2 HE A ORHURL R TR X O 5 S U8R KR il R 5

295

XEHE:1006-9941(2023)03-0295-11

B BEA B AL M X B I S RUR ME I IR B 2

B OH.® %

(FEHIRYEF A M T MBI, DI %E 621999)

wm O=E:

RoEBF.EZ A MEL KRR, E

B RAL,FHY

e T 6 T ORD I i) RUBE I 22 5 90 5 BE B ORE I OG UE T A5 A b I8 5 1 58 3 U7 1 ——The Laser-induced Air Shock

from Energetic Materials (LASEM) , 25 & Ik b 3406 28 48 Al i 3K SO BF 58 T A TR AR DL B A [i) M A 485 88 6 7 i 2k 7S R0 4% 55 1 2% e
(CL-20) . B 324 4 (HMX) (B &4 (RDX) 1, 1- 4 -2, 2- T 3L 2 1 (FOX-7) 1 2, 6-— 4 3E-3, 5- 7 fity 2L 1k w-1-% 1k W
(LLM105) 3% 5 Fl 5 BB A1 A e ol 5 4 AF 1 32 A9 5200 o &5 SR 3R 0 R AR /NTF 75 wm B 300 6 45 SR Qi 22 55 K 5 B AR AE 75~500 wm Z 18] B,

e 2 R S MR 5, EL S R TR AE BT — 20, BE WS 15 S 2 2% HAHR V1Al 92 B 1) 438 351

fE. MERBE/NT 0.7 g-cm I, I 25

W B BB 5 AR JEAE 0.7~1.35 g-cm ™ Z [A1 I, 0 ik 45 SR AN A2, L5508 AR 04 HE S — 2, 0 BB R B2 % i f.

KEEW : FOCES s T REARL SRR ;i il Dl R AE SRR O K
FESFES: TJ)06;T)55

NERARE: A

DOI:10.11943/CJEM2022291

0 5 &

4 fm BE WK b O AR I TE & A RE R T, 25 kAR
WO T 0 IO K S, 7E Rl | 3T 4F Ok B BB ML R
G T — 2 v R RE MR R S5 T B DR A U7 ik
— H M E ML E T E AR A (The
Laser-induced Air Shock from Energetic Materials ,
LASEM)™ . 3207 AR AR L 92 50 % RUBE S8 34, R DL
oV B TR GORD 1 ] 1) RUBE b W0 b W0 2 3038 A s i
R 3t R, DT BE 68 75 AH XS 22 4 1) BR R AR AS 5 RE A R
Y 5 22 2800, 0 L A R A RE Y B U 5 DL KBS T 1Y
i e AR A B, 78 G 205 R R e 25 PR BB A I L K
FERE LI 5 55 O I HA AR AP B I AT Ok
S A RE AR OGS T B9 /R T 7 AR A b R
1F 3 B3 G ST o ) e AR T A 9 2 S8, Hopae

Yis B 2022-12-05; €@ B : 2023-03-07

W 4 R B H# - 2023-03-17

EEWE : L T MORBE S BT BHE 4 (SXK-2021-19)

EEE A HIE(1998-) 5 B LAE B, T2 BN 355 RE BRI RE AR
W AH JE B 5K . e-mail : baoyuan20@gscaep.ac.cn

BEBRREAN: BU(1971-) 55 0P 58 5, 32200 S0 B HE J) 22 A G BT
%% . e-mail:li_ming@caep.cn

A (1992-), 55, B WFSE 51, 3 2N A BE A Rk ol A AR 2 LI
Hefb P A LT . e-mail : guoweizmf@caep.cn

7 I A R vh SO 2R G L e AR LA B Ok
V55 B MR A R TR B0 O R A o D
W) hH I 20 B L LASEMAE y — Rl BT R R B A W
FEUE BT il ol A A 3 R R R AR R SR ELAT R AT
0 S I (EL R 45l TR 38 (9 B i R A R
TEHRFE B ACTREE OB RE R 55 ) I 52 IR 1 AS T8 BT, T
Bt — L WRARFFR

Gottfried"” 7't & fe #4 %} B0 7= 25 1 #0615 S vb
Ve T HLERVERF I OB T A RE M BEOL B S R
e O vk K I S TR 28 A G5 1 BE B RE A RRAE w
dr U B R, 5 B BE I R 2 RE R R Ay R AT X
o, e HA RAF e etk . BliJ5 7E 2018 4F
XF 3% 5k AT R GRS F R T & R BRI T
B 52 A 17 O, HCAE 58 IA S R R A (RDX) B R AR X
S5 R AR /N, B AT 4 (HMX) LA B PBXN-5 fY 3 1
5 X ) e ) TR DR R U R ) (L S 00 B
ai I Rl 2 A b, R R VR A3 AT M DAAE hy — b 4518
o7 380 00 A o v

TR R B VT Z ST RS DL B 4
W0 B RE ARG SE EfE o Bai AN R W) A AN AL
BSR4 PBXCO3 K 25 76 A [|] wp i #omg B b AT T — &R 51
P RS o WEIE R B, K 2RISR /N K 24
SR AR KE 250 SRR R A K A TR

Sl AR I, AR, AW, AR R R R URL R R X O S O R e B A S D1, B RE A ORE, 2023,31(3):295-305.

BAO Yuan, GUO Wei, LI Ming, et al. Effects of Particle Properties of Energetic Materials on Laser-induced Micro-explosive Shock Waves|J]. Chinese Journal of

Energetic Materials(Hanneng Cailiao),2023,31(3):295-305.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2023 % H 314 %348 (295-305)



296

B, S, T G O, A RS, BRSE TR, W R T AR

SRR RS FUK R R R SE DR T S S A A
825 4% (CL-20) 2 B X NEPE #3188 3 19 57 ik
g LW HURLBE 19 CL-20 o 4I0k: 3 A9 STk B v .
e 4% 5110 33 1 MR S B A 5T TR A AL BR R TNT M
JB-B 114 52 i ik 5 o ) FURR BE L 25 A K B, LB
K, R R S ;1 A2 iy B ) G, R 7 38 5 K il A
J2 N il BE DA B g T E M O AR ISR T
AT Sl K 24 15 I 8 v I A A B 24 1% ME FRU
g 3G KE 25 R B R T o 1 B OBIE O M R X
AR LA 24 K 5 M e Y R e e B B R
B, G AR AR B AR R RN B S B I S b . e
A R R AR 1 T R R MR R S IR A Y & LA
UKL R X OG5 SR R 0 e e 5 e ik
AR AM .

R IE T TAE T, & 30 & AR A R B0O8 5 =
b i AR AR TR 2 A7 B R A I R B Y S e, [
BEASHIF 5T T i B R A RSB, Rr M ORi 8 HE B B2 L) &
T SRR AR 45 ) X WO U5 S 30k i o i 3K 3 T Ak 0 TR
AT, 43 M 5 GE M4 H UKL 4 P X 306 355 S op o ok
JEE 52 FLAEE S LASEM T 2% 9 A o £k g 7 2 AL 45040
S DI TS S A 53 Al PR 3R X OG5S o K b
52 KA R O TR TR 2 v i T R M R
F 22 PR R D PE AL B 0 982D B R AR 8 A i s
[i) 55 A, DA Bl 8 S 6 0 St 9 PR O 4 S T A A
U A R R AL RE MR RO . AR
JH LASEM J5 ¥ 0F 98 1 AN A R0 A DL K A [m) i BV 2 1
CL-20. HMX . RDX. 1, 1-— & %£-2, 2-— 7 & 2 ¥
(FOX-7) Fl 2, 6-— % 3-3,5- " ff FL b & -1- 1k )
(LLM105)3X 5 F & BE A BB WO 75 5 wh o 0 R AIE 3
BE22 5 I AT T Al B R A HE B B IXC(R]

1 LIeE S

1.1 MEFEE

MHOCAE IE S A B R BT, 2 R AR 1Y)
AL A2 SN, LASEM J7 2 3 S5 o 4l 42 OG5 = & g
MREBC N i R AIE 23 5, SR AR O BB AR OG5 =
ek s (1) R AE K i OE VR TR B BE AR B AR B
PRKE  NITTIE OBOGE 555 25 71K, N A0 it s 22 £ 4 25
B A ) S K, T R OGS el i (2) g
BU5 F G 4533 WY v o i AT A, ) e R €8 A
AILAH PE R B 18] REE 1Y 0G5 S W e o il Bl 8052
805 (3) ] EIG ab BRAR e B0 18] b SR 4R it i o2

Chinese Journal of Energetic Materials, Vol.31, No.3, 2023 (295-305)

FE - ) B804, o B0 P00 45 11 53 )5 159 B0 OG5 = 0%
o D S - ) L SO B 22 Ak R SR O 5
S p AR RS 2 A 5 R AR S PR AR AR
A5 7% WA 5 R il EL A R AT Y DGR

FE B AR 7E B 08 e b oRG A — 2 U ey, 24
REFINE T4 258 3 50 M R PRAE el b, S Gl i 2 i
45 2250 LA B 0% R 250K 5 7 356 385 1 1 OLTHT RS I o
FERR B IR 32 BN BWOC TR 5 28 5 mm  fE—Ab B
XIIEAT N — R S8 F AR R B 10k SR,

S A W ok BRSO R GRS T R &
AN iR o R T HA 808 UG &, L8
AT JE TR HSX-F300 1 2 1 SO IR, %l KL% N
300 W, )2k 28 b bk 4 PN 1 4% (L2 10.8 em, 45
P 114 cm) 578 TAE KB P AT, R &5 R 4
FEE(EA10.0 cm, 15 100 mm) B8, W &5 2>
[E] (A BE S R 108 em, 7 £ R A 8% T) i VI EI R 29— 1Y
Lk, T BE B AL 21 em, T 480 BB O F Bl %
CAHPL(SA-Z)HHE . 5 BUOR (AR P DL R RD 2X10° T
O S O T 0 oh o B AR AR A R T AR D]
F 1 s, R R /N 135%509 18 K o 87 & 3 AR HLA
PE LU RG] LU A B3 3k v i 20 b W 4R 38 o o it o7
EE B DI/ T 858 3k i B 4 R ) S B it 22100

flat total
g loa’y 1064 nm Laser

reflecting mirrors
Convex lens

Convex lens Convex lens
Camera }I‘ O = O ’ =< 532 nm Laser
Knife edge Sample stage Lens slit

B SiramER
Fig.1 Schematic diagram of the experimental platform
1.2 HiE4E

1E 45 B 0 K 2a B s 89 2052 AR I, A 2% T
MATLAB(R2022b) it % 55 1) A Jy* 52 B & {5 A0 3L, 4k 3
o T A A b U D R R R BE AL L K Canny i1 K
D, b PEEE SR AN TE 2b Bz o F ] tabulate pRZCN B 22
Ab BRI B 20 AR HEAT IR SE T, st Al LA 3 e ot
PR -IF I SR, AR Dewey HH BB TNT 45 22
S0 i A5 0 22 50 23 50 () T RUAS B0 5 ek B Y
2 F% -] 5] o B8, 18T AL T LB 22 WAL S TR RO
755 il P - ) DG R o IR SO ZR 0 s AR Y
R RE R PO T S B0 A bl 0 B0 R R R 2 R
WG TS = 55 B 1 MM ik I 52 5 A ok Y nfr o 8 490 4 3
o X

www.energetic-materials.org.cn



2 HE A ORHURL R TR X O 5 S U8R KR il R 5

297

B2 g0 (a)RIE AN (b) Ak 1S B 7R 4]
Fig.2 Example of the original (a) and processed (b) images

of the grain shadow
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Table 1 Experimental sample particle information
explosive d,/ pm p/gcm™ D/m-s" p/ GPa
CL-20 10 45 75 150 325 475 0.68 0.79 0.95 1.13 1.22 9650 42.5
HMX 65 150 275 325 550 \ 0.67 0.92 \ \ \ 8917 39
FOX-7 10 45 \ \ \ \ 0.51 0.41 \ \ \ 8870 34
RDX 50 250 400 \ \ \ 0.58 0.96 \ \ \ 8661 32.6
LLM105 22.5 50 225 500 \ \ 0.37 0.55 0.86 0.91 \ 8560 34.99
Note: d, is the particle size; p is the bulk density; D is the detonation velocity; p is the pressure peak of shock wave.
a. before micro-explosion b. after micro-explosion

3 65 pm HMXBOGTE S WU KE RIS 09 12 B EHR

Fig.3 Microscopic images before and after laser-induced micro-explosion of 65 pm HMX
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b. 325 pm
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Fig.4 High-speed grain shadow photographs of CL-20 with 10 wm and 325 pum at different time after the onset of plasma formation
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b. 325 pum
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Fig.5 High-speed grain shadow photographs of HMX with 65 wm and 325 um at different time after the onset of plasma formation
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Plasma

Plasma

b. 45 pum
6 10 pm FOX-7 fil 45 wm FOX-7 7655 & T T T IR 5 A IR I [] 4 s 805 R
Fig.6 High-speed ripple shadow photographs of FOX-7 with 10 um and 45 pm at different time after the onset of plasma formation

Plasma

a. 50 pm

Plasma

20,
b. 400 pm

Bl 7 50 pm RDXF1400 wm RDX7E S B 1A T 4 J5 AN [7] i 1] ) 75 2 805 B 7
Fig.7 High-speed grain shadow photographs of RDX with 50 wm and 400 pm at different time after the onset of plasma formation
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Fig.8 High-speed grain shadow photos of LLM105 with 22.5 pm and 500 wm at different time after the onset of plasma formation
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Fig.9 Laser-induced shock wave velocity-time curves and laser-induced shock wave characteristic velocity-grain size curves for

different particle size energetic materials
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Effects of Particle Properties of Energetic Materials on Laser-induced Micro-explosive Shock Waves

BAO Yuan, GUO Wei, LI Ming, XUE Peng-yi, WANG Xiang, HAO Shi-long, CHEN Si-tong, CAO Wei, XU Jin-jiang, LI

Hong-zhen
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: The Laser-induced Air Shock from Energetic Materials (LASEM) , a laser-induced air shock performance test method
based on milligram-scale energetic materials on microsecond time scales, was combined with a pulsed laser system and
high-speed ripple shadowing. The effects of different particle sizes and different stacking densities on the characteristic velocities
of shock waves from five energetic materials (CL-20, HMX, RDX, FOX-7, LLM105) were investigated. The results show that
when the particle size is less than 75 wm, the measurement results deviation is large. When the particle size is in the range of
75-500 wm, the measurement results are less volatile and consistent with the order of the burst pressure value, which can be
used as reference data to assess the actual burst performance. When the bulk density is less than 0.7 g-cm™, the measurement re-

*. the measurement results are more sta-

sults fluctuate in a wide range. When the bulk density is in the range of 0.7-1.35 g-cm”
ble and consistent with the order of the burst pressure value, and thus the measurement value is more valuable.
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