XEHS: 1000-5773(2011)05-0390-05

Pillow % 5 @A E L 36 R B ER AR
BHN L FERLEFA,E R

(L. [ TR W BRI 5 o A o ELAF 9 T o < 0L 55 0 5 B
Bl By B 4 SE G %L IR 6219005
2. BB TR AA BB A S BT BOR [ K i SE e %, W AE i 430070)

WE.XASNEREAEREASI I FIHEFE,FH TEH TE L& Lagrange i &
B 7 MLEP, st % 46 # Fl #% ¥ /R B K &£ % % (Lawrence Livermore National Laboratory,
LINID19 Ef ik B EBR W HEE AR E A LB E (Laboratory of Shock Wave and
Detonation Physics, LSD) #% it # 29 B Mg-Cu & % Pillow % E 4 E « F K@ & L3t £
HATTHEEENFER KENEEHTHELERSIRNRER Y& B RIET RES A
FUEFTE FAAMBERRRABEAUR T ERTFHNAREM LA, Y- FTFRTEEAE
WA RMELRFREET Hal,

KR :Pillow KA AR mH ;LR HETH

hESHES. 0347.1;035 X ERERIRAD . A
1 5| &

22 7 il 4 A B R RE A 38 ) M IS 00 7 A B R R L 1 s B VR SE R R 41, X I A N AR 45 R Dy
100 ~10% s "F SR I AR 5 ety F 40 7 A 1% S Y 1 S 498 B i R) R BE I AR B T X R L op s
FE 457 Y 55 00 400 AT 4 A S ORI R R R AT 2 AL G R S 2 RO BOR (A5 e g ) i A i
AT R A PERE A b, 38 00 A8 R TR EE T 1w A %8 R ) TR 8 o L P TR AT 2 T BB A% S8 BN
FOAARE eP B Ak B AR AR T BT T L IR A I R R LR IE T 20 4R 80 AR AR R itk
BT B2 C A TR S5 40 15 4 B R L 26 151 35 3 [ 58 55 9 % (SNL) % Barker 78— 38 2 “ 7 A ey s i 45
05 1 1D 48 5 B AT AT R E 98 7 A A S b B TR A MR iR T B PT AR R A BUOR CED Pillow R A 7
A R A5 I T 4 B 1 B T8 R Al R S 6 R R T AU R S B R K Bl — A B AT ik BH B 3 2k 0 A R AE 1Y
Pillow & J iy 3 filf 18 ¥ AR , 7650 AR o 7= A — > 3 B A o o B Bk BR L B S S 48— TR 0 B M b T A O R
TET » B 7 55 0 R 4 D

T AR BB Pillow KR A2 2% T e e 1) SE B AT T L B G T BEOT R X Pillow K Y 4 BB
P BV AS TRl A BHA 2R 20 A i € R 4R B R A S s A I R BRI B R A i <k L
S5 DA K RO A 1 F T SR R R A A SR 2R X R O AR 5 LR TR R IR L S ke R A R A T
1B, Pk EER T Pillow € & 2 a8 F2 09 AR 3 71 223 5 0r s AR P U 2, AR SR
T T I8 V- TR AR R A R T 2 B S BB MR AR Bl ) A B T i R T 3E TS TR R R 1
KA Y FEE TN R AR LT B AR MLEP(Multi-material Lagrangian Elastic-Plastic) , & T $1iF

» WFBHE: 2010-07-20; f&E B HA: 2010-10-08
ESTH.: BFHAR¥IES (11072228,61007065) ; 1 [E T2 4 BLBF 9% B & 8 5445 (2011B0202005)
EEB A MEhFE(1968—), B, i+ 0F 5 61, T E N FIHE WK S 28 T H R KE A S e MBUE AL TR, E-

mail : bjsong_mail@21cn. com



5 5 FAZD RN A5 Pillow & F M Im 48 52 36 ) BB A SLIF 52 391

T1 T 2 A AR 08 ROHE A R X Mg-Cu A1 BHAR 22 FF 8 T 9 4 A0 52 58 09 BB A UL 5 —
Aok H EE 57 W 36 R B K 9056 = (Lawrence Livermore National Laboratory, LLNL) A 19 2
MORHE B Pillow "€ 6 2 mm JEARRE i 114 1o o o 288 R o 5 908 on 28 S S0 A5 A8 U ) B T AR L AR A5 4
FE & TR B DT s T A R A . 5 LLNL SR 45 31 W) & — 30 58 AN 2 0 b [ T8 4 20T 5%
Bt A 0 LT 5 T v ok 0 0y 3 5 R 2 B TR B R A S 0 & (LSO i 17 %% R B R 2 R AR AL
1 29 2 Pillow €, X% 12 mm JE 8 LiF % B A BT 52 J%00 2800 72 52 50 9 BB T B A i i 0
ST R T 5 S e R SR A B AR AR TR, AR AN A R I St e N S ARG R 0 LR W AP
Sk 1 FATT I SR G A BN ) A R D B 0 IE AR PR AR TR R RHA FRIR G A DL KO SRR Y A R %
WP AT T V&V (Verification and Validation) , by iff — 25 1y T 5 5 42 & 2% Jin 48 52 46 BF 5% 26 5
FHAil

2 WHEFE

X A B AR BB T LR 2 A BUB S Lagrange AR 8 0122 07 B 9EAT ik,
i 8l 5 e LR 7 R M RE B 7 B RN AR

. do v
_ el R _ _ v

u = R 7977[ (a 1)(GR 69) R
_ et IR

v =R .

e=—(p+@o+olS &+ (a—1)S; & ]
K. R = wsi R BRI B0 T A B o = 1.2,3, 4% B0 7 S 187 0] B30 A 1A 1) S8 0 B 1 1) 5505 o
W 75 09 RN ST s R R BRBLAR R A2 0] Abbs sm i BAT B i WP IR 8 (o = 1 B BT ED 50
R g MARHKME S (S, IR i & & WRAER p MK T e WELNAE. 740 AMBIARI LR .
PRASTTFE A B WA =S WL SR (5], AR Bk oh 5y sk F il T 2 A s 8 AR B ) it B Y
MLEP,

3 EREREMHEELE

LA AL R Pillow "©RZH B R L 38 5 2R A [R] BT B B4 RHE & 0 01 B 78 B3 AT
QR A A R T E AR AR ) 2 Hugoniot 28, Griineisen REFE SRR KM B S 2L
A BEAT BT SR 3 AT o 38 5 A T D 7 VR AR AT X 2 2 B B — Rl e e S 6 0 A (] R Y
FERES B SRR DAT B B0 S B0 T 5 (HUR TAR AR E R 59 Ah— Rl SR IR IR 00 @ 2 5
B BPRES BB S [ 2 08 S W R BRSO — B B T ik R S . AR E R A i E
REWHA B S8 @ Sr B A AL Pillow 7 A9 24 R R BPERE S80S % O 2 i A1 2Z 18] i AH B G
o DI O B REEAT BB . 0 S S IR A R LU ORI S 1 W AT B 5 e 5
A,

4 Mg-Cufk % Pillow tFEZMBFILELHEEITE

4.1 LLNL S/aXiGr#EEER

LLNL 7 ~ 5 &5 Mg-Cu K £ Pillow 8 o5 # - BE S A9 230 b, FUREBE R A dly 19 A
ARV AL 5 B A AR, CR BB 1. 93 km/s, BUAESL R 2. 0 mm JEAGER A RE 38 1o 52 56 I 1 6 7 A Al 4
R RE RN KO [ H DR TR R, AR SE SR ] MLEP 8% % LLNL 9 Mg-Cu & & GDI il 2k 55 k¢ 5
SR PEATHUE T, S BB M R S ECR R A E e . B CA S 2.0 mm J5 8950 FE 5 RiE 38 i
Z0 0 FE it 20 05 1 2 A LN S 56 0 AR AT 55 B0 38045 21 A0 48 R i 1 Pl b 5ok 32 i e 1)
ARk il 2%



[T

5 25 15
CHINESE TOURKAL (

%5
3891 H

¥

&
4E 10

HIGH PRESSURE PHYSICS

v

PL I S ¢

Vol. 25, No. 5
Oc .y

MTET L Hh A 552 6 T 45 2R 59 He BT DL L 5 —
AN B b LLNL 5256 0 75 B i 96 99 1 Al kL - 53
JESh 1450 m/s .2 i KR AT A Mg 7= A2 /9L 55 — A4
BBt LLNL S5 5 [y HDRL - 8 f) 06 6
2690 m/s, & KA A Cu A/, ARATFEIHHR
25 W 90 i o o A E P TR JEE D 1456, 9 m/s )
AR 0 2 788. 5 m/s o 35— 15 B A Y 3oL L LA
Kbl A8 A9 v S5 A 0 2 P e - S 6 I 3 4 2R W)
B RS A B b 5 S5 5 fE R A i
2o XA 2E T RESR F T AT, —JE RS
TR AT T RO RT RS R0k B SCERL9 1, PT RE
5 LLNL 5250 B FIA AT B 22 535 55 — T ik A F
Mg-Cu B J5T 70 80 A5 7580 T A Joi £ 70
SCHRL7 J Ay Pl i B, ml BB S B (B AT P I 22 . A6
2o 18 R %S R B 35 L BE A U WA T TR A

—— Our calculation
L —e— LLNL experiment

Free surface velocity/(km/s)

02 04 06 08 10

1.2
Time/(jvs)
L e R T Y LLNL 5256

AHIT TR B 5 45 2R 1Y e A

Fig.1 Comparison of the flyer free surface velocity

between our calculational result and

experimental result of LLNL

B I3 B R A PR R TR AR AR TR R R A L A P R SRR A ST

4.2 LSD RMELIGHIEEZEI

Bl 2 & LSD SUE S 29 J= Mg-Cu /R R B R BRI BOWL A #G » 22 X PR 20 A3 o 72 [ A5 B 4 55

AR E BN B R A N SR . SR E A S R A, O] R R

aa

S O AR

Bba . IR R A ZEREE R 0. 15 mm, SEIEE A 4. 194 mm, 51T EE 4.35 mm MHILIR2ZE R
3. 58 % FEA LT SR L K 3 I 10 3 BE AR Ak R AF 26 IR S S ARG T T o 1) R AR 0 A B 2 AR AR R AE L B
R4 8. 924 g/ em’ LA =R FEIE R B 4lEE 1. 74 g/ e’ , FEXTFRHL T 240 Cu )2 8. 924 g/em’

) —

P2 29 )2 Mg-Cu K R 8 BE % r BORH SEOW 45 #4 (P S 26 Cu, Hh ] 0 48 M)

Fig. 2 The microstructure of the 29-layer pillow impactor (Two sides is pure Cu,and the middle is pure Mg)

10

8

Density/(g/cm®)

0 05 10 15 20 25 30 35 40
Position/(mm)

B3 29 )2 Mg-Cu B B € 5 4 J5 J5 R 2% 119 55 56 ) 4 1

Fig. 3 The measured of the density versus thickness

of the 29-layer impactor

Bl 4 k29 2 Mg-Cu Bk ZRZBE CHLL L 0km/s
R AL/LIF $OAR kL 5 B I 0% 1 15 T AN
SR DN RT LA R R ) T R B
bl A — v A D Ak — SR AR B B A
oo R, gl M R b bn Bk OBR A R B A
710. 6 m/s, BEJS IT 46 T B 1E 0. 967 s 1K 5 3 & )
/M 399.5 m/s, B A& BB BE TR 1Y % R 8 i 5
M RAE 513. 6 m/s, AT DL 22 FI Bl J5 B AT 2Rk
FE B P O LIF iR E RN, A
5 43 33 19 om0 T Y A WA BT B . WD IR
Bk R R (R, B AR /N A R BB S AE A 0



5 5 FAZD RN A5 Pillow & F M Im 48 52 36 ) BB A SLIF 52 393

710. 1 m/s F1 394. 7 m/s, 5 S50 I (A ARXT 152 22 2 0. 07 Do F1 1. 296 335 30 B8 A /ML A IRF ] 2 0. 985
s GBI B A R AN R 2E N 1,86 00, NI 4 tpak AT U 3, 29 JZB6 K T Y TF LR JLJZ 2 Bir btk
B B9 R B BT O L a2 R TR ORI R M O ORI B9 )2 8] 8 R 22 (R i
68 B R — AP R AIC = 1) ) 3 38 2 (R 1 2 DA TR, 3R B8 Y 24 o B Oy 14 52 , 3R IR 1k 38 I 1) i
SE S RE L COR AR A% )2 R 22 FNRE R UDAE OC . AR A8 AR S Y B Y S 58 TR R B A L (HA S
6 235 2R G UL A R 1) U T LA L TR 9 8 A B — B0 ST e A — o A ) B — A
WA R P B AR . 2 IR BRI B A S I AR ) A DR 22 AR, 29 2 Me-Cu AR R B R T
AT LAY B A I BT 5 B E R A SR B W& B L R W] 29 )2 Mg-Cu #3085 B A4 R HL 25 2045 &2 2
WYY RE

0.8
Target: 8 pum Al+ 12 mm LiF
0.6 —— Exp. by DPS
' Cal. result
g
2 04l
Q
S 0.967 us
> 0.985 s
02| |
0 N 1 N 1 N 1 N 1 N
0 0.4 0.8 1.2 1.6 2.0

Time/(us)

B 4 292 Mg-CufRZABE R LL 1.0 km/s S AL/LIF $8 AR A9 38 5 5 52 Ay
S 8 SR EH AL 25 R L R
Fig.4 Comparison between the measurement and simulation of the velocity history in the experiment

of 29-layer impactor impact to the Al/LiF target with 1. 0 km/s

5 4 &

i X Mg-Cu M5 Pillow "8 R 52 2% fin 28 52 56 ) (31 530 A b o B2 301 1T L 45 B8R 1 A WF 5 1
S5 W) MLEP T3 72 5 A0S [ AR 2 TR 5 B AL A9 S P AN IE 8 1. Br il 5 89 29 J= Mg-Cu
TR Z B COR AR RO A 4 R A, 53T A5 R AR W) & % & i $ KL 3 R I T B O b
i A — ME SR A — MEAR N A B S A O B SR AR BUE U A R ) & R R A R
29 J Mg-Cu I 286 BE AP RHEL A AR5 52 2 AR PTE I RE J1 . Pillow g AR b o fin 48 o S5 48 i 4, mT 42
) PR S0 B S5 TR AR OR L R T A SN A X A T 2 A 110 BR A 308 o A (] A A g 2 B A A RS
BT/ A

References:

[1] Nguyen J H, Orlikowski D, Streitz F H, et al. High-Pressure Tailored Compression: Controlled Thermodynamic
Paths [J].] Appl Phys,2006,100(2) :023508.

[2] Nguyen J H,Orlikowski D, Streitz F H,et al. Specifically Prescribed Dynamic Thermodynamic Paths and Resolidi-
fication Experiments [J]. AIP Conf Proc,2004,706(1) :1225-1230.

[3] Martin L P,Orlikowski D, Nguyen ] H. Fabrication and Characterization of Graded Impedance Impactors for Gas
Gun Experiments from Tape Cast Metal Powders [J]. Mater Sci Eng A,2006,427(1-2) :83-91.



394 (== /N S 4 25 &

[4] Hall C A,Asay ] R,Knudson M D,et al. Experimental Configuration for Isentropic Compression of Solids Using
Pulsed Magnetic Loading [J]. Rev Sci Instrum,2001,72(9) :3587-3595.

[5] Bai] S,Luo G Q,Tang Mi,et al. Computational Design of the Graded Density Impactor with Shock Loading and
Quasi-Isentropic Compression []]. Chinese Journal of High Pressure Physics,2009,23(3):173-180. (in Chinese)
ROBIAN B B3 A b n - ofl A5 n e B 00 % R RS R O ISR [T W R AR R, 2009, 23
(3):173-180.

[6] Bai] S,Luo G Q,HuJ B,et al. Numerical Simulation of the Graded Density Impactor Complex of Loading and Un-
loading [J]. High Energy Density Physics,2008,(2):62-67. (in Chinese)

FAZIARN 2 5 A0 55 5 BB B RO S AT R in /B A AR M B AL [, R e R B, 2008, (2) 1 62-
67.

[7] Martin L P, Patterson J R,Orlikowski D, et al. Application of Tape-Cast Graded Impedance Impactors for Light-
Gas Gun Experiments [J]. ] Appl Phys,2007,102(2):023507.

[8] Jing F Q. Introduction to Experimental Equation of State [ M]. Beijing: Science Press,1986. (in Chinese)

ZAme. LA TR SE] [M. Jb st Bl At . 1986.
[9] Marsh S P. LASL Shock Hugoniot Data [ Z]. Berkeley and Los Angeles,California: University of California Press,

1980.

Numerical Simulation of the Gas Gun Experiment
with Pillow Impactor Loading

BAI Jing-Song' ,LUO Guo-Qiang”, HUANG Jiao-Feng',LI Ping'

(1. National Key Laboratory of Shock Wave and Detonation Physics ,
Institute of Fluid Physics \CAEP ,Mianyang 621900,China;

2. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing ,

Wuhan University of Technology sWuhan 430070 ,China)

Abstract: The present study is for verification and validation (V& V) of the one-dimensional elastic-

plastic hydrodynamic code MLEP(Multi-material Lagrangian Elastic-Plastic) and method of the mix-

ing model of different material system. Two gas gun experiments with pillow impactor loading were

calculated by MLEP,in which one is from the Lawrence Livermore National Laboratory (LLNL) of 19

layers model and the other is from the National Key Laboratory for Shock Wave and Detonation Phys-

ics Research (LLSD), Institute of Fluid Physics CAEP of 29 layers model. Our simulation results are

excellently consistent with the experiments. The work that we have carried out in this paper will be-

come a part of V&V and of the further research of controllable loading experiment.

Key words: pillow impactor;complex loading;gas gun experiment;simulations
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