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Table 1 JH-2 constitutive model parameters of YB-AD90 ceramic

00/ (g/cm®) A B C M N T/(GPa)  oup./(GPa)  pue./(GPa)
3.625 0. 88 0. 64 0. 28 0. 60 0.007 0.262 5.3 2. 80
oumrn / (GPa) D, D, O lmax G /(GPa) K, /(GPa) K,/(GPa) K;/(GPa) I
3.75 0.02 0.83 0.5~1.0 109.7 228.6 191.4 111.5 1.0

2.3 JH2 BESHEEEWIE

T BIE JTH-2 B S50 A B AR A 1000
BT Cu K1 7 YB-AD9O Fig & #E & 1 — 45
TF Al 8 S B (7 R B R 735 m/s) R AT BOME AR AL
BREADL45 RN S 56 45 A A UL IR 1, f TR AT O B
st [ PR TR ) TR A TR BB R o TR R s (E
) FEARRAE — B, BV 46 Sy — AN BE Il 1 T A 5 3K 5
PEWE Ak Z I — A HA SR EBURAIE B “ SRR 7 B S Gk

JH-2 Model._.....-

800

v

600 Experimental result

400F

200

Free surface velocity/(m/s)

0
0 0204 0608 10 1.2 1.4 1.6 1.8

B dg N SIRFS 5 < BRPE I 4340 Uh I AR R AR, 7E Time/(s)
230 AR v I N AR R B g . X SR B BT A B TH-2 Bl 1 — o T T S 06 2 SRR 0L 455 1L 1Y HL

ALY ] SRR ARG B Fig. 1 Results of simulation and plane strain experiment



356 MmOk W H

o
£

il %23 %

3 45 MANBHMMBEE KR SH
15 AR R AETE FE A B0 LG KO (i 50

12K Johnson-Cook AR BRI AN Mie-Gruneisen RS H 2 BRI S HH| F 3% 2,
T2 ASSHEBHMBHRESEFEMAEERSEH

Table 2 Parameters of equation of state and constitutive model of 45 steel and tungsten

Material o/(g/ecm®) ¢/ (km/s) A Y G, /(GPa) A /(GPa) B /(GPa)
45 steel 7.85 5.06 1.73 1.67 77 1. 40 0.51
Tungsten 19.2 5.22 1. 268 1.5 160. 4 0.92 0.177
Material n C & /(sH) m T, /(K> ¢,/(J/(kg* K T,/(K)
45 steel 0. 26 0.014 1.0 1.03 273 477 1793

Tungsten 0.12 0.016 1.0 1.0 273 134 1723
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Table 3 Experimental and computational results of projectile penetration into ceramic targets

Shot Number  w/(km/s) dww/(mm)  d./(mm) d./(mm)  dr/(mm)  drs/(mm)
619 2.310 10.2 12.1 41.7 53.3 57.33
620 2.298 10. 3 18.2 41.0 64.5 62.57
621 2.312 10. 2 24.2 39.0 64.0 71.70
622 2.300 10.2 5.8 50.0 66.0 71. 86
704 1. 690 10.2 12.1 31.0 69.5 68.11
705 1.910 10. 3 12.1 42.1 73.4 64.55
706 2.315 10.2 29.9 29.2 69. 3 64. 88
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Fig. 3 Simulation result of the penetration process for single layer ceramic target
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Fig. 4 Simulation result of the penetration process for multilayer ceramic target

5 &

FI Autodyn 2D B % FF 2% 30 B 312 0 W 2 5 4 8 05 R IEAT T BMEAE 400, A 40LLE S ML AL
7S 0 K e T D A 4 45405 R R L 2% SR K e U 4 S AR (54 R ) T 1 I
5 2 T A 0 T S U A 7 LT IR b 52 0 A0 7 S0 PR AL T S 7 S R 1 G )
SR AT R . AT R B REBL Sk MR T & 15 4 B MM 5 1 A 110 Jo0 B0 A 97 0 1 3K 38 MO
S TS A O 0 BB 0 S I IR 5 L7 S A 700 W e 1 et o S S DRl S5 S 1 0 O 3 1 1
i, I L A5 R v Vs B B AL ST 1S 3 e 2 i) P AL 2 e A D T 9
W e 1R B R R R



5% 5 P o 4 25 AT X 3l RE SR AR D) Pl e A2 B ) BT RS PR 359

References:

[1]

(2]

(3]

(4]

(6]

[7]

[8]

9]

Holmquist T J, Timothy J,Johnson G R,et al. Modeling Prestressed Ceramic and Its Effect on Ballistic Perform-
ance [J]. Int ] Impact Eng.2005,31(2):113-127.

Meyers M A,Murr L E,Staudhammer K P. Shock Wave and High-Strain-Rate Phenomena in Materials [ M]. New
York: Marcel Dekker Inc,1992:1075-1081.

Johnson G R, Holmquist T J. An Improved Computational Constitutive Model for Brittle Materials [J]. AIP Conf
Proc,1994,339(1):981-984.

Jing F Q. Guide of Experimental Equation of State [ M]. Beijing: Science Press,1999:189-334. (in Chinese)

ZeAm k. LR AT 5] M. Jb st Bha AL 1999 189-334.

Johnson G R, Cook W H. Fracture Characteristics of Three Metals Subjected to Various Strain [J]. Eng Fract
Mech,1985,21(1) :31-48.

Anderson C E, Johnson G R, Holmquist T J. Ballistic Experiments and Computations of Confined 99. 5% Al, O
Ceramic Tiles [A]//Proceedings of 15th International Symposium on Ballistics [ C]. Jerusalem,Israel,1995:65-72.
Shochey D A,Marchand A H,Skaggs S R, et al. Failure Phenomenology of Confined Ceramic Targets and Impac-
ting Rods [J]. Int ] Impact Eng,1990,9(3) :263-275.

Tan D W,Xie P H. Experimental Studies of Alumina Ceramic against a Shaped-Charge Jet Penetration [ J]. Chinese
Journal of High Pressure Physics,1997.,11(2) :145-149. (in Chinese)

2 A I T P ) AR S IR T g (] R AR, 1997, 11(2) 1 145-149.

Li P.Li D H.Ning J G.et al. Experimental Study on the Ballistic Performance and Mechanism of Confined Ceramic
Targets against Long Rod Penetrators []]. Explosion and Shock Waves,2003,23(4) :289-294, (in Chinese)
&P BERAL.TERELF.ALO, P& A TR AT R M RE ML EL S IR 5T [T M4 5 vhifi . 2003.23(4)
289-294.

Numerical Simulations on Penetration of Rod Projectiles into
YB-AD90 Ceramic Targets
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(1. National Key Laboratory of Shock Wave and Detonation Physics ,
Institute of Fluid Physics \CAEP ,Mianyang 621900,China;
2.College of Mathematics and Com puter Science sMianyang Normal University .
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Abstract: JH-2 constitutive model parameters of YB-AD90 ceramic were derived from experiments and

literatures. The penetration depths and the dynamic penetration processes of rod projectiles into YB-

AD90 ceramic targets were numerically simulated using Autodyn-2D. The results indicate that the

simulation method and parameters of JH-2 model are acceptable. Some important features in the pene-

trating processes such as the shape change of the projectile head, the material fragmentation,and the

channel-collapse are simulated and discussed. The simulation results are consistent with experimental

results.

Key words: penetration;ceramic;numerical simulation



