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Fig. 2. Sketch map of the nonsymmetric impact and

release experiment.
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Table 1. Parameters of EOS and pressure, density and particle velocity behind the shock wave front.

M po/g-em™3  Cp/km-s~! s Iy D/kms™!  BJEHEH/GPa BRER  PERTEE
/g-em ™3 /km-s—1
A1121] 2.7 5.35 1.340 1.97 6.24 11.87 3.038 0.301
Cu 21] 8.93 3.94 1.489  2.02 4.39 11.87 9.588 0.301
LiF (22] 2.638 5.15 1.352  1.69 5.73 6.45 2.850 0.427

116201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 11 (2016) 116201

B 7 R 55 B0 20 IR AR 2 P 3 0 W O VR
3 BTN EUE SR SR AB B 171 51 5 AT
IIHTAN, TR T IR AR AR L T iR AN R T
VEHEC 5 34T B, JF 20 I 2 s i i C w42
(O M AE O /BESR AE B, BRI, e
(A AT LIRS

) ho
CL(U ) = ] hO hf hf’ (16)
)=t D b G

Forp ¢ SRR BARE S/ E O S S [A]; Dy A2
B it o OH 5 by, Dy, Cr 2305908 K IR
5 bk A A . R RHPTUC RS VAL
P i SRS (148 R A g 8]
PoCL + powCiw

2poCL,
Hrf, Auy, RIRFE S /T DT HDE P &, pow
Cy, 57 V& DA R B . = Fh 735 i 49
BN P - S AL T DL 4 RS T -
RKENWES.

Au* = Ay, (17)

0.4 — Al/Cu
Cu/LiF

_ 03t
v
g
< 0.2
3

0.1

0 1

B3 (MTEM) iHEARK Al/Cu Ml Cu/LiF B HITH
Fig. 3. (color online) Simulated Al/Cu and Cu/LiF
interface velocity profiles of the nonsymmetric impact

and release experiment.

HI2 1R, Cu b il IR 7 BT ZI08 CO # R
AURVET FURPELLAF (9 245, Z5R W8, BMEREE, b
P 4 AL 5 AT DL, A SOR YRR 26 05 1 545 2
(1 SR G AR U P B DN - AR R SR
A EAREDFEFP UM R4 R & 38U, R
D7 AT AT R0 Ak B b oy 5 B R R R SR AE K
Fi R b A i/ 0BRSS K AR AR
P SO B e/ B 5 AT S AR 2R 23 AT I
TG 2 (0 AP - ST K 3R A2 5 A R
2 REFP VSRR, A2 5 J R i R I P T B
AW 22 5, KRR BRI R /RE A AL

SR T S E B AR SR IE R R
EAFE R, £ A AN 5, T ARRS Frhl A S5
%, PHOTULEC T ik 54 IR Z 0 RE 7 o S 45 R AT AE
WA 22 5, T A I I il J S 06 o, P AR O R I T 5
g RFEFEMRZ U I 3B 7R ) 2 TR A
RS P L AL U8 2 R T 5 R S BB Y A 4
AW, SR A BT UL RS ) T IR AN 2 LIRS
THERF 1 A L

6.0 T T T
—— MRS
5.5F —— Ak
—— R HEL TSI
- —— B RHBTICR T~
L 5.0F
g
4
~
G 45
4.0
3.5 L - L

1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30

w/km-s~!

B4 (IR IR AR BRI Cu/LiF W
TH 53 A7 45 21 4 A SR B 2 0 7 3 - o o o 2

Fig. 4. (color online) Results of the releasing longitu-
dinal sound speed vs. particle velocity analysis using
the characteristic methods for the synthetic Cu/LiF
velocity profile and calculation using the finite differ-

ence program.
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Abstract

Sound speed is of great importance for high velocity impact phenomena because it is a fundamental parameter to
deduce the shear moduli, strengths and phase transitions of materials at high pressure. It has attracted much attention
because of significant challenges to experiment and simulation. In practice, with the development of laser interferometer
measurement system, one can obtain velocity-time histories of windowed-surfaces or free surfaces with high resolution in
shock or ramp compression and unload experiments. This development provides a possible way to infer the sound speed
from these velocity profiles. The key problem is to build valid analysis technique to extract the sound speed. Commonly
used Lagrangian analysis methods include backward integration method, incremental impedance matching method,
transfer function method and backward characteristic analysis method. However, all of these methods hardly infer the
right results from the nonsymmetric impact and release experiment with only one depth of material due to the complex
impedance mismatch among a flyer, sample and window. Some decreasing impedance mismatch techniques have been
developed for the experiments including reverse impact or using a high strength flyer, but these techniques will limit the
pressure range or need a newly designed gun with large caliber. In fact, the traditional backward characteristic analysis
method only considers the sample/window interaction while bending of the incoming characteristics due to impedance
difference between the flyer and sample is always ignored, which causes a distortion to the loading condition of samples.
Thus in this work, we add forward characteristics to describe rarefaction wave reflection at the flyer/sample interface.
Then a reasonable loading-releasing in-situ velocity profile of the interface can be derived from this improvement. We use
the improved /tradition characteristics and incremental impedance matching method to analyze a synthetic nonsymmetric
impact experiment in which the flyer, sample and window are of Al, Cu and LiF, respectively. Synthetic analyses suggest
that the modified characteristic method can give more accurate results including sound speed-particle velocity and release
path at high pressure. Compared with other methods, the new characteristic method just needs to know the release
path of flyer and window that can be calibrated by well-developed technique, moreover, this method also does not need
to know the form of equation of state and constitutive model of the sample. Calculation of this method is not complex
and the iterative approach usually achieves convergence in less than 10 steps. All of these features will facilitate using

this method to infer sound speed from the velocity profile of nonsymmetric impact experiments.
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