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Abstract

EFP composed of explosive, charge and liner generally penetrates standoff a target by Monroe effect. Its

performance highly depends on penetrator characteristics and flight stability. Penetration ability can be dramatically

reduced when the penetrator reaches the target with AOA, even if the penetrator has high kinetic energy and L/D

ratio. Therefore, it is important to research not only penetrator characteristics and but also flight stability. In this

work, the effect of liner shape on penetrator characteristics was examined using free flight test and numerical

tools. It was found that tip velocity of penetrator was increased with decreasing liner thickness. It was also found

that thicker liner had higher static margin leading to better flight status.

Key Words : Explosively Formed Penetrator(&3J 3 ¥+5-A}), Penetrator Characteristic(ZHEA 543), FEM(F-3H2.45]14)),
Free Flight Test(H]2§A13), Flight Stability(H]3] <FH44d)

1. M E

shebr} ghA 2ejal #EAE FAske golvx
J=o] 9l EFP(Explosively formed penetrator)™= 8}<F

St AUAIE Al Bk golue] Heate] §
H BEAe] *F duAR S dEste A
F5o|thFig. 1). ©l&lgt EFP+ Shaped

* Corresponding author, E-mail: piandexp@add.re.kr
Copyright (©) The Korea Institute of Military Science and Technology

-

charges} H|S2dh 725 7HA AL d=dl ARE AAEeh
L= e wet ARREE SR vadh o
W20 2 Shaped charge:™ A7} & WFo = A
AME L AL Hes 810 kmisE TEE] F
= A e At A 2AE dEsk= A
S5 Wb BFPe AiA o dEAte] AAlse= A
o[7b i Al A BAS skt AR

E

L
EFPS] TE 5 BEAS €5 oluxs uEa
o Yoz pud & dud wEAe &5 oy



v ARILDY ARSSE EPLS E840 R AEE
T Utk #AEHTS TUATI] e BEA 84
EAd S F= AA 4B HE olsrt B
Aot} glely, 3}¢F g gAe} e F8 JE
of tig Ay AE W] we TEA AA AP
T 2LYES ie] zlegs]of ghrpl

EFP= YnkA o2 A E H|ds}r] wio] |3
b T BE He shuhE asjorgtt B
& ER s

=& AyA e AgHE 7zl
EFPE AAZUetE A" A5 ezl Azt
(Angle of attack)e 73l Z$-3tAY #EA7F #
g Az FAHY AT To] 2057 wEolth
EFPe] #3338 o] dsto=r A4 v AA
AE Susky] flal HEA R
AP om AASAY BEAt Sl
< AAsE dTEol AAH skt 1993
Weimann+= 3} o]}, BHA] 77 ®g}, 7|54

F

SR uhe BEA 54 ATHANY. EFP #E
A= Zol7k AolAW FAL 1

Bl Aol sk
T AAE 2 E 7bsAdel Sl7lel aL

AAZE Fesits AE 2RSSt 2019 Klatt
5 EFPO HIPA P Ao}t F5 A3 A3E EdR
In-house 6 DoF simulator®} ‘-8 CFD(Computational
Fluid Dynamics)Q! FluentE
FAAAE S vug ARE
& EFPE] M3 HAAS Adst] Sfal] Lnb<d
Fejo] 7ol opd thd
A mE FE g 34 #e s o=
EARSEAL o] & AA 3 ARE

ol
PN
Malgiko &2 HPAIEH 5 AFZAHE CFD code

|

o
9} H|aLste] EFP H]E QAo
AT,

Fig. 1. Schematic diagram of a EFP
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Table 1. Liner weights, apex angles, and liner
thicknesses of EFP models

Model V\I/_gi]ger:t aAr?j)é thilail;r?erss thiléigr?éss thilc_:Er?erss
@ | O | o | o | o
3\0/;5 196.9 | 1584 3.0 3.5 3.5
3\5130 2253 | 1584 | 35 4.0 4.0
3;;&, 2320 | 1584 | 3.5 4.0 43
4\0’}5 2604 | 1584 | 4.0 45 45
48?5}, 265.0 | 1584 | 4.0 45 48
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Fig. 2. A photograph of EFP
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Fig. 3. Schematic diagram showing the
cross—sectional view of the liner
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Fig. 4. Schematic diagram of the experimental setup

Table 2. Penetrator features and flight behavior of

EFP models
Model Penetrator | ciont behavior
feature
multi-penetrator unstable
VI3035 (break-up) (tumbling)
. unstable
VT3540 single-penetrator (tumbling)
VT4045 single-penetrator stable
VT3540P single-penetrator stable
VT4045P single-penetrator stable
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c) VT4045
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e) VT4045P

Fig. 5. Photographs of EFP models showing flight
trajectories(acquired using a high—speed
camera)
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Fig. 6. A 3D model of EFP for numerical simulation
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Table 3. Materials, material properties, and types of

EOS and strength model used for the
simulation
. Yield
Part | Material E()e?CS'C?/ strength| EOS S;qir:j%lh
9 (MPa)
Liner | OFHC | 89 | 621 |Shock |’omson-
Cook
SCM Johnson-
Case 440 7.8 546 Shock Cook
Explosive | LX-14 1.8 - JWL -
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Table 4. Parameters for EOS and strength model

Strength model
(Johnson—Cook)

Equation of state
(Shock)!'"!

G C1 S1 A B n @ m

2.02 | 3.94 1489 |62.12| 480 | 0.63 | 0.085| 0.28
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Table 5. Comparison of experimental and simulation
results for VT3540

Experimental results Simulation
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Table 6. Comparison of experimental and simulation
results for VT4045

Table 8. Comparison of experimental and simulation
results for VT4045P

Experimental results

Simulation Experimental results Simulation
FXR [Cami [Cam2|  resuls Cami | Cam2 results
FXR
p Penetrator ’ Y
Penetrator il feature '
feature o | >
I Tip velocity
(k/s) 2.0 2.1 2.24
Tip velocity
2.1 2.1 2.1 2.3 Penetrator
(km/s) length (mm) 83.8 83.5 80
Penetrator
lenath (mmy | 826 | 796 | 827 77 diameter of | s o
: head (mm) ’ ’
diameter of | 5 4 | 239 | 256 21 :
head (mm) diameter of
. 384 40.0 37
diameter of skirt (mm)
tameter 0L 330 | 306 | 323 34
skirt (mm) L/D
3.2 3.2 3.8
L/D 33 33 3.2 3.6 (pnm/oom)
(mm/mm) ’ ’ ’ ’

Table 7. Comparison of experimental and simulation

results for VT3540P

Experimental results
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Penetrator b—;
)
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Tip velocity
(ks) 2.3 23 2.4
Penetrator
length (mm) 71.8 77.1 84
diameter of
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diameter of
skirt (mm) 332 42.0 37
L/D
(mm/mm) 33 32 42
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Fig. 7. Experimental and simulation results of tip
velocities for 3 different liner models
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Fig. 8. Experimental and simulation results of L/D
ratios for 3 different liner models
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