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Effect of initiation models on the fragment velocity distribution
of elliptical cross-section warhead

DENG Yuxuan, ZHANG Xianfeng, LIU Chuang, LI Pengcheng, MA Zhengwei, LIU Zihan
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: To investigate the velocity distribution characteristics of elliptical section warhead (ECSW) fragments under
different initiation modes, a numerical simulation model was established for five ECSWs with different shape ratios. Numerical
simulations were conducted to investigate the velocity distribution and energy output characteristics of fragments from ECSW
under five different initiation modes: central single-point initiation, dual-point initiation at the midpoint of the minor (or major)
axis, four-point initiation at the midpoint of the major and minor axes, as well as surface-initiated detonation. The research
findings suggest that the maximum radial velocity of fragments follows a consistent logarithmic growth pattern in the radial
direction across various initiation modes, increasing from the major axis to the minor axis direction. With an increase in the
shape ratio, the difference in fragment velocities between the major and minor axis directions gradually decreases. However,
the maximum velocity profiles of fragments from elliptical section warheads exhibit noticeable differences in average
velocities under different initiation modes. Surface-initiated detonation produces the highest average radial velocity, whereas
single-point initiation leads to the lowest. As the number of initiation points increases, the overall average fragment velocity on
the maximum velocity profile gradually rises. In the axial direction, the influence of rarefaction waves leads to the maximum

fragment velocities occurring near the 1/4 position from the non-initiating end at different azimuthal angles. Initiation points
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along the minor axis enhance the fragment velocity in the major axis direction near the initiating end compared to initiating
points along the major axis. However, there are no significant variations in the axial velocity distribution of fragments in the
minor axis direction. The different initiation modes have negligible effects on the energy output characteristics of elliptical
section charges. Approximately 27% of the charge energy is converted into shell kinetic energy, while 50% is dissipated
through casing fracture deformation and air shock wave propagation.

Keywords: elliptical cross-section warhead; detonation drive; fragment velocity; initiation model; energy output

DA 680 4 v 5 - 358 Ay A ) A T 2 ok S T2 A T g =135, DR HG 5 g A e 9 A 198 28 1 15 AT 2
Uy B 2 [BE FC P, I AFRAR B T N AMEE B2 0 . FAT, & T AR A A1 TR AE A2 48 0 iR
75 3N BB A ) 358 A B4 AR 9 A DA SR, L AR R S A (58] v 5% S 308 A 7 1) A 0 e B B 7 1)
BRI EA S g A JRE T SR T AR (5] 7 TR - 08 3% B ) 8 A1 LA R AR P A A I ) B A T JRE A o
R TR RR G Be, iR T REAH AT

Xt A% G BT AR A5S-S5 ) S 0 [ 53k e T KRR I ) R A A
229673 305 Resnyansky 555 e FRUERAU T L 70 B T AN [RIEAR D7 30N - T0R80 A (4 3 38 B 5 B A, K
IR FH 1A R B B A5 S B8 P A% M 0% B s Held™ )| Huang 551 B T30 45 K X Gurney A7 #4714
IE, B2 T3S T O R AR 3T A 2 Li AR B BE 72 A G Lo SR ) UOT e T R GE YU BiG
FBUERAUIEFE, 73BT 1 i O A 0 10 S 88 ) 348 2 ML, i 1 — 24 5% A5 AR e 4D RE At 20T O I
B, BT — BRI T A i O A AR B A BT T . An AU B vh 2 A 2 A5 4, TTRE T A
VAR RUE AU ST, K BUAE e 28 h 23 AR J SR 7= M) S e < SR8 ™ 200, o T it o A AR T DN 8 -
JE . Guo U™ BT RUBMAL Tk, 3 M 17 i oL 22 KB A5 IRl St LT 78 952 X ¢ A 38 B2 A B9 52 M HILBEL, W58 45
SR, S TR AL A AN 52 2 253 1T pl TR/ N, -5 LA I T AR 5

Xt S A F, Guo S5E1 BT AR ERUT 5, ARG T D ) 3 A A [
7 QUL B AN TR 2 S5 R T B0 P9 B8 e 2 ) e A AR, A BN () Py i 02 B 2 (8 5 52 i) D JE s
FRAY B A o Ding SR Bt T HA A RIS 99 D I 5E i, IF TR Tl ursT, 345 17 D B
R AL ARG RO A ATERCC AR o AN, BRI S0 ol T BAT ey ) 8 ok T 8 A ek, (R i — 28
A IR T R A I AV E ARSI 5T, T A 5 T (B A A=), A [) 0 ke 4 07 X RE 08 1 25
M AT A3 S B8 A ) 2 ) e J38 A 122200 6 A 3] 4 AT 31758, Deeng 5527 XA AE 21 JF e 17 &
GERIX B AT ST, BRAT 1 S 1T P R AR AR P AN T R iy e P A 630 46 T A S S 1 R S 1) 3 BE A
IS5 5 BB AL, T3 12 0 OS2 IR S i FEHEAT IR AR o AR S Sl BUE A A 1 DGR
FEAE P G 158 AR - S A2 fi S EE 23 A, I T RUEARAUL B IE T Gurney 23, #2115 7 — T
N 10 4B AT S R A E A i 22 v 3 AR A — RS KB T, 3 M T A (B I -
PSR R A A o e e e P 22

LR LRTIR, AT T 0O AR S S 3 oA (89S 5 B r A (B IR RSG5
TET A5 S 3 B0 AT 5 AR T A% 8 B SRR AR, e /D T T A [ A TR S A A O X AR 22 R R N B
JE AT RIS, TR, AN [l k2 kg 07 3O, A9 BRI 24 0 A K B it e P S TR o DRI, AR S o 2
TR SRR A, FE ST 5 i AT A [ 26 24 R A o L T R et B A ] ¢ A 631 T - P S R A A
T, 2 5 i T B R AR R R R O R AR | R T P OO | R R R 4 S A LA i T A
HER A 5 Tl b 8 5 O AV 630 9 T - PR 3 B8 A ) MR AL, 3 BT A [ A 7 T A 163 4R T 3 24
Ha K R R Al AR, LUSOD A A 830 I kS-S0 ) TR o P 4 it e 5

1 HERYPRER

1.1 MRHRHE
MR A DR R H 7 3 T R AR B P B R T B AR AR R 4 Ay, HL AR R S S TR AR B i e R R 45

101406-2



5 44 45 FRFET, A AT OO I T ) S R A S 5 10 3]

e I ACE: bR S Bk EERR (poly ether ether ketone, PEEK), [K iy JE & 5 PEEK EA ML . ARAKATHL
BT 2EVERE, S X BUE A A S, SR A 52 e AT DL 2, SRR 245 B JE 24 . >R Johnson-Cook 48 f4#5
RURAR IR GG ER AR R T -

o= (A+Bel)(1+Cln)(1-T") 1)
KA. B, Con Flm HMRVEEL e, WEROBIENAE, & HT0w WML T8 Jo i WAHXRE, T'=
(T-TH(T,~T), Horb T, =ik, T, bEHE . BAREUE S T35 19

=1 454X Johnson-Cook A5 %4

Table 1 Johnson-Cook constitutive parameters of 45 steel®

g A/MPa B/MPa n C m T./K

AISI 1045 507 320 0.28 0.064 1.06 1793

K1l AUTODYN H i) Mott BEHIL 2R S5CRE R 5 1R 58 A7 22 K 5l B e 44 1 47 8, ik =X0h

dp=(1-p)Ce?de 2)

o 1-p MBI AR /INT & B A RBUIAESR, CF1y E L H oy BIHE AN
~160x — 2 3
VX v ey 3

K o T R RN 1Y LSRN T, oy ShBE R E 1 5B FR B, e W IRPER AR o Li Al ) A g iR S
T A5 IR y e o350 53.8 F10.65.
JWL RS TT B T4 A B KE 25 i KEm ATy, ik h

w w wE
=C (1= )ervy (1——) R, O 4
p Cl( Rlv)e C\l-zv)¢ % “)

s p, WHELRE IR D), E AR FRNGE, V W AHXHARL . EA RS HI TR 2, Khp ol
M PE, D NYELIRI, po, WIEIRIE, C\. Gy R, R, Fll w A RAENE 25 S 2 FAE 1 3 5

=2 BYEHANIWL RESHESH

Table 2 JWL state equation parameters of composition B

ol(g-em™) D/(m's™) Pcy/GPa C,/GPa C,/GPa R, R, w

1.717 7980 29 542 7.68 4.2 1.1 0.24

IEAh, KE25 P4t Je Je A BHIC AUTODYN A4 EEY, 33 HEAS MO 34
12 HEGFERMESURMYE S

SPH & — R G R RS T 7k, $0) 32 B T4t i X 250 S8 A i e i I8 L IRk St shdT o . ik
Sb, SPH J5 ik B v AN K RS (=2t A 2 3 G130 5e A I 24 A v i B A8 G, (LI, SPHL g
FHTHA B AR R Fe iR o ST, X T Bl A% Wi 7 e A, Lagrange SR J7 i BAT 4 A8 1 1, fiE
5395 AT 2 Wl A )RR AT G O, DI, R Sk 25 5% T SPH SR A 5 4k, 7 1R S At SR ] Lagrange 5K
fiE T i o

SPH 5575 1 BOSR A HE B VE 32 KL EARRZ R BCR, X T HE 25 e AR SPH SA I 0L, E A 2%
HXPRLF HARPEAT T HUSHE T, SR, XTF Lagrange F11 SPH #5453 7Y 1) [0 A% SUERM: 53 BT 16
WA TFRE o AT LT 2 i T R A1 T SR B9 31 R 45 40y, N7 1 AR, B B (B S ASE AR, SR 25 4
SN 3 iR, Hoh a D250, b 2521 KA, p e 2 L

101406-3



i 44

FRFET, A AT OO I T ) S R A S

5 10 3]

R B e TR AR A I T - R
TR BRFEPE ST T 14 BUEATDUSE R, e 1 i

Table 3 Parameters of warhead
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Fig. 7 Axial evolution of detonation wave under different initiation modes
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Fig. 8 Average radial velocity of fragments on the maximum velocity section under different initiation modes
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Fig. 10  Axial velocity distribution of fragments in the minor axis direction under different initiation modes
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Fig. 11 Axial velocity distribution of fragments in the major axis direction under different initiation modes

TR S 3 VAR A T o) AR X T R ik LA S 2 0 2, (EL K Sl s A A ) B/ T B e, B S
TET A S IR0 RT S Al 5 1] 8 A0 o 32 52 W e /N S i 1, S 0 T A A O 1) B R R L AR S B B
B, AL T T AT o oAb, B TR i L % K O, Rl 1) BB B e ] S TR A 7 1] )
B oSS 1] 52 9 494 DR, -5 5 RS 7 52 M 2 S 0B, A3 38 A DX Il /0, A 13 () 7R

BEAh, AP 11(a) TR, 2 A Tl A 2 b (rhoCs B R AR | TR0 SRR S8 ) I, 5 B0 ot i
PR s 1) o J3E P Sl KT LA 3 Ak AR T 3 (R P RS AR L R Al o S D AR AR L TSR ), A 3% At
AR T I, A [ A 8 5 3T A A 7 1) A BB R 2 S B RN o DA, TR 1S G T S T R R R
Rl i AR R R A R AT L A RS R A R . NIRRT DA Y AR R R B BRI ) MK, B

101406-10



i 44

FRFET, A AT OO I T ) S R A S

5 10 3]

FRSE e 5 KTl 7 ) e A Y, i TR B S %
S AR A IR TR A R B A (]
T %) B R R DAL, Pl B NE S
I AR S DX ST YA S A S AR O, AR S AR
Hsi Iy SEA A T R AR (B P 1 )

S5 I 2 Ar L KA 5 1 e AR Y
T TR S Bk [ TSR VR, 18 ) Tk
RN TR, SRR RO B SRS BE 5 A
S35 0 S AROR DG, DRI, g THT 0 P A5 S R AR A
TRl O R A XK Tl T ] S 0 R AR i
Fr B AR A SRS RE Ty, R E TR SR AR R AR R R AR i, R SR A A 25 S i
Wi/, B0 P S T — 2R

1500

1400 r

1300

v/(m-s™)

1000 |
900
800

0

1 800

1 600 |
1400 |
1200 -
1000
800
600 |
400
200

v/(m-s™)

Detonation line

Kl 12

HA L AR ) KRR DL A Y

Fig. 12 Numerical simulation model of centerline initiation

1 800

1200

1100

81 450
1425

1400

vi(m-s™)

1375

1350

1325

v/(m-s™)

0.2 0.8
Dimensionless axial length

(a) Major axis

1.0

1700 +
1600 -
1500 -
1400 -
1300

1100 F

1200 4/

0.4 0.6 0.8
Dimensionless axial length
(b) Minor axis

0.2

13 AP 2GRN J R A (e 17 2 3 A

Fig. 13 Axial velocity distribution of minor and major axis fragments under centerline initiation

1 800

Detonation wave acceleration stage

— 6=3.99° — 0=11.87° — 6=19.67°
— 6=27.71° — 6=36.39° — 6=46.09°
6=57.09° — 6=69.49° — 6=83.01°

1 600

v/(m-s™)

20 30
t/us

5 10 15 25 35

(a) Fragments with different azimuth angles

14 u=0.55 W% 5 A n st 72

Fig. 14 Fragment acceleration process at 4=0.55

IR B R A Gt R OUU RS A B, AT T AR AR S 7 TR A R i 2 e
ST )R F E BE VA 1) R 0 AT 22 5 o BRI, 22 X R IR, R U T R e A e AR AT TR Al
2 I 5 i AL A B 1 PR R B A RO 5 i P R T X S 30 A A AR Ak ) s 3k TG 5
i o LA T o) Py T A2 AR ™ WD A PSR, DRI, g 57 80 0 e 75 1) 8By o 8 3 A JC ] S 2

0

400 |
200 |

— Major axis (6=0°)
- — Major axis (6=90°)

1400
1200
1000 -
800
600

11.0 ps

5

20 25 30 35

t/us

10 15

(b) Fragments in the minor and major axis direction

101406-11



o 44 2 FRFET, A AT OO I T ) S R A S 5 10 3]

Pressure/GPa

(b) Initial modell

P15 2 R Ay 2R KRB R I e R R
Fig. 15 Propagation process of detonation wave in major axis cross section under two typical initiation modes

23 IBIEREEMIHEM

P16 20t 1 AN [ AR D7 =X A 150 AR T S A A9 2R 2 REHR 0 E o DA v ] LR [ T e -
" 100 < 100
£ sof £ 8ot
£ 49% 50% 50% 50% 49% g 51% 49% 50% 48% 49%
S 60t g 60r
2 2
% 40 S 40
5 20f 5 20f
& &

0 0

El E2 E3 E4 Cl
(b) Initial mode II

. 100 . 100
< s
S gof S 80
£ 52% 50% 50% 49% 49% s 52% 50% 50% 49% 49%
2 &
5 a
. 2
S 2
m m

(d) Initial mode IV

. 100
s

=]
@ - - Casing kinetic energy
§~ 60 - End plate kinetic energy
—

% 40 - Detonation product kinetic energy
E’ 20 | Others
=0

El E2 E3 E4 Cl
(¢) Initial mode V

P16 ANIr] k7 3 T A I AT - A B A /0TS

Fig. 16 Energy distribution of elliptical section warhead under different detonation modes

101406-12



5 44 45 FRFET, A AT OO I T ) S R A S 5 10 3]

PN RE I ERA e BB | s i SR | MRS WS RE LA B AR BRI 4 FR) o AR AN TR 0 S 0 AL AR D
SN, AN [V G L 1% 9 150 AR T 55 S-S 0 R o BE AR — B e, 27% e A5 (02 25 RE 48 e A O =)
TRFEIRZBE, 8% 2o A7 Y RE 5 7% Ak v 5 S B, 15% 2247 1Y RE 5 5% AL 38 7 W Sl Re, AR A% 50% e 45 11
FeAtRE S LLNBE . STRTRAE | BITMEASIE RE LU R s i Bl A I X AE

S5 2.2 500 H, BRI TR] B AR Oy A S e s AR T oS R IR A T S S A i) 1l 1] A
MU, L S 1A R % P X AW (681 4 T 3 - 8 e R AR 1) o B P B {ELAT P e 45 (1 8), LA B R A8 i A S L ik
S B v R 7 1) A g o O BB BURE (181 10), (E B AR LR, e RB ShRE & LA AR —2, A
S, R A R0 AR A -, A [ A s A A A 7 T B o S ) B ORI AR RE, (B 2O R, A
AR A RE B 73T o5 FEASUEH X AR SC AP A2 25 25 18, 00 T A [ 28 25 2R 2R ) B 2 T 4 40 , 2 24 R 0 i LL 193
AR HR.

3 & it

SRS T 5 Al A [a) Je Al LA (58] 7 e 58 P R (BRSO 2R, e TR B 45 R i T BT 15 1
AAEE, O T S AR B () B R ROBUAR, | R A R L L B i T T AES AR 5 e g 5 2T A
1530 AT 55 - 38 Ol 3 BE A T3, LRSI U T

(L) A58 5 3 8 AN [ i 1T A 8 5 X A58 1) o DA T J32 A ) B R B8 A LA S AR — 2, 3 2 B
Fh R A 2 i v R I, L R i A8 A, R B 1] P R e R 2 (L )

(2) AN [ e g 0 30T A 680 4R T i - 8 e DA Sk T L 8 A A 1) o 2 )P P (AP AR I R 22 5, B,
AR B0 Ay S T P ) B A 1] - 47 B e v, PR AR N A M1, L B AR AR T R A B A, R R AR )
- 47 TR T R

(3) 52 it 1115 7 D02 PRS2, AN T3] 7 A7 A0 e RG340 Y B Gl AR e M o 1/4 Ak, LB HB w7 2l
i 2 R T ol i G i v 0 i 5 ) A 3 2 LR B 5 1) T R B 1) )
IR TC I 25 5

(4) A B AR T 5% <1 S0 X IR 2l T OB A Bl A o 2 2 REFRE Y 27%, i 3 B B LL 8%, HLAE AR T LA
e 51 S R o B L P e A A 2 i HLg A B ) B

B 3 Hk:

(11 %, sNZE, B2 22 [, 45 WRIRIARTAT % 45 Sl M B0 el v Jo el A3 A A (3], AUt R T K241, 2018, 38(S2): 178-183
DOI: 10.15918/j.tbit1001-0645.2018.52.040.
YANG X, WU H J, PI A G, et al. Fragment velocity distribution of elliptical cross-section killing warhead along
circumference [J]. Transactions of Beijing Institute of Technology, 2018, 38(S2): 178-183. DOI: 10.15918/j.tbit1001-0645.
2018.52.040.

(2] L, s, (TSR, 25, D oS MR Rl R AR 1) Al LR WS (9], SR T2 4R, 1993(S1): 12-16.
FENG S S, JIANG J W, HE S L, et al. On the pattern of radial distribution pattern of initial velocities of fragments under
asymmetrical initiation [J]. Acta Armamentarii, 1993(S1): 12-16.

[3] RESNYANSKY A, WILDEGGER-GAISSMAIER A E, KATSELIS G. Directional fragmentation warheads: a theoretical and
experimental investigation [C] // 18th International Symposium on Ballistics. San Antonio, TX, USA, 1999: 543-550.

[4] HELD M. Velocity enhanced warheads [J]. Journal of Explosives and Propellants, 2001, 17(2): 1-12.

[5] HELD M. Aimable fragmenting warhead [C] // 13th International Symposium on Ballistics. Stockholm, Sweden: National
Defence Research Establishment, 1992: 539-548.

[6] HUANG G Y, LI W, FENG S S. Fragment velocity distribution of cylindrical rings under eccentric point initiation [J].
Propellants, Explosives, Pyrotechnics, 2015, 40(2): 215-220. DOI: 10.1002/prep.201400180.

[7]  GURNEY R W. The initial velocities of fragments from bombs, shells and grenades: report No 405 [R]. Aberdeen Proving
Ground, MD: Ballistic Research Laboratories, 1943.

101406-13


https://doi.org/10.15918/j.tbit1001-0645.2018.s2.040
https://doi.org/10.15918/j.tbit1001-0645.2018.s2.040
https://doi.org/10.1002/prep.201400180

5 44 45 FRFET, A AT OO I T ) S R A S 5 10 3]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

LI W, HUANG G Y, FENG S S. Effect of eccentric edge initiation on the fragment velocity distribution of a cylindrical casing
filled with charge [J]. International Journal of Impact Engineering, 2015, 80: 107-115. DOI: 10.1016/j.ijimpeng.2015.01.007.
LI Y, LI Y H, WEN Y Q. Radial distribution of fragment velocity of asymmetrically initiated warhead [J]. International
Journal of Impact Engineering, 2017, 99: 39—47. DOI: 10.1016/j.ijimpeng.2016.09.007.

LI'Y, LI X G, XIONG S H, et al. New formula for fragment velocity in the aiming direction of an asymmetrically initiated
warhead [J]. Propellants, Explosives, Pyrotechnics, 2018, 43(5): 496-505. DOI: 10.1002/prep.201800003.

LI 'Y, XIONG S H, LI X G, et al. Mechanism of velocity enhancement of asymmetrically two lines initiated warhead [J].
International Journal of Impact Engineering, 2018, 122: 161-174. DOI: 10.1016/j.ijimpeng.2018.07.011.

LI'Y, CHENG L, WEN Y Q. Fragment velocity formula for reverse detonation driving with opposite initiation [J]. Propellants,
Explosives, Pyrotechnics, 2020, 45(12): 1931-1936. DOI: 10.1002/prep.202000162.

LIY,LI X G, WEN Y Q, et al. Detonation driving rules for cylindrical casings under asymmetrical multipoint initiations [J].
Defence Technology, 2023, 23: 35-49. DOI: 10.1016/;.dt.2022.10.001.

AN X Y, DONG Y X, LIU J Y, et al. Fragment velocity characteristics of warheads with a hollow core under asymmetrical
initiation [J]. Propellants, Explosives, Pyrotechnics, 2019, 44(8): 1049—1058. DOI: 10.1002/prep.201800382.

GUO Z W, HUANG G Y, ZHU W, et al. Mechanism and suppression of the effect of axial rarefaction waves on the eccentric
initiation effect [J]. International Journal of Impact Engineering, 2019, 124: 37-47. DOI: 10.1016/j.ijimpeng.2018.10.009.
GUO Z W, HUANG G Y, ZHU W, et al. The fragmentation of D-shaped casing filled with explosive under eccentric
initiation [J]. Defence Technology, 2018, 14(5): 417—421. DOI: 10.1016/1.dt.2018.06.006.

GUO Z W, HUANG G Y, ZHU W, et al. Fragment velocity distribution of D-shaped casing with multiple fragment layers [J].
International Journal of Impact Engineering, 2019, 131: 85-93. DOI: 10.1016/j.ijimpeng.2019.04.027.

GUO Z W, HUANG G Y, LIU H, et al. Fragment velocity distribution of the bottom part of D-shaped casings under eccentric
initiation [J]. International Journal of Impact Engineering, 2020, 144: 103649. DOI: 10.1016/j.ijimpeng.2020.103649.

GUO Z W, HUANG G Y, LIU H, et al. Effects of shell thickness on the fragment velocity distribution of D-shaped casing
filled with explosive [J]. Journal of Physics: Conference Series, 2021, 1721(1): 012018. DOI: 10.1088/1742-6596/1721/1/
012018.

DING L L, LI Z D, LIANG M Z, et al. The dispersion rule of fragments about the asymmetric shell [J]. Shock and Vibration,
2017,2017: 9810978. DOI: 10.1155/2017/9810978.

DINGLL,LIZD,LUFY, et al. Rapid assessment of the spatial distribution of fragments about the D-shaped structure [J].
Advances in Mechanical Engineering, 2018, 10(5): 1-16. DOI: 10.1177/1687814018777594.

DINGLL,LIZD,LUFY, etal. Research into the energy output of asymmetric cylindrical structure under internal explosion
loading [J]. Energies, 2018, 11(4): 967. DOI: 10.3390/en11040967.

LIY, WEN Y Q. Experiment and numerical modeling of asymmetrically initiated hexagonal prism warhead [J]. Advances in
Mechanical Engineering, 2017, 9(1): 1-14. DOI: 10.1177/1687814016687966.

ZE00, A, BETFME, S5, — b 5P R A AR AR 1 R 0 e M A BUEL B L [J]. % BB AL RE, 2019, 27(2): 97-103. DOI:
10.11943/CJEM2018143.

LI'Y, ZHAO Q, XIONG S H, et al. Numerical modeling on lethality of a faceted prismatic warhead [J]. Chinese Journal of
Energetic Materials, 2019, 27(2): 97-103. DOI: 10.11943/CJEM2018143.

XIER, 257C, Zegede, 25 MOy SN BT R ) S A R IO 2 [J]. S REATEL, 2017, 25(1): 63-68. DOIL:
10.11943/j.issn.1006-9941.2017.01.011.

LIU C,L1Y, LI'Y H, et al. Influence of eccentric initiation ways on fragment dispersion rule of prismatic aimable warhead [J].
Chinese Journal of Energetic Materials, 2017, 25(1): 63—-68. DOI: 10.11943/j.issn.1006-9941.2017.01.011.

T, HEGR, KRR, 45, 7S HTR B TR A8 3R Bl BB 5358 [T]. KKEZS2#4], 2016, 39(3): 89-94. DOL:
10.14077/j.issn.1007-7812.2016.03.018.

WU J B, GOU R J, ZHENG ] J, et al. Numerical simulation and experiment of premade fragments droved by hexagonal prism
shaped warhead [J]. Chinese Journal of Explosives & Propellants, 2016, 39(3): 89-94. DOI: 10.14077/.issn.1007-7812.2016.
03.018.

DENG X M, WU H J, YANG X, et al. Preformed fragment velocity distribution of elliptical cross-section projectile [J]. Latin
American Journal of Solids and Structures, 2022, 19(1): e423. DOI: 10.1590/1679-78256835.

101406-14


https://doi.org/10.1016/j.ijimpeng.2015.01.007
https://doi.org/10.1016/j.ijimpeng.2016.09.007
https://doi.org/10.1016/j.ijimpeng.2016.09.007
https://doi.org/10.1002/prep.201800003
https://doi.org/10.1016/j.ijimpeng.2018.07.011
https://doi.org/10.1002/prep.202000162
https://doi.org/10.1002/prep.202000162
https://doi.org/10.1016/j.dt.2022.10.001
https://doi.org/10.1002/prep.201800382
https://doi.org/10.1016/j.ijimpeng.2018.10.009
https://doi.org/10.1016/j.dt.2018.06.006
https://doi.org/10.1016/j.ijimpeng.2019.04.027
https://doi.org/10.1016/j.ijimpeng.2020.103649
https://doi.org/10.1088/1742-6596/1721/1/012018
https://doi.org/10.1155/2017/9810978
https://doi.org/10.1177/1687814018777594
https://doi.org/10.3390/en11040967
https://doi.org/10.1177/1687814016687966
https://doi.org/10.1177/1687814016687966
https://doi.org/10.11943/CJEM2018143
https://doi.org/10.11943/CJEM2018143
https://doi.org/10.11943/CJEM2018143
https://doi.org/10.11943/j.issn.1006-9941.2017.01.011
https://doi.org/10.11943/j.issn.1006-9941.2017.01.011
https://doi.org/10.14077/j.issn.1007-7812.2016.03.018
https://doi.org/10.14077/j.issn.1007-7812.2016.03.018
https://doi.org/10.1590/1679-78256835
https://doi.org/10.1590/1679-78256835

5 44 45 FRFET, A AT OO I T ) S R A S 5 10 3]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

REFHT, TR, T AR, S5 M5 AT A R AR IR S A I R A RS (0], R A ERA R, 2022, 36(2): 025104
DOI: 10.11858/gywlxb.20210856.

DENG Y X, ZHANG X F, FENG K H, et al. Numerical simulation of fragmentation process driven by explosion in elliptical
cross-section warhead [J]. Chinese Journal of High Pressure Physics, 2022, 36(2): 025104. DOI: 10.11858/gywlxb.20210856.
ST, TR Feee, X, S5, R SRR S IR Sl e AR i i 2 R SR U], KR S bl 2023, 43(9): 091412, DOL:
10.11883/bzycj-2023-0135.

DENG Y X, ZHANG X F, LIU C, et al. Casing fracture and damage characteristics of an elliptical cross-section warhead
under explosive loading [J]. Explosion and Shock Waves, 2023, 43(9): 091412. DOI: 10.11883/bzycj-2023-0135.

FE, TR, BETEIE, S5 IR A8 A 45 A R A A T R AT AT (7], e AR At TR, 2022, 43(3): 149-155.
DOLI: 10.11809/bqzbgexb2022.03.023.

JIANG B, SHEN B, XUE Z Q, et al. Study on distribution characteristics of initial velocity of elliptic killing warhead
fragment [J]. Journal of Ordnance Equipment Engineering, 2022, 43(3): 149—155. DOI: 10.11809/bqzbgcxb2022.03.023.
DYNAMICS C. Release 14. 0 documentation for ANSYS AUTODYN [Z]. 2011.

BTTR, K, ST TR AR RAL AT BRI BT ST (3], S 2R, 2010, 31(S1): 215-218.

HUANG G Y, LIU P Q, FENG S S. Research on dispersion characteristic of fragment based on micro-column analyses for
warhead [J]. Acta Armamentarii, 2010, 31(S1): 215-218.

1R A6, T, X, A6 S [l 2 5 ) (R T A 24 58 (R B0 L4047 [J]. 2% 1241, 2022, 43(7): 1527-1536. DOL:
10.12382/bgxb.2021.0443.

GAO Y G, FENG S S, LIU Y H, et al. Initial velocity distribution of fragments from cylindrical charge shells with different
thick end caps [J]. Acta Armamentarii, 2022, 43(7): 1527-1536. DOI: 10.12382/bgxb.2021.0443.

T, SR, RRE. DRI B R E U e B[] B KE S b, 2019, 39(4): 043301, DOL:
10.11883/bzycj-2017-0420.

LIXY, LI Z D, LIANG M Z. Dispersion properties and rapid calculation of fragment force field of D-shaped fragmentation
warhead [J]. Explosion and Shock Waves, 2019, 39(4): 043301. DOI: 10.11883/bzycj-2017-0420.

(GHEgE ¥ AR)

101406-15


https://doi.org/10.11858/gywlxb.20210856
https://doi.org/10.11858/gywlxb.20210856
https://doi.org/10.11883/bzycj-2023-0135
https://doi.org/10.11883/bzycj-2023-0135
https://doi.org/10.11809/bqzbgcxb2022.03.023
https://doi.org/10.11809/bqzbgcxb2022.03.023
https://doi.org/10.12382/bgxb.2021.0443
https://doi.org/10.12382/bgxb.2021.0443
https://doi.org/10.11883/bzycj-2017-0420
https://doi.org/10.11883/bzycj-2017-0420

	1 数值模拟模型
	1.1 材料模型
	1.2 计算方法及网格敏感性分析
	1.3 数值模拟方法验证

	2 数值模拟结果与分析
	2.1 问题描述
	2.2 对称点起爆对椭圆截面战斗部破片速度分布的影响
	2.2.1 径向破片速度分布
	2.2.2 轴向破片速度分布

	2.3 爆炸能量输出特性

	3 结　论
	参考文献

