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Dallistie projectile armour schides 2 haml shell. kinetic
pnergy dhsorplion meterial and m eoengy diffusing backing
lawer. Tl hard shell is mudy from & puderial capable af
deforming & projectile and slewing o velacity of the projec-
tibe. The kinefic energy absorplion maberial 12 capable of
dfarming to furher siow and caphure te projectile fter it
has pherced the bard shell The enerpy diffusing hacking layes
ix caprable of di fusing enengy transferred from the progectib:
i the Limetic cnsngy absorption masenal. Bl contain-
ment kpops the kinelie eoorgy nbsorplivn matcosl sand-
siched betwoon the hard shall and the cnergy diffusing hack-
ing, while peoommodating, expension of the o snerzy
sivsrupiion maberial Bnng energy ahsorplim
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BALLISTIC PROJECTILE ARMOUR
FIELL

[Bb0d] The present applcstion relane: armonr cepable of
Fopping & ballisic projecale, = body armour, vebicleamowr
ar in oither applicativos whens anmounad protection from &
hallistic projeciale i desarable.

BACKGEOLIMN

[z  Hard body amoar pypically inceoparies an ullm-
hardl, balligtie ceramic wp laver combined with a Inminased
bl of unidirestional-criented fiber bandles which work
1epeiber 1o stap hullets and fragments. Depending on the Jovel
of tanear (Le, ¥ cun 123 grain or T2 mndhE AT 147
grin. ], herd amour woks by disrupling, the aerodyvnanme
shape of the ballet and d=sipating the coorgy through the
shartering of the cerenne 1op Layer, The blunted or sbagicred
ballet ard the cemmic frmgmenls (secomiary projecile] @
cimght in ke Jaminabed blemd ol high perlonmance fibers,
therchy inbobaling, pentraimn.
[B003]  InCanadas and the United States, body ammour hovels
are centified by the Mational Iestitete of Jastice (ML, The
Yevels are L, 10A, L1, DILA, 100, and IV, Bassd on exensive
Jaboranory 16, ressarchers classify any pew body ammoar
dﬁmiﬂj{l e o the s Jevels Level [bud:.rnrmumulii:n
the Jowest Jevel o proteetiaon and level IV offiers tles highest
The baoddy armoar classes arce aficn described by whal sorl aff
wpenry Lhey guard apnimst. The Jowesd kevel body ammour
cam ey ber pelinnd oo 1o proteet apaimst bullas wit rebslively
I cncrpy, wihich tend oo hove less foroe on impact Some
higher-level hody armear can protect against higher eoengy
tullets (ie 44 magmen and 357 magnum). Catepores [
through 1LA arc sofi, concenlable, and primarily made with
Eevlar or ether ballistic materiale. Type 100 and Type TY use
hard rigid plates made from cermmics, b delfe haph enengy
rifie roands.
(4] There are two diffiereat types of body amonr car-
pently on the market and need by low enforoement and B
milicary:
[OD05]  Sofi body amoar-—Sedl bedy ammoor sede sk
pamels of flexrble ballisie fbrie, such as Kevlar (Tmde Mark
af Thaport). Eeviar-brund Gber warks by “caching”™ 5 bidlet in
a mnltilyir wizh of warvcn fabecs, The engaged libers koo
amxdd dliparias the: exerpy of the impact to ather fibers in the
[abric weave. This trmnsler of enengy oocurs &l “erossaver
points” where the fhers are interwoyven. Addinees] cncegy 15
ahsurbed by the ofher bavers in the body armsour reducing the
smound ol iransfered enerpy thor couses “hlant trmma”
Theso woven fubries sré s cocapls o perlorm, whale
adfering 1he additione] sdvantape of heing, more comfocable
W wenr hen tradinons] plastic-bosed (polvibylens) shicki
prodlucts. Ancther sofi armour matenial s Specien Shicki
[Traxle Mark of Honewwelll, 0 is pot o woven maderial, bl
instead o thin, fexible balliste compeaite mode from e
Layers of umdineeizosad fibers held in place by Aexible resins.
ThﬁcSpmtm ﬁbcﬁmnmg;udm they cross cach other al
0 znd b degres angles. Then both fber and resim layers ang
sealod botwoan fwer thin elssets of polythadese filn.
[O006]  Crrent weaknessis of sofi body armear sre
JE0T] 1 Type of stoppang poeser 12 determined by the
numnber of bavsers; the higher the caliber of ballet the
meare layers of ballistie fabric are sesded. As layvers
increase in number thoy become bulkier, less feubls,
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amd hesvier: This creates a dsadvanage 1or The wesrer.
Withauat sy hard ansour (L6 Cermumae planz) ballistee
fhric & incaqahbe of stopping hizh powersd weapons.

(g I IFkallzibe bbrc is subjocied v high bumddany
o amry Typararl hupnd the 2odt arosour e loge s insegrity
If 1he sof armoer becoenes wed, the waler acts 28 a
Inbricant amd allows the projectile e slip berween the
wgmives of The mataral, therehy inqorieg the weanes,

[0008] 3. Sodfi-body annour = meapabbe of soppsg
sharp-edygad objests. e b ths desapn of kallistie Gb-
fae, sharp nhjucq; can oul thrwgh and penetrate the
AN

[(naan] 4. Ballietic fabrie i nof recyelable, Az each new
peneration af Kevlar = crealed, proveous peosralions
boeme obanlete and andesiemble for use.

101 0]  Hard-boudy srmomnr—Had-body smnas is moede oo
of thick cemmic or metal plabe:; 0 fimetsons haseally the
aarme way a5 ke irnm sits wom by medieal kmights ILis hard
erxaigh thent & bmlles o osher wespon i deflected. That is, the
mmmlpmtﬂsnﬂtnudﬁehﬂ%ﬁhmumfm
{or nearly the samse foree) which the bullel pushes i, s e
AT is nod penetrated.

[O0Z]  Curvens weaknesses of hand body armonnproleciiee
ceramic plioles ane:

(0013} 1. They are not flexible and defloct energy mare
thim siksorh . Thix resalts 18 1l material peeding 10 be
wiery harl

[o0a4] 2. Ty ane by and cumbersome.

[00i3] 3. Omor compromized. the plaes most be
replovesd and new ones parchised resulting in high
replocement costs. A simple sholl can case s problom
and comtinueas sheds can guarsmieoe e plate s Galume.

[0ans] 4 Cemmic plages moast be handled with care. 15
handled capelesely, e plates <o crack o chip, render-
iz the plue ieffocro:

[ELT] 5. Plabes must abamys b inspected afier uee, This
it 2 wnpmemstv aced complicmed procedune.

[E01%] & Althemgh cemmic plotes are elfeclive apaiost
mast calibers, when ibe plvics sane subjected io bigh
caliber rounds (fe. T35 mm Ruag AP (Ammoar
Picrcing) roumds i) thiry are compromized s their rela-
ability 15 spredicinbde,

[0019] 7. Ceramc planes are mod recyclsble, Omce ihey
are comprmised, the plales musl be discanded.

[R2l¥] These two differeal types of body srmir Gan T
combined o creale 3 strooger Type of armonr capable of
stopping semme high-poaensd afle munds depending oo the
threat beved of the armonr,

(r21]  Weaknesses of this combined anmowr:

[z2] 1. Comhinations result in ey and cumberiome
plate sysnems that an: vnertonable for the wearer,

(23] X Cnee the bard arnsoue 2 compromised the soft
armonr is inefective szainst mest ballistic rounds.

[0024] 3. I the ceramis plates ang broken, the shrapee] of
the plinis cn persersic the sofi s oor cousing injary of
ke wenrer,

[o02s] “ehicle Armoar

[O0TA]  Ciarrent Verions of Vehicle Armonr

[002T]  Spoced Armour

[EER]  Armeur with fwo ar mone plaies spasid a disance
aparl. called spaced ammoar, whin doped radoces the pen-
ewrating poeeer of ballots and solid shed e alier pasdediog
cach plne ey tend o umble, deflect, deform, or dismle-
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grate. When oot sloped, they redusce tbe pratection odiored by
the armen, and detanabe ocplosve progectile before they
rench the inmer plales.

[002%]  Spaced armour peosscts npninst kigh explosive ant-
tamk (HEAT) projectiles which cruste o freused pe of plasu-
cioad metal, very effesctive at the foous pamL, bur not aeusd
1h3s point. Relatively thin armour plates o sven metnl mesh
oy e ot s sdiche sleiets ar tureed skins an fnnks and other
armoured weincies, This light armonr detanates the warlead
premamrely 5o thl the jet of molten metal iz foengad well
hefore the main ammedar, beeaming relatively ineffoctive.
(hsd]  In mesponse o merssiogly effective HIZAT war-
hmnds, indegral spuced nrmaur was intmdused. Thas Tvpe of
ammaur possizics bolkow spaces, incressing e leapth of
wrarvid froen the exzerior af the vebich: s the aterior for o green
weight of armour, Lo redisce e shaped charge’s penetring
povwer, Sometimes the wierior surhees of these ballow cavi-
e are shoped, presenting angles tothe anticipated patk of e
shuped chioge's jel in order to furtber dissipas: 13 power, For
exanple, 3 given weight of ammaur can be distribned in 2
lnyers 15 cm (6 in) thick insend of a single 30 cm (12 =)
layer, ivimg, mich betier protection agains shaped chames,
[003E]  Toeday bpht srmeoured wehicles mount paneds of
melnl miesh, knewn as “glat anmoor™, and some main batile
ks carry rubber skirts to proted Ther relatecly feagile
suspension and Froml belly anmoe,

[0032] Composiie A

[0033]  Compesits anmour is smear consisting ol Tayers of
two or moes materiaks with significantly different chesical
pruperiivs; sl and cesmnnics are the most comenon Bpes of
material m eomposite armonr. Composiie ansor's effective-
s depends oo its composition and may be effectve apainsg
Einetie encrgy penetmsors 2 well as ghaped charge mmed-
tions; bewvy mestals aps pometimes inchided specifically for
protecion from kinetic en ors.  CompasTic
ammauar cin bi highly effective bot tends fo be combiesome
2nd by a5 dhreot levele nereee,

[0034]  Henetive Amoar

[1035] Explosivereactive armeuroses layers of high coplo-
sive canidwiched berween stoc plates. When a shaped-changs
warhead hits, the explosivie detoodnes and pushes the steel
plates imo the warhead, dsnaptmg, the flow of the charge’s
liguid metnl penctratoc {ossally copper at around 500
degrees; it con be nede w Bow Bke water by sufficient pres-
sure). T is less wlfastive against kinetic penstrlon:, Resctive
s posses o theeat so friendly troeps near the vehbcle.
[00346] Mon-scplosive reoctive anmdur §8oan schmnced
sl arrnonr which uses moterials which chanpe their
promelry s s T mensas prolection under the siness of
iEnpact.

[EIET]  Active poolesion SYSems use o sensor b dilosl m
incoming projectile and explosively launch 3 counter-projec-
tib 1k 35 ik,

[o03%]  Elesirically Charged Aonour

[0039] Electrically charped armear s 2 recemt developaen
in the UK by the Defense Seience ond Technology Labor-
ey, A velucle b fined with teeo thin ehells, separmed by
irciulating material. The cutir deell bolds an encomous clec-
tracad chirge, whils the inmer shell is a proand, I sm incoming
HIEAT jet penetrates the owter shell and forms a bridge
et wsieen This shaells, the electrical energy discharges theough
tha jet. disrupting it. Trials have so for been extremely prom-
isimg, and il is boped o improved systems conld prodect
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apain KE pesetrotors. Dovolopers of the Funane Ragpid
Fiffeer System (FRES) sesiem of anmouned webicles are con-
sidering thes teshneiomy.

[e0did]  Technolsgies

[Wi41] For greser efficiency, the bewicst anmvus plates are
placed on the front of APV [ Amnounsd Personne] Vehicks):
an U gun monns, Slepisg wnd curving ammear both isersss
its protection. This 3% dis: 10 the foct ket the given fixed
thickmess af anmous plavs (usally between W 10 127), @
peojectile striking al am angle mast penciyale more amnour
i ome impacting perpendicalarly. An aopled sorface alao
increasas fhe chance of dellestiog & projestile. Mamy APYs
b #spall liners™ inside of the armenr, designed in protect
the crew and squipment mede from fmgmentation (spalla-
ticm) refeased From the mnpeet of eneery shells, Spall liners
ase made of Kevlar or similar meienals,

[O04Z]  Carrem Weaknessss of Yehicle Armour

[0043] 1. Currest vehicks wse thick plates of vanous
metaks in probect the pereonne] ingade. These plates are
very heany, cambersiome, s neoss the spece inside for
The crew,

[B44] 2 The wo cheir mas, the plaes e hinder the
mevement of the vehicle and i some cses muost be
romovisd In order for the weldcle @ maintain a satislae-
tory lewel of maneuvershiliny,

JB0d=] 3 I planes: arc removed, the wehicle then becomes
highly wuloerable 1o whnpons siack, muadly in du: fomm
of 1D (Improwssed Baplosswe Dewiges). [EDs have
bemen koarwn B pencirate the imerior of AFV= killmpg or
wonnding the vebicles coew and immobilizing it.

[MieE] 4. Carsest wespons such as the AR-AT nfles can
fire e 7. 5030 nrmaour piercing nund wloch can pen-
erte the 107-12" 2emoor plaies on most APV,

SURARY

[004T] There ix provsdid a hallistic pmjectile ammar.
which includes a hard shell. kingtic epengy absarption mae-
rial apd a0 energy diffusing backing layer, The bard shell is
mnde froan 3 matedal capable of deforming a projectle and
slwing o velocity of tbe progeetike, The kinetic enengy
absorplion msenal is capable of deforming o farter show
and capiume The progecsile after it has pierced the hard shedl,
The ensrpy diffissing backing loyer & copable of diffasing
enrgy tramsfierngd feom ik projectile mio the kndic snegy
ahsarpticn mmerinl. Flastic conlainmest kesps e kinetic
energy absveplion maenal sandwiched betwoen the Basd
skl il thee cnergy difiising backing, whils aceomnwadating
expansion of the kmets aergy absorplion material doncg
ey absarplion.

BROEF DESCRIFTHON OF THE TIRAWINGS

[0048] Theseand other festiees will become mone appaent
[rem The following description in which relenases & mede e
the appended drawings, the drawings are Far Ui purpose of
illestration only and are ned ifended v be oy wy limit-
i, wherein:

[0448]  E3G. 1 is an explodid view of an carly embodiment
of hallisic projectibe ammour propaned for 1esting parposes.
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|50 FHi. X5 a partsally cufl away peripeclive view ol a
recammendid conbodiment of ballisne proqecile aomour.

DETAILED DESCRIFTION

[o051]  Eallistic projectile amaour generally identilid by
refenenos nimeral 10 wall o e disseribed with referencs Lo
FHGS, 1and 2. FHG. 1 degoers an carly embodionent winch,
when fested, showed potential and warmanted furber lesting
aod enginevnpg smudy, FEG 2 dipiess a sevomencided
wmbaodiment thal resubled [hom a greater understanding as a
resalt of such foriber iesting sod enginecring siudy.
[0052] Earhy Proto-Type Used in Tesis
[0053] Refeming s FIG. L, ballistic projectile ammme 10
wag propared orsurng T mche] T ik, 3 anchie: thack
and 9 Ihe in pross weight. Layvers of ballistic fabac 12 were
positimsd behind o hand shell 14, The bovers of ballistac Bbric
used are sold nnder the Trade Mark KEFVIAR. There are
shermarrae hallistie fabeics thet comld b pobaninmed fog K1EW-
LAE, one of which is sald under the Trade Mark SPECTRA
SHIELD. Haed ghell 14 s & % nch sercapace grade alo-
minum alkey. & layer of 14 inch impact ress=@ot polycarbons
mie was pleced on either side of bivers of hallisic Gbric 12,
The anber of Lyers was, lbeneliee, band shell 14, a layer
impact resmtal polycarbonabe 18, 22-30 Lavers of ballistic
fahnic 12, 2 further layer of impac resistant pohycarbonaie 3,
fi-12 Inyers of ballistic fabric 12, n backing layer of polycar-
booaszte: 16, Ulpoan reviewing FIG. 1 S sccuracy, i o ooted that
ol all of the versoms lested wene exactly as depacied. Some
wirraaong The peot-type of balligtie progectile armoar 10 that
were: tesied had o further & layers of ballmtic fabec aand-
wirghiod beotwazn Twan Turther lxpors ol impac) resicnt poly-
carbonate. When some of “sandwiches™ of ballistic fahric
were placed kool o kack, thers semctimes resulied i @
doubling of the lovers ol impass) esstan polycarbonaie.
[ik54] TDuring imdiial testing, the 3 inch hallistic projectile
armour 10 was fived opon nsng fm AK-47 nfle g e
T 4239 mom mald sie coee rousds. A sedt Kevlar ploe wag
behind ballisie paojeciale asmour 10 10 provide evi-
dence ol hee bullet poss theomph, Fieed at 15 vards, the
first V4239 men BASC noamd wie glowed down encaph thar
it paby resulied in soperficial damage o the soft Kevlar plate
(approximately, 5 mm penstmation). The ballistic pmijactile
armany 10 wae then fieed epos snother 10 tienes g e
seamm wimrpom, Type af nound s distanae. Ballistic progectik
armaur 18 stopped a confirmed T reands apd potemiadhy 11
ot eff the 12 povnids. One roud s koewn 1o heve deflected,
and the remainieg rounds are befimved to be imbedded in the
allasri: projestzle anmour 10,
[BDE5]  As show bolow, when subjected 1o mmerons ballis-
tic tessis under the W11 0101.08 ssanilards, the imegriny of the
ammour sysbem proved Lo withstmd naomersus impacts with
varsous calthers of bullets.
[0056] Beferming s FHG. 2. there i pow a grester ander-
grandicg of why balhste progoct ks anmeour 10 works so effee-
wwehy This greasr understanding hag enabled fn oprimiza-
tion #r ovgcur. As with the proto-type depicted in FIG. 1, the
recopnenendad version m FIG. 2 dncludes o hand shell 14,
Lisetic cocrpy absorption matcrzd (prefeebhy ballistic fabric
12} and an energy diffusiog backing layer (prefembly impact
resistant polycarbonaie 16), However, this descoiption will
oontinos with refersnce to the males the lompers play, as
appased i spacific materizls. It & now appreciaied that there
s ather nestbinals than can be substimied amd @il perfionm the
intended function. Hard shell 14 must he made from a mate-
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mil capable of delorming a projectile and showing a velocity
of the projectile. The Kinefic encrgy sheorption matenal 12
must be el capahle of deforming to further show and cap-
ture: the projectile after it bas pierced hard shefl 14, Energy
:|':|T||.'r:ing_ hcl:l:;ug |.'|_l|r\.:r 16 et b g{uhh. of H|mq.1qg
cnergy Wustared from the projecile ime kKinetic gy
ahsompian matera] 12 An elastic comlamment 17 keeps
ke coerpy sheooption materal 12 snkdwiched betwen
the hard shell 14 and enengy diffusdng backing 16, while
accommodaling, expansicn of kinctic coergy absocption
msmerial 12 durieg crenry shesepiion

[0F5T] In order to increase the degree of protection from
Lasvel I %o Level IL oo from Level 111o Level 1L ar from Level
I v Ll 1V the pramsey Tocus muast be o inengse the
amountof kinets enerpy absopion maknal 124 sesoadary
focus & 1he hardiess of hard shell 14, 10 the coent that the
hardness can be increased withom unduly increasing, weight.
A ideal sivamion B i the hardness cam b menssed withoat
any increase in weight.

[085%]  Tieeabowe described kol poojectse ammous 105
mare eflective than ballistic projectile ammoar preseoily mvail-
able commercinllv, A porticelsr advsmage of e above
described ballise progectile armour 10 18 et 01 can take
eonthiple hits froum projectales withonn losing 8 effocnivesess

Crher forms of hallistic projectile amonr mpidly degrade
ifler being hit by o second and a thind projectile.

|e059] I mmst be mabed thal clamping amd compressang
Einetic enerpry absorplion nexienal 12 beiween hard shell 14
ancd energy diffusiog hocking layer 16 may decreme e feve]
of profectian prowided. Kinetic energy ahsorption malerial 12
enwsst e able to expnnd and deform while sbsocking enerpy
Irom the projeciile.

[B060] It eust he noted that the enerpy diffusing backing
lenyer 165 ot imended 1o siop the projectile. Should there he
insuflicsent kinelic crergy absorplion matersal 12 o shoe amd
caplure he proqectile, e poojectile i Hkely W penetmite
cncrgy diffising backing lyer 16, The sdétional ingct
resisn polycarbonaie layers 18 and 20 provided i ibe ang-
nal prodo-type beve been deemed rednndant sod remensesd
frama the recomeendad enshediment. Maore Leyess of kinetic
encrgy atsorption materia] 12 are tobe preferned to additional
sandwich panels of impact ressman palyeashanane.

[0061] Heneficial poulis ke boen oblained when the hard
shell is made from cne of o 2erecpace groade alaminam alloy,
an badlissic grade alumanm alkoy of ballistes grade seel alloy,
There are also some hart shell compoesibe materials and hard
shll palymner plasics than con seree this fometon. It 12 onde-
garathle 1o Jease o e ahedl that shatrese, 1 the hard shell hag
sodlerzl wpon impas of 3 Grel projectile, 1 may boee
depradied 1o the point that i will he incopable of perfoming,
its function upon impact of suhsequent projectiles. The thick-
ne of the hard chell can be increazed bevosd U4 anch for
s apphicanons. However, wik body armsour weaph @ an
imnporiunt {ocioe that con affect the performasce of military,
police or soeundty Even wilh wehdcle srmoar
wisrght cim become & Bevor thid affects the vehicle's perior-
A, AT somme poinl e clfativencs of e ballistc poo-
jectile amoear is best improved by increasing the number of
lavers of Kistic gy Shaarpimm material 12.

|Mi62] Beneficial resulis have been ohizined when the
energy diflosing haking bryver is made foem a hallistic grade
plaszic, In tesms, an impact st polvearhonine was nged,
It will be recogrized that are other materials that can spread
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force 50 that o person wisicinp baltiste propectile amwour 10is
noil subjecied o a bocalimed impect lorce.

Jid63]  Beneticial resuliz hae been obdnined when kinetic
gy shaorpiies malerml compemes mulitple loyers of bal-
listic fabrc IX. These con be micsofiber mesh fabrics or
aramidks, I teses, materials sobd wsder the Tmde Mark brand
names KEVLAR or SFECTREA SHIELD: wege used. The
hallistic fabric can be laminated it a smple pad or 1w
hallistic fibric cas consis of malupls individiesl lnyess. The
akgective is v create 2 web that capiares the projectile and
then s defamead by the projectile. Indoing s, e velesny of
the progectide is slowed. Upon inspectonof the hallistic fabric
alfierfesting, portione of the ballistie fabric were heat wiclded
togetber. This hus bevm faken f0 be an iedication s o the
eoutnet imes with the projectile.

jib34]  Feneficial resubts have been ablaximed when elimte
contmsment 17 nsed was on elastic edge binding that binds
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the hzrd shell and the eoengy diffusing layer. The elastie
coatninmesnt can take a membser af forms. Tilastic conlaoenent
can comsast of 2 contanmen pouch, Heowever, best reaalis
were obdained when an clestic whze banding s wsed. The
elasnic edge bunching used can be as simpls a5 an elsiic ope.
[@6E] Hallistic projectile amour 10 is belivved Lo provid:
advantages for both body armonr, sehiele semor and other
amenoar applications. The Byers of ballistse Tboe 12 ar: than
amd Bpht weight This exsbles an mner=ee in proleciive capa-
bility wilkeut swhetantially incrensing weight.

[06t]  For wehicls ammoar, ballistic projectle armosr 101
1hin epaugh tha il cm be fiormed o aress on e veluchs that
are deemed vulnersble. For exampis, the whesl well of &
wehicle cam be mtro-finted with o fomied wersion of the plate.
[@aT] Ballsric projectile armour 100 can be irderchanged
quickly, repained amd ressed,
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