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R MBI R G IR B i T R MR, AT — T p e S0 . SCI0 R R B SO K
ARG, WEA LA ELRES . LiF 8 0 Rk . PDV. /R R

KM AN 57 mm, KRR 255 mm x 12 mm 5T A € G EL =4 — 40 ik . il
AR K 2GR AT BRI 0 oA i, SRR T K 23 2 5 1000, 1100 FT 1 150 g, 43 i i
%4 Shot 01, Shot 02 1 Shot 03, KEZG#E fh A & B A, HhoLo/NEI AR AL JE BE Sk 10 mm, 5 /> F T8 A9 J5 58 43 531
2030405 R 7 mm. SEEEHE 6 AN EFIR Sk, A3 i IE X KE 24 rfu R S AR R I R B B B G o
SEYR A FNE RN A 1 R .

10 mm
Sabot Sample P2 ) oo
abot Sample
( P / Fiber probe (P1) 4mm
Barrel ‘:'— ll g 1 g é
o|lo
—| "
SIS
L Sapphire ﬂyer LiF window Target buffer ) 3 T
3 mm
>l 2 Mm
(a) Experimental device (b) Explosive installation

Kl 1 PDV SCBhe B ARG 2R R A

Fig. 1 Schematic of PDV experimental device and explosive installation

S T F W PDV S &G EF S5 4, O AL 4R I 252 988 12.5 GHz, B OB K 1 550 nm. 5250
A P 07 S T8 8 13 GHz, fi i SR AR 3y 40 GS/s.

FIFH PDV I 3 22 G0 I ek KA 24 8 352 7 0 00 S TR 5 BE ), T 6 K 24 T 23 1 SRS M @15 mm x
11 mm, 5 RS 220 mm x 11 mm B2 LiF % O, % 0 FKEZS 2 834 B ek, HERR — % Z [\ i ==
o LiF % H 50 e fih— o9 52 15 R 0.7 wm A BRIEE, 5 L Ay sl B i A O AR 58 3 G £ BRI 2 18 1Y)
LiF % 1Ak 5 B S E XA 56 7= A= 52, LiF 7 1 A9 b 3 10 5 7K SF A9 F R A7 76 3°Miff . SE96 R
FH T W5 b A 0 0 S S, R vl T o AR R Sk BN 3.2 mm, WU A GO Sk
BN 1.8 mm, PRI EOE BT H AR 0.2 mm, JELF 5480 90 um. #kF LiF 7 1A IR
PSR 35~42 mm, SCHRE B KR 2GRS A 2 IR .

12 PDV SZ6e 8 KRG 2E5R )

Fig.2 Images of PDV experimental device and explosive installation
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20 2 AR 8 I R A (] ) K M I 28 R et AT — 21 i oo S0 40 . S ke ' G 5] 3 (a)
FIE7R o Tl PR ok 24556 24 B ol 4 i A O R, M R R A R ) . BT K 2 2 S PDV
SR A 1000, 1100 11150 g, 4354y 44 >~ Shot 04, Shot 05 1 Shot 06,

A FIEZ £ 242 mm x 30 mm WY EAEIE 406 254%, S 6 K 254 A [R5 1) o D8 e - EE
YEZGHF i LA 30° 48 9 U0 0l P B BLIE HE 24, ] B S8 i #4045 2 H ok 1 38 3 i A SRR 24
o SR SR O I S PR I AR R B B, RO I B PR P 3 2O A I A 22 (T R
B, [ B 7 K 24 3 T FH 2R 280 A BERG G 3 A e EORE 1~ 3 B2 3, T 100 6 3 0 R R 8 o R 2 3R TR I Y
SRR o AE Ml AR RGO 1), AR R G R R R T 8 A RO R I R 2 A
BRI B B A 1 mm, 3 A ihlr s B 88 10 TR 0 0.5 mm, 242X o RT3 BE TR 24 22238 1A 3(b) s .

6 5 1. Sabot;
‘ I i I \ 2. Velocity-measuring ring;
3. Aluminum-based multiple
Barrel electromagnetic particle
velocity gauge;
/ 4. Target buffer;
1 2

' ' ' 5. PBX-3 explosive sample;
3 4 6. Sapphire.

(a) Experimental device (b) Explosive installation
FI3 LRk T R A

Fig.3 Experimental device and explosive installation of multiple electromagnetic particle velocity gauge
2 WESHh

21 ASHREHEEDNHE
I BT PE BC 1 43 B 1153 88 6 0 RO s b JE 245 7 AR i A )
Por = porDr (i — t4) (1)
Pos = pos Ds u, (2)
e poy NI AW A vhdi 7, GPas pog A HEZGFE S W R A S th i FE 7, GPas py, W A4 9] 1R
W, glem’s pos FIKELGRERRWIIG 5, glom®s D 3 52 A0 71 00 ey D BE, km/ss Dg o KE 25 RE iy 19 A5
it PO B, km/s; g, T AT A AR BE, km/s; u, SRR TE B, ks,
MR 5 M RHRD A BUKE 25 11 Hugoniot &R, K (D) MK (2) 5 H
Po. = PoLlCor + At (Uimp — )] Wirnp — 1)) 3
Dos = Pos(Cos + Asup),, 4)
s o, = 3.985 g/em’; Cy . A, N A1) Hugoniot %X, Cy, = 11.19 km/s, 4, = 1.00% Cys. A A HEZGFE
A B Hugoniot 24X, Cys = 2.42 km/s, Ay =2.14%71,
H ST 2 SEPE T, por=pos » Fi 2 (3) N (4), 153K S HE 245 B e R0 1 3BE ), JFTH3A5
S W IR A vl T p,, SR AN 1 R
22 H@m/LFEOFERFEEFRIEAEREERNFRE
H1 T PDV SR HIXOG AR T W AR, W& 15 3 (0 T 345 5 75 #EA7 B35 A, (8 v [ TR 4 3
Y Bt i 1Ay LRIE 5 i R B R0 A T AR AL 3, SR T 1 AR L AR 6k, 45 3] PDV I R KE 25
LiF & 0 SR . i YRR A AR BT A VE T, BT LAt PDV A5 1Y LiF % F 5 kL
T u,, FFAGE T YELRE G i S R T B w2 R B e, BB 4 A R
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5 RT3 B, km/s; o, BT DM B IR % B, oy, = 2.641 g/em®;
5.176 km/s, A, = 1.35300% Dy K5 25RE 5 P b i 0, ks

A u, i PDV I LiF %
COW‘ /ij‘j@ El*j*"l’%\ﬁ’ COw:

F1 ABNREBTEAEIRESH
Table 1 Parameters of plane impact experiments on stepped explosive
ShOt NO. ﬂos/(g'cmﬂ) 1mp (km S ) up/(km.sil) pO/GPa
01 1.897 1.385 1.151 10.66
02 1.897 1.502 1.240 11.93
03 1.895 1.550 1.277 12.47
FT T S 6 3 A e A A TR A T R 2 S I S AR BN AR B, O ELAS TR 7S D g 1) g 3z )
PR 22, SREFARAE AN R], S B0 45 2 B4 6 [y B AR 2585 bl A9 B B IS A) 77 7R 22, TR I 5 28 0 S 06 450

PEATIEIE o AR Hh A< B A £t FH AR 7] K Hf n 28 22 2 il 3 R 8 i2E 47 19 A AU 4E 245 Hugoniot J¢ 22 I & 52 50
BYZE TS0 K25 B4 wh il Hugoniot JE RN Dy =2.418 77 +2.139 61u . %54 whili Hugoniot 3¢ R M=(5), it
A B PSR R B w bl R D N3 2 Frs . PDV 45 B A9 K 2454 5 D S R TR - (]
(u—t) Z & 4 FroR o

x2 EMBEEATEHNEZEKIE

Table 2 Data of plane impact experiments on stepped explosive

u/(kms™) u/(km-s™) Dy/(km-s™)
Step thickness/mm
Shot 01 Shot 02  Shot 03 Shot 01 Shot 02  Shot 03 Shot 01 Shot 02  Shot 03
2 0.886 0.982 1.041 1.224 1.334 1.402 5.038 5.273 5.419
3 0.895 0.985 1.033 1.235 1.338 1.393 5.060 5.281 5.399
4 0.895 1.007 1.064 1.235 1.363 1.428 5.060 5.335 5.474
5 0.922 1.030 1.113 1.266 1.389 1.483 5.127 5.390 5.591
7 0.985 1.128 1.383 1.338 1.500 1.782 5.281 5.627 6.232
10 1.075 1.346 1.800 1.439 1.741 2.228 5.498 6.143 7.186
2.5 2.5 3.0
20t 20t 2571
w15} ' 15} "n 207
E E 2 mn E 1.5+
=10t =10} mn ¢
X 5 oy 3 1.0
0.5+ 0.5 ‘ 7lmm 05 F
0 0 . 0 . . .
0 05 10 15 20 0 05 10 15 20
Time/ps Time/ps
(a) Shot 01 (b) Shot 02 (c) Shot 03

4 PDV IR XE 2G4 R 1 - IS E] O &

Fig. 4 Particle velocity-time relationship of explosive measured by PDV

H K 2506 5 S R TR g VT LU, A BL S MR 2 2 R AR O IS, AR BT 4 0T LIAS HEOR
) JRE B 5 B i kI i s (RI TRD B, G035 3 s o Ho AL A Aty At 53 RER 2, 3. 4 Fi S mm JE
1) 55 B K 24 it & A Rk £ sF [ ) o

HH & 4RI, 2. 3. 4 Fi 5 mm JEAE SR IO AR T ke, {2 3. 4. 5 mm JEFE 5L 1Y 5 R T
BRI YOI I AN W .l T LiF ORI E 250 A BEBUAE 22 5K, s i B EA R LRI LIF %0 H Y
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2 T 2 A A TS, TS I ek D0 A K 2 R * 3 MEH IR MR E ERE

V‘]{?ﬁn‘%i”lﬁi’ﬁ%#&l%n WEFE A R A RO kA Table 3 Time interval of secondary

U G L 0K T, D ) 4 neceleration of explostve

T LIE SR P . T 7mm Al 10mm  ShotNo.  Ab/us  Anfus  Alfus  Atps

Y 245 B 5 2 0 o 30 Bk o 01 0435 0714 0962 1291

SEGEE | I B BT 02 0.388 0.695 0.833 1.310
76 A G F743 9k 10.66 GPa(Shot 01) Fll 03 0.575 0.800 1.085 1.415

11.93 GPa(Shot 02) Y ¥ & S 56 v, 4n &l 4(a) Al

E4(b) iz, w43 4 2. 30 4 F1S mm BRI 5 BYARE T UAGRE I, B 25 R 5 R A Ak 2 B, RE Tl g it
B B R DS, RO T R R R S R IR A BRI TR o B o D A 3N, K 2 N
AR, “BE TR E AR B, HIF B AR RS . Y AST R J 5 12.47 GPa(Shot 03) B, 4
&l 4(c) 7R, 2 mm JERE GBI R 3R & AR O 22w, © S WAy < se i e AR, Of 5 PDV I
AT A s ) [ Bz i )N, 156 SR A S R R A 1) Rl B (e o B R T ik, S A8 SRR e 11
PR, P 4(c) Hr 10 mm Kb Adhr 5 B il 2k 52 BH 0 00 = A AR U, DA PH SE A T bl B SR FR (SDT) .

2.3 PRTNIR 7 AR SR BUE XS EE

K2 ool AR A IS T P 1R A F4 BRELTEAEIRSH
REF AR FE N PDV FIAH S B w5 E T+ Table 4 Parameters of plane impact experiments

on wedge-shaped explosive

AR A L4 0 P 0L 5 54 R Tk
Wk A AR ZGRE B B0 S RBCR T, BEICT 4 ShotNo.  apf(grem?)  ppgem’)  uy/(ams )

2095 AR T | ok 2 2 2 Bk T) 1 S 6 B0 R AT X 04 1.898 1.893 1.356
Lo, 2H A 2 H R R T T R S T FH MR A 05 1.897 1.894 1.489
IS RN 4 Bt , A5 2 0 SE G R E e S 06 1.895 1.900 1.567

i, Hom oo, o0, 23 B AL T 105 AR J5 B W B
FRIE KR 2R A (200 43 %65 158 5 25 3CEL DR 138 58 I A5 8 AR 13 BE A ] 5 B

x5 HEMEAHTFEATIERE

Table S Data of plane impact experiments on wedge-shaped explosive

Dy/(km-s™") u/(km-s™)
Depth/mm

Shot 04 Shot 05 Shot 06 Shot 04 Shot 05 Shot 06
3 4.717 4.748 4.988 1.151 1.263 1.481
4 4.808 5.123 5.470 1.184 1.293 1.335
5 4.659 5.166 5.371 1.191 1.330 1.396
7 4.753 5.274 5.721 1.281 1.537 1.671
10 5.208 6.701 7.417 1.346 2.177 2.041

K PDV I A 2R BERE 3 JBE 3300045 1) R ) 5 B2 A ity ) 50 AT X L, B 6 B o il 6] 6
1, B SRS T 7 30, A 15 3 A 0 A A ] VR R A A ) £ % I T 22 2 e/, BRI AE v
ARSI, PRI T7 05 75 20 00 o 5 il 2 2 4R 0T o (B2 5 SR RO 1 380 JRE T T I 1 T JRE A
PDV Il g f 3 B2 25 S Qi /1N, 3 2 e T 21 O R 1 BE T T i I, 0 A o T
el A WEH I ANE L R B T L Dk S A 2 R I AR, O HLAL A S e
FETH 5 30 i AR K2 b, (2 KR i R G RE e, S BEE RE Mz 3, JF X AR R o Caul™
XoF EE T PR BRI K SV I A IS 2R, T SR 4 R TR R T
VAR 1) — 24 SO 3, A L 3 38 55 W B8 PR T /0P T 0% P obr 1 BT BT I A S B 2521 .
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2.0 2.5
- T 20t
2 15t z
g £
= S LS5t
2 z oy
3 10} g LI
2 2 10t
) E o
S =) E|E|E|EIE|EIE|E ° = glelelelsleleglE
£ S AEEEEEEE Eosp |E EIE|E|E|E|EIE|S
on st [N [\O [T |00 O [—
0 ekl s . 0 e -
72.5 73.0 735 740 745 750 755 76.0 67.0 67.5 68.0 68.5 69.0 69.5 70.0
Time/ps Time/ps
(a) Shot 04 (b) Shot 05
2.5
14+
= 20 =
g " £
E 1.5¢ Fa E 12+
5] | 3]
2 L S
£ 1.0t g Ly
3 £ 3
=t = EIE|E|E|IE|EE 3 L
g 05t g E|E|E|E|E|§42 £ 10
A o en |t |1 o [~ [ooo = A
J 09t
0 3 1 1 1 1 1
64.0 64.5 65.0 65.5 66.0 66.5 64.4 64.5 64.6 64.7
Time/ps Time/ps
(c) Shot 06 (d) Detail diagram
5 2R R o A S g o
Fig. 5 History of particle velocity measured by multiple electromagnetic particle velocity gauge
—25 . . —25 - . o
; --- Elel:ctr_omagnetlc particle ® --- El?cttomagnetlc particle ; 2.5
L velocity gauges £ L velocity gauges !
§2.0 DV Yy gaug §2.0 DV Y gaug £ 20
215t 215t 2951
15} T e 15} — o L.
3 S =t T S sk 2
o LOF 3 .: o LOf m, S 1.0}
2ost | ! Zost 305
S N O R T jomn g,
= 0 05 10 15 20 = 0 05 10 15 20 %
Time/us Time/ps

3

31

(a) Comparison between
Shot 01 and Shot 04

RE ST

R Ip

F T K 2 i O AN R TR B B B K 2, R B R B D R O 4R Sk T 1Y

(b) Comparison between
Shot 02 and Shot 05

(c) Comparison between
Shot 03 and Shot 06

K6 Wil i B R R L

Fig. 6 Comparison of particle velocities obtained by two methods

=

St

PDV 1) 6 MRk A AE LAKEZG 0 B0 . 42K 33 mm WY B 1, Gl 7 oS o RSk 3035 B JE HE 245
HZ RS 8.5 mm, B Ik H /5 A 24 10 2 ) 3 BB 9.698 mm.
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A0 3 AR X T e U S 4 5T DA R C AR R (TR b o s 400 %) o 8 e, R PN ) 7
AW AR, A5 R, BUS G C = 5 km/s) , {835 ohadi I B3k FE B AT 2 160 M, N, B ][] B8 A A, 76
At B N KE LG9 5 1 A, B, DORL 3R B 12 30 2] S AB AL, W&l 8 FroR o 7B BER 32 ) 9 Ak A R
OISR, DL A gl B4 CAr WIRIIE X 38k RV 52 300 0004 855 30 52 W (%) PDV #8303 () Y L o PRI L 7
SIS AR AR FR UL, T TH 1 MN U R R AZ S Y X B R AT S I I A B, AR R S R AT
DAAR Bk A R R DX, A R KR 24 57 T oo o 300 000 A i U0 5 A 56 6 o, b MM, MM MM,
M Mg, MM, MM, 535059 2, 3. 4.5, 7 F1 10 mm J5 (945 25 8E 5 52 20 500 005 55 36 5% 00 1) 5

L1 JOmm
7 mm
| 4 mm
4, B,
E|E
| TEE 4 5
212 Sample
SEES
L 2 mm Z
S 3 mm —
! > 1> mm M, M N N,
K7 PDV ¥k E 8 AR B AR
Fig. 7 PDV probe arrangement Fig. 8 Effect of side sparsity

6 ABNEHFEPEDMBEGLEE(FE C=5km/s)

Table 6 Data of sparse waves on the side of flat impact of A explosives (C =5 km/s)

Shot No. M, M,/mm M, M;/mm M, M,/mm M, My/mm M, M,/mm MM,,/mm
01 1.374 2.048 2.503 3.264 4225 5.579
02 1.240 1.857 2.436 2.616 3.489 4.245
03 1.088 1.600 1.973 2.393 2.569 2.530

A B0 23 B T LS, B R Sk R MR 25 B TR S I IR B Sl (50 — 33)/2 = 8.5 mm, A LATA Ry
TR AN 22 52 M S AR 5 . SRR B B & B2 5 A0 B 52 0 | T4 Sk B0 3k At J5E 5 e 24 30 2%
Y 3E B B R sin 36° x (33/2)=9.698 mm, 4] K F A6 /B FE#E 5 32 50 0B 195 30 52 Wl 1) e B S, (AL [R]
FERT LI SRy 320 07635 B 10 A 2 52 Wi % Sk 000 A5
32 PDVNEARBHEEDH

PDV 38 R FH 0445 Sk REAE 306 & B 28 AR Ry S g el ds , I 1) J2 00 132 ol il i % 1 7 AT
TR L W A0 4r & o ARIE PDV 3 BE 355 0 3R] LIAS 2] PDV I 53 #8 3k £ B8 AR X bR vE S 00 2 B
PDV # JEHE AR N

v(t) = % - f(1)-cosO(r) (6)

e @) AWOC R, A ISR G S T m IS, A0 TR S R R SRSk )
LiF i H 9 TARRE 28 30 mm, £ B 0w 25 /N T 80T, XTI AREAHH & BE/NT 1% PR 1, B T IR £ 3k
B — LA, IR A LA P I R I S R AR 0 08 R ) ), RSk LA N I 18 S G R s p R, =
HF WSS AR A B, AR T AR BT 5T B A BT 5T BT X A S AR A A Bl I
BOLL L A R B4R H 1.0 mm, 24 TAEFEES A 30 mm i, 5 KA XFIR 25 4 0.028%. 78I+ 0 7 5t i
B BE I, wha R 09 LiF 5 BRI S 3 A el As, ST T BREIIARAS , 75 6 0 1) 2 Ok £
SHATIEIE, 11 LiF & 1IE R B2 28 0.292%~0.495%,
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K 1 PDV I A5 2 L oL 3 B8 T HOR 20 Sl 0 1 [ R R 20 i ARE T . ol T A UL
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PDV Technology of Shock Initiation Reaction Process of Insensitive Explosive
YANG Shuqi, ZHANG Xu, PENG Wenyang, SHU Junxiang, LIU Shouxian, QIN Shuang, ZHONG Bin
(Institute of Fluid Physics, CAEP, Mianyang 621999, Sichuan, China)

Abstract: The shock initiation reaction of A-type insensitive explosive has been investigated by means of
the one-dimensional planar impact experiment and photon Doppler velocimetry technique (PDV). In this
experiment, a sapphire flyer was launched by the powder gun and then impacted the stepped insensitive
explosive A. Meanwhile, the wedge-shaped lithium fluoride (LiF) windows coated with aluminum films
were stuck to the different rear interfaces of stepped explosive. Therefore, the particle velocities among these
interfaces could be measured. By employing the impedance matching method, the particle velocities in the
explosive A were eventually obtained. The experimental results show that the PDV has a higher precision
than the multiple electromagnetic particle velocity gauge. The effects of the speed probe’s angle, the probe’s
aperture, and the refractive index of the window are briefly analyzed. The relative uncertainty of the
measured speed is within 1%.

Keywords: photonic Doppler velocimetry (PDV); stepped insensitive explosive; side sparse angle; multiple

electromagnetic particle velocity gauge
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