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1. Introduction

Test blanket module TBM will be installed in the
toroidal port of ITER to check the production and
transport of tritium, heat removal in high-temperature
environments, and structural integrity [1, 2]. TBM-set
has a TBM box and a TBM-shield. The TBM-box is
where tritium is generated in accordance with the
purpose of installation, and is exposed to high
temperature. The TBM-shield acts as a shielding block
composed of water and structures to reduce the amount
of radiation affecting in the place at the rear end of the
port where the TBM-set is installed. Pipes are needed
for coolant to cool the TBM box, transport of the
generated tritium and I&C for measurement of TBM
box main. Pipes should be designed to secure structural
integrity without affecting the radiation shielding role
of TBM-shield.

In this study, considered points and design direction
for the pipe design of TBM-set are introduced.

2. Pipe Specification in TBM-set

The TBM-set consists of pipes for passing the TBM-
shield for helium coolant and transportation of tritium,
and pipes for cables connected to various
instrumentation devices. These pipes come from the
pipe forest and the pipes related to the coolant and
tritium are connected to the back end of the TBM-box.
It is not directly connected to the TBM-box with pipes
related cables. Pipes welded to the back of the TBM-
shield pass through the inside of the TBM-shield.
Figure 1 show the arrangement of pipes located at the
back of TBM-shield with the specifications [3].

Pipe Color ELE AN
Standard Value{OD-thickness)
DMN20-805 83.90D-7.62t
DM40-405 43.30D-3.68t
DM50-405 60.30D-391t
. lac | DN50-405 60.30D-3.91t
DN32-105 42 20D-2.77t
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Fig. 1. Pipis arrangement and Spec. in TBM-set
3. FEM analysis

FEM analysis using ANSYS was performed to check
the consideration in the pipe design related to TBM-set.

2.1 Geometry Model and material

Figure 2 shows the TBM-set model used for the
analysis. The inside of TBM-box and TBM-shield is
removed to focus on the design of the pipe. A complex
geometry for the TBM-set is not required. In addition,
there are a total of 8 pipes of 3 types passing through
the TBM-shield, but in this analysis, a total of 3 pipes
for each type were reflected in the design analysis.
After confirming the effect of pipe design issues which
are bending on the design and welding geometry type,
all pipes are reflected in the design and the arrangement
of pipes will be studied to avoid interference. The pipes
are welded to the back of the TBM-shield and the
TBM-box. Banding is located in the middle of TBM-
shield. This banding is required to reduce the stress
applied to the pipe and the amount of radiation
measured at the rear end of the TBM-shield. It can
lower the generated stress due to the expansion of the
pipe in the axial direction and prevent radiation from
escaping in a straight line.

TBM box and TBM-shield are made of RAFM steel
and 316L(N)-IG, respectively [4, 5]. The material of the
pipes is 316L.
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Fig. 2. Geometry model
2.2 Boundary & constraint condition

The temperature is the major factor influencing stress
generated in the pipes. The analysis was carried out by
reflecting the boundary conditions as shown in Fig. 3
for the temperature considering the normal operation
state. The TBM-box rises up to 550 degrees. The
temperature of the front end of TBM-shield is formed
up to 240 degrees. The back of the TBM-shield is
heated up to 130 degrees. Helium coolant and tritium
transport pipes are heated up to 450 degrees. The flange
area at the back of the TBM-shield is bolted to the
TBM port. In this analysis, the TBM-shield flange area
was selected as a fixed condition. The inside of the pipe
with a pressurized helium coolant is exposed to 8 MPa.
In order to consider the material weight, the
gravitational acceleration is reflected. These constraint
conditions are shown in Figure 4.

B: Steady-State Thermal
Ternperature 5
Time: 1. 5 I

Bl Temperature: 240 °C

[Bl Temperature 2: 550. *C
[Bl Temperature 3: 130, °C
[B] Temperature 4: 450, *C
[B Temperature 5: 450, *C

Fig. 3. Temperature boundary condition in TBM-set

C: base model
Pressure

Tirne: 1. 5 -I
[ Fixed Support

Acceleration: 9.81 m/s?
[B) Pressure: 8.e+006 Pa

Fig. 4. Constraint condition in TBM-set
2.3 Results

Figure 5 shows the temperature distribution formed
on the TBM-set. It can be seen that various temperature
gradients are formed by reflecting the selected
boundary conditions.

Figure 6 shows the stress distribution formed in the
pipe. There are three concerned locations where the
stress is concentrated. These are the TBM-shield
welding area, TBM-box welding area and bending area.
The stress formed in the TBM-shield welded area is
caused by the difference between the temperature of the
pipe and the TBM-shield. Since the TBM-shield and
the pipe are made of similar materials, the effect of
volumetric expansion on the stress is minor. The
temperature of the pipe inside is relatively higher than
that of the TBM-shield. The stress concentration on the
back of TBM-shield occurs.

The stress concentration formed at the back of the
TBM-box is due to the dissimilar welding. High stress
is generated due to the different thermal expansion
coefficient between RAFM and SS316. In order to
relieve stress concentration, the position of the
dissimilar weld zone should be adjusted and the weld
shape should be changed. The stress concentration
occurring in the bending region is related to the number
of bending. Basically, in order to suppress the stress
generation due to the expansion in the pipe axial
direction, two bending are required. In the TBM-set
pipe design, only one bending was reflected in the
design due to spatial limitations. It should reflect the
2nd banding or the design that can expect the same
effect.

B: Steady-State Thermal
Ternperature

Type: Ternperature

Unit: *C

Tirne: 1

571.11 Max
5221
473.08
424.08
375.05
326.02
277.02

228

17800
129.97 Min

Fig. 5. Temperature distribution in TBM-set
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Equivalent Gtress

Type: Equivalent (von-Mises) Stress

Unit: Pa

Tirne: 1

Custorn
3.0134e9
3.0134e9 Max
2.6786e9
2.3438e0
2.00%e9
1.6742e9
1.3384e9
1.0046e9
6.6986e8
3.3507e8
2.8519e5

Fig. 4. Stress distribution in pipes
3. Summary

FEM analysis was performed for pipe analysis using

a model in which the TBM-set geometry was simplified.

Structural analysis was performed by applying dead
weight, pressure load, and thermal load. The stress
concentration formed in the pipe was confirmed, and
the design direction to reduce the stress was described.
It is planned to proceed with pipe design using the
described design method to check the effect of stress
relief, and to apply these contents to the entire pipe to
conduct structural analysis and evaluation according to
the arrangement.

REFERENCES

[1] L Giancarli, et al., Test blanket modules in ITER: An
overview on proposed designs and required DEMO-relevant
materials, Journal of Nuclear Materials, Vol. 367, p. 1271,
2007

[2] K. Feng, et al., Overview of the ITER test blanket module
program, Nuclear fusion and plasma physics, Vol. 26(3), p.
161-169, 2006

[3] Seungyon, Cho, et al., Design and R&D progress of
korean HCCR TBM, Fusion Engineering and Design, Vol. 89,
p. 1137,2014

[4] Chun, Y. B., et al. Development of Zr-containing
advanced reduced-activation alloy (ARAA) as structural
material for fusion reactors, Fusion Engineering and Design
Vol 109, p. 629-633, 2016.

[5] Nakano, J., et al., Characterization of 316L (N)-IG SS
joint produced by hot isostatic pressing technique, Journal of
nuclear materials, Vol. 307, p. 1568, 2002

J

22|22H12E/2022-08-29 15:22



