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Fig. 1 The potential curves for the TATB/fluoropolymer interface
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Fig.2 The tensile process for the HMX/F2312 interface
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Fig. 4 Some key vibrational modes for thermal conduction in TATB: (a) TATB molecular structure,

(b) the first vibrational mode, (c) the second vibrational mode
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Progress of Atomistic Simulations for Plastic Bonded Explosives
LONG Yao, CHEN Jun
( Beijing Institute of Applied Physics and Computation Mathematics, Beijing 100088, China)

Abstract: The recent atomistic simulations of plastic bonded explosive is reviewed in six aspects: the force-
field, thermodynamic property, dissipation/transport property, phase transition, constitutive relation and
ignition mechanism. In past decades, the structure and mechanical property of PBX are carefully
investigated. However, the microscopic defect evolution and hot spot formation mechanisms are unclear.
There are a set of challenging problems in detonation physics, such as the defect configuration at the
chemical reaction zone, and the detonation wave deformation induced by defect. To investigate them, both
atomistic simulation and experiment are required.
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AT, E2=,F K, TRE
(It 508 TS HERERR S RS 45655, L5 100081)

WE:ARAEEREEHETARAEERTHERERZ 2% X 10,30 #7200 um #y A/PTFE
RE, XTLBEXRELLAEN (SHPB) KRB R EH#TAFIHARE, Ap IR PRI HHR
VEBURTFUMBOREERL, RBRERXV: A KA EBR A, K40 & R NEER
BEHEN LB KR IHES ., ERREEH 1030 umit, B RAFE RN RS T AKE
R B E 1000~ 1100 psgb & & KB, 3K 2R ok 5 BB 3 & B8 R 185 48 0 R 42 2 200 um B, 5 %
A EE B K HE R B JE) 3 7 600 psPi i o FE A KB E TR T, KPR Ay o KR 3 E B AR O R AR
AT AE . EMEMEE &R KR 5 A B 6 B /4 . 5L /7 9% 7 SHPB % & i #£3% . i
JR o iE LA B R B R T AR S R E A X

KB B-RUALH; FEMEL 2B RELSREM; R EEME

FE 452 S:0383 EAFRIRAD: A
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G AR T B B Re AT RHY, BT T A Y R R T 5 .

] N Ah2F5 ELXF AVPTFE I P b4 RH 8 1 4 F0 s g 1k BE T e 1 R s A 56 T4, %o Bk R~ 5 61 k)
IR RR I VE L EAT T RGEMERTIE o Joshi 50T A A I 45 - 2R VU 8L & A B 285 % ), 1) 12 g
T AUPTFE AR REAT B 25 o PHTHIE 551 SR Y B 2561 45 T AVPTFE 16 PEARL, DU H 2
ek fE . Ao tERE AL T 22 MR, JF i — D WX IR B FURe 45 T 2 S 80 E AL . XS 43 400
BMMREESBFIE T AL F it SN AR F X AVPTFE 72 M B8 A S R 5 M 19 %2 . Herbold ¥V BF5E T
AVPTFE fE R [R s 0 TR AR St g AEfh . B AR RO A B, SR AT BROT 7 vk R G5
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St AUPTFE [BI A3 4 R Rl 18 A (0% 20560 R ol o5 1 40 0 BEE 20 B, F 98 R REZE oo 2500 1 110 s 1o B9 11, 3K
4% S e W« RlE AR 1N ) R AR BRI 6F AVPTFE 9 iy I A7 5%, O HLAR Rl e T A0k BT 5L, B
A 7 SRR g 35 TR N (B A, AR o AR R A2 R RO

R I L i SR R R AR X AVPTFE i M R} nfr o 5 17 R 1) 5 o, SR FH 43 1 X2 35 4 AR R AT
(SHPB) %% & fi iy AUPTFE i, I3 i i i 555 10 s o s s 72, AR AR 1 & A S iy i o AT A i o
R R A S N7 (8 3 4 A e ol 2 B e i B AR 4 AR, IR TN [R) R R 3R T AL/PTFE i
e 2 B BE LA B BRoM R A2 0 G 52 7 1 {09/ FH AL, S A58 APTFE T 4 b4 6} 04 52 07 AL 3 LA Kb 6 i)
& A BRI AR T R RS
1 REHE
1.1 R HH&

SR FHSE e be 45 12 il A g P, G v AR 9 SF- BR0 A2 43 591 8 10, 30 1 200 pm, %5 i 2.72 g/em’s
PTFE MM AP0 A28 15 um, % 2.17 g/em®. JEF AL FI PTFE (1) 32 )2 v 7 ##30 4AI+3C,F,=4AIF+6C,
T R 00 B 26.5% il 73.5%, 4% UL HC LAR UM LR R I i AGE ek CEEIR A, (I V BLR
I HLIR RS 10 ho TR 24950 J5 K MR b4 e} ik A

Aluminum
E I B KR A T, TR 55 C. TR powder B]l)en(iirilng ‘W
Ja , FRBGE &k R T R sl A= A, {5 H 7 ge A1k wing L ”
=]

TR AL i B A, 38 2 45 g AL R g 9 R A 5

Ni74 v £ A= X > >
R34 FE L 05 (2 200 5 IR R ——
BB 24 bR B T AR BB SR R (e e e preform
JEgesh, gt — e b PSR = RIFBOE . Bt B R R
R RS H 210 mmx5 mm, BESEFRE 5 A7 Fig. 1 Flow chart of the specimens preparation

5 iR AR IR 1 TR
1 MR RA kYR AR 18 AVPTFE 3076 AS [A) i 28 R 5 R A9 FLBR R, v AR . BE S W 80 R 53 14 T
o, FLBRR AR, (E 3 A R AR FL B R 4/

#z 1 TERBERET AVPTFE iR R FLBR 2

Table 1 Porosities of AI/PTFE reactive materials prepared under different molding pressures

Porosities of Al/PTFE/%

Molding pressure/MPa
10 pm Al particle 30 um Al particle 200 um Al particle
30 4.9 4.8 3.8
50 4.0 3.6 3.2
80 3.1 2.9 2.5
100 2.5 24 1.4
120 2.3 1.9 1.2

1.2 RIEIFE

B SR B 43 8 3R 3 42 2R R FF (SHPB) B0 % 8 % 200K 3h R 4 S e IR AE 2R 5. 15 50
TR A PR G N . Nk EK B R G AR R 4 s AR AL B R, S R AT R g i AT L A SR
5 ST A AR 2B, FT4 B4R 14.5 mm. 385 A7 300 mm, i A A% R J7 9K 8 DL ™ A AN ]
W L %9 s 4 90, 3 3 e S A T 98 ' ) 3k 2 0 A . G KA S A R 3 AT B 28 1200 mm,
S 2 43 0V AR5 ST 2 8 ) rhL LR 78 R A A, IF R S A A5 B T R . B
AR R R, AR i AR B E BE AR AR AT B A L R ST, AR AR 5 A R A OC R AR B e R AR
BRI AT A0 3
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TG i A e o e R R LR O i SR R 2000
e AR AR R AR BN, W AR R T L
RofARR A8 o T 38 5 2 R WL B ) % A I R, ) 20001
P At B IRE, AR M
eIy o SN T A

Pl 2 & 7R B SHPB 2% B H 48 Fr ok 4R 1 8K
2, Hrb(F5 1 A0S 5 2 5050 o A S FF Al ~4000

— Signal 1

Strain/pe
(=)

—2000 |

E%ﬁﬁi%%ﬂ’ﬂ%ﬁo lﬁgﬁﬁfﬂ @jj/})jiﬁf/\ 0 4(I)() g(l)() 12I0() 1600
SEFF P AR S AL ARG, S HEAT Z2 00 8%, Bk N Time/ps

T3 ke i st ] DB 249 24 475 s, BRIk b 4 3 2 12 Sy R AR AT T B A 2K

>4 150 1S, Fig.2 The propagation of stress waves in the SHPB

2 GER5SH

S0 3 e Ao e R A R B O SR R AR e R PG, H e v R 2 G A R R
20 000 /Ay, anE 3 s, il R RPRIAE 10 pm . BT 3% 100 MPa, f8 i 3 B 27.69 m/s) 78 3% 2 il
JE 45 I A8 AT AR RN, I AR 5 — A e 48 U Sk 1 i TS 249 150 s AR B R R R K A A2 B vy
J&i 1000 psZe A7 & A I BN R NE, &t BH 2 14 K O3 R Bt e 5 A 0 7, ] 3(d) B o AS R4S Ry Ri AR 1)
AUPTFE 1% PR 5 07 4 P IR 0 5 S G 11U 1] 4 /R, 06 {0 S48 o 1 188, o5 K B 3R B i) i
Sk A 37 38 e o i 20 2890 S5 O e A st 2 st ) K B

(a) O ps (b) 200 ps (c) 600 ps

(d) 1000 ps (e) 1400 ps (f) 1800 ps
3 s g v AR

Fig. 3 Impact-ignition of the reactive material

2.1 BRI S R NIREE F{E S0

5 AR R kA (4 AVPTEE 16 PR AR ifr o S 7 38 3 58] {1 I s 28 1 i 1 28 AR R A, G v 3
AR b it B 3B (R SO AR AT DL R A s 5 R BN I SR

LS Hal LU, AS R ER R4 16 P A R 0 oo S5 07 T8 ) {1 22 I i 2 s i 1 348 m 22 2 B TS
TS SRR /N T 50 MPa B, it S0 o (5 I ok RS 5 10 8 48 A5 214 i A R R A
) 80 MPa I, 4580 4% 30 wm 176 A4 Rk A w2 5 7 8 8 180 1 238 0 A KR T B, 2490 9%; 24 i 780 e i
K 100 MPa Hif, FR KR AR 10 um 16 PE A RE AR el 2 7 3 8 BB R KR T R4 9%, SR RRIA% 30 um AT 200 um
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PR A o o S T o L S R B (E T BRI B/ DNs R 5 O 100 MPa L _E I, 3 1R A4 R
F18 ek S5 L T 38 o i ol 2R 5 ) 3 0 T i ) o

Reacted 35
] @ 10 um 34t —A—10um
2 * 30 33t —%—30 um
£ m ,
> " £ 32} —€—200 um
3 Not reacted 2 3lp
g @ 10 um 330}
2 & 30 pm 2291
50 N A 200 um S 5l
.S j="
E 27+
26t
25

0 20 40 60 80 100 120 140 160
Molding pressure/MPa

Pl 4 R[] B i st S 7 L B i K HEESR 1] BS  ANFDSIESR A AVPTEE st il 52 07 B i
Fig. 4 Thresholds and delay time of impact-ignition of Fig. 5 Thresholds of impact-ignition of AI/PTFE
AVPTFE with different molding pressures with different molding pressure

T E IR, AE 2 BT R AR RO 2 R BT HL B R AR B0 5 2R, Hrple SR TR PR P
Bk TS AR B B AR T AR SS H CRIOR RS ORISR 20 A . FLBR BB R 25 ) | a4 4 LA K
Iy BEAE RN, T RIE AVPTRE T 4 A4 i R il s 2R s 56 728 A P S AT 3 e 414 P
F RS (SEM) MEE 45 5 R[] i 8 i R AVPTFE 3R {4 (R RYRAR 10 um) AROIEEH, 4 6 FTi o

Pores in.the matrixss

(a) 30 MPa
& 6 ARl E R B 4500 AVPTFE X111 SEM &1

Fig. 6 SEM images of AI/PTFE reactive materials prepared under different molding pressures

MIE 6 (a) AT UF Y, 24 2 5 ALK (30 MPa) B, 2 A 6 A b 47 7 DR B 1) MR B 25 B s Bt i
T 5 T e, 0 o e s BRI, PR BUAE /D, 55 1 A L R SR T 5 7 A L X iz 5 B Y
JE 5 R (120 MPa) B3R PF A7 i/ T ALBDRL AT PTFE JE (A 2 7] 925 B, 2 6(b) frzn o 455k
A R B S P 0 e B I BRGRE ph T R B T T A P TR B B AR B T AR B A i A R
TR, A A [ SRR TR BT, 5 he 2w e B RS AR A AR I

G AR B AR S PO IR A, 32 B i AR I, AR A B R AR AR I, B D
557 O B, AR R R B 57 A iy R ek A Jey A AR ey PR R R T 5 03— 5 T, R R R A%
T A A0 R ) D B, A JR S e e B B B B R R . b AR e A 4 S B0 ALBURL A PTFE S
PR G T S B BT 5 | e BE AR o Bl S R e 58 T g, 3 A 2 BB 0D, R 2 4 T
Al ORI PTFE A 22 8] 23 Bt B S0 /0, <A I ObIL 2 sl I, A2 ) v ol oz 7 3 B2 R 03 5 ol Y
56 i AR P T RR 4 v R ) B A N 3R, AL AR AR A T ALK A PTFE J (A2 Ji] £ 25
B, <RI L2 R, A el B 3 R I fELDR /)
22 X R AGE R B 8]

i1 4 AT LUA ), 15 PEARHE SHPB 25 BN T A4 51 Kk HE 3R I [7] 32 $3 o 52 R R A4 B8 T 5 52
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Mol S 2 o MR RIAE 350 10 um AT 30 pm B, AORR Y A K HE IR B[R] 32 ZE AR TP AE 600~ 650 psAil 1000~
1100 psZ [d], H F A v il 8 e oi (8 3 47 A0 B AR A o 3 B2 1 4 BB T 1000~ 1100 ps A S5 171 56 83
K4S A 200 pm B 35 M AT R 5 K IE IR B R BT 7E 600 psBF T o R 1 i — A5 5T 6 M b R s 2
YRR HLER, K TR A B SHPB AT I A9 1y A% - [R5 18 2017 500 A B, A5 3 T 15 Ve BHE 2K
L = T N v i L1 2 s R 9T

400 400
—— 80 MPa reacted . —— 100 MPa
- 300 - 80 MPa* not reacted # - 300 =100 MPa*
9 [
= =
2 A
£ 200 2 200
wn %2}
o o p
g 2 :
= 100+ n AN o nire (826 s & 100 F / 100 MPa* (27.66 m/s
i B 100MPa2894ms I 4
77 80 MPa (29.52 m/ i | P 8 R
0 | . i i \ 0l -~ ) LOVY 2 F \
0 800 1200 400 800 1200
Time/us Time/us
(a) 10 um , 80 MPa (b) 10 pm , 100 MPa
400 400
——50 MPa
< 300} T Ap— 80 MPa ¥
-9 [ i
= s 80 MPa¥ (29.39 m/s) S| e 100 MPa
=% 5 80 MPa (31.25 m/s)
8 200 S 200+
7] @
o (]
= g2
& 100 & 100
0 | 0 C sompaGlaomsy g T 100 P (30.47 m)
400 800 1200 400 800 1200
Time/us Time/us
(¢) 30 um (d) 200 um

K7 SRR R T2 AVPTFE 40 FL8E R ) -R a1 h 2%

Fig. 7 True stress-time curves of AI/PTFE with different particle sizes

H1 P 7 T, 35 AR s B SR B B] 5 565 20 3 YN A3 Bk ol s [RD A7 X oy S 3R o B35 IV 0 I8 AR AT
rh R AR A2 I, 22 DK i 28 A R 31 T A I T R ELAR R K. X TR RLAR S 10 pm A KA, 0
K 7(a) . [ 7(b) FiR, 2R SR AR T 100 MPa B, 25748 o 3 5 1k B ARk G ol B 7 i 8 B4, 38121
TE 55 2 R S ikl 600~ 650 s, W 7 WE (B 200 MPa 72 47 i & A SR, I E5 3 YR A1 ik b
(1000~ 1100 ps) 1 J7 W& A 15 T 300 MPa; X4 18U F 3% /55 T 100 MPa BF, AR SEFESS 3 YRk i 7 s (A
200 MPa 7247 % ek 27 I Ry, LA 5 1 o B 4 v, sl v 18 g ok oo il Pt Bl 2 2 o, 2450 2 Ik
N7 77 Jok i B35 B 200 MPa 22 47 B, AR ZE S 2 Wk b b T DL & AR BB, 30 A 2 4 4 1 b ot i 7 R
(5 (L 7E B 7R R 58 100 MPa B & A BERE A SRR . X 48 Bk o8 30 um i3k, aniEl 7(c) iR, il i
XAk e ety A5 RV 52 R ML S B R KA D 10 o BT ZEAL, RR B PR A RE A IR R A B
A5 f A R R 5 F 100 MPa [ 25 80 MPa. SR T, 454342 8 200 m (13582 S22 B A A5k HiE 3R At 8] 5 307 19 4
H AR, AR 5 IO R R & AR AR S 2 RN g ko ik, ELB 1 & R Y fe AR ST 7 R B X 7 TR
2474 300 MPa, 4n& 7(d) s o
23 EMRNENAERNEESERNEN

AHGSCH AT LA Y, AVPTFE 346 P4 A o KRR 32 6 R JURERL AR (I B2 R o S [R) BR MR A2 105 1 1A )
{14 e S5 N S0 R (1 40 I s 8 5 ) 38 0 2 0 B TR R R . BT 8 AN [R5 T 45 AR R R AR
TR 1 b e B L R AR . fh L 8 AT, Y R R SR /T 50 MPa B, 35 M A4 R b i S (5 (L B
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B RLAS B 3G g, Z R S R AR

34+ 10 pum

75 AUPTFETS HE b HiE ot 1 50 v 05 5 10 B %2 = %805&1
L %

FR B RLAT A 200 pum Y AIPTFE &4 78 il 8 E
5 A [F] S5 00 Y ot S5 07 3 B 1 L R R if
4 10 umify AVPTEE PR (29 7%), Hop &
JE58 A 100 MPa sz LA b AVPTFE a4 i s 2 iz
MR B 0 AH X R 22 298 15%; Sa B R 30 50 80 100 120
10 #1130 pm 4 AL/PTFE iz £ HL A AHALL 11 05 ok Molding pressure/MPa
PSR B R B 5 4 32 R T L 7 A &8  ARISEHKIAR I APTEE i whi 52 1o R 190 11
B B T4 3 YO A7 ko % Ak N, Honh Fig. 8 Thresholds of impact-ignition of AI/PTFE

with different particle sizes of Al

i S T R [ (R A (249 9%) 5 BRIP4 S 200 pm
f) AVPTFE 3 {4 o & BRAE SR 3 YR IBE A7 ok i S 17, A1 skt G ol sz 7 3k B o) 1 R AP 249 3%, B /N TR A
%4 10 1 30 um 1) AVPTFE ol {4 (0 B i B o X b B A5 208, JRIRL AN T

(1) & J@ JURL 3 50 52 5 MRLAE 22 FR R, 4 J@ 90k 2 (A1 AH B85 i, 7™ 28 14 2% (Force Chain), Ji 4
4 B UKL 32 AR I W] RN 15 D1 E G D AR B BN R AR 3 Ak AR, MORE R ) BE R AR ) 5 ) B R
H . o 55 M 85 P AR BE A . 10 pn kAR 1 BR BORE 7 % A RE iR, R AR SR g i g, (H
1R 078 2R s T 200 AR AR ORI AR B B T R AR D 328 R RIS /N B AR BORE T 5

(2) 4 Jm Ok 3R 18 PR B 22 45 IR G W R o 58, bRESZ 2] b isf, 7 38 2ot 4 J UKL AN SR A R 1A
Z IRV 43155 43 80, SOBR A 4 9 1 398 R o A% R ) R R 174 B 2 T ARL/IN, HC T BB W ) 43 T 4 H
I, VETT S EOPRH B PE AR . SR BDREAR 9 200 pm Y ALVPTFE iR BIPEAR, 76 wh i i3 e b 5 & AR i 4L,
TCIEAESS 3 YN g Bk b Ak 2 A I )

(3) FOREAR B ORI e 2100 AR/, TR S W 9 AL 5 48046 30) PTFE (94 fid 1 RN s Bt o it b, S 44
FE R RS T R AR ) AR, ST KR S SR Z I Ay A B . AL S R PTFE (42 i 1 A%
IR AS AL o 2o R e 0 AR s A M S T

3 4 2

K 43 8 308 3 4 7% FF (SHPB) 2 8 8 i AVPTFE 304, I 18 i v s B 5210 St bl ot A, 3 i
FF 4 o ol B e o i 1 s R B o 3 A3 B X fh 2 R v R R W AR A S, R AN [ R R BR T
AUPTFE #5217 X 5 i B L R AN [ 60 b A2 ot s 7 180 {1 (40 5 Wi, A5 B A0 2538 T

(1) AN[FEER A RLAR B AVPTFE 1 PR R Rk %) i o S o7 3 5 (580 {1 I i 76 S 5 1) 8 S8 5 L TS T Rt
B, G5 A BT AR i o AR S BT, ISR R R R R A5 0 A AR e A R P R AR Y )
BEHCA X5

(2) 3R B 15 K CHE R I ] 5545 2 YR 7 ik i (600~ 700 ps) B4R 3 YW H7 ikt (1000~ 1100 ps) i [A]
XTI 5

(3) Bl 5 SRR RL AR (3 K, 7 )Y e s A TR B 25 1T, 3 iy ool g o B8 B0 T s AR R R A
200 pm 1) AVPTFE {4 A AE SR 3 YR 7 ik i Az SO0, R sk JFG s o 7 38 3 I 1 oA A R v
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Influence of Particle Size of Aluminum Powder and Molding
Pressure on Impact-Initiation of AI/PTFE

LIU Yuanbin, REN Huilan, LI Wei, NING Jianguo

(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aluminum-polytetrafluoroethylene (AI/PTFE) specimens with different aluminum particle sizes
of 10, 30 and 200 pm and different molding pressures were prepared by compression molding and sintering.
The impact-initiation test was carried out with split Hopkinson pressure bar (SHPB), and the reaction of the
reactive materials was recorded by a high-speed photography device. It shows that with the increase of
molding pressure, the speed threshold of impact-initiation of the specimen increases and then decreases.
When the particle sizes of aluminum powder is around 10 pm or 30 pm, specimens with higher molding
pressure can react with ignition delay time of 1000—1100 ps, causing a sudden drawdown of the speed
threshold of impact-initiation; for the specimens with 200 pm aluminum powder, the ignition delay time
stays around 600 ps. The speed threshold of impact-initiation raises as the particle size of aluminum
increases, under the same molding pressure. The impact ignition of the reactive material is related to the
microscopic defects, the propagation of the stress wave in the SHPB device, the amplitude of the stress pulse
and the destruction process of the material.

Keywords: aluminum-polytetrafluoroethylene (Al/PTFE); reactive material; split Hopkinson pressure bar
(SHPB); reaction threshold
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Experimental Study on Impact Safety and Implosing Energy Release
Characteristics of Composed Charge

ZHANG Guanghua, QU Kepeng, SHEN Fei, WANG Hui

(Xi’an Modern Chemistry Research Institute, Xi’an 710065, China)

Abstract: To verify impact safety and implosion power of a composed charge, the drop hammer tests and

implosion power experiments were conducted. The results show that critical height of the single thermo-baric

explosive is 2.2 m under loading of 400 kg hammer, while the composed charge did not ignite under height

from 2.2 m to 2.7 m, which means that the composed charge holds a better impact safety property. Peak

overpressure of the composed charge was 61.9% of the single thermo-baric explosive, the impulse of the

composed charge was 99.4% of the single thermo-baric explosive, and the peak quasi-static pressure of the

composed charge was 94.5% of the single thermo-baric explosive. Considering energy release characteristics

within a limited space, it is more suitable to use peak quasi-static pressure as an evaluation standard. The test

results show that implosing energy release characteristics of the composed charge is almost the same as the

single thermo-baric explosive.

Keywords: composed charge; impact safety; implosion power; specific impulse; quasi-static pressure
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1 IR AE AR Rk e 2o SR BUER T

L1 HER

K HAELAEA BROCTTH 5 A2 7 LS-DYNA X i
e 24 1 i B R R AT BB AL . AL 1R,
A RICTHRAB R TE . TR bl . 9k
B2y | AR AR AN A A, B RO 5
BEo A TR, AR5 R . PPR B I
ety Tk o ok PR #, i b i
S, R /4 BRI EAT IR . BOEERCR
ALE( Arbitrary Lagrange-Euler) 8.9, 32 & %% 25 fll
23 IR T Buler A%, St i A 1 K 26 245 2R H - '
Lagrange WH:%, Fﬁ‘ﬁﬁ*)}z 5%}& Z'V: ’%Z’j LK %&, 7){ %Z‘} (a) Non-contact explosion (b) Contact explosion

1. Donor charge

2. Air domain

3. Covered plate
4. Acceptor charge
5. Witness plate

5 L4 2 1 4 4 R L, L W5 1 PR Eds BELT3 BURE
Bl 25 25 1 A S AR R LB (AT L R Fig. 1 Numerical calculation model of

covered charge explosive detonation

WEATE F R BRI O miAL
1.2 MEEE
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EXPLOSIVE BURN A A4 45 8 A1 WL IR 2505 2, IWL RS 5 # i
w \ kv _ W) kv, WE
p:A(l—Rl—V)e +B(1 Rv)e L ()
K p WY ETT, VR LSS, E R BAARTRIEZS N BE, w. A, B, R\ R, HRAESEZGF5E
B H B BT RN DLSIE A A4 A% B 34 5% ] Johnson-Cook #5% U 1 Griineisen JR ST, Ff iR o 3 k2524
2R R S8R 1 TR, Hodr p, W EE; D IR pe,  CY R ) GBI UIREEE; 4, B, C,. m,
n AR B, A3 5 SRR ) 4R e RN T L R AR A R L R AR T R Ak R A TR AR fk R AR
SRALTEE T M H R, T, AR A
F1 EXREDNMRRARHER S K

Table 1 Parameters for donor charge and shell model""
Material p/(grem®)  D/(m-s™) po/GPa  4/GPa  B/GPa R, R, ® E/(10° J-m?)
TNT 1.60 6812 18.56 370 3.23 4.15 0.95 0.3 7
Material ~ py/(gem™) G/GPa A,/GPa  B/GPa C, n m T,/K T/K
45 steel 7.85 82.3 0.507 0.320 0.280 0.064 1.06 1765 298
Q235 steel 7.83 80.0 0.235 0.250 0.022 1.000 0.36 1793 294

1l 5 25 25 R 5 K 3 K R N AR AR 2 R AT D R A2 s K 2 9 B R R R R, AR TE
da _ I(1 —/l)”(ﬁ -1 —a)x +G (1= DAp +Go(1 = ) A5 p° ()
dr Po

Ao A BN, BIVEL S M 2 5 0 24 B 0 U AL, B AR U 2% 5 A v s o1 35 e 24 1k 24 BE I R

I.G,.Gy a.b.c.d, e g x.y Mz RS E, BAARBUEINE 2 i, (2)XESHMEE 1 BRI

F2 TNT SNHEK KRR S5

Table 2 Ignition and growth reactive flow model parameters for TNT'"!

s G,/(Pa?s™) G,/(Pa?s™) a b ¢ d e g x ¥ z
8x10® 4.20x107% 2.60x107% 0.111 0.667 0.667 0.667 0.333 1 6 3 3
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DLAR 32 flg K S 191, 38 Ao v R R 5 10 SRl R B A M AR AR R A R . 1R 3 RNIEL 4 Ay DR B R
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- . 1 :

(a) =312.5 pis (b) £=1 250 ps (a) =312.5 s (b) =1 250 pis

Detonator

Donor charge

~  Covered plate

Witness plate

B2 B ek 2 ol SRS IR A

Fig.2 Photo of shock initiation of covered charge

3 EEEE R 10 mm AR [ Z) B4 EfEEN 15 mm AR %)
LR 2R Y e BB TR T % 2R Y e R BRI
Fig. 3 High speed camera photos of experimental setup with Fig. 4 High speed camera photos of experimental setup with
10 mm PPR sleeve at different time 15 mm PPR sleeve at different time

015101-3



33 % = JE Ll P Eitd 1

g

5 FITEL 6 23531 S8 1 26 fil RO 42 b kg A I
BB 25 1 VAR TG B o % IR 5 FIET 6 &
W MR NE S, X5 O AT TNT 4
2R A, DLUEAR B HE H M55E, BTy 4.2 mm, [M135g
HARH 40 mm, 5HEL HARFEAAA ] ; 24 k24
AR, 1 S5 DL UE AR I 3t B KR A R Fig. 5 Deformation of the witness plates under the
WA BT acceptor with contact explosion

5 PRk XA A 2 1Y WA AR 2 T

6 ARl KE IR0 5 B A e 25 1 W AUE AR AR TP

Fig. 6 Deformation of the witness plates under the acceptor with non-contact explosion

350 TR 2y v g R e 2 R o B Al M P Y PR E B d=20 mm B, B & KE 2
SEA MRS MR d Sy 23 F1 26 mm B, FEZREENE . I, FEAE TNT (9115 5 B¢ il b )= B 78
20~23 mm Z[H] . JEFZ Al KRG, PPR 55 5 B2 2 R B2 R0 45 N bR iR 2 [H] i T B IR RS, 4B
T /55 B h=10 mm B, B & JE 25 58 2 K5 h=12 mm B, WLIEAR M IT IR B, HAR B XE 25 R, 9 & M 251X
B4R h=15 mm Fll A=19 mm B}, KEZG R ARKE . I AS 2, Bt JE B d=3 mm [ 2 TNT R 257 I
SRR B E 12~15 mm Z[A] .

R3 RREAPHIBABRER

Table 3 Results of shock initiation of covered charge

Explosion type Test No. d/mm h/mm Explosion situation of acceptor charge Pit depth/mm
1 20 Exploded 4.22
Contact explosion 2 26 Unexploded 0
3 23 Unexploded 0
4 3 10 Exploded 4.20
5 3 19 Unexploded 0
Non-contact explosion
6 3 15 Unexploded 0
7 3 12 Part of the explosion 2.20

3 Sth5ite

31 FEERMBHM

R T S TEBUE AL A R, X I AR ORI SRR B L DI AR AR T 15 B0 A 56 5 SR
A ILGE AT X e, N 4 FraR o AT L, FERE AR K IR0, e TINT I S A A 1 S5 i B J2 B 7
20~23 mm Z [H], fj ELiHE L5 R 24.0 mm, BUEBLEE S 51000 45 R 0 AR R 25 AN T 16.7%. 4B
WA R FH 3 mm JEEAY 45 BB, 76 A1 3 kg K7 F R 2 TNT SR04 8 Al 00 45 SR AE 12~ 15 mm 2 ],
BT SE o 13.0 mm, ARHR 22 AT 15.4%. BUEH A 45 R 55045 R RA —5
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Table 4 Test and simulation results of shock initiation of covered charge

Test results Simulation results
Explosion type
d/mm Explosion situation d/mm Explosion situation
20 Exploded 24.0 Exploded
Contact explosion
23 Unexploded 24.5 Unexploded
Test results Simulation results
Explosion type
h/mm Explosion situation h/mm Explosion situation
12 Partial explosion 13.0 Exploded
Non-contact explosion
15 Unexploded 13.5 Unexploded
Bl 7 578 T h=10 mm B 8 K %€ 245 43 4F I BL
R WUEAR AR TR O o B R R 2 R HE I L 2
(EITF A2 Q235 4 WLAEAR U KT A 3.80 mm,
ML AR N 42.0 mm, TR EE T AHLTR N 4.20 mm,
BAE N 40.0 mm . EUEALBIEE R 5 L 45 R A AR
YR ZEAN T 9.52%, —H A,
32 RkHAATERIESN
DB FEWE R e 2 g b R g AR, DA fk
H 0 D 191 93 A B A 2 24 1 8 S BRI e R R AR A (a) Top view (b) Cross section
oA B8 S AUE AT B 1) h=13.0 mm I KEZY 7 BORBEIRIE IR WAL TE i BB A I 45 R

ANEIRZI A K, B K 8 Al L. =8 us mf, E& Fig. 7 Numerical simulation results of witness plate deformation
S 24 7 A 1 o e M e A B e 2 K2 B SR =11 ps B, Bl R B 2R M, R DR b e R AL

16 ps LUJA, KE2 58 4 42, WAEARCA B R A Mt 9 BoR T h=13.5 mm I 257 [ i 220 14 22 JE 1§

Dl HIE O AT UL =12 ps I, whife i B AR e 25— Beinh a], (EE il T obaly B e T3 8/0N, IR 5 1 43

RAEL, il Akl Fa) T ALHE; 2 =16 ps LUR, whifi PN E S5 I Y, $R R 251 AR R 1, R

& W TR W KRN 5 O T 4 A T —E WSS, HOULTE ARt R Hh B AT A2 4k

Pressure/GPa Pressure/GPa Pressure/GPa Pressure/GPa Pressure/GPa
12.1 4.895 13.86 3237 16.43
11.6 4728 1337 3123 15.61
112 4.501 12.89 30.08 14.80
10.88 4.395 12.40 13.98

28.94
10.47- 4.228 11.91- 13.17
27.80
10.07 4.061- 11,42 12.35
.07 : . 26.66
9,66~ 3.893- 10:93- 2552~ 11.54
o 3.728- i 2] 10.72=
925 31837 10.44 2438 091-
8.85- 33042 9,95~ 2324~ 000~
8.44— 37398 947 22.10- A
8.04~ 3061 8.98- 20.95 746
7.63 2'804 8.49— 19.81 6.64
7.23 2728 8.00— 18.67 5.83
6.82 3561 7.51 17.53 501
6.42 2.394 7.02 16.39 120
(a) =1 ps (b) =8 us (c) =11 ps (d) =12 ps (e) =16 pus

P8 13.0 mm B B K25 [ i 220 i 28 JE

Fig. 8 Calculated pressure contours at various time for the configuration with 13 mm separation

B0 A 11 2R k205000 13.0 F113.5 mm W Bl & 5 24 00 4 22 i K o 7 s R o 7, 1R v
A~K NP R BEGRARTFEALE . X 10 F1E 11 & B h=13.0 mm B, % 2% 24 3¢ i B 22 o o D
iKE 2.1 GPa J&, ¥EZ5HF i )L, Fi 1 Bk 11 T 5, fe s R 135 81 9.8 GPa Ze A s Wl 48 55 i LG, 7 BE B 4
2y R 22 mm &b, e KR F13K 5] 18 GPa, J7E LG M IE B F AR R RS, BB BRIRE . X
h=13.5 mm B, Bl & 2% 245 76 % B WAL K 10 1.8 GPa i wh i P/ FH I, 2R % AR AT ART B 02, A6 00 i) 004l 1)
B L [RIVE IR, Bl AR R VR BE 3G I, 0 8 M S U, R e IR A o
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Pressure/GPa Pressure/GPa Pressure/GPa Pressure/GPa Pressure/MPa

(c) =12 ps (d) =16 us
&9 13.5 mm BB T XEZGR ) ) 20 1 248 B

Fig. 9 Calculated pressure contours at various times for the configuration with 13.5 mm separation

20 —4
18 1.8+ g )
16 1.6} D ”
£l4r sl4f E f/ -
i g B
= 8 o
z 8 s 10 g / /
26 8 08F — 7
ars: A~ 0.6 J / \
2} 04 —K | .
— 0 02f / / / /
. , .1/ 5
Time/ps 5 10 15 20
P10 13.0 mm 6 26 B T o 4 25 0 M 2 I o 7 Time/ps
NI, st 253 L
Fig. 10 Detonation development process with Pl 11 13.5 mm [R] B 55 B2 B4 8e 24 1 R e
spacing distance of 13.0 mm Fig. 11  Extinguished process with spacing distance of 13.5 mm

X FANGUBKEZY TNT, 22 i T 227 W %) o (o e A 2Be 24 7= AR R 8, AT 9 BUR M E B 55 .
DRI I, SR FH K 24 1 LA 0 i 07 00, 75 310 2k TNT K24 09I S A 4 1R 1 20 0 2.1 GPa, 1 35 Al 1 B 25 24
A 22 mm,
33 TRIEFEWMIREEX FiEAAESIBINEI
i i Al T X6 e e 2 1 i S AR R G
HEAEH]. K12 Mheic i mh oI os B £
RAEDHRIE R AR 2 o= A ki i, vl P&t
— BR800 AL 46 2 38 bR, 76 25 S5 B O 1
P T b A SO AGE I, BT s AR B R T
T AR i B BE AT, PR G 25 AR R e B
JEAE B WA P 3% 55 o b i o Y B AR T Y ot
WAL 16 2 B W 5 9% 2 KE 285 ST AL I, BT 8k
24 1) 1 BT I /N T B i Al 1 5 BELE , 6 B i Al Shock
55 K 24 5 T A el U 7 A AR S ) R
M S8 B 05, T [ B R M 2 A b i . X T
i Y A, O A R B E R R A A
3, SRAT s B 258 B R AT B el U S 4G
FFH wh i i H S BT RS E L B SE R R S A%
4, AT SRAT IE A K 2 24 1 o 0 R T RN T AR
B B e, AR R K 2 1 AR R e D 0, Wbk &
AR REBE, XN TIE g, BT AR

Air

55 5 A B R RN S 7 ) R e AN T 22 B 12 s 2w g
W, A i TG B B 28 56 2 N o D 3 0 Fig. 12 Shock initiation of covered charge
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Je B 1K 5 WAk 5 T A et S A TR g, PRI T 1 e B TR A B K 24 1 b e g R DB
AR JRE R 5 BB I B S IR DG R o SR T A T I 3 A 0 i A 5 R JE X 5 % B 1 S e, AR F 5
S5 AT EE, W AR D RIS B R R, B

(d+a)"(h+b)" =C (3)
K. d AR E (mm), 2 HEEE (mm), a. b, m, n, C_ AR SENEHESE, BE G
12 A i Rl 15 31 45 S 801H : a=4.45, b=1.83,
m=3, n=1, C=8 033, 1 (3) X nI %, K& bt W H )& 80
VI B R, 54 BE B R B, BLA R B
ot Wi AN VS B2 15 9 g B ) o R O AR TT DAAR 4 .
R M A 7 A AR DA D R B S Xk A £ 40r
gy SRR IR . A0 13 BToR, 24 G B il

i, 2 TNT (9500 K% B 0 79 mm; 5 B i A )5 |

FE N 1 mm B K 2] 9 mm B, B %€ TNT or

(SRR BE 5 A S 1 mm B 1.5 m, St AR X oo 0 10 20

WA 2 B By 574 15 B AR SR BEAE 3 mm LA d/mm

i oot 51 B B B W B, KT FE 13 70 T AL 1 2 2

3 mm B, BE— 18 K R A B o S K 2 Bt Fig. 13 Variation of sympathetic detonation distance
it R T OB i shicid thickness

4 4 it

(1) X FH25 R SF R o35 mmx30 mm B R TNT, 24 5kl g 45 400 738 A KEVE TR, iR 56 A
B R A0 A5 300 (04 I S 4% 1) 57 WA S E R 20~ 23 mm A 24 mm, AR 25 /N T 16.67%; 75 AE 12 fil 4 e
PERT, S50 15 20 G S BE B AE 12~ 15 mm 2Z 8], FOE RS 2] 0 G AP B0 13 mm, 55045 R
FI AR IR 25 /NTF 15.4% . BUETT 4550 5150 45 R IR — 3, RUIR A ALE B35 W H AR AL BE U2 A 2L
A S s 2 o 5 AR G

(2) AR E H, FR2e TNT KEZG A9l AR R 11 290 2.1 GPa, 128 K I 5 2494 22 mm,

(3) AR B2 Al KE 25 A T - 90 4% B 85 i 5 5 o U P88 1) 348 000 T 06K /0N 5 224 I B A, 286 TNT ) o 4
FEES R 79 mm; 24 5E B EE A 1 mm B 00K E] 9 mm B, B R TNT A58 B 2 M 51 mm [& 4
1.5 mm, Jit#cpkoxt o A 2 B VR .

(4) 38 2o A 2o e/ T 406 15 21 5 i A 5 B 55 90 R B 8 P R BROC R, A T LATE — 8 Y Rl Y
ARG 1t 5 3% 5 A 194 7 3P e L b e P 2 ) e i 2B 2 il B P S, A B i 2R 24 1) o o 5 AR I
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Experimental and Numerical Study of Shock Initiation of
Covered TNT by Near-Field Shock Wave

CHEN Xingwang', WANG Jinxiang', TANG Kui', CHEN Riming?, ZHOU Lian?, HAO Chunjie’

(1. National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China;
2. China North Vehicle Research Institute, Beijing 100072, China;
3. Jinxi Industries Group Co. Ltd., Taiyuan 030027, China)

Abstract: In this study we analyzed the shock initiation process of covered TNT using experiments and
LS-DYNA3D to study the damage effect of the near-field strong shock wave on the covered charge. We
obtained the critical thickness of the covered plate for detonating TNT during contact explosion and the
sympathetic detonation distance of the covered TNT during non-contact explosion and the relation between
the covered plate thickness and the distance of the explosion using the non-linear least square method. The
results show that the numerical simulation results accord well with the experimental results. The sympathetic
detonation distance of the covered-pressed TNT in non-contact explosion ranges from 12-15 mm when the
thickness of the 45 steel covered plate is 3 mm. The critical thickness of the covered plate is between 20 and
23 mm for the pressed TNT ignited by contact explosion. The sympathetic detonation distance of the non-
contact explosion decreases as the covered plate thickness increases. Without a covered plate, the
sympathetic detonation distance is 79 mm. When the thickness of the covered plate increases from 1 mm to
5 mm, the sympathetic detonation distance reduces from 51 mm to 1.5 mm. The thickness of the covered
plate is of great importance for the protection against shock waves.

Keywords: covered charge; shock initiation; near-field shock wave; sympathetic detonation distance
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SEEGRE SR R AN Z A BIAEAR CAn &l 1 R ),
525 HE A9 R SE 44 050 mmx 100 mm, P | A1 2 % 25 25K
T W I T 200 A o AN % 24 R e 48 3 E 25 DOL il
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B WiFh, #Eah A AR S A EIRE, W25 BN 35 mm;
Fedh B i & A RE, R R HAZ N 34 mm, FRFR )2
MY BEJEE SN 0.5 mmyg 24 PR & 094 BEAR R I, AE G B TR iy BT ALE 25
HREBEZGEA Y TR A B 97.2%, Fig. 1 Structure of composite charge
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Table 1 Formulation and parameters of explosives

Explosive Mass fraction p/(gem™) Dey/(km-s™) 0/(kJ-g™")
DOL 30:60:5:5(DNTF : HMX : Al : binder) 1.84 8.65 6.56
DRLU 15 :35:20: 30 (DNAN : RDX : AP : Al) 1.88 6.84 8.19
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Fig. 2 Schematic of scanning test of detonation wave shape
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Table 2 Curve-fitting parameters of the expansion displacement of cylinder wall
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Influence of Metal Interlayer on Detonation Wave-Shape and Driving
Characteristics of Designated Inner/Outer Composite Charge

SHEN Fei, WANG Hui, LUO Yiming

(Xi’an Modern Chemistry Research Institute, Xi’an 710065, China)

Abstract: Two charge samples of same composite and shape, but one with and the other without an

aluminum interlayer, were prepared following the designated inner/outer composite charge. The expansion

process of the aluminum interlayer was determined by X-ray technology, and the difference in the driving

capability between the two charges were compared using the high speed scanning and the cylinder test. The

results show that the detonation wave does not change obviously due to the similar impedance. The

detonation products of the inner and outer charges can be divided by the interlayer when the relative specific

volume is below 3.0. However, the driving ability is not affected and the ratio of the specific kinetic energy

of the two charges is gradually close to the ratio of the two effective charging masses.

Keywords: composite charge; metal interlayer; detonation wave-shape; cylinder test; driving capability; X-

ray photography
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