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Casing fracture and damage characteristics of an elliptical
cross-section warhead under explosive loading
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Abstract: In order to study the mechanism of fragmentation and damage characteristics of elliptical cross-section warhead
under internal explosive loading, five types of warheads were designed with the same ratio of charge mass to casing mass but
different ratio of minor axis to major axis, and static explosion tests were conducted. The detonation process of the warhead
was recorded by high-speed camera, and the destruction capability of the warheads were quantified by measuring the cratering
parameters of the witness targets, while the radial velocity distribution of the fragments was obtained by the velocity-measuring
targets. The test results show that the radial velocity of the fragments of elliptical cross-section warhead logarithmically
increases from the major axis direction to the minor axis direction. There is a significant velocity enhancement compared to
circular cross-section warhead, when the ratio of minor to major axis is equal to 0.40, the enhancement reaches to an amazing

83%. The fragments near the major axis are subjected to slip detonation as the dominant driving effect, and the circumferential

« WS BEA: 2023-04-15; &= HHER: 2023-06-01
EETIH: BERHAREERS (12141202, 12202205)
B—EE: BFE(1998— ), B, 0 5EE, dengyuxuanl03@163.com
BEEE: M (1966— ), B, HF5E 5L, hil8611@126.com

091412-1


mailto:dengyuxuan103@163.com
mailto:hll8611@126.com

543 4 FRFET, A AR ] SR IR Sl R T R BB e %9 1

tensile stress inside the casing leads to tensile cracks on the inner surface of the fragments. At the same time, the tensile cracks
disappear gradually as the ratio of minor to major axis increases. In the minor axis direction, the scattered detonation always
dominated, and the casing is mainly subjected to radial compressive stresses, thus no tensile crack appears. In addition, due to
the influence of rarefaction waves on the end face, the maximum destructive power of the warhead axially occurs at 1/4 of the
distance from the non-detonation end. And in the radial direction, the damage power of fragment in the direction of minor axis
is significantly greater than that in the major axis direction. Especially when the ratio of minor to major axis is equal to 0.40,
the destructive power of the minor axis reaches 1.83 times that of the major axis, but the difference decreases with the increase
of minor to major axis ratio.

Keywords: elliptical cross-section warhead; detonation drive; fragment; damage characteristics
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Fig. 1 Warhead structure
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Table 1 Parameters of warhead

s a/mm b/mm u d/mm Mg Clg B
El 35.58 14.23 0.40 3.763 431.3 225.5 0.523
E2 30.34 16.69 0.55 3.956 434.7 228.1 0.525
E3 26.89 18.82 0.70 4.053 435.5 2253 0.517
E4 24.40 20.74 0.85 4.096 438.2 224.9 0.513
Cl1 22.50 22.50 1.00 4.108 437.4 224.0 0.512
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B 0.27 m, {HA5 54 HUO B R EEAE 1.3 m.
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(a) Circular cross-section warhead (b) Elliptical cross-section warhead
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Fig. 3 Different cross-sectional warhead fragments scattering impact process
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Fig. 4 Axial fragment scattering process of warhead with different minor to major axis ratios
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Kl s IR R IR A (4=0.40)
Fig. 5 Photos of recycle fragments (4=0.40)
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Fig. 7 Mesoscopic photos of fragments at different positions of warhead with different minor to major axis ratios
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Fig. 8 Schematic diagram of detonation driven fragment damage process
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Fig. 9 Corresponding relationship between velocity-measuring target and fragment position of elliptical section warhead
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Table 2 Relationship between azimuthal angle of the fragment impacting the velocity-measuring target

6/(°)

LS
) @ ® @ ® ©
El - 3.01 8.69 19.25 30.89/38.33 82.88
E2 - 3.99 - 27.71 46.09/57.09 83.01
E3 4.32 - 21.70 40.07 60.74 83.97
E4 5.24 15.75 26.39 48.43 71.81 83.91
Cl 5.63 16.88 28.13 50.63 73.13 84.38

AR bR b PRAE SR, H A S 1o b A L DR B I A 45 R 9 T35 3 by, DR AR T AL BEA R RO BE At L
LR T IO KL, RS TORS R B th T R AR T AR A S BRSNS
A AL PR ol A o DA oR A AR S ARAR R A 2 JE I S AR )R A T 8] 1B B A, [R]E T
000 S A0 P S PR R, DR I 22 W B R A A T ) 3 S, T AR AR AR A T v RV R ) B
Fr A0

R3 MELMAERSHARE

Table 3 Velocity-measuring target test results and fragment velocity

i El E2 E3 E4 Cl
Atlus vi(m-s™) At/ps v/(m-s™) At/us v/(m-s™) Atlus vi(m-s™) At/us v/(m-s™)

@® - - - - 301 1329 296 1351 288 1389
@ 335 1194 311 1286 - - 292 1370 278 1439
® 305 1311 - - 294 1361 287 1394 -

@ 272 1471 277 1 444 279 1434 281 1423 289 1384
® 260 1538 268 1493 272 1471 - - 285 1404
©® 251 1594 264 1515 268 1493 275 1465 278 1441

SEA A 273 ARATF T AN ) AT G 3 A 3 IR sl e R A ) A A, SR T R b
SN [R) Kl L R 1 SR R B4 A 1 R R B 7 R A A AR LA, B AT T B, 1R BB R A
v=k—k,In(0+ky), Forb ko ky T kg ARG HEL, A G5 RN 10 i o NEIH AT DL A T8 48 )-8
Tk 3 I 5 S 7 P 388 R P v, 359 2 B it e e R A I . L AR R il L A 38 R, B e B A b
TR/ R0 2 7 A (30 A0 22, BRIV [0 7 T ) B 42 1 5 LA A [ 25
FNE AR 5T H 1 [T 3881 = 50 e P 3 8 AR S BT 9 7 AR o DT T LU Y, B w14, S B A
B R, HERAHILE N 0.85 B, S5 BE T LM 41.8°0 I3 —J7 T, S5 B 5 (00 S B T R AR
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Fig. 10 Fragment velocity and fitting results of warhead Fig. 11  Gain of fragment velocity and the difference of
with different minor to major axis ratios minor and major axis velocity

2.4 HEEIE IR AR ) Q235 AR A4 1t
241 HABRET &

TEARAH A 53 8 v G =1 S04 2 0K 3 ST (AR DT 4 0 A LA BB A 1) R Ao A R R Rl 1, R T i —
A5 ARAT A (5 38 1 S X Q235 HA M i) B A5 R, R AR AR R T BT AR SR RO BR A 3 i B G Ak
FRERAFARAR T YT B AR D, P i i f i DB AR 26 1 i R B, SRS R OUIR B H, #E M5 As 2)
W B ARAR v, Ab B AR AN 12 Fis .

K12 @ TSR R
Fig. 12 Equivalent diagram of pit shape

Bl 13(a) 25t TR0 J5 Q235 MM i B84 B, X A B AR B S SR RS, LU Ay i A 1 2%
Tty O S AR IR, AR A ST 5 -5 B AR X 07 8 O 2R, 5 B AR A B R BT o8 IO Y O 6 £, 4 K F
T3 1 B R Rl 6, Ly 8] N y, HEST AR R AP 13(b) s o TEIZ AL AR 28T X A 581 46 i A3 < S 1
219 Q235 HIML AT I ELAR | JF TR DL R IT SO REEAT AL A, BE— 20 A A 58] 8 1A i <1 A4 3K
SRR Q235 B 1 S i LR

BT F I 388 i S e AR TR R RAIE S R e AR T i A [, ELAE M I, T AR IR RS A R Y
b X, LA A i B AN AR [ DRI AN ) AT A 5S4 R Sl L i 20 Ak W 2R

091412-10



43 % FRFET, A AR ] SR IR Sl R T R BB e %59 4

IR R R AT AR W S 22 S, BRSO  BBETT B R AN SR 4 Bs o AR S0 AS [R) BRI S 1R A A 18 T TR
PRI, AN R ETAT A1 38 2 1AL AN R4 T 2 ) 6 L, AN SR AR ] S K e =1 350 i JR i 224 Al AR i 1) ) O 072
TR

(a) Photo of Q235 steel plate after test

0 90.0° 67.5° 45.0° 22.5° 0°l o

(b) Processing result

K13 @R TR R

Fig. 13 Establishment process of fragment pit coordinate system

x4 WARITEH

Table 4 Fragment design parameters

LS A R FEAJEEE /mm BT R g
El 44 3.763 0.51
E2 36 3.956 0.61
E3 36 4.053 0.62
E4 32 4.096 0.70
Cl 32 4.108 0.71

242 B RIS 4 S AT

FESZ UK S AN [ S A Bl BE A  R X Q235 M B R T LR AR AR AL LA AN 1] 14 oo th T
TFHCEAR S TF GO BE AR ML LA — B, DR AS SO e aod e 26 T 370 PR FR 45 28 o B 58 3 TR AT 7 k£
o N 14(a)~(e) AT LAFE H, TR A ik i 7 17, h T 52 380 s 1A i 5 OS2I, R T SRR
A s 2~ A AR i 249 2 B S  TRR W/ N B AR A B o A S AR [ T 1R R A R AR BT IR o
ot 2 e 7 1) A O, LI AR B B 4 R BT/, B2 p=1.00, BV AR S AR I, A 1) T R
T 2. T H A B IR B G, R R A A 1) TR SR L B AR B, S5 R AN 14(F) Jir
o P TAGR) FR A FRARR 1) T 0P 25 (L A0 728 R g 3 o e B2 ) 72 PR AR — B

SR A PN b AR % S 0 R e 2o e A2 L DR M K, T A AR R gk o, R I R AR
SE AL B B, DR IH A A AR i s AL U5 52 00 91 PR /NG, g A S AR A 8] 15 s o AT, e o 22 4
AL p i, TEHTARR L T Be i3 s AR BN TR B B, HA KT ST, B A Jil 1) 85 38 2 o) A B
B 1/4 4k

091412-11



43 % ARFHF, A5 IR A AR IR S T A W R B BBt %59 4

V/mm?

(a) E1, 4=0.40 (b) B2, 4=0.55

170
160 |
150 |
140 |

- 130}

§ 120 |

RN 1ok —=— E1 (u=0.40)

—— E2 (u=0.55)
100 —a— E3 (u=0.70)
90 —+— E4 (u=0.85)
70 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
/(%)
(e) Cl1, u=1.00 (f) Average

P14 ANV H A R TR A ML
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