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Numerical study on the penetration characteristics of
supercavitating projectiles against typical underwater
metal targets

WANG Yu, ZHANG Xin—wei, YANG Ming, CHANG Ren—jiu, GUO Jun—ting
(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To investigate the damage characteristics of supercavitating projectiles against underwater
structures, we conducted a simulation study of a 12.7 mm supercavitating projectile impacting typical targets
at different speeds. The reliability of the simulation model was verified based on experimental results, and a
detailed analysis of the projectile-target penetration characteristics under full water conditions was performed.
The results show that compared to the unreinforced curved target, the ballistic limit velocity of the weakest
unreinforced part of the reinforced curved target increased by 3.1%, and the surface depression caused by
water load squeezing decreased by 27.3%. As the projectile velocity increases, the energy absorption ratio of
the target plate before penetration increases to varying degrees, but the unreinforced curved target is most
affected by the water load before penetration. Under the same projectile velocity, the reinforced curved target

effectively restrained the overall deformation of the target plate, but its crack growth energy consumption was
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greater than that of the unreinforced curved target, leading to a deeper crack propagation along the target
thickness. The higher the projectile velocity is, the narrower the crack extension around the hole is, indicating
reduced crack growth energy consumption, with bending energy dissipation becoming dominant. The results
can offer guidance for the design of underwater structures.
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Tab.1 Grid-independent analysis of underwater penetration model
B AR L PR RST/ TS G R R/ Jai i T AL/ AR/ THE )/

mm mm (ms™) (ms) (ms') h
1 3 468.3 441.2 27.1 12h
0.5 2.5 471.1 448.5 22.6 21h
0.3 2 472.6 456.3 16.3 47 h
0.15 1.5 473.2 460.4 12.8 96 h
0.075 1 473.8 461.2 12.6 202 h
1.2 M RHEEY
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Tab.2 Johnson-Cook model parameters of materials

o/ (kgm®)  E/GPa A/MPa B/MPa N C M D D, Dy Dy Ds
SA064H 2700 70 235 622 058 00174 105 02 043 -379 0 168
38CrSifH 7850 210 - - - - - - _ _ _

R 3 MBRBREFESH

Tab.3 Paramcters of State equation of materials

¢/ (ms™) Y S S,
5A065 5240 1.97 1.4 0
7K 1647 0.35 1.92 —0.096
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Tab.4 Comparison of residual velocities
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Fig.5 Comparison of failure modes obtained by numerical
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Tab.5 Partial simulation results of projectile velocity
i TOLA (AR ) fEd LB (P ) iy TOLC (SR G )

Rl 1 2 3 4 1 2 3 4 1 2 3 4
vo/ (m's') 200 300 400 500 200 300 400 500 200 300 400 500
v/ (ms') 191 285 379 473 190 285 379 473 190 286 379 473
v/ (ms) 155 265 362 460 151 264 360 458 130 246 349 445

Vi /v, 0.81 093 09 097 0.80 0.93 0.96 0.97 0.68 0.86 0.92 0.94
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Tab.6 Ballistic limit celocities and fitting parameters
i TOLA i TOUB fi i TALC
ve/ (m's™) a P v/ (mes™) a p v/ (m's™) a p
110.3 1.0 1.97 113.7 0.99 2.17 141.1 0.97 2.09
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