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6 March 2007 -1 H GH STRENGTH, | MPACT RESI STANT,
ELASTI C COMPCSI TE LAM NATES Field of the Invention
The present invention relates to high inpact resistant
conposite lam nate structures. 5 Background of the
Invention It is known to utilise physical :
characteristics of fibre conposites to enh%&&%?h%ﬂggct
resi stant properties of, for exanple, a |am nate
structure. However, the ehastic properties of

conti nuous and unidirectional fibrous conposites are
hi ghly ani sotropic and depend of fibre orientation

Wi j : ' sile
TorIGHEAAaR GIR, ItPATRRE SN CRTATIIE RosERT
controlled by the fi bbAMINATESt e strain. The
transversal tensile strength of a unidirectional

FidldBF tRdTIdventtigal NIy controlled by the matrix ultimte
strain. The strength of a fibre reinforced structure
Is at | east an order ~of magnitude greater in the

The prrgent inyention relptes tothighimpaed sesistant epmposite laminate structures.
transversal / perpendicular direction to the fibre nain

Bagkground1df tHdIhemtioof the I nvention The present invention
seeks to provide a new | am nate which utilises a

osi.te..structyre. Summary of the Invention In

Tt & KHOVR 4o Stikisg; Ryysioal shiracfiatetiesof ke, ETRPgsesp Fphanee) impact

rediStgih-ogoRleg | df, forpARplel @SIaAN struckile. o Bovdver, hd e
conposi.te | am nate Jincluding at |east two inner fibre

P‘%Reggeé OF fytigpoys and pnidirectiopgl Sibroys comppsitescane highly enigetzopic

antl [iepent € TbRY breshtativh) il ir it 1R apb S | 3o Rak#dg
eng t di ssi.pates and ?ggﬁﬁgg?;mg Ioagggggﬁfgﬁﬂgﬁﬁ% e

SUPLgH Ak Balgigectihal laming is AYRIFRYY epntzeled b thotfibomulimherstrio,

THenRA@Eveithl 1885l istr@ipiest alniQct Iid fAckh jé,aé VX by
anot her atglgsegtS& there iIs ?%J\?lélc}g%ﬁglgn%no tlpﬁciﬁbe?é)ytﬂe

matHE p@mappgshatn f[‘.b%lgtfe.ngth@f ia rejrifdyeesl stimgturs) is etleashen atder
of nR3Aiude Reeafdt ﬁﬁh@?ﬁé%@%rﬁi GH%RAn BG mhaﬁmp\%réaﬂﬁe%enﬁicm%s :

Mwherein said at
direction to the fibre main axis.

Object of the Invention

The present invention seeks to provide a new laminate which utilises a composite
structure,

Summary of the Invention

In accordance with the invention, there is provided a high-strength, impact resistant,
elastic, fibre composite laminate including at least two inner fibre plies and at least
one dissipating element between the inner plies, wherein said at least one dissipating
element dissipates and redirects a load applied to the laminate to tensile loading of at

least one of said inner plies directed along its longitudinal axis.

In another aspect, there is provided a nanostructure including at least two inner fibre

plies and at least one dissipating element between the inner plies, wherein said at least
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6 March 2007 -2 one dissipating el enent dissipates
and redirects a |load applied to the lamnate to
tensile | oading of at |east one of said inner plies
directed along its longitudinal axis. Preferably, the
| am nate includes a pair of outer layers and a pol yner
matri x between each of the plies and the @Maseh 200

| ayers. 5 In conparison with known structural
materials the |am nate offers a unique conbination of
mechani cal strength, espe'c?i'al l'y during extrene dynam c
| oading (inpact), with significant wei ght reduction

i n,.conparison with simlar sanples nade from steel or

ong) dissinstingrelemente dlistipates andt tedirecist a ded applisdi fegthe 1oninfe to
tehdfd B8HingIof | 1364 nls it dnb ik RAR! ©

Al O e P Bl or 4l Ll pIRY e Aok i B
PFL&%%i)’e 1.is,a fragmentary cross-sectional view of a

1 athe lomingtednghades a paig pEeytesdeyersqnd @l pelymer matrix; hytwesn 2
ea{cﬁoﬁthgpg@mﬁmmrome;[ag%; sectional view of a |am nate

Wi th corrugated sheét as 15 dissipating el enents.
IanigﬁlLFJlr e, 3 is, a fragnentary cross-sectional view of a

PaIisen Wit KuPWE nteishurdl gaterialy the demingls gffersi pamiavg
CORNAEA Sof HbhiafiBal dstich ,agsfgéfiﬁllys Bt Gxiteife Gflaid MadiakP

bet ween sanpl es wei gh nd respective |npact energy
(“38@3? Béh siepdicpnt yypight sedugtion ip compariserowith gimilsr sgmples made
60 REN draRkhikigiween sanples. Detailed Description of a
Preferred Enbodi nent A lam nate structure forned in
] ¥,\n '\ the invention represents a new
----- cetrage—eol erant material design phil osophy
with optional first and second outer face |ayer for

Thoinnéntign srdesstibed bf aagof bh.linditing Gamblelonsy, With 9éfet@hdeQS the
dx((xz . a W ipating 25 elenment (1) and usually
81%*&5 °§‘) pol ymer matrix (3).

Figure 1 is a fragmentary cross-sectional view of a laminate with tubes as dissipating
elements.

1

a

Figure 2 is a fragmentary cross-sectional view of a laminate with corrugated sheet as
dissipating elements.

Figure 3 is a fragmentary cross-sectional view of a laminate with ornamesh/rigidised
form as dissipating elements,

Figure 4 is a graph showing the relationship between samples weight and respective
impact energy absorbed.

Figure 5 is a graph showing weight comparison between samples.
Detailed Description of a Preferred Embodiment

A laminate structure formed in accordance with the invention represents a new
approach in damage tolerant material design philosophy with optional first and second
outer face layer for forming an outer face (4), at least tWo inner plies (2), a dissipating
element (1) and usually (dominantly) polymer matrix (3).
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6 March 2007 T (r)3.. The dissipating elenents nmay
be various netal, non-netal, natural and non-natural
structures in a formof, but not limted to: expanded
netal, ornanesh, rigidised netal, corrugated sheet,
t ubul ar shape, spherlcal shape, ot her geonetric
shapes, ribbed, textured, woven mesh (pl & Margh4Q07
square, hol ander m cron), and any other simlar 5
geonetric fornms, or other structures having the
function of dissipation apd redirection of |ocal
active outer |oading (perpendircular/transversal or

i mpact) applied to at |east one of the faces, to

The eﬁbeitphtﬁlgl QafknfOmapbe Fhridud aﬁ&al Ofiéh-fétals Adtbral AREROn-natural

el BB b kS b Seou bl S e,

coMadakedt shetf tibiar Qhag! @,?ﬁeimem@t Qfhef I%E&ﬂétﬂ& Shaped: Onbbed,
relnforcenent materi als such as but not |imt ed

textyrgd, woven mesly (plain. thih sauarea helander, Brietoph andary pther similr
geg’xﬁét)’ib' Ffhab) Eb? © ef‘ﬂfdd?x?elg ‘hatifg tﬂg?ﬁdé{r}gﬂ{ of didd 2 tr&ﬁfectlon

res, In co nat i varlety

SN e or
ot SHenep S i pemendichign/asaversaborioprets ainiod Hogt 4esos

t
oné fa!aes E%'i?gl‘ri%%a} ﬂ% @fd?\t'yL? t}{h #yes?gﬂe E%%Eé%ed plies
dl@btsdrdpngmimtudm@um her, Silicones, Cyanatesters, 15
Pol ybut adhi ne, Pol yet her am' de, Pol yi m des, fire

THe%tuﬁf §3(2) arPlonERlcRa ffoﬁﬂ ﬁ{t@@[of dgﬂ?f gm il Cgﬂg.te 9) tpgegs)

Ves, coatlngs
remtfé@ln@nhmeﬁegals duqhmsrh% no'cehmlted twhElasp tAremidl Cerbonr Qearze

4 f
BRSSPl THRRY KAIMARPEAE}, e TSt b
fityeso vt cetakinatiop ewith amamapﬁam knayinuthermoegstings et ﬂleanoplastlc

m%&&udg?rs%%ra%tnaﬁ#tgﬂgg{) g & pI é%}er x% f ﬁ%&&?@“ PofypfbplIefis ©
Nyles,c PlolyesterabAming, anlempﬂ%I Bolgethkiry e&hwnas, am;fanatesters,
PG PlrecklHOE oot 58, Sardl nPirnhs )
soriafiadlesivesp coatihgd, pigmlents, Gealams, caaglsts) gce@lemms,tdilu@nﬁ, etc.
applied to at | east one of the two outer faces of the

PRI G5 1650 810 BORAR) s S0ahLF b RRRGLRRR, KL

fe reinfo
metallic natural or non-natural materials.

The above described laminate structure represents a singular variation of material

creation, and there is possibility to apply plurality of plies as described above in any
possible direction and combination.

Figure 1 illustrates basic principles of internal force-impact energy dissipation and
redirection of local active loading (impact) [F] applied to at least one of the two outer
faces of the new structure, to longitudinal (tensile) reaction [Fi] in fibre reinforcement
plies in a single structure. These forces are forming force equilibrium as shown on

Figure 1 show an example of the laminate structure (7) where the Aluminium tubes
(1) are used as dissipating elements.
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25 plies in a single structure. These forces are
formng force equilibriumas shown on Figure 1 show
an exanple of the lam nate structure (7) where the

Al um niumtubes (1) are used as dissipating el enents.
6 March 2007 -4 Figures 2 and 3 show anot her two
exanpl es (single structure) where applied ¥¥adu07
netal structures (expanded netal, ornanesh, rigidised
forms, corrugated sheets),, as the dissipated el enents
(1), can redirect outer active force/inpact energy [F]
to the face of the structure, to the tensile

PR S o B A sy i s
b SinRheac xfindbd RG], RS fg%o AR AL Yoral E%ééts

osite Lam nate sarrp es

act _Resistant, Elasti
ﬂ%é'r%ﬁﬂpé ed sy rsr Fedizeat osltf@@mecfomngmt ersngyc il don thef
£a00 \6E | thd ik tut, " 8NEL RensildRA reaﬁ%ﬁc[%ﬂp atthe %n%ﬁ-ﬁc%uﬁal axis of

Conposite Laminate materials in rison
relpfgreenent plies2hi um To further expand on the above, to
achi eve internal active force/inpact energy

Fibufes3 gk @ity ﬁigﬁ cbRkidney bf B babtrbntefk? ab%e@%%tfeﬁ#gyuﬁ@a&) .

Va“oaél rretal ic and non- ne I'C structures
Reugtppttastic Compasited gminagasamplesi ncl udi ng but not |imited

to: expanded netal, ornanmesh, rigidised fornms,
thﬁfef 4 gaivesigsifieat Specfﬂd h#hllﬁft r&iﬁ@ﬁkﬁ‘rsof NovePARA rStfeFi%h dImlpact
g&e’ 1 a\gl? mesh lain, twll, square,
n)Elaste AfqmRosits aﬁ&atenﬂamlscmf eRmBArisdmO avith| btrel and
alkibindghur es and any other simlar forns (2), and
include but are not Iimted to one or nore el enments

ted fromthe followng netallic, non- netallic,
Tﬁa}i"ﬂﬁ ntp‘?] éLﬁYealto ﬁ‘ﬁﬁé\‘q mterpgl Aghee f??&?’@%ﬂaﬁgeﬂé‘{&)’

v dﬁﬁbaﬂdnm\ﬂdeﬁdﬁébtlon ah URd MH&t@'(ﬁ‘% 1)“/&&)'!15 A drMS and 81?

alloys, titaniumalloys, copper I'oys, magnesi um
“&ﬁ“&%@“‘c‘i‘w Ay by l}setizgs digsipating alemelsts noludingehvt et lingjtsidto:
eﬁpa!n&&{j meld1 2 okiakhsh, h?g?&l?éd' %fmsh%l‘?@gitedagﬂ Pt¥ dbﬂ&? nﬁﬂpes,
en all oy pallalum bronze,” tanta

swtsgppes,bwﬁq,vs rjnesh {plaip, mlunpq@tmﬂ-lgﬂandmtmmmn) metallic or
nSQ-g%B&ﬂict 188ms, FOEL TP RSTutes Snd ASSHRSEhifr (HRF0) &R include
but are not limited to one or more elements selected from the following metallic, non-
metallic, natural and non-natural material groups including but not limited to:
aluminium alloys, steel alloys, zinc alloys, titanium alloys, copper alloys, magnesium
alloys, nickel alloys, brass alloys, carpenter, gold, silver, platinum, hastelloy, haynes
alloy, inconel, molybden alloy, palladium, bronze, tantalum, monel, tungsten, borron,
beryllium, zintec, matrix composites, thermoplastics, thermosets, plastics, foams,
wood, rubber, paper, ceramics, leather, balsa, cedar, liquids and gases (vacuum) as a
single components or compositions.

As a result of loading redirection/dissipation, there are now tensile-reactive
forces/loadings in at least one of reinforcement plies directed along its longitudinal
axes and, based on mechanical properties of fibre reinforcement materials where the
tensile strength of reinforcement materials is at least an order of magnitude higher
than transversal strength, the result is the significantly higher strength, especially
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wood, rubber, paper, ceramcs, |eather, balsa, cedar,
i qui ds and gases (vacuun) as a single conponents or
conpositions. 25 As a result of | oading
redirection/dissipation, there are now
tensile-reactive forces/loadings in at |east one of
reinforcenent plies directed algng its Ioﬁ@h@?ﬁh%@gﬁ
axes and, based on nechani cal properties of fibre

rei nforcenent materials where the tensile strength of
rei nforcenent materials S§-at | east an order of

magni tude higher than transversal strength, the
result is the significantly higher strength,

mgqaems:anaw ovéla dakind® Otructue. MG C tn &:Sﬁba?rfs@ﬁ‘t %gady
rea

truc ure n conparison W|th
K noﬁ/l%/%eiﬂ S &H‘T’st lé’h Qr e ﬁ’é%dVM@els bnttleness*them“*-

lamimpier eaii Sﬁézv &ﬁghaﬂﬁpéo‘ﬁ REikthide C AR Sexc@gigmal ya'ﬂa%@?ﬁe%ﬁlg aﬁf

ct resistance wth e pti-on
el"rsﬁ?/g ‘?“‘%fgﬂngﬂgfy t PeEcegage ofwhistid recoveryl alﬂmg plasnc
defremaitont age of el astl c recovery after plastic 5
deformation, Wth application of this invention, the
W%tﬁ'%aclt esnﬁé“ nce of the . lamnate does not dep end
maiRP Sgvention.sthe dmpagt sesistanpe of ﬂietlammmodnes not

depaxidmiainlgl e the aalties @) popaititd; Ier@novG %hiﬂfy‘?f g L off the fibre

nechani gcal prq rt| es.. Spe(:| esi'ra properties
re%g)r??&ﬁpmﬂ%é‘?‘%l’?ﬁ%% ures i ncI ude: 10 red| rection

and di ssipation of outer transversal/perpendicul ar
Spbﬂﬁdldagfabhm&mbnieﬂofﬁMhipesﬂe%&ddtﬁgs ﬁélﬁd& | ongi t udi nal

axis 4sn. rei n({%rcertem nner plies, high inpact

ot r BSpstion apd Gissieation /215 &g prae) pampeadiqujar loadinghimpact to
el asdnbity 1pddivipt dl Shgd e R akis by retict6dmen gphesl5 hi gh

percentage of e astlc recovery durlng ti ¢
def g}gﬁé'f’? St eng‘%’ow density, high tensi I e strength in
al | highreﬁ@gy @&k&rbmg gwgy fatigue resistance and
d ur
%g&a iastlc/plastw deformability under impact,

«  high percentage of elastic recovery during plastic deformation,

o low density,

« high tensile strength in all directions,

» high fatigue resistance and durability,

« simple and cost-effective machining and fabricating,

Production of a suitable laminate can include all known processes in composite
manufacturing such as, but not limited to; hand lay-up, wet lay-up, spray-up, bag
moulding, pressure/vacuum bag moulding, match moulding, press moulding, infusion,
open moulding, closed moulding, sequentical moulding, continuous moulding, resin
transfer moulding, autoclave moulding,

The laminate structure is made from cost-effective and standard materials readily

available and exhibits significant proven improved mechanical properties in
comparison with all existing composite laminates.
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simpl e and cost-effective machi ning and fabricating.
20 Production of a suitable |lam nate can include all
known processes in conposite manufacturing such as,
but not limted to: hand | ay-up, wet |ay-up, spray-up
bag noul di ng, pressure/vacuum bag noul din mat ch
nmoul di ng, press noul di ng, infusion, open & 2987
cl osed noul di ng, sequentical noul di ng, continuous
nmoul di ng, resin transfer ianding, aut ocl ave
moul di ng. 25 The laminate Structure is nmade from
cost-effective and standard materials readily

d._exhi bi t i fj cant d
WIS, el e o tisdpRinecofmanta Mo bt seszed pg
bmnpmmtdetoJ widinetionsl, ciOssMiy, GPmRRAE, baificd 4 qﬁ&m%épaé 0

orientati on t hese inter naI di ssi pating el enents

i SRR
usesing hnmmmgls orl Hybtid @ryror @tbﬁtﬁﬁ&gﬁaltda% {negs) i ¥BFolRent fibres

th\éfar' et | am nates it ossi b use any known

4 Padly, OW oEmgrmyprialy W@@ma gy epprisg o bu
nartémfe_d ke SI®8(E, S, Boes, BeRl ?%aﬁ!ae C%g@@f@?g% I@%&n@g: H%Rﬁ@

roups con

PR B i b et N o d b T ot s

dfalilaned &@: al QU
“Bol y Yo e R Sod Ry oPiistigh Bieti telsal ML

wovsm, B ERVIngso tBrpided. 1 ¥agn.t  Weguethvingsi Ghopped strands, Mats,
sitdilt&tieb@C bitomea! witPWd!og- eﬁgaﬁlg ¥ | @fé{rﬁ:las é%@cxhc?tl timfx édakcp

Wven raV|ngs roving
Vaa{ige,g b &Pexy, Bhepslic, I‘F@iwropll?n%Nnbn,tms Astting, Blmmlemidlas,

PM &hé?f STHIUneK n@%at@?tgﬁ 24 O?uu@a@n[gg,l f’ol?&ﬂer@ﬁ" ét I%ﬁ){ughdes fire

ny ester, Epox
%s@érpsmu\rwwm Blwn@rteoﬁ’ratﬂs&ves, Iéo:itmgs higments, sealants,

§Q£&§rat5y%ﬂa@@ﬁsgtgrs Pol ybut adhi ne,

ét heram de yimdes, fire retardant, corrosion
VJ@&{'I stant, ,any sort of adheS| ves, coatings, pignents,
JR4PsRREtdo On@éaﬂﬁwgm@rcemn@lm wep bsarrapigbdigrtrembert of way§

indYubifhe! @SMRCtiota® c%sb ﬁ‘[}{a Sy Bric r@a’lem:é)cf gﬁﬁ? ﬁétr&plc & hybid

be arranged in Ways,
Srectional, cross pIy, synnetrlc balanced,
quasi-isotropic and hybrid

Optional outer face layers (4), whether for protective or decorative purpose, may be
one of the metallic, non-metallic, natural and non-natural materials including, but not
limited to: aluminium alloys, steel alloys, zinc alloys, titanium alloys, copper alloys,
magnesium alloys, nickel alloys, brass alloys, carpenter, gold, silver, platinum,
hastelloy, haynes alloy, inconel, molybden alloy, palladium, bronze, tantalum, monel,
tungsten, borron, beryllium, zintec, matrix composites, thermoplastics, thermosets,

plastics, foams, wood, rubber, paper, ceramics, leather, balsa, cedar.

The laminate as their integral components may include structures based on a variety
of metallic, non -metallic, natural and non-natural materials such as, but not limited
to: aluminium alloys, steel alloys, zinc alloys, titanium alloys, copper alloys,
magnesium alloys, nickel alloys, brass alloys, carpenter, gold, silver, platinum,

hastelloy, haynes alloy, inconel, molybden alloy, palladium, bronze, tantalum, monel,
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| am nates. Optional outer face |layers (4), whether for
protective or decorative purpose, may be one of the
metallic, non-netallic, natural and non-natural
materials including, but not 20 l[imted to: alumnium
al |l oys, steel alloys, zinc alloys, titaniumalloys,
copper alloys, magnesium alloys, nickel altMpgchX0dss
al l oys, carpenter, gold, silver, platinum hastell oy,
haynes al |l oy, inconel, nolybden alloy, palladium
bronze, tantalum nonel,-7tungsten, borron, beryllium
zintec, matrix conposites, thernoplastics, thernosets,
plastics, foams, wood, rubber, paper, ceranics,

tuhgs&h,hbd’rronbab@mun& Qﬁﬂdc, m%ﬁsz&ﬁn ofifs NAefndpiis ‘Ee ke osets,

nts may include structures 5sed. on

Pl?fg s "8? Igfrgib 4T} PAPeT, FRspmicsydeather, belsa, sadanyliguids autl gases
(vRABmY @ dkisble p%ﬁén@g(ﬁ-cgﬂﬁ‘fbtﬁs but not limted to:

al um ni um al | oys st ee oys zinc alloys, titanium

NaI | o al | magnesi um al | oys, ni ckel
P itos FRas bo SMmeg 45 desgribhahov, Wi aubsHintiompf expensive

miﬂnﬁld sﬂlU!iThs b&@& it BMterileNBRRnéd, 1@ ¥edud\GRRAR hég%&‘.ggﬁq

%Gotgy, pal | adi u bronze, tantalum none
m em_widelyayailable to)dndusiey, bubithey dremot imited onlytnt thiese
cofpORAS! t es, ther rmpl astics, thernosets, plastics,

f oans, vvood rubber, paper, ceramcs, | eat her, bal sa,

dar ui ds .and, gases (vacuun) as a single
A% H’é‘Li b Tbgiepingpartysigictures vith theleminates, ifrisypossible to

usé ﬁfoﬂ.’ﬁﬂ tRBndIGS & usQEiE nfe Ysa Xﬁtﬁ: o gbf&égs%s%ﬁctpés but pgt

expensi v material s such or o
I ' JAeHding and deymeiag. @ el a8 tﬁh@bwsm@sismemw dqﬁumetlon

fofn!ilﬁ Siley AR a{sa S{ot a,%ﬂg t e
li mglpeib or‘13 ly to leygg dogoﬁrflggge{r?t )s/bl Hﬂﬁé[hﬂ% %&%ﬁge
eWS%P?I@nglaﬁ@d{ﬂm&/ structures with the lam nates, it
is possible to use nost of technol ogi es used in netal

Pritfily RhPsebordiary @ubed AR REE SRR HE Hlafi‘cffactF(U& ofd te badif of

ljmted to; moul ding stanpi ng, as we
the maRjereal E%@(:PhiﬂﬁsoébY Fanbe Biedd then f or ni ng

Pt Oﬁeﬁﬁ@nin%&? avil anﬁ%h%?} limted to: blanking,
punchi ng, fl angl ng, nMbossi ng, bending and draw ng.

« space industry (civil and mlhtary),

+ train and rail industry (civil and military),

« maritime industry (civil and military),

« automotive industry (civil and military),

« all sorts of building industry (civil and military),

» protective industry/ballistic (civil and military),

« construction industry, decoration, machinery, furniture and municipal

engineering, road-side safety barriers, and similar,

« multiple general applications,

« materials developed through nanotechnology.

EXAMPLES

For example, measured and calculated average properties of laminate sample made

from two outer layers of E-Glass quadriaxial woven fibre 1200 gr/m2, one
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Primary and secondary structures designed, created and
manuf actured on the basis of the lamnate materia
desi gn phil osophy , can be used in the: 15 . aviation

industry (civil and mlitary), space industry (civil
and mlitary), train and rail industry (civil and
mlitary), . maritime industry (civil and Mardht200y)

autonotive industry (civil and mlitary), 20 . all
sorts of building industry (civil and mlitary),
protective industry/ballisdic (civil and mlitary),
construction industry, decoration, nmachinery,
furniture and munici pal engineering, road-side safety

indemalidissipationelementi [Aduminiumi Orhgplesh J9pe Ryl and pinylestér resim,
MQ%?})(}S devel oped t hrough nanot echnol ogy.
e nple nmeasured and cal cul ated aver age

pr opeTénsﬁesSt&fng{haﬁbrlao(Ema,rrpl e made fromtwo outer
Iayer of E- ?@8‘23 dr| axi al woven fibre 1200 gr/n2,
one & R}iﬂt}fﬂ g 1 nt er nal / di ssi pation el ement :

A ummawnn dam&menskR(mamsut‘ﬁbmh@&i)er resin

11- 350, Strength a> 1000 MPa,
KQI eEgyzﬁzwﬁﬁgEA n?t?ssg(“’lth%hkenﬁﬁ@&é} Force F =

184 SDBﬂbcﬁ&hhﬂﬁi penetration), - Inpact Energy
Absor bed EA = 3985 3 (Wt hou enetration), -
Def | eXPW%&dWﬁOfﬂW lus of elasticity E =

33 Npojson’$73lis 9 ¢33, atio v = 0. 33.

Density of some High Strength, Impact Resistant, Elastic Composite Laminate design
solutions may be significantly reduced to 1600 kg / m3.

Table 1. Comparison of selected mechanical properties of materials now in use in the

automotive and aviation industries with some of the laminates of the invention.

Specific
Materials Thickn | Specific Weight per | Absorbed A};:sorbed Deformati | Peak Force | Tensile
| ess Weight Impact Impact on [mm] [kN] Strength
[mm] [kg/m3] [kglmz] Energy Energy/We [MPa]
| ight [Vke]

Aluminium 1.5 2750 4.13 0 0 perforated | - 485
Steel 0.8 7850 6.28 0 0 perforated | - 655
Steel 1.5 7850 11,78 4272 1453 69 1334 655
Honey.Comp. | 4.3 1220 525 - - perforated | - -
Glare-5 20 2590 5.18 150 - perforated | 10.3 -
NHSIRECL1 | 2.9 2247 6.51 3985 1510 41 184.3 >1000
NHSIRECL2 | 50 1934 9.67 3778 1108 13 1539 >1000
NHSIRECL 6 { 15.2 1304 19.82 3919 688 29 176.0 >1000
DYN 1 - - - 3727 - perforated | 91.7 -
DYN S - - - 4100 - perforated | 69.9 -

Legend:

- Data for Glare-5, “Application of Fibre-Metal Laminates”, Polymer Composites,
August 2000, [Absorbed Impact Energy (maximum) before Perforation],

- Data for DYN 1, and DYN 5 (Structures based on Kevlar reinforcements), form
“Impact Testing in Formula One”, A, N, Mellor, (Absorbed Impact Energy within
displacement of 100 mm) Transport Research Laboratory, Crowthorne, England,
(“ICRASH 2002” International Conference, February 2002, Melbourne),

- NHSIRECL - Composite Laminates of the invention.
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10 Density of sone Hi gh Strength, Inpact Resistant,
El asti ¢ Conposite Lam nate design solutions may be
significantly reduced to 1600 kg / nB. Table 1.
Compari son of selected mechanical properties of
materials nowin use in the autonotive and aviation
industries with some of the |aninates of tfdlarch2007

i nvention. Specific Materials Thickness Specific

Wi ght per Absorbed Absorbed Defornmed Peak Force
Tensile ass Weight 1n? l.gpact | npact on [m] [KkN|
Strength [mm [kg/nB] [kg/ nR] Energy Energy/We [ MPa]
ight [1/kg] Alumnium 1.5 2750 4.13 0 O perforated 485

Sl Bickl 2 0
et i vy s

B0 Jieteht imnaptiower vt e ihpacter gade Gomssolid steslo weighing l"ftkgg .
A b bt o e S on . Ay

. oTheapeediof B imptyr 6B e 280n16n6 0D imOORas YN
kndi/h3727 rated 91.7 DYN 5 4100 perforat epl 69.9 15
Legend: - Data for G are-5 "Application of
Fi br e- MEt?S Lam _nat es", Polynmer Conposites, August

T omPessRp D5 rser Staehsamplethioknsss (1 baemnand)saivple NHSIRECL 1
' t I, res
e o eyt the fo1cPSf P snble) afortl by RHYREOE 138 (b

the-frapacteneray abserhed by the Steel sample with H0%rlpwérAdzflectivad At the
sahidRiRse, tHeNREIEM rdlidcRbd between NHSIRECL 1 and Steel 1.5 mm is more
than 100%.

In comparison with Steel 1.5 mm sample, NHSIRECL 2 shows high level of
plastic/elastic deformation, superior deflection reduction with significant weight
reduction. Deflection of NHSIRECL 2 is only 20% of deflection recorded by the Steel
sample, with 88% of impact energy absorbed of these absorbed by the Steel sample.

Use of the laminates of the invention delivers highly controlled and predictable
behaviour under load, accompanied by:

+ manufacturing costs can be significantly minimized since known and
established manufacturing processes are used;

. manuchturing time can be significantly minimized since known and
established manufacturing processes are used and manufacturing simplicity;

« materials costs can be significantly minimized since already available, cost —
effective materials are used, '

+ materials costs can be significantly minimized since reduced number of
applied reinforcement plies

« significant finished-product weight reduction;

+ demonstrated increases in mechanical properties through its substitution for
heavier (steel and aluminium) and more expensive metals;

« expected improved fatigue resistance;

+ low maintenance and repair costs;
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15

20

di spl acenent of 100 mm) Transport Research Laboratory,
Crowt horne, England, ("I1CRASH 2002" Internati onal

Conf erence, February 2002, Mel bourne), - NHSI RECL-
Conposite Lam nates of the invention. 6 March 2007 -9
Sanmples (Alum nium Steel and NHSI RECL) were
rigorously tested on a controlled drop wé Matchi298act
tower with an inpactor nmade fromsolid steel, weighing
45 kg. The inpactor head was fornmed as sphere of

di aneter 200 nm Sanpl e dil®ensions were 500 x 500 nm
The speed of the inpactor at the nonent of inpact was
55 5 knih. The conpari son between Steel sanple

t i chepessiblith ofiinnoasiivesastpdapiniyHEIuREE] toldesigh givdtderis now

shows.. ) i t ,enet orbed by

o1 ety st 8 conRhy BOG AP IREER oy

t he 1Bt gebsitibiyploemuiufichd® Kompler rsectivik egith esducedt niniter of
sane l{nilms he wei%gt1 reducti on between NHSI RECL 1 and
St ed/MHEPHE T 80 FEFROY-1 0 t han 100% I n conparison with
Steel 1.5 nmm sanple, NHSIRECL 2 shows high | evel of
The dssitablecprapriies afetherlaminien (high peregtl, g lmpdct eesistance,

I ' WM t.h siagni ficant wei ght,, .reducti on.
oSGl i Pt 558 i o6 54 boRPioes aeiiting
easély oeplieated) yightlyecohtreltdd behaviqur @ndenia twidSRBgaOdf 1odts,apecially

er absor bed .of these absorbed by the Steel sanple.
uﬁ%rfﬁ%e eflmpﬁcg?qag’r‘?g'nat es of the invention delivers

hi ghly control |l ed and predictable behaviour under
The phyjsicalropeptias iof the haminatescouiddet widély gariedsing preaiselp éailored

kant fj y..mni i zed singe kno and . established
16 et BF e oAb Ml B8 o BB HY oBRHpinE Y, PR 0
netenials én kirggmiufnberaofpeiynutdtionsfior @dating mew stqidmts, and 20
est abl i shed manuf acturing processes are used and

[ ki city. J.a ts «can bhe
RSB0 B B ', S 5R Fpa r
applishticacind igthendeyelopient af highrdeel, high-impact strength, elastic/plastic,
cost-effective, lightweight products and components for everyday use in
manufacturing, transport, packaging and variety of civil and military industry in
general.

Although particular preferred embodiments of the invention have been disclosed in
detail for illustrative purposes, it will be recognised that variations of permutations
and modifications of the disclosed invention, including the use of various

materials/components in creating the laminate lie within the scope of the present
invention.



materials costs can be significantly m nimzed since

reduced nunber of applied reinforcenent plies 25 .

significant finished-product weight reduction;

denonstrated i ncreases in mechanical properties

through its substitution for heavier (steel and

al uninium) and nore expensive nmetals; expeMagdh 2007

i mproved fatigue resistance; IOM/naintenance and

repair costs; 6 March 2007 -10 the possibility of

i nnovative cost-saving sojjufions to design problens

now limted by the necessity to use conventiona

heavi er nmetal sheeting; the possibility to manufacture
gx sections with reduced nunber of primary parts

in an assenbly. 5 The desirable properties of the

| am nates (high strength hi gh i npact resistance,

Lo pcs P oAb il i, Dbty i Ol |
r eplatbastwq mnctgthté phesbﬂtweni theohthdhg&w,mﬂr under a w de

| b o BTy B AR bebr e Sl el i ot

omahdsqbatlnfg ehngimt &issqmdsadd Rﬂﬁeqw eﬁlﬁacb‘zqipﬁedtaltﬁeqmtﬁﬂate 168) to
t needs .0 cul a cation
bl APt Stpastche P iid obeyhios hfeste slogk FopaiFga AR r

of permutations for creating new st ruct ures. The
resuyl,t .of, abpve nti on n opportunity of
291 obthe! %F agPrdiedo Llpm erﬁﬁ;P&d%&"F Bles rednaidly ¢ her
tedsiu@l l@eﬂﬁ&,&htd@énsﬂ% BAtiAESng dieeBd hIoRSGE re3pdcBROIbRgitudinal
el aP |c/plastic, cost-effective, Tightweight products
8ltss for everyday use in 15 manuf acturi ng,
transport packagi ng and variety of civil and mlitary

industry in general. Although particular preferred
3.enbokiedenipate agcording tp laimtlics 2, Wharein Hisaleatt ous Gesinting,

elé@b@ 'sﬁbsfaﬁﬁallyl ihdiR s @ leb b B aidtloéﬂ anlt saﬁ@ tensile

recognij sed that variations o errruta I on
loading and a component of said load is redirected along a main ﬁbre axis of said at

least one inner ply.

4, The laminate according to any preceding Claim, wherein the at least one
dissipating element is made from, but are not limited to, one or more of the following
materials: metal, metal alloys, thermoplastics, plastics, polymers, foams, metallic
foams, wood and rubber.

5. The laminate according to Claim 4, wherein said metal alloys include, but are
not limited to: aluminium alloys, steel alloys, zinc alloys, titanium alloys, copper

alloys, magnesium alloys, nickel alloys and alloy matrix composites.
6. The laminate according to any preceding Claim, wherein the at least one
dissipating element is in the form of|, but not limited to: sheet, corrugated sheet, mesh,

tubular shape, spherical shape, foam or other foam-like structure.

7. The laminate according to Claim 4 or 5, wherein the at least one dissipating




and nodifications of the disclosed invention,

i ncludi ng the use of various 20 materi al s/ conponents
in creating the lamnate lie within the scope of the
present invention. 6 March 2007 -11 The clainms: 1. A
hi gh strength inpact resistant, elastic, conposite

| ami nate including: at |east two inner fitbMearghl208¢

bet ween the outer |ayers, and at |east one dissipating
el ement between the inner plies, wherein said at |east
one di ssi pating el ement dilgsi pates and redirects a

| oad applied to the lamnate to tensile |oading of at
| east one of said inner plies directed along its
elewengiis in dherfatm ef@nsexpar@ed Firigidisadinmeddle according to Caim
1, wherein both inner plies are mainly tensilely

| oaded, said tensile |oading being directed al ong the
8 es pBetlaminate ecngrdingliornay preeeding Cihins ahereinrtheat lgaktions. 3.

. j rdi taq.Caiml or..2 wherein the at
G Bl RE00 Ahtihied i Gty Sidiitoript) Sphelitos
balmcedon quiadiisomopio etiemeationdn g limiagteand said tensile

| oadi ng and a conponent of said load is redirected
along a main fibre axis of said at |east one inner

9pl y. The lankinetelagotrdifg ® ang prREEHiNOChieh, WM¥rel tB&E & YTurblitiiom
wherein the at | east one dissipating elenment is nmade

dsHBIRS SISmeSe not linited to, one or nore of the

followwng materials: netal, netal alloys,

@he:r,gl? | astics, plastics, polyners, foans, netallic
1.5 anghe te 2Feprqing ipeslaime), wherginiaphy is faraed by, Byeraepre of
s&ill dissipating Weglefsn said netal alloys include, but are
not limted to: alum niumalloys, steel alloys, zinc
all oys, titanium alloys, copper alloys, magnesium

I@Jhl OYfe 1@'&:&&%&@&&% Yol AR 024 h&Q¥in TR g!lyn af %HHQ ﬁbttlg\ﬂted@o:

The |'am nate according to any preceding Claim wherein
croseplyt unidirpstiongh symupizie, halensadpr grasivispironicorientatipeinfthy m
1&@hingtbut not limted to: sheet, corrugated sheet, nesh,

12.  The laminate according to‘any preceding Claim, wherein one or both of said
inner plies are reinforcement plies.

13.  The laminate according to Claim 12, wherein one or both of said inner plies

are made from single reinforcement fibre or hybrid reinforcement fibre.

14, The laminate according to Claim 13, wherein said single reinforcement fibre is

made from one of, but not limited to: glass, aramid and carbon/graphite fibres.

15.  The laminate according to Claim 13, wherein said hybrid reinforcement fibre

is made from two or more of, but not limited to: glass, aramid and carbon/graphite
fibres.

16.  The laminate according to any one of claims 12 to 15, wherein said

reinforcement fibres are formed as, but not limited to: unidirectional woven fibres,



tubul ar shape, spherical shape, foam or other
foamlike structure. 7. The |lam nate according to
Caim4 or 5 wherein the at | east one dissipating 6
March 2007 -12 elenment is in the formof an expanded
or rigidised netal. 8. The |am nate according to any
preceding Claim wherein the at | east one 6 Magdi2087i ng
el enent has, but is not limted to: cross-ply,
unidirectional, symetric, balanced or
quasi-isotropic orientatj@n in the lamnate. 9. The
| am nate' according to any preceding Caim wherein
there is a plurality of dissipating elenments. 10. The
i3 ' i o) | PA Vit le Sy f< OF Med
YOG IAE PeRial ol A, el 6 R olitte ik 12
wovgnfibrgs, @ladr woyed figestop woveniravings, wherein said ply has,
but is not limted to: <cross-ply, unidirectional,
symretric, balanced or quasi-isotropic orientation in
1A he Thaknimtesccdrding Themy loagrofividims 42 todli6eiwhegeih onaenyboth of

soff i B3 hoye, B MR RSy, uplfteciodhy, Siisiema, """
bakencsi; gliasisisétmpid arihgbridorientatiorcinnhedaginate, bot h of sai d

inner plies are made fromsingle reinforcenent fibre
or hybrid reinforcenent fibre. 14. The | am nate

18ac c dhd iangndt®adchwdingtd 2ny ond @f ClafinsSER 10 19) wigtkein there is a
ej, rce t fibre is nade fromone of, but not

1r nfg min
PRy AP P Y| ass, aranid and carbon/ graphite fibres.
15. The lam nate according to Caim 13, wherein said

ybrid reinforcenent fibre is pade fromtwg or nore
11 i dapietic pf 4 pEcdedieg 3%%&ereg}'gﬁpﬂmwm s made

fr68 bROSY, Bt AB lirhited tb ildEcABiermbEbttink R tHeAbplatie mAc&GSlpRg t 0

.any one of clains 12 to 15, wherein said
reinforcenent fibres are forned as, but not limted

26.0: THIAhORE hicBRRlg tWeIER 151 WiePein sfid PRIAL rRH8Y is made
from one or more of the following, but not limited to: vinyl ester resin, epoxy resin,

phenolic resin, polypropylene, nylon, fire retardant resin and corrosion resistant resin.

21.  The laminate according to Claim 19 or 20, wherein said polymer matrix
includes one or more adhesives.

22.  The laminate according to any one of Claims 19 to 21, wherein said polymer
mairix includes one or more coatings.

23.  The laminate according to any one of Claims 19 to 22, wherein said polymer

matrix includes one or more pigments.

24.  The laminate according to any one of the preceding claims, wherein the

laminate includes a pair of outer layers and a polymer matrix between each of the
plies and the outer layers.

25.  The laminate according to claim 24, wherein said outer layers are made from




-13 biaxial woven fibres, triaxial woven fibres,
guadri axi al woven fibres, double-bias woven fibres,
pl ain woven fibres or woven rovings. 17. The | am nate
according to any one of clainms 12 to 16, wherein one
or both of said inner plies have, but not limted to:
cross-ply, unidirectional, symetric, bal@NMasih, 2007
quasi -isotropic or hybrid orientation in the | am nate.
18. The lam nate according to any one of Clains 12 to
17, wherein there is a plldrality of inner plies. 109.
The I am nate of any preceding Caim wherein the
polymer matrix is made fromone or, but not limted
ohoonroore of the folloswixtg materialy, buthet limikdddet mealimetnl atlogs, wepd.

BT o S e 1 > ¢

following, but not limted to: vinyl ester resin,

pOXy., resin henoli g resin ol ypropyl ene,. n n
2Bhe o tinec RERR v latot 3 ety e e i i are
ndfllimitdiato] aloinfiie 2BSL Ml £llbyt, Qirlclatdyy) titSnith aBys, vdppérei n
aid polgner natrjg 'ncluge one .or nore adhesi ves.
oy, rapgnepiumy;allays, nigkel glleys apd plo Mgty fempAsties ai ms 19 to
21, wherein said polymer matrix includes one or nore
coatings. .,23. The | am nate accardi ng to_ any, one, of
2% aj e nminals asoording de @nyiprecsiing S&wx@vther ipstuding of least Qb
2dBifioR] 147 itk TR Rét3imited to: THdBeycBMb 1BbAd SmaRicHion thafnO
any one of thé preceding clains, whérein the |amnate
EM§des a pair of outer layers and a pol ymer matrix
bet ween each of the plies and the outer |ayers. 25.
The | am nate according to claim24, wherein sajd outer
Bay e rThe lamingigapeomdingie glanva 2é+whpgtiysaid additiond layer isgpade of
i 0{1 rln?)d% Gﬂbﬁﬁfoﬁilhﬁétfto, tﬂé’foﬂa%gl ABriaR9mbQl, wIBd, Hibber,
nmetal alloys, wood, ©plastics, rubber, paper,
Mestiesrpplymensi pper g8 therreplastitoans and rubber .

[«

29.  The laminate according to any preceding Claim, wherein said laminate absorbs
impact energy from but not limited to 3770 to about 4000 J.

30.  The laminate according to any preceding Claim, wherein said laminate absorbs
and redirects forces from, but not limited 150 to about 190 kN.

31. .The laminate according to any preceding Claim, wherein said laminate has a
density range from, but not limited to 1300 to about 2250 kg/m*

32.  The laminate according to any preceding Claim, wherein said inner plies are
made from, but not limited to, E-glass quadriaxial woven fibre, said polymer matrix is

substantially made from vinyl ester resin and said at least one dissipating element is
an aluminium mesh,



26. The |l am nate according to Caim25, wherein said
nmetal alloys include, but are not limted to:
alum nium al |l oys, steel alloys, zinc alloys, titanium
al | oys, copper alloys, magnesium all oys, nickel
alloys, and alloy matrix conposites. 27. The |am nate
according to any preceding Caim further 6 Nzatahd00g at
| east one additional |ayer having, but not limted
to: honeyconb, hybrid sandwi ch or foam structure. 28.
The | am nate accordi ng t_olf_l aim 27, wherein said
addi tional |ayer is made rom one or nore of, but not
limted to, the following materials: netal, wood,
ub ol yners, paper and thernoplastics.
33r q%%anof@r%&?]a eﬁdalf:lgor ding to any preceding Caim
V\heraéleastsxm ninérdibremiieebeﬂmmthswtéﬂm&fst agner gy from but
not m,ted.to bout 4000 J.. 30, The ].anjnate
accoH??srg §"% ‘BSSW%% ﬁtb"eﬁﬂ the ner plies. Mhgremsayd at lead
oﬂeaiissipa!fug chdnsont dissipatss dnd ﬁdiréoﬁﬁat 18ad pE&HIo tHedahinkgto NOt

0.to, aboyt ,190 kN The, | am nat e
rngifg efifng ok 5o o s olen et s 9 oo tpal s,
| am nate has a density range from but not limted to
1130 0 about 2250 kgl nB' 32. The | am nate according
%ﬁ? @"c@d&‘P%FP Clpim;33; Whesein Joth imer pliss pgs ar e

teHARE lﬁafd@dnsala WdnsiloadihgbeifliifeBted Fofk @ ?es%ééﬁ%’ lbﬂﬁﬁuﬁinal

vvovnflbre Sald polymsr matrix is stantially
axvia ‘B‘Pﬁrﬂl ester resin and said at |east one

di ssi pating eI ement is an alumniumnmesh. 6 March
2007 _ -15 33. A nanostructure including: at |east two

33-nnefhempppstugipre eecorsting o Silaimd oo dt.ovheteinyibe 8t leasheheat
dlkéiﬁ‘a% &@ﬁeﬁ’c Pﬁﬂgﬂsltﬂclﬁéeggﬁ d‘ﬁ ﬁﬁﬁzﬂ@%ﬂn&eﬁ? it ib'él? hndlal S

wherern s a|
tegsiledoadingand an@mpmtroé 6id load iscradiremqu hlpagia teintffbee axis of

séx@ﬂl&il{ e&&e@lﬁ”s' | e | oading of at | east one of said

I nner plies ected along its longitudinal axis. 34.
The nanostructure according to Caim 33, wherein both

3g.nn ef'heﬂlah&ﬁ'u&ﬁl% according to any one of Claims 33 to 35, wherein the at
least one dissipating element is made from one or more of the following materials, but

not limited to: metal, metal alloys, thermoplastics, plastics, polymers, foams, metallic
foams, wood and rubber.

37.  The nanostructure according to Claim 36, wherein said metal alloys include,
but are not limited to: aluminium alloys, steel alloys, zinc alloys, titanium alloys,

copper alloys, magnesium alloys, nickel alloys and alloy matrix composites.

38.  The nanostructure according to one of Claims 33 to 37, wherein the at least
one dissipating element is in the form of a, but not limited to: sheet, corrugated sheet,

mesh, tubular shape, spherical shape, foam or foam-like structure.

39.  The nanostructure according to Claim 37 or 38, wherein the at least one
dissipating element is in the form, but not limited to expanded or rigidised metal.




tensilely | oaded, said tensile |oading being directed
al ong the respective |ongitudinal axes of said inner
plies. 35. The nanostructure according to Claim 33 or
34, wherein the at |east one dissipating el ement
substantially includes an equilibrium between said

| oad and said tensile |oading and a conpofhdhircho2003ai d
load is redirected along a main fibre axis of said at
| east one inner ply. 36. The nanostructure according
to any one of O ainms 33 tged5, wherein the at | east
one dissipating elenent is made from one or nore of
the following materials, but not limted to: netal,

4oet aﬂ&k%@ﬁmhﬁé‘&&&f@ﬁb@@iﬂy‘bﬁe opbﬁﬁﬁd 33&0 39, Q)/ﬁé?@fx{ ﬁxe at

foans, netal f oans, wood and rub

lopsthrons si}ssmtm@eme@bb% by ismet kmited 038 GTWVMI@QHQW
s%@{nc%aheﬁ’%ﬁé ;l]g:&éf q’s%tro P U#TﬂtﬁnMG Mﬂ&lﬁ%‘%ys 2 ani um

alum ni um a st ee oys, zinc a

al  oys, copper alloys, magnesium alloys, nicke

1o : :
4{rz1ll';1noz§‘?ru gﬁtr?dg a%%or i owgygﬁﬁﬁ%ﬁﬁéa? etr%nglyfelsa
phirelity ofdisdimiing clemass. one di ssipating elenment is in
the formof a, but not Iimted to: sheet, corrugated
sheet, nesh, tubul ar shape, spherical shape, foam or
420 amThe kanosttuctioé agcerdii3o aifihenernd Cledrhs 3Actodd ewherein ook org

m 37 0r 38 erein.the at |east one
e Rt o st PR RRE o m “but ot 1 mited to
expanded or rigidised netal. 6 March 2007 -16 40. The

anostructure. accor [ 3.to 39,
o itk et € Febitichy Chif %, BT greordoinr g athe
pl&s metmade froinathglereinforCentemt il vr hybritl déinfercementdlbre.
symmetric, balanced or quasi-isotropic orientation in
t he nanostructure. 41. The nanostructure according to

rary Ollfhe tnﬂios];ﬂmgﬁre’éco%ﬁitﬁg)to@?mvﬂwfvﬁér&nfs&i& kidgle eiftforcement
ural ity of dissjpatin ment s
Bors scnads o el bt %Pb‘ iwyglaﬁearawdengpﬂeor%@aﬂate41

ﬂmgyeln one or both of said inner plies are
rei nforcenent plies.

45,  The nanostructure according to Claim 42 or 43, wherein said hybrid
reinforcement fibre is made from two or more of, but not limited to: glass, aramid
and carbon/graphite fibres.

46.  The nanostructure according any one of Claims 42 to 45, wherein said
reinforcement fibres are formed as, but not limited to: unidirectional woven fibres,
biaxial woven fibres, triaxial woven fibres, quadriaxial woven fibres, double-bias

woven fibres, plain woven fibres or woven rovings.
47. The nanostructure according to any one of claims 33 to 46, wherein one or
both of said inner plies have, but are not limited to: a cross-ply, unidirectional,

symmetric, balanced, quasi-isotropic or hybrid orientation in the nanostructure.

48,  The nanostructure of any one of Claims 33 to 47, wherein the polymer matrix




43. The nanostructure according to Caim42, wherein
one or both of said inner plies are nade from single
rei nforcenent fibre or hybrid reinforcement fibre. 44.
The nanostructure according to Caim43, wherein said
single reinforcement fibre is made from one of, but
is not limted to: glass, aram d and car bohMgrc@dof e
fibre. 45, The nanostructure according to Claim42 or
43, wherein said hybrid reinforcenent fibre is made
fromtwo or nore of, but_mot limted to: glass, aramd
and carbon/graphite fibres, 46. The nanostructure
accordi ng any one of C ai ms 42 to 45, wherein said

s B0t B e BT kp g el B g A P o

fibres, triaxial woven fibres, quadrl axi al woven

flb doubl e- bi as, woyen fj|bres, in woven flbres
RGBSR RSCORing 1 B A JioFR: @lm&}amma
miﬁé)ﬁoﬁﬂﬁle@f moteRd ik tgﬁo\inﬁ A6t noMifvited 1; Piagl eSter reﬁﬁté@oigf
gg ner Iles hi ut are not limted to: a
fe%% ?059 Fsmul’ﬁ FRTPRydsme gRvkgn, firegstasdantiresin and gpmpsionyesistant
re§iplasi -i sotropic or hybrid orientation in the
nanostructure. 48. The nanostructure of any one of
Clains 33 to 47, wherein the polynmer matrix 6 March
50200 Fhe ndnbstricturS RBratdpQ0 CRAR 48 Brw%e{eﬁesaﬁ%gaﬁek Rgtrgnd
t hermopl astic _matri x groups. . The nanostructure
ineludes oae prgnere adhegives. 48, wher e n said polyner matrix is
made from one or nore of the follow ng, but not

limted to: vinyl ester resin, epoxy resin, phenolic

5k esiThe nprsisippntusp gecerding tapiioone of Clagms 4% tarS@awkereinsdidh and
50. The nanostructure
pcg%%%r I Ng m lﬁéé %%é‘ﬁ]ltrﬂ%&%édtﬁgs wherein said pol yner
matri x |ncludes one or nore adhesives. 51. The

SHANORL UG AR SRR o oA AR B o B0 O

Wherern sa Luessne " or
palyadrinredpgx mcludes one or more pigments.

53.  The nanostructure according to any one of claims 33 to 52, wherein the

laminate includes a pair of outer layers and a polymer matrix between each of the
plies and the outer layers.

54.  The nanostructure according to claim 53, wherein said outer layers are made
from one or more of the following materials, but are not limited to: metal, metal

alloys, wood, plastics, rubber, paper, thermoplastics, polymers, foams and rubber.

55.  The nanostructure according to Claim 54, wherein said metal alloys include,
but are not limited to: aluminium alloys, steel alloys, zinc alloys, titanium alloys,

copper alloys, magnesium alloys, nickel alloys, and alloy matrix composites.

56.  The nanostructure according to any one of Claims 33 to 55, further including
at least one additional layer having, but not limited to: a honeycomb, hybrid
sandwich or foam structure.




52. The nanostructure according to any one of C ains
48 to 51, wherein said polyner matrix includes one or
nore pigments. 53. The nanostructure according to any
one of clains 33 to 52, wherein the [|am nate includes
a pair of outer layers and a polynmer matri x between
each of the plies and the outer |ayers. 58Mafte2007
nanost ruct ure accordi ng tg cl ai m 53, wherein said
outer layers are nade m one or nore of the
following materials, but are not limted to: netal,
nmetal alloys, wood, plastics, rubber, paper,
t her nopl astics, polyners, foanms and rubber. 55. The
nan {
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nanostructure according to any one of Clains 33 to 55,
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rubber, plastics, polyners, paper and thernoplastics.
58. The nanostructure according to any one of C ains
5933 A0lafmihate/sibstatinllyai ddsopibtEwith toRir@ics 1the diaRlRs ald/orbut
are not limted to: E-glass quadriaxial woven fibre,
XaIplgs. polymer matrix is substantially made from vinyl
ester resin and said at |east one dissipating el enment
is made from al um nj um nesh, 59. A |am nate
60s |, , 4\ BERPFtEICHye sbstaptially pyslegeribed mthéqf@pmé@thpérws
mﬂk@fkﬁﬂ?g@ﬂd/or Exanpl es. 60. A nanostructure
substantially as described with reference to the
draw ngs and/or Exanpl es.




