WD 03/ 077631 PCT/ US03/ 05279 STRUCTURAL COWPOSI TE ARMOR AND METHOD OF
MANUFACTURI NG | T BACKGROUND OF THE INVENTION 1. Field of the Invention 5
Thi s i nvewDiodf71681 at es to a structural, conposite arnor f@CTalse®0I2Ng
kinetic energy transferred upon inpact by, and limting penetration by,
incident projectiles and a nethod of manufacturing the conposite arnor. 2.

Background Art Convention o A 5" e depl oynent of
rigid 10 plates and/or p N FF ' : "i_.ﬁ rials as
nmetallics, ceramcs, conpos ; t*he ["dee . materials that are

used to protect vehicles and their conponents are light in weight, while

af fordi ng protection agai nst an oncom n rojectile. In operational use,
the arnor influences an inciBétﬂK@R@}@\HgingT INENTH@Net r ati on t hrough
the arnor plating is avoided. Traditionally, such protective 15 structures
prevent the penetration of fragnents and debris fromthe projectile and
the material fnom whidgldof the Javemioni s nade t hrough any openings created in
the rear portions of the arnor. The transfer of kinetic energy occurs

t hrough a conbi nati on of nmechanisns. One occurs where the arnor has

suf fi ci ent st hi ckness and TintsSinfei6h rdhtes ¥ dtficfhIeebBPosiR Afmok Corl MpaBgand
present an inpenetrable barrier to the incom ng projectile. Such an

appr oach, howeketic epsigl eanstented peariEwPaciohs eid dHpbgdrengiuption Bhdngdeynt |
Anot her nechani (aray i k I.§.re-routed by
erodi ng, fract h?%%,ﬁg%gr“ﬁra\é@ghﬁﬁtg??%a.h&%b‘?ﬁ%éﬁn@c ns;l%%nlhﬁ{iol ves deform ng
or bending the incomng projectile so that its inpact area is enlarged and
the 25 conseqyent borce e nit area is thus dimnished. -1 WO 03/077631
PCT/ US03/ 052794 Suc ab‘f%?@t‘{ﬁ%n mechani sms, however, have vyiel ded mi xed
results, and the quest for an ideal arnor plate--one which has the
attributes of rigidity,

Conventional armor for vehicles calls for the deployment of rigid

10  plates and/or panels that are made from such materials as metallics, ceramics,
composites, and the like. Ideally, materials that are used to protect vehicles and

their components are light in weight, while affording protection against an oncoming
projectile. In operational use, the armor influences an incident projectile so that
penetration through the armor plating is avoided. Traditionally, such protective

15 structures prevent the penetration of ffagments and debris from the projectile and
the material from which the armor is made through any openings created in the rear

portions of the armor.

The transfer of kinetic energy occurs through a combination of

mechanisms. One occurs where the armor has sufficient thickness and its material

20  is selected so as to impede and present an impenetrable barrier to the incoming
projectile. Such an approach, however, involves the adverse consequences of bulk

and weight. Another mechanism occurs where the incident projectile is re-routed

by eroding, fracturing, or rotating it. A third mechanism involves deforming or
bending the incoming projectile so that its impact area is enlarged and the

25 consequent force per unit area is thus diminished.



strength, |low density, inpact resistance, and ease and favorabl e cost of
manuf acturing--continues. 5 It is known that ceramc tiles bonded to such
mat er i al SWa93MEMBAR(r) as a backing material can be effeeCusosgainst
certain arnor-piercing bullets. In its broad sense, the term"ceramc"

i ncludes certain inorganic materials, except netals and netal alloys.
Ceramics may range in fo I :

pol ycrystal | i ne subst ancgﬁlﬁrf}l%%c %{Ilﬁercﬁﬁ ﬁn%ttﬁ?égér?g%végg@gﬁzgnngge%Feasglets,
ceram cs) are afd ke fidse fanah edehl hmrmorn[ﬂanelr—ynd imhécdr hast the sstribtireaiof rigidﬂ'/}es

Such mat I f h Al d.b t th t
oxcoods L enci | ST ndTH, SRIG GEAHG CHRi O RATEa IR A G50 ao

(A1203), silicepncabi g--é&hfﬁhes.m licon nitride (SiN), boron carbide
(B4C), and others. The hardness of ceram cs di m ni shes an incident
projectile’'s 15 penetration by initiating its break-up. After shattering,
rest duai proj ectile fraomaRidoy Ay LaGald ecannbd & AEH abic e, IPLARACKI g
materi al s édebrl s/spall Ti ners\y f“l e prior art | ncef es ceramc

| ayers that dehs ebnclmrgjmlateelakcamimoaffaaquoagaplstc&rtm armmlbmmg@llb@c Klinrity
materials constrai,n the re5|dual ro,je nd .f ragment [l us i.ye of
the prior art ;ogd@eng,e 2inesty f\ﬂ?%l élgﬁegfg%%lﬁdnorg l%n?ﬁ i kl%h @%ﬂai’s
respectively apgi afedaNegs.t @ek{drﬂbyhianyaﬁge i Br@nfrédcth Mofesis Elazs @na defldee
813 patent discloses a conposite arnmor nmaterial with a panel that consists

essential ly of PdYWﬁigll@elsﬁbsé?ﬂ@m Typigally .grallistie 8%3811%%@?189%9@%?“%38?rreect ly
bound and 4 ret ﬁflﬂf'eld#?c? eﬁnﬁﬁlﬁe‘afl& I%afn%fr%st%]alﬂ Busper dBﬁoﬁﬁférlaBV‘ﬁe dFen

majority o t he ont act east our adj acent pellets.
Such approac heshdrmaelrlzed B35 congpassiet renghghitiexcdeds fepsilet St@ngtlif Avwharegrade

panal | s ot achEaG b iarateied ML) RN BRI, el o

a conseguence leNl)og@ohz;gﬁbla@@gcpommtcﬁhersone ani sot r opy results. Such
approaches al so | eave opportunities for inprovenent in multi-hit

performance. -2 WO 03/077631 PCT/ US03/05279 It is also known from UK Pat ent
Nunber 1,142,689, publishgd Qfvdness of ceramics diminishes an incident projectile’s

15  penetration by initiating its break-up. After shattering, residual projectile fragments

are ideally constrained by the armor-backing materials (debris/spall liners). Thus,
the prior art includes ceramic layers that deflect and break incoming projectiles,

while the backing materials constrain the residual projectile and fragments.

Ilustrative of the prior art are U.S. Patent Nos. 5,763,813 and

20 6,112,635 which respectively are assigned to Kibbutz Kfar Etzion and Mofet Etzion.
The ‘813 patent discloses a composite armor material with a panel that consists
essentially of a single internal layer of ceramic pellets that are directly bound and
retained by a solidified material in superimposed rows. A majority of the pellets is

in contact with at least four adjacent pellets. Such approaches lead to

25  inconsistencies in the location of pellet arrays, especially around the edges of the
panel and points at which the panel is attached to a substrate which is protected by

the armor plate. As a consequence of localized weak points, some anisotropy
results. Such approaches also leave opportunities for improvement in multi-hit

performance.



February 12, 1969, that other forns of conposite |light weight arnor plate
can be effective. That reference discloses energy-dissipating spheres

whi ch arewerbedded in a plastic matrix. 1d., 11. 85-90. BCHUSPHOM

6, 112, 635 discloses a conposite 5 arnor plate with a single internal |ayer
of high density ceram'c peIIets that are retained in plate formby a

sol i dified material. OhesnidQnolilnbOK PARRE NIGHEL 1, 043160 RBlished on

investigation in connect| on W th the present invention’iné ese United
St at es Pat ent sFel3usi%71 B3@6Fathat at;heroTﬁfS osﬁampnmuw wngwarmompl_a%camm

Norton; 4, 404, M 4 529..6 al.. 4.88 L

5,221,807 10 %&?Fz’éf gﬁéﬁfé’f%‘%eéﬁ i‘?se%f’neégy 1sgID3Re %ﬁrﬁﬁﬁ‘}h gre&ﬁg’e@ 483
W son. SUMVARN, OplabhEmaENTE O, 185-96 &nsS Obateﬂlt6 0f2,68% dissusad a@nmpmlte
provide a structural conposite arnor _that wl | resent to, an fgnCI dent

proj ectil eda bamporeplateowiha §ingle infeynal rl%X?F o é’llﬁbf’}f?‘i‘%ty GeRABiFgPelists Waf are
surface of the Qiapf iy f:ﬁtévﬁfrﬁl 9%8@&1?1@11 I ¥ate c@ih%{;%)rl%f a%tﬁ%fdr@ﬂc%@tdo% I's

to provide a conposi arnor i'ncluding a cellular ructure wt eergo ygonal
openi ngs and opymisg aminyes‘tgamngm coimtesioh withdlenpiaking mvehgonopeniaigss

Inserts are regei v b h h _f
sheets are sec P&%ﬂ&ﬁ%?@&‘é%&%‘ﬂ% gml ﬁ§5§ﬁ\g%]§ @a?@fﬂéqggﬁ,ﬁgﬁbftoﬁ
str ﬁcé ur fe 20kEr4©ﬁ€88?em%mies ,526 640aB1tdvﬁi etgaléI ;hedgsny@lt Price ieﬂal HEe2i1t807

met hod o ma |ng The ects eat and adv he present

i nvention e Viesdpid) ﬁ&aﬁ'@ﬁ% etf%l r#?%’eg? PB%%@ é@?@%@&v §cr| ption of
the best nodes for <carrying out the invention when taken in connection

wi th the acconpanying 25 drawings. -3 WO 03/077631 PCT/ US03/ 05279 BRI EF
DESCRI PTI ON OF THE DRAW NGS FISSMMARYsOE 388 INYFNTIINw of a conposite
arnor constructed in accordance with the present invention, taken al ong
the section line 1-1 of Figure 2; FIGURE 2 is a schenmatic assenbly di agram
that illustrates the mai Mt isan object of the invention to provide a structural composite armor

that will present to an incident projectile a barrier to entry of any fracture debris

through a rear surface of the armor.

15 More specifically, an object of the invention is to provide a composite
armor including a cellular structure with polygonal openings and oppositely facing
sides between which the openings extend. Inserts are received by the openings.
To close the openings, a pair of sheets are secured to the oppositely facing sides of

the cellular structure.

20 Preferred modes of practicing the invention include its method of

making.

The objects, features, and advantages of the present invention are
readily apparent from the following detailed description of the best modes for
carrying out the invention when taken in connection with the accompanying

25 drawings.



5 steps in nmaking the conposite arnor with inserts received within
hexagonal openings in a honeyconb core; and FIGURE 3 is a schenmatic
assenbl y wpagnamwspf an alternative nmethod of making the ®abjusesoizmventi on.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 10 Turning first to
Figures 1-2, there is depicted a conposite structural arnor 10 which has a

cel lular structure, preferahtirH PESORIFRON ofF RHBODRUSPGGSCOre 12 with
pol ygonal openings 14 and oppositely facing sides 16, 18 between which the

openi ngs 14 extend. More preferably, the polygonal openings 14 are of an

hexagonal form Received Mdihkp (18 59&?@3?%“%aﬁ&ﬁfﬂpﬁéﬁf?%ﬁe{z‘%’%ﬁiﬁgﬁ%ﬁbfﬂ

for 15 transformng a projectile s Kinetic €energ

fabric or pref acoordsivestish 2 pré&déntaneenties plaken Mehy teaecticlitico] 1 v Fppegi tel y
facing sides 16, 18 (Figure 1) of the cellular structure to close the
openi ngs thereof in which the inserts 20 are received to provide chem cal,

physical and environnent giiGiyRBDI h kdhenmBBbfethbly dREtanl RatBRSitdes BB thali®
provi de structural reinforcenent. 20 There are several advantages of

i ncor por at ihg &t€P8| nymakingt thgceamposite tagmos itls insesis uregeived riwithin Fiexegonal t
creates a CO”Sio?)EI%Bgsﬁlé‘ﬁ@ﬁ%@&mﬁfcofe?%ﬂﬁnse”s 20. The designer then knows
t ocat e t

where each inse wthin e panel because it is structured in
such a way that every tinme he creates a panel using a honeyconb core 12,

it spaces the inserts uni .Second, .the honeyconb core 12 efficjently
25 transfers shear from t}tﬂg@%ﬁf‘ E%Q/%ﬁseltlglﬁ'dﬁqgr?r&@g)anQﬁer%t“feﬁ%ethoc{]
debri s/ spal | |iofiefakidddekubjeécihveldiont her eby, significantly enhancing the
bendi ng stiffness of the panel. As a result, unlike the baseline arnor

disclosed in U S. Patent No. 5,763,813, the -4 WD 03/077631 PCT/ US03/ 05279
honeyconb panel i I I . ' of the
DEPhFLED BBSERISHION b PhE MaderrRR AMHdSiANTS

honeyconb conpl etely 1solate adjacent inserts. base ar nor,
adjacent inserts are in intimate contact. \Wen the baseline arnor is
inserts around the area

of i mpact ht1! the mat r BTG e EERHAL 20 st BidkalChitustalit Shsstias
that shock wavermbisiogvidcihaney eellilavéthitture, preferably in the form of a honeycomb
core 12 with polygonal openings 14 and oppositely facing sides 16, 18 between

which the openings 14 extend. More preferably, the polygonal openings 14 are of

an hexagonal form. Received within the openings 14 are inserts 20 (Figure 1) for

15  transforming a projectile’s kinetic energy upon impact. A pair of fabric or preform

sheets 22, 24 are respectively secured to the oppositely facing sides 16, 18 (Figure

1) of the cellular structure to close the openings thereof in which the inserts 20 are

received to provide chemical, physical and environmental durability, contain

fracture debris, and to provide structural reinforcement.

20 There are several advantages of incorporating a cellular structure into
the structural armor. First, it creates a consistent placement of the inserts 20. The
designer then knows where each insert is located within the panel because it is
structured in such a way that every time he creates a panel using a honeycomb core
12, it spaces the inserts uniformly. Second, the honeycomb core 12 efficiently

25  transfers shear from the durability cover (front face) 24 to the debris/spall liner
(back face) 22, thereby, significantly enhancing the bending stiffness of the panel.
As a result, unlike the baseline armor disclosed in U.S. Patent No. 5,763,813, the

4-



a dissipative resin systemto conpletely isolate the inserts, the shock
wave is attenuated much sooner and the resulting nunber of damaged inserts
i s reduceaO 03/tmies1 i nproves the nmulti-hit perfornmance of tReTASI®O523YSt em
Each insert 20 is preferably made of a ceramic and has an 10 internedi ate
portion 26. In one enbodinent, the insert 20 has a main body portion that
Is of a roundetcbaRenb pand fsuéﬁlgecb Bi R %frﬁ&qraqnfag(?ﬁ 5dt§‘f'e BBROB} Liffe €NS
28, 30 are generally convex and are re€specti vel ocate acent the pair
of oppositely loagysegtscommpletely isoBitehdjneant daserts) aIrn @Erhmsﬂmeear(lﬁlr,gadjecen) I n

enmbodi nent , e 1 of a materia
rom the or oup BAGo Mo PR o Buled alSerlle i e e 2nRok RS
fiber or fabri (prepngateasthrdl@h moltqblmndent? t’:lftﬁmﬂrthd@lﬁw sf ﬂiﬁbﬁ%(ﬂnlhl biye PaBont of
R chnond, V. henol i simlar . In an alternate
em(::)odl nent , hgn%t 6@? Aagrtﬁﬁ}ns?rﬁ%ﬁ‘tﬁé‘l‘é@e%\thﬁ qﬁﬁoéff‘ WaNgt Using ahopeycoaty With hi n
the openings 14 @fssﬁaﬁﬁv&%sﬁﬂl llg?s'terﬁttb %h&ﬁ'l&el%zl’sol'faﬂetﬂenﬁ@éﬂss RO sB@quQJaV@QS
enbedded within the f referably, thé filler is selected from
group consi st |aﬁgn'éﬂtedr @@Ph@@% aﬂ@éhﬁsresmg mygtbep pé flemagedyinsertsisrrediaed. As

241 s secured Caig Rk B AL Rk Ba R Uity SRRRRS el liar

structure 12 by an adhe5|ve 26. The front sheet 24 typically is exposed to

the 25 environnent and c sts ﬁ ?rot ctlve 0 %I‘ablﬂt | a ehr The
opposi te internal sheet |§ls‘fr eZ(gr1 RIFFTARlY JRpdh AT # SRraEiceand thas an

i ncor porat g5 a ifeahddiste Bbitnl26Ngh ond BRbodiERY, ISR b hs 4 AXES bo%i@ o§tu§r{“ n
inrelation to the inner |layer or structural lamnate 22 wth

liner. -5 WO 03hayrrefzrapaded shepy. obzrrthermeterrad ﬁ@lbmﬁlmnt,élnfe@melée ends BBgur es
1-2, there is iqyl 'Qﬂda r r.
First, inserts 3?#%%%&%?3/9%38}8% n arg%es?'@zg eﬁz‘%h’zﬁ%@&aur gltt légrs# §pgsa{eim

cel lul ar st r uctferieg sisec h6,ak8 af the nejidandiruconre (AigurePh)ef erabI y, the unit cell
has di mensi ons that correspond to a regular hexagon. In one alternative 5
nmet hod, the honeyconb core 12 is then filled with a structural resin

system This In one embodiment, the honeycomb core 12 is made of a material

15 selected from the group consisting of stainless steel, aluminum, an aramid sheet,
fiber or fabric such as that sold under the trademark NOMEX® by DuPont of

Richmond, VA, phenolic resins, and similar materials.

In an alternate embodiment, the composite armor includes a filler that
is received within the openings 14 of the cellular structure 12, the inserts 20 being
20 embedded within the filler. Preferably, the filler is selected from the group

consisting of resins and foams, and most preferably is a resin.

As depicted in Figure 2, in an alternative embodiment, the pair of
sheets 22, 24 is secured to the oppositely facing sides 16, 18 of the cellular
structure 12 by an adhesive 26. The front sheet 24 typically is exposed to the

25 environment and consists of a protective or durability layer. The opposite internal
sheet 22 is the primary structural laminate. It incorporates a spall/debris liner. The
outer durability layer 24 is thin in relation to the inner layer or structural laminate

22 with a spall liner.



serves the purpose of providing a shear transfer material in addition to
the honeyconb core, as well as to fill any gaps, thereby aneliorating any
noi st ur e walwsorsi on, nucl ear, bi ol ogical, chenical, hardR€Fa]S0805279
decontam nation issues. In an alternative nethod, a |ightweight syntactic
foamis incorporated in place of the 10 structural resin to further reduce
the density of the resul taQginGRIRAM LRIALER Fights 120 lhek igtRakimBRhod0
resin or structural foamor equivalent material occupies interstitial
spaces. The, fidfieahufastigyngoiis stoetaral 2rmer.t Fénst, bosedie 20t ave abgprssin eeudibeel]

sheets 22, 24 (Fraure 2) . [ -cur | t ' hi gh
strength adhesiVé lgl%gggrﬁéﬁgég c%&ﬁﬂv\;ﬁﬁ%\r’]@uﬁg aga‘{i]/g?l{leigﬁ?négp ?jgem%fﬂéa?eq at?ly,

| ndustries | ocahehit celMesidirRatsns dng corNaporEtoseygulihkexhaoe Bhartadieidtive 4
can vary in thickpess ependi on_t he ne for durability covers Qr

spal | and/ ot dé’_&?t\q%‘iltP‘F]g?’g‘?yc%{ﬁggP]Eee%’étth%ﬁﬂ%Wlt[%raéF@F?‘é%} rB%Bé%%@Pngﬁns
approach is depeflgdné 'bur%’&e':bigiéf&/iéingTz_i"'sﬁeﬁ«pﬁﬁﬁ%\?é‘rhnﬁfécrﬁ[ Snt fRidAdd itRnal
manuf acturing efficiency that acconpanies a Vacuum Assisted Resin Transfer
Mol di ng ( VARTMboagmogdceoreoas paleas tprifllieno gapstTRkerodiRTmelprstiag any rnejsuse
resins into th ' i t [ Lve .. =Sk d
tooling and va?Blgjdr#} gé%,g}[sugegf,r[ﬁ%lﬂgﬁ?lg c%érlﬁ{ggié gl XI?‘III—J%SQQ’G ?gé%%?ﬁ#%%ur&gr&e ‘L()'r ﬁsﬂ (or
plies of fabri anakemati?® neltaded lightweightayatasticl éint Bdhcorpotatateiyqpdade ofaheer i al
is applied to the preformand. is filled with e insert material.

add £ onal 11 ay FSCGrarEHR 1 RiBlT SHBERARE (HSHDPHe TSR T SRORRHE AEHOT ol he
top surface of jhb@ePamBbdimBRE PfcsiCorastRR R AN fohS éﬁ&ihivél@fﬁliﬂdféx@ﬁgﬁ@%%ié@d
infused with structural resin using the VARTM process. -6 WO 03/077631

PCT/ US03/ 05279 intgftisiabingeesss enabl es spal | or debris liners to be

si mul t aneously infused, and reduces the need for additional adhesives or
mechani cal fasteners. In addition, this approach offers the benefits of
structural performance, tTHgdillehomtycbmb coerldether bondednoreomnpdsitafateshests cal

resi stance over i,or. art..approaches. . ur.t he re, the.structur ar nor
Can be- machi nedZudt el aRAS G Cusn 20 /Y G ng: seing 8 Bigh SatEitaBhedlld

15 such as FM73K, which is available from Cytec Industries located in West Paterson,

New Jersey.

The face sheets 22, 24 can vary in thickness, depending on the need

for durability covers or spall and/or debris liners.

An alternative, but preferred processing approach is depicted in

20  Figure 3. This approach offers the additional manufacturing efficiency that
accompanies a Vacuum-Assisted Resin Transfer Molding (VARTM) approach to

panel infusion. The VARTM process infuses resins into the fiber preforms using

relatively inexpensive, one-sided tooling and vacuum pressure.

In this process (Figure 3), fiber preforms (or plies of fabric) are

25  placed into a one-sided tool. A honeycomb material is applied to the preform and
is filled with the insert material. Additional layers of fabric (or another preform)

are then applied to the top surface of the panel. The entire assembly is then

vacuum-bagged and infused with structural resin using the VARTM process.



wheel . This provides the opportunity to machine finished product geonetries
from large, easily produced panels. Initial structural and ballistic
testing haeodensastrated the viability of the disclosed merhsdsoi20 not
only replace conventional applique panels, but also 10 can be inplenented
in future vehicles as ballistic conposite structures. Thus, the invention

i ncludes a controlled cel a (P i &%ﬁf\j}" al

di stribution of inpact- at;ﬂggér @I&%%Egnggéﬁgéﬁﬁaa{m |Brs d%@ﬂ@%l@ b?ssgﬂlga&%c. I n
the cel | ul ar stinfustdirasd redusestha meedfariadditionalcasthesiveseanmohenhaninal fagienaye.afi ons

Substrate 15t APabPR BSomplORT ety AETRRRHS fr QrPirgf PR B S b BT

hol es are proviigthvedasmvitvaniencat adl chemitgh resigame owsrepribr tane approagiaesal
openings in the cellular structure. As % resul t. of thﬁﬁg(ggéi le-brittle

transition } ef diEHERROTE AP SERCUBHETAN AR DRAPENPEETSBER HARETY AFATY G AR i s
attenuated in g;RLAMehDatviidsaRe %éo@&ﬂﬁj}‘% mhéhind ﬁﬁﬁshé@ﬁ%&hdi%ef)ﬁé&%s fom t he
pl ane of the arnor, as opposed to through its thickness). 0 As a result,
f ewer adj acent lingsee¢asgy aredudedrngieds. i n part because there is no direct
contact between adjacent inserts since they are separated by the ductile
cellular structure. Consequently, nulti-hit performance is also inproved.
Whi | e enbodi nents of the Inithe siricdmncahan®biitistic ieklingshasadentbnarated dies einbibied, 1t
is not intended_that these e diments illustrate and descrjbe al 5
bosei bl e 1 or e CEEIG HEPIpieg GP G 10 PREOFHRE GGV HODRARDAES Pitch PBHASY e
words of dgpCr ichh beimpRifRafed i tutd BHiAE! A balBie dopoitd SiREEEPOd that

vari ous changes may be nmade w thout departing fromthe spirit and scope of
the invention. -7 WO 03/077631 PCT/US03/05279 WHAT IS CLAIMED IS: 1. A
conposite arnor conprising. a.cel u i o] pani ngs
and oppositely facing si g tt)}g %@hﬁ%ﬁéﬂﬂﬁﬁeg gggﬁlk{frllég}gcgﬂ%lngt?@% fat
plurality of insevils awsfient ipsehydiseibative df bypactebsodbiyg ardia thpenrelgisvelyof

the cellular structure such.that the inserts are aced from.each other;
T
and isotropic. In the cellular structure, there are mmimal inconsistencies in the locations

of the arrays of inserts. When the composite armor panel is attached to a substrate
15 for protection, attachment points at which, for example, bolt holes are provided, can

be located through one or more of the hexagonal openings in the cellular structure.

As a result of the ductile-brittle transition referenced earlier, the
shock wave that results from impact is attenuated in a plane that lies orthogonal to
the impacting force (in the plane of the armor, as opposed to through its thickness).

20  As aresult, fewer adjacent inserts are damaged, in part because there is no direct
contact between adjacent inserts since they are separated by the ductile cellular

structure. Consequently, multi-hit performance is also improved.

While embodiments of the invention have been illustrated and

described, it is not intended that these embodiments illustrate and describe all

25  possible forms of the invention. The words used in the specification are words of
description rather than limitation, and it is understood that various changes may be

made without departing from the spirit and scope of the invention.



a pair of sheets respectively secured to the oppositely facing sides of
the cellular structure to close the openings thereof, thereby providing
chem cal ,wophgg%iédnl , and environnental durability, contai RCAgISD3/@R2rUr €
debris after inpact, and 10 providing structural reinforcenent. 2. A
conposite arnor as in claim1 wherein the cellular structure is nade of a

mat eri al sel ec ﬁﬁ%fﬁTFLRQI\EIS)T§ consisting of stainless steel, alum num
) .

an aram d fibe icresins and the like. 3. A conposite arnor as in
claiml1l wherein at |east sone of the 15 inserts have an internedi ate

portion having a rounded shape and a pair of f 05|te ends of a convex
shape respectively | ocat €d ICH@PBSIEC&WEC%P '88* oppositely facing

sides of the honeyconb COJ&;lluﬁr suGRFRRS g Ay SRR Genings BhdbpPobitély Thdies
including a filler that is received within the openings of the cellular

structure, the sidesbeivcepeitieh winpeaiags extondii thin the filler. 5. A conposite
arnor as in.claim4 wher t

consi sti ngrsof resins, fogdn%lmtalﬁ((a? {)ﬁgkﬁfskﬂg&egﬁx}eﬁp%eg%g%&s?fgﬂeg} %%hgl';ﬁ)le %mg? aim
1 wherein the oflthatainlatstuctue mchdhattﬁhd: gsertaalespaseddndmsachucthar;end25 7. A
compr se a mater al sel el PhOR FEPOHBSH EoHE St egrBr s R nss ofe,

-8 WD 03/ 077631 Pedidi0sH 826 %0 diseqhe @pélihaeihesdof] GRfebyaproyideng Shdnheﬂn

nitride, a netal, an arnor grade ceranic, and _m xtures thereof.

conposite ar rohssical nane epvironpeetakurability, eeaipingigdtagture Kbris afier mpé?t §Pﬂaet s
conpri ses ?Omién?&%ﬁin ?u@ﬁﬁﬁqef ﬁl@@ group consisting of a nmetal cover,
a relnfor an

a plastic, 03| m xtures thereof. 9. A conposite
arnor as in claiml wherein the palr of sheets corrprise a durability cover

attached to an outer face, of the cellul ar stru n eet
attached to an i nner faceof t 501518?%1%35?0 z}sru&g E“ﬁ%ﬁé‘%ﬁ%ﬁﬁg lqir? ?
is made of a material selected from the group consisting of stainless steel,

aluminum, an aramid fiber, phenolic resins and the like.

3. A composite armor as in claim 1 wherein at least some of the
15 inserts have an intermediate portion having a rounded shape, and a pair of opposite
ends of a convex shape respectively located proximate to the pair of oppositely

facing sides of the honeycomb core.

4, A composite armor as in claim 1 further including a filler that
is received within the openings of the cellular structure, the inserts being embedded
20  within the filler.

3. A composite armor as in claim 4 wherein the filler is selected

from the group consisting of resins, foams and the like.

6. A composite armor as in claim 1 wherein the cellular structure

comprises a honeycomb structure.

25 7. A composite armor as in claim 1 wherein at least some of the

inserts comprise a material selected from the group consisting of aluminum oxide,
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10 conprising one or nore primary structural |am nates and one or nore
spall/debris liners. 10. A conposite arnor as in claim1l further

conpri si yoan/o7madhesi ve that secures the pair of sheets t@CrhsSovpnesitely
facing sides of the honeyconb core. 15 11. A conposite arnor conprising: a
cel lular structure having hexagonal openings and oppositely facing sides

bet ween whi ch t&)%oﬁ) P gﬂig@ gflﬁgc?ﬁhcea%de asﬂfyoﬂ 'hﬁl‘lhé ya lﬁétalc %?Hlé@i éfﬁﬁ@ Edr 1c and

respectively receive agdnal” — openi’n sone o

i nserts haV|ngrannuB$ﬂmmﬁﬂ|ate portion, and haV|ng a 20 pair of opp03|te
convex ends of rounded shapes respectively |ocated adjacent the pair of
oppositely facing sides of the honeyconb core; and a pair of sheets

respectively secured to thie oppQShipehive ddforng ifictes 1 Gfheréinet teakd teadf the
structure to cl ose the openings thereof. 25 12. A conposite arnor

conpri sing:5a duin off sheestoomnrises 2 maReTin) splexiad droan ﬂwp&rﬁilng@n%\ﬁalgdﬁpﬁogietaél y
facing sides c%tvé“fea'bmvﬂiccﬁ @B&;Qﬁéﬁ 1t8%ﬂﬂxxuﬁeplﬂé£éblf' ty of ceramc

i nserts respective ecerve exagonal  ~openings, at |east sone of
the inserts having an internmediate portion of a cylindrical 30 shape, and

each insert having a pai r of osite convex ends. of unded shap
03/ 077631 PCT/ US03/ 05279 91 s paCPMpa gk dsdh Shih dohBereibing 27 Phgeas 0

opposi tely facidyghptisd asdu@dbibi Qoh&rh@mmﬂbo ai 6iite; fade bfﬂhle@éuﬁl@mmcademdbmn
t he openings of the honeyconb core with the ceramc inserts enbedded

within the filllgfemashes aataﬁbﬁdrw@p igpadnce ofdhp sellylyestyuciueythednicsnal gheet
t el f
opposi telyjaci tlﬁiesﬁfgzo& or thd@ éﬁﬁﬁalrgls&ﬁ%tﬁf atrk]lcgﬁlﬂﬁl‘és glgde sﬁ@ b&es Hﬁﬁbﬂgs

t hereof in whic serts are rec enbe he filler
to provide reinimrecenent. 13. A conposite arnor conpri Si ng.

10. A composite armor as in claim 1 further comprising an
adhesive that secures the pair of sheets to the oppositely facing sides of the

honeycomb core.

15 11. A composite armor comprising:
a cellular structure having hexagonal openings and oppositely facing
sides between which the openings extend;
a plurality of ceramic inserts respectively received by the hexagonal
openings, at least some of the inserts having an intermediate portion, and having a
20  pair of opposite convex ends of rounded shapes respectively located adjacent the pair
of oppositely facing sides of the honeycomb core; and
a pair of sheets respectively secured to the oppositely facing sides of

the cellular structure to close the openings thereof.

25 12. A composite armor comprising:
a cellular structure having hexagonal openings and oppositely facing
sides between which the openings extend;
a plurality of ceramic inserts respectively received by the hexagonal
openings, at least some of the inserts having an intermediate portion of a cylindrical

30  shape, and each insert having a pair of opposite convex ends of rounded shapes

9-



a cellular structure that is nmade of a material selected fromthe group 10
consisting of stainless steel, alumnum an aram d fiber, and phenolic

resi ns arwotobarze3has hexagonal openi ngs and oppositely faecmgses/aes bet ween
whi ch the openings extend; a plurality of inserts respectively received by
t he hexagonal openings, at |east some of the inserts conprising a materi al
sel ected from trB@egﬁ&El? 16ARYA! RifdcBat théﬁai?fof 6@6&@@%@1&&%@%&@@9@@% de,
silicon nitrite, boron” carbide; and m xtures thereof, "at | east sone of the
i nserts havi ng c&re;i nternedi ate portion of a cylindrical shape, and having
a pair of opposite convex S Of [ S r Lyel I

adj acent the pair of oppoasiﬁ@%Irﬁgﬁgg%glqlgﬁj&eﬁ%gﬁ% Rgﬁ%gl@el%%rr%) Ccoégg&thgﬂe
filler sel ectecefantimifdeets@rbepdedonshiatthefilleresinds and foans and being 20
recei ved vviéhi n the openi ngs of .the hone%%%gcore with the ram ¢ inserts

C
enbedded wit hin the fill érPaLafhgets zespeq ?@dﬁ%@ﬁé’@i’i’%}@mﬁﬁwﬁéwsp t he

opposi tely facingcQhtfSt@tturd Rrc16®R! tha!bpenink itGETI8 WBCIEhRSBsektd ArORBEVEPS
thereof in which the inserts are received and enbedded within the filler
to provide reirihdrcatedded withinithe filervo provide seinfrakementa conposite arnor,
conprising the steps of: providing a fiber preformas an internal

structural lamnate/spall liner that is placed into a one-sided tool;
applying a cellul ar struct3ure Acotipesiferafnor comBfisihgl | i ng the cel lul ar
structure at |least partiall ith an itgsert tfferial;. -iLO 03/.077631
PCT/ US03/ 05279 appl yi ng orfeluGr SHBrtlre thafds madg ofapptepial selegied drqm e group

dur abi | i t y1(c OV @bnsistifdedraRmiER st Alvtnifiith Ust Mbmid ABPAK piendlidREind had iahe
cellular structure; and infusing the assenbly with a structural resin,

t her eby si nul t dedasagenalbopaningsiang apResitely fsing tigescesrween waidh the openings
structure, and §fkHctural |am nate/debris space liner.

a plurality of inserts respectively received by the hexagonal openings,
at least some of the inserts comprising a material selected from the group consisting
15 of aluminum oxide, sﬂfcoricarb1de, silicon nitrite, boron carbide, and mixtures
thereof, at least some of the inserts having an intermediate portion of a cylindrical
shape, and having a pair of opposite convex ends of rounded shapes respectively
located adjacent the pair of oppositely facing sides of the honeycomb core;
a filler selected from the group consisting resins and foams and being
20  received within the openings of the honeycomb core with the ceramic inserts
embedded within the filler; and
a pair of sheets respectively bonded to the oppositely facing sides of
the cellular structure to close the openings thereof in which the inserts are received

and embedded within the filler to provide reinforcement.

25 14. A method for making a composite armor, comprising the
steps of:
providing a fiber preform as an internal structural laminate/spall liner
that is placed into a one-sided tool;
applying a cellular structure to the preform;

30 filling the cellular structure at least partially with an insert material;
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15. A nmethod for making a conposite arnor, conprising steps of: providing
a honeyconb core havi ng pol ygonal openings; adhering a rear sheet to cover
t he pol ygwoaB/oopeni ngs that are |ocated 10 on one side ofpCThEsosraizey conb
core; at least partially filling at | east sone of the openings with a
resin; placing one or nore inserts within at |east sonme of the openings;

and adhering a front sheghig ddecor ey of iR NorSE:ASnAfdutdMRidhepeyconmd
core. 15 16. A nethod for mking a conposite arnor, conprising the steps

of : providing a |ayer of theigby dossingna efuetunall cupesiie| drmpr cgoe rihe eatlulas
placed into a one-sided tgol; r@pﬁ{hyi ng a cellular structure to the |ayer of
fabric; 20 filling the cell u‘iuar’ Structure at least partially with an insert
material; applyi ng one anfusingehd askanblpmathor staicasalansinntherabglsimstltanedustyal

| am nate/spall liner atop the cellylar.structure; and infusing . the assenbly
with a structural resin, ¥ %ﬂ&b@lesﬂ F"c@%e‘i%’%‘i’yc‘%q”?ﬁfu§wliehe‘?‘%&uFtélb‘?t‘i‘ria y

ci\{er , cellular structurgamafek/&dbiidGpaedinckam nat e/ debris spall 25 liner.

15. A method for making a composite armor, comprising steps of:
providing a honeycomb core having polygonal openings;

adhering a rear sheet to cover the polygonal openings that are located

10 on one side of the honeycomb core;

at least partially filling at least some of the openings with a resin;
placing one or more inserts within at least some of the openings; and
adhering a front sheet to the oppositely facing side of the honeycomb

core.

15 16. A method for making a composite armor, comprising the steps
of:
providing a layer of fabric as an external durability cover that is
placed into a one-sided tool;
applying a cellular structure to the layer of fabric;
20 filling the cellular structure at least partially with an insert material;
applying one or more fiber preforms as an internal structural
laminate/spall liner atop the cellular structure; and
infusing the assembly with a structural resin, thereby simultaneously
infusing the durability cover, cellular structure, and structural laminate/debris spall
25  liner.
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