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Digital Twin Method of Stress Field of Deep Submersible Spherical Shell Based
on Simulation Database

Abstract

Abstract: This paper presents a method for predicting the stress field of deep diving spherical shells
based on simulation databases and digital twin technology. By establishing simulation databases of
stress field distribution of pressure-resistant spherical shells under different scales and loads, virtual
sensing monitoring of stress states in other parts of the vessel is realized through finite sensor layout of
pressureresistant shells on the submersible. Based on the DT(digital twin) technology, a three-level virtual
structure layer is constructed. The Level-1 DT layer realizes the spatial mapping and cloud image display
from the finite element simulation model to the digital model. The error between the experimental and
numerical results of the ultimate bearing capacity of the spherical shell is less than 9.4%. The Level-2 DT
layer realizes the data sample deduction of the digital model by create database. The stress field
distribution of the spherical shell under the condition that the size and load are not obtained in the
simulation database is obtained by the local Lagrange interpolation method. The relative error of the
stress interpolation result is 4.8%. The Level-3 DT layer develops a machine learning prediction function
for the stress field distribution in the dangerous area of the deep-submersible spherical shell digital
model. The BP neural network optimized by the particle swarm optimization algorithm ensures that the
error between the prediction result and the simulation result is less than 1%. This method
comprehensively considers the material properties, structural dimensions and environmental loads, which
can provide a reference for the real-time safety assessment of the pressure hull structure, and realize the
dynamic perception, intelligent diagnosis and scientific prediction of the dynamic stress field distribution
of all deep-submersible spherical shells on the hull.
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Abstract: This paper presents a method for predicting the stress field of deep diving spherical shells
based on simulation databases and digital twin technology. By establishing simulation databases of stress
field distribution of pressure-resistant spherical shells under different scales and loads, virtual sensing
monitoring of stress states in other parts of the vessel is realized through finite sensor layout of pressure-
resistant shells on the submersible. Based on the DT(digital twin) technology, a three-level virtual
structure layer is constructed. The Level-1 DT layer realizes the spatial mapping and cloud image display
from the finite element simulation model to the digital model. The error between the experimental and
numerical results of the ultimate bearing capacity of the spherical shell is less than 9.4%. The Level-2 DT

layer realizes the data sample deduction of the digital model by create database. The stress field
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distribution of the spherical shell under the condition that the size and load are not obtained in the

simulation database is obtained by the local Lagrange interpolation method. The relative error of the

stress interpolation result is 4.8%. The Level-3 DT layer develops a machine learning prediction function

for the stress field distribution in the dangerous area of the deep-submersible spherical shell digital

model. The BP neural network optimized by the particle swarm optimization algorithm ensures that the

error between the prediction result and the simulation result is less than 1%. This method

comprehensively considers the material properties, structural dimensions and environmental loads, which

can provide a reference for the real-time safety assessment of the pressure hull structure, and realize the

dynamic perception, intelligent diagnosis and scientific prediction of the dynamic stress field distribution

of all deep-submersible spherical shells on the hull.
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optimization algorithm
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Table 2 Selection of interpolation points(point 1)
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Table 3 Selection of interpolation points(point 5)
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8 132.837 (A4 DY) 0.279
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Tab.4 Stress results of the selected partial samples

s S E/Mpa  BEE/mm  xil TWR2 O PR3 WE4 WRES O WR6 RTS8
1 1 9 14.5 14.4 14.4 13.5 14.4 10.9 14.5 13.7
2 1 10 9.8 13.1 9.8 12.4 12.4 13.1 12.4 13.1
5480 30 27.1 231.5 129.2 162.6 129.2 162.6 219.5 219.5 129.2
5481 30 27.2 231.6 128.7 162.1 128.7 162.1 219.5 219.5 128.7
5482 30 27.3 231.8 128.2 161.6 128.2 161.6 219.5 219.5 128.2
5483 30 27.4 231.9 127.7 161.1 127.7 161.1 219.5 219.5 127.7
5484 30 27.5 232.1 127.3 160.6 127.2 160.5 219.6 219.6 127.2
5485 30 27.6 2323 126.8 160.1 126.7 160.1 219.6 219.6 126.7
5486 30 27.7 2325 126.3 159.6 126.2 159.6 219.7 219.7 126.2
5487 30 27.8 232.7 125.8 159.1 125.7 159.1 219.7 219.7 125.8
5488 30 27.9 232.8 125.4 158.6 125.3 158.6 219.7 219.7 125.3
5489 30 28.0 232.9 124.9 158.1 124.8 158.1 219.7 219.7 124.8
5490 30 29.0 229.2 120.3 153.4 120.3 153.5 216.3 216.3 120.3
9140 50 27.1 385.7 215.4 271.0 2154 271.0 365.8 365.8 2153
9141 50 27.2 385.9 214.5 270.2 214.5 270.2 365.8 365.8 214.4
9142 50 27.3 386.2 213.7 269.4 213.7 269.3 365.8 365.8 213.6
9143 50 274 386.5 212.9 268.5 212.9 268.5 365.9 365.9 212.8
9144 50 27.5 386.9 212.1 267.7 212.1 267.7 366.0 366.0 211.9
9145 50 27.6 387.2 211.3 266.9 211.3 266.8 366.1 366.1 211.2
9 146 50 27.7 387.5 210.5 266.0 210.5 266.0 366.2 366.1 210.4
9147 50 27.8 387.8 209.7 265.2 209.7 265.2 366.2 366.2 209.6
9148 50 27.9 388.0 208.9 264.4 208.9 264.4 366.2 366.2 208.8
9149 50 28.0 388.2 208.1 263.6 208.1 263.6 366.2 366.2 208.0
9150 50 29.0 382.0 200.5 255.7 200.5 255.8 360.4 360.4 200.4
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JE T i 5 S g Ui i A 3R A
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J R 57 14 M 00 5 0 R i) FE A AS ] R i e 3K e
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BP #1280 4% (1) 560\ 2 B AIMER I ) #ms FER T
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Fig. 18 Error analysis of local Lagrange interpolation method
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Table 5 RMSE of number of different neurons in

hidden layer
PHAMET e 2O
i TR
3 0.000 618 78 8 0.000 603 58
4 0.000 264 22 9 0.000 152 86
5 0.000 195 16 10 0.000 203 48
6 0.000 177 27 11 0.000 085 343
7 0.000 615 34 12 0.000 013 195
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Table 6 RMSE of the test set and training set of the sample
with different partition ratios
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