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Fig. 5 Penetrators impacting 30 MPa reinforced concrete target
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Fig. 6 Relation curves of projectile’s critical ricochet oblique angles

and penetration velocities

3 & ®

SRS RN 2856 2 A7 B 7 3k X R AR R 8. 32 MU BRFE 250 ~430 m/s B E T 4R 30 Al
60 MPa’f i 1R 5 + 0 Y I Bk ot ff B 64T T ST, S5 0 R .

(1) SR AR A0 F [ ik 5 A o i 5 12 700038 5 A0 8 0 e A 1 e 7 S8k 405 £ o B A K L 3 AR s 5t ik
050 71 £ B8 ot S T 344 0 7 38 T 114 75 Ak e 45 AR 2%

(2) SR T A ) R B 42 490 N [ e 32 A I o S ) 348 0 A 19 s A B0k S8 00 0 T A8 /DN

(3) LB A M A3 B 1 SRR TE 250~430 m/s #EE T2 30 MPa 4K i R 5E 4 11 11 7 Bk 35 £ 32 S L oy
38°~44° {24 60 MPa 5 i 1E 5 1= (1 Il S Bk 50 AR B2V [ Oy 34°~42° 2860 20 X4 M 45 B S AR AE 250~
430 m/s W EE N2 30 MPa 4K i 1R 5E 1 14 1l S Bk 30 A B2 5 Ll 36°~41°, 1248 60 MPa 4 i 1R %E 1+ 1)
I 55 Bk 35 A YU LA 34°~39° 5 2 50 24 340 T 45 310 1 L 1R 1 A Sk o o 32 4 SR A A1 T S 90 2 R Ml 25 3
AAE 3°LAN .

(DB ZE R 5 200 73 B 25 AT — 28 1 0 22« HL 52 5045 3] 1) st AR I S50k 3y B 285 2 K T 4 06 40 B 45
SRS A3 BT R B — 2 ) 0 D PR T S BT SR FH 1 S R Ay A A TS R R AR ) A X AR 2 A A AR
ST Qi A AT 2 SRAE R 0 ) S A AR B, DT HE o T SR 1 I Rk A R T 6 R AR Al A
1RAY) F R - I CHE v TG 7 ) 512 5600 245 SR A S 19 o R X T 0 7 TR O R, R TR A P T AN A X AR 1
T AR ) Qi B R AT 2 B, T B R D) 2R TR R A A I AR A RN L B, 56 20 2UEE A T AR R )
B VR 5 - 0 1 S A 3 AT T T T SRR A A A8 7 TS O A 1% I RSk S A AT S 4 R T e A SR

G A S RN 2 56 08 XA B 6 S L ] X S AR 4R A T B B4 I A B A R AT T A0 L 4 AR
A AR AR bR 0 £ B R N R AT SR S A e T B R AR A



802 S < 5 o i %36 &

$ % Uk -

[1] Kanchibotla S. Modeling fines in blast fragmentation and its impact on crushing and grinding[ C]// A Conference on
Rock Breaking. Kalgoorlie, Australia, 1999:37-44.

[2] Goldsmith W. Non-ideal projectile impact on targets[J]. International Journal of Impact Engineering, 1999,22(2/
3):95-395.

[3] Frew DJ, Forrestal M J, Hanchak S J. Penetration experiments with limestone targets and ogive-nose steel projec-
tiles[J]. Journal of Applied Mechanics. 2000,67(4) :841-845.

[4] Lee W, Lee H J, Shin H. Ricochet of a tungsten heavy alloy long-rod projectile from deformable steel plates[]].
Physics of Journal D: Applied Physicss, 2002,35(20) :2676-2686.

[5] X3 Bk pLERAT 5T 5 BE AL D], KA b s, 2011,

(6] SRR WA WL T PRAR. A A0 Bk 5 B G252 i i) B BT ). B3 5 W15, 2011.38(10) : 18-21.
Wu Rongbo, Chen Zhigang, Wang Qinghua. Numerical simulation on the impact effect of incidence angle impacting
ricochet[J]. Design and Research, 2011,38(10):18-21.

[7] TForrestal M J, Tzou D Y. A spherical cavity-expansion penetration model for concrete targets[J]. International of
Solid Structures, 1997,34(31) :4127-4146.

[8] Young C W. Depth prediction for earth-penetrating projectiles[ J]. International of the Soil Mechanics and Founda-
tions Division, 1969,95(3) :803-817.

[9] Young C W. Development of empirical equation for predicting depth of an earth penetrating projectilel R]. SC-DR-
67-60, 1967.

[10] Young C W. Equation for predicting earth penetration by projectiles: An update[ R]. SAND-88-0013, 1988.

[11] Young C W. Penetration equations| R]. SAND-97-2426, 1997.

Critical ricochet performance of penetrator impacting concrete targets

Duan Jian, Wang Kehui, Zhou Gang, Xue Binjie,
Chu Zhe, Li Ming, Dai Xianghui, Geng Baogang
(Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: The critical ricochet angle of a penetrator impacting hard targets obliquely needs to be ana-
lyzed and estimated to ensure that no ricochet occur while the penetrator hits the targets. In this work
the experiments on the ricochet performance of the penetrator with a big length-to-diameter ratio im-
pacting reinforced concrete targets at a velocity of 250—430 m/s were conducted, the critical ricochet
angles in which it impacts the reinforced concrete targets possessing a compressive strength of 30 MPa
and 60 MPa respectively were analyzed and estimated, and the envelope curves of the critical ricochet
angle were obtained. The results show that, when the intensity of the target is maintained the same,
the projectile’s critical ricochet angle increases with the increase of the penetration velocity. This in-
crease gradually slows down. At the same penetration velocity, with the increase of the targets’
strength, the projectile’ s critical ricochet angle decreases. The projectile’ s critical ricochet angles
from the analysis of the empirical formula were lower than those from the experiments, but the devia-
tion is less than 3°.

Key words: mechanics of explosion; ricochet performance; penetrating warhead; concrete target; crit-
ical ricochet angle
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