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A stress analysis of POX vacuum vessel is
described and the summary of results is pre-
sented. The VACUUM v«ss«i ia treated as a
toroidal shell of revolution subjected to an
internal vacuum. The critical buckling pres-
sure is calculated. The effects of the geo-
metrical discontinuity at the juncture of
toroidal shell head and cylindrical outside
wall, and the concavity of the cylindrical
wall are examined. An effect of the poloidal
field coil supports and the vessel outside
supports on the stress distribution in the
vacuum vessel is determined. A method evalu-
ating the influence of circular p^orts in the
vessel wall on the stress level in the vessel
is outlined.

Introduction

The vacuum vessels of Tokamak experimen-
tal devices are toroidal shells of either cii«-
cular or other shaped cross-section. Due to
poloidal field coils placed inside the vacuum
vessel1 of the Poloidal Divertor Experiment
(PDX), the vacuum vessel requires a cross-
section in the shape of a racetrack. The PDX
vacuum vessel and its major dimensions is
shown in Figure 1. The details of the vessel,
its design, fabrication and assembly are des-
cribed elsewhere.2

The objectives of the analysis of the
vacuum vessel were:

a) to determine the dimensions, primari-
ly the thickness of the vessel wall,

b) to find the effects of defects which
might occur during the manufacture of
the vessel,

c) to calculate the influence of large
ports in the vessel walls on the
stresses (not shown in Figure 1},

and
d) to evaluate the stress concentrations

around the interior poloidal coil sup-
ports and around the outside vessel
supports.

The vacuum vessel is subjected to two
different types of loading:

1) The uniform external pressure due to
the operating vacuum of 1.0E-8 Torr
maintained in the vessel.

2) Non-uniform load such as concentrated
loads from
a) the supports of poloidal coils

attached to the inner surface of
the vessel,

b) the outside foot supports and
c) the accessory equipment and diag-

nostic instruments.

Two types of analyses are characteristic

for the vacuum vessel. There are
a) the stability analysis, whare the

critical buckling prassur* on th«
vessel is determined and

b) the stress and deflection analysis,
where the stress distribution through-
out the vessel and the deformed geo-
metry of the vessel due to both uni-
form and non-uniform loading conditions
are calculated.

The geometry of the vessel and the load-
ing characteristics required a computer solu-
tion. A mathematical finite difference model
of the vessel used in both the stability and
stress analysis due to concentrated loads
from the poloidal coil supports is shown in
Figure 2.

The evaluation of stresses around the
circular ports for the neutral beam injection,
the heating, pumping and diagnostic equipment
required a finite element model of a 72° seg-
ment of the vessel as shown in Figure 3. Haw-
ever, the results of this finite element anal-
ysis were not available at the time of writing
of this paper, and will be reported later
elsewhere.

Methods and Results of Analysis

Stability Analysis

The stability of circular toroidal shells
subjected to external pressure was investiga-
ted elsewhere analytically3'11 as well as ex-
perimentally.5 The PDX vacuum vessel is a
toroidal shell of a racetrack cross-section.
The difficulties associated with the analyti-
cal solution of stresses in toroidal shells
with non-circular cross-section resulted in
the use of a numerical method. The computer
program BOSOP.46 using the finite difference
technique vas used in the analysis.

The computer model, see Figure 2, shows
that the torus is represented by four sections:
two cylindrical segments for the inner and
outer walls and two toroidal segments for the
upper and lower domes. There are four 2 inch
x 3 inch flanges at the joints of toroidal
and cylindrical segments. The flanges are
needed for assembly purpose, but they also
serve as structural stiffening rings. They
are treated in thé analysis as discrete elas-
tic structures.

Several various thicknesses of the shell
wall were considered from 0.25 inch to 0.5
inch. The critical buckling pressures were
determined for the shells with and without
supporting rings. The length of the cylin-
drical walls was varied as well. Additional
rings supporting the outer cylindrical wall
were also considered. The result of the analy-
sis is shown in Figure 4. The critical buck-
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ling pressure is 127.S psi in the case where
the toroidal shell is 0.5 inch thick and the
c-'lindrical walls are 61 inches long with four
supporting rings. These parameters represent
the final design of the vacuum vessel.

Stress and Deflection Analysis

The possibility of defects in the vessel
due to the manufacturing process required an
investigation of the influence these defects
might have on stresses in the vacuum vessel.
There is a geometrical discontinuity in the
juncture of the upper dome and the outer cy-
lindrical wall of 0.5 inch and a 0.5 inch
concavity of the outer wall as shown in Fig-
ure 5. The evenly spaced foot (Figure 1)
supports around the circumference are approxi-
mated by a continuous saddle support. This
approximation will not influence the stresses
in the vicinity of the discontinuity.

The finite difference line'ar stress analy-
sis using the BOSOK4 computer program showed
the maximum effective stress on the inner sur-
face of the outer wall is 2211 psi and at the
juncture where discontinuity exists is 1344
psi, see Figure 5.

The effect of non-uniform concentrated
loads which are applied on the shell at the
supports of poloidal coils is also evaluated
by using BOSOR4. The concentrated axial loads
and moments are represented by a series ex-
pansion. The outside foot supports were
approximated by a continuous saddle support.
The work was not completed at the time of
writing of this paper on the more exact model-
ing of the actual supports but will be report-
ed later. The maximum effective stress at
the cross-section where the concentrated loads
are applied is 17,600 psi at the outer surface
of the upper dome, see Figure 6. The deformed
geometry at the plane of load application is
also shown in Figure 6.

In order to evaluate the stresses around
the circular ports the analysis using the
finite element technique was considered. The
model of 72° segment was designed using thin
shell elements. The flanges around the open-
ings have stiffening effects and are simulated
by 3-D beam elements (Figure 3). The analy-
sis is not complete and the results will be
published later. Some of the ports will be
covered by flat 'iover plates and they are
being modeled as plabe elements. Non-uniform
concentrated loads are applied at the flanges.
Since loads are not expected to be very large,
ani the flanges have a large stiffening effect
on the shell, we do not anticipate very large
stress concentration around the ports.

Conclusion

The stress analysis of the PDX vacuum
vessel had shown that:

a) the -ressel is scable under the uni-
form vacuum pressure,

b) the effect of geometrical discontin-
uities on the stress level is small

c) the stresses level at the vicinity
of the poloidal field coil supports
due to the fault loading conditions ••
is acceptable, and

d) the combined overall stresses are well
within the allowable limits.

Acknowledgements

This work was supported by the united
States Energy Research and Development Ad-
ministration (formerly AEC) Contract E (11-1)
-3073.

References

1. PDX Draft Proposal, Special Report 74/1,
2/9/74, Plasma Physics Laboratory, Prince-
ton, New Jersey 08540.

2. J.B. Joyce, D.H. Mullaney, Fabrication of
the PDX Vacuum Vessel, Proceedings of the
Sixth Symposium on Engineering Problems
of Fusion Research, San Diego, California,
November 18-21, 1975 to be published.

3. L.H. Sobel, W. Flügge, Stability of Tor-
oidal Shells Under Uniform External Pres-
sure, AIAA Journal, Vol. 5, No. 3, March,
1967.

4. P.F. Jordan, Vibration and Buckling of
Pressurized Torus Shells, AIAA Paper 66-
445, Los Angeles, California, 1966.

5. E.G. Fishlowitz, Investigation of Elastic
Stability of Circular Toroidal Shells Un-
der Uniform External Pressure, NSRDC
Report 3338, April 1972.

6. David Bushneil, Stress, Stability and Vi-
bration of Complex Branched Shells of
Revolution: Analysis and User's Manual
for BOSOR4, Lockheed Miniile and Space
Company No. D243605, March 1972.
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