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Robust explicit computational strategies based on penalty method
for large-deformation impact problems
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(1. China Ship Scientific Research Center, Wuxi 214082, Jiangsu, China;
2. TaiHu Laboratory on Deep Sea Technology and Science, Wuxi 214082, Jiangsu, China)

Abstract: To improve the accuracy and robustness of the explicit FEM algorithm based on penalty method for simulating
large deformation contact-impact problem, a new large-deformation non-penetration contact algorithm based on forward
incremental displacement central difference (FIDCD) was developed. On the one hand, according to FIDCD, the solving step
of the dynamic equation was decomposed into an estimated step without considering contact and a correction step considering
contact constraint. At the current moment, a contact force was applied thorough the penalty method to make the deformation of
entities satisfy the non-penetration condition. The contact force was calculated by a soft constraint penalty stiffness, which
helped to maintain stability of contact localization. It enhanced the numerical accuracy of the explicit contact computation. On
the other hand, to accurately calculate the large-deformation internal force of the next moment while only obtaining the
displacement, the internal force term of the dynamic equation was mapped to a known configuration for solution based on the
arbitrary reference configurations (ARC) theory. It avoided using the values of variables at intermediate configuration to
approximate them, thereby improving the numerical accuracy of the large deformation computation. More rigorous contact
algorithms and geometric nonlinear solution strategy can effectively suppress mesh distortion and non-physical penetration

between entities during large-deformation impact simulation. This thus improved the robustness of the new explicit algorithm.

+ WS A #A: 2024-03-18; &[5 H#A: 2024-08-09
HEETIH: ERKE S %1% (2022YFB3306200)
E—1EE: MIARM(1993— ), B, W+, WY TR, cdyw@foxmail.com


https://doi.org/10.11883/bzycj-2024-0073
https://doi.org/10.11883/bzycj-2024-0073
https://doi.org/10.11883/bzycj-2024-0073
https://doi.org/10.11883/bzycj-2024-0073
https://doi.org/10.11883/bzycj-2024-0073
mailto:cdyw@foxmail.com

x4 PR, 4. ST BREOEAY AL TE bl il 4o 1) L Ao A% X % x

Finally, the computational program written according to the new developed algorithm was applied to simulate several impact
and penetration examples with different impact velocities. By comparing the simulation results with those obtained from
commercial software, the correctness of the developed algorithm and computational program was verified. At the same time, it
can also be proven that the algorithm proposed is more robust in simulating high-speed and large-deformation impact problems
than the classical explicit contact-impact algorithm based on the frog jump center difference scheme combining with penalty
method.
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Table 2 Deformation configurations of two bars at different times under normal impact
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Table 3 Material parameters for deformation description of projectile shell and grille structure

B po/(kg'm™) E/GPa v A/MPa B/MPa c n &0
kSN 7800 210 0.3 1453 810 0.003 0.479 2x107
il 7800 210 0.3 706 648 0.013 0.58 2x10°°

F 4 BEIMEERMEHIBMRSE x5 HANMRSH
Table 4 Material parameters for failure description of Table S Material parameters
projectile shell and grille structure of charge

I D, D, D, D, D, py/(kgm™) E/GPa v o /MPa &
RSN —0.02 0.4 -1.96 0 0 1460 60 0.3 30 0.8
iz e -0.1 0.5 —0.6141 0 0
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Fig. 11 Failure state of projectile at 1 ms
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