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Structure diagram of the warhead with a composite
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Table 1 Parameters of JWL equation of state for explosives
, D A B
explosive . . R, R, o
g-cm™ /m-s /GPa  /GPa
JH-2 1.72 8425 852.4 18.02 4.6 1.3 0.38
DHL 1.823 8270 752 12 4.4 1.3 0.33

xR2 IEHRN IWLIRE T ES K
Table 2

explosives

Parameters of unreacted JWL equation of state for

. EO
15 P A ] I AR AR ISR W LR ZS Dy B, sh g Olosive ATGPa BIGRa R R e
B R FH Shock R 2 J7 B4 A | FL AR 0 K 25 855 0 S 50 )% DHL 4066 -133.9 7.2 3.6 0.9 0.00091
RAMAMESHILF1~F 4, TR R 45780, H
T3 MEZG S IO AR N Ry R S R
Table 3 Parameters of reaction rate equation of ignition and growth model for explosives
explosive I b a X G, c d y G, e g z
DHL 7ell 0.667 0 20 6500 0.667 0.111 1 200 0.333 1.0 3.0
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Table 4 Parameters of equation of state for polyurethane

plg-cm™ sound velocity / km-s™'  Yugongu coefficient A

GRUNEISEN coefficient y

shear modulus / GPa  vyield strength / MPa

1.265 2.486 1.577 1.55
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Table 5 Material parameters of 457 steel

p GRUNEISEN shear modulus yield stress hardening constant . . o )
3 - Geometric Strain Principal Strain

/g-cm coefficient / GPa / GPa / GPa

7.896 12.17 81.8 0.352 0.3 1 0.32
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Fig.2 Propagation of detonation waves and shell breaking process of warheads with a composite charge under single-pointinitiation
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Fig.3 Propagation of detonation waves and shell breaking process of warheads with a composite charge under internal and

external simultaneous initiation
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Fig.4 Dispersion of fragments from warheads with a composite charge under two initiation modes( =200 ps)

127 13.6
10 +43.0
2
3 8 124
£ o~
o 67 1.8 §
© g
g 4 1.2
24 40.6
¢ 8 10 1 0:2
shell thickness / mm
B 5 ARGEHREET 0.1 gk B8 A3 5 w28 ik

Fig.5 Variation of average mass of fragments above 0.1 g

with different shell thicknesses

21001 . = single point nifiation(v1) -2.1

1800 \ awzltaneous initiation(v2) he

£ 1500 115

21200 11.2
g S
T 9007 7460 {09

600 10.6

3007 10.3

0- 0.0

10
shell thickness / mm
6 ANIA]SE R R LT A B B A
Fig.6 Variation of fragment velocities with different shell

thicknesses

A AR ZE 1000 m-s™ DU, B b ] 0L, 52 A BE i JRE AT
B RRARRE A AR . LR PR TR R T B R R Y
FE AT AT, AN TR BE ST PA N R T B A B b o

Chinese Journal of Energetic Materials, Vol.30, No.1, 2022 (50-57)

W, N 74.6%~80.5%-,
33 HOEAERHEN

Sy it 25 0 % 2 AR X R SR SRR R
SR R ICE A B R b R AR N, R AR
e 25 AN S8 AR, oD e 2 ELAR K, B0 J2 B AR
R, Lk B ABE IR R 10 mm, BT X 0262 B
4394 20,25,30,35 mm F140 mm , 41 (4 B 4% 2
JERE A9k 22.5,20,17.5,15 mm 1 12.5 mm, H4
RS PR AS AR 119 22 25 45 40 FF TR B 9T

) b B o AUBCRE M 4 3 7 T — AR AN
AR EARFRELGEMT 5 SRR T 0 A F
Y43 IO A A X PN A [ He R T A e A B an R 7 BT
Mo B 70T LUE I AR SRR T BEE Ok B
RN, 0.0 g LA b ik i P 4 i 2R R R B 2
7.5 g FREZE 3g A7, ik R 5% 105 o0 19 °F- 38 It i AR 4k L
AP A, 3k R R 0 S A 2 T 0N R R R
T 55 5 T AE N A0 ) B RS O T R PO B2 AR Y
B, 0.1 g LA bk AP B E AR R, R AE
3 g A By, 3 IR P A T s AR B R 2 1 B
PRRCR T EATR A K, B2 25 B A A8k, F 3
FEARTE R 0T X B R D Sh AR BN . Bl e 2
BRI, EAR 40 mm B 55 T i R 7 2 5 A
XFF N AR R R O A g R TR T R BEA
BRSBTS r R 2 HAR
9 20,25,30,35 mm B}, fifi 5 H 0 25 AR BTN,
& e

www.energetic-materials.org.cn



S5 K S BON S 5 %6 25 T T A A A 1Y R T

55

LR T R T X R A T A A R R AR R
19 A SRS A A, D A 3 24 S 3 A T S A T 5
AT i 2 S ORI

8+ —=— single point initiation(m1) 3.2

—e— simultaneous initiation(m2)
7 h miim2 12.8
Zi
61 124
%

. 178 \1;2\ 120
30

1.6

\1

34 — S ()
21 {08
11 {04
0 00

20 25
center charge diameter / mm

7 ORFEOEZHART 0.1 g L Bk 735 i & 28 b

Fig.7 Variation of average mass of fragments above 0.1 g

m1im2

average mass / g
N
1

with different central charge diameters

FRAE 15 3% B 1 30 25 Gauges A5, 1] LAIE BE 76 A TR
AR 7 T S8R L o R e L T SRR T
Wl o (7 9 A TR R T L ), S5 R UL IR 8.
8 0] &t , Bl A 2 2 ELAR A1 o o ke g =
R RS E T, DR R TN RN
B, M G A 20 mm BN E 40 mm IS, B
HEEH 1100 mes™ 247 EFAE 1300 mes™ 2247, B L
AL, o ars 2B 2 AR I 38 et B A R S e AR N
5% B o RS AR T A R B A Ll AT N [ v 2
GHAT AR TR EE S LR IEE,

71.4%~75.6%
18007 —=— single point initiation(v1) -1.8

—e— simultaneous initiation(v2) -
VIV " o
1500 ° 915
_'<(7 I
E12007 _ = 11.2
5 s
< %007 7149 75.5% e (092
> >
600 0.6
300 0.3
0- 0.0

20 40

genter charge diameter /5mm
B8 NIFIHE 2y AR N b AR AL

Fig.8 Variation of fragment velocities with different central
charge diameters

4 KIGIWIE

4.1 Wit

XF P AR T R, L B2 AR N 35 mm, 5t
PRBERL R 10 mm B9 52 4 %6 25 51 30 E 47 s
AT T IR R T B R R o D R AR R

CHINESE JOURNAL OF ENERGETIC MATERIALS

B 2R AL, I R R W A R 8 T =, 4 i) S g T O
B R R P A [ B R AR e B R o B ) 87

TSI, P A ) R T b 22 R N 4% S
22 R R T 5 PR A AR BBE A ] 0 4 A e ke Y AR
KM, BEARAEHEEHBEERE T m S ER
b R AR R D 2 m AR A R
J1A% %A AL AR B 5y S5 1E PCB A W) Y 113B21 Y
Ji HL 2R AR B AR 43028 50 psi A1 100 psi, f£ 8%
i BB AR AR 300 kHz, REE 50~100 mV/(Ib-in™),
FRER AR R 1 MHz, A% A H Wi T 5 b T 5 5 R
B R B 0 5 mANCE T3 SRR N,
HMERSE R 2 m Y8 1 mJE 3 mm ; HE B 250 1 A
HC 1.5 m A T.8 m Ak 43 E T S 5 D A SRR S
TR BCE T R A . R AR R s B E 9 iR,
Mg A 10 s .

? recovery sand box
A

rojectile velocity

test projectile Ilmeasurement-
1.5 1.8m 1m
sensor, 2m

“5m

steel effect tab%

9 s A R R A
Fig.9 Diagram of the test layout

.

b. warhead structure

10 B AT 5 R4 4

Fig.10 Test layout and diagram of warhead structure

N XK 2022 4% %304 %148 (50-57)



56

W, IS B RS, E IR

4.2 REWEREHH

(1) % - 34 1 1 43 #r

PR R A O SR Tl e w43 A I O s 1
o AT Tal DU rfo B R T 2CT [Tl iy
/INJBTEE W B D T N A [ e R e O T B 4 2R T
R R 0 22 PN A TR s R R R AR A O 2CT [l
Wk B PE 0~3 g, 1 g DL R IR A H 2
SRk R T A A R AR O 2R e 2
BN SE A UHIESMNZ R 415 3] T 785 R .

S3 AT LSRR R, T AT s BRI
oM 3.01 g, INAMRII AR T % A 9 F- 3 B o 2.80 g,
5 B A 2 1Y PR SRER TE A E  E 3.96 g,
A A ] B R R i R B S B 2.53 g, il e A
505 B 8 e A e, AR X R 22 40 51k 24.0% Al
10.7%.

(2) W R o

SR FH ) 3 S0 %o 58 < 5 R ) R R AT 0
%ﬂiﬁ@%?&ﬁ%%&ﬁﬂ%jmstW%ﬂﬁ

253 1123 ’é”’w 33 B8 5 | e /vvx z~;é. m
‘:” }2‘ :&:* E. ""6 "J L g
' 2

S e “ m"’*"%‘f? %(‘
WERT A 5

a‘. “u
EE) ‘F,

};-i A ; ‘u

a. the single-point initiation

Bt PImE R D5 U o A
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Table 6 Number of steel effect target holes
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Influence of Structural Parameters on Characteristics of Fragments from Warheads with a Composite Charge

SHEN Yang-mei', LI Wei-bing', CAO Ying-jun®, LI Jun-bao', WANG Xiao-ming'
(1. Ministerial Key Laboratory of ZNDY , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Beijing Special Vehicle Institute , Beijing
100081, China)

Abstract: In order to study the influence of structural parameters on characteristics of fragments from warheads with a composite
charge, AUTODYN-3D finite element calculation software was used. Next the propagation of detonation waves and shell break-
ing process of warheads were compared and analyzed, under the central single-point initiation and the internal and external si-
multaneous initiation. Then the influence of shell thicknesses and central charge diameters on the average mass and velocity of
fragments from warheads was obtained. The calculation results show that, with the increase of shell thicknesses or the decrease
of central charge diameters, the average mass of fragments under single-point initiation increases more times than that under in-
ternal and external simultaneous initiation, and the difference in power output of warheads between those two initiation modes
becomes more significant. The static explosion test results show that the average velocity of fragments, shock wave overpressure,
and the number of witness target holes under internal and external simultaneous initiation increase 27.1%, 31.4%, and 39.3%,
respectively, compared with those under single initiation. The test results are in good agreement with the calculation results.
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