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Table 1 Material parameters

Part ol(g.cm™) G/GPa E/GPa v D
Water 1.02
Air 0.001 25
Projectile head 17.60 136 350 0.28 1.5
Projectile body 2.77 26 69 0.33 1.0
Target 2.85 21 71 0.69 0.8

1.3 #HE R

(1) SR IAE AR 2 W1, 5 SO AL ARG B0, #5017 B 3R I Constrained Nodal Rigid Bodies
IR AR A

(2) B A #LHUE 9 200~300 mv/s, A I RN 4 ms 747, A5 IETE T2

(3) BN G TR AR ARG R N A TR R, AT IR G S A RS OK Z [ AR AT

(4) FEAEI 20 K T H by UL fn s 5l A 45 4, BEAR TR Ak R ) B Jm AR
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Three-Phase Coupling Numerical Simulation of Underwater Penetration of
Supercavitating Projectile into Target Plate

LI Xin, YAN Ping, TAN Bo, QIN Yiping
(College of Weaponry Engineering, Naval University of Engineering, Wuhan 430032, Hubei, China)

Abstract: The essence of supercavitating projectile penetration is the dynamic response of a special
underwater structure subjected to high-speed impact load. In this paper, the damage effect of 12.7 mm
supercavitating projectile penetrating typical underwater target shell is studied. Based on LS-DYNA finite
element analysis software, the equivalent model of supercavitating projectile penetrating into curved surface
target vertically in water environment is established. The combined damage effect of kinetic energy
penetration and bubble collapse on target plate during penetration is simulated, and the stress variation and
structural deformation law of target plate at different stages are obtained. The results show that the peak
pressure of water medium on the head surface reaches 768 N when the velocity of projectile is 200 m/s
before penetrating the target, and the surface of the target exhibits obvious concave deformation; with
projectile kinetic energy penetration and bubble collapse impact during penetrating process, the impact effect
of water medium is less than 2% of that by kinetic energy penetration. After penetrating the target, a water jet
with a peak velocity of 42 m/s is formed on the front of the target and further acts on the break. The overall
bending deformation of the target plate occurs. In the range of 200 m/s to 300 m/s, the bending deformation
decreases with the increase of projectile impact velocity. Ductile perforation occurs locally on the target
plate, and the projectile has better perforation effect in water environment. The change of projectile velocity
has little effect on the size of the perforation.

Keywords: supercavitating projectile; underwater penetration; LS-DYNA; three-phase coupling
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