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Fig. 1. Curve of the distortion law.
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Fig. 2. Schematic diagrams of the stress wave propagation (a) Rapid unloading; (b) slow unloading; (c) middle unloading.
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Fig. 6. Time history of the radial stress: (a) r = 0.5 m; (b) r = 0.75 m; (c) r = 1.25 m and the radial stress distribution: (d) t =

0.1 ms; (e) t=0.2ms; (f) ¢ = 0.6 ms (T, = 0.2 ms).
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Fig. 7. Time history of the radial stress: (a) r = 0.4 m; (b) r = 0.6 m; (c¢) r = 0.7 m; and the radial stress distribution: (d) ¢ =

0.1 ms; (e) t= 0.2 ms; (f) t = 0.6 ms (T = 0.03 ms).
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Table 1.  Relative errors of the curves in Figs. 4-7.
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Method of theoretically calculating spherical stress wave field
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Abstract

Based on the linear hardening plastic constitutive model, the theoretical solution of the elastic-plastic
spherical stress wave field under impact load is established. Firstly, the influence of the impact load unloading
rate on the propagation of the spherical stress wave is analyzed, and three different types of propagation images
are obtained. On this basis, the method of theoretically calculating the spherical wave equation in elastic stage,
plastic loading stage and unloading stage is established separately, and the calculation scheme of particle
displacement, particle velocity, stress and strain is given. Compared with the existing theoretical methods, this
method takes into account the different propagation patterns of the stress waves under different unloading
rates, and shows how to calculate the stress wave parameters in unloading stage, which is more applicable. This
method is used to calculate the elastic-plastic spherical stress wave field under constant shock load and
exponential attenuation shock load. The calculated results are in good agreement with those from the existing
theoretical method and numerical simulation results in the elastic stage and also in the plastic loading stage. In
the unloading stage, the existing theoretical method is no longer applicable, while the results obtained in this
paper are in good agreement with the numerical simulation results, which verifies the correctness of the

theoretical method.
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