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ABSTRACT

For a NET blanket, consisting of canister type elements, the rupture of
the coolant pipes in the elements is a postulated accident to be ana-
lysed. In this paper the structural response of an element has been
calculated. Provided the ductility of the material of the element inclu-
ding the necessary weldings is sufficient, the pressure in the coolant
pipes (60 bar) may be also carried by the elements.

1. DESCRIPTION OF THE PROBLEM

One possible solution for the tritium breeding blanket of NET consists
of using canister type elements with solid breeder and helium cooling.
The detailed design as decribed in /1/ is shown in Fig. 1. The crgss-
section of the elements is almost rectangular, about 350 x 450 mm“, the
length is approximately 1500 mm. The thickness of the side walls is

6 mm.

In order to reduce the stresses and the deformations of the side
walls, the elements are subdivided by stiffening plates having a thick-
ness of 2 mm. The distance between two stiffening plates is approximate-
ly 170 mm.

As material 15MnNi63-steel is assumed with a tensile strength of about
500 N/mm“.

The heat generated inside the elements will be removed by a system of
cooling pipes inside the elements. The coolant flowing through these
pipes is helium with a pressure of 60 bar.

A postulated accident is the rupture of such a cooling pipe leading to
an overpressurization and a corresponding deformation of the element. In
this paper different internal overpressures have been assumed and the
resulting element deformations have been calclulated. Of special inter-
est was the pressure of 60 bar which corresponds with the pressure in
the coolant pipes and the maximum pressure before failure which des-
cribes the safety margin.

2. COMPUTATIONAL PROCEDURE

From elastic calculations carried out elsewhere /2/ it turned out that a
pressurization of 6 bar already causes relatively high stresses in the
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order of 300 N/mmz. Therefore, it was concluded that for a 60 bar pres-
surization large plastic strains and large geometry changes have to be
expected. Considering these conditions the cross-sections of the ele-
ments are allowed to approach to a more circular shape increasing the
load carrying capacity of the elements considerably. Therefore, the
calculations have been carried out with the finite element program
ABAQUS /3/ qualified to include both, large plastic strains and large
geometry changes. Since right now shell elements do not meet the above
requirements, three-dimensional solid elements had to be used, which are
based on a logarithmic strain / Kirchhoff stress formulation (the "up-
dated Lagrangian method"). The strains were calculated from the diffe-
rences of the displacements of the nodes in a post-procress. Owing to
the character of the elements (second order isoparametric elements with
twenty nodes each), a coarse grid could be applied, as shown in Fig. 2.
Therefore the computational effort was within reasonable limits.

3. RESULTS

Fig. 3 shows the results for a quarter section between two stiffening
plates. At the complete upper boundary in Fig. 3 rigid clamping was
assumed. At a pressure of 66 bar the maximum displacement was 1.5 mm and
the maximum strain was about 1 %. At a pressure of 520 bar the maximum
displacement was 86 mm and the maximum strain was about 112 %. For
pressures exceeding this value no solution could be found. From the
strong, strain increases and geometry changes versus pressure it was
concluded that plastic instability has occured.

The results of this calculation were used to optimize the canister
element design. The thickness of the side walls was reduced from 6 mm to
5 mm and the thickness of the stiffening plates was increased from 2 mm
to 3 mm (the 2 mm stiffening plates would not have been able to carry
the required supporting forces).

Figure 4 shows the results for a quarter section between two stif-
fening plates of the optimized design. The stiffening plates were as-
sumed to be rigid, but this time it was taken into account, that the
stiffening plates do not cover the hole cross section, but leave a part
of the side walls unsupported (s. Fig. 1). At a pressure of 62 bar the
maximum displacement was 7 mm and the maximum strain was about 3 %. At a
pressure of 186 bar the maximum displacement was 31 mm and the maximum
strain was about 38 %. For pressures exceeding this value no solution
could be found, because of local numerical problem at point A where the
boundary conditions change.
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Fig.1: Geometry of canister element Fig.2: Finite element model
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Dispiaced canister element
for a pressure of 66 bar
( Scaling factor = +1.00 )

Displaced canister element
for a pressure of 520 bar
( Scaling factor = +1.00 )

Axial (V) strain (%)

ot a pressure of 66 bar

Circumferential (4_z) strain (%)
at a pressure of 66 bar

Fig.3: Results for a qarter section between two stiffening plates
with the initial configuration
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upper boundary free

upper boundary connected
to the stiffening plate

Displaced canister element
or a pressure of 62 bar
( Scaling factor= +1.00 )

Displaced canister element
or a pressure of 186 bar
( Scaling factor = +1.00 )
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at g pressure of 62 bar

Circumferential (. 4 strain (%)
at g pressure of 62 bar

Fig.4: Results for a qarter section between two stiffening plates
with the optimized configuration

154






5.5 T
? |
E&O E ——
§4_5 Z
40
2t
§l5

3.0

o 50 100 150 200 250

Pressure (bor)

Fig.6: Geometry chonges

Figure 5 shows the results for the quarter section including the end
plate. At a pressure of 66 bar the maximum displacement was 29 mm and
the maximum strain was about 9 %. At a pressure of 250 bar the maximum
displacement was 70 mm and the maximum strain was about 65 %. For pres-
sures exceeding this value no solution could be found. As in the first
case, the strong strain increases and geometry changes versus pressure
indicate that plastic instability has occured. Fig. 6 shows the thick-
ness decrease versus pressure at location B, for example.

4. CONCLUSIONS

For low pressures in the order of 5 bar the stresses already reach
rather high values close to the yield stress. Nevertheless, it turns out
that even much higher pressures can be carried by the canister elements.
In this case the deformations increase such that the cross-section of
the element is slowly approaching a more circular shape. As a conse-
quence, membrane stresses occur which cause an essential increase of the
load carrying capacity. In other words, the large deformations stiffen
the canister elements. Provided the ductility of the material including
the necessary weldings is sufficient, even the coolant pressure of 60
bar can be carried. Assuming unlimited ductility plastic instability is
reached for a pressure of 520 bar in the first case (canister element
between stiffening plates with a thickness of the side wall of 6 mm) and
250 bar in the third case (canister element including the end plate with
a thickness of the side wall of 5 mm).

Since calculations of this type represent a field with poor experi-
ence, an experimental investigation of the deformations and the load
carrying capacity of the canister type element is felt to be necessary
in order to check the results.
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