146-137 yoye 10 o lesds 16 093 1395 (53 ( yw) 30 SlKo (S Idgo Ao

9 s ole aolinle _“=,_
: . =
O W0 S0 (wigo = 8
=Y AR
mme.modares.ac.ir uT"f.:_/,;Aéu

0, guols” g3/ ECanl g (S g Blal 53 395 W T fudoxi
3 lad waaiu & el Garunadé Fslald sala

OIS cyde Cays oKl «SlSe pwdineo o5 5355 (gommiily =1
OIS e i olSisly (Sl puwtige Dbl =2

olisle,S o gl oKy «SKilKo (awdine yluaiily =3
ghlia530@modares.ac.ir 141-14115 _iw; oiio )l os™

S Wlio eV

Jol (ptingy allie

1395 ,509 :cal,»
1395 ;5005 15: 5l
1395 ;40 18 icules o il

J3o ol 33 48 039 (19,593 o (bl Sl ol o Jto o 0y gody 000lS i /Sl oo CBlanl )3 sy d9is dlia ol 5
wl»:‘ Oi‘)f )5.0) o> L'j Ql)w 9 29) L_ia.a‘).n} wslﬁp OI}:A 9 ol o3latw! o)§> loLw‘ 3y )l &9 k—i&ﬁl)w ¢w5L5.a O o>
Blol b 5 (Sealpw Ban (Szadl o1 ol 00d Mol CogralS = Sunl s S jiidie gams 59y Wb Cpiean Casl 005 paad

motalesl ol )3 sl oy o talol Pl b g (028 g0y sty CojgpelS 0AS CSts o 4 LigS 59l S oS

Ol 1l
(AR
Sl o Cojguels] Sl Ban (59 41 (63V58 Al 2,08 5 0 plonl 5 (Jlod @l duugliie g el jgaindy &7 (Sadly sl Sl o
i B ke 4y 5 LigS 5 iz S (Sl S35 90 b g 0y b oad s g o il SUI I gty ujsnels 5 Lueglliecas) il
Sl gl 298 o0 B (Sl D)l S5 9o el 3 138 5 gl dsrg amd e (LS @B o b gy Bl 28 o)
ks Je

Syl cpsies (503 gl g 00 plogl elatilo]l bass sl 0 an Szl s

Analysis of penetration process in hybrid ceramic/nanocomposite targets
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ARTICLE INFORMATION ABSTRACT

In- this. paper, an analytical model has been developed for modeling high velocity impact on
ceramic/nanocomposite targets. In this model, penetration resistance of ceramic is determined based on
cavity expansion analysis and variables during perforation of projectile onto ceramic are considered.
Also, the force of ceramic-composite interface is modified. Ballistic performance of the
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ceramic/composite target is investigated with addition and dispersion of nano particles of zirconia

§§ryfvg§’aﬂ‘,‘§n (ZrO;) in the matrix of back up composite. Ballistic impact tests were performed to validate the
Ceramic analytical predictions. These tests were performed by firing 10 mm steel flat ended projectile onto

Nanocomposite
Experimental
Analytical model

ceramic/composite target. Front layer is alumina ceramic and composite laminates of back up made of
E-glass/epoxy with and without nano-zirconia particle of 5 wt%. The effect of nano-zirconia dispersion
in the matrix for different failure modes is discussed. Experimental results revealed an improvement in
the ballistic performance of samples with nano-zirconia particle. The analytical predictions of ballistic
limit velocity and residual velocity of projectile are found to be in good agreement with the
experimental results.
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Fig. 1 Schematics of the stages of the perforation process. (a) first
stage: shearing and compression; (b) second stage: stretching
deformation; (c) end of the second stage [8]
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Fig 5 Comparison of ballistic limit vs. ceramic thickness of new
analytical and experimental [11] and theoretical [10] results at t,=4.0
mm of composite
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Table 1 Comparison of the residual velocity obtained with new analytical model with experimental [12] and analytical model of Naik [13]
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A A Bas Joe Kb Joe e m/s mm mm Agel
22 2 849 6.850 832 893 5 4 1
8.0 21 836 5819 826 882 8 4 2
30 13 827 4.799 802 881 10 4 3
3.2 50 796 3.818 800 880 5 6 4
11 9.0 809 7810 802 893 8 6 5
2 54 794 775 760 878 10 6 6
514 49 758 8.793 693 898 5 9 7
514 512 740 7.753 658 880 8 9 8
418 519 742 4.735 621 889 10 9 9
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Fig.7 Front and back view of created trauma in colored clay back up
the composite at impact velocitiy of 190m/s-and ceramic thickness (a)
10mm and (b)5Smm.
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Table 3 Comparison of backing trauma of experimental and new
analytical model at different impact velocity
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Table 2 Comparison of results of experimental and new analytical
model of backing trauma at 310 m/s
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Fig. 9 Front and back view of deformation and cone formed at the

colored clay of back up composite in the same target thickness and

impact velocity (a)190m/s and (b) 310 m/s
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Fig. 10 Failure of backup composite from side view after penetration
of projectile
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Fig 8 Comparison of ceramic fragmentation and the pattern of formed

cracks(radial, circumferential, cone) after impact for impact
velocities (2)190 m/s, (b) 260 m/s, (c) 288 m/s and (d) 310 m/s
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Table 4 Comparsion of residual velocity of projectile (experimental
and new analytical model)
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Table 7 Comparsion of residual mass of projectile at different impact
velocity (analytical model and experimental)
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Fig. 11 Erosion and deformation of projectile after impact at different
velocities shown in Tab.7
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Table 5 Comparison of angle ceramic cone at different impact velocity.
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Table 6 Variation of angle of ceramic cone vs. ceramic thickness

CenSlls gl Sl yor ol 3,95y Cuf yus Aiges a5

(a2 ,9) b e mm m/s ohales]
32 5 310 T0524-13
56 8 310 T0824-14
60 10 310 T1024-15

144


www.sid.ir

Ubhed 9 (5 paili s>

535940L5 9L/ Saol puws (533 paad Blal )3 39 3T 8 Juloxs

(0) /(<)

@/
Fig. 12 Comparison of damage area and delamination of composite
laminate back up ceramic in two cases, with nano(left) and without
nano(right) at three ceramic thickness,(a)5mm,(b)8mm and (c)10mm

5 0 Sl Glstdy CujonelS 0 S ApeS g e anlis 12 SO

10 (z 38 (o 35 (@l Sl yoor Casliess a9 (el) U o9 5 (o) b cdl>
Sk

St jenals )0 Soki (tagh (nl )0 ond bl Mol - o Jus 1
e onl (G €83 05 (o0 (G 9P B0 b (Sl
@ sloatl 4y e3g i [10] S5 [13] S (slaas
el S50

oS wmse LS iasdy ol e e el Sl slhces gl 2
boe Rl g9y Sl sl ol b (Sol s by y3ee 4l

Croglia w0y Llal (gt 3 ooliiul b el s Crogliia (yewnd b 3
o 2 abise (palS g eogd ol iy 35i AT G Sial
A5l S 3,55 1 Sy & 5 Kol s Cenglie sl oo ol
Lulys Ol ol Jlosl a5 ans oo Lis gl o5 wwlss Sslice
S e PS5 Ay g Sdly 4 )

2 S Sl S Glime il Glaled Sl S Gl b4
«Seolyow ol 3 Sysey0 Jg ol 08 53U Bus dea5 4y Cwglane
aalss el Ban Sl o e Ssl o S a3l b
dl,

) Setdl v copu Gl iy eole 5 Sl Canlies aul3l 5
iy ool g Sl slacwls ol cibas js ol ol eaay
Dedon g ) Ban D9 4y Cueglie (I

Sl QL (it ool 4 LigS 5 b Slid oS Wlsl 6

145

Sldgil gl)ls s aigad 1o 0l slml ol B g sdy by e slal duslie 8 Jgus

LS 5 SS9l g s
Table 8 Comparsion of backing trauma and damage area in back up
composite with and without nano-zirconia
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