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Fig. 3 Schematic diagram of cross-combed target structure
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Table 1 Target plate setting for velocity measurement

Test No. Target No. I/m
1 1 2.40
2 2 2.50
3 3 2.53
4 4 2.53
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Fig. 8 Distribution of dispersion angles along the charge
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Fig. 9 Fragment perforations on different velocity measurement targets
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Table 2 Statistics of the number of fragment perforations on each cross-combed target

Number of perforations

Target No.
Ist column 2nd column 3rd column 4th column Total
1 12 11 12 12 47
2 12 11 11 13 47
3 12 11 12 12 47
4 12 14 12 12 50

K10 8RB R AL SRR 2

Fig. 10 Localized condition of fragment penetrations through the comb-shaped target
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Fig. 11 Fragment perforation distribution on the front and rear targets of the velocity measurement target 3
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Table 3 Dispersion angles of the fragments on the velocity measurement target 3

Serial No. )
1st column 2nd column 3rd column 4th column
1 10.30 8.70 10.72 9.07
2 6.32 4.34 5.85 3.66
3 3.34 1.22 2.85 1.18
4 1.36 1.08 1.90 0.85
5 1.69 2.85 1.04 1.10
6 2.90 3.80 2.67 2.71
7 497 4.40 4.99 4.44
8 5.42 5.04 5.47 4.95
9 8.59 9.45 8.72 5.06
10 8.61 10.10 8.90 8.46
11 9.99 10.87 9.95 9.48
12 11.70 10.66 11.13
o 56 I 75 1Y 52 B KL A 5 Shapiro 243U
TS5 AT 0 [, & B T S A R A S PR K 81
BB K, 29 Shapiro 2= HHELSE R 2 1%, 61
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Fig. 12 Typical pulse signal generated after fragment
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o5 2 1
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Table 4 Measured fragment dispersion velocities from the test

vi(m-s™) vi(m-s™)

Serial No. 1st column 2nd column Serial No. Ist column 2nd column
1 874.96 988.41 7 1457.39 1489.04
2 970.88 964.78 8 1508.74 1543.37
3 1105.71 1142.22 9 1562.08 1564.86
4 1090.10 1055.14 10 1564.89 1483.69
5 1256.42 1396.95 11 1385.48 1380.44
6 1380.11 1425.48 12 1276.79
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Fig. 13 Finite element model
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Table S Material parameters of 93 tungsten spherical fragments

p/(g:em™) o /GPa

E/GPa

G/GPa

u

17.6 1.506

300
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Table 6 8701 explosive performance parameters

pl(g-em™) vp/(km-s™) Ppe,/GPa A/GPa B/GPa R, R,
1.7 8.3 30 581.4 9.8016 4.1 1.4
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Fig. 14 Distribution of fragments velocity along the axis of charge
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Fig. 15 Distribution of dispersion angle along the axis of charge
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Fig. 16 Distribution of fragments velocity along the axis

XF A [ﬁj %% KARLE T @ /Y %ﬁﬁg Vinax of charges with different length-to-diameter ratios

/NGB v, WUSCE R v, AT ST, SR N

RTPR HRARHM T SEINE] 2 W, 5 A AP 2495 JEE 1) 38 45 50 %51 196.45 1 203.29 m/s; KAZ L
M2 TN E 3 i, 5 A3 B AT K R AR 2 5000 0 107.71 A1 109.94 m/s; R AR H 3 SINE 4 1, Rk
P P 28 R A 8 55 0 901 D 18.68 1 43.33 m/s UG AT R, AR LR A 3 IR, A B 00 E R 2
], P — 2D BN AR LR T4 T R B CRAT R o TR, TR IR RS R 26 28 Tl e A 3 B
SRS 2 25 1 AR P AR TE 3~4 ZI0), LA/ i 7 5 000 % 1 6 445 2R ) S 0, A R T Ry R R 3k 3
RALBR

R7T PRKEFELTHRAEE

Table 7 Fragments velocities under varying length-to-diameter ratios

L/D Vmax/(m-sil) vmin/(m.sil) Vave/(m-sil)
1 1432.98 956.72 1244.25
2 1629.43 963.78 1447.54
3 1737.14 993.59 1557.48
4 1755.82 961.62 1600.81
3 4
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Dispersion Characteristics of Spherical Fragments Driven by Cylindrical Charge
SHEN Shiliang, LI Jinzhu, MA Feng, YAO Zhiyan

(State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing 100081, China)

Abstract: To investigate the dispersion characteristics of spherical tungsten fragments driven by a
cylindrical charge, dispersion tests were conducted on a warhead with spherical prefabricated fragments.
Considering the limitation of traditional comb targets, which can only measure the maximum velocity instead
of the velocity distribution of the fragment group, a novel crossed-comb target was designed and fabricated.
This velocity measurement device successfully recorded the pulse signals generated by multiple fragments
penetrating the target and the impact positions. Numerical simulations were conducted using LS-DYNA to
calculate the dispersion characteristics of spherical fragments driven by cylindrical charges. The results
indicate that the numerical simulation results agree well with the test data. The designed crossed-comb
shaped target can accurately measure the scattering velocities of multiple fragments. Increasing the length-to-
diameter ratio can mitigate the effect of rarefaction waves at both ends of the charge on the fragment
velocities; however, this mitigating effect diminishes as the length-to-diameter ratio continues to increase.

Keywords: cross-comb target; velocity measurement device; prefabricated fragments; dispersion velocity;

length-to-diameter ratio
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