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Abstract: Cylindrical casing filled’withecharge under central point detonation at one end is the frequently-used structure for
fragment weapons, whose fragimedt uditial velocity produced by its fracture serves as an important parameter for evaluating the
lethal power and the protectivéstructures. To accurately predict the initial velocity distribution of cylindrical casing with different
length-diameter ratios (B, itStudied the impact of L/D ratios on the initial velocity of fragments and the applicability of existing
empirical models fot the inital velocity of fragments founded on the numerical model of experimental verification. On this basis,
a correction term yélafed tod /D ratio, which was often influenced by the axial rarefaction waves, was added to the fragment initial
velocity index mddel:/Byafitting the data obtained from numerical simulations, the function expression of the correction term was
derived and the calculation model for the initial velocity distribution of cylindrical casing with L/D ratio=1 was obtained. Finally,
the applicability of the established fragment initial velocity calculation model was validated through experimental data and
numerical simulations. The research results indicate that the initial velocity distribution of fragments under different L/D ratios
exhibits a trend where the initial velocities are lower at both ends and higher in the middle. Additionally, as the L/D ratio raises,

the initial velocity of the fragment also increases. When the L/D ratio reaches 5, the relative error between the maximum initial
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velocity of the fragments and the calculated result using the Gurney formula is only 1.99%. However, the existing models for
calculating initial velocities of fragment display significant errors when predicting smaller L/D ratios in cylindrical casing. The
average error between the formula calculation results and the experimental and numerical simulation results does not exceed 6%,
indicating that the proposed model is reliable for predicting the initial velocity distribution of fragments under different L/D ratios.
The research work provides valuable insights for assessing the lethal power of fragment weapons and the structural design of
protective devices in anti-terrorism projects.
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Table 1 Eight numerical simulation samples with different L/D

NO. D/mm L/mm D/L o/mm
1 23.6 23.6 1.0 3.04
2 23.6 29.5 1.25 3.04
3 23.6 354 1.5 3.04
4 23.6 472 2.0 3.04
5 23.6 59.0 2.5 3.04
6 23.6 70.8 3.0 3.04
7 23.6 94.4 4.0 3.04
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Table 2 J-C constitutive model parameters of AISI 1045[!5-16]
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7.83 507 320 028 0064 106 015 072 1.66 0.005  -0.84
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Table 3 The material parameters of Comp B4
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Fig.7 Relationship between coefficients A1, Bi, C1, D1 and L/D
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L

B.(L/D)=me®" +q, (15)
-L/n

C.(L/D)=meP " +q, (16)
-L/n

D.(L/D)=meP® " +q, an

b miy m NS R A GRIELL mos nov o WS RE BB RIEL, ms. nsv s REREC
ARIVER, mav nav qa G5 RE DA XRIEE, FTLGEIEE 7 % 41 Biw Civ Dy A L/D R R U
E53). IEE B mi=0+ n1=0.465 (R>=0.99), my=7.241. n,=0.529. ¢:=1.185 (R*=0.99), m3=1333.308.
n3=0.108. ¢3=0.298 (R2=0.99), ms=-5.263 ns=0.715. ¢4=2.105 (R*=0.99) . ¥ A (14)~X 17K (12),
B 3RAS TSN R] L/D T [T 2 187 B RE A Sl e 38 43 A o 3K

7£/0529
| 7.241e D 41185 |-x/D

Lio1os [sAzsseD +2105]( )/D
f(x)=V,|1-0.465¢ -11-]1333.308e ®  +0.298e (18)
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FEWE 2~ (18) WTLUEM T A L/D N RBEERENAEE AN, K, 23X (8 &M+ LD
=1 WREER .

5 MANEEMEIE
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Fig.8 Comparison of Experimental results and calculation results of Eq. (18)
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e =, X 8 WHEAR SHUE I E A R SRR, MR RZEAT 10%, PRI
REANHT 4%, FRBIFRAREY, ACRMAR (18) RESHERTIN R ERAAR L/D T
R W 7 AT DL o

* 69 MRTHRIEARXKXHSH

Table 6 Nine sample parameters used to validate the formula

NO. Bk e D/mm L/mm D/L & /mm
Vi-1 ASI1045 Comp B 20 20 1.0 3.0
V1-2 ASI1045 Comp B 20 40 12 3.0
V1-3 ASI1045 Comp B 20 60 3.0 3.0
V2-1 ASI1045 Comp B 30 30 1.0 4.0
V2-2 ASI1045 Comp B 30 60, 12 4.0
V2-3 ASI1045 Comp B 30 90 3.0 4.0
V3-1 ASI1045 HMX 20 20 1.0 3.0
V3-2 ASI1045 HMX 20 40, 12 3.0
V3-3 ASI1045 HMX 20 60 3.0 3.0

& 7 HMX PR 202
Table 7 The material parameters ‘of HMX 2%

i

YEZRY HIE/(m-s) Pc.i/GPa Eo(kJ-m3) A/GPa B/GPa Ri R> o)
HMX 9110 42.0 10,5%10¢ 778.28 7.07 42 1.0 030

#

N
N
o
o
=
o

o —=— Vi1
st \_ ——V1-2
7 \ V1-3
o [ L]
<6 L
S Mo\
5 5 " A=
: =
EQ.(18)V1-1 g 4 \
V11 E 3 ]
Eq.(18)V1-2 ’
V1-2 1
=2 Eq.(18)V1-3
500} Vi3 2 * *
0 5 10 15 20 _25%30 35 40 45 50 55 60 .5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
x/mm x/mm
(a)Mnitial velocity distribution (b) Relative error distribution

B9 fiugREAK (18) WHARMI (F—4D)

Fig.9 Comparison of numerical results and calculation results of Eq. (18) (first group)
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Fig.10 Comparison of numerical results and calculation results of Eq."d 8).(second group)
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Fig.11 Comparisom of numerical results and calculation results of Eq. (18) (third group)
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