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Fig. 1 Schematic of plate impact experiment
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Fig. 2 Comparisons of free-surface velocities

between simulations and experimental data

250 ——
=328 s Data
--e--Theory, 7,=2.50
200l —-—--This paper
] [V
150} ) .: "-"
Y
“.
100}
50
b
0 1 2 3 4
t/us

P4 Pl T £k L R
Fig. 4 Comparisons of free-surface velocities

between simulations and experimental data

0.020
V=223 m/s

0.015

“~ 0.010}
0.005}
0
2/mm
&l 3 fLBEE 43 Al
Fig. 3 Porosity distribution
0.25
0,=328 m/s
0.20F t=2.4 ms
0.15F
S
0.10F t=2.2 ms
0.05F t=2.0 ms
t=1.9 ms

0

x/mm

5 LB oA

Fig. 5 Porosity distribution



%6 H TLANTT 45 . ARG )2 AT N B BUE ALY 485

250 025
2,419 m/s
200 0.20}
= 150 0.15F
il “
s 100} 0.10}
- —e— Data _
S0F --e--Theory, 7,=2.50 0.05F
—-—--This paper
0 - L.j L 1 1 1 1 ]
1 2 3 4 0 3
t/us 2/mm
P16 P T i £ L #R 7 ALBE R o A
Fig. 6 Comparisons of free-surface velocities Fig. 7 Porosity distribution

between simulations and experimental data

() HHHE A 4 19 a1 7 (pull-back) {5 F HIE LA EE , M7 X (pull-back region) 58 (2. 5 ps<<t<{2.7
ps) 3K F B L Bl 5 4 1 2 50 7 R TR AF X A o AR RL T B S0 405 B e 2 R A 2 B R/ — A R
Kt

B AR AU 5 5 15 52 96 500 A9 LR T A ST BB AR 40 45 2R L SCHR v i) 250 (8 A5 400 295 23 B 4 30 o
WBE . BARRIAE TS 5

(D TEEI B A SCHY 45 5 L SCHR A 00 45 5 0 42 30 50 96 50080

(2) SCHRL8 Jrh BB AL AN 5 2R 1Y [ R A 5w i b TR K BE U [a1RL XK 78, 7S 390 5048 AH 22 30 22, T AR
SCHRES SR R AT B A S5 36 K0 L B

(3 A SC Y 2 245 5 4R35 o 300 0 52 96 H0 s Lo e 42 3 axX R WAl 918 & 4 B0 A & A )2 R4 o 8 AT B 0 52
g R IEANZ T SCHR P N A 25 HHORE G A BB AL 4

AR ST B A ASE UL 235 2R L SR r i) 445 SR T T S 0 B0 1 AR T RE R

(DA SCHY A 582D 2% 1 LR B A% RO Bl FLATR B 39 K 30 B 4300 T S B A 10

(AR SCH R T 258 56 1) 2 SRR A A A Rk 2 288 g P[] B 4G — 28

4 4 &

SR — b e G A5 R R AR UL B8 15 48 A v AR R AR R I AR IR AT S R R OSBRI AE T
AR AR L Pk S CIRZS T ) L 3 OC 38 M 0 LR 09 8 4% B A K 55 22 Fh A%z, I HLR T — b X A e =X
Runge-Kuta 77 KR A R IT FEA 385 1 ORI PEA K TH SR A RE e e SRS B . O T B A B i A7
RO N R O SRR (8 1 BT 25 1 il 8 45 4 P W o SR B R AT T BB AL, O T 5 4 SR R] SCHR i
S A AN ZE R AT TR, AR R W A SO TR L LE SR b Y B AR L 4 R T I A G S
5B

B B s 3R B A AR X UK A

S 3Lk :
[1] Vandermeer R A. Phase transformations in a uranium +14 at. % niobium alloy[J]. Acta Metallurgica, 1980,28:
383-393.

[2] Vandermeer R A, Ogle ] C, Snyder W B. Shape memory effects in a uranium + 14 at. % niobium alloy[]]. Scripta
Metallurgica, 1978,12(3) :243-248.

[3] Vandermeer R A, Ogle J] C, Northcutt W G. A phenomenological study of the shape memory effect in polycrystal-
line uranium-niobium alloys[J]. Metallurgical and Materials Transactions: A, 1981,12(5):733-741.



486 DS 1 5 et i 827 %

[4] TField R D, ThomaDJ, Dunn P S, et al. Martensitic structures and deformation twinning in the U-Nb shape-mem-
ory alloys[J]. Philosophical Magazine: A, 2001,81(7):1691-1724.

[5] Brown D W, Bourke M A M, Dunn P S, et al. Uniaxial tensile deformation of uranium 6wt pct niobium: A neu-
tron diffraction study of deformation twinning[ J]. Metallurgical and Materials Transactions: A, 2001,32(9):2219-
2228.

[6] Ludtka G M, Oakes R E, Mackiewicz-ludtka G, et al. An investigation of superplasticity in a thermomechanically
processed U-6Nb(a-+72) alloy[J]. Metallurgical Transactions: A, 1993,24:379-388.

[7] Rosen R S, Kassner M E, Thiehsen K E. The mechanical behaviour of U-6Nb alloy and AISI 1045 and 1215 steels
at high strain rates[J]. Journal of Materials Science Letter, 1992,11:125-128.

[8] Addessio F L, Zuo Q H, Masson T A, et al. Model for high-strain-rate deformation of uranium-niobium alloys[]J].
Journal of Applied Physics, 2003,93(12) :9644-9654.

Numerical modeling of spall fracture behavior in U-Nb alloys

JIANG Song-qing , LIU Wen-tao
(Beijing Institute of Applied Physics and Com putational Mathematics , Beijing 100088, China)

Abstract: A phenomenological model, including nonlinear elasticity (equation of state), rate-depend-
ent plasticity, and void nucleation and growth, was proposed to simulate deformations of U-6 % Nb al-
loy under the condition of high strain rate. The diagonally implicit Runge-Kutta (DIRK) method was
used to solve the constitutive rate equations, and stability and accuracy of the solution to thermovisco-
plastic constitutive relations were improved. The proposed model was used to simulate the plate im-
pact experiments on U-6 % Nb alloy by Tonks D L, et al. Calculated results by the proposed model are
in better agreement with the experimental data than the simulated results by Addessio F L, et al.

Key words: solid mechanics; spall fracture; rate-dependent plasticity; U-6% Nb alloy; high strain

rate; void; plate impact experiment; thermoviscoplastic constitutive relation
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