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Fig.1 Calculated result of jet outflow from sandwich-plate
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Fig.2 Comparison of the calculation of the hole outline on back plate surface with experiment result
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Table 1 The constants and D for armor steel and tungsten alloy

e ps Dél)/s ! DSZ)/S ! A Z m
45 FHAX 2500 5000 0.81 1.08 8.5
a4 1500 4500 0.78 1.12 8.5
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Table 2 The static mechanical parameters of material at room temperature
R 0/ (t/m3) Go/GPa v 6o/ GPa E,/ MJ/m®)
5 HIH 7.8 77 0.3 0.95 824
G4 17.8 150 0.2 0.85 604




%2 3 RS« 27 T AT PR T IR JLART AR 2 2 S ) 2 2 B ) il 141

1.8 1.8
1.6f 1.6-
1.4F 1.4F
1.2p 1.2r
1.0f & 1.0f
§Q& %0&
o 0.6f ©Q ¢ Experiment 0.6f O ¢ Experiment
0.4l —— Calculation 0.4} —— Calculation
0.2 0.2}
05065 010 015 020 025 0—5.02 0.04 0.06 0.08 0.10 0.12
& £
Bl4  RERERMRAR - TR & Bl5 &8 NA-RN K &R
Fig.4 The strain-stress relationship Fig.5 The strain-stress relationship
for amor steel for tungsten alloy
‘ %3 FREEEFH D
6 & ﬂ% 7&‘1&” Table 3 The parameter D, for various impact velocity v
BB e AL 23 75 BA 1200+ 1300 1400 ba) vo/ (m/s) Dy/s !
A1 1500m /s (1 33 [ 36 B b o 2 JE PR (F 120mm) 1500 5.49X10°
BTS84 KT K 93mm, ELAE 6mm. 35 g 1400 5.18x lg
\ N \ 1300 3.73X1
THHREEJUMAELPE I 5] N B-P AKX K. BP 1200 107
N NN %w 4 o
AMXRAHR B Zo. 200 m WIEI0E 1. T o o
HE#H %S HnE 2. PN 1400 4.81% 10°
> AR = e 52
5 B4R AR, TE A AR R A I R R 1300 3.15% 10°
AR FRARMERERFA AL TH A 5E , PR AR ) 5% 21 H AR PR 1200 2.19X10
BRBH Do ARG RAHE S E. X Do B
3.
85
80
75F
= 701
E 6sf
I
60
<<l (o] Experiment
;; | O Caleulation
(o]

45 1 1 1 1 1 1 1 L 1
1100 1150 1200 1250 1300 1350 1400 1430 1500 1550 1600

v, /(1m/s)

Bl6 AR o R 1 27 SR 5 5 SEga X L
Fig.6 The comparison of the calculations of penetrating deep with experiment results

N T TR R, A T — BUR B AR PR AEY . AR A B A T R R T A, MG
SAPEHAH 2 BB 1 AR IR B 0. 12 I BR TT R AL, 2 AR RHA F] 0.26 I #7028 2%, BRI BT R 2401 AH
YR AR SR TR SEfR 2, B 6 S AN Rl v FE T S i 2 5 R S S RS L. N E
SR G B RIYIE . XU IRAIGIANRE IRASTE B L, SOtk i B-P Ay 5k £ S 2 5 1w €
TR T o WO R AR A . B 7 AN R g R N SO B A A SRR A R,
I AT A BAS [R] i o B T SR A B B



142 5 JE 5 T hin 0%

: STET A
¥ 43 4
3 2L
3 3tat 3 H
: & 42 ) urele 52
: 5
3 ,!.,.sg;. & 4 :
2, £ 3 &
X 2
AP % o 4% -
A K
s i3z I 2xstie 5
s: T %‘ ..
":l‘ L. ﬂ sfey 5 ‘
Food g ilndereiy 7 ¥ L 3 .
£ 7 A LN ddaans k
yesr ;3 B e e pashr 1o 3 LG58 R a
2 =% CAdA 3 *
2 EF A 139 ‘Es i
3
3K} 1Y] s X . x‘ b“i‘Eg;
) 2 y5%
& ) FyEs s
...... aRisEnu ¥
A Ee
(b) %=1300m/s

(a) ¥,=1200m/s

(€) ¥ =1400m/s (d) ,=1500m/s

B 7 AN TR b ot o B AR A D o 2 o SR AU

Fig.7 Penetrating results at various impact velocity
7 4

SINTG FRASTE JLARTHE 22 e KA T 2644 R 1) Bodner-Partom AS #1557 m] N A F il v i B IR G5
M AR AT AN 2 T i I AR, I T AR TR IR E R n (0). G (0) FAE BN B M T ) R 2
n ) G W) ; HREFMEIRI T ENEE Zow 28 m wlEd —4EEE 1T 55 5 Hopkinson o & 48 5256
S5 R LB E , T ol o IS8 Do 7R AT ISR, ) 2B Dl bR A T B2 ek B0 B-P AR K oK
F g B b 2 O BR AR T B A5 R S SRR S R A B I & .

22 CHR

[1] Bodner S R, Partom Y. Constitutive Equations for Elastic-viscoplastic Strain-hardening Materials[ J] . J Appl Mech, 1975, 42.
385—389.

[2] Von Neuman J, Richtmyer R D. A Method for Numerical Calculation of Hydrodynamic Shocks[ J] . J Appl Phys, 1950, 21 232—
237.

[3] Alder B, Fernback S, Rottenberg M. Methods in Computational Physics (Vol.3)[M] . New York: Academic Press, 1964.

[4]  Johnson G R.High Velocity Impact Calculation in Three Dimensions[ J] . Journal of Applied Mechanics, 1997, 99 (1).95—100.

[5] Batra R C, Kim C H. Effect of Viscoplastic Flow Rules on the Initiation and Growth of Shear Bands at High Strain Rates[J] . J
Mech Phys Solids, 1990, 38. 859 —874.



%2 3 RS« 27 T AT PR T IR JLART AR 2 2 S ) 2 2 B ) il 143

[6] SONG Sun-Cheng, DUAN Zhu-ping. lterative Method Using Consistent Mass Matrix in Axisymmetrical Finite Element Analysis of
Hypervelocity Impact [ J] . Int J Impact Engng, 1998, 21.817 —825.

[7] Johnson G R, Stryk R A. Eroding Interface and Improved Tetrahedral Element Algrorithms for High-velocity Impact Computations
in Three Dimensions[ J] . Int J Impact Engng, 1987, 5.:411—421.

Geometric Nonlinearity and the Determination of Physical Parameters
in Finite Element Analysis of Hypervelocity Impact

SONG Sun-cheng', TAN Duo-wang”, CAI Hong-nian’
(1. Department of Applied Mechanics, Southwest Jiaotong University
Chengdu 610031, Sichuan, China;
2. Institute of Fluid Physics, CAEP, Mianyang 621900, Sichuan, China;
3. China South Industry Group Corpopration, Beijing 100080, China )

Abstract: The geometric frame of finite deformation and Bodner-Partom constitutive equations have been introduced
into the finite element analysis of hypervelocity impact in this paper. The material physical parameters are deter-
mined by comparison of the one-dimensional calculations with the experimental results. The comparison of the calcu-
lations with the experiment of a tungsten alloy projectile impacting a semi-infinite plate that the B-P constitutive e-
quations and the geometric non-linearity introduced have can be used in hypervelocity impact calculations.

Key words: penetrating by Rod or jet; finite element method; finite deformation; determination of parameters



