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Finite element simulation of shaped charge and comparison of results with
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The aim of this paper is simulation of shaped charge process using Eulerian analysis. To this end, the
finite element analysis was used to simulate the process of shaped charge. In this simulation, whole of
the model has been considered from Eulerian elements. Since the processes of liner collapse, jet
formation and penetration are performed in a very short time, as a result, the material behavior will be
strongly dependent on the strain rate and temperature effects. So, strain rate dependency and thermal
effect has been considered in this simulation. Verification of finite element method has been confirmed
by comparing simulation with experimental tests and Birkhoff model. Comparison of penetration depth
and profile of the cavity created in the target in finite element analysis with experimental samples has
shown that the results are in good agreement with each other. Also comparing parameters such as liner
collapse velocity, velocity distribution in jet length and jets profile has indicated that the simulation
results are close to Birkhoff model. It should be noted that ABAQUS finite element software is used in
this simulation to analyze the process of shaped charge. Also coding process is performed using Matlab
software.
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Fig. 1 A schematic of the jets formation and liner collapse process in
shaped charge

gl Jolo sleca 6T IS sy 5 055 5 il 5l (SSle 1 S8

Y
3 52y oS [9,8] wilaols a8l o515 Bjei g dZogy Jlw S5 ola2e
Okl pi o8 Bld L) Get i Jae il Sl 6)e5 o Ses
aslis L gh o 585 b b oS Ll (6,95 [10] wa 8 Pdlol e e
Ll sl el g5 sl Sl (6,95 Sl plod aily 5 0sd s

S @8ly o sl Y laplell (LAlgd e s Sl g
3 S el eats a5 o Sl Kus (Sls b e s bl soleiiny
boogs Jae yo ol [11] el ools atl) 395 gl Semadogza¥l Joo SO
dal, Ko gleo S Il Bro g o515 BB pd anndl 58
Al Cuws dgi5 anl B b o 0l ol 0y glad yrest Cyz b,
FY oS Sbd gl RV (Al ane) 0 0g Slidlas o (55 2
bogl ol @38l 5o Sl 1y uY (Al Ce s g 008 B Spe
S wopmiie odle Mo SSIpSy mie g el gae S e B
9y oSy Sl 03,5 Wl Y (Shod S pu (eSS S alad,
xS s Al p alie Shily, 5 plaiedils Ko gt el
assg g 5pily J15-12] aileots @l 0¥ Sl Mgy S paas
A Sep GRY QLD Gy g By, ool DB b il
&5y 2 GWlas 5 G [16] 0y B ol s 1, Y
Oloy (e a2 dhal; Ko a g ool plandl o S ol

"P-E-R
& Flis

08 o plesis 18 0,95 1397 ybLT (3w Suillo s

Jd zge ezl b, ot ¥ Bl LY by s ol b ol 0,65 5
ol sales oo, Y oQLar‘s.i':L_f_g)é olgd o a5 4 ¥ ok
wbae ) 5o oud olol lad a8 el eols flis a8 8 O g0 Sl
3Ol & Gl fgebes S5 90> ) alige ol ual Y
Az 00 De el A 0jse San g 0V el SUIISG slSol
[ a8 s Jlw 4 k) asilan 1) Ll jLos, ol

shls 5o 8 a5 0ede obml (38 S oge Y SIS (ALs S L
FE slacer 5l (S aiibie )lid zge jLanl gL, yo (5970 Sy
abasd o gl o 4l p el S 12 56 oga 0 YU S b ad
Ol S5l pmeie g 0ntS (SlaSi )l p8 4 Vaens Boa 4 5,95 5
Hlso Fp Ll aasee plal 1) 354 wnld o st w3
4y o 3 sybgn sialie £5FICE g 4o ool 8 (bR
Rebee ol ea JLi g Iz g3l sleass 5l ool sl ojse
52 Pl?‘”‘jl 9 t_‘__{‘i.,.x% pds PURIGA P OL:.s 1';3)3’ D90 Slaass
Slaal jo o] 3955 Bes (lee  spKedar el cage o Jodgyn
Aiug g prede S S 50 (g eme Bl pimen l42] ws Jaly>
Ao S 0ed AU Co 35 Gee alS 0 age il K Wl oo ju
FogkS 1 ogas 10 ol e l)ls g o anslis el pblas
ke sl Y 0 e e LSS Ban S Lo @ oS eag adl
(Y sl o2 00,0 85 B 80 3502) (Sbgjd ) oy Y a2 i
SrSJSD 09z g 055 75 anld 5l (SSled el e ST Ea 5y
Sl ol oals las 1 S8 0 0 L3yl 5l Lels slace

5 Sl sk oyie S obml e Bam a 0)93 5 5l e
2 Ygore Bun 0 S 3o adgl St s il algr Ban oy i Lo )&
3 S 3985 Al oy el 00 8551 il 5 2aslS 3 L2 sga>
SIS IUEPY IERE RV-Y S PP LOUANGv PR L PO I W L EGIE CO A PR RV
O el gl S gl S, sbnl e ca 3ai YL
sls aalss Jlis a4 Bas esle o 1) oYU sl 255 F5 g Les 2ulil
aishd plasl 3l e a5 ol sals (lis a8 & e sl ialej] aimen
[5] sl oo (Bl i 395 51 o g B B 03le p > (Bak 55 S Sgis

S Syge of 7,5 onlp ae) o ol Slades oyl 4 b
T GpFISE g Y (Bl e Jold baes W iagh ol wa
S0 sla el (53, 2 adllae 5 Ban 5 fcer S9 polSe oy
Pl bl 236 093 Sl o J)anil e 3585 00jl Sl cqe
ooy o o 6] cilools )3 ) 090 S Bk e p ) sole
oSe e 1 p oS 13000 b 1000 25, 5 ol JK> b solge 5l 5>
|) "Q;l J...b 9GJJS aal.é:..;'aﬂnﬁ;a sole Es S jad g ﬁ‘) 9 alhasee \_g|)_‘,
b 03 Slalllas 0 5 (geeST il 03,5 anlllan 3985 Goe Glpe
21y il gy alali g oy ool go Y Culbis a ol il
55 hiind lot g 171 ol 00y 0 5 55l 5 s
g sl 4285 000" soglaly JBlay laug goae (5jludncs )
SegesS pp ) S S5k g T D il 1 e 5 5k
4 dab asle y o G 55 0 b giliet (Sealiog,um sl Ja

! Liner particles
2 Collapse

3 Slug

4 Jet forming

% Jet penetration
¢ DYNA2D



Uliad 9 xib Ld e

B9a s Sa Yo 9 aLe)T Sl b gulis Aulie § 395 7 53 ialpd 39 dxagylall (g Hwasds

\J,M lmm
D= 30.2mm

pomt

Linar | Stand-OfF Distance )
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schematic of constituent parts

i 5l Soiled oo 4 365 75 Sl ) alile] Ol 2 S0
sazms JSas

Slgo  SHl8o plas 9 5,5l WY olas -2-2
oloj e 50 05k 5 Cr @ RFUSS GRY (Sl asgp & ol |
4 oole Jlid, a2 10 03,5 o plonil (a5liy Se 80 5505 ,0) oligS Loy
S siloand cal )3 5, (al 5o dnlys anly Les 5 (15 25 4 oad
biza nY (Suilke [, it (6l 0SS guils ole Jo
L EY T Ep LWL, R K LI I R o3 - K PRy P
S 30T o o asle” usle S Fgnl ndly Joa 5l pol> g5
iles Sl g (5 g5 el L8, (Soly ol cae (Ll alad,
& S5 ails gole Jao g oSl gl aloles ol 00l salizl

el e ol (1) dlal; &0

pl
o=[a+B(e)"] [1+Cln 21” [1-67) M
0

LBl S STES T En iy 15 B Gl o &
& 55 0 gall albe oad 5,Foslil sole slazell 55 n g m
0gh e i (2) dlal; ©j90

0 6')! < lgtransitiun
> - emelt
6= 9 =0 - 'yt Bransition < 0 < Open @
melt transition
1 glpt 0> Onenr

osle I35 sled Gransition 3 w92 akais (glod Gen cosle (Lo @ 3gd alail, o
390 (a3 Y8 slp IS gl oo la el b T Jam 3 adlos
waal aad ooy lis g lxiil adhions g ;Y Coll o salanl
el 00 428§ Jai 0 0 pmmbie sole gluand gl aS gole e
et @t gole Jae ol e " 55y iy Sl dllas
s il gl Lols slend (65, s olT 1 e sadolanl JLis
2 I3 @il e g ool Jue opl p oSl g tle dolas Loy,

% Johnson-Cook
© Mises
7 Jones-Wilkens-Lee [JWL]

aoay o osd plmil glo tagds aalsl s [17] ool aidly covs e
o oy, alis gk @ alg 5 S g Al s S oS
5l aal sy ol ) eolinul b cor canS o) et Sgz oy
120-18] s wl) lesles
anld gl dnd Cgr aaai 0 G 4 goae Slelllas T3
edliiul b anesy ol 3 (s Slidos giSU sl ol Joas 295 72,5
S S s lls [2321] el @y O jge dgame Ll slolzila s )
@l S 3ai 5 6T USD anlF giluand g sgame plal s3IV
Slapgesl 5 soae slaby, 2 &S5 b olSea 5 S5 [24] il oo s
S985 bl g S (55 JS wilB Y eole iz 53U KL
5 g Sl o eat aolinal L5y slge [25] wilesls |13 aslllas 5,50 1,
“dnd 3l 08 o Kan g g5l ing: oudh Ul pgaiagll 5 Y5 e ez
S5 IS g9 ooy 5 Y ojle dgaze Glll Jlod S so0e 5l
Sl b LT Sldlas e [26] wo 5 solicad 395 anl$ L b co
Ears Sendge y Sl alold by iz ) agly Juls B waia
wd 5 1R e o jse il
oledl iloans anld jleslicul L Bl )] 5 aad allie ool o
P e e a8 0 o 35k g (68 UKD (SBlg 8 pilSe gae
o a8 oled D3l g (255 25 el a8 G g siludnd 3055
Sz el oad a3 3l )3 098 o0 Sl wad Sl oSS i
SRl @l b sleand @i g ploll s (i
02} (o35 atele gl b Bun (0 S 35 Ges ()lie g ead awslie
et Jae mlo b giluancd mls o mwcome aul il e ol sad
A Sl 55 UL el ool aslie By Co 505 S5 g (Bbs)d
'oesSbl sgazma lall 1581 g ) s5luaed anl b plonl gz dlie (ol

ol oy oolazul

SBER0)T Cad b (S5l A ol e S0 -2

P lojl dgni cwoid wlaskine -1-2

T Sl j) ALl Taegame S oriions anl b bl ol
oz 3l e ba e K sad aisle LY diges Al 423 I 0 068
302 oaels b e los 1 ainy augie Caslies b o3g0) oy5enS] s
o 02,0 9999 5l eole cpl il 0ogy 4z, 43 ) agly g e e
~oole a5 00b JeKtS oyhunST Sligie 0oy 0.0005 L5 olyan 4y alls
o RY el athgs oF 25wl o Y Sl o il Gl
3o sole g alhizs ool sogr e e 34 Sqa 0 ouclE B Loy e
52 jhad L ailgzal S5 Bas ools dwazs ol azdF lai s sYed s
" o o o osle Jagi i il ogp 7 ghea 80 B g oy clon
Aold e ol 038 0,5 21 [sgas o s3la J5 oy wad plo
3 Facshes 30 i 5 4y Jloniil £9,0 alaii U 0¥ (ol alold 5 Saa b Y
slaggel &5 cul S5 a4 oY o et w85 0 Se s 4
pll o) 5 il 4> 1525 (glod 5 jhuail 1 lase Ll o al&isles
dret & off 7,5 Sligem jl aiulejl asgeme 20 S5 50 0
Sl 00 ool i sacms LSS gla o 5l Seiles

! Abaqus

 Setup

? Oxygen- free copper
VINT

08 o )losits 18 0,95 1397 LT (e Suilo s



Ol e g 7S Lo yulc

Bgd s s A 9 le)T Glisius b gl dunlio 9 395753 Jishd S9azelall 6 )lwasds

o o5 o Jebo ey GRalS S 55 6 s57e o)lie balyd g2y e
Jue sgaze slell Ll o calisee gl ise auazs 5l az 5 10 glhkd
slasd & 185 5550 ,lgl s aF ols lis g o) Kan a8 g 00l
plxl Cgz (awan IS sl ads 4752 5502) Ladl 132000 JElos
Y 65 b Spglxe o sledl s3luil ol Lo gileand ald
e oad a8, F L5 s 2o L 0.3 sgux (2,5 o JKO o a5 glasl)
e fadhe LU 2o s 05 o 590 (g )0 jlade (pl a5 > po
Sbedl Sy a5 59 EC3DERT ggi 51 Loy ol ;o0 a2d, IS olall .oeil sog
Jole 3 S 0wl o ¥ i el Jm8 clllB b goms 4 (1o T8
20 9 5 fnslen 1 Cais b ¥ 293 ) oo i c5,eF JSCS
Ll plis b slayle; jo Ban
5 oad plxl alie wses cta ol (gly BT glagge]]
sl S s c.nl.'..n L ALY QL..SJ SL&[S bm?u L'FALAJ L_Sl)a u?‘)i .L:.!L,_..;
65 6 e dos 50 o3k j0 Ban 0 S da8 Ges ol &5 Sl ol
Fashes ST 3585 Bos Glie (0 yeS &5 5,5k 4 el g it e le

— 1

=14ps

)

=25ps

Velocity [mus]

+5.880e+03
+5.390e+03
+4.900e+03
#4.410e+03
+3.920e+03
+3.430e+03
+2.940e+03
+2.450e+03
+1.960e+03
+1.470e+03
+9.800e-+02

+4.900e+02
+0.000e+00

Velocity [m's]

+4.623¢+03
- +4.238e+03
+3.853e+03
+3.467¢+03
+3.082e+03
+2.697e+03
+2.312¢+03
+1.926e+03
+1.541e+03

+1.156¢+03
+7.705¢+02
+3.853e+02
+0.000¢+00

Velocity [m's]

+3.399¢+03
+3.116e+03
+2.833¢+03
- +2.550e+03
+2.266e+03
+1.983e+03
+1.700e+03
+1.416¢+03
+1.133¢+03

——

+8.49%e+02
+5.666¢+02
+2.833+02
+0.000e+00

=35ps

Velocity [m's]

+2.068¢+03
+1.896¢+03
+1.723¢+03
+1.551e+03
+1.379¢+03
+1.206¢+03
+1.034¢+03
+8.616e+02
+6.893e+02
+5.170e+02

=49ps
+3.447e+02
+1.723e+02
+0.000e+00
Velocity [mv/s]
+1.557¢+03
+1.427e+03
+1.297e+03
+1.168¢+03
+1.038¢+03
+9.081¢+02
+7.784¢+02
+6.487Te+02
+5.189¢+02
+3.892¢+02 1=60ps
+2.595¢+02
+1.297e+02
+0.000¢+00
Fig. 3 Stages of jet formation and penetration in the target
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Table 1 Johnson-Cook material model parameters for the liner and
explosion case [22,27]

L g9
Steel- AISI 1045 Copper-OFHC
xS‘:’l‘ ‘_;Lhd..gﬁ
553 1425 A (MPa)
600 168 B (MPa)
0.234 0.12 n
1 1 m
0.013 0.032 (64
7850 8960 p (kg/m?)
210 125 E (GPa)
0.3 0.34 v
293 293 etransiliun (K)
1733 1356 Omerr (K)
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Table 2 Material constants of TNT explosive [27]

D

A B p
R, R: o (kg/m*  (m/s)

=L & (GPa)  (GPa)

TNT 374 323 415 095 03 1630 6930

! Material constants

* Lagrangian Analysis
* Eulerian Analysis

! Material flow

* Explicit Dynamic
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Fig. 5 A schematic of the Birkhoff model for predicting the process of
liner collapse and jet formation
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Fig. 4 The cavity created due to jet penetration into the target by using
a) experimental testing; b) simulation process
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Input shaped charge variables

Kol

xlet('f’ r) = xO( i) - I/;et(";’ !) X (r _tﬂ('r))
Xsuag(h 1) = X,(1) + Vg5 1) < (1 - 15(0))

Mass per Unit Length For

Caleulate

Explosive And Liner

Jetand Slug mass

Calculate

[Equation 14.15]

Arrival ti me of the exp losion wave to the
position of node i (7(7)) [Equat ion 5]

Jet velocity [ 1,.(i,1)]

Update: ¢= t+dt

Calculate

Shug velocity [V, (i.1)]

t=t+dt
—4 Update

[Equation 4]

Collapse velocity in position i
of outer surface (¥(i,1))

[Equation 12.13]

m

Calculate

Calculate initial time (#5(i)) and
initial position (x;(i)) of node{

| Projection angle () [Equation 6] |

in jet and slug formin g process|

Calculate

[Equation 8]

New position of element & [x'(z),7'(z)]

Liner collapsing process

Calculate

jet forming

IF: r{i)>0

r

| () =7(0) - ¥ i) cod (i) + 5(i) it |

IF: r{i}=0

Fig. 6 Flowchart of the Birkhoff model for simulation of liner collapse and jet formation process
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