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(a) 12.7 mm armor- piercing bullet (b) Ceramic composite target plate

Pl 1 SR 12.7 mm S8R50 K B 52 A R AR

Fig. 1 A 12.7 mm armor-piercing bullet and a ceramic composite target plate used in experiments

1.2 ESIIE

AT T 2K 12.7 mm 3 RE I % 52 A M0 AR 5L 50, SR 12.7 mm AR S0 3B A, S8 2ok 5 K 2y
SR, TR ST HEEAE 521~1 213 m/s, M3 3% 45 ok FH b K22 B =7 & 09 3o 0 R A3, I iR 22
F1.7%, [R) I FH v R A 5 R A R 26 I R R A TI0 5% . S0 e B T 3 M A LI 2,

(a) Schematic diagram of experimental setup (b) Layout of experimental site
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Fig. 2 Experimental setup and site layout
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(a) Ceramic composite target (b) Q235 steel target

3 LA FROTEIT

Fig. 3  Finite element models for bullet and target
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Table 1 Part of effective experimental data for penetration of 12.7 mm piercing incendiary bullets into

ceramic composite targets

M ac HOARRLE A ) EHHHEE/(ms™) BB FHZEALR T /mm HETRIAR T it /g

576 Fis 13.2 28.4

1# 0 593 Fif 14.7 30.1
521 A 5.9 26.8

637 Fi 13.9 23.6

2# 15 593 A 14.3 22.1
579 A 7.6 20.7

693 FiB 13.1 17.6

3# 30 645 A 7.1 13.9
713 i 15.1 15.1

789 A 83 11.0

4# 45 765 A A — 15.6
833 B 143 14.4

1086 A 49 8.1

S# 60 1213 i 133 6.0
1179 HFifs 14.7 9.3

Hie 1 AT, B e 5 BEARHE A1 BETE 00~ 60318 BB, 12.7 mm il 20 2548 33X FHLARHEE M) 1Y S5 A BRI
T 1300 m/s, Hrb B 88 52 45 BUARURL B A JEE D 001 15°, 300, 45°, 60°H, ZER i Y SLE Al IR WL 2.0 7
WFRZF BRI BT, HUAR IE 27 4240 5, W R e, 1 AL R AT 2 SR LR, WL 4. Bl
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(a) Experiment 1# (0°) (b) Experiment 2# (15°) (c) Experiment 3# (30°)

.
s

(d) Experiment 4# (45°) (e) Experiment 5# (60°)

P4 F o Il s R B LA L LIRS

Fig. 4 Part of recovery steel core styles and corresponding into- and out-of-target holes
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Fig. 5 Failure modes of some steel cores and warhead shells
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Table 2 Ballistic limit range of piercing incendiary bullets at different oblique angles

BRI BE/() SRR/ (m-s™) B A BE/() SRR/ (m-s™)
0 521~576 45 789~833
15 579~637 60 1086~1179
30 645~693
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Fig. 6 Failure modes of ceramic composite targets and steel cores of piercing incendiary bullets
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Fig. 7 Residual mass of steel core varied with oblique Fig. 8 Ballistic limit varied with oblique angle
angle of target plate of target plate
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Table 3 Results of 12.7 mm piercing incendiary bullets penetrating into ceramic composite target plates

SOHUREE /() PRI/ (m-s™") FIARFitt/g HOUBARHE A BE/(°) BRI/ (m-s™") FIARitt/g
0 600 26.4 45 925 9.3
15 675 18.1 60 1375 6.7
30 770 12.5
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(a) 0° (b) 15° (c) 30° (d) 45° (e) 60°

Stress/MPa Stress/MPa Stress/MPa Stress/MPa Stress/MPa
78.82 :I 79.40 :I 75.73 :I 80.10 :I 80.37 :I
70.95 71.49 68.16 72.12 72.66
63.08 - 63.58 = 60.59 64.14 = 64.59 -
5521 - 55.67 = 53.01 -~ 56.16 - 56.51 -
47.33 4776 45.44 48.18 48.44
39.46 39.84 37.87 40.20 40.37
31.59 31.93 30.30 32.22 32.30
2372 24.02 2273 . 2424 2423
15.85 16.11 15.15 16.26 16.15
7.977 8.198 7.581 8.280 8.081
0.105 0.287 0.001 0.303 0.001

Y 8§ s »

9 N[FREAUREE f T 28 A R R TR 25 5 BB AS 2] (0 B8 N ) =
Fig. 9 Failure patterns of steel core specimens used in experiments and stress distribution in ones by numerical simulation
at different oblique angles of target plates
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Fig. 11 Thickness / of an equivalent normally-penetrated Fig. 12 Deflection angle A8 of bullet steel core
Q235 steel target penetrating through target plate
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Table 4 Penetration parameters of 12.7 mm armor-piercing incendiary on composite target and Q23S steel

RO R E FA 0/ (°) O £ A6/(°) SR A YR Himm ZERLQ23 S L h/mm Hih
0 —0.8 16.0 10 0.63

15 -2.8 16.6 12 0.72

30 -42 18.5 15 0.81

45 -7.6 22.6 19 0.83

60 -11.5 32.0 28 0.88

F13 25 T AR AREE Af B R 0°~ 60°1F, SFRIE 12 1Y) Q235 AHE M B 28 R A5 1F T I s MR B IR TE 25
HI P 13 W] LU e B Q235 IR JEEBE A 3 K, 28 JOR VA U B R R B K, S8 B PR AR5 S545 Q235 AR A
JEEE R 10, 12 mm WEAET, SR80S 00 R0 Se B M AT Y Q235 HHILJEE N 15 mm B, ARNES Sk 4R & AR
WrZad; Q235 FLEEIE K 2= 19, 28 mm A, 505 Sk ¥ 28 [ A8 & A6 W R4 I, A0S S 300 s AR DR 24 b 32

(a) 10 mm (b) 12 mm

(¢) 15 mm (d) 19 mm (e) 28 mm

K13 SEROERD Q235 ML R ZF R A6 1F F Y S A 25

Fig. 13 Failure patterns of bullet and target under the limit penetration depth of equivalent Q235 steel target
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Q235 AR JEL B B s A A AR ) SRR R T Fig. 14 Deflection angle of bullet steel core penetrating through
O B 01 [ Ak Q235 0 40 JEL R (g 1o target varied with oblique angle of target plate
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Fig. 15 Relation between equivalent thickness of Fig. 16 Equivalent-thickness ratio of ceramic composite target to
target plate and its oblique angle Q235 steel target varied with their oblique angle
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Numerical simulation study on penetration of a 12.7 mm Kinetic energy bullet
into a composite armor

WANG Weizhan'?, ZHAO Taiyong’, FENG Shunshan’, YANG Baoliang*, LI Xiaojun’, CHEN Zhigang®
(1. College of Mechatronic Engineering, North University of China, Taiyuan 030051, Shanxi, China,
2. National Defense Key Discipline Laboratory of Underground Target Damage Technology, North University of China,
Taiyuan 030051, Shanxi, China;
3. School of Mechanical and Electrical Engineering, Beijing Institute of Technology, Beijing 100081, China;
4. Xi’an Institute of Modern Control Technology, Xi’an 710065, Shaanxi, China,
5. Institute of Defense Research, Academy of Military Science, Beijing 102205, China)

Abstract: Ballistic limit tests were carried out by using a ballistic gun system for the ceramic composite
armors obliquely placed with the angles of 0° — 60°. The influences of the oblique angles were analyzed on
the ballistic limits, steel core mass change and damage forms of armor-piercing bullets. The numerical
simulations were performed to verify the above experimental results. Based on the fact that the calculated
results were in agreement with the experimental ones, the influences of the oblique angles were further
explored on the deflection angles of the bullet steel cores penetrating through the target plates, and the
thicknesses of the equivalent Q235 steel target plates. Results show that with increasing the oblique angles of
the ceramic composite targets: (1) the ballistic limit obeys an exponential increase law; (2) at the same
ballistic limit, the ratio of the limit penetration depth of the Q235 steel target plate by the armor-piercing
bullet to the equivalent thickness of the limit penetration depth of the obliquely-placed ceramic composite
target by the armor-piercing bullet increases; (3) the integrity of the bullet steel core decreases gradually, its
deflection angle increases reversely.
Keywords: oblique; ballistic limit; damage; penetration
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