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Table 1 The parameters of materials

Density Shear modulus Elastic modulus A B
Material ] C n m
o/ (g/cm®) G/ (GPa) E/(GPa) /(MPa) /(MPa)
D6A 7.80 81.4 165. 8 966 512 0.024 0.298 0. 900
45 Steel 7.80 81.9 164. 2 496 434 0.070 0.307 0. 804
Paraffin 0.83 — 100. 0 — — — — —
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Table 2 The comparisons of the penetration performance of the projectile with the target angle 0°

Attack velociy Residual velocity — Perforation diameter  Perforated stopper
Model Method
/(m/s) /(m/s) /(mm) diameter/(mm)

Experiment 203.1 85 83.6
1 291 Simulation 232.3 88. 8 84.1
Departure /(%) +14.4 +4.5 +0.6

Experiment 240 85 85
2 307 Simulation 247.0 87.7 83.9
Departure 8/(%) +2.9 “+3.2 —1.3

Experiment 213 84 84
3 284 Simulation 215.3 87.9 82.6
Departure 8/(%) +1.1 +4.6 —1.7
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Numerical results Experimental results
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Fig. 2 The failure mode comparisons of the projectile and target with the target angle 0°
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ble 3 The oblique penetration performance comparisons of projectiles with and without (‘I}lltgt“ég mleﬁléaf}lﬁg]r e mode of the target penetrated

Target Residual velocit Perforatign. size: ..¢; : : :
g ) Cutting mechanism Perforated y A $36jectile with cutting mechanism
angle/ (%) /(m/s) /(mm X mm)
3 With Yes 121.9 155.1X92. 4
0
Without Yes 167.0 106.0X91. 2
A With Yes 82.6 166.3X95.2
0
Without Yes 137.6 125. 4 X 86. 4
With No — —
50
Without No — -
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Fig. 5 The cutting process of the cutting mechanism
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Fig. 6 The definition of the deflection angle Fig. 7 The definition of the attack angle

A/ TEUDEN R A LUAS [R5 A R0 S AR b MO ) AR A P 8 Bz o AR B A SR AR i) R
F16 113 B AR () 5 3 B8 7 1) 3 9 i 2 LA i £ T SR A 98 200 SO 1 v 2 3 P A L R L AR Sk
A RIS BIET 8 T ffy i 2 b o5 — A DO AT A9 B BO) o i3 U £ SR AR L 00 A8 i 4% BT Lo A
V1 D 5 DR, AR 2 T 2 AR Sk B A CGE T A, BB 8 TOff M 2 v 5 — AN IE (B D . 45 A R0 i 72 43 A
AR P& 8 TACAA 2k v B — A WA Ak DAy B FL Y T SREIRE ] B — A 1 0 Ak D) A L R R 5 i
PR 273 I 52 FIVHL AL R T 46 A i 18] . R UL o A U700 B0 1) 560 (AT O Lo i b A 9 AR AR B 21

3.4 MHABBEREAERE
DI 0 A 98 B 7 o AR 52 A0 T S0 B0 2 S il AR TR SR S AR L T 5 9 gl DT T A 2 L Y X
JEE 2 B DDA A 9 E R B O R R ARR A 2 DR AN 9



5 6 3 SR A AU B FR AR AR 1) A S AT S B KR 0L

837

b = = Target angle 30° with cutting mechanism
20k — Target angle 40° with cutting mechagpism
------ Target angle 30° without

cutting mechanism
-| = - Targetangle 40° without
15F cutting mechanism

Deflection angle/(°)
—
=

0 400 800 1200 1600
t/(ms)

Attack angle/(°)

= = Target angle 30° with cutting mechanism

24 | == Target angle 40° with cutting mechanism
------ Target angle 30° without cutting mechanism
— - Target angle 40° wighout cutting mechanism
18F getangle 407 wigout cutting
/
12
6 v
0
-6
n 1 n 1 n 1 " 1
0 400 800 1200 1600
t/(ms)

K8 RHR ISR A S B L

Fig. 8 The parameter curves of the projectile in the oblique penetrating process
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Table 4 The penetration performance of projectiles with full or half cutting mechanism
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Fig. 9 The projectile with

If cutting mechanism

Sliding c}qlgtance

-get angle Cutting Perforated Residual velocity Perforation size
/() mechanism /(m/s) /(mm X mm) /(mm)
20 Full Yes 121.9 155.1X92.4 19.4
Half Yes 167. 2 105.7X89. 4 0
A Full Yes 82.6 166.3X95. 2 41.4
0
Half Yes 133.3 140.7X90.0 0
0 Full No — 125.9X93.6 87.2
) Half Yes 69.5 187.0X89. 6 24,2
4 £
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Numerical Studies on the Oblique Penetration Behavior of the Projectile
with Cutting Mechanism into a Steel Target

GUO Liu-Wei, TAN Duo-Wang

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \(CAEP ,Mianyang 621999 ,China)

Abstract: The penetration behavior is very important for the semi-armor-piercing warhead. The oblique
penetration behavior of the projectile with cutting mechanism was studied numerically by using the
finite element code LS-DYNA. The penetration performance of the projectiles with and without cutting
mechanism were compared respectively on the limit ricochet angle, the residual velocity after perfora-
tion, the dimension of the hole and the sliding distance of the projectile on the target before perfora-
tion. It shows that the numerical results agree well with the experimental ones. It reveals that the anti-
ricochet effect of the cutting mechanism on the projectile is not so obvious but the dimension of the
hole created by the projectile with cutting mechanism is much larger than that of the traditional projec-
tile. The deflection and attack angle of the projectile with cutting mechanism change to different extent
compared to the case of the traditional projectile. An optimized projectile with half cutting mechanism
was proposed,and the simulated results showed that the anti-ricochet ability of this optimized projec-
tile is better.

Key words: projectile;oblique penetration;cutting;numerical simulation
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