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Abstract

This study proposes a penetration model in soil considering the wake separation and reattachment based on the integrated force law (IFL).
Rigid body dynamics, the IFL, and semi-empirical resistance function about soil are utilized to formulate the motion of the hard projectile. The
model can predict the trajectory in soil considering the spherical cavity expansion phenomenon under various oblique angles and angles of
attack (AOA). The Mohr-Coulomb yield model is utilized as the resistance function of the soil. To confirm the feasibility of the proposed
model, a comparative study is conducted with experimental results described in the open literature. From the comparative study, the
penetration depth estimated from the proposed model had about 13.4% error compared to that of the experimental results. In general, the finite
element method is widely used to predict the trajectory in soil for a projectile. However, it takes considerable time to construct the
computational model for the projectile and perform the numerical simulation. The proposed model only needs to the dimension of the
projectile and can predict the trajectory of the projectile in a few seconds.
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Fig. 6 Flow chart of the proposed penetration model to calculate the projectile trajectory
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Table 1 Parameters used in numerical simulations

Parameters Value
Impact velocity(m/s) refer to Table 2
Impact angle(degree) refer to Table 2
AOA(degree) refer to Table 2
Impact angular velocity(rad/s) 0
Soil shear strength(MPa) 10
Soil density(kg/m’) 1,860
A(resistance coefficient 1) 1.718
B(resistance coefficient 2) 2.215
Soil static friction coefficient 0.2
Soil dynamic friction coefficient 0.06
Projectile density(kg/m’) 7,850
Moment of inertia(kg:m?) 1.257
Separation angle(degree) 5

Table 2 Test cases

Test number| Impact velocity(m/s) | Impact angle(degree) | AOA(degree)
#1 280 0 0
#2 280 0 0
#3 278 30 0
#4 280 30 0
#5 280 0 3.5
#6 280 0 4.0
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Table 3 Test results
Penetration Penetration Absolute error
Test depth(m) depth(m) compared to
number | (experimental (numerical experimental
results) simulation results) results(%)
#1 6.48 5.03 22.4
#2 4.98 5.03 1.0
#3 5.18 4.18 19.3
#4 5.18 4.18 19.3
#5 5.02 4.58 8.8
#6 4.82 4.18 13.3
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