M — & Jk 53 7

o -
iz %% ikt B
CHINESE JOURNAL OF HIGH
PRESSURE PHYSICS

WEALZHEAL

FOE P B
= RSl




S E W% B £ iR 1987 % 9 A 417
2018 EXWME T
GAOYA WULI XUEBAO SRR -

<

£

H N

&N,

5 18T 2O IR Bl ol U R K AR S RE B3 SR LT B S8 A B L ] e eneeeeees
CRERGASAM, R aM AR, R R, TEF, LR

BN AS R R G B [ B 0 S P R B RDRG A [R] 25 B R e
CORVER L ek R.EONGE M A FERL

PR 8 e 3 B 5 B X 40 RN Ak 41 Griineisen S8 52 1

: C EBRLX T3 IRAR AT AT AT
CF AL ENEKLES LB LREFR E LK. RARGEE.E M

B AR SR AR E N T 4B KB B AL MRS oo eererevrmrmrreree e,
F AEIREKER,IMBE

BT BRGNS B TR Z R AT ST IE oo
- B MR ORLE R

CEIEVRLAAR) 2018 4F FHE L FUA Tt oo veeee v (B 4R 400 5030

e 10

B Mk www. gywlxb. cn
B 7 HB4E : gaoya@ caep. cn
BX RIS 0816-2490042



B st 3 A

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

H32% H1M [/ A S/ B | = Vol. 32, No. 1
2018 4F 2 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Feb. , 2018

DOI: 10.11858/gywlxb. 20170599

RENAAEB R &R AR KR EEZEEMF
DFRENFIFARANLA

RE X AHM, R, ARL, X B TEE HER
e T 9 5 o 0 B 9 B o U 0 5 A 5 92005 DI 3 621999)

FE A NEAEE X R FoLI st %k T AR RF S, BARARK,
IRhELZMER MEAXTEGERA. NETEBRE LB HFRANHFR T, UALZ
BAE @M E K FREAH TR A oS A . B A E 28N BOL I 3 o % 5L
BRATULEHA EARERY LA BEEEAL DT 2GPaty BRI S MR, FAET N
o EHEREEAR, FIAZERAL . AR TAEAASCHHM Y RDX W FRE, LAY F5
EFHWNAFHNETEBEZMMARENXABER. GET RDX 2 F 47 Lthd F &
NO, ##%H TR HENRERER v, ZHARKEN AR RDX A FREMNFRET — &
Lk E, BLAANURNEFEN T FLEBR LI - ETENBRAFR . INLTF
B R B A e bR B o o R ML FE R B SR B A

KB W A BB I Bk K BOK A Rk AR v R OB RDX

RESES. 0521.3;0521.2 X EFARINED . A

FE VR R B e A — A4 B LT e A A RHE & R T AR B Lo w3 A B M 5T, e
22 B00PE T 1 R B 70 A AT AR R AR R 1 e DA B 2 P s S A B S RS O T . R, e R R R AR A
FIUTHAE T — R BER AR D BT AR . & TR RE 2% 22 T LA BB 8% 18 — T AH X 20 ST Y 2 R 5 4
PR 2 H T 8 R 7 A R DA R b R EE 8 TR T I M RAEAR T R T TR R A B i SE 4 & . X
RH IR fe s 280388 AT LA 43 Sy e v 0 28R 2l v S fm 28, HG e s v R I AR 4 NI R Al (DAC) L R ALK
O\ IO MLAE R0 4 B FE = TR 14 485 04 AR 0F T D 1) o o 2 2 it A () 2 s S DY W5 T 8 v o 2k — i
R R R A o O RaA ERL b b A I S =R ol = BT 111 N S L) BN T L) I o) | = A ) PO ) | K= 50 N
FE 2 RE A RE B NE AL AT 5% v & 4 2 DG RREVE 00 3 vh R 24 1 5 AR g R A e R U 1 MR AL
IR A & REM OB BN . X T8 48 S RS A L 2 7 A IR 2 O A A AN R E R LR A
I R A A 2 Ak o K 2 B 5 A A T A AR A R D) P A R R R T MY A K B Ak 2 BE A R R A
A8 {81 5 7 DX 3 R [0 3k 1) 730 30 v PR S 5 B By DX A ol 118 AR S o 2 i s 4 ) LA RE I ol o o 38 1) J)
P A% 49 17 i) 161 v oA e A g 1) K 245 oo DA T S T BE R R ) 2 B 9 51 R S 82 N 5 e 2 g
TR 1 B 2 8 3 oo Ik A0 U0t AT 2 R vl D DA AR LT K 4 B T TR U M T K 24 R AL L RS R
A REM OB R AR RN . FE 2 SN AR TR e S R R A 1 1 5 ol Y B R B L S 8 R XN AE — R 4
PR EER e . B nT DL e KR 2 0 S B v, ol R R B A RE A R A RO I S B RN R G

« Wi EH: 2017-06-26; {EEBH: 2017-07-11
EE&TWE: HEARBFES (21673211,11404307) s Bk i 1%l (2016001)
TEER N : R 983 —), B, 4, BIWFoT 51, 2 F B PUHOE 6% 5 RBF5T. E-mail: songyunfei@ caep. cn
BEEE: TEEQIS2—), 5, 4 BIFFSE 5L, T2 NS BEAORHE wh a5 2 19 435 e o7 4 R BIF 92
E-mail : yuguoyang2010@126. com
Mok (1967 —) , 5 - F 78 51 . £ B & REA B2 F IR 3 1 i 5T E-mail : yqyang @ caep. cn

010107-1

© 2018 Institute of Fluid Physics, China Academy of Engineering Physics http://www.gywlixb.cn



%1

ar
=
N

i Eitd %325

e

HHERZ 1,

il 1% S BEAT RS B3 — B AT A IR AER OC TR A9 S W AL A 0l 2 23 J2= UK Sz
B IR B A A KL . o TR 45 40 S — b 2 00 8l 2850 0 48, HC 05 217 ) AL AR A 30 o o g% 42 4% 36 25
o3I 51 73 A B ATSAT AR S B0, MO [ 9 6 At H A AR ARG B 98 AN R B R . 40« A7 S8 RS2 A o
T2 SR A P 0E LN 5 REA RGBS A TE 1 B9 A A L T Bl e A A 23 B 8] B/
F A I 50 925 2 MO BNOR A L BETR K A i B0 5 3 LA R AR B BRSO HhR
R DUV GR R 1 R S R A i S B A3 b e S AR A R A RS T Tl 2 R T R 5
KA FAREN M AT R A S R 3 R SR R SR B A vl 1 R & RE AR A RO 2
— i s 52 A HLAS AT Y A e ROy IR 2 AR AR AR G R R 23 1 K X RE A R
iy BB AL B AT R RV M T RE AR AR [ By 22 4 A0 Y B0 L M R ST B
SR SR TR AT 51 TR 2 B B AT RMIE A o 30 2 b o 5 R )G 8 4 A L % i v o 24 722 A M R T g g T
B AR AR T T Sl s B SR R IR R S R AL B

o RERT Ly K2 S AIL R A W ST AT B AN T S AN R BOR . 7R A Sl O B R AU A
T2 RE NS ™ A R 81 T o R S DT L A Rk F i T AR B L I 4 A A ST R VIR R b
e B e P A 5 TR AT EEE N . TSRO S R R A AR LA R [R)RE T LLLE AR o 4 s R BT S
T i1 Jon 28 3 L ZE IR F M OGN B R © i A T R AR AR R i TR
— o REREOERGE 056 E 1Y [F 55 JCR B P E B HOE R0 B 7R B A OR AR B T R AE G
SEAERT. SR X 26 R B A B AR PE O i 3 S as A7 AR w8 B o AR LA 3, 6 & RE R ORL i i 2 B2 L ]
WIS b I AN 75 B4R S0 785 1) i o T AR PR R 20 A | SR A R0 T BE L I [ 23 R ey S R
e 22 (6] LA 1 R 25 A A e e A T A A5 DRI /N TR ST T 800 R AR RS I A T

TEid 25 Y JLAF AR PR 2 — M S T QO K 3l b i BOR WS . B R DA/ B S TR0 B %
o S SR EH R A BELAR B EOR X RE R R s i A TR B RO A KL AT BT . AR SOR A 4
AR PR 2 7 SO UK B b ol D BOR T3 A — LEE SRR I LU A4 35 BE AR RDX S ], 1 B O
9% 2y i o A A ek i AL A OF 5 v B S

1 REXFESEIK S & KR

1.1 #HremEREN~EREE

I FH 8 52 306 b 11 2 285 i 48 2 i T Ot 4R I PR R i b i i A el R R AR
DO T A Jm BT R A SR T AR A AR S 00 A% 1 1 B BT R B AR S TR 5 A L 4 IR 1 R ik B
BAR, 5 FEOCE T T H s s o R B, 4 Jm N O HL A AR SR 1 W ISV L OB TE 4 R P 2R s TR
JEE AN A 40 K 2 DT AT 1) T i v e el e 0 28 3 R R T I 2k o, 224 Jik b O A A 4 R e L 0%
AE B P TORR AR SR TR T & . YO R DR B R = CR T 10° W/ em®) B, 4x @ 35 10 PR s I
b TR T e A P B o R A S TR DR B K O 1) S S L R VR O LR T R S b R R
TET 5 DT 72 A= o o5 D8 1] A ek D9 A% 4%

mE 1 Ers . B AT A O IK 3l e R X i

ARt 2 2 3k BRI R O . (D) B
Fpemhngg Jy =, B BE ik 4 IR 2 0 B T 5 TE o 28
MBI, WOL e S ih i 4 8 2 L B TR K R
JI A FHAEBM MR L a8 1) s (2) 7§

Fron a0y 2, BR800 4 J8 G0 A S Bk b kL () Ablation loading (b) Flyer loading
2 96 7 55 B RS ek 18] B — i B R PR R R R 1 O ah g R R

R EZ K 1 () s ot BE i 4 R 3 Fig.1 Principle of laser loading dynamic high pressure

010107-2



532 % R CAF o T O IR B bt i £ S AR 2 BEASRE o 1 BB HL ) A9F S v B4 Rz B

J2 B A5 B R TR D0 4 4 TR S v TR AR 2 BT U R R B B R, RO e — BB R Y ik
17 JEfE b wom b R Se B s A 28, ke tium 2% 7 ST B S A7 AR A 1 v R ARG RIS TR
07 2URB S 70 43 B 45 B8 1 AR Ik 1) 20 6B 9K 2l e & R, 7 AR I b TR ) o (R B R s R
11 CH A2 B R QAT At X AR IE T 7= A 1) 3 i PR M A 25 . 7 S 56 v sk LA b Oy o 2k 7
BEAR G S PR 7 SR B
1.2 EHWRERFR
Bl 2 A P A R HOGIR S b T i L e A BOR B R, FEZEE PP S Nd: YAG iR

SEEE R Hh — A (Quantel YGI80) it 1064 nm A9 FESE , 80 bk il i K el 2 1. Bk b & i
T A T R AR R AR 2 b W H YR B B AT 10T W/ em® JAESZBR B I 0.1 T A RE 5 P
A=A AT v . HET . RGP OR A & B S ST RE S w e g e R, [ & ok e
% B 45 S o T A5 A AR AR B0 . 7R JR 2Rl R, R G AR T g R R A AR e T BT
WIER A, 55— A O (Powerlite 8010) #i 1 532 nm BIAEHOE . FH T 8L FE S 1Y B & 58 B,

G OGRS 22 1138 1 B0 AR K A 2% (DG5S 35) 45 il A X 43R |, 4E 3R Ja8 RS B 35 31 e b 4, BEAE B aR R
AH X ZEIR B B 0] AR B A . % R GBI ] 40 HF R B T 532 nm BRIDE 0 Bk ol 58 5 . HETN 7 ns,
FIE A% T TR o 8 I R A R B Sy BRI T B, W 2 R JROR T ol SR 2 A L b R B
PRy 2. Beih 48 )2 R B2 YR 1064 nm #OERYBE R P E B AE 1~20 pm Z ],
8 2 T LA e FH G S R D B4 I S P IR o K BERLAE [ FE A R R Ik 2 S Bk T
FZ 8] 7 AR BB = U E S OB EF IR L 2O (Jobin Yvon iHR550) 43 6 )5 I T Andor DH740
#1 ICCD (Intensified Charge-Coupled Device) # 47 £ W, ICCD i i3 #05 %E 38 & A4 4 fib &, DR 5
532 nm (AR DI K ph R 25 . bl T 3l e o 8 (R o R A AN T S I S A0 R G RE R LR
P B Bl o PRAE B — R K R R A8 IR A S B L

Gauge layer

Lens  X-Ystage Lens

Mirror n Mirror

“ .
Polarizing Target “yNotch filters Polarizing

beam splitter éL- -A\beam splitter

Wave plate ===

Synchron-in =— Wave plate
TCcD| Spectroscope

Data-out

Compute
rigge e (Continuum|
glggé%l 8% DG535 powerlite
) I 3010
Delay-out

Lamp-in | Q-out Q-in Lamp-out

K2 WOLIK D b P S g Ak B
Fig. 2 Setup of laser driven shock wave technique
A i O B Sl e A8 B A R B R R N 8 R AN R AR A (D) B B
B AT R T R B S T 4 4 T BV RT R A B I R L B AT AR B . (2) PR AR

010107-3



1M = JiS ) il 2% Eihd o532 %

FH T 5 2 O It BRIVRT 57 A — O DAY abe o 268 52 96 Y o 3R i i 3 B 4 A S K R o Y TR D 7
A LI i 22 0 R PE mAE R L . B X T A S RGBSR A A AL 6T ERI L A IR BT A A
PR AE B2 RN AR A KB B AR RS . A TE 2 RINF B B0 T A REA & B (3) b
dr AT AE R /D, 7 AR 10 GPa B i H I3 A0 22 L AR B 59906 Bk e DR 0k o ol 308 6 A6 Al 0 0 O e B2 6
B T LA A S i RO AT B A . (4D OGBS e S T A R R TR T R R e
Jok i e T A S B L - B R 0 DR 0 AT 5 SRR B e DRI G AR EL AR S B 4% i 3l
o BRI ARAE A — B ) RUE b X R TR R R MR T e R R EE, G
VA 3063 Sl vh ol AR R il DUA B RS 32 B0 B 5 R 20 A LR i 7 52 20 M 19 FR A L 5 2L
TS B IS oA AR A 1) e ol S8 52 B R A 4 TR 48, (ELR 2 B AR A A R B RS R R
gy AR RN B9 A 3 Ty 27 B an b el AR AR | o SR B A A0 A LT 45

2 MIRHE

2.1 BLIRTh OIS RAT

5 5 ) B T AE B e D i B S A RR AR LA BE Y A sh T RV . R rp T R R RS S
iR ARG AR AL X E & v P Y BN . SIS N G R 0 £ H B S B AR AR A bl WV R R AR
b AR R B N AR R IR R T A DAL bl i fe] R AE e B R AR R — A DG R) 8 [R] B R R R R T
WIS TAERYSEARATHE . Qi T 3 L 350 B gl i B AR Y — A4~ B2 SRR A 2 M P 280 56 FE AR S 56 2 o P
A TR T AP bk b A v L DR B v R AR Y L TR (R R AR O MR S, R T RERE BB
T RAF vh s AT RRAE AU $2 1 T —Fom o A O R 3RS s S R R S A SRR RN

TE R JIVE T A RHR B7 2 638 & A 8 o GELE R 555 ) . DR ] IR 7 & i 48 10 7% sh & A R D a4
RS bR R EBACR DV RN, —F Z AR R R) . FEAR L% B v, 7= A oo 09 0O e B
B — Ry 2 K G TR I A ot 1) JEE R SR T TOK S G AE AR R R BT L AT DL (L bk R np i
W DLV T i 8 S0 AL 4% L R e 2% s wp s AR 36 7 1) (o) BB R AR Ak . 25 oo 0 AE 00 2 AL K L AE
¢ B 2] A it )2 TR OAS TR A7 e A2 B0 AN (] o B 1 v R AR TR e I 45 1 hr 22 i 2k rh A B 2 R ) 43 1 BT
Bk L IE R R AR AR AL . — Ok U, vpas B B L 2 BRR AR 2 A I bl R AE 2 D
LR 11 J I B N R A7 AR TR T R A se i RO hr 2 6 1% B w4 L TR i R L B R 850 54 ¢ sk Z)
FE i 2 T B R 1 4 A

X — X,
w+| x—x, |
K, TR ¢ B2l BT TR B s 2 5 vl BV LR R BEAT S HG A Sy vl Dl Y e e
JE 15 B R vp s AR BAR BRI IR 1 L EE E R Al LUACE B=0, (DRXAH T BOmEFE & T B 8
x A B R 1 A AR SRR R S B 2 S S R p A A — R SRS . RS 2R L
ZEA T A LB RS 0k Y STk L T DA BB B2 2R

. z v—u, —ap(x,t)]? L v—uv, —ap(x.t)]?

sw¢>:c{£emﬁ—[ UMP( )}}dx+fﬂmm{—( U%p( )}}d1y+D 2
AP vy RN TR T A7 8 3L AL o S TR )5 TR RS 22 18] 14 L 1) R B8 v, 0, 23 00 3R 6 T L i
HETFISLNE.CHMD RELRALMER., (OXE—-MHESHENEIEN. FIHZ T L8R5
H 7 2 S RS T HE AT 1L A BRIV RT A e v (4 4% A4S 2880, R T AR AT AR 2 0 R ) 4 A A DL RN AT AR AE

FIH b3k ik, DA 22 b B R R & A5 2 T 380 b o 5 78 BE S P AR R I AR AE S b HR
Bl 2 Fros a5, b FE G 28 2 S EUR R AR AR AW, B 120 pm., 1064 nm #0OG A B K
WHERE N 600 mJ . EEH HA Y 2 mm; M EEEE N 10 m] . EREEH AN 200 pm, F S HFEE T
1404 em ™ "Ab R HL 2 A O N R IR B IF IR 3D o & 3 4 T B 27 O I #2440 R 8 Bsf 1] 3 B r
2G5k, o & 3 (a) AL 3(b) 43391 e 7 R T3 10 285 A vh 45 15 20 1 S 3 46 01 K 6T R 14 e 7 3L T 3 (e

ﬂLﬂZA@— )+B (D

010107-4



532 % R CAF o T O IR B bt i £ S AR 2 BEASRE o 1 BB HL ) A9F S v B4 Rz B

FIEL 3 Cd) W73 531 27 TRy VBRSOl . NIRT 3 R il LA 21, B A Sl A0 B AR 22 24 250 ns, JR Oy n #d %
WAL TGS R R A B AR AR B nT DURR SE L i B B 1 2900 2 GPa, FERE i R AL 1
L 2. 45 km/s, BERTAL 09 g B TR 29 3 s, BEHTAY 25 R SEREZ9 R 7. 35 pm, AT LA H, FIH
WO BB ARSLB T ALY N TT T 2 GPa B8 PRN 288 58 <[] A 2% 5 491 3 15 B 3 i 't 338 26 02 U
B 05 AT LAA R4S B0 I #0878 b i 2 0OCHER AR

0s 21 - 70 8'2 70
0.5 10ns 1 10 ns 0.5 N 04 005 |
(
1-8 (2) 1'8 100 ns 0'4% 100 ns
0.5 20 ns 1 \ 20 ns O..§ § 0.g r’/_’_
- 0.
=Y g 9 g 4 TR Er—
E 05 30 ns O 1 \ 30ns| & 0 ©) 03
z 0 2 0 B o0 160ns| 2 4] 160 ns
z 1.0 2 2 7 2 Z2 o |
g 05 M 8 1M 5 10 s 08
s 0 ~ g k= 0.5) —ABO ns ~ 0,% 190 ns
1.0 _ { /
5 20 ns 50 1.0 0.8
O.S_J\\ ! > 05 220 ns 04| 220 ns
1.0 0 2 60 ns 18 0.9
0.5 _‘N 1 05 __J/\Eo ns 04 250 ns
0 0 0 s 0 e —
1390 1410 1430 0 30 60 90 120 1390 1410 1430 0 30 60 90 120
Wavenumber/cm™! Position/um Wavenumber/cm™ Position/um

(@) (b) © (@
B3 BRI AR AR BN B A T B s B S B 2 O SR R R RE 2R T S AR
Fig. 3 Time-resolved Raman spectra of anthracene-adhesive sample under laser shock loading

and the corresponding pressure distribution in the sample layer

BT 7 ool PR R LB o B TP ) B TR P R I LB 2 Y 9 B 4 T
BRI L UL A RO R AR S A R T R L M A T R B 4R (1
TR 7 5 BUHG RS A ) o 85 2 9 1 0 2 000 0 0 0 R 9, DR £ T TR £ 1 40 B 7 2 P 220 WK T L i
SN RS O T 1% SRR SR 25 (R vy, Al vy, 4B T ol L 124 5
FE A0 T o B G4 5.5 em LT MR 6 8. 5 em ! BRI UK R IELRE TH RS T 44
100 K.,

2.2 &BeHtEl RDX By B ERE

O i A Bl B B B2 e o o DR A I B A — SR 2L 5 00 4 K
HHE B LT 2 A 05 B BOR 0 H00 J  24 1 R 1 3 5 TR 0 4% 4 T 1 R0 1 S P IR A o0 R 1~ HE20)
T2 2% SR T T A R RS T ol ol P P RO A2 A M A AL o LT 7 3 48 0 00 40 B WL e
AR UL T BOG 30 v ot R L 25 45— P IR W98 T 4 AR RDX 158025 4% F 1949 7
R« ST PR L A7 37 80 85 TR 49 B 0 M A B . RIDX S — 2 2% 28 <1 90 o 22 3 i )
B 5 1 2 R BERE S AR T4 M3 AR B 2 (LU ST RIDX B it of A6 25 L 360405 48 Bl 2 345 1 D3R
VT AT B T3 RDX (10 5 JC BLIH L K 56 00 K 267 4 i T S 0 5

FEAR S R4 R T 2 7 0 o LG H L JE o B U528 RDIX R o 55 900 K% £ 8 o 05 14 76 1
AL IRBI R Z LIRSy . TS uh il 51 % RDX R J5 50 BE h 752 50 o i ) ok % Ik o o A
BE 300 m) . KA HLUIE 4Ca) FFR L JEo 2 1 T RDX 4618 2080 66 6 o 28 22 ) 725 1 25
FE 3 180 B S 1 A B A e PR 240 200 ms s MR B 6 10 e 50 B 20 . T L8 A 2R 9 1P ) 24
H 1 GPa. ML 4 Ca) Tl AT o A AL 0 B B 528 7 200 s LIS A0 S 505 B O Of B
o8y TR 306 75 S5 3 2% W) RDX 43 TAE V0 5 JE 3 F0A B A 40, [ 4Ch) v ih Tl ok 58
A A RDX 8 R M B A R B B BB TS S S s g R A A
TS R 077 9 B B A A 1550 0 A 45 b ELAT 8 0 S

FRAE SIS TR 45 S 3 50 T RDX 49 T o146 2 B 0B I 1) T 46 A 55 1 L 19 o 77 4046 B P 0 75 £l
B0 P 5 Cad AP 5 () s o ML 5 Ca) o T L7 H o 25 01t 25 B B B K7 T 3 40 L o

010107-5



1M = JiS ) il 2% i o532 %

N—N 4 B 4 0 TR g B SR I — {31 A0 B0 19 O S N5—O4 B 9 B K BE 2B TR 1 10 T v i 28 K S 8%
%}%Emﬂ’ﬁﬁﬁTl%métﬂéﬂiﬁﬁﬁé%ﬁmQ TEU Ao T RDX 20 T A B FmLEH,3 4
NO, 4345 F C-N Z2 B W), B A 43 1 5 fa 27450, 22 K 59 N—O 8047 T Boph 4b T — il 9 NO,
L BENS B R B RS . AT N A AL WE 5 (b) BT R i C-N 2% PR A 3 AN i 3k b (%) H A 43
A7 Bl 7 A8 ARG B o BT B T AR A 2 E R far 285 R DR IR R T 28 R G I R S R BN . YR T
fR IS 3 (B BE R 4R 52 R 14 R R RS BE T A5 AL L i C-N J% B0 By i 8 B B R AR T 3 S NO,
b T E R G K, U B R TR AR A R R 2R A O AR . L F R R A B Y OE
&5 NG XRS5 8 5 () TR ISR AR A5 AT N . FE S R FL ) NG A2 AR R BUX
fi b g R AR PR B S L Al B R HE R 3O R BOZ A R P A N—O B, WEETW%MV”FE%‘%
5 $he 22 L B2 A A TG P AR 5 . X 5 SOk 20 ] R BT 4R GE A9 RDX 78 /5 TR R A8 45 5 08K 52 56 2%
A

1359 1353

1356 . 1351 cm! 1 e
v e 1351} 1351 cm
181 //\._. ——._1313cm? 1317} e
1314 — 1314f " 1313cm
1280 137

1
1278 /\M“""‘\lim_\cvm_‘ ook 1276 cm”
1 2764 N N . . 1266} cm
b Ty
r——. . 1227} 1225 cm™

1220 /./‘—H»-\. 1218 cm™ i ggg "
. . e 1218

1218}
— 1032 ot 1032F P
1035 e Loaal 1032 om™*
1032 1024f "

5 g —, ~1 3
823 — 949 cm 940k .__’__.,__.————-“/.—__‘
950 3 949 cm™

Wavenumber/cm™!
p—
(3]
—
=)
Wavenumber/cm™!

932
890 ——— ., 887cm 895¢
838 //‘ \s\‘ 890¢ %71
oo R
3854, I~ 851 cm™ ) "
843} = 1
5 851 cm
8:)0 340
40 30 120 160 200 0 02 04 06 08 1.0
Delay/ns Pressure/GPa

(@ (b)

Bl 4 () 86T RDX &Hi 2B e & sk, (b 58— R EA 201 RDX B 0~1 GPa IR 2 5%
Fig. 4 (a) Change of RDX Raman modes under laser shock loading; (b) Raman shift of RDX

single crystal in the pressure range of 0—1 GPa obtained by first principle calculation

£ 00TERINN L ot ol vy
o e T —o— X
) ¢ N")_'Oj'[f No=05-¢ * o 0.03F < NOJN5)
b5 or - % go2f = NONO)
g =
8 —0.000 2} o 001
ks 20 ot
= ’1 ﬁ 5
:§ —0.000 4.+ 3 &) —0.01}+
< L
> —0.0006 . . , —0.02fF | . . .
0 0 2 0 4 06 08 1.0 0 0.2 04 06 038 1.0
Pressure/GPa Pressure/GPa
(@) (b)

K5 RDX 4 H & A b 2 S LU RCR R RIS e E % o, 77 25 B2 I T 0 39 K % 22 A 4
Fig. 5 Changes of bond length in the RDX molecules and charge density on

phenyl and nitro group with the increase of pressure

010107-6



532 % R CAF o T O IR B bt i £ S AR 2 BEASRE o 1 BB HL ) A9F S v B4 Rz B

AR DA b0 A AT RAAS 2 e T 0/ - B0 RDX A S8 498 R i 5 | e v o JR 88 484 R ) fou AL o )
SEE S FrF NHT RS DL R i I S B N—O B, 29K & e b RE oh s ARk — AR
SRR B R T 7 VIR A 2 A D SR AN R G B A IR AR SR 4 T AR 28 Ul I s T S B0 JERUEE 3 T 2
Hrp—fhEZAMNER.

3 RESRE

FE3d L UAE TAR v A DR S5 1 LAAARD Tk o SO0 D A R A8 30O 3R 3 b s 5 S 00 R 5. IR
¢ /N R LT 3R G IO X 46 A e ok ™ A e 4 30 5 R S B RE i 45 R LT T AE Bl b o AR
Hh 52 B 2D R A R PRl R . SO ph el R B R PR SE T AR RE AL nl el A SR BIL A
Wrgeh BA BB A RO E . S BEATR 278 vh iy WA R e A A T A 2 Y ELAR BIL A O A
FHWTFE v iR i i ke ) SCBEE IR AL, S DRABTAH DA SR ) o 3 5 RE A RE RDX O R it e o 0O 9K 3l b s 30
Iz Bl g e 455 5 — PR BT UTSE T RDX 0 TR bl S . 45 R R RDX 7 745 1R Sl A5 TR
AR R KA 28 i 4 T 25 R R AL R B0 7 N C-N 2438 10 NO, 8, 51 N—O g &, B, op
d BRI T N—O S A SRR (A 5 e A A SR 26 P ISR R e AR BT R . X — B O
RN TR R TR A RDX il S8 B2 A9 52 e AL I 1 %) 2 REAA R il A5 ML B9 IR

AR IR 5 TR AAZ OIS il SR BT Sy (D FEBA RSG5 T RED Ik b 3%
VR R B OEIR . AEBUAT R G vl i I A 7 A R R AT SR P 4 A Ik i s 2R G 1 I 1] 3 B R O N R
G, FRAR I DL I e o 3 A 2D 2B 1 5 R o B L AR XS TR AR A IR 1 R S RO L AR Y
O3 PEASL L AN R T TRED KOG AT DL ek — [ B, B SE LAY Tas B80T HRGE A B2 AR Bk vh i
JERT LU A B TR ) S 25 ps #4 fili BiT I L OR3-S BAAE 22 () 3k B BG4 B ) RUSES AR, B b
SR AR K ik oo ek BT 53— AR E B AT LRI 5 LR 2R PO SR I H AR . ST R g PR
T A e B ST A D BRI T B, AR BT JELAL . B A 2 RO0E A9 HET RCR AR, SR T AR K o A il 0 it
IR W AR VAR it J2 TR 58 o TG ™ B S M ) A e B P Rt B o R R ORIk o 1 g 4000 DX I £ B
TRk e B e A D' 5 R T L A A Al P A A R 5 T R A 2 3 AR CHn AR A B 4 v
S OGS ) PR A fit Xof v o im0 0 o 87 AN AT LA R AT B i A DG AR R B L T EL R A8 AR B S T AL A
A B 2R B (20 RIU TR ATy SO B sl w2 R S8 6 A ok AR e i g 0 O O
be i 5 Jm BR L SR TTRH U 5 L AR ) 5O DK e RE R L TROR R AT AR S B (AR ) . (H2 L B0t
IRl R I AR B8 ME ST T AT DR IR RO A 1 R B L A e A S e AR v S I RO B R AT R
Ao TEJG S AR R 38 %) v SO Bk b FE AT R A B TR R 5 1A DR DI 8 5 1 AR 8 A figp ke DAL [ AL

25 LR IR AR SO B 48 9 S T O UK Sl b i B ROR BAT 5 R BN B R 58 A A R B Al RO
TR U A S RE AL A b i R A bl Al SR USSR A B B AR 2SS R
B AE R B ARV O A WD R AR e B AR 0 LGt b B 25 itk I 97 58 O6 3K o) b i e R
RE 3+ (o SR 5 ST g A ) 2 9 BE 0 R I S BHRE . A D Y i 2 T B AN FE L /N B AR SO i 4
AREA B TR TE & REATRE RIS TR 201 S RLHLAR

Sk

(1] BRUEAR QAR T8 T8, 3. BRSO I 20635 & R g S H e 8 e JR 4 9236 vh my B2 (). s TR 4 B2 i
2013,27(4) :505-510
CHEN F Y,LIU F S,ZHANG N C,et al. Measurement system of transient raman spectroscopy and its application
to benzene under shock compression [J]. Chinese Journal of High Pressure Physics,2013,27(4) :505-510.

(2] SCig R, PR 2, B0EE, 55, 2 0 35 3K 8 ——BF 50 8 i 3 il 45 1 — OB i m 3B AR [T, % R 9 224 4, 2000,

010107-7



%1

o
=
N

i Eitd %325

e

(3]

[4]

[5]

[6]

7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

14(1):22-27

WEN S G,SUN C W,ZHAOQO F, et al. Multi-stage detonation system — a new loading technology for studying
hypervelocity impact [J]. Chinese Journal of High Pressure Physics,2000,14(1):22-27.

VAL X S, AR S R OK S0 o S0 T TR 45 R g R RO R T S R R R R e N [T . J A
J’&,2012,42(2) :206-219.

SUN C W,ZHAO J H, WANG G ], et al. Progress in magnetic loading techniques for isentropic compression
experiments and ultra-high velocity flyer launching [J]. Advances in Mechanics,2012,42(2) :206-219.

WINEY ] M, GUPTA Y M. Shock-induced chemical changes in neat nitromethane: use of time-resolved Raman
spectroscopy [J]. The Journal of Physical Chemistry B,1997,101(50) :10733-10743.

PATTERSON J E,DREGER Z A,GUPTA Y M. Shock wave-induced phase transition in RDX single crystals [J].
The Journal of Physical Chemistry B,2007,111(37):10897-10904.

YANG Y Q,WANG S F,SUN Z Y,et al. Propagation of shock-induced chemistry in nanoenergetic materials: the
first micrometer [J]. Journal of Applied Physics,2004,95(7) :3667-3676.

TOKMAKOFF A,FAYER M D,DLOTT D D. Chemical reaction initiation and hot-spot formation in shocked
energetic molecular materials [ J]. The Journal of Physical Chemistry,1993,97(9):1901-1913.

SAKATA J,WIGHT C A. Shock-initiated chemistry of energetic materials [ J]. The Journal of Physical Chemis-
try»1995,99(17) :6584-6588.

KUKLJA M M. On the initiation of chemical reactions by electronic excitations in molecular solids [J]. Applied
Physics A:Materials Science &. Processing,2003,76(3) :359-366.

BHATTACHARYA A,BERNSTEIN E R. Nonadiabatic decomposition of gas-phase RDX through conical inter-
sections:an ONIOM-CASSCF study [J]. The Journal of Physical Chemistry A,2011,115(17):4135-4147.

CHEN S.TOLBERT W A.DLOTT D D. Direct measurement of ultrafast multiphonon up-pumping in high explo-
sives [ J]. The Journal of Physical Chemistry,1994,98(32):7759-7766.

HONG X H,CHEN S,DLOTT D D. Ultrafast mode-specific intermolecular vibrational energy transfer to liquid
nitromethane [J]. The Journal of Physical Chemistry,1995,99(22):9102-9109.

KOENIG M,FARAL B,BOUDENNE ] M, et al. Relative consistency of equations of state by laser driven shock
waves [J]. Physical Review Letters,1995.,74(12) :2260-2263.

TAKAMATSU K,OZAKI N, TANAKA K A,et al. Equation-of-state measurements of polyimide at pressures up
to 5.8 TPa using low-density foam with laser-driven shock waves [J]. Physical Review E,2003,67(5):056406.
COTTET F,HALLOUIN M,ROMAIN J P,et al. Enhancement of a laser-driven shock wave up to 10 TPa by the
impedance-match technique [J]. Applied Physics Letters,1985,47(7) :678-680.

DEVAUX D, FABBRO R, TOLLIER L, et al. Generation of shock waves by laser-induced plasma in confined
geometry [J]. Journal of Applied Physics,1993,74(4):2268-2273.

TAS G,FRANKEN J,HAMBIR S A,et al. Ultrafast Raman spectroscopy of shock fronts in molecular solids [J].
Physical Review Letters,1997,78(24) :4585-4588.

SONG Y F,ZHENG X X,YU G Y.,et al. The characteristics of laser-driven shock wave investigated by time-
resolved Raman spectroscopy [J]. Journal of Raman Spectroscopy,2011,42(3) :345-348.

YU G Y.ZHENG X X,SONG Y F,et al. Observation of laser-driven shock propagation by nanosecond time-
resolved Raman spectroscopy [J]. Journal of Applied Physics,2015,117(3):033102.

DANG N C,DREGER Z A,GUPTA Y M, et al. Time-resolved spectroscopic measurements of shock-wave induced
decomposition in cyclotrimethylene trinitramine (RDX) crystals:anisotropic response [ J]. The Journal of Physical
Chemistry A,2010,114(43):11560-11566.

DEAK J C,IWAKI L. K,DLOTT D D. Vibrational energy redistribution in polyatomic liquids: ultrafast IR-Raman
spectroscopy of nitromethane [J]. The Journal of Physical Chemistry A,1999,103(8):971-979.

010107-8



532 % Rz R L T O 3R Sl it B R K CHTE 5 REBTRE 2 S BE AL AR BF 5+ A9 R ERE

A Desktop Laser Driven Shock Wave Technique and Its Applications to
Molecular Reaction Mechanism of Energetic Materials

SONG Yunfei,ZHENG Zhaoyang, WU Honglin,ZHENG Xianxu,
WU Qiang, YU Guoyang, YANG Yangiang

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract: The miniature desktop pulse laser equipment can be used to drive shock wave and load
dynamic high pressure (DHP) in materials, a technique marked by its low cost, high experimental
repetition frequency and ultra high loading rate. The present paper presents the work we have done so
far on the desktop laser driven shock wave technique and its corresponding application in exploring the
molecular reaction mechanism of energetic materials under shock. We have built an experimental
system using nanosecond laser pulses and developed a method to characterize the features of shock
wave. The laser driven shock wave obtained in our experiment has a rise-time of only a few nanose-
conds and a peak pressure of no less than 2 GPa. This experimental system has been used to study the
shock sensitivity of the typical energetic materials RDX. It was found that the intramolecular charge
transfer induced by DHP is a key factor influencing the sensitivity. Under high pressure,the electrons
on the C-N heterocycle will transfer to the nitro group, leading to the increase of the sensitivity of
NO.. This result can provide experimental reference for understanding the shock ignition mechanism
of RDX. Through the present and the future subsequent work, we expect to develop a comprehensive
experimental technique that can support the investigation about the shock ignition mechanism of ener-
getic materials on the molecular level.

Keywords: desktop laser driven shock wave technique;energetic materials;shock reaction; RDX
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Time Precision Synchronization in Simultaneous Measurement
of Dynamic Emissivity and Radiance

LLIU Shenggang, LI Jiabo, LI Jun,XUE Tao,
WANG Xiang, WENG Jidong, L1 Zeren

(Institute of Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract: In this paper we analyzed the shock wave breakout time shift at the sample/window due to

the flyer velocity shift and the time sequence relationship in the simultaneous measurement of the

dynamic emissivity and the radiance. Then, we designed the fiber pins with a total reflection coating

film at their edges to trigger the illumination pulse laser. The distance between the fiber pins and the

sample was designed elaborately and the design residue was analyzed briefly. In the tests of two shots,

the expected flyer velocity was 4.1 km/s and the measured velocity shift of the flyer was 70 m/s and

210 m/s respectively, but the dynamic emissivity signals were successfully superimposed on the

thermal radiation of the sample/window interface at the time expected, and the time sequence controlling

satisfied the demand of the simultaneous measurement experiments.

Keywords: dynamic emissivity;radiance;simultaneous measurement;time precision synchronization
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Table 1 Experimental parameters and ¥ values of Al

o, T,/ T,/ T./ ép/ P/ K23y AT (K « GPa-") ,
K K K GPa GPa GPa Ap
1 287 307 297 3.27 2.30 88.1640. 21 6.1240.14 1.8240.05
2 331 357 344 3.68 2.17 85.25+0. 20 7.0740.16 1.7540. 04
3 380 406 393 3.68 2.00 82.0440. 20 7.0740.16 1.48-0.04
4 391 417 404 3. 64 2.10 82.0440. 20 7.1440.16 1.45-+0.04
5 443 469 456 3.49 2.23 80.2440.19 7.4540.17 1.31-40.03
6 479 509 494 3.46 2.19 78.2340.19 8.6740.20 1.37+0.03
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T, p(t) curves of NaCl during rapid compression at 488 K (¢) and the recorded and corrected T(z) curves (d)
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Table 2 Experimental parameters and ¥ value of NaCl

No. ol T ar/ pol K‘fm/ AT /K« GPa ) y
K K K GPa GPa GPa Ap
1 291 332 312 2.45 1.43 32.54+0.08 16.7340. 38 1.7440.04
2 385 431 408 2.09 1.42 31.42+0. 08 22.01+0.51 1.6940.04
3 188 553 521 2.00 1.46 30.4140.07 32.5040. 75 1.8940.05
4 566 649 608 2.40 1.54 29.7040.07 34.58+0. 80 1.6940.04
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Effect of Temperature on Griineisen Parameters of Aluminum
and Sodium Chloride by Rapid Compression Method

WANG Junlong, LIU Xiuru, ZHANG Linji, HE Zhu, HONG Shiming

(School of Physical Science and Technology »Key Laboratory of Advanced Technologies of Materials,
Ministry of Education of China ,Southwest Jiaotong University ,Chengdu 610031 ,China)

Abstract: In this work, we measured the Griineisen parameter ¥ of aluminum in 297—494 K under 2. 17 GPa
and the ¥ of sodium chloride in 312—608 K under 1. 46 GPa,based on the Griineisen differential equation y=
(Ks/T)(@T/dp)s(where Ky is the adiabatic elastic bulk modulus) ,combining the rapid compression method
with the mean value theorem. A setup for internal heating was designed to produce high temperature in the
sample chamber and the rapid compression on sample at different temperatures was carried out in a Bridgman
anvil by a self-made rapid compression apparatus. The curves of temperature and pressure rise of the sample
were recorded during rapid compression. For compensating the heat loss due to heat conduction, the tempera-
ture-rise curve was modified according to the cooling rate of the sample during the pressure-holding process.
The temperature-rise curve after compensation is closer to that of adiabatic compression. It was found that for
aluminum under 2. 17 GPa and sodium chloride under 1. 46 GPa,the AT/Ap increases with the increasing
temperature while the Griineisen parameters fluctuate, showing no obvious relationship with temperature in
the experimental temperature range.

Keywords: Griineisen parameter;high temperature high pressure;rapid compression; NaCl; Al
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Table 1 Experimental details of 20/57 mm two-stage light gas gun driven by reactive gas

No. D/mm d/mm m,/g E./M]J E,/M] u,/(km * s )
1 57 20 8.06 3.52 0.128 5.64
2 57 20 9.47 2.59 0.097 4.52
3 57 20 9.21 2.59 0.101 4.70
4 57 20 9. 30 2.52 0.097 4.57
5 57 20 9.25 2.16 0.066 3.78
6 57 20 9.25 1.73 0.038 2.82
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Fig. 2 Structure of two-stage light gas gun driven by reactive gas
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Table 2 Comparison of calculated velocity with experimental data

uy,

V./L p/MPa  E./MJ]  wv,/(me+s ') m/kg m,/g
f ' I Exp. /(km+s ') Cale. /(km+s ') Error/%

10.0 1.3 3.52 620 2.0 8. 06 5. 64 5. 41 —4.07
10.0 1.5 2.59 474 2.0 9. 47 4.52 4.48 —0.89
10.0 1.5 2.59 474 2.0 9.21 4.70 4.51 —4.04
7.3 1.5 2.52 585 2.0 9. 30 4. 57 4.77 4.38
10.0 1.5 2.16 408 2.0 9.25 3.78 3. 84 1.59
10.0 1.5 1.73 331 2.0 9.25 2.82 2.89 2.48
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Experiment and Numerical Calculation on Launching Performance of
Two-Stage Light Gas Gun Driven by Gas Reaction

DONG Shi, MENG Chuanmin,GU Wei, PENG Xusheng,ZHANG Botao,
XIAO Yuanlu, FANG Maolin, XIANG Yaomin, WANG Xiang

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract: In this paper, the launching performance of a developed 20/57 mm two-stage light gas gun
was studied,of which the driving energy is supplied by the gaseous chemical reaction. The experimen-
tal results show that the relationship between the chemical energy and the kinetic energy of the projec-
tile can be properly fitted with quadratic polynomials. The tests conducted under controlled repeatable
conditions indicate good repeatability of system, thus verifying that the system satisfies the require-
ment of the loading experiments. In addition,we developed a ballistic model of the two-stage light gas
gun driven by gas reaction, and calculated the velocities of projectiles, which are in good agreement
with the experimental data.

Keywords: gas reaction;two-stage light gas gun;launching performance
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Table 1 Output pressure with different card gap thicknesses

Card gap thickness/mm Output pressure/GPa Card gap thickness/mm

Output pressure/GPa

50 2.24 90
70 1. 30 100
80 1. 09

0.82
0. 65
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Table 3 Main computational parameters of PMMA
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Attenuation of Plane Shock Wave in PMMA

LI Jinhe, SHANG Hailin,FU Hua

(National Key Laboratory of Shock Wave and Detonation Physics ,Institute of Fluid Physics ,
China Academy of Engineering Physics sMianyang 621999,China)

Abstract : In this study,we measured the pressure histories of the shock wave after passing through dif-
ferent thicknesses of PMMA card gaps under & 100 mm plane wave loading by the PVDF piezofilm
stress gauges. The experimental results accord well with the simulated results by LS-DYNA, which
shows that the shock wave follows the exponential attenuation principle with an attenuation exponent
of 0.02889. The comparison of this result with those of other researchers’ indicates that the attenua-
tion exponent of the solid materials characterizes their attenuation capability, but is affected by given
conditions such as the shock wave and the size of experiment facility, thus it is important to choose the
attenuation exponent reasonably.

Keywords: plane shock wave; PMMA card gap;attenuation
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S4 Air clearance, &30 mm 13. 605 1510 2450
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Table 2 Experimental results of double-flyer under detonation loading

Probe Location of test point to/ps v /(mes ') v, /(m s ')
S1 Foam cushion, J60 mm 14. 483 1307 1494
S2 Air clearance, 60 mm 14. 679 1394 1547
S3 Foam cushion, &30 mm 14.542 1340 1566
S4 Air clearance, &30 mm 14. 721 1439 1593
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Effects of Explosive Device with Foam Cushion and Air Clearance on
Kinetic Characteristic of Steel Flyer under Detonation Loading

LI Tao,LIU Mingtao, WANG Xiaoyan, CHEN Haoyu, WANG Penglai
(Institute of Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract : Based on a Doppler pin system,we studied the influence of a 0. 5 mm-thick foam layer and an
air clearance on the kinetic characteristic of a 45 steel flyer under the detonation of the RHT-901
explosive,and analyzed the difference in this influence as is shown between a single-flyer assembly and
a double-flyer assembly according to the free surface velocity-time curves of the flyer of each. The
experimental results show that the foam cushion and air clearance significantly affect the kinetic char-
acteristics of the 45 steel flyer,including the take-off time of the flyer,the velocity jump amplitude and
the final velocity. Comparing the effect of a foam cushion and that of an air clearance between the
explosive and the metal flyer in the single-flyer assembly,we found that the take-off time of the metal
flyer in the foam cushion region is later by about 30 ns and the speed jump amplitude is higher by
about 13% as compared to that in the air clearance area;comparing it in the double-flyer assembly,we
found that the take-off time is advanced by about 200 ns and the speed jump amplitude is reduced by
about 6%. Nevertheless,the final velocities in the foam cushion region are lower than that in the air
clearance area in the two experiments. Finally, we analyzed the influence pattern based on the stress
wave propagation in continuum matter, and verified the rationality of the theoretical explanation by
estimating the velocity of denotation products flying through air.

Keywords: foam cushion;air clearance;detonation-driven flyer; Doppler pin system
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Penetration Deceleration Signal Processing Method with Ensemble

Empirical Mode Decomposition and Consecutive Mean Square Error
TANG Lin' ,CHEN Gang'*,WU Hao’

(1. Institute o f Systems Engineering ,CAEP ,Mianyang 621999,China;
2. Key Laboratory of Shock and Vibration of Engineering Materials and Structures of Sichuan ,
Mianyang 621010,China;
3. College of Civil Engineering , Tongji University ,Shanghai 200092 ,China)

Abstract; The extraction of rigid-body deceleration characteristic plays a significant role in the research
of anti-hard-target weapons and related areas. In this paper,we investigated the methods of processing
on-board recorded penetration deceleration data. The intrinsic mode functions were separated from the
raw signals by ensemble empirical mode decomposition (EEMD), and a demarcation point between
high-frequency interference functions and the projectile rigid-body acceleration signal functions was
distinguished by the consecutive mean square error (CMSE) theory. By discarding the first few high-
frequency components without demarcation points,the rigid-body acceleration of projectile was recon-
structed with the remaining low-frequency components. The consistency of the integral results
between the final curve and the original data shows that, the high-frequency interference is removed
effectively and the rigid-body penetration over-load is kept completely. In addition, the difficulty of
selecting the filter frequency under different target conditions in the traditional filter method is avoided
with the characteristic of signal adaptive in the analysis process.

Keywords: penetration overload;ensemble empirical mode decomposition;consecutive mean square error
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