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Fig. 1 Experimental arrangement
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Fig. 2 The smooth bore used in experiment
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Tab.1 The parameters for the projectiles

KA G HAE d/mm R Mzl CRH KAWL L,/d  JEIRSREE 0,/ MPa
P12-1 12 35CrMnSiA 3 8 1450
P12-2 12 30CrMnSiNi2A 3 8 1450
P12-3 12 35CrMnSiA 4 8 1450
P12-4 12 DT300 3 8 1054
P30-1 30 30CrMnSiNi2A 3 3 856
P30-2 30 30CrMnSiNi2A 3 3 1650
P60-1 60 30CrMnSiNi2A 3 5 1650
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Fig.3 The projectiles used in experiment
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Tab. 2 The parameters for the concrete

B Rs B iR R BEE L PR E/MPa BB AR S /mm POPIA K agisl
T12 ®0. 4m X0, 6m 42.8 5 P12
T30 0. 9m X 1. 5m 42.8 10 P30
T60 ®1. 8m X 2mm 42.8 15 P60
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Tab. 3 The experimental results of the tests

- il ﬁﬁ’i EIYGELEES ELEHEES W {QJ’«)&E 2
- S HE i K i K EES 45 5 WL
/(m/s) /g /mm /g /mm /% /% /mm

1 P12-1 839 68.5 96 66.9 91.2 2.3 5.0 360

2 P12-1 901 68. 5 96 65.1 90.7 5.0 5.5 107

3 P12-1 967 69.0 96 65. 8 87.1 4.6 9.3 394

4 P12-1 1046 68. 8 96 65. 6 87.4 4.7 9.0 448

5 P12-1 1149 68.4 96 64. 2 85.9 6.1 10.5 162

6 P12-1 1213 68. 8 96 52.2 75.0 24.1 21.9 350

7 P12-1 1353 69. 2 96 52.4 66.0 24.3 31.3 328

8 P12-2 699 69.9 96 67.9 93.2 2.9 2.9 215

9 P12-2 940 71.0 96. 4 68.1 92.1 1 4.5 345

10 P12-2 1165 70. 8 96. 2 65.9 89.7 6.9 6.7 535

11 P12-2 1294 70.9 96. 2 - - — — 290

12 P12-3 873 67.0 96 63.4 87.6 5.4 8.8 377

13 P12-3 994 67.0 96 64.0 87.7 4.5 8.6 122
14 P12-3 1152 67.0 96 60. 0 81.0 10.4 15.6 111
15 P12-4 897 70. 4 95.8 67.6 92.3 4.0 3.6 335
16 P12-4 1010 70.3 95.9 66. 5 90. 1 5.4 6.1 359
17 P12-1 1136 71.4 95.9 60. 8 7.7 14. 8 19.0 340
18 P12-4 1165 70. 4 95.8 = - - - 500
19 P30-1 924 285. 8 89. 8 272.6 77.8 4.6 13.3 248
20 P30-1 1088 287.1 90. 1 277. 8 84.2 3.2 6.5 321
21 P30-2 885 322.6 90. 2 316.9 89.0 1.4 1.8 310
22 P30-2 1286 323.4 90. 1 313. 3 88.4 1.9 3.1 630
23 P30-2 1385 322.0 90. 0 310.0 87 3.4 2.8 775
24 P30-2 1596 322.8 90. 0 300. 2 76.7 14.7 7.0 780
25 P30-2 1852 322.2 90. 0 279.1 69.5 22.8 13.4 640
26 P60-1 853 3813.0 300 3738.0 298. 8 2.0 0.6 1670

27 P60-1 1401 3883.0 300 3611.0 288.8 7.0 3.75 3200
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Fig.4 The photo of P12 projectiles taken by high-speed camera
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Fig.5 The comparisons between the residual projectiles and the original projectiles
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Fig. 6 The comparisons of the dimensionless depth of penetration
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Fig. 7 The relationship between the mass loss of projectile and the velocity
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Experimental study on mass loss of projectile subjected
to high-velocity penetration into concrete target

GUO Lei', HE Yong', PAN Xu-chao', HE Xun', TU Jian?, QIAO Liang®, PANG Chun-xu’
(1. School of Mechanical Engineering, NJUST, Nanjing 210094, China; 2. Beijing Institute of Space Long March Vehicle, Beijing
100076, China; 3. Xi'an Institute of Model Control Technology, Xi'an 710065, China)

Abstract: In order to investigate the abrasion effect of projectile subjected to high-velocity penetration
into concrete target, the caliber smoothbore gun is utilized to launch the ogival projectile to penetrate
into concrete with a velocity in the range of 800~1800 m/s by the sub-caliber launching method. Six
different types of projectiles are employed to explore the effects of the projectile diameter, materials,
CRH, length-to-diameter ratio, yield strength on abrasion effect. The deformation of the projectiles
subjected to high-velocity penetration into concrete target is obtained experimentally. The penetration
depth and the mass loss of the projectile are analyzed in detail. The mechanisms of the mass loss of the
projectile are discussed. The results show that the maximum penetration depth can be increased by
increasing the limit velocity or the projectile kinetic energy from proper structure design. The abrasion
effect can be suppressed with the enhancement of yield strength of the projectile, and the penetration
depth can be increased.

Keywords: explosion mechanics; high-speed penetration, projectile; mass loss; abrasion effect



