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ABSTRACT

This paper deals with the scale effects of warhead on concrete penetration. We investigated the scale effects
using finite element analysis and Young’s penetration equation. As the scale of penetration test decreases, the
strain rate effects of target increases, and then strength of concrete target increases. This means the residual
velocity and penetration depth of warhead decreases as the test model size decreases. Young’s penetration equations
are transformed with various penetrator mass and scale cases as a function of scale ratio. Penetration distance and
residual velocity are not simply changed by the geometric scaling law.
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Fig. 2. F.E. modeling

Table 1. Material parameters for projectile

. Density E Yield |Hardening
Material [ka/m] | [GPa] stress | Modulus
[MPa] | [MPa]
Case 7.82x10° | 207 | 1240 1660
(4340 steel) |
Millipen | 65108 | 689 | 345 | 0.00689
(plastic)
Battery pack 3
(Al) 2.67x10° | 68.9 483 689
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Fig. 3. F. E. result; (a) w/o strain rate effects, (b) with strain rate effects
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Fig. 4. Velocity[mm/msec] — time[msec] relations; (a) w/o strain rate effects, (b) with strain rate effects
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For V=61 m/s:

D = 0.000018SN(m/A)*(V-30.5) )

For rock and concrete (hard target)
K, = 0.46(m)""” if m < 182 kg else, Ky = 1.0 (2)
(Eqn. (1) may not be applicable when m < 5 kg)

D: Penetration distance, m

S: S-number, penetrability of target, dimensionless
N: Nose performance coefficient

m: Mass of penetrator, kg

A: Cross sectional area, m’

m/A: Weight to area, kg/m’

V: Impact velocity, m/s

Ki: Correction factor for lightweight penetrator

o Ale el 7| 283 A A20E A2E2017d 4Y) /241



% = o = -

I N, wWAR ¥E7e] DE AXE ? %l E@gl S
we AIsA 2S 287 dom, ==
N9 49 2, ogive 5 ©1A QA oA A7
el A FAe] = Al A ghs ¥
7] ol Age] ok Bold A de ATt I
Sk 7]5)eks A A W] (geometric scaling)7} 2] -&-¥ thH

A7E “1.07 o] ARE ARIE FHEFA A=
“0.77¢] kol AMEHIT) ol EA} HAE o]&3t
o 2AY APE I A AEARE 9] &
AL HE W= ek olul gt} ZHEE
T2 (Dol FHERS] Aol wE B
), K2 w3tk 4 2= FA 182 kg ©]

o)l cheliE 5
St HAAIG §lo] K, = 1.0 &

(m/A)O7vO/]

3}
=

o

2 H
o]
PN

o)
R

D~
2> o

stoll thate] 2= 182 kg

X

o 24—9—6’]—14— o] A
182 kg olate] TEAIM= 457{37} Tt

o~

_1

e SEBh = e 27U e BEA)
A% 2AE] WPREE 9P sl o B
wHow Furt 2 HEE BEAU} Fls 5
A&e nAF Aotk A el F7HE 5 kg T
wre] PEAe] HElE B 48 2 4
E Qrke W] £gHo] gtk olejdt shme wE
A A% el g BEAULF & wA wke
T Es ondth

Z71EER FAYES #5T 9 AREEE A
2Fek= A% Youngol ofske] AljbE AT A o}
oF Zt}
For a layer of thick concrete:

Vex = V[1«(T/DsinO-L,/K3)/D]"** 3)

Ve Exit velocity, m/s

V: Impact velocity, m/s

T: Target layer thickness, m

©: Impact angle, degrees

L,: Penetrator nose length, m

K5 = 2, for air over and under concrete layer
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