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Abstract: When designing projectiles, the prediction of the penetration depth is an important problem. In this
paper, a fast penetration analysis method using an empirical equation suggested by Young is presented. The
proposed method was validated by predicting the penetration depth for soil, rock, and concrete targets and
comparing the results with the experimental data of previous works. The proposed method was verified by
the comparison of the penetration depth and residual velocity values obtained in the experiment and the
results of the empirical equation. The errors of the residual velocity were 0.92 % and 1.91 %, and for the
penetration depth, they were 9.31 % and 4.62 %. The proposed method predicts the penetration behavior of
the projectile accurately and efficiently.
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Table 1 S-number of typical soils"”

S-number Target description
2 ~4 Dense, dry, cemented sand. Dry caliche. Massive gypsite and selenite deposits.
4 ~6 Gravel deposits. Sand, without cementation. Very stiff and dry clay.
6 ~9 Moderately dense to loose sand, no cementation, water content not important.
8 ~ 10 Soil fill material, with the S-number range depending on compaction.
5~10 Silt and clay, low to medium moisture content, stiff.
10 ~ 20 Silt and clay, moist to wet, topsoil, loose to very loose.
20 ~ 30 Very soft, saturated clay. Very low shear strength.
30 ~ 60 Clay marine sediments.
> 60 It is likely that the penetration equation do not apply.
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Fig. 7 Soil target used in experiment
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Table 2 Comparison of residual velocity between

experiment and Young's equation in
perforation test
Residual | Residual
[mpact velocity velocity £0.1 8 Error
No. | velocity deviation | 7,
[m/s] (exp.) (Young) [m/s] [%]
[m/s] [m/s]

1 131.7 118.2 119.3 1.36 0.92
2 125.5 115.1 112.9 1.39 1.91
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Fig. 8 Shape of projectile and sabot used in
perforation experiment
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Fig. 9 Shape of projectile in perforation experiment
pictured (a) before impact; (b) after impact
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(a) Test 1 (b) Test 2
Fig. 10 Shape of soil target after impact in the
perforation test

Fig. 11 Shape of projectile used in penetration test
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Fig. 12 Shape of soil target after impact in the
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Table 3 Comparison of penetration depth between
experiment and Young's equation in
penetration test

Penetration
depth
(Young)
[mm]
223.1
210.79

+0.1 S
deviation
[mm]
22.61
21.36

Penetration
depth (exp.)
[mm]
246
221

Impact
. | velocity
[m/s]

1 182.4
2 174

Error

(%]

9.31
4.62
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