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HTIT-

Sum Yl meiRa FSvAul &1 W= gunferdl W9 [ SH-®C WA FUICH ©d 2q e
EeRT =97 & F91 98 @1 81 SuH. 9. SR Jgoid & @e-37F 5 @ [Fewid
@eq &1 Afed a1 S a1 81 EFP (Explosively Formed Projectile) ® aicqd & faepies
g & geldt 59 81 36 RO 59 SV F ST SF & HII GF, [T=ed 9 qF qred 9
# dfsd F 4 & @ 21 EuR T JSvid 7 EH A F IR P TF AER glar 8 o
for farewifed gl Ua 3=d d7 &7 FiSiaeiser aqial 81 39 qisiaerse &1 a7 2.0-3.0 fHel g
9fq d%e % o glar & SR 8T ° 437 erar ST gt @1 EUE A S7eRa Fgeis w1 dgT
ST TSR H7T FT TF HR, AR % I31¢ T [aehies T[4 a1 & | 59 9497 ¥,
90 mm =9 #F EUET, ST H Jielersd WRER FT 755§ (ST A1 T & K 59
59 &1 60 mm et e (FT wR) F GHE 22 foFAr 7 B1 e 1 gwref 22 Bl
GISFRTSeT FT SER T a7 480 % & FoIvT ISIUTET guielt &1 5ee § Rebie f5ar 71 & |
IS BIBSIHIS 2 [9Icas GiwedR #1 953 @ 4t EUE 9. & TR UF a7 & 37797
forar 7 & 1| RagelvIT 9iaa J, JeiRad-ciRisaT &1 g4 B 79 € fad (o faesies wi
AR & 3R R &1 ARfaT & a7 1@ 8 1 AR U JSInT waw & el #
a7aee % THIHI (Equation of State) T Sl faewies &1 5 gseyqqer (JWL) & #iee farar
T B | g5 @ S @ uw fag @ faewiied e T grEifiE T Rgeva 9RumEr
HT JATIHE AT [ T 8 R G T e o fqgeeT & R T R F
FIHT I & | 37 IeISET TR &1 F47 EUE. 9. ek Jsone & fewmsT &
ST GHdl & | 59 GRER % FA @ derger & a7, AR UG 95T &Hal w1 (5 34T 59
& 91 T S Gl & 59 GHT Ud 47 %1 H1%1 a=d gl & |

ABSRACT-

Explosively Formed Projectiles (EFPs) are finding increased use in military combat
system like off-route mine system and top attack artillery munitions. The high effective
stand-off distance of an EFP warhead enables it to be used in situation like top, side
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and belly attack. In an EFP warhead, a hemi-spherical liner under precise initiation and
explosive action gets deformed to an aero-dynamic shaped projectile] which has high
penetration potential due to high EFP velocity and mass. The EFP characteristics are
governed by various parameters such as geometry of the liner, confinement and shape
of detonation front. In this paper, EFP warhead of dia. 90 mm has been designed and
tested against 60mm thick steel target. Tantalum is used as a liner material for the EFP
warhead. EFP's velocity, shape and size are studied using AUTODYN Numerical Nonlinear
2D hydrocode software. An Eulerian-Lagrangian approach has been used with Eulerian
description of the explosive and a Lagrangian description for the liner and casing parts.
The liner material and casing material were modeled with a shock equation of state. The
Explosive is modeled with JWL equation of state. A Single point initiation in the centre of
the warhead at the rear end was chosen for simulation study as well as for experiments.
The experimental results are compared with simulation results. It has been observed that
the numerical simulation results and experimental results are in good agreement.

T 9: TUE. 0., SRS, ek, fovhies, o3, yam, fo=mw, qH=a, =a
Key words: EFP, Hydrocode, Autodyn, Explosive, Warhead, Projectile, Configuration,

Contour, parameter

1. UEATaAT:

foehiesh €9 ¥ Tied Wsieerd (EFP) &l wie =, faas-wmied (MS) sUwd v @
Tieell @ (SFF) & &9 # off Hefifa foran mn 7, forment Seva oiell gt R feord @eai =1
fee w0 & oy faemes dorfad 989 (WSeREA) &1 SUAM & B Th [aEhes &Y
Y Tfed dierREd (SUEW) @R 22 o sretus fEbn wifes fawue 9 T © ek
Teh 3q9 SUHD ST 81 STHA ST Uieha § 1041/4HU€ % HH 1 q@ W 300%
fard w9 ¥ gRwies S98g wfa #, fge qiommeesy 1000-K & o1 399 sifuss &1
R wfewdtes e gig Bl 21 39 e % GIwies fasid % uruies fagid g
HHAE &l S Hehdl © | SUHD TSd UlHA 1 Tk T G5 fee-1 ¥ feEmn @

oz -1 Suwdt eq ufwman 1 I o
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foemes IR, 99 @i, FHod IR AR & arg Taeital Gerel 1 fessd e Th
<HrTgol T ? BTelif YRR Sichad-eER $ERM &I TR TR (Planar) ST ST Hehl
2, foe off gguid fomme o 2 gFEd gt € S WeleREd (WEW) TR iR 9ied Wi
goqrferd e &1

TR AE ®U W SAMHAT HRHI (geometrical factors) 3R wifder ®wRehi (physical
factors) & ®9 H afierd feman S Wehel 2| «e FH=a (liner contour), Torehizsr =S &
iferer emam, seF fa=mE (confinement configuration) IR faehies gHREYE (explosive
initiation) ek (e & SAMHAE wRehl W ¥ 3 €1 Weickert 3R Hallquist 3 r@n fow
fafy= e safafa aRomEET s wifeen, 918 wifce o1 T=g-hice SUHY fearq @@
% HoEREd T R

foehiesh =1t 1 oeE-=a (L/D) UM T 3R Heequt fag 21 fw 99 99 o <
qGd B, SUHEW I S Sl U g a9 9g S g1 SUH T herd {qehed & fou e
Yo Shial g1 forehicer 3R @R & = 3R o™ g1 YSH Soq9H § forehices &1 e &g
ST ® R forEd fF aeR il & T wdt ot oft 98 S ©

qifeier HNeRT § R, e AR fohics ®1 GOl SR 01 IMiHA €| 36 SAfaiiem
R Tmi & S THERw w1 ufwa off wite 71 i Suwdt wed ufwa @ g o
AR & 01 99 foF AR & u<ed &1 39 O, 39 o, Sea v iR S= arvEH
Heequl fag & | eeR SZem, dldl, 3FRA, Seed-oTRA (Ta-W) 3R figt oig 27 o =
T B Whd B | SR SAHAR W S h1 H1 o Bl © | LId % hH AN, $ea v 1R
T B % RO A SAHAR W STERT TR S ®

faehies & Teaqul U 59 R favses W@, fovme o ok fawwes e wewy
fag €1 sHferT 7e T € o U0 & oreh € S SUEW & SR IR WeeH i guifed
K

FX GrEMiTH § g dsl ¥ o<a T FE ¥ §ed S99 @rd i 3Ed gy st o
sAfeer Teekdl SUEd & feomgd & foy faqeem &1 T X ® 2 | 30 @@ B AEHW
qATH o STIAIG TR & WY STHT & JARTcHSE SR § B @M T A ehisd foha
21 ftft oft, 7% foomet Hewyul ® fF woet-enaia fesie o ek favarg w@a & fow 5@
T g0 oA T S =nfeu)

TG U3 § dTH ] SR o WA § | Sedd W Mo HIh 31 (3020° Sfewad)
BAT T
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2.0 SUwYT kT THmioT:

UHED TS ® IE, IR ®Y W Fdd dRR H Y 908 wifee YR fa=w uw
=0 W TR © el TE e WY fetw w1 awe 8 Wil v, '9 39 et =Xul wed B 39
w0 H feTa & o & e o g w9 ° w1 w4 €

fom-2 o eaet 3 Whser &1 9t T € wEiE g 3 weme foa-3 o fe@rn w
2 HIY o9 YSeREd # wifd @ fou, oeR @ |9 feed @ wien § wm o =t

VR A

_— R _— R

foz-2 egar o s feaa feufa fe=-3 21eftg o a9m ega feafa

fema nfast o, R, =1/2]purdV

AR eraft st St A= 1/2 Jp (V-Vem) # dV

et u e o 7, v 318 3 31k Vem @R & S FATE | ATR, A, T TS et
(formation energy) & &9 H HHET S Hehall 2l

3.0 ANk TaeruT

ST TGN ST H wiE ¥ S T 21 AR H M 85 mm § IR foepes a.
Y e @R H 9 ¥ go T (anneal) T T B wed ge € (WA 1006)
w1 FEio 2.5 mm &1 HRE % Wy fHE T ¥ T B A 60/40 WA S (59.5%
ARSI, 39.5% AT, 1% HW) S=d fowhiess w1 STEm foman mn &, o9 gt ok
Tefieseyg sneia feemet g fawmifea faran o 81 & 4340 ° o° T wfeid @i &1 =
fope T ® | Wi 4340 T TEER WA A9 szl § @ T 2
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ATfART ¢ 1 LI 4340 I TAAHS TS

qa EACE HITaIH st qrferseH BIETS!
T (%) 0.38-0.43 0.7-0.9 0.6-0.8 0.2-0.3 1.65-2.0

=M 90 mm FT TTFHA JSMY 60 mm T Foh! RId = ¥ 13 Hied &l g T W@
T ?1 f-4 o Sumdt enenfi ggeid @ @ wn @

AR : 2 EIA 1006 Sl TAAHSR IS

a e TSt Towl A
R (%)  0.08 0.05 0.45 99.43-99.75
fom-4 Suwdt gguid fom-5 Suwdt (wife) fom-6 @& o 9=

TRl eAWE T W-ureel eE-wiie s & HeAmthe fomi el e W @
T aliehl B | UE wee fafi= & | 't @ S w1 Sfafes, nfashier S=u geme wifde,
feaifrerm, sam da fafean fem

UG TS i A oAl HT ST Hh 480 Fel FA¥ THI-Y FHEH #1 Hqeg 9§ e
foran €1 foe-5 | - fhew g SUBT @1 SR SR STid Wi fe@mn T §, S o85S
mm TaH R e ¥ o9 SuhY <3 § |

4.0 famewe wgfa

4.1 v TaHemT Aiteaw:

ANSYS 3fieied 2 €t / 3 € R 1@ eEgehie %1 YA fha T ol I8 Th T
T favermur wie ®, Sl GmiE & foeer & @y goruH, vfa oI el weemr %
THF B fRT S §1 defcds TEatHE GEEE SUAS § SR Sfel-3TeN Hied & fag
A 9 G ST fHT S Ghd 1 00 | Sy THE § oRie, Jor, JoRk THHIS, TTerd
AR TR (foeha1 %01 SESEEAHE) @ wHe © st 3% R-3gs fasiied &1 Th
foega @ & Il ST 1 hig UAE ®Y ¥ G WS fawhie iR fawhies et &
Arefer & fou e 9 4 Sugw Sd-%f T8 (eEghe) & &9 § Fl S &1 Ui
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TR foad it & @t firg fasfa &1 @9 €, FeRere w9 9 99 R g $ehy 5
TSt IR 341 ¥ R WO, S w fAfv=a e 1 swEm s 7, foas memm o g
Tl &, FEERIHA &9 G Ak T el €, Afthd ST S edl © Ud o faspfaal eIt
Td YaTe Hiefe % foy Suge 2|

4.2 Taqeem A2 o1u:

SUHT S & F&ATHE e &l 2 S-37&fg Aied &1 TN ik Ale | fwa
T #| Uk JoARFA - oA sfekion &1 Syan faehes & Jafem faa ok o iR
ARl 9T & foIw Uk oAUfiTEA faeror & @ famen wen € 1 @eR @ iR seRer wrnt
ek ST & TRl & WY Hisfer feran T @ Sl foemies & JWL SHieor & a1y
Aieat fran 0 #1 wEm % wu-wy faqelvE & forw =t w5 fag 9 fawmie fea R
-7 $umd gguiid & deums vied w -8 Sumd (fageiyH) fe@m 21 ifdew faawo
T & fau sy=m oy S et fafe=T saqe TRefier shmen: diferest 4, difesh 5 SR diferent 6
o onifea 81 @ed i H UEd e $iR 9eq & fafu= =)o wwer: fo -9 ok faw -10 #
@y T {1yt e fageeE aiome & e e arfees 7§ fgE T )

ATTAeRT: 4 ATERUT & TaT Wit WRndeT

i 1006 et qThd Hisd R
fearfd & w0 (EOS) |3t (Shock) (Johnson-Cook)
e s (S / T 3) [ 7.89600 § + 00 YRR Aiege™ (F9T) [ 8.18000 § + 07
i Hiege@ (FWT) | 2.17000 T + 00 @R @ (Fd) 3.50000 § + 05
TG TR 4.56900 § + 03 FEMAT fer () 2.75000 § + 05
ete | 1 (TH 7 TE) | 1.4 9 000 € + 00 F3R ufism 3.60000 § - 01
e T 1 0.00000 E + 00 TE )RR 2.20000 ¥ - 02
Wi Ferel TE 2 (TE | 0.00000 § + 00 e /Y TFIUHE 1.00000 ¥ + 00
/ TH) frere™ &1 aTH e ($) | 1.81100 § + 03
et T, o 3 0.00000  + 00 IEAHA Higd HIE TEl

el A, o o 0.00000 § + 00 (Failure Model)

e | 2 (TH 7 TE) | 0.00000 € + 00 &1 Higd FE TRl
e T 2 0.00000 § + 00 (Erosion Model)

g qoEE (F) 3.00000  + 02

fafere Tt (Sat) 4.52000 ¥ + 02

(8 / fom =)
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ATTART:5 TMER o faq Amwf Wiy arfeenne fawnes & fau |mmit ey
Tretex oo e Elicil
feafa & Tt e (Shock) feafa & TR g - fafeh=g-cft
T3 w9 (S / 99 3) | 1.660008 +01 Sigsqua (JWL)
TG o 1.69 000 § + 03 (Sresequa) (faemies)
YeteT i 1 (TH / WE) [ 3.42300 € + 00 e o (S / @ 3) [ 1.71700 € + 00
IR T | 121400 E + 00 R T (F0) 5.24230 ¥ + 08
e el T 2 (TE | 0.00000 2 + 00 T () 7.67800 % + 06
/ T) AN 1 4.20000 § + 00
T T, A 2 0.00000 3 + 00 | | CRIHIZ SR 2 1.10000 ¥ + 00
Te wen, o 0.00000  + 00 e 3.40000 % - 01
T T 2 (T T ] 0.00000 2 + 00 et faerie o (Tm / 7.98000 3 + 03
eeter T 2 0.00000 % + 00 TH)
Hes] AHE () 3.00000 % + 02 ISt Sl / g WA (% | 8.50000 F + 06
fafore wff (+feft) (87 |4.52000 F + 02 / TH 3)
o ) liﬂ@( kGIE) (&) 2.95000 ¥ + 07
T4 weel (Strenth = W= (Von AT S R SAAA 1.00000 ¥ - 01
) W4 ach Hiege™ 0.00000 § + 00
Modalz & Mises) ()
% p— (aiq;T)E) 2:(5)2888 § i gz Ql”sqloil"fch fiR (&) 0.00000"5p + 00
IGHA TS HE el ehd et kil :'%:T (eTeg))
gLl Higdd His el

fo-7 U JSeiY HEees e

faz-9 Suwdt T = fafa= =
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fom-10 SUFEN R e d5A & fafa= =)o
s.owﬁ'lrrrcraﬁ'ra%ﬁ:

et 7 wAT SR faqetem @ gra wRondt 1 et @1 ganen o uwd w5 ol 910
et / Uohe ot w1 TE off Te SUHT 1 TS Uel oA HEW: 65.8 mm 3N 49.4 mm |
W& 39 SURD A AT W 60 mm HRE W AR T, @ 47 mm H1 95H B i TRl
fagere aftomd &, Suwd w1 o 1154 HiX / Wehs <o fHA T o Sl oA SR oA
HAY: 67.6 mm 3N 43.6 mm 9 ®< § 9eT 43.5 mm 2|
arfereRT 7 TR iR fameier wiumst & dter g

TieT LRI Tometom
TR H =A™ (mm H) 65.8 67.6
SUR ®1 e (mm H) 49.4 43.6
@arg / @1 =A™ 3Tu (L/D) 1.3 1.5
TUHET T A (mm /AHTS) 910 1154
@ed § 989 (mm H) 47.0 43.5

6.0 Trer:

TR T R G UihA BT 1A w & fau fagetvH fman T R 3w @+ Sfea
S H1 T Afefer wE T TE R, Afh el eEdeR iR wiedm grnfifsat
T 9gd Sl fae™ g1 % wR0 9 fUsd |9 39 H, hydrocodes W o0 & 31 ®@
g IR & WHaad i Heg W gguid 1 fewgd fman s e € foretyE fafe=r seet w6
e & foau w1RT SwET € it fafe= aeet w1 e & fog Suwdt eq & fafa= wwon
o foqeie i Tk ST Hehal €1 39 TWE 1 SIfecd THESA 61 HR R AT T &l @l
B i aRoms faqeier oo & sgd wae €
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