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Structural Stability Analysis and Test Evaluation for Large Vacuum Vessels
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Abstract

indicator for assessing the design. To address the uncertainty of the rule design of complex shaped vacuum vessels

Vacuum vessels are widely used in the aerospace field, and their structural stability is an important

and the accuracy deficiencies of simulation assessment, this paper constructs a large vacuum vessel model and
analyses the vessel stress, displacement and buckling indicators under the conditions of process equipment mass, 0.1
MPa external pressure and gravity. A vacuum vessel structural stability test system consisting of strain,
displacement and pressure tests was set up, and two evacuation modes, sectional and continuous, were used to
obtain the stress and displacement test data of the classical measurement points, and a test evaluation method for the
structural stability of large vacuum vessels was proposed. The results show that the method can effectively verify
the accuracy of the design calculation and finite element simulation of the vacuum vessel. The method provides an
optimization direction to improve the accuracy of the simulation, which is helpful for the development and
acceptance of the vacuum vessel.
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Fig. 1 Structure model of a large vacuum vessel. (a) Side view

of vacuum vessel, (b) right view of vacuum vessel,

(c) left view of vacuum vessel
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Tab. 1 Material property parameters
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Tab. 2 Table of equipment load parameters
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Fig.3 Vacuum vessel finite element model mesh diagram
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Fig. 4 Vacuum vessel strain distribution diagram
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Fig. 5 Vacuum vessel deformation distribution diagram
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Fig. 6 Vacuum vessel linear flexure waveform diagram
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Fig. 7 Vacuum vessel non-linear flexural waveform diagram
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Tab. 4 Stress and deformation simulation statistics

o N Tg N7 N7 N 1 b7 | 7
WS fE/MPa W fE/MPa JUAS {EH/mm
1# 9.49 5# 16.38 D1 0.92
) 24 12.45 6t 15.60 D2 2.92
xn 3# 12.15 TH 31.33 D3 2.82
44 6.82 D4 0.74
8t 2831 124 42.78 D5 2.67
o# 82.57 13# 50.18 D6 3.66
oI
104 72.30 14# 72.79 D7 253
11# 44.41 15# 45.65 D8 3.80
16# 39.63 224 27.99 D9 425
174 44.03 234# 64.65 D10 3.12
18# 76.14 244 49.86 D11 434
A
194 39.43 254 17.40 D12 3.20
20# 39.78 26# 33.61
21# 3527 27# 4291
284# 4236 324 27.79 D13 2.54
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L]
30# 35.67 D15 2.85
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344 14.66 D17 3.38
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374 2236 D20 3.71
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Fig. 12 Vacuum vessel deformation test data
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Tab. 5 Stress data analysis table
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Tab. 6 Deformation data analysis table
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Tab. 8 Analysis table for two measurements of deformation data
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