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Optimization method of measuring points for the reconstruction
of the deformation field of typical ship structures

PENG Jia—yi, WEI Peng—yu
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: In response to the problems of excessive measurement points and low nonlinear segment
reconstruction efficiency in the deformation field reconstruction of ship structures, this paper proposes a
deformation field reconstruction method (iFEM-PSO) based on dynamic measurement field optimization
combining inverse finite element method (iIFEM) and particle swarm optimization algorithm (PSO). Taking
three typical hull plate structures of flat plates, open flat plates and open reinforced plates as objects, different
order buckling modes are applied as initial defects to obtain different failure characteristics, and the
reconstruction accuracy under the input of optimized measurement points and full measurement points is
compared and analyzed. The results show that the iFEM-PSO method can reduce the number of required
strain sensors by about 75%, and the overall reconstruction error remains within 15%, effectively verifying its
accuracy and efficiency in nonlinear deformation reconstruction. The optimized measurement points are
mainly concentrated in areas with large initial defects, structural boundaries and stress concentration areas
(such as the periphery of the opening, the connection between the ribs and plates), and the reconstruction

accuracy is proportional to the degree of failure, revealing the inherent correlation between the failure
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characteristics and the sensitive areas of the measurement point, and providing theoretical basis and technical
support for the optimization arrangement of the reconstruction measurement points of the typical structural
deformation field of the ship.

Key words: plate-shell structure; iFEM; PSO
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Fig.6 Second-order buckling mode as the initial defect reconstruction
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The maximum displacement is The maximum displacement is
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Fig.10 First-order buckling mode as the initial defect reconstruction
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Fig.11 Second-order buckling mode as the initial defect reconstruction
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Fig.12 Third-order buckling mode as the initial defect reconstruction
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Tab.4 Error of plate with a cutout reconstruction results compared with simulation

L0 46 BB f 1 22 2 BT AR R R 1R 22 3T Y 1R 22
WS ALERA  DsLmA  IEwmA  WALmA  MILEEmA WA ESHmA

16 13.20% 0.19% 12.59% 1.37% 27.24% 2.82%
46 10.95% 0.76% 6.44% 0.52% 33.93% 0.98%
565 13.65% 0.12% 15.96% 0.91% 13.91% 1.61%
568 5.06% 0.11% 9.40% 0.67% 39.28% 1.06%
595 5.66% 0.14% 10.46% 0.66% 12.58% 1.03%
599 8.01% 0.11% 8.34% 0.62% 41.50% 0.90%
1114 13.22% 0.01% 8.73% 1.46% 15.75% 0.31%
378 8.67% 0.14% 5.43% 1.22% 10.85% 1.46%
250 9.17% 0.17% 9.87% 0.99% 13.66% 2.23%
217 5.10% 0.47% 7.39% 0.78% 9.07% 3.03%
B KA %19 0 13.05% 0.36% 22.36% 1.07% 40.10% 2.13%
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Fig.13 Stiffened plate model with a cutout
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Tab.5 Geometric characteristics and material parameters of the stiffened plate with a cutout
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Fig.14 Displacement simulation of stiffened plate model with a cutout with different initial defects
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Fig.15 First-order buckling mode as the initial defect reconstruction
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Fig.16 Second-order buckling mode as the initial defect reconstruction
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Fig.17 Third-order buckling mode as the initial defect reconstruction
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Display of measurement The maximum displacement is The maximum displacement is
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Fig.18 Three order buckling modes superposition as the initial defect reconstruction
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Fig.19 Selection of verification nodes for stiffened plate model with a cutout
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Tab.6 Error of stiffened plate with a cutout reconstruction results compared with simulation
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