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Abstract: For the impact similarity problem of the scaled model and the prototype usually have different materials with elastic
and plastic properties, the differences of material properties and the coexistence of elastoplastic in different deformation stages
will lead to the failure of the previous impact similarity theory. Based on the theory of the thin plate impact problem, the
similarity law of impact response was derived by using the method of equation similarity analysis for the material with the
linear elastic and ideal rigid-plastic properties. The basic equations of the thin plate structure, such as the energy conservation
equation and the strain-displacement equation, were analyzed using equation similarity analysis methods, and the similarity
scaling factor of the ideal elastic-plastic thin plate structure was derived. Based on the equation similarity analysis methods, a
thickness compensation method that can simultaneously consider the similarity of elastic deformation and plastic deformation
was proposed. For the impact similarity problem of the scaled model and the prototype using different ideal elastoplastic
materials, this method can be used to calculate the geometric sizes and load conditions of the scaled model through the material

properties when the response of the scaled model is similar to that of the prototype. Two finite element models of circular plate
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mass impact and circular plate velocity impact were established. The geometric sizes and load conditions of the scaled model
were calculated through the thickness compensation method when the prototype uses aluminum alloy and the scaled model
uses different materials such as steel, brass, etc. The applicability of the thickness compensation method was verified by the
response of prototype and scaled model. The results show that the structural response of the scaled model obtained by the
thickness compensation method can accurately predict the impact response of the prototype, even though the scale model and
the scale model use different materials.

Keywords: thin-plate structure; elastic-plastic coupling; different materials; similarity analysis
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Table 1 Scaling factors of rigid-plastic structure *
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Fig. 1  Stress-strain scaling results for different materials
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Table 2 Scaling factors of theideal elastic-plastic thin-plates under impact loading
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Fig. 2 Schematic diagram of the circular plate under impact loading
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Table 3 Material properties of circular plate

R W/ (kgm™) PR R/GPa JiE I3 B2 /M Pa
JE AR 2.70 72.4 265
Ti-6Al-4V 443 114 1104
100654 7.89 200 350
B 8.52 110 112
BG4 17.0 400 1506
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Table 4 Scaling factors of themodels

Ay REAIR R A A Ao A A A A
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1/50 10064 2.92 2.76 1.32 0.48 0.0138 0.46 0.0298
1/50 B4 3.16 1.52 0.42 0.28 0.0106 0.19 0.0547
1/50 a4 6.30 5.52 5.68 1.03 0.0203 0.96 0.0211
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Fig. 3 Stress-strain curves of different materials
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Fig. 5 Comparison of kinetic energy response between the velocity impact scale model and
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Fig. 6 Comparison of strain response between the velocity impact scale model and the prototype at the midpoint of the circular plate
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Fig. 7 Comparison of stress response between the velocity impact scale model and the prototype at the midpoint of the circular plate
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Fig. 8 Comparison of displacement response between the mass impact scale model and
the prototype at the midpoint of the circular plate
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Fig. 9 Comparison of kinetic energy response between the mass impact scale model and
the prototype at the midpoint of the circular plate
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Fig. 10 Comparison of strain response between the mass impact scale model and the prototype at the midpoint of the circular plate
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Fig. 11 Comparison of stress response between the mass impact scale model and the prototype at the midpoint of the circular plate
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Fig. 12 Displacement of circular plate along the diameter direction under different impact velocities
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Fig. 13 Mises stress of circular plate along the diameter direction under different impact velocities
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Fig. 14 Equivalent strain of the circular plate along the diameter direction under different impact velocities
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