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TEJA IR & X4 8 BR 2 F1 B A4 24
17 bk S5, SR+ 2238 8 I # X ® " (Photonic
Doppler velocimetry, PDV ) il & 4 J& [ )2 Fl B B4
R AR TR BE . AR FD PDV G AR AR S Rl I
THEMAE, A ESCR WA 1 PR

Yoy 3 Al AR, R E A 2 R, B,
D4 J B 2 By ST RS, ] 2(a) B, TR

R $ NS 250 mm x 30 mm 9 A BIKEZY, fili H B 1 RENZE
IRER SRS, B EPE R E R 0.3 mmiyEE R Fig. 1 Sample holder

i) B 338 4 R B )25, FH PDV W it 4 B 23 1y AT R, 4 B U2 1 A TR R 1 AR A mT A R R A g
2 R0 4 T B J2 1) 1) 24 /= D B 0T v D 10 R i, 3 el TSR R T 5 s S R T, AR A R 15 3 4
JaE B J2 ) o s R . R, A&l 2(b) FoR, fE 2 R BB Z 5 WA an &l 3 B i) & B B B AUKEZY, A B
JERES R 2, 304, 5. 7 A1 10 mm, B4 G B ARSI RS A @15 mm x 11 mm () LiF % 1, @id PDV il
R G0 W RS 5 e R LAF 1 11 ) A R, AR R A AR Ak, W 24 Y B N L, A5 AL R 2
A4 B 2 1) ) 2 S]] o o AR I RE W o I, 4 R B2 AN B BRUKE 245 K% I 3 i — > 0.22 mm
JE 2 SR BR, 5 — 2l FE v PDV I3 2R 40 00 5 A5 3 1) S T R AT T b, A5 e TR R 2 N B ALKE 2
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Sabot Flyer Explosive A LiF window Target buffeB
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(a) Test of free surface velocity of metal (b) Test of interface velocity of explosive
2 RERE

Fig. 2 Schematic of the experimental set-up
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Table 1 Experimental conditions

Dimensions/(mm X mm)

Shot No. Sample
Booster Air gap Metal compartment Air gap
01 @50 x 30 @50 % 30 @50 x5
02 @50 x 30 @50 x 30 @50 x5
03 @50 x 30 @50 x 30 @50 x5 250 x 0.22 Explosive B
04 @50 x 30 @50 x 30 @50 x5 Explosive B
2 HER5SH

21 ERREMZESEFRNIESNE IR
o R AT AP ST B SR B U A R, AR P i (Rl e U, AR TS R R AR W), e
WA, 750 4 A S I L u
-1 19
MZDj(1+W—D—jt) (1)
A D, N A RIKEZG BB R s 0 Rl p N BB, 6= [1+2n(1=1/D)] ™7, = mk+ 1) ) MR 1 R %525
KHEs m oy A BUYEZG 0 B M O &)@ R B 5T de s k AR ™ W i 22 07 U 50 ¢ Ol K 2R JR 1) 2 Sk
], AWFFEHECD, = 8.87 km/s, k=3, 1=31.09 mm, m = 113.525 g, M= 179.47 g.,
8 Dy ke m M AT REARA (D), 1538 u ¢

F o 0 6K, LR R RO 0 e R e
LRAFAT AR A Shot 01, Shot 02 it 75 111 4 & b Lol SRS
T2 o 5 o R M A 4 TR el Il 7

P 4T MR R G A e £ ]
5 A8 ) 4 AT A O Tl b e
2 PR BRI B AL 3 AR AP (1) % 02 Second test
T2 0 W5 (2) 45656 U o ot 24 PR RE 2 5 o J o Anevtalsolution
B AR RN T U T A 1 S

t/us

F% THT B R A7 10, FR ™ W RO IR R R R (3) Uk
PRI R ST AR AL T B s, EIR RIS
KPR OREATTE N Bk, &RIFAZRIE, &
L R A A, R /N 5 LUK, K 24 ) AR S DA R AR VA, A R TR PR TR A6 D5 B, AS SRR IR
Kb A N IE B, SR S (8] TR0, K 25 TR N ARG TR my, m, /N TG TR me I, AT A
FEANBE B WA K 0 S B S N 00, HRE TR AN B B 28 0 IS T2, HL S B B2 AR T BRI (A D /] o 42
J& 1 py S I A RS, A — UGR B, 2 RO SRR P A < s A R BE BT ECR, HAR X ER,
P S ST S 55 ) i 30 A B0 S T A AR v, A R R P ek, i S s el SRR, LR R
AT JE 746, AN REGE P by S T3 B2 o e WIS A T, i B2 DR 5 kAT

PDV i 3 25 42 M0 45 14 72 45 Ja Jim 5% i 3 2, MR s 17 7 90 B 1, el R AR B R D S B T
B 172, bt e R AT LA B 5 SR B R T o

Kl 4 G A iy S

Fig. 4 Free surface velocities of metal

1 1 1
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J TR &R RRE R s B SR, WEE GRS ERZE A SRR, T A BIEA S SRR
JZE BT EL T A5
pi= %Mt(Pth‘"Ple) = %ur[Pz(Cz‘f'/lzut)"‘Ple] (3)
s p oy A BUEZG IR SE R T, oy Ty A BINEZG RS BE , u, o 4 8 I J2 17 5L THT R 3 B2
py BUE WL F 2, Hovh, S e 2 B2 I AORE 7S E, ¢ WK 2SR I i I L 4 p FRA(3),
RAGREEFRZ AT A R T . SEMRIZASET p,, TR A
Dain = P2 Dty = py (€3 + u)u 4)
FR A T 4, w, BT 3l B R K A i v o, 8w, FRAK(2), TR B R T pagye () TT5EA
AR T poys G55 F 55 3

F=2 ABEHMIWLRESHFESHM

Table 2 Parameters of explosive A and JWL equation of state

A/GPa B/GPa R, R, 7] pl(grem?)  D/(km's™) u/(km-s™) ¢/(km's™)  p/GPa
934.770 12.723 4.6 1.1 0.37 1.863 8.87 2.22 6.65 36.8

#z3 F1XRMF2REEEHRFAEEENRHTESER

Table 3 Computation results of the first and second test for free surface velocities of metal

ShotNo. w/(km's') Dy(km's") p,/GPa p,,/GPa | ShotNo. u/(km's"') Dy(kms") p,/GPa p,,/ GPa
1.061 4.703 68.828 45.675 0.982 4.654 68.828 41.817
1.113 4.734 68.828 48.193 0 1.058 4.700 68.828 45.490
o1 0.935 4.625 68.828 39.554 1.125 4.742 68.828 48.804
1.118 4.738 68.828 48.475 1.182 4.777 68.828 51.644
1.133 4.746 68.828 49.181
1.095 4.723 68.828 47.304
Pl S Sy 4 FhvS 3 0 B B T I 88 KRG 1af P
TR A3 R R . B &5 AT, 4x )@ A i T Lol = e e
BT R R IR, JF AR ERIKE || o
B MR 2 — RPN K k£ 0
TAE 4 I8 B J2 S 3 25 2 (B AF AR )R B2 R 0.3 mm S 50.04
F 7 SR, 4 ot B3 o 2 2 P RS, 28 M| e
P07, 5 W J2 1 MO8 L 5, T e
A B R 4 R SR T S 0
[ B, 225 /5 D B A0, 2 ol o e P (s 0, DA /s
i P AT A 25 SR B B AR X B (], R SR W K5 &)@ A b S REmeoR
7825 ST PP K, o T AL b HR Ay 25 0 I ik, 7 Fig. 5 Local details for free
I 10 ] S B g ke A A pﬂ\] surface velocities of metal
Ap = a—l_yAV &)
av
s AV S A B i JRE B MR 25 TR A LU B . p #h A BRUKE 25 48" ) TWL RS T B R
p:A(l—%)e'R‘”+B(1—]%‘_))e'R”+%eO (6)

W 4. B R\ Ry, @ NAEK REL, vVIERE WA LLZE, e BN W IR AR LEINRE . X0 TR 358 5K AH
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PR B I 5 7] 45
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A BIEZG WL R H S EN R 2 iR .
FEAVHT IWL RS T B SHACA K (5) T (7), ®4 SERABRERENR
ﬁ?y @J ‘J&%?ﬁf’: % Z‘f §§ /ﬁ I‘ETJ lgﬁ '1:‘ 4&%}@? Hﬁﬁ HK HTJ‘{}ﬁﬁ /> E’\J Table 4 Test of free surface velocities of metal
JE5®Ap: Ap = —119.819 1 x 0.013 38 GPa = Shot No. p/GPa  po/GPa /%
~1.598 2 GPa., ¥XEZY 14 )& BLPTUC I J5 i A B 67.230 45.675 67.94
JE 7 U A B p,. S ApZ FI, 15 3] 4 & R 2 67.230 48.193 71.68
JEFE N 5 mm B £ I & Y a5 BT R 71 2k 1A 67.230 39.554 58.83
AR, o 67230 48475  72.10
M2 4 71, & @ bR )2 R S mm B, wil 67.230 49.181 73.15
P B 5t R N 58.83%~76.82%, -5 B R Ky 67.230 47304 7004
70.46% . 75 L& F M ) B 5 U 52 A, 26 B PR U 67.230 41.817 62.20
HD AR IE R, 43R 72.10% Fil 72.59%, HUH: 67.230 45.490 67.66
SEIME 72.35%. 02 67.230 48.804 72.59
22 ERERENHRIEA N EEFENEN 67230 51644 7682
A3 INAS 4 JE B 2 5 B BURE SR 245 2 a7
FE U A7 23 S0 BRI O R FF o 19 )5 S T 3 LOF — With gap
anl&l 6 FIEl 7 B . 08}, Smm
4w B 2 B R KE 245 K% W A i, R RE o -
2PN R A GRS REL S RIRE 5 \
FERE R ol i, EMR oR =M. H&RER)Z 3 04f aiei
I B T K 25 2 1) 77 76 23 A I B, 462 A )22 9o o 02} &1 -
B BUKE 2 57— N RREL I R T, AN R T L =2 .
W, T AR b 2 S A BN, 108 0.22 mm, % 3 i 5 ;
B BEIE BT o B 7 S AR [R) JE BE  B i  A thus
0 R T LT AR . I 7 AT, B A 2 R o MR RE TR
2. 3.5 K1 10 mm B, 44 JE R 2 B FIKEZ > Fig. 6 Interface velocities of the sample explosive

(] A 2 T BN, 58— UCORS B P B o T B A 2 AR, G2 v T 4 B 2 Al e s TR B I A T
1B

1B 6 AT, JEE /N TS 7 mm B RE R ST AT BE T T UGR BE, SR E AN IAL 8 R o A
LiF %7 F 04 J B J= B BT e A B0 25 i BT i, 359 2068 vl ™ A2 B s B K 245 Acb T s il v T ) gk
TR I, A 42 I AT S 12 RO b . MU EC(8) L 2(9) L 2 (10) al UG 3 4 Ja B J= i B i S A
{14 o e O B Y ) B P 8] Ar o BB 25 IR B . A A JR2JEE R 3 mm FRYJ5 5 IR0RE 1 8 692.48 ms,
FRA(8) :(9) . (10), 732 nfry — YE Bk 1] B 18] 58 0.94 ps, A1 3R 4 Ja B 2 i 5% 11 S5 S 9 bl
e, YR B[R] B I R 2 I 1 psZe Ao 25 FH T ERAT B A OGRS Bk A 1 B I ], R ERE 5
FEAR—E, B LA UGR BRI h 8 Jm B2 5 S T U R b e A

h
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N 04 L N
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06l (e) 7mm 0.8} (010 mm
N
0.6 |
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With air gap 02 With air gap
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0 . . . 0 . . - -
3 4 5 6 7 4 5 6 7
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PR T ANTR]JE A 14 5T P %o L
Fig. 7 Interface velocities comparison of the sample with different thicknesses
h—u(t; + At
At, = h=uits + A1) (10) 1 /
D;

. v . . . . Acceleration
s gy Sy bt e DA 4 TR B 2 I BT B3 LiF 0
BRI TE], 2 SRR Al 5 Y TR, Dy O A il e i

t
re7a
E, Atlj‘j ‘(EPEE‘/B{U\ LiF ﬁ F2I 3k 4 @ J5 S 1w A s </ Palrticle velocity

1], Aty o ity B A4 B I SR T 2 5 U 30 B :
|

T BT A Explosive B| Metal [Expldsive A Window

B2 5 AT, & B il BE DA 2 mm 3G 0 2]
5 mm B, YRR B 4 B 1] [ B 28 T I, X
TRl & BB A3, w8 B S s ) AR 4
EE RS EE N 7 mm A 10 mm B, A WL
B T UGEBE S, X R AR TRTT A G B, 7 mm 1 10 mm & WA X8R, w38 AR BT 5 14
B TR) TR, T AAE DG 2745 Sk RE 00 £ 119 BT 0 90 [T PN v o 0 o BB 2B 38 I B3t T A A 1
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E 8 RE

Fig. 8 Wave interaction diagram

033402-6



o534 % LSO A R 2 U B 24 e b g e 5 55 3

X 4 UCSC B0 0 AT QO R b A B AR #5 apkEmREE
2y, RGBT S BB M4 R/ IEE, B L Shot 01, Table 5 Interval between two accelerations
Shot 02 Al Shot 03, Shot 04 SZ 56 i 4 & b 2 (19 3 , Interval/ps
Step thickness/mm

FERATR] o AR 42 e S Bl R R B B Y Ist test 2nd test
YEZGEAFLACIL AT, 4 B IKEZ 24 (o= 1893 glent', 2 0.760 0.559
c=2.418 77 km/s, 4=2.139 6 )5 R A (3), 155 3 0.900 0.882
B 7044 24 i i 5L 1R T 3w, o 0.980 kmy/s, il 4 1.335 1.300

5 1.625 1.629

W HE S D, A 4.515 km/s, A} E5R p, A 8.389 GPa,
i 6 s, AL A B E N 10 mm (19 B BUEZHE
WY LT A TR, B A SR 1 8.389 GPa i, F W & A AERE S SRS g 7~ 10 mm 22 [H]
B HEALE

3 & #

TEKMF 5 EEAT T — R P vh i 5286 0 SR ] PDV I R G000 42 J B )2 1 el 590 T 3 2 T
B B 24 J B AT TN, A T R A RS A £, el A S LU 2

(1)3z FIBHLBTVC BE 77 %, MR 45 Ja B 2 i 0 T 3 A A JRUE 24 by 78 1, 193 1 4 ) B = 1 28
SF I RS 7, 3 WA 2 < B2 TR O 5 mm i vl 0 9 2B SRR 72.35%;

(2) 1% 45 25 R 4 ) B 2= 22 ) 1) 225 /T B ol B A g o 4 e R 2 728 O A S5 A0 1 24 R v s 44 79 1
AR RSP et 4 A4 L85

(3) 4 Jm b J= R B YK 24 6] 77 A2 550/ as SR BRI, 208 < s B J= 7 A ke, 4 24 SN o) S 5

(4) 44 J8 W 2 B B 5 5 mm, I HAFAEZS SR BRI, A BUYEZ5 AR IE 0 10 mm (19 B BULEZG 35
VTS SN
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Effects of Metal Interlayer and Air Gap on the Shock
Initiation of Insensitive Explosives

PENG Wenyang'?, ZHONG Bin', GU Yan', ZHANG Xu', YANG Shugqi'?, SHU Junxiang', QIN Shuang'-

(1. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China,
2. Department of Graduate Students, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: The influences of air gap and metal interlayer on the shock initiation of the @50 mm stepped
explosive B have been investigated by means of the sapphire flyer planar impact experiment and photonic
doppler velocimetry (PDV) technique. In the experiment, a lithium fluoride (LiF) window was stuck to the
rear interface of explosive sample to allow the rear interface velocity between the metal and the sample
explosive be measured by PDV technique. Both the transmission shock pressure and the incident shock
pressure can be obtained by the impedance-match method. The experiment results have shown that the air
gap divided the impact compression process into quasi-isentropic compression and impact compression,
respectively, and at the same time, the amplitude of the shock pressure was declined. Specifically, the shock
wave attenuation range caused by 5 mm thick metal was achieved. When the explosive A was used as the
booster, and with a 0.3 mm thick air gap and 5 mm thick metal experimental setup, the reaction of sample
explosive B started in a range from 7 mm to 10 mm.

Keywords: metal interlayer; air gap; shock initiation; photonic doppler velocimetry; stepped explosive
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