55 8 2006 8 Vol.55 No.8 August 2006
1000-3290/2006/55 08 /4202-06 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.

LY12

*
12 2 2 12 2
1 315211
2 621900
2005 11 28 2006 4 12
LYI12
. LY12
847K 86 K 15%
296—847 K 80% . Zerilli- Armstrong
ZA LY12 Steinberg-Cochran-Guinan  SCG
LY12
PACC 6250 6220D 6220F 6220M
67
L. SCG ¢ G
Y
Duffy * 1400 °C
12
.Grady ’ Kanel * M
$100 mm
. Chhabildas
LY12
27% 296—847 K

VISAR "*

LY12

Steinberg-Cochran-Guinan SCG

* 10476027



8 LY12 4203
VISAR
2. LY12
$#100 mm 1.
: B
ek B 22
KA .«
400 m/s . VISAR L. visAr
o N
N O\ o
TELRE PR
45 mm.
1
10—15 min.
1
T/K olg em™3 ¢/km s7! c/km s7! Y/MPa o,/MPa
/mm /mm /m s™!
1 1.77 3.65 454 296 2.785 6.360 3.008 398.2 835.0
2 2.01 4.00 384 657 2.762 6.067 2.513 76.8 704.8
3 2.00 4.00 456 754 2.755 6.004 2.396 67.2 600.9
4 2.02 4.00 460 847 2.749 5.944 2.282 58.5 163.2
4
3.
2 1 3 VISAR
u i
13
ut = KF t 1
F i K
1 4 VISAR
3
1 2 3 4
100 150
200 m/s. 2 VISAR
3.1.
Hugoniot
HEL


Absent Image
File: 0


4204

55
800 C C, a
14
847K
1 (av)
600 = —
754K ¢ VioTl, 2
- 657K
2 400
§ 206 K V="VepaT-T, 3
v o
200
e =peexp —a T -T, 4
0 . . . . 3 4 0
0 1 2 3 4 5
t/us
15 16
3 ¢
. de, _ 2 1 dG s
dT 3 poc; AT
35
150 45 LY12 2024
754K
847K 6 2024 dG/dT = -0.017
"’é’ 100 GPa/K de,/dT = - 0.646 m/sK. c,
N
de, 1 de ;
o0 dT = 2pp¢, dT"
- 4 5 6
0 ) . :
1.8 2.2 .2
t/us 617 5
4
2 LYI2
oolg cm™3 ¢y /km s7! T./K Go/GPa Gp Go/GPa™! Gy Gy/1073K™! a/107°K"!
2.785 5.328 933 37.5 0.065 -0.62 23.1
Zerilli-Armstrong ZA '8
LYI2 HEL .SCG
HEL
Oypr, = {()Clltfs /2 7 G’: P G/
y G_Gol+((;;)1,3+(c;)T—T0] 9
2
1 -2y Cy V 4 4
Y =—"¢ =20 (_) . 8 __0 p T
1 — o L | o2 n="y C, G, 2. Y/ G
8 s v 9
6 ) 8 LY12 6. ZA 8
Y =C, + Ceexp - C;T + C,Tlne 10
SCG 67

¢, C C C,

€


Absent
Image
File: 0


8 LY12 4205
7 2.80 450
e ] I
6 A,
2.78 350 |
é 5T P ] a"g &
< b 12.76 & Z 2501
Q N >
& 4F . RS
I 12.74 150 |
3F & Cy i
L \A\A\A i [
2 L ' : : : ' 2.72 or o e
300 500 700 900 300 500 700 900
T/K T/K
5 6 LYI2
10
10
Y=0C + Cyexp - C;T . 11
o
11 LY12 ’
C = og. 1
=
53.8 MPa C, =3093 MPa C, =0.007K™'. 6 7
LY12 .
SCG ”
Al-6%Mg 7 ADL ¥ Bx
SCG LY12
1 SCG r
o, T
v = aln(l—Tm)+b 13
20
T a=0.2
SCG ]9 m
1.0 |
3.2. 0.8
2 0.6 -
5
>
LY12 o, & 0.4}
1 o 3CHR[23] (4i4R)
o, = Epchu 12 0-2 1 & Srik[23] (Al-6% Mg &) AP
o 3CHR[24] (AD14R)
¢ Au 0.0 | = 3CER[23] (@A) O
b A SERAR(LYI1288464)
0.2 0.4 0.6 0.8 1.0
1. T/Tm

22



4206

55

3.3.

10

11

12

1.0.

4.
LY12
.VISAR LY12
R LY12
ZA
PengJ X Jing F Q Wang L L et al 2005 Acta Phys. Sin. 54 Beijing Science Press p26 in Chinese 1999
2194 in Chinese 2005 26
54 2194 15  Tallon JL Wolfenen A 1979 J. Phys. Chem. Solids 40 831
Geng HY Wu Q Tan H et al 2002 Chin. Phys. 11 1188 16 Fukuhara M Sensei A 1993 J. Mater. Sci. Lett. 12 1122
Grady D E 1988 J. Mech. Phys. Solids 36 353 17 Gschneidner K A 1965 Solid State Physics New York London
Kanel G T Razorenov S V. Utkin A V et al 1996 Shock Academic Press p275
Compression of Condensed Matter-1995  New York  American 18  Zerilli F ] Armstrong R W 1987 J. Appl. Phys. 61 1816
Institute of Physics p503 19 LiMS Chen D Q2001 Chin. J. High Pres. Phys. 1524 in
Chhabildas . C  Barker L M Asay J R et al 1990 Shock Chinese 2001 1524
Compression of Condensed Matter-1989 Amsterdam Elsevier p429 200 HulJB YuYY DaiCD etal 2005 Acta Phys. Sin. 54 5750 in
Steinberg D J  Cochran S C Guinan M W 1980 J. Appl. Phys. 51 Chinese 2005 54 5750
1498 21 Robinson C M 2002 Shock Compression of Condensed Matter-2001
Steinberg D J Lund C M 1989 J. Appl. Phys. 65 1528 New York American Institute of Physics pl1359
Duffy TS Ahrens T J 1994 J. Appl. Phys. 76 835 22 Antoun T Seaman L. Curran D R et al 2003 Spall Fracture New
Kanel G1 Razorenov SV Baumung K et al 2001 J. Appl. Phys. York Springer-Verlag p97
90 136 23 Kanel GI Razorenov SV Fortov V E 2004 J. Phys. Condens .
Kriiger . Meyer L W Razorenov S 'V et al 2003 Int. J. Impact Maiter 16 S1007
Eng . 28 877 24 Kanel G 1 Razorenov SV Bogatch A et al 1996 J. Appl. Phys.
Zaretsky E B Kanel G I Razorenov S V et al 2005 Int. J. 79 8310
Impact Eng . 31 41 25  Kanel G1 Baumung K Singer J et al 2000 Appl. Phys. Lett. 76
Barker L M Hollenbach R E 1972 J. Appl. Phys. 43 4669 3230
Hu S L 2001 Laser Interferometry for Measuring Velocities  Beijing 26 Lubarda VA Schneider M S Kalantar D H et al 2004 Acta Mater .
National Defence Industry Press pl31 in Chinese 2001 52 1397
131 27 Gungor M R Maroudas D 2005 J. Appl. Phys. 97 113527
Jing F Q 1999 Introduction of Experimental Equation of State 28  Marian ] Knap J Ortiz M 2005 Phys. Rev. Lett. 93 165503



8 LY12 4207

Temperature dependence of dynamic yield strength and
spall strength for LY12 aluminum alloy
under shock loading ™

Wang Yong-Gang' > Chen Deng-Ping He Hong-Liang®  Wang Li-1i' > Jing Fu-Qian’
1 School of Mechanical Engineering  Ningbo University Ningbo 315211 China
2 Institute of Fluid Physics China Academy of Engineering Physics Mianyang 621900 China
Received 28 November 2005  revised manuscript received 12 April 2006

Abstract

A velocity interferometer system for use with an arbitrary reflector was used to measure the free surface velocity history of
LY12 aluminum alloy in a wide range of pre-heating from the room temperature approaching to the melting point and the
dependences of dynamic yield strength and spall strength on the initial sample temperature have been investigated. Experimental
results indicate that the dynamic yield strength decreases rapidly with the heating temperature and only 15% of the initial
strength at room temperature is retained when heated up to 847 K 86 K lower than the melting temperature . The measured yield
strength has been compared with the Zerilli-Armstrong ZA  model and Steinberg-Cochran-Guinan SCG  model calculation
which points out that the ZA model could describe the dependence of the yield strength on temperature well and the SCG model
has overestimated the dynamic yield strength at high temperature significantly. Decrease of the spall strength with the increase of
heating temperature for LY12 aluminum alloy was observed also and nearly 80% loss of spall strength was determined in the
present experimental temperature range of 296—847 K. An empirical formula has been proposed to normalize the dependence of
spall strength on the heating temperature and it gives a fairly good fitting for a number of aluminum based materials including

pure aluminum aluminum alloy and single crystal aluminum measured in this work and by others in the literature.
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