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1. Introduction

Recently, in the collaboration with seven members, the
international thermonuclear experimental reactor (ITER)
has been constructed at Cadarache in France as the world’s
largest experimental fusion facility [1]. In current design of
the Japanese test blanket module for ITER, the water
cooling channels have to be installed in the first and side
walls and these walls are planned to be joined by electron
beam (EB) welding.

The size of cooling channels is 8 mm square while the
thickness of first wall is 25 mm in current design, and such
first wall is planned to be fabricated by using hot isostatic
pressing (HIP) method [2]. On the other hand, the cooling
channels are planned to be located near the EB welding and
it is considered that the EB welding would affect the
deformation of cooling channels and the residual stress at
the surface of cooling channels. Sometimes, there might be
a risk of stress corrosion cracking (SCC) at the surface of
cooling channels because of the tensile residual stress on
the surface.

So, in this research, for the purpose of decreasing the
risk of SCC, the modification of the current design based on
the welding residual stress was studied by using thermal
elastic—plastic finite element method (FEM). Also, the
prospective design proposed by the above research was
examined by comparison between current and prospective
designs.

2. Analyses by Simplified Models

It is desirable to reduce the size of cooling channels for
controlling the risk of SCC, but this cannot be realistic
concerning the effect of cooling. On the other hand, a
position of EB weld joint between the first and side walls
seems to be slightly movable because the first wall is
planned to be fabricated by HIP method. So, in this
research, the modification of the current design was studied
by focusing on the distance from weld line to cooling
channels in the first wall. Then four simplified FEM models
were employed for the analysis of EB welding. The size of
plates was 200" x 400" x 45' (mm), and the distance from
weld line to cooling channels were varied from 10 to 16mm.

The welding conditions were basically decided from the
experiment and other two parameters (heat source model
and thermal efficiency), which cannot be directly
determined in the experiment, were assumed according to
our previous studies [3]. Namely, the homogeneous heat
source model, whose shape was T-type, was employed and
the thermal efficiency was set to 0.7. Figure 1 shows the
welding residual stress distribution parallel to the weld line
at a cross sectional plane in the middle of the weld line, and
the stress beside the cooling channels is also plotted as
shown in Fig. 2. From these figures, it was found that large
tensile residual stress over 500 MPa was generated on the
surface of the cooling channels when the distance from
weld line to cooling channels was 10 mm. On the other
hand, the residual stress was changed to be compressive
when that was 16 mm. So, in order to reduce the risk of
SCC, it is desirable for the location of weld line to be more
than 16 mm apart from the surface of cooling channels.
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Fig. 1 Residual stress distributions parallel to weld line
at cross sectional plane of middle of weld line.
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Fig. 2 Residual stress distributions parallel to weld line
beside cooling channels.

3. Evaluation of Prospective Design

Figure 3 shows a schematic illustration of the box
structure for Japanese TBM and FEM models for numerical
analysis. As shown in this figure, a partial model was
employed for this evaluation because of the limitation of
computer resources. This figure also shows the FEM model
with current and prospective designs obtained from the
above studies. In prospective design, the width of backing
was modified without changing the thickness of first wall.
In the order to evaluate the residual stress in the prospective
design, the thermal elastic-plastic analyses were conducted
in two cases, which were Case-1 (current design) and Case-
2 (prospective design), respectively.

In the elastic-plastic analyses, the mechanical boundary
conditions were set as follows.

1) Displacement along y-direction was fixed at the
cutting planes of the first and side walls
perpendicular to the welding direction

2) Displacement along z-direction was fixed at the
other cutting plane of the first wall

3) Displacement along x-direction was fixed at the
other cutting plane of the side wall

The plastic strain distributions parallel to the weld line
at center cross section were shown in Fig. 4. It can be found
that the compressive plastic strain on the surface of cooling
channels in Case 2 was much smaller than that in Case 1.
Also, it was revealed that the distribution near the weld line
became uniform by setting the weld line 16 mm away from
the cooling channels.

Figure 5 shows the welding residual stress distributions
parallel to the weld line at center cross section. From this
figure, it was found that the residual stress on the surface of
cooling channels in Case 2 was smaller than that in Case 1.
However, tensile residual stress more than 200 MPa was
generated beside channels in Case 2. Thus, it is necessary to
conduct post weld heat treatment (PWHT) for decreasing
the residual stress around channels. As for the appropriate
condition of PWHT, it is revealed that the prospective
design would be more suitable than the current design since
the plastic strain beside channels was small and its
distribution would be uniform as shown in Fig. 4.
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Fig. 3 Schematic illustration of box structure for TBM and
FEM models with current and prospective design.
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Fig. 4 Plastic strain distributions parallel to weld line
at cross sectional plane of middle of weld line.
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Fig. 5 Residual stress distributions parallel to weld line
at cross sectional plane of middle of weld line.

4. Conclusions
In order to reduce the risk of stress corrosion cracking

in the test blanket module for ITER, the modification of

current designs was studied focusing on the location of the
weld line by thermal elastic-plastic finite element analysis.

Also, the prospective design was examined by using a

partial FEM model of a box structure composed of the first

and side walls.

(1) The change of distance between weld line and cooling
channels from 10 to 16 mm would decrease the welding
residual stress on the surface of channels and this
decrement might lead to the reduction of risk for SCC.

(2) Residual stress on the surface of channels in the
prospective design was smaller than that in current
design, while tensile residual stress more than 200 MPa
was generated. Thus, there is a need to conduct PWHT
to reduce the residual stress, and the prospective design
would be suitable for PWHT because the plastic strain



around cooling channels was small and its distribution
was more uniform than that in current design.
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