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THE COUPLED MELTING-CUTTING ABRASION MODEL OF
OGIVE-NOSE PROJECTILE PENETRATION INTO CONCRETE TARGETS

LI Zhao , NING Jian-guo , MA Tian-bao , XU Xiang-zhao

(State Key Laboratory of Explosion Science and Technology of Beijing Institute of Technology, Beijing 100081, China)

Abstract: The mass abrasion of projectiles is an obvious phenomenon during the penetration into concrete
targets, which will result in the mass loss and bunting nose. According to the experimental observation, the
thermal melting and cutting by the aggregate on the surface of a projectile are the main mechanisms for the mass
abrasion. In this paper, a coupled melting-cutting abrasion model is proposed combing with these two main
abrasion mechanisms and the dynamic cavity expansion theory (CET). The mass loss of the projectile is
obtained by the coupled abrasion model because of melting and cutting using the two-dimensional thermal
conduct equation and modified Rabinowizc theory, respectively. The relationship between the two abrasion
mechanisms is established based on the Johnson-Cook model. Then, the penetration performance parameters, such
as the penetration depth, variation of projectile shape and mass loss rate, are obtained by the coupled abrasion
model. The calculated results were compared with the experimental data. The comparison results show that the
theoretical model prediction is in good agreement with the experimental data, which verifies the validity of the
proposed coupled melting-cutting abrasion model. Finally, the evolution of the kinetic parameters and nose shape
variation during the penetration are discussed. This work can provide some reference for the research of mass
abrasion phenomena in the penetration process.
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Table 1 Experimental data of six penetration tests

eS| B Casel Case2 Case3 Cased Case5 Case6
ek 4340 4 4340 4 4340 4 4340 4340 4 4340 4

fii ft/kg 0.064 0.064 0.48 1.6 0.478 1.62

ik AR [ (kg/m®) 7850 7850 7850 7850 7850 7850

SHEH(WI(MK)) 445 445 445 445 445 445

CRH 3.0/4.25 3.0/4.25 3.0 3.0 3.0 3.0

R EAR/mm 12.9 12.9 20.3 30.5 20.3 30.5

Je IR /MPa 135 21.6 62.8 51.0 58.4 58.4

Ve T A ORI ER VEES VEES VEES VEES K FIK

IR (kg/m®) 2000 2000 2300 2300 2320 2320

53 ARE(WI(M-K)) 1.65 1.65 1.65 1.65 1.65 1.65

#2 ETEARYVKENEBRSH
Table 2 Wear coefficients for six penetration tests

2 Casel Case2 Case3 Case4 Case5 Case6
ELHE (m/s) 371 492 450 405 442 445
Hm 7 7 7 7 3 3
Ky 0.0015 0.0020 0.0020 0.0020 0.0006 0.0004
S BOAOE RN O 14 .
L oL M| 5 i
3.0 m case]l(CRH=3.0) 0O casel(CRH=3.0) ® case4 O casc4 - 3,‘32%%{[{#323 0 ﬁ?]cﬁl{f::; 0 %%ﬁf T;ﬁdﬂ]%l 4
A case](CRH=4.25) A casel(CRH=4.25) @ case5 O case5 12 m casel( 0) 0 casel 0) @ cas case
2.5 | & case2(CRH=3.0) <> case2(CRH=3. 0) o caseb o caseb A case]l(CRH=4.25) A case]l(CRH=4.25) @ case5 O case5
. > casea(CRE-425) DcaseZSCRH —425) =10+ @ case2(CRH=3.0) <>case2§CRH =3. 0) = case6 © case6
x cases o case3 > » case2(CRH=4.25) D>case2(CRH=4.2

g 2.0t - ° g}_ * case3 Yrcase3 D
~ e le) L
= °s X’ IR
K15t 2 = #* 4
= © W 6F o 2
E"ll’i ® 5,@. HE %3 [ o]

1.0} e w ’: * 4+ é . L]

88 % . PAN= S - go
0.5+ g 0O 13 % 2t » o& =)
me%? “ 8 =
0.0 L 1 1 0 L Il 1
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
1153 % /(km/s) 1 o 1/ (k/s)

(@) RIIREST L

(b) FREMKFXSLL

5 T A A AR Mot 453 2 M S 06 ol A X L [

Fig.5 Comparison of depth of penetration mass loss rate and tested results
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Table 3 Comparison of penetration depths and mass loss rates

) ) AR E/m . J AR 2 (%) .
SIS $it o 4/ (m/s) CRH RZEN%) RZEN%)
SEIR AR Forrestal 243\, A R IR 4R Fh AR
1-1 371 3.00 0.13 0.14 0.13 0.5 1.1 1.0 9.0
1-2 590 3.00 0.31 0.30 0.31 0.9 2.7 2.3 14.8
1-3 670 3.00 0.36 0.37 0.37 2.8 3.4 3.3 2.9
1-4 722 3.00 0.41 0.42 0.42 24 3.9 3.9 0.8
1-5 945 3.00 0.64 0.63 0.65 1.6 46 5.6 21.0
1-6 1126 3.00 0.85 0.81 0.82 35 5.3 6.2 18.8
1-7 345 425 0.11 0.13 0.12 9.1 1.1 1.0 8.5
1-8 585 425 0.31 0.30 0.32 32 33 24 27.0
1-9 722 425 0.44 0.43 0.46 4.5 44 42 45
1-10 900 425 0.66 0.62 0.64 3.0 5.7 6.1 7.0
1-11 1063 425 0.86 0.81 0.83 35 6.3 73 15.8
2-1 492 3.00 0.17 0.19 0.19 11.0 1.8 1.6 11.1
222 788 3.00 0.45 0.40 0.41 8.8 5.3 42 18.8
2-3 910 3.00 0.55 0.51 0.50 9.1 6.8 6.2 8.8
2-4 1142 3.00 0.85 0.71 0.74 11.7 7.0 7.4 5.9
2-5 473 425 0.17 0.18 0.19 147 1.9 1.7 10.5
2-6 775 425 0.41 0.41 0.43 48 5.0 47 6.0
2-7 921 425 0.57 0.54 0.55 35 73 6.7 8.2
2-8 1050 425 0.76 0.67 0.78 2.6 7.9 9.0 12.7
3-1 450 3.0 0.30 0.30 0.30 1.0 1.5 1.44 4.0
32 612 3.0 0.48 0.51 0.49 2.0 2.7 2.67 1.1
33 821 3.0 0.76 0.83 0.82 7.8 45 4.60 22
3-4 926 3.0 0.95 1.02 0.98 3.1 5.5 5.70 3.6
3-5 987 3.0 0.92 1.13 1.05 14.1 6.6 6.43 26
3-6 1024 3.0 0.94 1.20 1.11 18.1 6.2 6.86 10.6
4-1 405 3.0 0.37 0.40 0.37 1.1 12 1.16 33
42 446 3.0 0.42 0.47 0.44 4.7 15 1.40 6.5
4-3 545 3.0 0.56 0.67 0.62 10.7 2.0 2.11 55
4-4 651 3.0 0.78 0.90 0.86 10.2 3.1 2.97 4.1
4-5 804 3.0 1.05 129 1.22 16.1 47 438 6.8
4-6 821 3.0 1.23 1.34 1.27 32 4.4 4.55 3.4
4-7 900 3.0 1.41 1.55 1.46 35 5.4 5.36 0.7
4-8 1009 3.0 1.75 1.87 1.66 5.1 6.4 6.43 0.5
4-9 1069 3.0 1.96 2.04 1.85 5.6 7.0 7.25 35
5-1 442 3.0 0.287 0.30 0.30 42 0.81 0.66 185
52 610 3.0 0.491 0.52 0.54 9.9 1.55 1.28 17.4
53 815 3.0 0.840 0.84 0.88 4.7 2.69 225 16.3
5-4 1009 3.0 1.300 1.20 1.22 6.1 3.52 3.51 0.03
5-5 1162 3.0 1.590 1.49 1.46 8.1 4.12 5.30 28.6
6-1 445 3.0 0.46 0.45 0.46 0.7 0.7 0.59 143
6-2 584 3.0 0.79 0.72 0.75 5.0 1.5 1.13 24.6
6-3 796 3.0 123 122 1.27 32 25 2.17 13.2

6-4 980 3.0 1.95 1.72 1.77 9.2 3.5 3.18 9.1
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Fig.6 Comparison of projectile profiles after calculation and residual projectiles after penetration
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