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Table 1 Seven simulation plans with different charge parameters
numerical plan D/mm m, /g m,/g m,/ m,
1 20 47.3 1411.9 0.0335
2 24 76.8 1117.9 0.0687
3 30 105.1 1201.1 0.0875
4 32 135.8 917.1 0.1481
5 36 170.0 980.3 0.1734
6 40 186.4 882.2 0.2113
7 44 250.9 690.0 0.3636

Note: D is charge diameter of explosive, m, is charge mass of explosive, m, is

charge mass of tungsten powder, m;/m, is charge mass ratio between

explosive and tungsten powder.
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Table 2
plans at 300 s

plan7

Dispersion state of tungsten powder under seven plans

Dispersion radius of tungsten powder under seven

numerical plan m,/m, r/mm

1 0.0335 128.47
2 0.0687 181.12
3 0.0875 209.68
4 0.1481 267.61
5 0.1734 290.04
6 0.2113 311.22
7 0.3636 401.45

Note: ris dispersion radius of tungsten powder.
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seven plans with different charge mass ratio
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Table 3

seven plans with different charge mass ratio

ChE T R R R

Velocity characteristics of tungsten powder under

plan m;/m, v, v, V=V, Vi

1 0.0335  339.27 236.24 103.03 272.01

2 0.0687  542.07 348.94 193.13 416.17

3 0.0875  622.13 361.98 260.15 481.9

4 0.1481 811.84 576.05 235.79 633.10

5 0.1734  915.83 598.73 317.11  699.42

6 0.2113  1012.80 647.91 364.90 779.34

7 0.3636  1297.11 876.62 420.53 1026.26

Note: v, is the maximum dispersal velocity, v, is the minimum dispersal ve-
locity, (v —v,) is the velocity gap between maximum and minimum

dispersal velocity. v, is the axial average dispersal velocity.

1400 1 ) ) )
—=—maximal dispersal velocity

19004 —average dispersal velocity

—

@© o

o o

S S
1 1

velocity / m-s’

D

o

S
f

S
o
S
f

200 r T T T T T T ]
000 005 010 015 020 025 030 035 040
charge mass ratio

B 6 R [WKEZG /8 Bk LR BB A9 S I OH
Bl fc i 2

Fig. 6 Maximal and average dispersal velocity of tungsten

BELL K E 1

powder under seven plans with different charge mass ratio

5 WKIEEIE

5.1 REHE

TR TP R AT %< 24 0 0 1, A 400 o o 3 ke A 4
Ko TEINRR A 4E 5 G A RHE N SERA R, RN
60 mm ,BEJE 5 mm, KB 100 mm, 005 % B — 3%
ORI, B KRN A2 R R
1.717 g - ecm™ o 4 T 56 30F 4 25 /89 8 B & Eb X 44 )
il B B 09 5, O 5 05 B R AT R e, AT it
T3 MAF R I, SHETEL, FE
3, JrF 6 Ml ,3 Ry Z %25 ARy 20,30,40 mm,
IRy A 3 O 1.4,1.2,0.88 kg, X I Y AF 24
0 R H 4850 0.0335,0.0875,0.2113

7 SR AVR B Y i i 0 B 3 1 45 A I, D 7
BN TICE — ARORFT, L 2R e BT KT T, AR T g [

o K 2015 % % 23 4% %3 (258-264)



262

X, BeoCHE, T, I, £REM

TE— AT A S BB T KO S b B
S P JEG 0 B M TET ) 55 B M 0.8 m RS, R TR S AE
2y A KE B A B ARG B0, 76 BE B AL ALL B 20 m Ak Y
B G R B AL, A5y 5000 it/ A

B 7 IRl AL 0L i e 1o 0 B A e 1
Fig.7  Static explosion experiment layout of low collateral

simulated projectile

5.2 AWERSH

K8 Sl KE 2y /45 K R HE 0. 0335, 0. 0875,
0. 27171 3 A S 01 55 AN [i) B 221 Ay 4 60 AR 4 4 4R 25 4 He
Bl eI B v, B — B JORE TG I o B AELR e A ™
AR R 2= A AT DL TE B8 R v E A TORS o M Am B, DXL ot T
DA 1 3 5 5 BB R e 3 T 7 S e 2 W A A sl DL &
R A0 R 5 5 7 W) K BRIV I R o 2 50 4 A 1Y)
TR G300 T SRR F B 2 T W 3 I N AR i R
BB H = T J R 2 B Y B RS 1 v Bl g
BT FRAE R A, X BB R TAREBEE Y
ik (TCIRA BA B AFAE ) 5% 7 W Rl 1 25 <=2 T
4 fk T & AR DR B0, RO R S R MR N, 55 A T
DA K B[] — Bsf 220 i 5 T B 1 86 K, 5 B 1 i ik 2
HH A K MR v o R R T S A G, R AR DG 4
BT 3 Rl S R R A f R I ARGH E 4 R
278,580,1000 m - s,

0.2ms 1ms

2ms 3ms

a. m/m,=0.0335

3ms

b. m,/m,=0.0875

c. m/m,=0.2113
8 3 BlKEZ /R IR LR 25 I 20 B () HR K L IR

Fig.8 Explosive dispersion state of tungsten powder at different moment for three charge mass ratios

B KE 25 /8908 AL L B R 5 B K 25 A0 6 2 Bl

Chinese Journal of Energetic Materials, Vol.23, No.3, 2015 (258-264)

St

ANT(8) L HEAT HE T, 2 O ) JBE B R

www. energetic-materials. org. cn



AR A 415 55 0 50 245 1) KF 24 /855 0 A TG 5 e 0 A 42 1) 52 g

263

b ficAo) 1 5% AR il 2O 5 A [ K 25 /4500 i HE R A
Yo i A 200 32 A K (L 05 0 45 3R DL R e 45 SR R AT X L
W9 Fros o LA L BUE 07 1 BLe TR S K5 4
RBPIEAR — 2 X EER T RBUE O H BT
Je— R BALIR A, BeA 25 18 23 O e i Wi, LR A
AL T G Al 1% 55 77 ) ) S T o

1400 o .
—s— numerical simulation

1200 4 —e— experimental

"o —a—theoretical
£ 10004
=
38
%.) 800
E 600
£ J
£
400
200

000 005 010 015 020 025 030 035 040
mass distribution ratio

9 EBILHR T A ARG R 4 R R L
Fig.9 Comparison of simulation, theoretical calculation and
experimental results for initial dispersal velocity of tungsten

powder

6 % &

XTI 550 245 425 0 4R AR S ) Ay B T R AR Al
B HE 2 AR OGBS ST T R M AR 5 2 R
I Z B RS O R ELRL R ] AUTODYN-3D #{4:
X AR B0 58 247 % e 0 e R R AT B O Herp 3
5T 2 LU 7 SRR AT TR BRI, 15 2 T KE 24 /4 R i
5 R IR YOG Rl 2k, 25 R R WA e AR 2
ARG O 88 i 4w 3 5 i be S AR etk
i G OC AR I R 0 2 5 B Ry 1 T i L AT LA R
AR i R 8 e 7 B2 SR AL R 2 R R
S S EE € xMHFTHERA: y=
2577x°°°" 0 <x <0.1734
{1876x°‘4°42 ,x=0.1734
SR [ J3E 5 B ) 8 4 A R A O B B AR B O R AR
[ R IR i S

o ANWETE A 2R W] LU oK A

2% 0k

(1] A5 ARBHH S M 25 Bt B S M I Jp AT [ D] I At ma st B
[ k2%,2011: 1-5.
ZHU Liang. Design and principle analysis of low collateral dam-
age ammunition [ D ]. Nanjing: Nanjing University of Science
and Technology, 2011 1-5.

(2] WRSck, FWEny, 2 ScMs. BRI S05 55 24 5 K g B BLIE 20

CHINESE JOURNAL OF ENERGETIC MATERIALS

SEAT S]] KMy 2E4R 2009, 32(2) : 21-24.

YAO Wen-jin, WANG Xiao-ming, LI Wen-bin. Theory analysis
and experiment research on blast effect of low collateral damage
ammunition [ ) ]. Chinese Journal Explosives and Propellants,
2009, 32(2) . 21-24.

WESCHE, TEWERG, ZEIOMS. R 2 2 B L R O A 2 A
BIREm ()], SRIE A4, 2010, 22(2) : 94-97.

YAO Wen-jin, WANG Xiao-ming, LI Wen-bin. Effect of config-
uration proportion of high-density metal ammunition on killing
radius|[ ) ]. Journal of Ballistics, 2010, 22(2): 94-97.

ETF, MY W ANGURLR K SO 5 B B BB R [ C T/
[E 225 22 R K%, 2005.

WANG Zhi-fang, ZHENG Bo. Numerical study of near-field ex-
plosive dispersal of solid particles[ C] // China mechanical Socie-
ty Conference, 2005.

—
w
[

—
N
[

[5] EEDY FBUE. Xt [ A BUR R KE M iy 3 e 7 [ C /b B 2%
o AR K 2x, 2005.

WANG Zhi-fang, ZHENG Bo. Theoretical analysis of explosive
dispersal of solid particles[ C] // China Mechanical Society Con-
ference, 2005.

[6] Zhang F, Thibault P A. Momentum transfer during shock interac-
tion with metal particle in condensed explosives[ C] // AIP Con-
ference Proceedings, 2002, 620: 934-937.

[7] Zhang F, Thibault P A. Shock interaction with solid particles in
condensed matter and related momentum transfer[ J]. Proc R Soc
Lond A, 2003, 459(2031) : 705-726.

[8] EfEHR, BEK. #MALZ A& [M]. dbat: Jbat 8T KR53 )
#,1993.

[9] Ripley,R C, Zhang F. Acceleration and heating of metal particle

in condensed matter detonation[J]. Proc R Soc Lond A, 2012,
468 1564-1590.

[10] H&ty, Emens. REE L PRIEREG AR EMRD]. BIES
Wi, 2003, 25(6) : 569-573.

YANG Dong-mei, WANG Xiao-ming. Study on numerical simu-
lation method of explosion in concrete[J]. Explosion and Shock
Waves, 2003, 25(6): 569-573.

(V1] T3, EHY, 5. SPH/FEM M & 50578 M 6 2 & U HT R B 5L
BB RN A ()], RSB, 2010, 24(3): 161-167.
BIAN Liang, WANG Xiao-jun, ZHANG Jie. Numerical simula-
tions of anti-penetration of confined ceramic targets by SPH/FEM
couping method [ J ]. Chinese Journal of High Press Physics,
2010, 24(3). 161-167.

(127 KB, EWend, 2= 30Ms. A S BOuk G I 42 19 2F 10 FRLEE A A 5 1)
W] iR R, 2009, 26(1) : 39-42.

ZHENG Yu, WANG Xiao-ming, LI Wen-bin. The effect of finite
element model parameters on jet penetration into semi-infinite
target[ ) ]. Computer Simulation, 2009, 26(1) : 39-42.

[13] BUEr, B, AR, B WL RS TR T[] mE
YRR, 2009, 23(4) . 277-282.

ZHAO Zheng, TAO Gang, DU Chang-xing. Application re-
search on JWL equation of state of detonation product[])]. Chi-
nese Journal of High Press Physics, 2009, 23(4) . 277-282.

(147 BAER, 2 Wal , BRI F 25 TC Lo X B 5 0% B i 58 405 ik <) 74 i 4
R[], HEFSH S, 2012, 32(1): 108-130.
HUANG De-yu, WANG Jian-ru, CHEN Zhi-gang. Influence of
explosive radio on energy output of ceramic low collateral dam-
age warhead [ ) ]. Journal of Projectiles, Rockets, Missiles and
Guidance, 2012, 32(1) ; 108-130.

o K 2015 % % 23 4% %3 (258-264)



264 XUR, BRoCHE, BT, IO, EhENY

Effect of Explosive /Tungsten Powder Mass Ratio for LCD Ammunition on Dispersal Characteristics of Tungsten
Powder

LIU Jun, YAO Wen-jin, ZHENG Yu, LI Wen-bin, WANG Xiao-ming
(ZNDY of Ministerial Key Laboratory Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To study the effect of explosive/ tungsten powder mass ratio on dispersal velocity of tungsten powder for low collateral
damage (LCD) ammunition, a model describing the theoretical relation of initial dispersal velocity of tungsten powder and explo-
sive/ tungsten powder mass ratio was established based on the related theory of explosion mechanics. To analyze the axial velocity
of tungsten powder, seven plans of explosive/ tungsten powder mass ratio from 0.0335 to 0.3636 were numerically simulated by
ATUODYN-3D software. The axial dispersal velocity of tungsten powder under different plans was analyzed and compared. To
verify the theoretical model of initial dispersal velocity of tungsten powder and mass ratio and simulation results of initial dispersal
velocity of tungsten powder with different explosive/ tungsten powder mass ratio, the experiments of three LCD simulated projec-
tile with mass ratio as 0.0335, 0.0875 and 0.2113 were performed. Results show that the relationship of initial dispersal velocity
of tungsten powder and explosive/ tungsten powder mass ratio is nonlinear increasing. Increasing the explosive/tungsten powder
mass ratio can effectively increase the velocity of tungsten powder, but when the explosive/tungsten powder mass ratio is greater
than 0.1734, the promotion effect on the velocity of tungsten powder will began to decrease. The simulated results and the theo-
retical calculation results of initial dispersal velocity of tungsten powder are in better agreement with the experimental ones under
same mass ratio.
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