a
panel and a support leg, has to be connected metallurgically, which means a leak tight joint,
to the shield block through the support leg in order to withstand the EMF and coolant inner
pressure [1][2]. On the other hand, in the other requirement for the connection, it is able to
réplace FW more than 2 times in the Hot Cell during the life time of the reactor.

At present, it is urgently necessary to design the following consistent structure,

- structure of FW support leg and the shield block taking the requirements from
suitable Welding/cutting' methods and remote handling tools applied in the Hot

Cell into account.

In this report, a preliminary investigation of the suitable replacement methods for FW
in the Hot Cell at the maintenance stage, mainly for cutting and rewelding FW support leg,
has been done. The design of FW support leg and shield block structure reflecting the

requirements from the replacement methods has been also investigated.

2. Objectives and Design Conditions
2.1 Objectives

According to the shield blanket module design improvement by the ITER |
International Team (IT), conceptual design of FW support leg and the relating parts have
been performed. The update concept of the FW. support leg and the relating parts in the
shield block proposed by the IT are shown in Figs. 2.1-1 and 2.1-2. The major features of
the structure in the concept are as follows:

- applying Race Track shape to the support leg connection,

- on the replacement methods, applying YAG Laser beam to the support leg
connection in both cases, _

- applying the removable separation parts such as the Expansion Seal and
'Field through Pipe fixed by bolfs, for the purpose of keeping the boundary
of the coolant collectors between the inlet one to FW and the outlet from
FW. These have to be removed and reset every replacement stage for FW.

Unfortunately, the following issues are not clear in the IT design.
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- The applicability of YAG Laser beam to Race Track shape of the support
leg replacement in Hot Cell, especially the cutting.

- The reliability of the use of the separation parts, making the structure in the
shield block and the procedure of FW replacement in Hot Cell all the more

complicated.

Therefore, going back to the starting point, with the object of confirming the
applicable methods in the Hot cell and simplifying the complex structure, the following
items have been performed in this study.

- The selection of the suitable methods for welding and cutting used in Hot Cell.
- The improvement of the shield block design taking account of the

requirement from the selected methods.

2.2 Design Conditions

Table 2.2-1 shows the premise conditions of design réquirements for welding and
cutting in this study. On the cutting, since this study is the first trial to investigate the
applicable equipment to the FW support structure, it is carried out to be based on the

present requirement of no use of lubricant.

Table 2.2-1  Premise Conditions of Design Requirements

~

The number of FW changes ~ Two times excluded initial assembly
Thickness of back cover plate for welding/cutting 10 mm t
Thickness of FW support leg structure for w/c. 10 mmt

Welding/cutting position in the module >170mm
in order to keep He production rate (Distance from the FW surface)
lappm or less
Design strategy No making alterations in module
' outer line

No use of lubricant at cutting and
at machining after cutting
Accessibility Be accessible to FW welding/cutting point
through the narrow access hole.
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3. Investigation of Welding and Cutting Methods

3.1 Welding Equipment

3.1.1 Welding Methods :
Five kinds of general welding methods which are possible to weld more than or less

10mm thick austenitic stainless steel are investigated. Main feathers of the five are shown

in the followings:

(2) Narrow gap MIG

(1) Narrow gap TIG
10mm thick wall : Possible with multi-layer welding.
Welding pdsition: In all position ,
Bead situation: Stable and high quality bead with penetration bead.
Large heat affected zone (HAZ).
Welding efficiency: A little worse. (It will be improved by using Hot Wire.)
Deformation: Large '

10mm thick wall : Possible with multi-layer Welding.
Welding position: In all position except an overhead position.
Bead situation: A little worse than TIG. Large HAZ.
Welding efficiency: Good.

Deformation: Large

(3) CO, Laser beam

10mm thick wall : Possible with a single path welding.
Welding position: In all position

Bead situation: - Stable and high quality bead.
Welding efficiency: Good.

Deformation: Small.

Miniaturization of the head: Possible.

Key implement:

(4) YAG Laser beam

Mirror system for leading the Laser beam to an object

10mm thick wall : Possible with a single path welding. (It depends on
, Laser beam power.)

Welding position: In all position

Bead situation: Stable and high quality bead.

Welding efficiency: Good.

Deformation: Small.

Miniaturization of the head: Possible.



JAEA-Technology 2006-042

Key implement: Fiberoptics system for leading the Laser beam to
an object.
(5) Electron Beam

10mm thick wall : Possible with a single path welding.

Welding position: In all position

Bead situation: Stable and high quality bead.

Welding efficiency: Good.

Deformation: Small.

Miniaturization of the head: Difficult.

Key implement: Chamber for keeping the weld circumstance vacuum.

3.1.2 Selection of Welding Methods
At an initial assembly stage, while it needs to confirm the weldability through R&D

~ three kinds of general welding equipments among the above six are proposed for welding
of blanket module owing to on workshop fabrication; such as YAG Laser beam welding,
and the conventional welding (Narrow gap TIG and MIG). ‘

On the other hand, at the maintenance stage, the YAG Laser beam welding is regarded
as the only measure left in consideration of the applicability in Hot Cell and of the
accessibility to the weld points 'passing through the narrow cavity in the module. For
giving the actual examples in the reasons, there are issues for the conventional welding to
remedy the deformation in the limited narrow space in case of passing over the allowable

tolerance.

3.1.3 Welding Conditions of YAG Laser
As the key issues of YAG Laser welding applied to FW support leg are Laser power

and root conditions, the welding conditions of YAG Laser in Hot Cell estimated from past
R&D results in JAEA are described in the pages that follow. By the way, the root

conditions mentioned here indicate a root opening, a slip gap and configuration of grooves.

At first, the Laser beam power to weld the 10mm depth is estimated. The following
result was gained in the conditions of SUS304 bead on plate welding by 6kW YAG Laser
beam power. Figure 3.1-1 shows the bead cross section by Laser beam, and Fig. 3.1-2

shows the relationship between the welding depth and the velocity.

- Though it was found to be difficult for continuous welding (CW) to weld up to
10mm depth, it could obtain more than 10mm depth weld in the pulse welding
conditions while these were not the optimum welding conditions and not the
soundness joints. However, it is conceivable that it is possible to obtain the

soundness 10mm thick joint with using a level of 6-7kW Laser rated power.
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The following results on the root opening condition were gained in conditions of
SUS304 plate, 500mm/min velocity, N, sealed gas and ®0.4mm laser focus with using
3kW Laser beam power. Two root opening conditions with 0.4mm and 0.7mm were tested.

The example of butt joint x-section, which is 0.4mm case, is shown in Table 3.1-1.

- Soundness weld bead with an about 7mm depth was obtained in the 0.4mm root
opening condition, though the underfed was occurred strikingly in the 0.7mm one.
From this result, it is found that it needs to keep the gap between weld axis and
root face (groove face) within the tolerance of +0.2mm by machining. |

- On a size of the soundness bead obtained from the 0.4mm root opening condition,
it was 4.5SmmW at the front surface and 1.7mmW at the rear side approximately.
From this result, it is found that the maximum allowable déviation among the
weld axis and the both root faces is about 0.65mm ([bead width 1.7mm — root gap
0.4mm] + 2). Therefore, it is to be one of the present requirements for welding

tool to keep the positioning tolerance.

From an another R&D results, the following results on the slide gap conditions were
gained by conditions of SUS316L circular tube (ID54.5mm x 3mmt), 500mm/min, 0.4mm
root opening with using 1.1kW Laser beam ﬁower. On the slide gap conditions, 4 cases
with Omm, 0.5, 1.0 and 1.5mm were tested. Examples of welded joint x-section in the case

of 0:5mm and 1.0mm are shown in Figs. 3.1-3 and 3.1-4, respectively.

- The 0.5mm was the maximum allowable slide gap in order to obtain the
soundness joint. It means that it needs to keep the relative slide gap within the
tolerance of 0.5mm. Therefore, this is also one of the strong requirements for
weldihg tool to keep the positioning tolerance. |

- Finally, the configurations of grodve for FW support leg and for cover plate are
investigated. The proposed joint shapes in comparison with the IT one are shown in Table
3.1-2 and 3.1-3, respectively. For the FW support leg, the angular butt groove is applied
which has advantages over than normal butt one in that_ the damage to fhe optical
instrument in the Laser nozzle by the reflections will be much less, and that it is much
easer to set the FW support leg without any slip gap. For the cover plate, the normal butt
with square groove is applied which has an advantage to prevent the dross and shavings

from scattering.
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3.2.1 Cutting Methods
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Five kinds of general cutting methods which are possible to cut more than or less

10mm thick austenitic stainless steel are investigated. Main feathers of the five are shown

in the followings:
(1) Powder Gas cutting
10mm thick wall :
Cutting width:

Cutting accuracy:

Heat affected zone:

Discharge:

Key issues:

(2) Plasma cutting
10mm thick wall :
Cutting width:

Cutting accuracy:

Heat affected zone:

Discharge:
Key issues:

(3) YAG Laser beam
10mm thick wall :
Cutting width:

Cutting accuracy:

Heat affected zone:

Discharge:

Key issues:

(4) Abrasive Water Jet
10mm thick wall :
Cutting width:

Cutting accuracy:

Heat affected zone:

Possible to the hundreds mm thickness.

Wide. (It affects mass of dross)

Low. |

Large.

Iron powder, dross and slag.

Collection of the discharges and protection of the
peripheral structure and miniaturization of the head.

Possible.

5-8mm. (It affects mass of dross)

High and clean.

Small.

Dross and slag .

Collection of the discharges, protection of the
peripheral structure and miniaturization of the head.

Possible. (It depends to Laser beam power.)

1-2mm

High and clean.

Small.

Dross and slag

Collection of the discharges. Protection of the
peripheral structure and fiberoptics system for leading

the Laser beam to an object.

Possible.

lmm

High and clean.
Non.
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Discharge: ‘ Water and polish powdér. (Mass of the discharges is
great in volume)
Key issues: Protection of the peripheral structure against the -
- cutting  penetration - power. Collection of the
discharges.
(5) Mechanical cutting
1) General machining (Disc type cutting tool and Hole-Saw)

10mm thick wall : Possible.

Cutting accuracy: - High and clean.

Heat affected zone: Small.

Discharge: Metal chips and Coolant with Iubricant

Key issues: ' Collection of the discharges. System of a strong
support arm. '

2) Special mechanical cutting (Disc-Cutter) °

10mm thick wall : Possible, only to pipes. (The possibility depends to an
inner diameter of pipe.)

Cutting accuracy: Very high and clean.

Heat affected zone: Very small.

Discharge: v Non.

Key issues: Miniaturization of the head.

3.2.2 Comparison of the applicable Cutting Method

Secondly, in case of the application of the FW support leg and the back cover plate
cutting, the other key requirements shown in the followings have to be considered.
It should be able to

- reuse the cut cross section for welding without any machining to make the groove,

- make no use of the coolant, ,

- protect the peripheral structure against the cutting power, ,

- pass through the narrow access hole from the rear side of FW, in case of the FW

support leg cutting.

* When these requirements are applied to the above five méthods, still Laser Beam and
the mechanical cutting methods remain for the candidate cutting method. Therefore, the
more detailed feathers and the applicability of both methods have been investigated. The

details are described in the pages that follow.
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3.2.2-1 Laser Cutting

It is one of the melt cutting methods with using Laser Beam for heat source and also
in wide use for thin plate cutting [3]. On the thick plate cutting, since it didn’t come into
wide use, the cutting condition for YAG Laser investigated on the basis of past
experimental results is described in the followings. ‘

The following results were obtained by the conditions of SUS304 6mmt plate inclined
at angle of 75° and 90°(normal butt welding), duty 30%, 500mm/min velocity, O, assisted
gas, with 2kW nominal CO, Laser beam power. The cross sections of welded joints as an

example are shown in Figs. 3.2-1 and 3.2-2.

1) Soundness joint without defects was obtained in both cases, on the same
cutting condition.

2) Cutting gap was about 0.3mm uniformly in both cases.

3) Roughness on the cutting surface was Rmax.52.6um in the case of angle 75°
and 49.9um in 90° one. _ |

4) Flow mass of shield gas was 115/min (reaction force at cutting was about
12N), and that of assist gas was 200 I/min (reaction force was about 21N).
Therefore, the total mass of gas was 315/min (reaction force became about
33N). Figure 3.2-3 shows an example of a measuring reaction by Laser beam
cutting, for your reference.

5) Dross clung to the rear side of cutting edge was observed. It was easy to
remove the dross by metal brush because it had the fendency to be brittle and

come off easily.

From the above results, the Laser beam power to cut the 10mm thick SUS316LN is
estimated. On the assumption that a mean power of cutting is same as the nominal power
2kW and the duty is 30% - 50%, the peak power is calculated to be 4kW - 6.6kW.
Therefore, taking some margin into account, Laser machine which has a nominal 5-7kW
power is needed. These power levels of Laser machine have come slowly into use recently,
but they still belong to the category of special high power device.

Finally, the Laser Beam cutting method which has the nominal 5-7kW power can be
applied to the FW support leg and the back cover plate cutting, though the following issues

still remain to be solved.

- - Cutability in the narrow spdce in the shield block.
- - The post treatment methods for the cleaning, the dross collection and the

machining.
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3.2.2-2 General Mechanical Cutting Methods
(1) Disc type cutting tool and Hole-Saw

- On the disc type cutting tools, an eleétro-deposition diamond disc type and a
whetstone one are given. These are in general use for cutting and can cut a certain material
with a rotating disc at 8000-10000 revolutions per minute without coolant or lubricant. A
cutting direction in each method is only in the radial direction on the disc, and their
reaction forces for cutting steel are presumed to be 80-200N and 40-120N, respectively.
The details which were tested by experiments are shown in Table 3.2-1. In case of the
applicability to the FW support leg cutting, though it is able to cut the leg perpendicularly,‘
it needs to make machining to get the prescribed angular groove shape after cutting. And in
that to the back cover plate, it is difficult to cut the thick plate along a curved line because
it can cut out only in the radial direction of the disc.

On Hole-Saw, it is an excellent cutting machine for making a round hole in the plate,
and also has a simple structure with no use of any cooiant. and has a good portability.
Figure 3.2-4 shows an apparatus of the Hole-Saw head and a situation of cutting test which
was done in 2004 without any coolant or lubricant. While it can be seen from the figure
that it became discolored in some degree at the side surface of the Hole-Saw, an austenitic
stainless steel 316L plate with ¢80mm hole was obtained cutting out a 13mm thick disc
without any nicking in the edge. In the applicability, the Hole-Saw machine can be applied
to the back cover plate cutting in Hot Cell. ‘ "

(2) Disc-Cutter

We, JAEA, have developed a Disc-Cutter technology in Fusion Engineering Reactor
Design in Japan since 1984, with the view of applying it to main pipe’s cutting at the
maintenance stage, and have obtained a lot of satisfactory results through the R&D [4].
Schematic drawing of the then Disc-Cutter head and an apparatus of the one manufactured
by way of trial are shown in Figs. 3.2-5 and 3.2-6, respectively. On the cutting principle of
the Disc-Cutter, it uses a shearing force like a pressed cutting. The Disc-Cutter head shown
in the figure mainly consists of a disc knife with a sharp V-shaped tip, of which axis has an
own moving system toward the outer direction, and two support rollers which hold the
reaction force from the disc knife. The Disc-Cutter head itself has a system of the
revolving on the head axis with keeping their relative positions among the disc knife and
support rollers. Though the disc knife has only a moving system toward the outer direction
mentioned above, it has no system of the revolving itself by force on its axis. Therefore, it

is possible to cut a round wall smoothly and spontaneously.

The cutting mechanism process of the Disc-Cutter is as follows:

- The Disc-Cutter head is installed in the correct cutting position of the pipe,
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shown in Fig. 3.2-7 (step 1).

- - The Disc-Cutter head starts to revolve on the head axis.

- At the same time, the disc knife moves towards the outer direction with
keeping pressing force under control, shown in the figure (step 2).

- After the V-shaped tip and the support rollers touched the inner surface of
the pipe, the disc knife itself revolves spontaneously along the inner surface
of the pipe and cuts into the pipe in proportion as the Disc-Cutter head
revolves on the head axis, shown in the figure (step 3).

- The disc knife is housed in place after penefrating the pipe perfectly, shown
in the figure (step 4).

Since it has a mechanical tendency in the Disc-Cutter machine that the disc knife
keeps to run in a cutting route once made on the inner surface of the pipe, it is no necessary
to make a special system to support the Disc-Cutter head except it’s own pressing system
in cutting.

Large advantages of applying the Disc-Cutter machine to the component in Hot Cell

and that in the reactor are as follows:

- It can eliminate post-treatment such as a cleaning after cutting, because the
Disc-Cutter machine makes no material chips.

- It is no necessary to use coolant with lubricant, because it causes scarcely
generation of heat during the cutting.

- The cut section of the pipe, as it is, can be applied to the rewelding without
any machining, because the section is very smooth and has no deformation.

For a disadvantage, it is 'app}licable to only pipe shape with the range of 3-5in Caliber.

Figure 3.2-8 shows an example of pipe cut section obtained from R&D of the
Disc-Cutter in 1993. It was applied to the austenitic stainless steel 304 pipe of $114.3
10/126.3 °® mm [5]. The condition of the section was very smooth and there was no defect
and deformation to be found which interfered with the rewelding by YAG Laser beam. And

needless to say it has a reproducibility for cutting.

3.2.3 Selection of the cutting method

From the ihvestigation of the cutting methods mentioned above, we have finally
decided on applying the Disc-Cutter to the FW support leg cutting and the How Saw to the
back cover plate cutting, for the reference. It is clear from the investigation that the
Disc-Cutter has a lot of advantages and is superior to the Laser Beam cutting which is an

alternatives.
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3.3 Selection of Nondestructive Inspection Method

Though, in general, there are more than four kinds of nondestructive inspection (NDI)
methods which are applicable to the normal weld joints, such as a radiographic testing, a
liquid penetrént, a magnetic particle and an ultrasonic detection testing (UT), UT is
supposed to be the only measure left among the NDI methods on the selection of the NDI
‘method applied to the weld joint of FW support leg and that of cover plate in Hot Cell,
taking the preservation of environment and the workability in the narrow space into
account. ' .

A schematic UT tool applied to the weld joint of FW support leg is shown in Fig.
3.3-1 and that to the cover plate is shown in Fig. 3.3-2. A 45° injection angle prove is
applied and alcohol is used for the vehicle of ultrasonic wave in a gap with 0.5mm between
UT prove and an inspection surface. While it has a possibility to use usual water instead of
the volatile alcohol, in this case, how to remove it and to keep a circumstance of He leak
test after the inspection become one of the key issues. - _

Table 3.3-1 shows the detectability against typical assumed defects under UT
“inspection. It can be said that it is possible to detect the defects at the tip on the root in
theory. It needs, anyhow, to confirm the applicability and the detectability through R&D.

3.4 Remote Handling Tools for FW replacement in Hot Cell

In this section, investigation of the followings are described, which are based on the

remote handling techﬁology cultivated through R&D..

- Components of remote handling tools
- An error range of the FW replacement by remote handling

- A detection error in CCD camera

A conceptual drawing of FW replacement equipment by the remote handling in Hot
Cell is shown in Fig. 3.4-1. The equipment for FW replacement consists of a work table, a
main machine, replacement unit tolls and a tolls’ luck. For the replacement unit tolls, five
kinds of unit tools such as for cutting, welding, screwing up, inspection of UT and for back
cover gripping are housed in the tolls’ luck. The main machine has functional axes which
consist of three straight active axes (X, Y and Z axis), two rotating active axes (o, ) and
two teaching subordinate axes (a, b). The main function of these axes and the relative
accuracy of control are shown in Table 3.4-1. The accuracy of axis Y and Z based on the
actual past results are estimated to be about 0.017mm and 0.019mm respectively, and a

general mean accuracy that is square root of square sum is to be 0.026mm. Especially,
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since the axis of Y, Z and P are main axes to carry out the welding and cutting directly, it is
very important to evaluate the accuracy of a control device exactly.

F igure 3.4-2 shows a schematic compliance system on which the remote handling tool
is mounted. Tt can control the a- and b-axis in order to absorb the positioning error of the
above mentioned main moving axis. , _

- A flow of optical compliance method and a schematic detection error are shown in Fig.
3.4-3. In order to locate a working point, it is useful to take and evaluate a visual picture
through the CCD camera installed on the welding and cutting tools. In the procedure of the
revision, after the confirmation of the origin of the coordinate axes by a guide light, the -
visual picture which detects a boundary of the weld joint (opening root) with moving the
guide light to an initial objective point are recorded. After calculating the center line of the
boundary from the visual picture, the positioning data is revised to the new. The detection
error is equivalent to a diagonal length in one pixel in the visual picfure and itrdépends on
the magnification rate in CCD camera. For example, since the radiation resistant CCD
camera has 525 x 650 pixels, assuming that an actual 10mm x 10mm area comes within the
range of this scope, it is 19um long in one pixel length and the detection error becomes

27pm.
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Table 3.1-1 Cross-section of Weld Joint under the condition of Root Gap 0.4mm

Root Gap 0.4mm

' Depth of
Bead :7mm

Welding Conditions of YAG Laser Beam

Laser Power 3.0kW (CW)
Velocity 500 mm/min
Material SUS304

Table 3.1-2 Comparison of Joints configuration for FW Suppbrt Beam

Configuration of Joints Merit

Demerit

Groove for normal butt
welding

The structure is simple.

Shield
Block
Side

It has a tendency to cause the
slide gap. :

The optical instrument in the
nozzle will be damaged by the
reflections.

Proposed groove for
angular butt welding The setting is much easer.
The damage to the optical
instrument in the nozzle by the

reflections will be much less.

Actual welding thickness
is increased.
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Comparison of Joints configuration for Cover Plate

Configuration of Joint

Merit

Demerit

Groove for Socket welding

Back Cover Plate

The structure is simple.

It needs to machine the cut section
into the Socket shape every Laser
cutting.
It has a tendency to cause the
defects at the tip and at the notch.
The rear side damage by Laser
cutting is not clear.

o s
o
*

R

A

Machining will be
unnecessary  after Laser
Cutting. It can weld the

cutting section as it is.
It prevents the dross and
shavings from scattering.

The structure is complicated,
if pressed.

Table 3.2-1 Comparison of Cutting methods for FW Support Beam

Cutting Method Example of cutting Reaction force| Lubrications Demerit
Electrodeposition Diamond disk ~Chipp‘ing the diék.
Cutting Disk diameter  : 45 mm -Cleanfnfg the Ch_lps‘f
Thickness 0.3 mm 80-200 N* No need -Machining the inclined root
Number of Rotation :10,000rpm -Frequency in changing disk
o -Velocity of Cutting.
Machining
: Cutting whetstone -Chipping the stone.
Disk diameter :45 mm -Cleaning the powder,
Grinding | Thickness :0.7 mm 40-120 N** Noneed |-Machining the inclined root
Number of Rotation : 8,000 rpm ) -Frequency in changing disk
-Velocity of Cutting.
Pulse Laser
Peak Power  :2-3 kW -Cleaning the dross
Laser Beam Cutting | cytting Velocity: 300-500mm/min - 30 N No need -Maintenance of the lens
Assist gas 10,

* Estimated from the power data of supper steel end mil

** Measuring data of Reaction force for SS400 and S45C

*** Estimated from the measuring data on the condition of 115 /min (Ar velocity).
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Table 3.3-1 Assumed defects under UT inspection and the detectability
Assumed Lack qf Qap of Qap O'f Blowhole
defects penetration positioning positioning
Schematics o 48
of 5\\ . s
Inspection \Q 2 ;}\ 1;;:‘
Lack of penetration at the tip Blowhole
» The minimum limit of
The defects at the tip on the root can be detected in theory. detef: tability
Detectability . for stainless steel
within 25mm thickness

is 2.4mm diameter.

Table 3.4-1 Error factor and error range in the main axes

Pri Fact Error
Y-axis Z-axis
 Resolver Measurement 1.2pm 1.2pm
Backlash Opm Opm
Coupling -
‘ Lost motion 0.7um 0.7pum
Leading 3um © Tum
Ball Screw D-centering 10pum 8um
Gap in Axis 0 (preload) 0 (preload)
Air Check Repeatability 2um 2pum
Total 17um 19um
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Fig. 3.1-2 Relation between welding velocity and depth (1/2)
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Fig. 3.1-2 Relation between welding velocity and depth (2/2)
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(a ore Cuting Test - (b) ttlg Test in progress

(c) After Cutting Test

Fig.3.2-4  Appearance of Hole-Saw Head and Situation of Cutting Test
(SUS316L plate with 13mm thickness)

Pipe
(@©102.3™/®114.3°P)
|- Support rollers
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L

400

Fig. 3.2-5 Configuration of Disc-Cutter Head
for 100A-sch.40 pipe cutting.
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View

(a) Front

de View
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(b) S

-Cutter head manufactured by way of trial.

-6 Appearance of Disc
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Probe for UT with the angle beam method -
Projection (Inclined angle is 45°)

g\z 10
\ ? Projection

Fitting *
direction
v

Spring Plate with the function of the
compliance mechanism fitting UT probe
onto weld joint surface

Tubes of supply
alcohol

Fig. 3.3-1 UT Tools for Inspection of FW support leg weldment

Ny s

Y

N Probe for UT with the normal
Fitting beam method
direction

Spring Plate with the function of
the compliance mechanism
fitting UT probe onto
weld joint surface

Tube of supply alcohol

F ig. 3.3-2  UT Tools for Inspection of Cover Plate weldment
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Tool for ’

Screwing up Blanket Module

Tool for
Tool for UT - Welding  Tool for Cutting
\
Tool for Camera
Cover Plate
Gripping
Tool Rack

Machining Table

Main Equipment

Fig. 3.4-1 Schematics of Maintenance Equipments for FW Replacement
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b-axis Linear Guide
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i /
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Rotary Actuater

Fig. 3.4-2 Compliance System
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Fig. 3.4 -3 Optical compliance method and detection error
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4. Investigation of Blanket Module Design .

In this chapter, the investigation of the FW support leg structure with new two
circular type connetction based on the technology of Disc-Cutter cutting and YAG Laser
beam welding is described. And the structure of Disc-Cutter head and the shield blanket
module #10, which are consistent with the new two circular type of FW support leg

structure, are also investigated.
41 Design of Blanket Module

4.1.1 Design of FW Support Leg
(1) Proof against EM Loads

Fig. 4.1-1 shows a back side view of the two circular connection type of FW supporf
leg structure onto the shield blanket module #10. EM loads on the inboard FW panel in the
case of slow vertical displacement event described in ITER Design Description
‘Documents (DDD)* are used for a preliminary stress calculation of the structure. The
details are shown in Table 4.1-1. For the halo current in the worst loading case, it was
~ assumed to be 70kA on each FW panel resulting from an assumed FW-normal halo current
density of 0.18MA/m*. It produced a poloidal shear force of 150kN (F,) per FW panel, a
toroidal and a radial shear force of 31kN (F;) and 79kN (Fy).

On the rough stress calculation for the two circular type, with new six elements on the
FW support leg structure, ndmely moments (M, ,M, and M,) and forces (F,F and F,)
recalculated from the above forces on the FW panel, main composition stresses are
obtained considering the following conditions and general equations. Schematic of stress |

distributions on the round pipe structure are illustrated in Fig. 4.1-2.

- FW panel of 1005"mm x 345" mm.

- Pipe thickness of about 10mm (t) required from YAG Laser welding
performance. _

- Minimum inner diameter of pipe 80mm (d,) required from Disc-Cutter cutting
performance. \ .

- Coolant pressure of 5MPa (P) required in the IT design condition for cooling.

- Dead weight of FW panel 2kN.
- The composition of stresses (o,,7,,.)" based on bending stress (c,,,0,,)”, twist

*: G16 DDD 2001, 0.1-06-07 WO0.1, P201 Table 2.1.1-2
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1):o, :%+%x\/02+4x72
T =%><\/0'2 +4x7°

where,  Stresses at a point H S N AN

Stresses at another pont :0,,,7,,,7,.,0,

on the assumption that 6 = Y 0K, T= > 1

2):orM,=M,><i or O'Mpszxzi"I
. 2

M
4x1I (or 1,)
_(d*+d xd +d)xF
C o 12x1 (or 1)

3)ir=d x

4):7

5):0,=Px 4
2xt

where, d, : Outer diameter of Pipe

I (or I,) : Polar moment of Inertia

J : Distance from axis center to the top

~ Table 4.1-2 shows the results of the stresses with typical geometrical conditions.
From the results, it becomes clear that it is possible to keep the composition stress within
the range of 206MPa (allowable stress: 1.5Sm at 150°C) under the following conditions.

Thickness of the pipe 12> 10'mm
Length of the FW support leg'structure  : <200 mm
Height of the FW support leg structure > 230 mm
Inner diameter of the pipe : > 80 mm
While case 7 is in the case of all equal signs in the above inequalities, it becomes 184
MPa with the maximum composition stress in the range. As compared case 7 with 8, for
the effect of the thickness it is found that the composition stress reduces about 9% to
169MPa increasing the thickness from 10mm to 11mm. In the case 9 and 10 supposed to
be the case of the inner and outer side of FW panel in the blanket module #10 described in
section 4.1.3, the composition stresses reduce to 181MPa and 172MPa, respectively.
Though the length of the FW support leg has to be changed in accordance with the
configuration of each shield module and with the EM loads, almost the lengths of the FW
support legs are supposed to be within the range of 200mm. These data in this section will
be a good guide to the detail design in the next stage.
Detail calculation will be required to confirm the consistency of the two circular

connection type of FW caused by the EM loads and other forces.
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(2) Application of the equipments
An applicability of YAG Laser beam welding and that of Disc-cutter cutting to FW
support leg with ®80™/ 100°° mm connection has been developed considering not only the

premise conditions summarized in Table 2.2-1 but also the following requirements.

- The shield b}lockr outer line and position of FW insertion holes should be no
making alterations, which is a strong requirement from the IT.
- It should be possible to grip and hold the tools during the operation and to
access to the cutting/ welding point. |
- It should avoid rewelding at the weldment.
- - It should be possible to remove the dross after welding and to apply the UT.

A schematic view of Laser tools relating to the welding of FW support leg structure is
shown in Fig. 4.1-3. The welding tolls consist of ball rollers for positioning system and
Laser beam transmission tools which have collimater lens and a parabolic reflecter. YAG
Lasér beam which has a 1.06um wavelength of the light passes through a ®0.6mm fiber
and spreads in the directions from the edge of the fiber. After turning into the parallel rays
by the collimater lens, the rays of light reflected from the parabolic reﬂe»cter‘ are
concentrated upon a welding focus. The spot diameter will be ®0.6mm estimated from the
image formation rate 1:1 in this case. N, gas is applied for an assist gas passing through a
protective tube and all the welding region have to be filled with the gas. Though there is-
no description of the cooling tools for the parabolic reflecter and the body of tool in the
figure, it needs to evaluate the necessity of the cooling in future work. Figure 4.1-4 -
illustrates a schematic view of FW support leg structure and the welding points. For the
welding position, it takes at the distance, 7mm, from the previous joint and keeps a some
inclined angle for butt welding, 20° in the figure. Though the welding and cutting
thickness based on this concept becomes more than 10.6mm, it is no problem for Laser
and Disc-Cutter performance. For the typical structure, there are an oblong groove with
10mm x 20mm that is installed for the purpose of collecting the welding dross which is
located just behind the welding point, and a @6mm hole with a view to releasing the
welding gas. And also it keeps a working space for the Laser head just rear side of the joint.
Figure 4.1-5 shows a schematic view of positioning system for FW suppbrt leg welding at
first maintenance stage. »

Figure 4.1-6 illustrates a back side view of the Disc-Cutter head in progress of the
cutting, and Fig. 4.1-7 shows a configuration of the Disc-Cutter head corresponding to a
$80™ mm/100 °° mm size of connection which can withstand the EM loads described
above. The Disc-Cutter head shown in the figure mainly consists of a disc knife with a -

sharp V-shaped tip around ¢46mm, of which axis has an own moving system toward the
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outer direction, and two support rollers which hold the reaction force from the disc knife .
On the machine shown in the figure, it is possible to cut up to 11.6mm thickness pipe. A
procedure of FW panel replacement by Disc-Cutter is shown in Fig. 4.1-8. After the back
cover plates severed from the shield block by YAG Laser beam (shown in step 2), the
Disc-Cutter head is installed in the correct cutting position of the connection (step 3 and 4).
After the other one’s cutting by Disc-Cutter (step 6), the FW is removed by the remote
handling equipment (step7) .

4.1.2 Design of the back cover plate

An applicability of YAG Laser beam welding and that of Hole-Saw cutting to the back
cover plate have been developed considering the requirements described in section 4.1.1(2).

A schematic view of Laser tools relating to the welding of the back cover plate are
shown in Fig. 4.1-9. The tolls for the back cover plate welding consist of almost same
components as the tools for FW support leg structure except the parabolic reflecter and the
positioning syStem. Since it needs a movement range for Laser equipment within the
distance, 150mm, from the surface of the back cover plate, it has to keep about ®120mm x
150mm space void for the remote handling movement space. Figure 4.1-10 illustrates a
configuration of the back cover plate in consideration of welding and cutting by the
remote handling. At the shield block side, there is an circular groove with 10mm x 15mm
cross section installed for the purpose of collecting the welding dross which is located just
behind the welding point. It keeps a 10mm thick wall to withstand the inner pressure
* 5MPa. For a pitch of the welding points, it takes 3mm at the distance from the previous
joint and keéps a normal shape for I butt welding, taking the investigation described in
chapter 3 into account. For the shape of the back cover-plate, there are a groove for
gripping by the remote handling tools at the center of the outer surface, and a step for the
UT probe and for the ball roller for the positioning system around the cover plate edge.
Three ball plungers for keeping the own position instead of the remote handling gripper
during the wélding, and a net with fine mesh for Collecting the dross are installed on the
inner surface of the cover plate. And also four holes with ®3mm for releasing the welding
gas are installed between the groove and the mesh. In order to stop at a correct position, a
step is installed around the bottom of the back cover plate, which is shown in the figure.

On the Hole-Saw cutting, a schematic example of a part of the machine applied to the
cover plate cutting in the Hot Cell is shown in Fig. 4.1-11. The machine has a system of
material chips collection with use of compressed air and that of fixing to the shield block
except that of cutting. Since it is an elementary level of the investigation, further
investigation will be needed in order to put a consistent cutting system based on the

Hole-saw machine.
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On the removing procedure of the back cover plate, it is shown in Fig.4.1-12. After
the cutting by the Hole-Saw, fingers of an end-effector are moved into the gripping groove.
Grasping the back cover plate with expanding the fingers, the end-effector carries and puts
the plate in place. At the setting, it takes in the opposite procedure. After setting the cover
plate to the correctvposition,' the end-effector is housed back in order to avoid standing in
the welding way. Therefore, it needs for the cover plate to keep the position with using the
ball plunger shown in Fig. 4.1-10 till after the welding.

-4.1.3 Design of Shield Blanket Module #10

(1) Overall design

Slits configuration in a special shield block #10 and a skeleton view of the designed
shield block structure based on the two circular connection type of FW support leg are
shown in Fig. 4.1-13. The shield block of the blanket module #10 is divided vertically into
four trapezoid shape blocks which are fabricated individually and assembled together by
EB-welding to form the module. There are five of C-shaped slits and two of partials, and
three of C-shaped slits are located at the boundary between the blocks. Concept of a
poloidal flow is partially adopted in a thin wall block and in a complicated structure
besides the main radial flow concept™. ' |
Configuration of structure around FW support leg and back region of FW in the outer

shield block are shown in Fig. 4.1-14, and these in the inner one are in F ig. 4.1-15. All the
structures relating to the FW panel replacement in the maintenance stage have been taking
. into account, such as the back cover plate and grooves for cutting and welding. In regards
to the access hole from the cover plate to the FW support leg connection, a simple two
holes concept with ®80mm. is introduced in spite of the complex semicircular hole in the
race track one. There are no inadequate points and interference among the components to
be found in the structure. It is clear to make the structure simplify by means of integrating
the inlet and outlet collector of FW into the shield block semi-permanently instead of
usihg the incidental parts in the Race Track type. Accordingly, it is seen that the distance
from the front surface of outer block to a weld point of FW beam becomes 129-149mm
and that of inner one is 170-190mm. It has a high possibility to keep He production rate
below 3 appm at the FW connection point through the optimization of the structure. All
the selected methods described in chapter 3 will result in a remarkable improvement in the
Hot Cell work for replacing FW panel.

The designed structure of a typical FW with the two circular connection type of the
support leg is shown in Fig. 4.1-16. The configuration of the FW support leg connection to
the shield block corresponds to the application of Disc-Cutter and YAG Laser beam
welding. Inlet and outlet coolant are completely separated by the leak tight boundary in
~*: ITER Task report 16-11, “EM Analysis of Modules, Dynamic Analysis of the Key and Module 10

Design Improvement”, Chapter V.
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order to avoid commingling with each other. Other whole structure in the FW panel are
almost same as the FW designed by IT, except the position of two diverging points of

coolant with ®30mm hole.

(2) 3-D Thermal and Stress analyses
3-D thermal and stress analysis of a part of shield block in #10 module, by way of
experiment, were carried out using I-DEAS verll NX in order to evaluate the soundness.
The two models which were used for analyses that had the about 1/40 portion of the
shield block, just below the FW insertion hole, are shown in Figs. 4.1-17 and 4.1-18.
1) Model A
a) Thermal analysis
A constant coolant temperature 125°C has been used in all cooling channels.
Conditions of heat transfer coefficient for coolant holes and headers were considered
based on the turbulence flows in equivalent diameter. The heat transfer coefficients used in
the analysis are summarized in Fig. 4.1-19, and adiabatic conditions were applied on other
interface surfaces. All material properties such as thermal conductivity for SUS316L(N)-
IG were taken from the ITER Material Properties Handbook. On the conditions of the
loads onto the shield, SMPa of a coolant design pressure is applied. And the radial nuclear
heating rate distribution Hy calculated by the next equation (4.1-1) where Hy4 has 0.78
MW/m” highest nuclear wall load in the outboard shown in the equation 4.1-2 from the
ITER Nuclear Analysis Report (2001)*, has been used. In this connection, the range of
nuclear heating rate onto module #10 is about 0.35-0.46MW/m” estimated from the report.

: 0.46
/ec)= v 4.1-
H,,(w/cc) 0.78XH"” | (4.1-17)
H,, (w/cc)=16.964xe""  (9cm( y (45cm) (4.1-2)

The resulting temperature distribution is shown in Fig. 4.1-20. Though the maximum
temperature of 263°C (AT=138 °C) and a couple of more than 250°C heat spots occur at
the front surface of front cover plate, those are much below the allowable value of 400°C
indicated in the ITER Design Desériptioﬁ Documents 2001. On the backward region from
the front headers, the maximum temperature rises up to no more than 154°C (AT=29°C) at
the location of the bottom surface of the shield, and almost all other heat spots’
temperature at the internal part of the shield block are below 143°C (AT=18°C). Therefore,

it is clear from the analyses that it is cooled very much in the shield block.

b) Stress analysis ,
Two load conditions have been taken into account for the analyses; the thermal loads

calculated above section and a coolant design pressure SMPa in all cooling channels. The

© *:NAG-201-01-06-17-FDR, Fig. 4.2-19.
**: NAG-201-01-06-17-FDR, Fig. 4.1-3.
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resulting intensity of shearing stress distribution caused by thermal loads is shown in Fig.
4.1-21. While the maximum shearing stress intensity of 209MPa occurs at the location of
the front corner of edge for FW support beam insertion hole, almost all other maximum
stress intensity on the front cover plate are below 120MPa and those at the internal part of
the shield block are below 168MPa. Figure 4.1-22 shows an intensity of shearing stress
distribution caused by SMPa coolant pressure. The maximum shearing stress intensity of
- 32MPa in the model occurs at the location of the base of the front cover plate, and the
shearing stress at a center of the front cover plate is below 22MPa. '

Table 4.1-3 summarizes the stress in representative points of the shield block. For the
stress conversion, the total intensity of Tresca stress at point B for example becomes
304MPa through the next equation; [thermal shearing stress 120MPa + shearing stress
caused by coolant pressure 32MPa] x 2. While the maximum Tresca stress intensity of
418MPa occurs at point E, almost all other stress intensity in the shield block have been

within the range of the allowable stress 3Sm.

2) Model B
a) Thermal analysis ,
The heat transfer coefficients used in the analysis are summarized in Fig. 4.1-23, and
all other conditions used are same as Model A. ,
The resulting temperature distributions are shown in Fig. 4.1-24. The maximum
temperature of 249°C (AT=124 °C) occurs at the edge of the front cover plate corner. In
- the backward region from the front headers, the maximum temperature is no more than
160°C (AT=35°C) at the location of the bottom surface of the shield, and it is seen that it is

cooled very much.

b) Stress analysis

The resulting intensity of shearing stress caused by thermal loads is shown in Fig.
4.1-25. While the maximum shearing stress intensity of 227MPa occurs at the location of
the corner of the front cover plate, almost all other maximum stress intensity on the front
cover plate are below 120MPa and those at the internal part of the shield block are below
72.8MPa.

Table 4.1-4 summarizes the stress in representative points of the shield block. For the
stress caused by coolant pressure in the table, they are calculated with using a formula of
bending stress in the Mechanical Engineering Handbook in Japan. Almost all Tresca stress
| intensity in the shield block are within the range of the allowable stress 3Sm except the
stress 454MPa at the location of the corner of the front cover plate.
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(3) Summary

Almost all Tresca stress intensity in the shield block are within the range of the
allowable stress 3Sm except the local two points; Tresca stress intensity of 418MPa at the
location of the front corner of the edge for FW Support beam insertion hole and that of
454MPa at the location of the corner of the front cover plate. If it necessary to reduce the
over stresses at the points, the structural modifications namely the decrease of the wall
thickness and the increase of the coolant velocity need to be examined. Further detail
study and calculation will be required to confirm the soundness of the shield block caused
by the thermal load, the coolant pressure with flow distribution.

In conclusion, the consistent structural concept for the shield blanket module #10
satisfying the requirements mentioned previously has been obtained through this study.
Finally, in any case described above, it needs to be noted that the feasibility confirmation
by R&D is required.

4.2 Design of Disc-Cutter Head

We have investigated the design of (DSOID_ mm /100 P mm cutting type of Disc-Cutter
miniaturizing the 100A - Sch.40 (©102.3> mm x 6.0'mm) cutting type which had been
developed in FER design in Japan, since both inner diameters were very close.

The results of the investigation in the design relating to a specification of the disc

knife and that of running gear are described in this section.

4.2.1 Premise conditions -
(1) Object of the cutting

A new Disc-Cutter has to satisfy the following premise conditions.

‘Configuration : Hollow pipe with ®80™ mm.
Thickness : 10mm or more.
Materials : Austenitic Stainless Steel (SUS316L.)

(2) Results from past R&D
The following results have been obtained from the 100A-Sch. SUS304 cutting test.
- A speciﬁcation of the disc knife

Diameter : P58 mm

Knife angle at the first tip  : 30° ,

Materials : OT106S (JIS G4404:SKD12 steel)
Surface treatment ' Nitrosulphurizing
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Hardness : Hrc 55-56
- A specification of the disc knife axis and the body
Materials : SKD11 steel (JIS G4404)
- A proposed specification of the running gear
Pressing load - :14710N
Revs of principal axis ~ : 60 rpm

(3) Mechanical properties of SKD11 steel

The mechanical properties of SKD11 steel used in the body of the Disc-Cutter are
shown in the followings (Data from Fuji Die Co., LTD.). Since both 0.2% proof stress and
~ tensile strength in this material are almost same level, 1/3 x tensile strength is chosen as a

design stress.

Tensile strength : 2260 MPa

Design stress : 753 MPa  (=2260/3) 7
Allowable bending stress  : 753 MPa

Allowable shear stress :376.5 MPa (=753/2)
Elastic coefficient : 206000 MPa

4.2.2 Evaluation of the strength
(1) The disc knife and the pressing load

When the Disc-Cutter head is scaled down by the ratio of inner diameter
(©80mm / ®102.3mm), a diameter of new disc knife comes to 46 mm, 56 mm x 80/102.3.
Figure 4.2-1 shows the configuration of the disc knife designed in this study. ~

A preséure load F on the disc knife at the touching surface, of which schematic
concept is illustrated in Fig. 4.2-2, is defined as a next equation.

P

F = . 4.2 -1
2.8, -tan( @, /2)y+2-85,-tan( 9,/2)

where, F (MPa) : Pressure load at the touching surface

P (N) : Pressing load from the principal axis of the disc knife
0, () : A first escape angle at the tip of the disc knife (30°)
6, () : A second escape angle at the tip of the disc knife (13°)
S, (mm?®)  :Area of the section cut by the 1% escape angle
of the disc knife |

S, (mm® :Area of the section cut by the 2™ escape angle

The typical conditions of the pressure load obtained from the 100A-Sch. SUS304 past

cutting test are shown in the followings.
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-F=170 MPa with P = 14710 N, 60 rpm and about 1 minute of
cutting time '
- F=90 MPa with P = 7649 N, 100 rpm and about 3 minutes of

cutting time

Taking account of a reduction of stiffness in the principal axis with the miniaturizing,
it needs to select the lower value. Therefore, P=11278N calculated from F=90 MPa using
the equation (4.2-1) is selected for the pressing load, and the following evaluations are
carried out with it.

(2) Strength of the axis of disc knife

- Figure 4.2-3 (a) shows a schematic drawing of a cutter head which consists of the
disc knife and the principal axis with ®15mm. The axis is fixed one end to a block at an
edge of a cotter in the movimgx._r> system rigidly and the other end to a sliding system by bolt
which has a function not to make a deflection angle.

A calculation model of the axis with both sides fixed is shown in Fig. 4.2-3 (b). For
the calculation region, the right half of the model ,corrésponds to the actual one shown in
Fig. 4.2-3 (a) . Symbols of gand / used in the figure are shown as the followings.

q=§=%8—:194.4 (N / mm)
where, g (N /mm) : An uniformly distributed load
P(N) : Pressing load from the principal axis
of the disc knife (P=11278N.)
I (mm) : Length of the uniformly distributed load (/=58mm)

On a calculation of bending stress, since a maximum bending moment A is

produced at the beam with right hand end fixed, the maximum bending stress o, __ is
obtained from the following equations.

oM _gr
bmax Z 3 ﬂ.d3

(42-2)

_194.4x582 32

=658.0 (MPa) ( <753MPa: Allowable bending st ress)

3 7153
2 3
M = 4 ! , Z= z-d
3 32
where, o, (MPa)  :Maximum bending stress

M, (N-mm) :Maximum bending moment

Z (mm*) : Section modulus
It is possible to withstand the bending moment since the maximum bending stress is abbut
13% less than the allowable bending stress. When the pressure load F=170 MPa is applied
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in this case, it is clear to say that it is difficult to withstand the bending moment because
the maximum bending stress becomes 1259MPa much higher than the allowable bending
stress (753MPa).

On a calculation of shearing stress, since a maximum shearing force Q

max

1s produced
at the beam with right hand end fixed too, the maximum stress 7, is obtained from the

following equations.

4 9
r=—.E 42-3
max 3 A ( )
= 4 194458 =85.1 (MPa) (<376.5MPa Allowable stress)
3 rx(15/)2
: 2
(Qu.=41)
where, 7, (MPa) : Maximum shearing stress
O (V) : Maximum shearing force
A (mm*) : Cross-sectional area

It is possible to withstand the shearing force, since the maximum shearing stress is about
77% less than the allowable shearing stress.
On a calculation of deflection, for your reference, since it can be considered that the

maximum deflection of-the axis will be produced at the sliding system fixed by bolt, the
maximum deflection J,,, is obtained from the following equations.

_g-ent 42— 4)
384 -E-T ’
4
_ 194.4x(2x58) 017 ()
384 x 206000 x 2485.0
. .
[ d
64
“where, &, (mm) : Maximum deflection
I(mm*) : Moment of inertia
E (MPa) : Young’s modulus

(3) Strength of the roller axis against the reaction force
- Figure 4.2-4 shows the force of two dimensional vector made of the pressing load to
the disk knife. The pressing loads to the rollers are obtained from the following equation.

P =P =£-sin9
r I 2

11278

-sin (40°)=3624.7  (N)

N
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Figure 4.2-5 (a) shows a configuration of a principal axis of the roller. Fixing
situations of the axis are similar to the disc knife. The right side edge is fixed to the
Disc-Cutter head by bolt rigidly, and the left side one is also bolted to a support body
which has a structure without making any deflection angle. '

A calculation model of the roller axis which has a beam with both sides fixed 1s
shown in Fig. 4.2-5 (b). The right half of the model corresponds to the actual one shown
in Fig. 4.2-5 (a). Symbols of gand [ are shown as the followings. '

q :PTr: 3662;1.7 =525 (N/mm)
where, ¢(N/mm)  :Anuniformly distributed load
P (N) : Pressing load from the principal axis of the wall
1 (mm) : Length of the uniformly distributed load (/=69mm)

On a calculation of bending stress, since a maximum bending moment M is

produced at the beam with right hand end fixed, the maximum bending stress o,__ is

obtained from the equation (4.2-2).

3 7Z'-d37

> .
= % _4 ! 32 =309.3 (MPa) (< 753MPa : Allowablestress)

bmax

where, d (mm) - : Diameter of the principal axis (d =14mm)

Since the maximum bending stress is about 59% less than the allowable bending stress, it
is possible to withstand the bending moment. In the case of F=170 MPa, it is possible to
withstand the bending moment too because the maximum bending stress becomes

592.0MPa (<753MPa).
On a calculation of shearing stress, since a maximum shearing force Q_,. is produced

at the beam with right hand end fixed too, the maximum stress 7, is obtained from the
equation (4.2-3).

52.5%x 69
7 x (14)?

There is no problem for the shearing stress on the principal axis.

=314 (MPa)  (<376.5MPa)

max

, =20 _4
34 3

On a calculation of deflection, for your reference, since it can be considered that the
maximum deflection of the axis will be produced at the sliding system fixed by bolt, the
maximum deflection &, is obtained from the equation (4.2-4).

Cg-2h*  s25x@2x69)?

L _ =0.128  (mm)
384-E-1 384206000 x1885.7
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(4) Strength of the cotter at moving system

Figure 4.2-6(a) shows a configuration of the cotter in the moving system. The cotter
can be considered as a cantilever model where a concentrated load is applied on the free end
of the beam with a-length [. A calculation model of the cotter is shown in the figure (b).

On a calculation of bending stress, since a maximum bending moment M __ is

produced at the beam with left end fixed, the maximum bending stress o, . is obtained

from the following equations.

e M6
Z b . h2
=11278-47 =730.8 (MPa)  (<753MPa)
17 x162
2
{me =P-1,Z :M}
6
where, P(N) : Pressing load (P =11278N)
[ (mm) : Length of the beam to the forced point (I = 4Tmm)
b, h (mm) : Dimension of the beam cross section (b=17mm, h=16mm)

While the maximum bending stress is about 3% less than the allowable bending stress, it

is possible to withstand the bending moment. In the case of F=170 MPa, it is difficult to

withstand the bending moment because the maximum bending stress becomes 1398.1MPa

(>753MPa). :

- On a calculation of shearing stress, the maximum stress 7, 1s obtained from the
. following equation.

_3Q 3 MR _ 0 (MPa) (<3765 MPa)

T =
™2 4 2 17x16

Where, 0__(N) : Maximum shearing force (Q,

max.

_ =P=11278N)
A (mm*) : Cross-sectional area (4 =bx h) '
It is possiblé to withstand the shearing force.
On a calculation of deflection, for your reference, since it can be considered that the
maximum deflection of the axis will be produced at the sliding system fixed by bolt, the

maximum deflection &, is obtained from the following equation.

3 3
e IRBXATT 6307 ()
3-E-1 35206000 x 5802.7 .
3 ,

j_bh

12
where, I (mm*) : Moment of inertia
E (MPa) . : Young’s modulus
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4.2.3 New Disc-Cutter head

Figure 4.1-7 shows a configuration of the new designed Disc-Cutter head applied to
the ®80™/100 °® mm pipe cutting. It is possible to reduce the stress on the principal axes
under the allowable stress by means of keeping the pressing load lower, and to obtain the
consistent structure of Disc-Cutter head in design, while it takes more time to cut off the
pipe. It has a capacity to cut off not only the 10mm thick pipe normally but also up to a
maximum thickness of 11.6mm. |

The following results relating to the specification of the disc knife and that of running

gear have been obtained.

- The specification of the disc knife

Diameter : P46 mm
Knife angle at the first tip : 30°
Materials : OT106S (JIS SKD12)
Surface treatment | : Nitrosulphurizing
Hardness _ : Hrc 55-56

- The specification of the disc knife axis and the body
Materials , 7 : SKD11 steel

- The specification of the running gear
Pressing load : 11278 N
Revs of principal axis : 100 rpm
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Table 4.1-1 Maximum EM Loads on the Inboard Module (DDD2001)

Shield FWw*
block
Module 2 Fp=150\kV/FW Mt(Fr)=29kNm/FW
Thalo** kA 280 70 \\
EM force F; MN +/- 0.32 +/-0.079
EM force F, MN 1.1 0.15 F
EM force Fy, MN 0.21 0.031 L‘F '
Thale FW panel
Torque Mio, MNm | 0.36*** 0.029 =280kA Shield block
1Module 1 Fp=140kN/FW - Mt(Fr)=27kNm/FW
Thalo ** KA 274 69 o
EM force F, MN | +0.39/-0.19] +0.098/-0.047
EM force F,, MN 1.0 0.14
EM force Fygp MN 0.21 0.030 FW panel
Electrical straps
Torque Mg, MNm | 0.33%** 0.027 Thalo=270kA hicld block

* Number of FW panels is 4 per module
** FW-normal halo current density of 0.18 MA/m’ is assumed.
*** Mior(module) = Fy(module)*1./2 + 4*Mio(FW), where g =0.45m.

Table 4.1-2  Conditions of Stress Calculation and Results

UNIT : MPa
Configuration Results of Stress"’?
Case FW Support Round Pipe Structure Bending Compqsﬁxon Str'ess
Beam : Stress (Maximum point)
Length | Height | ID | Thickness| OD MPa ol Tmax
1 80 98 192 217 109
9 :
2 100 108 181 211 106
3 220 80 100 174 198 99
' 10
4 90 110 169 195 98
200
5 80 11 102 160 181 91 -
6 9 98 - 177 202 102
7 10 100 161 184 92
8 230 30 11 102 147 169 85
9 190 , 158 181 91
10 100
10 160 149 172 86

1): Due to EM loads and Inner Pressure (SMPa)

- 2): SUS316LNIG 1.5Sm at 150°C=206 MPa
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Table 4.1-3 Stress Evaluations for Model A

Evaluated points :
shown in Fig4.1-21 (1/2) A b ¢ P .
Temp. (°C) 237 140 240 166 263
Thermal loads 111 120 97 94 209
Occurring
shearing Inner pressure 7 32 14 2 6
stress (MPa)
Total 118 152 111 96 215
Conversion to Tresca Stress (MPa) 236 304 222 192 430
Allowable Sm 127 137 127 135 124
Stress (MPa) 3Sm 381 A11 381 205 | 372

Table 4.1-4  Stress Evaluations for Model B

Evaluated points
shown in Fig.4.1-25(1/3) A B C D
Temp. (°C) - 249 201 188 203
Thermal loads 167 177 120 227
Occurring
shearing Inner pressure™ <10 <10 60 60
stress (MPa)
Total 177 187 180 287
Conversion to Tresca Stress (MPa) 354 374 360 574
Allowable Sm 126 132 133 131
Stress
(MPa) 3Sm 378 396 399 393

*: Using the formula of bending stress in the Mechanical Engineering Handbook in Japan
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Nozzle ID ®4mm Ball Rollers for
' Positioning

Collimater Lens

Air Box

Fiber Sléeve

Fig. 4.1-3  Welding Tools for FW Support Leg

30mm 20mm - Welding point at 1st maintenance stage

Weldment at the initial assembly

Hole for releasing
the gas

Space for dross caused
by YAG Laser beam welding

Fig. 4.1-4  Structure of the FW Support Leg connection (Two Circular Type)
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48

Support
Leg

Disc Knife

Revolving
Direction of
isc-Cutter Head

Fig. 4.1-6  Back side view of FW Support Leg structure
~in progress of the cutting by Disc-Cutter
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Pipe
(280° /100%) 89 134 37
Support_ rollers

! \ :
=== —
! Bl : I
O .
T T ~
Q
mill TE[_________ L4
i1 | A
10 V)
8 SELIE . .
el BN Pressing System of Disc knife
(60) | Disc knife
292
Before Cutting Fig. 4.1-7 Configuration of Disc-Cutter Head just after cutting

(Maximum cutting thickness < 11.6mm)

Paned

Fig. 4.1-8 Replacement procedure of FW Panel by Disc-Cutter
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Air Box ; _ 150

‘ Collimater Condensing
Lens Lens

Positioning

Fig. 4.1-9 Welding Tools for Cover Plate

. . Groove for Dross
Weld joints at Initial Assembly stage,

st and 2nd term 34 7 Ste
according to the order from the —_— - ’
inner-side -
| 10,
: UT Probe : !
Gripper of 'mT *\ 3

End-Effector ™S\

|

70

Groove for Gripper

/ 7 Access Hole

Cover Plate ,
V shape groove with Imm

Hole for letting the gas escape depth for Ball Plunger

Fig. 4.1-10 Configuration of Back Cover Plate in consideration of welding
by remote handling
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¢

Shield Block ———-fp 1 AirFlow

Hole-Saw

Collecting system of material chips

N

L

Fig. 4.1-11 Schematic of Hole-Saw machine applied to the shield block in Hot Cell

....... — 4 | | Blanket Shicld Module

Fig. 4.1-12  Procedure for removing Back Cover Plate from Shield Block by End-Effector -
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TerrE

Insertion Hole for FW Support Leg

Front Access Hole

Spaces for Manifold Extraction

Fig. 4.1-13 = Slits configuration and skeleton view of shield blobk #10

with Two Circular type of FW Support Leg
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Poloidal Main Hole (60®)

\

Front Cover Plate

idal Holes

Polo

Front Header

_ Back

(14Px 13)

FwW
Side

Radial Holes (45®)
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5. Conclusions

The concepts of the FW support leg and the shield block #10 based on the suitable
replacement methods in the Hot Cell have been investigated. The preliminary design
study of the cutting machine, what we call Disc-Cutter, has been performed to confirm the
structural feasibility.

_ The following conclusions are drawn from the studies.

(1) In the selection of the replacement methods for the FW support leg , Disc-Cutter
cutting machine and YAG Laser beam welding one with more than 5 kW Laser
rated power have been selected out of a number of candidate methods in
consideration of the advantages in the Hot Cell and of the high accessibility to the
connection through the narrow cavity in the shield block. The Disc-Cutter
machine designed in the study is corresponding to a $80™/100 °° mm size of pipe
which can withstand the EM force.

(2) In the selection of the methods for the header cover plate in the back of the shield
block, Hole-Saw cutting and YAG Laser beam welding machine have been selected
out of a number of candidate methods. _

(3) For the design of shield blanket module #10, consistent structure to satisfy the
requirements from the remote handling equipments are proposed, such as

- the new simple structure concept of FW support beam, namely two
circular connection type, based on Disc-Cutter cutting and YAG Laser
beam welding, '

- that of the header cover plate in the back of the shield block, based on
Hole-Saw cﬁtting and YAG Laser beam welding.

The two circular connection support has enough structural integrity for all load
combinations and the stresses are within the allowable limit.
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