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The design of subminiaturized natural fragment warhead is based on the analysis of its effectiveness against target
personnel. Toward this end, the personnel incapacitation probability suggested by Sperrazza and Kokinakis was used. The
effectiveness of various natural fragment warhead designs was analyzed by altering the fragment mass, velocity, number,
and the target distance. A preliminary optimal design value of the natural fragment warhead in a subminiaturized missile
was suggested, which was greater than the threshold value of the fragment mass to cope with air resistance. We also
determined that the appropriate fragment mass was about 2.1204 x 10* kg (3.3 grain) in case of a subminiature warhead.
This work facilitates the development of final optimal design stage of the natural fragment warhead in a subminiaturized
missile and can also be utilized for the analysis and design of different types of fragment warhead.
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Table 1 Design specifications of a natural fragment warhead

Parameter Unit Value
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Fig. 1 The change of average fragment mass according to the
required fragment initial velocity
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Fig. 2 The change of Sperrazza energy according to required initial
fragment velocity
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Fig. 3 The change of Sperrazza energy according to average
fragment mass
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Fig. 4 Probability of incapacitation according to required initial
fragment velocity
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The change of fragment velocity according to target distance (m/sec)
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Fig. 5 The change of fragment velocity according to target distance

Probability of incapacitation according to warhead design case
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Fig. 6 Probability of incapacitation with respect to the target
distance according to various warhead design cases
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Table 2 Conceptual design specifications of natural fragment warhead using steel material

Fragment initial Warhead total Warhead Average Explosive ~ Warhead case Warhead  Total number
No. velocity, effective mass diameter  fragment mass, diameter thickness length of fragment
VO (m/ SCC) A/[toraliwhj[fed (kg) Do (m) Mypks (kg) D, i (m) t (m) Lwh (m) ]vrotal | frag
4
Case 1 200 77105 x }0 0.0030 0.0085 0.0206 32
(11.9 grain)
-4
Case 2 300 44451 x .10 0.0045 0.0078 0.0211 56
(6.9 grain)
4
Case 3 500 21204 x .10 0.0072 0.0064 0.0226 114
(3.3 grain)
5
Case 4 1,000 0.05 0.02 60953 x .10 0.0124 0.0038 0.0290 361
(11.9 grain)
5
Case 5 1,500 2.2093 x .10 0.0156 0.0022 0.0386 848
(0.3 grain)
6
Case 6 2,000 85471 x .10 0.0174 0.0013 0.0500 1739
(0.1 grain)
-6
Case 7 2,500 32549 x %0 0.0185 0.0007 0.0620 3312
(0.05 grain)

1)1/H7:01dier :1_H(1_})I/H,i(x)) (IS‘a)
n.= Ntamliﬁ‘ag Vv ASoldier /27[ X (1 S_b)

AZNA, Pu souies= FEZAE] xof] YRS ALY A4 HAEFS
Halol| FEshe vhE Jliget 371ARel ot SEhE daE
A3 RIF SRS, Pyydx)= i) ool 4] (Explosive
Center)oll Al 2] x5 HojZl Loj|A Zh= ap& =] o3t of
NSNS, dguienz BAPE Al S o =SEe AAEHE
FHA(0.5572 ), na= AR x 1A A = BAIA &3t
= ¥ Jflsrolt.

Table 29| 7} &% A7 A sp7lleE drefste] A2 A2
xoll A Q= AR gt HAFEESEE Pry soieri= Fig. 99+ 2
o Fig. 9(by= Fig. 9(a) HIFH2t=ES 10m o 2 A2
of thsll AHAIE] HERH 1ol

7t eSEAA ¥ §aR st ] (Effective  Incapacitation
Distance), dyp efecivet H 2314 2] (Maximum Incapacitation
Distance), dyr o= Table 30 LiERHQO ™ §aReabA e
ohS 4163 BrrS e, HjREsA el el teseE 1
o 0] B 72l Hofsisict.

d]/ijfec/ivc = \/I:l " 27 x Py (x) dx (16)

Fig. 99} Table 33 AlwHH wH|7} 714 W& Case 7 &
FAARRS FaTgsAge} AT A 14mz 7
How], SATE g B Case 19] BEAAe] 49 Ay
FEsAR= 33.6mzE 7Py A3 FEFEEAE 8.92mE

Probability of incapacitation according to target distance

Case 1]
Case 2| |
Case 3
Case 4
Case §

/H, soldier

li 5 10 15 20 25 30 35 40
Target distance (m)

(a) Target distance (0 - 40 m)

Probability of incapacitation according to target distance

Case 1
Case 2
Case 3
Case 4
Case 5

Target distance (m)
(b) Target distance (0 - 10 m)

Fig. 9 Probability of incapacitation considering the number of total
fragment and soldier’s presented area according to target

distance
o o 4 9t

Case TeHFdAIRte] 22 Feer RS 2= olf= v &

flo
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Table 3 Personnel incapacitation distances with respect to warhead
design cases

Effective incapacitation ~Maximum incapacitation
No. distance (m) distance (m)

(it efecive) (v max)
Case 1 8.92 33.6
Case 2 10.37 28.7
Case 3 11.88 22.7
Case 4 11.21 13.6
Case 5 7.63 7.9
Case 6 3.99 4.0
Case 7 14 14

Fo| Hit Zof 7| A3}e] o3t & HEg4A wiiolw, Case |
SHRAA ] 79 apddRko] A 2 AR E ZATE 9
A7} ol faFE3} A= ZokdE & 4=

weba], 24% SR A FEg gkl anE 27 9
dx= dAHT7] ol s mH NS 7hAoF Bh
Table 29| SH=AEA ¢t 5 7P 2 FEFHSAYE 2= FF
ERFAA|RR2 Case 3 B4 Aol

e, AAE-EINE wet fafEskA ez 10 m ol4go]
), 7Fs3t 2 HUFEsARE 2e BRa a2 ol

AgH faFgsiAy] a2 U& shz AAIRE & 7P 2
2|73} ArlE ZE= Case 2 BFAAIRT] 2[4 AAIjEo]
s oh;]_

AEHoR dRIF7|anEAe AT 247 wF A4
frafesiAe] 9 HdifEsiAe] 5o AA-E e 2 o+
Zlof| wpgh AA|E]ojof st EEg AA| etxdo] glo] T

ﬁ

r

5] ARt g A 9 A S TEshe 24d SEAEAIE A

afof gtehd Case 35 A®ish= Zlo] FaFEstAe] SH A
o] eEAA o]l e}, o Case 3 BEHFAAIMS] w1}
HALS 21204 x 10%kg (3.3 grain)o]|th

4. 48
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F7|7) 2 Helsteg Al 1746-}04 247 SESE 7}

3 shEgkE AAMES AXsheE E:2
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