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This paper describes assessment of buckling for the vacuum vessel (VV), the back
plate (BP) and the BP supports of IAM-v2 based on elastic and elasto-plastic analyses.

The VV and the BP of IAM-v2 consist of a double wall shell structure. The BP is
installed in the VV by flexible plates, and the blanket modules are mounted on the BP.
The function of BP is to maintain the structural integrity of VV by sharing various kinds
of loads with VV, and to keep the tritium leak boundary by separating VV coolant loop
from blanket coolant loop.

Since the VV and the BP are subjected to various loads such as electro-magnetic
load, seismic load and thermal load, it is required to keep the structural integrity for
these loads. The assessment on elastic and plastic buckling has been carried out for the
electro-magnetic force at toroidal field coil fast discharge which causes the dominant
compression in inboard wall of VV and BP.

Analytical result shows that the elastic buckling of VV and BP will not occur
because the critical elastic buckling pressure values are much larger than the values that
causes yield stress. The elastic buckling of BP supports will not occur, either. In the
assessment of plastic buckling, the buckling pressure values are within the limit,

considering the geometrical imperfection of =+ 10 mm. Therefore, it is confirmed that
there is no problem for the buckling of VV and BP.
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1.Introduction
The VV and the BP of IAM-v2[1] consist of a double wall shell structure. The BP is

installed in the VV by flexible plates, and the blanket modules are mounted on the BP.
The function of BP is to maintain the structural integrity of VV by sharing various kinds
of loads with VV, and to keep the tritium leak boundary by separating VV coolant loop
from blanket coolant loop.

In cases of a TFC current discharge and asymmetric disruptions such as VDEs,
induced poloidal currents in VV and BP interact with the toroidal magnetic
field causing compressive stress in the VV inboard wall, BP and its support
structure. This could cause buckling of the structure. The most severe poloidal
currents will be induced by an event during toroidal field coil fast discharge
(TEC fast discharge). Therefore, the elastic and plastic buckling analyses have
been carried out to obtain the critical pressure in each of walls at the TFC fast
discharge.

For the BP support, only tensile stress appears during the TFC fast discharge
so that buckling problem will not occur. Therefore, it is important to evaluate
the buckling of the BP supports during events such as an earthquake that causes
compression on the BP support. Based on the dynamic response analyses of
IAM-v2 during the SL-2 equivalent load, assessment of buckling for the BP

supports has been done.

2.Analysis Model

To precisely evaluate buckling mode, it is required to make model at least 180
degree sector in order to calculate buckling mode. Fig. 2.1 shows the elastic
analysis model which includes the VV and the BP. Table2.1 and 2.2 show the
analytical condition of VV and BP for TF coil fast discharge. The boundary
conditions of the sector consist of coupled degrees of freedom for all
corresponding node pairs on the symmetry planes. Coupling the corresponding
node pairs in all three directions means that the components have been
considered continuous.

Fig. 2.2 shows the elasto-plastic analysis model for a 30 degree sector. The
elasto-plastic analysis has been performed for the buckling at m=6 based on the

results of elastic analysis. Tables 2.3 and 2.4 show stress strain curves and



JAERI-Tech 2000-006

mechanical properties of the structure materials, respectively.

The elastic and elasto-plastic models include the inboard and the outboard
walls of VV and BP, and their supports. The VV and the BP supports are
modeled using shell elements and the shell elements of BP supports are
connected with VV walls by rigid elements.

The following model simplifications have been implemented:

-the number of poloidal ribs in VV inboard and outboard walls is 2 ribs in a 20

degree sector and that of BP is 5 ribs,

-the poloidal ribs are equally spaced,

-there is no toroidal rib,

-the port openings are not modeled,

-there is no faceting at outboard wall.

3. Load conditions and limit
3.1 Load conditions

The electromagnetic loads during TFC fast discharge with its time of 6.5 sec
has been calculated for a 20 degree sector model [2] and the loads are
transferred to that of a 180 degree sector model. The analysis conditions for the
electromagnetic analysis are in the case of IAM-v2.

In the case of elasto-plastic analysis, the load evaluation with small steps has
been applied to allow convergence of the program (ABAQUS).
3.2 Load Limit

The ITER Structural Design Criteria for In-vessel Components defines the
load factors for different loading condition levels to be assumed to prevent

load-controlled buckling[3].

The load factors (I";) are shown in table 3.1 and defined as

T - (Load that would cause buckling at the design or service temperature)

(Load that occurs in design or service conditions)
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4. Results
4.1 Elastic analysis

Table 4.1 shows the calculated results for the 180 degree sector model. The
buckling modes are defined in terms of the parameter “m”. This parameter
indicates the number of waves of the buckled structure at the inboard wall.

The VV indicates the minimum critical pressure of 25.4 MPa at m=7. Figs. 4.1
and 4.2 show the VV buckling mode at m=7. The critical pressure is defined as
the sum of maximum pressure on the inboard and the outboard walls. The
maximum pressures on the inboard and the outboard wall of VV are 0.79 MPa
and 0.98 MPa, respectively. The sum of the pressure on VV wall is 1.77 MPa.
The minimum critical pressure of VV is 14.4 times larger than the pressure
during TFC fast discharge.

The minimum critical pressure of BP at m=4 is 34 MPa. Figs. 4.3 and 4.4 show
the buckling mode at m=4. The maximum pressures on the inboard and the
outboard wall of BP are 0.55 MPa and 0.81 MPa, respectively. The sum of the
pressure on BP wall is 1.36 MPa. The minimum critical pressure of BP is 25
times larger than the pressure during TFC fast discharge.

The maximum compression of the outboard wall of VV in toroidal direction
are analyzed to be 65 MPa [4]. The critical pressure of BP that generates a
compression equal to yield (ultimate) stress is 4.7 MPa (12.4 MPa). Therefore,
before the structure reaches the critical elastic buckling pressure the structure is
well into the plastic regimes. The buckling load for the VV and BP has to be

calculated considering the effect of the material plasticity.

4.2 Elasto-plastic analysis

Table 4.2 shows a summary of the maximum radial displacement of the VV
inboard wall as a function of the pressure load. The analysis has been carried
out for a 30 degree sector model at m=6. Because it is not reasonable to make
180 ° sector model for elastic-plastic analysis at this stage. Fig.4.5 shows the
radial displacement of VV and BP inboard walls. The radial displacement of BP
is smaller than that of VV.

The critical pressure of increasing the displacement of VV wall is estimated to

be 9.0 MPa and the load factor of 5.1 that is within the limit defined in ITER
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ISDC. Fig.4.6 shows the deformation of the VV and the BP at the VV pressure of
9.0 MPa.

In order to examine the effect of geometrical imperfection, the analysis has
been also performed using the 30 degrees sector model with +/-10 mm
geometrical imperfection. The results are shown in Fig.4.7 and 4.8. Fig.4.7
shows the radial displacement of inboard wall of the VV and the BP. Fig. 4.8 is
the comparison of the VV displacement with and without geometrical
imperfection. The effect on critical pressure of geometrical imperfection is not

large for the buckling due to external pressure [5],[6].

5. Buckling of BP support

The BP supports, shown in Fig. 5.1, are subjected to vertical loads in the cases
of plasma disruption and earthquake. It was found that the critical load is 25.9
MN for an inboard support and 31.5 MN for a outboard support, respectively.

Seismic analyses have been reported as a progress report for the previous
TASK FORCE of concept improvement on RTO/RC-ITER [7]. The maximum
vertical load is 2.1 MN in the case of seismic load corresponding to SL-2 for an
inboard support. In the case of slow VDE, that for a outboard support is 2.4 MN.
The safety margin is estimated to be approximately 12.3 and 13.1, respectively.
No instability problem is expected.

6. Conclusions

[1] The elastic critical buckling pressure of VV and BP for IAM-V2 is 25.4 MPa
and 34 MPa, respectively. The pressure values are much larger than the
values that causes yield stress.

[2] According to inelastic analysis, the radial displacement of BP is smaller than
that of VV. The inelastic critical pressure of VV is estimated to be 9.0 MPa
and the load factor of 5.1 that is within the limit of 3.0 defined in ITER ISDC.

[3] BP support buckling is not expected to be a problem.
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Table 2.1 IAM-V2 Geometrical data

Vacuum Vessel Back Plate

1, Inboard wall thickness 380 160

(mm)
2, Inner and outer shell 55 Inner wall 50

thickness (mm) Outer wall 70
3, Number of poloidal ribs 2 5

/20° sector

4, Flexible support 15 plates Inboard 10 plates

/20° sector

30t X2000 1 X900 w

Outboard 12 plates
12 X420 1 X400 w

Table 2.2 Analytical condition of TF discharge

Analytical Model

Vacuum Vesscl, Back Plate,
TF Coil Case, Radial Plate

VV Wall Inner Wall 60 mm
thickness Outer Wall 60 mm
BP Wall [nner Wall 50 mm
thickness Outer Wall 70 mm
TF coil case Inner Wall 70mm
thickness Outer Wall  135mm (336mm)
()arcthickness Side Wall 125mm (100mm)
n nose part Back Wall 140mm
Radial Plate 49mm- 7plates
Discharge time 6.5 scc
constant
VV Inner Wall (804 Q -cm)
Resistivity VV Outer Wall (80 Q -cm)

TF Coil Case (551 Q -cm)
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Table 2.3 Stress strain curve for the material

VV, BP (SS316IN-1G) T BP support (Alloy 625)**
Strain Stress (MPa) Strain Stress (MPa)
7.69E-4 140 1.42E-3 260
2.91E-3 166 2.91E-3 318
6.0E-3 188 6.0E-3 360
0.01 200 0.01 383
0.02 206 0.02 403
0.1 260 0.1 560

** The stress strain curve for alloy 625 is estimated by alloy 625 material data.

Table 2.4 Material Properties at 150C

SS316LN-IG Alloy 625
1, Young modulus (MPa) 182000 183000
2, Poisson’s ratio 0.3 0.283
3, Ultimatc stress Su (MPa) 443 750
4, Yield stress Sy (MPa) 166 310
5, Allowable stress Sm (MPa) 147 207
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Table 3.1 Time-independent load factors ( I'; ) for load-controlled
Buckling [2]

Loading conditions Load factor (ITER ISDC)
Design 3.0
Level A 3.0
Level C 2.5
Level D 1.5
Test 2.25

Table 4.1 Critical pressure (MPa) of VV and BP in elastic buckling

\A% BP
Mode type: m Critical Mode type: m Critical
pressure [MPa] pressure [MPa]

3 52.3

4 38.2 4 34.0

5 29.3 5 36.3

6 26.1 6 39.6

7 25.4 7 42.6

8 26.3 8 45.8

9 27.9 9 49.4

10 30.2

11 33.1

12 36.5
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Table4.2 Maximum radial displacement of the inboard wall

Pressure(MPa) Load Factor VV Displace- BP Displace-
on VV wall ment (mm) ment (mm)
1.77 1 0.85 0.71
2.48 1.4 1.10 0.92
3.19 1.8 1.36 1.14
3.89 2.2 1.62 1.36
4.60 2.6 1.92 1.58
531 3 2.51 1.82
6.02 34 3.99 2.15
6.73 38 7.33 2.80
7.43 4.2 11.8 4.18
8.14 4.6 17.9 6.76
8.85 5 27.8 10.9
9.03 5.1 40.4 14.8
9.20 5.2 63.4 19.7
9.38 53 95.0 26.3
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Fig.2.2 Inelastic buckling analysis model for 30° sector
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180 MODEL BUCKLING DATA

.C. O,LOAD 1, DISPLACEMENT_1

MODE: 0 BUCKLING LOAD FACTOR: 14.3757
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 4.06E-01
FRAME OF REF: PART

CEFORMATION:

Fig.4.1 VV buckling mode of 7

18¢ MODEL BUCKLING DATA
1-B.C. 0,LOAD 1, DISPLACEMENT_1

MCODE: 0 BUCKLING LCAD FACTOR: 14.3757

DISPLACEMENT
FRAME OF REF!:

- MAG MIN: 0.00E+00 MAX: 4.06E-01
PART

Fig. 4.2 Deformation of VV buckling mode of 7

— l],_—
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1B0 MODEL BUCKLING DATA (MPC)
DEFORMATIONs 11-B.C. 0,LOAD 11, DISPLACEMENT 11
MODE: 0 BUCKLING LOAD FACTOR: 24.9453 -
DISPLACEMENT - MAG MIN: 0,0CE+00 MAX: 2.16E-01
FRAME OF REF: PART

Fig. 4.3 BP buckling mode at m=4

180 MODEL BUCKLING DATA (MPC)
DEFORMATION: 1]1-B.C. 0,LOAD 11, DISPLACEMENT_ 11
MODE: Q BUCKLING LOAD FACTOR: 24.94523
DISPLACEMENT - MAG MIN: O0.00E+00 MAX: 2.14E-01
FRAME OF REF: PART

Fig.4.4 BP buckling mode at m= 4

_.12__
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Radial displacement of the inboard wall (mode m=6)

100
90 —e— VV Displacement
E 80 t - BP Displacement
T 70
<M
g 60 |
8
2 50 +
5 40 f
s i
'"?, 30
e 20 F
10 |
0 S
0 2 4 6 8
Pressure on the inboard wall (MPa)
Fig. 4.5 Radial displacement of VV and BP inboard wall

FRAME OF REF:: PART

Fig. 4.6 Deformation of VV and BP at the VV pressure of 9.0 MPa
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Radial displacement of the inboard wall (mode m= 6)
Geometrical imperfection £ 10mm

160
140 } —— VYV Displacement
10 | -z BP Displacement
100 +
80
60
40 |
20

Radial displacement (mm)

Pressure on the inboard wall of VV (MPa)

Fig. 4.7 Displacement of VV and BP for geometrical imperfection £10 mm

Radial displacement of the inboard wall (mode m=6)
Effect of geometrical imperfection

160

[en—t

~

o
T

—e— VYV Displacement(+0mm)
~#--VV Displacement(£10mm)

—

W]

[e]
T

—
S XX <
o o o o
T T T T

Radial displacement (mm)

[\ ]
(e}
T

|

Pressure on the inboard wall of VV (MPa)

Fig. 4.8 Comparison of VV displacement of no imperfection and that of

geometrical imperfection 10 mm
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Fig. 5.1 Back Plate Support
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