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Design and Implementation of Fragmentation Models for
Cylindrical HE Warheads

Songhyon Kim*!, Moon-Shik Lee*’, Sunbu Kang**, and Gil-Young Lee*’

[0 e]
4 5

F7IAA Al A A Tl o9 ds) ThsAd ke AHA e 22 B AEHAM/S) ETE
—’Fﬁgﬁﬁ} + @7 A4dud IEHE) &5 v A4S AL 2As] At oA mds o
< Adadr 7t A8 2ZEY] IAE SHetAL g5 B dHS HHstd WAoE u)
AA FE, A B S5 QY S F8 HoHE M/S E7ClA &8 JhesteEs FAsY. 3t
%ﬂ}ﬂwJHL‘“Zh{)%fﬁﬁﬂ%4&1~%uéﬁ}ﬂﬂﬂﬁlﬂ%%
ol Aol 129 AMAES Fdsiith AA AF 71 45 AF AEeldE Sl

j_

o
of
%
=

fo = E X R ojm
nd Rl pEoof o o
S |

£ g B
dob gor to

ok

Y

E

e

oXx

mlo

Abstract

In the development of weapon systems, evaluating potential damage from threat weapons is typically conducted using
reliable Modeling and Simulation (M/S) tools. This study proposes a mathematical model and algorithm to accurately
simulate the fragmentation behavior of cylindrical High-Explosive (HE) warheads. To overcome the high cost of
commercial software, the model optimally arranges fragments and provides key data—spatial coordinates, launch vectors,
velocity, and mass—usable in M/S tools. A novel Uniformity Index (UI) is introduced to quantify spatial uniformity.
Experimental comparisons with random placement show that the proposed model achieves up to 12 times better Ul

values. Simulations with four real-world threat weapons validated the model’s accuracy and practical applicability.
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Fig. 1. Fragment placement flowchart
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(d) Final refinement of fragment distribution
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Algorithm 1. Placement of fragments

linput] Z: warhead length

D: warhead diameter

NV total number of fragments
[output] L, edge length of a fragment

N, number of layers in the height (X-axis)
direction
N, number of fragments in the width (Y-Z axis)
direction
AN: number of fragments requiring adjustment
11 A = calculate_warhead_surface(Z, D)

2 Lf oaloulate _fragment_size(4, V)

3 Nh, ', = calculate_initial_fragment_placement
(L,D Lf)

4 N, N, = convert_integer( N, , V., N)

5 AN = fmahze_admstment(Nh
6 retun L, N,,N,, AN

N, N)
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Algorithm 2. Data generation of fragments

linput] Z: warhead length
D: warhead diameter
N: number of fragments
N,: number of layers

N, number of fragments in layer

AN: number of fragments requiring adjustment

« spray angle range

C,: X-axis calibration

VMl velocity, mass, reference length
loutput] S: data file
0t (N, ), =
adjust_fragment_each_layer(V,, N, ,AN, N)
02 Fori=0t0 NV, - I
03 x=6G+05x(L/N)+ C,
4 0=00+a) - (20 xdi)/(N, - 1)
05 Forj=0to (N, - 1)
06: ¢ =21 x| N,

rw

or: pos = [z, (Df2)cose, (Df2)/sing]
08: dir = [cosf, sinfcosg, sinfsing]
09: S.append(pos, dir, v, m, I,,,)

10 return S
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Table 1. Warhead specifications

Category W-1 W-2 W-3 W-4
Warhe(‘";g) lenah| 081 | 016 | 035 | 029
Warmead o5y | 007 | 023 | on7
diameter (m)
Total number of 8000 775 1,998 1,162
fragments
Fragm(i’g) eSS | 0010685 | 0,000731 | 0.007659 | 0.002864
Fragment VeIoC| 1 ogs | 1637 | 2081 | 22%
(m/s)
Spray angle (°) | 20 +15 +10 +10
X-axis correction oo 0519 | —2456 | -142
value (m)
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Table 2. Results of the fragment placement phase

Weapon W-1 W-2 W-3 W-4
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length (z,, m)
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layers in the 64 24 31 25
X-direction(w,)

Number of
fragments in the] 125 33 65 47
Y-Z plane(w,)

Fine-tuning of No 17 17 13
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placement(an)| required | removed | removed | removed
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