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Experimental and numerical analysis of the effect of using perforated plates in
front of the target against ballistic impact
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Article Information Abstract
Original Research Paper In the Past, monolithic armor plates were used to protect people and equipment. Today, the use of armored
Received: 30 September 2022 plates with unique designs (a combination of base plate & perforated plate) is considered. This new design is a
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structure consisting of at least two plates, one with a hole and the other monolithic (without holes), and the
Accepted: 20 November 2022 g p 4 ( ), y

are placed in such a way that the perforated plate is placed in front of the monolithic plate (base plate) and this

combination generally prevents the projectiles from penetrating and damaging the protected target.

ggryf:fartgf{ Armor Plate Experimental and numerical studies performed on these structures showed that this combination of plates has

Base Armor Plate up to 31% less weight compared to integrated armored plates with the same ballistic protection capability. In

Ballistic Impact the performed experiments, it was found that the edge effect causes deviation in the projectile path and

Experimental and numerical analysis erosion in the projectile sharp point, which in total prevents the projectile from penetrating the base plate and

Ogive head projectile passing through it. The distance between the perforated & base plate was also studied, in which it was found
that in order to have a proper effect of perforated plate, at least a distance greater than the length of the
projectile between the two plates should be considered. This distance causes while having the edge effect, the
least damage should occur in the perforated plate. By comparing the results obtained from experimental and
numerical studies performed using LS-DYNA software, a good convergence between the results has been
observed.
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Fig. 2 The projectile used in experiments
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Fig. 6 High speed camera and how to deploy it
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Fig. 8 Projectile meshiﬁg in numerical simulation
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Table 4 Material parameters and Johnson-Cook material model of
target plates and projectile made of Al 6061-T6 [33, 34]
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Table 5 Equation of state parameters of target plates and projectile
made of Al 6061-T6 [21]
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Fig. 13 Comparison of the impact point of the projectile on the perforated
and base plate - perforated plate spaced from base plate
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Fig. 10 Base plate — front view [absence of perforated plate] (a-
experimental study, b- numerical study)
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Fig. 11 perforated plate — perforated plate spaced from base plate
(a- experimental study, b- numerical study)
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Fig. 12 Base plate - perforated plate spaced from base plate (a- experimental
study, b- numerical study)
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Fig. 16 Experimental study — distance of two plates less than the length of
the projectile (a- base plate, b- perforated plate)
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Fig. 14 The image of the deviated projectile under effect of perforated plate
(perforated plate spaced from base plate)
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Fig. 15 Base plate and perforated plate — zero distance between two plates
(a- experimental study, b- numerical study)
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Fig. 18 Projectile output velocity in presence / absence situation of
perforated plate
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Fig. 19 The amount of projectile deviation angle in terms of the distance
between two plates

Ao 98y Alold s by Blsil 4l e 18 S

G5 Az =0
sals olis o ialesl 51 Jol> ol auslie b jol> iagh ,o
Sl i (25 oo dcgeme SO colatwl a5 wl
P aho b awlio 0 4l axio gel> 0 )b Zlow azas
3985 5l Cusilas g ceslin Sty cBlis slml (es 4z LSy
ol (pizen wibioe Sl o FSew Jdo 4 aliy
385 S5 18 adlllas 9590 55 4l g yl0g] o aio 95 G
Joglgm amio cuslia ()38 51 pslate 4y 00,8 (A o
90 o Al Job 5l o oslail &y glalols J8las el oo
azas ¢ iy SO 0sd 092 dunlie 5l 00,5 bl asans
A 35 500e slagsile and 5 0 glagilel )
Olgiss Oalpla 59,0 0929 bl (g0l Cpplins 45 000 )5
SAxie oy sl ool ﬁl:{d‘ sl 4 goue il Al

9

al 5 Joghse sloaxbo g5, » 485 plxil Claslic

Sl 5 Galojl ol 50 Jlogl g ambo 457 00,5 o (5 S A
sbul g pp Aludly g ol ALBS aliy g9, p 1) 99>
590,5 alin @ el g9, Jloel oo g iy S5 55 Sl
3 el 0390,8 Biotie 385 paliis yuwws Sl Al by
wl axio ;0 Wlgs alin B oas T Sl jlogl gu axio colys
ey Glalesl ol 5o 4zl uled jee o] 5l g 00505 CenSls ol
508 slaiolesl b aolio o ali, i ol 54 dgpie
Al oo pasie zoog 4 VY UKD 50 £905e (nl 45 aSbig
I o i Sl 51 oS el e B ol o 1 s
S b e e 5l Bliadl 5 Jloglgw axio b o955
e oo 93 alold iolidl a4y azgi bl ambo 4 (yopw)
38l sl i loy aw 1V cl ooged o 1) (i
S5 aly ambo b oS glabsd ol ply 5 alls 355 e

ol 0050 )5 (6 i Byl o Wles oo

i bo3T glid (w2 9 Ammnyliio ~F-F

NOF ygu axivo 3 ootz p5G guoy o —1-F-F

l.mu.u.al.a)—‘ 5o as 44[)).5 (o..\.al.c..ﬁl.v u.cj.w) ‘_;‘>9).‘> CaL d.mal.a.a
oges cpl el 0o sols lis VA S loges 0 sl s
alold lg)bt‘)}w P T )‘ 6;0]@ S yge yo as ..\.mo‘so uL\.M)
dcgezne g Al 1) 055 (6 IS 31 JloF o axman @l azis
Iy ombio Sodl cbla> s 3 3985 51 Canilon b 2,5 axio
iled o loul 4l Jlie yo

o g aman 4 by Colol oo

G dzmao 4 4l Colal e

.-‘ A‘

Fig. 17 Comparison of the impact point of the projectile on the perforated
and base plate - distance of two plates more than the length of the projectile
plate
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