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The Research on An Empirical Formula for Earth Penetrator Weapons

Penetrating Rock Targets

LIU Shaoliu'?, SUN Huixiang' s, ZHANG Yue', HUANG Wenwen?, FENG Tuo’
(1. Department of Airfield Architechture Engineering, Air Force Engineering University, Xi’an
710038, China; 2. Unit 94900, Zhangzhou 363000, Fujian, China;
3. Unit 95832, Guangshui 410072, Hubei, China)

Abstract: Projectile penetration is always a hot research topic, and the prediction of the penetration depth
of the rock targets is mainly depended on the empirical equations. the common empirical formulas are sum-
mation of the knowledge of the old bombs or the general aviation bombs, they are not suitable for the new
development of the earth penetrator weapons, the calculated results of some formulas are far from the ac-
tual results, and the empirical formulas are necessarily modified. The similarity theory and the dimensional
analysis method are used to determine the key parameters affecting penetration depth, and the function re-
lation is established. Then the empirical formula of the earth penetrator weapons penetrating rock targets
is fitted through a large number of data. Numerical simulation is carried out on the earth penetrator weap-
ons penetrating rock targets by ANSYS/LS-DYNA. Compared with the results of the fitting formula and

the common empirical formulas, the result indicates that the results of the numerical simulation are well
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consonant with the results of fitting formula, and the fitting formula can be applied for predicting the

depth of earth penetrator weapons penetrating rock targets.
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Tab.1 Parameters of bombs

- PR LI 55
3 Fof g/kg R &  CRH R
/mm /em /MPa

JE 7 5 897.9 2 400 368. 3 3 1 000
Y 5 0.48 195 30 3 1 000

F2 HEBRAKER
Tab.2 Test results of model bombs

4 5 WE/(m-es ) RYIEE/cm H/L

1 315 9 0. 46

2 323 9.15 0.47

3 347 9.74 0. 50

4 365 10. 1 0.52

5 387 11.4 0.58

6 415 12.2 0.63

7 464 15.5 0.79

8 495 16. 8 0. 86

9 605 19. 4 0.99

10 616 20. 8 1. 07

11 625 21.98 1. 13

12 664 24.7 1.27

13 829 32.8 1. 68
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Tab.3 Parameters of earth penetrator weapons

ERR BLU-109 GBU-28  GBU-39/B
BT kg 898 2130 113
WK K /m 2. 40 5. 84 1. 83

PR SL A B/ m 0.61 0.32 0.25
WK H A/ m 0. 37 0.37 0.15
ket kg 240 306 22.7
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Tab.4 Material parameters of penetrator cm-g-ps
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m 1.03 D, —2.12 a 0. 46
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Tab.5 Material parameters of rock cm-g-ps
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Fig. 1 The simulation model
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Tab. 6 Simulation and calculation results of penetration depth

m
BLU-109  GBU-28  GBU-39/B
A A 1. 42 3.03 1.16
A AR 1.67 2.61 1. 07
Young A2 1.70 2.59 1.32
Bernard A3 A 1.12 2.67 0. 86
Bernard A C 0.71 1. 69 0.55
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