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Mechanical charscreristics of the laminated composite crafred from fabric type
reinforcement pethaps inspired via the weaving method and reinforcement agent's
usage due ro cach layer's construcrional paramerer. As a resule, research on the
armangement  configuration between bio compaosite and synthetic fibre for the
material shape wes proposed to enhance the composite structuee’s biodiversity and
physical characteristics. Substiture for narural fibre in synthetic fibre compaosite works
has shown the excessive capacity to be explored scientifically. The evaluation focused
on the concept and essential of bio composite and the synthetic composite fabric
pozitiened over the years from the previous studics of the preliminary researches, The
sorts and features of matrix and fibre fller reinforcement marerials in composites
woere also discussed, This assessment's main findings indicared thar the compuosice
cenrre relied on rthe weave styles and incer-ply and inrerplay lamination roles.
Therefore, the ste-of-the-art inteaply for syntheric fibre and bio composie fibre in
a composite shape was andcipated  performing higher in mechanical energy,
particularly within the application of ballistic resistance, besides decreased
dependency on arificial fibre, Te would uldmarely suggest the excellent weave sample
designs in the proper combination shape of narural and synrheric fibres embedded
with polymers. The statistical results were compared with the experimental
parameters available inside the literature review, The review explaing approsimately
the studies and evolurion within the enhancement of characteristic fibres reinforced
polymer composites in ballistic resistance use. This paper goes over the body armour's
profitable and presenr advancement  marterials, scrucrure and  development
procedures, and related works on opgrading ballistic energy caprivation and

upgrading the mechanical renacity for high impact resistance applicarions,
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1. INTRODUCTION

A substantial composite is made op of twoe or higher
combination numbers crearing propertics thar differ from
ity companents, It can be effortless because composites are
strong and durable, yer mild in weight and the proportions
of strength o weight and volume o weight are much
superior compared ro metals and alominium properries
that plastics, ceramics, and polymers cannot achieve
themselves (L], Narural fibres are in trend with their
excellent mechanical properdes In the auwwomotive,
manulacturing, and acrospace sectors, Such nacaral fbres
include sisal, flax, cair, cotton, jure, kenaf, and more [1],
Composites consist of different sections, in particular the
material and matris bor reinforcement. The srrengrhening
materials are generally solid with a low density, and the
matrix is versatile and challenging w ensure that the
commpasite can achieve cach of its most delicare Fearures [ 2],
Matural fibres ave used to reinforce the current basic
material seructure, These provide a complex configuradon
with a erpsalline cellulose  amorphous  lignin - or
hemicellulose marrix, relnforced h}r Aleil, The critical
eomponents of it are cellulose (G0 - B0%), hemicellulose
(5 - 20%), lining, and humidicy (20%) [4]. The chemically
muodified natural flire improves the properties compared
o untreared fibres, The chemically managed interface grip
berween [ibre rocts and polymer matrix has advanced with
natural fibres.

Mure specific research directs on the inwensity of
impact and fatigue  consistency  of  natural  fibre
reinforcement. Natural fbres; including sisal and juee
fibres; convere glass and carbon fibres because they are easy
to use and durable, The use of syntheric fibres is evolving
astonishingly, and rhe reality is thar every day, particularly
within the awtomordve industry, the manufacouring sector
is advancing [3]. Natural fibre composites were previously
intrigued by their biodegradabilivy. Typical sirands such as
silks, coir, sisal, and jute are low-cost, plentiful and
rewsable, lighoweighe, low-fa, robust, and biodegradable,
Matoral jute strands mighr use as a substitue tor
conventional strengthening in compounds for projecrs
that feed strict weighe control and exrernal weighe
veductions (6], Kevlar 29 has been produced  primarily
from coal-relared marerials and used as human-made filre
tor armour and high impact applications. Reduced ol
reserves and green fbre growth have enabled scholars to
investigate natural strands’ possible usage as a substitue
for human-made fibres. Besides thar, a combinarion of
mattral fbres against human-made Ghres can convey the
most remarkable anribure thar individual fibres are
difficult to achieve. This review offers a relative reading of
the classification and construction of different ballistic
constitnents varieties and the techniques for upgrading
shields and distincrive methods employed o facilitae
ballistic energy absorption. as shown in Table 1.

2. BALLISTIC ARMOUR CORE

Through nature, body cover, remarkable oughness,
and excellent mechanical resilience strucrure are the
essential belongings typically provided through human-
made synthetic  materials,. Nevertheless, work  has
repeatedly demonstrated that nanural fbres can have the
same mechanical power as syntheric fibres. Several layers
of marerials captivare the kinctic energy of the ballistic
waves of the missile, As they slide against each other, the
load waves' kinetic drive produced at the impace point
dissipates by fibrous  distoruon  and  nrer-fibrous
resistanice. Every laver of cloth consumes undissipated
encrgy betore the projecrile evennally searts penctrating
eompletely [L3]. Usually, rigid body armonr offers more
prowecton  than light body  armour, Regional  law
enforcement officers and security forces can wear solt body
protection when there is a risk of assaule. Even so. this
lightweighr body protection is versatile and comies with a
standard top or jacker for daily usage.

Stiff plares made of polyethylene may also beused. Ir
is thicker than ceramic, but it is not that hard, and it is less
wedghioy, [ addition, towse ceramics as a strong protection
sheet, layers of essential resin-coated hardness clach have
also heen developed to creare the required impact
resistunce shield. Narional Tnstore of Justce [7] is
respansible for researching, preserving, and dismribuding
appropriate domestic  ballistic requirements.  Specific
performance specifications and ballisdc resistance westing
methods have been specified in the norm. More attention
i paid o the armour ganels of selected laminared systems,
For example, yarns are impregnared with a resin, which
constitutes a single caregory of siructural composires, The
use af a limired volume of resin in interlaced marerials
improves eiergy consumption and longevity,

Higher resin content contribues o lower internal
bonding because small yarns do not casily weaken the
serain. Using resin layer mainly on the dssue's hending
ability through uncoared  marerial can withstand  the
tensile membrane strain, The production method
transforms into a robust and stable panel in the presence
of resin, [t strengthens the binding fabric's tolerance 1o
incernal deformations and increases the resin/eext panel's
capacity ta improve ballistic performance |8],

3. BODY ARMOUR STRUCTURE

For ballistic protection, woven and unwoven Fabrics
made of sorong threads are graded wich a lower cosr, longer
service life, and a highly energetic permeability. Ballistic
comperence is believed o solely rely on the ability o
captivare energy and disperse energy mapidly. The fibre-
hased protecrive covering is supposed o be an essenial
artribure of fracturing and elongaton of fibres. The vest's
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primiary funeton is to protect the buller and withstand the
crash's shock [9]. The second rask of an advanced ballisric
shield is ro dissolve the kineric energy in such a way so its
impact can be propagated mostly w the body. The
projectile’s  physique and velocity define s kinedic
strength, and grearer kineric srrength cawses harther
distortion. Onee an interlaced marerial has a kinetic effect,
the material's strain strewches our when the projecrile
trajeciory remains within the bounds. The amount of
determined by  the  compositional
configuration [LU]. When the projectile’s range travels
beyand the specified limit, the sher goes aver the marerial.

distortion  is

Tissue fabrics require 3 small energy caprivation potential,
which is why specific arrangemenss are needed 1o
withstand the projectile, as the bulled's kinetic energy
exceeds the material's cnergy absorption limic [11,12],
There are two primary forms of body defence guard
apainst various kinds of missile aracks. One is the rigid
herdy shicld thar incorporates ceramics and composites and

is designed 1o protect against high-speed projectiles (rifles).
Simulranenusly, the orher is the soft body shield, which
provides the marerials by less-speed (handgun) buller
safery. The soft body shield wsually consists of o mulrilayer
fabric commuonly known as a prorecive board and s
poured on  a subsrare made ol cloth  thar s
polyester/cotton or nylon-like and can be wrapped in a
raincoar (o waerproof] cover. The light body armour
used by police officers is desipned o defend againse stab
atacks and weapons, while the armed corps helmet is
designed o protect against the destruction risks thar are
the maost frequent vierims of modern combar [13]. For
by armour syscems, small, durable componenes were
also wsed o defend against different amacks withow
resteicting the user’s movement. Highly characrerisic
synthetic  fbres, partially  cost-clfectiveness and  high
dusahility, are now widely wsed in woven fhre-backed

body armour,

Table 1. Summary of previous research on Hybrid Natural Fibres and Synthetic Fibres.

Author(s) { Gronping [dentifier Summary Methodology Conclusion Comments
Year ! RefNo. (4 oo couch)/Variables/
Caonepty
Adi et el Woven B ol PMain wosen bamboo Producing lind - mnade Composices cm Woven bambaon

{2019}, 1141 laminared with a
sanuraned palycsier
palymer solistion o
rackle 4 projectile
impact from & weapon
in the shooring range.

dependentdy fnereasedd
baallistic resistance
properties.

Keslar Ealaie substiruned
with standard Kenaf
fibre, with differem
configitiriins also

wid s, resulring in U35
Army helmer standards,

Salrman et .
{2016) [L3]

Ihe right insmatlagion
of woven Kenaf fibre.
remin, anel Forificarion
system recognised for
ashell Eihric's specific
meeds o provide
simnilar assuranee ar

hower cimes,
Yaluaya ar al, Bom - weven 2 hard I'he KenafKevlar
{2014) [a) ehiest wtualived kenaf hbridisu i b o
Fibres { Baeular EPONY et oo an
Hybiridl coats with reginedd enengy and
depths geing from 3.1 intense boad.

mm 2 10,8 mm ar an
ordinary rate.

hyh | Composites -.1Fpl.:'u1.
wove bamboofwoven E - glass

CLMpLsELEN,

The bybridds retered was the
hallistic rests consisted of 19
lwvers and produced using a
hest press systen showan in
Figure 2.

Hyhrid composites were
ﬂla.|:u.-'4.| L‘Iuj!l.u!l}' i sasonlid
and cuired by force of load for
24 howrs st room
remperature, The composites
consist of Kevlar layvers wich
three distincrive shapes and
non - wieren Kenaf lapes. A
ballistic test was carvied out
using propectile at rates frnm
172 oo 339 mids and 1s

assessed ar the beginning and
the residual shot distnce,

ivercome @ hulle
speed limic of
AR5 s 45,
saristy the M|
criterion art level
o as indicared

in Figure 1

Minetesn bvems of
PV R-fortified
Kenal f Amamid
mieer the fourth
NIJ Jeved of
qualiey as
desgribaed in

Table 3.

The balliscic limirs
(VS00 aned enengy
absorprion of
hybaridd
combinaricns
were lower than
the Kevlar / epoxy
hybrid composines
i the oulcrmost
lwpers, as
illusrrared in
Figure 3.

wax arrariped %
innermcse and
LRI MR INET 'h’lll.l. i
total layer of 22
configurations, as
shown in Table 2.

A portion of
symthetic replaced
with matural fibre,
weith differenr
configurations and
thicknesscs,
|1n|v'||:F|;:.
competitive hallisic
armour
pertormance,

Marureal fibre, mon-
waoven or short
fibire, & nsually
saidwiched o che
ballistic et as the
innermost pare
shown in Table 4.
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Auhor(s) { Grouping Tdenrifier Summary Meihodology Conclusion Comments
Yiar | Ref Mo, {Approach)/Vaiahles/
Caoneeps
Jambar ee . The ballistic A theoretical Foenaf f Kevlar hyhbrid yam The M fabric’s serenggh
{2017 [17] EAPCTITIENIS Wers mmangement of nameeal  composite weven testune for compositional covmes fromn the
carried ot weguanify fibvew with himsin- enmposite production, Hyhrid Yarn productlon of
the ballistic resisrande o meade fibre ag the arvangd a3 shown in Table Kenaf { Keviar funndamental yarm
VS and enerry compasite manerial is 5 30T0 wezhnology,
absorprion. appropriace and compound's Through building
cxrensively studled for woven texture was  up this yarn core,
high-end producrs. the maximum the marerial can
encrpy absorprian wirkerand high laad
with 148.4]. IS,
Hitfiz et al The sundwich boand Kenaf is gseid The quasi-sraric study runs The best samples,  One-ofa-kind
(2013) [18] ATEANEETE L Coning strenigilien with a universal resting 20 kenaf with 2 merhods for
sweel plares and Kemml pebymerbae o miachine. The sample has a thicknes of 45 sandwiching the
fraan, affecting dhe itnprove ies sprengeh continuos aal compresion [T, Cin iy parallel panels
resispance and conducr and mechanical by 5 mundmin. withstand the as ballisric armoves
ol enplormation. iy, most substantial s the shoer fboe
bl woaves, s Fenal bonded with
shown in Table 6. polyurechane foam,
as shown in Figure
5.
Yalwaya ar al, Resusirch on ehe effect The properties of the Woven KenabAmmid Hybrd  Bondling, rensile,  Layering series and
12015) [12] on the mechanical kenat-Kevlar hybrid Compounds produced by the  and characreristics  chemical
resisrance of Kenaf- composites, as showm manual assembly by of healed hybrid  preparation have
Kevlar woven in Figure & an: organising Fenat and Kevlar compounds, based  greasly influcnced
compounds of the influcnced by the woven rexrured layered on deep the mechanical
lapering and chemical Fenad-Revlar laying groups and & & Y aodium indentation of properties of
cure, ATTANYEMICE, hydroxide (MaCH) dilumed clay, are betrer humanmade
sevelinm rrearment Kenaf rhean unrremed compnsines of
WESVE. hykeid WOVED DF 13011
compounds. woven bio
Composites.
Ying et ald, As shown in Figure 7, The impacts of the Diferent sons of carbon— The damage Ihe crial Tﬁ‘h E
f2M7 120 the o — vebiciiy hyhiid secenre an ararnidepesy hybrid covers resistance lemwvelacity effece

Flarts o1 il

{2018} [2L]

tmjrct respanee of
trvhrid-laminared
compounds built from
ol pactern wis
investignied,

High-densiny
palbyediylene (HOPE}
migchanical performance
of chonra palmwonod
micrparicles was
suczesstully loaded with
high srrain compressive
and ballizric impacr.

properties like the
highi load, the ductiliny
index anid the damaze
e were invescigined,

Mechanical HDPE
propemies enhanced
by chiomra palm wiesd
particle winforement.
Az shiwen in Tabbe 7,
bier composites with
25 with wood-bascd
microparticles had che
highest strength,
rigidity. vesistance 1o
impact, and capacity
o abworh energzy in an
impact.

creared and reseed,

Palomwoed microparticles
wene combined into the
HDPE emplaying o produce
b composite microparticles.

perfurmanice of
composites with
inter-ply hybrid
SITUCIURE B
supetion w theose
of other hybsid

mmpiosites,

Chenta palm
winnid
microparticles, s
a reinfurcement
for HOWPE,
develop bio
composites with
an increased
capacity for
dyaamic mpact
lerading and
CHEEy
absarprion,

slmmulates the M)
eriterion stage | and
I1 for soft body
AFNOUL.

Intraply and the
inter-ply
coumblination
resulted in different
application
perarnmance,

Far the compound
mixrure of
hardened high-
densiry
polyettylene
[HIDPED, chonea
palm wood
composites in
micto-size particles
hehive as fillers,
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Auhor(s) { Grouping Tdenrifier Summary Meihodology Conclusion Comments
Year | Ref Mo, (Approach)Variahles/
Canceprs
Akubpe i @é.,  The manuficrure of Kenat fibres The sanples of alkaline This reseirch Wirgin high-densiny
(2005) 122 Keeaf Fibee Heinforcad were chagacrerised -and meated loenaf oo the IECESATY found dhe fibie F'".I}'-ﬂh:f']r“‘:

Maveen of af,

(2018} [23]

Cavalling
{2006} [24]

Mascimento o

aly 12017) 125)

[ Aossis er .,
{3018} |18

Ballbaie Defence
Polyethylens Composiee
s showen in Figuee 8,

This invesrigition
Analycical Hierarchy
Process (AHP) & usad
tin distigguish the masr
appropriate naturl fibe
ro hybridise with Kevlar
24 Bhre as
seinforcement within
ehe puolymeser coinposiies
for perrsenal oy

ATFTHOAIT,

Tmpacs on the damage
resiseanoe levels and
energy absrpiion
capacity of woven
cextural enhanced
palymer compaosines
MERD} of the weave
srples and crimp
pradicnts (0] a8
slwrwns in Table 8,

This research amalysed
the possibiliny of
subrripnring Kevlar T
with natural fbiic,
focized on miallow aml
juie fibres, (0 strengthen
EIEY LTS,

Meluslra-layered armour
syerems {MAS] hallistic
PUETIEENTS Use
palyester fibre
veinfinced with second-
l,;_put' HG = W iuh.',

revtiad i uselinl raw
material e the
bullistic vsr [armonr)
required w0
appropriatcly menge
between hydrophilic
fibire and hydrophiokic
pelpimer v produce
commpound with
superh chamcreristics,

Ceeneratly, the AHT
sretegy jrives che
analystan apthon o
effecrively discover ehe
armangement for the
mitlti-criteria decision-
making isiues,

Dranmage wlesinges
and enurgy alsorpiion
capaciry cin be
exveniled by firring the
fabric parern ideally
and wsing crimp
gradien: designs.

Singe individual
ballistic reszing is
conducted in cach,
MAS'S values with
Ravlar T vy vary
marginlly with
another ressanch.
Manetheless, hoth
findlings in the
warmnce sy
(ANCIVA} are
idenrical

Particularhy beowven
flte fon - woven and
FevlarTM jure weave
compounds the same
depth of indentation
e fondd in a3
shiargumn wsrimoiy
reereating human
body paotection.

dimensions and orented op
and diwn (n fbre were ot
and silane-couphed non-
woven matted Kenaf
combinarions wich a viegin
high-density palyethylene
(VHIDIPFE)

Fourtéen narural fibres and
seven criteria for
bybeldisation regarding the
haosdy design specificarion have
heen selecred and analysed.

Experiments included
hending, shor heam
shortening, drop impacy,
Aeure-afrer-impast, ballisele
impacr, and Hopkinsen Splic
Bar (SHCB) and performed
on Bevlar ¢ Epoxy WERE 20-
fold Jaminares.

Manutacrures made of pure
malleow, 704 mallowy 30%:
jute, or 0% mallow/50%
jute fibres are divided by
epoxy o cree laminate
composite planes,

MAS consists of a front panel
of hexagonal ceramic tiles as a
second layer of 4 composite
Pobyester magix reinforced
with 500 of the nos-woven
juee and an ahwminiom alloy
plate with the third pamel
shown in Figure 12,

vilumee b 341%%
covergd from rhe
W) Standard 111-
A Armour
Defence Caregory
for the VHIDIPE

compasite and s

less indeneed,

The sheach of
Cocos nucilers
thar could be a
natural wiwen
fibre has the
ETEATeST PricTiny
and was chosen
for hybidisanion
I Bevlar 29
besely armour ax
the s
promising natural
fibre,

Weave partemn
determinarions
and] crimp
grucient strerch
resulting from
excrrerme loading
ogcasions and the
fibre { marrix
cohesive zone
seresscs that
regularly reduced
delarmination.

#s in Figure 11,
indentation depth
values cawsed by
the penetration
inro the clay
abserver thar
reggnemtes the
MAS's hunman
bedy buas always
been helow dhe
[HotECive
restrictiom i

Suhstiture’s jute
mars give 3 9.4 %
reduction of the
MAS weighe and a
474 % educrion
In comst,

WHDPE] is an
excellent QLN
it offers decent
chemical filre
bonding and can be
reprocessed several
rimes and
lighoweight

application.

Analytical
Hierarchy Prociss is
an aleernarive for
the researcher 1o
chose the bes
fibre oprion and
providies soong
justificarion thar
inclides
experimentation, as

shown in Figure 9.

The intraply
weaving process in
the doth can be
exploited for
fmproved body
armaour application,
as shown in Figure
10,

Beplacing Kevlar™
it the Mkl iy
At sysicin
with Jute
Reintoreed Epoxy
showed improved
mechanical
characterisrics
relared o mallow,
ax revealed in Table
2

In mulri-fayvered
armour, Jute non-
WOVen mar
reinfosced palyester
AEtix composite is

tested for reduced

bedy armour costs.
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Auhor(s) { Grouping ldenrifier Summary Meihodology Conclusion Comments
Year { Ref Mo, (Approach)/Vaiahles!
Coneeps
Lsmaat] et 2k, Vo srudy the cffecsofa s chickness infloences The constiments were The durcomies Marural fibee hylrid
{2018) [27] Levpespied impac rhe imgact dyramics invented in a seven-laper showed thar a composites with
investigation g the ol the gpicimen., laminate arrangement seven-liyer human-made
priwtre agrregates of (rroomes indicate the  Wilising a proportion of 3:1:3 laminate only Benaf-Kivlar
Kenafand Keviar, pacenrial of Kenak [Kevlar Kenak Kevlar) fora withstood impact  approached Full
Kalar Rt hytrid composire, as shown energy below 30 Kevlar's qualiny
::ompnu:-ﬂi i in Figure 13. Joules, and it performance.
altereative v present failed when the
comsTi . HApesannT
approached 40
Imlll:'.»..
Sanmgamesh ot Thie remmaining speed, The seueky used the Mumerical simubarion coeed The ballistic The JRE
al, [2018) [28) CHERZY COmCEniranion linied compomen oy exteact variows daga for perimeter and sandwich
ard thye bealligric Limiy proceduse fo show and  differene tanget maredals, enprgy capivation provprsed wis
fur three yarions analyse compaundls such as the rest of speed, of Sandwich supposed 1o
eeiaterriads caleubinid silth jureeposy and energy assimilacion, and Composites (Juse  provide superior
using A0 modelling ar elastic under the ballisric limie, as shown in Epoxy] wene strucrural doe e
different thicknesses ballisric cffect, Figure 14. similar 1o rubber the elastic
and velocities, prlates. properties,
Suresha, e ad, Composites of Hemp The reinforcement Tensile wese after ASTM-D Hemp { Kevlar / This srudy
{2ME} [29] Foevlar ¢ Eposy and Jute  and fabidcation process 3039, comipression test Epoxy laminaee's comcluded dhat
f Kevbar ¢ Epoy are ol the compouml Falbowing ARTM-D162T, tensile strengreh is jute texile has

miade of liybrid
ﬁlrﬂrlﬁttﬂ:llcl.ll
comnposites by asimple
lrancd-Toyeniat aud

depends on

mechankal !‘rn:llg:!r:.

Aexural sest aceording to
unidireerional laminare
standards as shown In Figure
15. Compresdion rest

meore sdgnilficint
tnrn!:lu rEl‘I L{e] _ILIIIC
| Kevlar | Epoxy,
anil the Juse [

ITHITE ERETAWE T
and hr:ndi:llﬁ
churactietistics
than hemp,

vacuum hagging folbowing ASTM-D 1621, Baevlar / Epoxy
rechnique, laminates increase
compression and
bending serengih,
Monieie stal,  The ballisti Fanmomizal, Wolume fractions of jute The ballistic Armour vests that
{I01RF [30] pertarmance of lighrweizghe, and fabric were blended with pertormance of use 3 volume %
polyester maiix suscainable aliernatves  polyeszer o produce both narural fibres of jure fabric -
coimpesiies nide of to replace symtheric laminared composiess from and fabsrics reinfunced
single fabric jure has fibyre covmigrosines are 10 % to 30 volume percent, reinforced polyester
been imvestigaced w the stuilied fisy MAS peshamer comipounids,
ther film in g mulri. comypesites e inforoed Compnsites were revealed by
layered womonr (MAS) with neraml similar 1o Kevlar, decent encrpy
system, liggivocellbise filyes., when used in dissipared shown
MAS secomil in Table 10,
films, s indicared
by the indentarion
depth,
Yahaya er al, Ihe ballistle influence 'be study examined All the composites were made  Increased depth The advanrages
{2016) [A1) pertormance against dualisric fimies: using the method of hand and arcal density of naturally
Fragmient simularing brallisele linit speed layour, followed by static load  of che composite occucring fibres
provjectiles (F5P) of VS and enerpy COMPRESEin. propoiivnally il grreat
woven) kenab-Revlar ConcenTTation, increased enenay portential in
hichrid anad aonhybed consumprion (14, applying ballistic
comiposites bas heen A6% m A, 30%) Tesistance, such as
investiganed, o shown and V30 (5.5% w0 spall lines,
in Figure 16, B, ddtn),
I8SN 2722-9645 Vihazri, er al. - Applied Reseavch and Smare Technolpgy 102) 2020 48



Auhor(s) { Grouping Tdenrifier Summary Meihodology Conclusion Comments
Year | Ref No. {Approach ) Variahles/
Coneeps
Asavavisithchai  The clemencof The rubber composice Com poaine layers were used e oo the high Fasr vehicles o
et al, {2013) bouncing mbbery prevides low densiry, oy suppote an W= Type 1 fracrure resisrance,  maintain high
b sisenpthened with wine biigl specific strengili, theeats test laper with a a composite layer mishiliry, but oo
el besidi high specific wodulis,  ballisie sest standand N1 sucvessfully provide low cost
Aluminium film been and decont ant- 010801, as tluscrared in reduces the and
sudied for ballistic eroing efficiency on Figure 17. projectile’s speed biodegradable,
ATTOLT Sy, bullets and kineric by strengrhening the lighoweight
enetgy projectiles the compounds’ safery system's
arerl] wirework irprowvement ic
lavers, needed,

Thie rechanical
properties of Revlarn
pheealic hylirid
comissites were
investigated by duran
shiin fibre

Thawiood 4 al.
{2018} [13]

Thian skin b may
reanforee the need for
higher fracoore
stiffness Tn immproving
b compound
prolucs, as shown bn

Figur: 24,

This research shows thar 0o
30 % of Diurian Skin Fibre
Ioading in KDSPHC
corresponds o [I5F
einfoscement.

The Durian Skin
Fibre (DSF)
conment of Kevlar
Durian Phenolic
Skin Hybrid
Composites
[KDSPHC)
decresed the
enstle and
bending sorength
U o
approsimarely
A0, compared
to ( DISF load,
a5 illuscrared in

Figure 18,

SEM foumnd the
DAF-Kevlar fibre
interface decent,
which sdds 1o the
coimpaoard
propertics
difference by the
diverse palarity
berween Kevlar

and durin skis.

Braga e af | P amalyse the Thee seanil-ilone The ballisric impact shown in The pear polyester Curaua fibre
20173 [34] charmcerbies of curama,  ballistic iesting Fipure 19 in rerms of resin teinforced
subvpected to ballisic explains elther resring mixtures relnforoed with 10, demonserated the conmpounds
engrgy from full neral will g o warhir the 20, anul 30 vol, % of cumus highese encrgy potentially
jacker buller, frone ceramic any fibres. absorprion and replaced as a
fabric. showed a high substitutional
energy absorprion laver in
in the 30 vol. % mulritayer
cutana fibre, ArmGur
SEMUCHCS.
Rislyy o wl, The pivenrial e of o Tulliseic To creare the COEX rile The COEX | The COEX
(2008) [33) Twaamn-style CT7 16- reinforcemiens have configueation panel, 12 Twaron test compound has
fentilicd coconur shell irnproved thcir COEX tiles to produce a fla pancls have been the porential as a
COOER) baard as hard ahilivies b using armour panel. developed 1w lightweight and
shield meanerial anil COEX by 170 %, withstand the levwr-cnst hard
Fracrure chinpceristics impact of 2 mm AFIMOUT past.
it a particula risk level FM] bullet
when ballistic irials are corresponding o
carried nur (M) MIT Level TILA b
Standand 0101,08), as Jave an effect of
shovsar in Table 11, 7.62 mm FM], as
shown in Figure
27, ar NIJ Lewel
11,
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From face Rear fce

Figurel. Shooting cffect at opposition Face | 14].

Table 2. Configuration and propertes of woven

i) Hybeid D (£} A8 sl

Figure 3. Configuration of Kevlar and Kenaf layer [16]

Table 4. Layering sequence, energy absorption and a

bamboo and Fbreglass [14].
Dimension in mm
Types of the layer arrangement (lemgth*wideh*height)
Wewven hamboo f F-glass 303018
Ecgrlass - Wowven bamboo | E-glas 3300718

g
| | ] |

g A e
|

maximum load of kenaf | 1LG].

" Layering Fnergy Mazimum

S AL UETLE almorpeion (]} farce (M}

A All Bevlar lavers 733 920
Fenaf ar the 4

B iirermoat lnyers 0 (3273
Kenaf ar

C o 131 17440
innermst [avers
Kenaf and Revlar

0 are ar the E8.1 L 440
alpernage layers

E All ket bavers 4.8 i

Table 5. Ballistic testing result using gas pun [17].

No. Composites  Spead before Speed afrer Energy

Sample (s} (s} absorh (J)
| m‘]"";aj i, 303 210 19,3
Figure 2. Kenal/Aramid/PVB composite specimen Kevlis _
- 2 Aa2 184 207.8
prepared using hot press [15]. W00y -120
3 - Semiho 05 235 94.5
Table 3. Kenal/ Aramid/PVB composite ballistic T {A0Te)-EL . '
S petigheiLE, g i 118 0 148,
Sansphe Fibire volume Bullery {307m-12L " g
Specimens o fraceion (%) spoed using P—
descriptions PR —— 9 mm EM) 5 iy 310 261 9.9
fmm)  Agid  Keoaf  (mis) {50054 &1,
Z Kennf! Kevlar
19 Asinid aH Bl 0 424 415 417 ;
T ) #15 & (<0700 121, £ 143 1036
0. 48 ; 115
17 Aramid!2 kenaf  10.1 8.42 1.6 426 +1 ) KainafKeslar s . s
16 Aramid/3 kenaf 10,6 4356 167 426115 T w30l AL : . ;
[5 Ammid/d kenaf 11,1 39.14 21.3 426 +15 Kenaff Kevlar E2
F 73
. i 315 6 18
I3 Armidfo kenaf 12,3 3L 29.5 358 £15
Kenaf
Il Aramid/s kenaf 13,1 2455 364 358415 Y oot 300 288 17.6
9 Aramid/ 1 kenat 143 18.75 425 35 £l5 Kenaf
1o 310 285 372
Dos not (100121
1% Kenaf 17 [ G2 fulfil the
requirement
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WAL i b Wil hiatny

Figure 5. Side view of sandwich armour p]at: with
Kenal Foam | 18],

Table 6. Result of Quasi Static compression testing of
Palyurethane foam [18].

En Specific

) of Young's Modulus i Fnergy
lkeenal (MTa) n Absorption

g

it 3,072 206 [86,075 [ERL0
i} 7627 439 947,684 30,893
20 L3 B95.024 1.195.91% £, (M0
30 5671, 34 ST0LT56 29978

| B ___/

i i

iy

)

B i iy

K A

Figure 6. Composite mnﬁ'p;.urar.iun between Kenaf and
Kevlar [14].

Intraply b fabr
Figure 7. Schematic of the twill woven fabrics [20].

Carbon [abric Armmibdd (bric

Figure §: VHHDPE Ballistic panel [22].

besscrign ot naveral D ae |

ekt with Asdar 3 dar
]

B0y TR i
Tennle _|

ing.ad

| b2 i) | “:.
| drapitabiny [~

T
Raara

Mg

R
(o] | (o]
Teniiiin |
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Figure 9. Hierarchical frameworlk for the natural fibre
selecrion [23].

Table 7. Characteristic of reinforced HDPE samples
for biocompasite armours [21].

Chanta
alm
Bio- r Tensile Young's
il Strain, E
composite strength q; * Maodulus
sprecimins s | IMPa iM%
(wi. %)
h
HOPE 1 4] :t}lt SAR+L1Y 49664212
Child i :61';{“ 5452157 TRETHITA
Chzo n :‘:";7’ G136 74220132
Ch25 30 ;6;;"’* S89H147 79894173
15.1
Chin A0 0 '139* 50134148 TI02120
F o]
E "
£y
‘Eﬁ i3
£
=
1]
g’ .
= [ P Toedll (3T memnny  Seates [ 404] e

Figure 10. Plot of average interlaminar shear strength
versus laminate constructions [24].

Table 8. Velocity and energy absorption for ballistic impact test [24].

Laminate type Projectile Winiial Womaial AV (mis) K E fuisial K Eieial Finerpy absotbed Energy
weight (g {mis) {ms) (M-m} {M-m) (M-m} absorhed (%)
Main wesen 033 14111 TaNT [EE S P fi4, i 19,33 4503 70,25
Twtll (22} woven hAT 149,41 REGD Gl T 24,98 di, 14,84
Sarin (4H) woven 648 L4 54 7471 T1.53 nA52 18.07 31,45 740
Hybwridh €6 44 146,54 #1094 2k ) (EEI ] 200 A7.AN GE.73
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Figure 11. (a) Schemaric of a Multilayer Armour
system (b) Thickness layers [25].

Table 9. Possessions of aramid fibre, mallow fibre, jute

fibre and cpoxy resin [25].

T : e T
Denisity enaile Young's  Sperific Specific

Mugerials (gtcm3) Ioxistance ||u::du5u rosistance rur:n:lllin
(M Pa) (£:Pa) {4 Pa) {:Pa)

Armild La T“::': 67 ir:m:.: A48

Selallorr L4 L} 174 L1 13

line 1314 F3--BUHE L3=27 271-01% .11

Epsicy LI-1.¥ -0 2 A6 73 1556

]

il o

Bliitnedm S8y

Figure 12, Schematic of a Muliilayer Armour system
with thickness layers [26].

Figure 13, Specimen of hybrid Kenaf-Kevlar
composite for drop wese [27].

a) Thme={k ) Time=1 {HHEE -z

Figure 14, The damage of Jute Reinforced Epoxy plate

in simulation ballistic tese [28].

==

= — | e

Figure 15. Geometry and dimension of
Jure/Kevlar/Epoxy compaosite specimens for rensile,
compression, and Nexural test [29].

Table 10. Dissipated energy in different MAS
constituents and velocides [30].

MAS Vi{mis) V. (mhs) E (k) Akl

consHteents ()
AlZDA ceramic 248 & h 567 & 43 193 & (R310 TL.TS
100 vl %6 uire i+ 3 M5 e7 (126 ¢ (k004 0.67
fabic polvester
compasite
20 vl Juire 437 + 4 T £5 (.24 + (L6 g2
Fabiie I.UI:I.'L":H.'!
COMpaosite
30 volH jure H37 &+ H 412+ 8 (L200 £ (LM To4s
absric |1|:IIII\'I:'.'|H.'!
I.'IIII'IiHI"aI'E
Kevlar™ H48 + 6 441 7 15 £ (LM TN

rd &

ChennogRoh

Figure 16. Ballistic experiment setup constructed on

NI1J standard [31].
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Figure 17. Arrangement of Rubber Compaosite and
Aluminium with different chickness [32).
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Figure 18, Bar chart of Kevlar Durian Phenolic Skin
Hybrid Composites propertics based on an average of
five specimens [33].

Figure 19. Samples subjected ballistic impact. (a) 0%C
(k) 10%C (c) 20%%C (d) 30%C [34].

Table 11. Comparison of tested Twaron panel and
manufacture's specification [33].

Tested /lowest complere

Teijin T waron ; R
peietraion velocity of

M) recerinendacion o
el Twvapin CTT7 16 far l‘lud}'

armour fabrcarion

s 1716 using
i FMT bullers

| 7 layers (321 mis) 3 lavers (279 mis)
1A 14 layees (341 mis) 13 bayers (360 fn/s)

[l 20 hiyers {367 m/s) 15 layers (360 mis)
1A 23 layers (i 20mds) ™A

4. CONCLUSION

The latest approaches in materials and  panel
developments for creating a body shield framework have
invigorated scholars to study more on this marer. [t is
pertinent to say the reasons leading the plan and
development of the body shield product. Likewise, the
hody armour system's Aexibility, manufacturing cost and
b suseainability must also be taken into consideration o
achieve user-friendly systems. The wiilisation of narural
fibre as strengthening in polymer mixtures was reviewed
based on the condition’s perspective and natural fibres'
requirements for enhancements in the polymer composite
hased. This also provides a means for economic
development in rural arcas, owing to raw materials in
different  industrial  applications and  manufacruring
activitics. This list complies with the Malaysian
government’s concern on diversifying local woodland-
hased products besides craft and furniture induseries. The
result of this review suggests that the properties of
reinforced polyester hybrid natural fibres with svnthetic
fibres embedded with polymers may be improved, Bu
only some investigations were cartied out on the porenrial
of woven namiral reinforeement hybrid wich syntheric
fibyres. There are apparent strength enhancements between
the yarns of fibres in the frame of various weaving pacterns.
The bonding structure upon intraply berween fibre varns
and the inter-ply berween laminar is still understudied by
previous research.

The litetature revealed only a few data on the
investigation process ro ascertain laminacion properties on
wirven natural fibres with  synthetic composite.  An
effective hybrid with the berterment of stacking series will
have optimal weight and cost reducdon applications in the
ballistic resistance. This leads to upgrades over the
mechanical characteristic of woven natural fibres with
human-made  fibre  smrengrhened  compounds by
consuming Quasi-static  experiment  techniques,  thus
validating the results through finite element simulation
and statistical analysis. The advancements of lkineric,
strain, and friction energy consticuents, proportion o
composite mass and angle of obliquity, need further
studied for the improved ballistic fortification of typical
weaving styvle compared o other weaving patterns, This
analysis shows that structural architecture and composite
laminarion for the entire projecrile protection of inter-ply
approaches are stll not explored. Exploring  effect
disruption and high-strength fexibility fibre seructure has
wrned them into favourable constituents not only for
army services but also for domestic protecting uses, such as
personial armour outfit, head covering, and auto parts.
Equally, for bio sustainability, the long-term effect makes
the composite biodegradable and praceically used for.,
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