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Numerical simulation of projectile penetration on fuel filled tank and comparing
with experimental method
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ARTICLE INFORMATION ABSTRACT

In this study, the effects of impact of a projectile on a fuel tank are studied using the finite element
method and compared with experimental method. Due to penetration of the bullet into the tank, large
internal pressures from the fluid are imposed on the tank's walls which can damage it. The considered
fluid structure interaction (FSI) problem is solved in an Eulerian-Lagrangian reference frame by using
Keywords: the LS-Dyna software. By comparing of the res_ults obtained from thf_e simulations and the experimental
Eulerian-Lagrangian data, it can be seen that the LS-Dyna software is able to model the different phases of event accurately.
Impact In previous researches mostly the penetration and cavitation phases are investigated numerically. In this
Hyper Velocity Projectile paper all phases namely penetration, cavitation, stresses applied to tank’s walls and bullet exit are
Tank investigated. The comparison between the Von Mises stress of walls in the fluid-filled tank and the
empty one signifies 30 percent growth of the maximum Von Mises stress in the wall of the fluid-filled
tank compared to the walls of the empty tank. Also in addition to what has been done in previous
numerical works, the failure mode of fluid-filled tanks are determined numerically. The numerical
results show that because fluid-filled tank walls are pre-stress due to the fluid shock waves, the failure
mode of fluid-filled tank is quite different with the failure mode of the empty one.
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Fig. 2 Pressure wave shadowgraph in the shock phase of the
hydrodynamic ram event, taken from the experiments of McMillen [2]
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Fig. 5 Shock waves caused by the impact and the bullet penetration
inside the tank
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Fig. 6 Von Mises stress contour (MPa) of the empty tank wall at the
25 microseconds after the impact
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Table 5 The placement positions of pressure transducers

Z (mm) Y (mm) X (mm) gzl 5 b

37 301 0 1

215 215 0 2

301 0 37 3

602 0 74 4

903 0 111 5
1167 0 0 6
1167 143 0 7

2Von Mises stress
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Fig. 8 Representation of the transducer angle from the shot line [4]
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Fig. 7 Von Mises stress contour (MPa) of the fluid filled tank wall at
the 25 microseconds after the impact
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Fig. 10 Created waves in the fluid due to penetration of the
projectile in it
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Fig. 18 Hole created in the fluid filled tank wall when the projectile
leaves it

Ol 5l dgls 9,5 plEim 4y ()55 0l598 10 oos Sl &l 18 Sl

Fig. 19 Failure mode in filled and empty aluminium tubes [13]
[13] S 5 0 o35 o 25 20 19 S

59

r=80 mm
Fig. 15 Numerical simulation of cavity growth in the present study
yolo Gados jo (SholS aly soue (3luans 15 Yo

sl e 0l 5l Al ey 3l (Senlung e oy oy 5B cn 5
[4] o 5en 5 abops (2BaLeT 5 10 56 cnl @ by b az 5
m e 5136 ol o)y Ty o gl 6y lyi e ol sl oalys
‘Al) oy B u—l;—”T Col e gl C')"“‘“‘l oA fal;u‘ s
e ol S gl & IS 45 dmsie &, ey (Salizsy e
oy wei oo Sl JIB 350 S Crons g AlglS a5 Sley 00 5 )5
—sos ol (T o 1y L85 ey oyles 4 0ye5  lej B aS cl
50 AelS 39a5 5l 3L Sed zlgel slowl Jdo 4y 5 550 5590 4o Ll asS
Sy55 5 3l S alad 16 S0 5k g lsel cnl 5 (86 by 5 Sl
Sgdge ol T 5 55 (g lake o lgrs a4y alglS

T~ plil.lb 4 L_Jl} O o)‘%o LRSS Sl tb}...' A7 JS..: é...la
Elygm slsd Shanlin 31 b 51 o cs9) JS5 & o1 5| glS JlS
@ op ol 50 delS 3485 g adgl 0,55 plEie a4 (35 0)le 10 eals ol
Coows &y Aol a5 Jloj a5 85 ams e oo ol pln 0g 559 SO
O sbojlas 1o ead sbml Flisw JKG woel o SIS JB 55
Wil 59 o8 4 g Ol

Fringe Levels

2.500e+02 _
‘ 2.268e+02 _

2.036e+02 _

1.804e+02
1.572e+02
1.340e+02
1.108e+02
8.754e+01
6.433e+01
4.113e+01
1.792e+01

A

Fig. 16 Pre-stress (MPa) imposed on the fluid filled tank wall
before the projectile hits on

33553 3l B o3 o)l 4 ead 0l e 31 (JBbe) as 16 sl
ol 4 dsls

Fig. 17 Hole created in the empty tank wall when the projectile leaves
it

O3l dslS 29,5 allan 4y (I (4550 0,150 ;0 00 slowl #lyam 17 JSCi

04 oplass 18 0,93 1397 455 yw)0 SailSe ouwditco



G ) b dunlio 9 b g S9bs U pRe A&y AlglS D9 (g3Ie Julxs

eI Ld)3aen 9 5oge0ie (puus
(MPa) 5,45 5 ,Lzd p
(MP2) Lo ol ,L28 Po
(MPa) mls )l jLud pv
(M) STyls” gless re
Jbw SosigSlacad cu po Si
(K) oole 3llas slos T
% ol
(K) oole w53 slos Tm
K) 36l sles T
(MS) (35 4 0,55 2 5l b Algls’ ey Uo
(MS) (350 43,55 3 5| oy g8 e Up
(M) Z50 agez (S5 o poo Us
g mdle
Sy 5,5 &
CRRE RS g
Gl )5 a
el > dolee o o s
Oplsy oS v
T e p &ly abaki oled aysl; 0
kgm™) Jlw J&= A
kgm?) asls” J&> o
(MPa) Ssliulg,on i3 Oh
L g
PONRLY max
Oy nd
&xlp-6

[1] D. Varas, J. Lopez-Puente, R. Zaera, Experimental analysis of fluid-filled
aluminium tubes subjected to high-velocity impact, International Journal of
Impact Engineering, Vol. 36, No. 1, pp. 81-91, 2009.

[2] J. H. McMillen, Shock wave pressures in water produced by impact of small
spheres, Physical Review, VVol. 68, No. 9-10, pp. 198-209, 1945.

[3] J. H. McMillen, E. N. Harvey, A spark shadowgraphic study of body waves
izn water, Journal of Applied Physics, Vol. 17, No. 7, pp. 541-555, 1946.

[4] P. J. Disimile, L. A. Swanson, N. Toy, The hydrodynamic ram pressure
generated by spherical projectiles, International Journal of Impact
Engineering, Vol. 36, No. 6, pp. 821-829, 2009.

[5] C.J. Freitas, C. E. Anderson, J. D. Walker, D. L. Littlefield, Hydrodynamic
ram: A benchmark suite, American Society of Mechanical Engineers,
Pressure Vessels and Piping Division, Vol. 325, pp. 63-74, 1996.

[6] R. E. Ball, Structural Response of Fluid-Containing-Tanks to Penetrating
Projectiles (Hydraulic Ram) - A Comparison of Experimental and Analytical
Results, Naval Postgraduate School NPS-57B p76051. 1976.

[7]1 E. A. Lundstrom, Structural Response of Flat Panels to Hydraulic Ram
Pressure Loading, Fort Belvoir: Defense Technical Information Center,
NWC TP 6770 Naval Weapons Center 1988. p. 12-15.

[8] P. W. Randles, D. R. Seemann, T. C. Carney, L. D. Libersky, Numerical
Simulations of Fragment Impact on Liquid Filled Containers, American
Society of Mechanical Engineers, Vol. 361, pp. 81-90, 1998.

[9] R. Vignjevic, T. De Vuyst, J. C. Campbell, N. K. Bourne, Modelling of Impact
on a Fuel Tank Using Smoothed Particle Hydrodynamics, United Kingdom:
Cranfield University Press, 2005.

[10] D. Varas, R. Zaera, J. Lopez-Puente, Numerical modelling of the
hydrodynamic ram phenomenon, International Journal of Impact
Engineering, Vol. 36, No. 3, pp. 363-374, 2009.

[11] D. Varas, R. Zaera, J. Lopez-Puente, Numerical modelling of partially filled
aircraft fuel tanks submitted to hydrodynamic ram, Aerospace Science and
Technology, Vol. 16, No. 1, pp. 19-28, 2012.

[12] C. Liang, S. Bifeng, P. Yang, Simulation analysis of hydrodynamic ram
phenomenon in composite fuel tank to fragment impact, Proceeding of
Measuring Technology and Mechatronics Automation, Third International
Conference, pp. 241-244, 2011.

[13]D. Varas, R. Zaera, J. Lopez-Puente, Experimental analysis of fluid-filled

04 o loits 18 055 1397 15 (w0 Sl wise

Loloul 1 l58le 5 5l el s 4y gl g lie ailos S &l 1y (garess)
w9 3o L bl [0l 58l 5 4 sas e olis elEisles] slaesls 4
3ol lgs oo aslsl joaled gileJoe 1) (Sewliusg o ol oaay
19903 Ol 25 T8 4 |y ol 3B e slasjgliws 5 s

O sbo)lnd ;5 Agls 3585 53,55 5 5l (LA S sl ygilS anulie -
bl jursty 5 e iSle o was oo i Jlw 9l P 5 JI
oS le jlade 5l iy ae 0 30 bhgas Jlew (ol (35w o lgnd jo oud
BB U el ) a5 wilbise B 5 po ool ol ey S
3,953 5l Bl i ol Gla i sl o |y Sed zlsel ala>de
5 S rmee Sl bl Jlw sl G3e 0 | Sye
G b (g9l (35w 041930 50 ouis Slow! jumo (g S e B S
Sy sl B G5Fe o)ls 5o oad sbnl Gaseyy R Glaee @
556 s dolS Cee s o ((Seslusgyuen ol oany S 56 5o -
32U slagse prizen aioe SRl @ @ Ol Sl S50 o
oS Sqz 50 e $laolpd @ 905 Sl e Jlew 4 00)ly Sod
cge o S8 plp 40 Caglie o 4 g oael s S > 4 dolS oS >
g oo & ey pidin LialS

o sluacs 5l oosl cavs 4 STglS Jlad olie s iSle o9 e -
dole o o Jlad (o8 e Sl el glasols b ad
el Lol ul 1 158l 55 50 ygumlis olS 518 (g5l Jae

@ ol 5l Al oy plSin a4 JB 3 o)lns 5o ol bl Elyge -
"o B Jhw sl G5 o)l Sl dls a8 e Lol ol (558 JSS
5 ol bl Flygw S L 55w o)lgns o ool sloml lygw S5 e
» ob)‘s 6)L._‘>L...' LSL“"""""‘T U‘)’“‘A g9 09g UBLLA.A LSH> u].?E.A o)|9.3‘~>

e S 4g8 -5

Sl b, £, dsles jo s el A
S oS- gl 0ole Juw o oole i A’
(M) dol8 alaiio mhaw C>lue Ap
Sl b, g5 dsles jo cull el B
S 65— yguailz oole Joo y8 oole 2yl B’
S 65— gl 0ole Juaw 50 0ole i Cc’
Ogemlagls oy 9923 )3 I3 oy Co
S0 o Co

(MS"Y) Jlws 10 Sgo et yuo c

(M) Slyls" a8 sSTu Omax

(M) algls™ ;las dp

(MPa) il Jsae E

N> S 595 Fo

(ms™?y il 5 ols

(M) 35 J1o 50 Co g glas )|
Ogemoliagls yuelly

S 65— gl 0ole Jaw jo ool culi
S 65— gl 0ole Juw 0 0ole i

5 3 x T «@

60



o l.no').\._»_.aagts),m.iacyu;

G ) b dunlio 9 b g S9bs U pRe A&y AlglS D9 (g3Ie Julxs

[16] X. Yang, Z. Zhang, J. Yang, Y. Sun, Fluid-structure interaction analysis of
the drop impact test for helicopter fuel tank, SpringerPlus, Vol. 5, No. 1573,
pp. 1-21, 2016.

[17] Y. Pei, B. Shi, Method for analyzing the effect of projectile impact on
aircraft fuel tank inerting for survivability design, Proceedings of the
Institution of Mechanical Engineers, Part G: Journal of Aerospace
Engineering, Vol. 230, No. 13, pp. 2345-2355, 2015.

[18] D. Townsend, N. Park, P. M. Devall, Failure of fluid filled structures due to
high velocity fragment impact, International Journal of Impact Engineering,
Vol. 29, No. 1-10, pp. 723-733, 2003.

61

aluminium tubes subjected to high-velocity impact, International Journal of
Impact Engineering, Vol. 93, No. 10, pp. 2598-2609, 2009.

[14] P. J. Disimile, J. Davis, N. Toy, Mitigation of shock waves within a liquid
filled tank, International Journal of Impact Engineering, Vol. 38, No. 2-3,
pp. 61-72, 2011.

[15]M. Buyuk, S. Kan, M. J. Loikkanen, Explicit finite-element analysis of 2024-
T3/T351 aluminum material under impact loading for airplane engine
containment and fragment shielding, Journal of Aerospace Engineering, Vol.
22, No. 3, pp. 287-295, 2009.

04 o )lois 18 0,93 1397 D8 e Suille wiie



