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Evaluation of Structural Reliability for Vacuum Vessel

under External Pressure and Electromagnetic Force
. E3
Akio MINATO

Department of Large Tokamak Development

Tokai Research Establishment, JAERI
( Recelved July 12 ,1983 )

Static and dynamic structural analyses of the vacuum vessel for a
Swimming Pool Type Tokamak Reactor (SPTR; have been conducted under the
external pressure (hydraulic and atmospheric pressure’ during normal
operation or the electromagnetic force due to plasma disruption.

The reactor structural design is based on the concept that the adjacent
modules of the vacuum vessel are not connected mechanically with bolts in the
torus inboard region each other, so as to save the required space for
inserting the remote handling machine for tightenning and untightenning bolts
in the region and teo simplify the repatr and maintenance of the reactor.

The structural analyses of the vacuum vessel have been carried out under
the external pressure and the electromagnetic force and the structural
reliability against the static and dynamic loads is estimated. The several
configurations of the lip seal between the modules. which 1s required to
make a plasma vacuum boundary. have been proposed and the structural strength
under the forced displacements due to the deformation of the vacuum vessel is

also estimated.

Keywords ; Vacuum Vessel, Static and Dynamic Stress Analysis,
Swimming Pool Type Tokamak Reactor., External Pressure,
Hydraulic Pressure, Electromagnetic Force,
Lip Seal, Forced Displacement. Structural Reliability
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Fig. 3.7 Time variation of eddy current distributicn through poloidal

perimeter at toroidal end (lip seal,time constant = 20 msec)
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Fig. 3.13 Spatial distribution of electromagnetic force on vacuum vessel

at plasma disruption (lip seal,time constant = 20 msec)
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Fig. 3.17 Time variation of electromagnetic force distribution
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Fig. 3.18 Time variation of electromagnetic force on several poloidal

points at toroidal end (lip seal,time constant = 5 nmsec)
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Fig. 3.25 Time variation of electromagnetic force distribution
through poloidal perimeter at toroidal end ¢(bellows,

time constant = 20 msec)
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Fig. 3.26 Time variation of electromagnetic force on several poloidel

points at toroidal end(bellows,time constant = 20 msec)
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Table 4.1 Natural frequencies of vacuum vessel

mode freq. (Hz ) mode freq. (Hz)
1 b4.25 16 239.0
2 72.30 17 247.°7
3 73.93 18 257.5
4 94.70 19 65,6
B 127.5 20 266.6
6 150.4 21 2r4.7
7 158.3 22 2g97.2
8 162.7 23 298.3
g 165.8 24 301.b
10 173.4 25 311.0
11 177.8 28 330.8
12 193.6 a7 331.2
13 202.6 28 344.°7
14 223.3 29 361.3
15 234.5 30 365.1
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bolts in inboard and outboard regions)
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