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Hi gh Inmpact Strength, Elastic, Conposite, Fibre, Metal

Lam nat e FI ELDOF THEI NVENTI ON A Novel Hi gh | npact
weeosoetihe El astic ELACO(tn) (ELAstic COrposit B6)/ABRM»R©01004

Metal Lam nate Structure represents a new approach in

damage tol erant design phil osophy having a first and

second i B ifc@Sﬁ'eﬁg'll{ SrlatiR] ChMpoRiteIFiBre, Mt Lahffste (4) ,

a first and second ply (2), and a dissipating el ement

(1) and polymer matrix (3). The dissipating elenments

{ i al and non-netal structures .
F'E%g’memw sh, rigidised netal, corrugated
Astheel HighibepachStrémpth, HiastieBLACOEY (BLAStiaC Ofnposites) Fibre Metal
Lahinaien$teudtire asprosents & aewrmppaiath ¢n taangd fokeartidesigh philsdophy
hdVag RFirkthandf 4606k4d BiteP Facdi 1aydr Fof f&ﬁllﬁ‘é‘ﬁnroﬁf& T8t 49Na @kst and

I Ot
S*Qﬁ@h‘ﬁ%“% a ity (A1) PRIy il e 3 201 One
Thé adissiping Oaineftsi (1) bk &afibb ﬁ{mt and Hh-REthE %tructures

(eI ﬁldéﬂtlﬁétapldrﬁeﬁnésg uhgfd‘i‘se OfStal, % tE& %Héét‘ nﬁﬁy §£1 ahd any
[ faf 1\% ‘having
th% cq 1poa?1|on gig% so 1mpa9c aplghed to

att %s} EW?TQP faces 5 )lon giie{_ﬁl We loading in fibre
QWGWE mPB‘IR}EFopyI ene, Nylon, fire retardant,

orr03| si stan sort af esi.ves, coat|
auts ar@rﬁ%ﬁ%fhfts? B8 Vel %fr;% 'S St e SRR s,
br&n?“ﬁ‘r@f‘&lqth‘?f %ﬁ%‘e ipatambiggtion with
eseingonpdr r@l"ﬁ%‘ﬁ‘ﬁl‘é tmtawr {PeVigylester,
Ep@m, »Phth@, Bﬂapmmne,éﬁylmr@e retardaot soosipe sisistant cany sort of
adhiegives; castingsandpigmentsd depend of fibre orientation
with respect to the applied stress. The axial tensile '
The puteyfarednyers (i arermarde Goml a vaniity @f iagy myqialbialang non-metallic
metsnialsol | ed by the fibre ultimte strain. The
transversal tensile strength of a unidirectional
At he matrix ultimte
Bm@@ﬁﬁm WT\?I@]S reinforced structure
is at | east an order of magnitude greater in the
The sigkticipiopatties of esrtinubud Adhunidirédiidnal fibrous composites are highly
aniEGHUPYE b et PEmilbre Writhtafioh 861t 8ddpe@ tbBe fapPlic §Wds The
aayl énsﬂé”s : bf 8 Qhiddclohd] AdinidaCRAYypRANY %ﬁ’t‘f&lied by the fibre

. The &!ﬂ\ﬁ% if‘ 11&@& ) eL ffb ﬁ1a is mainly
alrfs ol nﬁ&e S ture is
|na h Of nechanica terrejﬁfl%ﬁ{;g glng 9\%0 fhanmthe
Eﬁ% D%P%m &SR g o8
R5APS o\the @ln?ﬁlp lSsarrpl es made from
hﬁé@ﬁbargbn abitriraditiBhal |sBrusara Mdt&Pds met Noaél 'igi@HMmpact Strength,
Ei&@ﬁ(‘!‘”]ﬁ%@@m rﬁb&omﬁ' t&mﬁfa’f@ geé eQtombination of
%}1 Ss E' i % tWlth significant
fci R i Sw?'ﬁs Bt BPRENEAT oy g
il emﬁ:ipansxfn w1th already lmown/ex1stmg composite structures whose major
disadvantage is brittleness, Novel High Impact Strength, Elastic ELACO™ Fibre

Metal Laminate offers high impact resistance with exceptionally high levels of
elasticity and elastic recovery after plastic deforiation.

Novel High Impact Strength, Elastic ELACO™ Fibre Metal Laminate structure is
made from cost-effective and standard materials and exhibits significant proven
improved mechanical properties in comparison with all existing fibre-metal
laminates. Its properties include:
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elasticity and elastic recovery after plastic

def ormati on. Novel High Inpact Strength, Elastic
wWERwSOi81mM) Fi bre Metal Lami nate structure i s nBABPAU2@®AN001004

cost-effective and standar® materials and exhibits

si gni ficapt Ny oved nechani cal properties in
e

conpari so existing fibre-netal |am nates.

I'ts prdpel ! &&eﬁz‘%ﬁ(&bﬁ@@!f{%ﬂb inmpact strength, high

ener gy-*abBighisiasgcispnder ympadsi gh el asticity under

i mpact ,» highlpepentage bfiglastinf reedvasy duringesiastier defeitifatiog,

pl asti @ dpiahieforélimpach bRdrpaldidsation RS WirBARIMIF the fibre
di ssi pat i finfoftetdegitsdi rection of the fibre

rei nfor,cemp{lalsi | ow density, high tensile strength
inall di .%ﬁ |ot§’, l_I‘;giﬁ@h fg{g.i%%le resi stance and

dur abi 1% t $* tgttsﬂ,ﬁlsge. MLAiretfidlyt i ve machini ng and
fabri c&t i high fathguerresistance and dweAbilits al | pol ymeric

conposi¢ esippdeaxbenst-efedtive mashining angl fobrieatingsi n, a
curing agent, sone type of reinforcing fibre, and, in

e sol,vent.. Typical.l heat .and pressure .
Tﬁé’fé‘%&é%%rﬁ%oéﬁ%q%pg G R th, cognbiiing of a resin,
af‘i‘fﬁflfh 0 o340 |TRpS: GfFsuiiorens e, (a0d; din fome easepop gsolvent.
Typieally, Bratand pyessHes, arg iged,toothape andhconre'athg mixture infe pefinished
parh el eomposides; Fe repiprasts tp holdithe fibrgsitogather andmpotstttthem, and to
trensier therlpad doi thenfibras imthe fabrivatedrromposite part.dE¥he cyrimragent, also
keovmas bardénest acdnds hedatadyst and: belpsidn tivéng i tesih o 2 linad @lastic.
The méiforcingTiilsres ahpdrosteongth dndwties réqiaRt iprépertadb thedposite.

ot her required properties to the conposite. Production
Protdutiinedf Novgh Higlp fropacsiStrength hElagiicaBLA € OEMAGR et MietaF I iminates
inbbkles all kmiwiapresessacinbaspositd mimeAtuihg SRHSBS | N

conposite manufacturing such as: 1. Hand | ay-up The
Lhdand lay-upp t echni que i s one of the ol dest, sinplest

and npst commonly used nethods to manufacture ‘
The hpnsklayep tsehmipise és prg of theceldest,psimplest end Thnst gomuhooty used
miethotls formanthifacidre] compositamor Gibrerremforced,prodete it is

formed to the desired shape. Several |ayers may be 4
Thepigdpetds trimamed and laid idepnayena awuld whenedt isfooméd terthe desired
shape.c Bevarel layers meayf be mequiredvo Resips lard iniprdgnaied by heut o fibres
whizhdeelirf therforra.of Mdvenj Enitisdatitched oe dopdédsfabeicdy This is usually
adcotiplistedoby brolisfeor byubliesavith) @h eigidagingSfisedlof nip-roller type
infipregraedrh €dr fordiSy F¥RT REDBleTuBrids Yy thedrzi dTFotafifik PolldM fhd 3 bath
oft 8€inf RMintPestite RANSH & mfr@lﬁg(%ér @ﬁnﬁﬁhlaﬁﬁésr@@ﬂc Sortifichs®

resin. Lam nates are then t to cure urider sfandard

Mategtaksiong: condi tions. Materials Options: Resins:
Any, e.g. epoxy, polyester, vinylester, phenolic.

Resins: Any, e.g. epoxy, polyester, vinylester, phenolic. ,
Fibres: Any, although heavy.argmjd fabrics can be hard to wet-out by hand.
Cores: Any.

Main Advantages:

i) Widely used for many years;

-ii) . Simple principles to teach;

iii)  Low cost tooling, if room-temperature cure resins are used;
iv) Wide choice of suppliers and material types; and

V) Higher fibre contents, and longer fibres than with spray lay-up.



85

90

95

100

105

110

115

120

Fi bres: Any, although heavy aram d fabrics can be hard

to wet-out by hand. Cores: Any. Main Advantages: i)
woe@slogsioced for many years; ii) . Sinple prineCpAE2008/001004

teach; iii) Low cost tooling, if roomtenperature cure

resins are used; iv) Wde choice of suppliers and

mat eri al types and v) Higher fibre contents, and

| o gbunt than with spray |lay-up.2. Vacuum Baggi ng
2‘I'hl S Eaé@ﬁgl |y an extension of the wet |ay-up

TRISOREBRiCARS Gl HREhIRIP Ve th¥Redt Gafl Hée%s | Rs@MRl! S5bvEOwhere

fe@ﬁmlz ﬁﬁ & 1P Reaflats th TRHRWR i Ftcsotnsohdatlon
lﬂPSeal é% 6#1 t%%eg&e d %Piﬁg etaélglonto the

mﬁk oy o i ea urmp 5] i Prgs Of up to

O%qqmmerﬁo?a@sw@hs? etleneﬁtg D Cesldge i soom D

| t.othelamnateto consolidate it. NMaterials
@&%ﬁﬁ@?ﬂ—%&i ns: Primarily epoxy and phenolic.
RpﬁbyeSt ©r Bri $ k%ﬁﬁ%ﬁ norfl%yP& %ﬁcpvﬁngef S to Y have

vacuum Zﬁn?% i ‘%ses"e’fﬁee“‘é%ﬁgtg‘r‘e‘%“&ﬂ? LR e o i the
that a va'f@MHp M ™reavy fabrics can be wet out. Cores

.. Main dvant her f.i bre cont
FR na es %ﬁortfgﬁgﬁw kst AR 4P R A (O Dop e oan be
wet |ay-upf Whni ques. ii) Lower void contents are
C%;%leved nV\nth wet |ay-up. iii) Better fibre
out dAel to pressure and resin flow throughout

ural . fibres, with excess into bagging materials.
1\/_[%{1/155&"@'2 Pand saf ety: The vacuum bag reduces the
)am) UPﬁgHéf' bRl &Unkén@ Panfifthied 84 WublYBe SiHiGred Thar W ShAYEA wet

qu el ng performance ‘of thernpbset conposite
rmterl al's req |res amongst ot her things, an increase

i) Nt NBwh} i@ cbteht8 Sidadhitive@ tRRAGEREMA)-u! al | air
voi ds. This can be achi eved by subjecting the materi al

[iif)o e Betté@ifitste PreedatdiR0 PAcsine ARG FRin fGF thrOaglilRs Strhdiad] fibres,

Nt Beth\ex6iY TALE BAGHING nB@&GHalON, SOME pressure can be
exerted by applying a vacuumto a seal ed bag. ‘

iyont sleslitingnd sagety €FheWdcuidnebal 23thides the amount of volatlles emitted
during cure.

3. Autoclave moulding

Maximising performance of thermoset composite materials requires, amongst other
things, an increase in the fibre to resin ratio and removal of all air voids. This can be
achieved by subjecting the material to elevated pressures and temperatures. As
described in the vacuum bagging section, some pressure can be exerted by applying a
vacuum to a sealed bag containing the resin/fibre lay-up.

However, to achieve three dimensional, uniform pressures of greater than 1 bar,
additional external pressure is required. The most controllable method of achieving
this for an infinite variety of different shapes and sizes is by applying a compressed
gas into a pressure vessel containing the composite lay up. In practice, this is achieved
in an autoclave.

To achieve internal active force/impact energy dissipation in Novel High Impact
Strength, Elastic ELACO™ Fibre Metal Laminate (Figure 1.) various metallic and
non-metallic structures may be used as dissipating elements: expanded, ornamesh,
rigidised forms, corrugated sheets, tubes, balls, aluminium foam or other metallic
foam-like structures and any other similar forms (2), and include but are not limited to
one or more elements selected from the following metallic and non-metallic material



125

130

135

140

145

150

155

160

However, to achieve three dinensional, uniform

pressures of greater than 1 bar, additional external
WQe@s®es1e6 i s required. The nost control | abl e neCTHAU2#/001004

ach| eving this for an infimte var| ety of d| fferent

sUATSRTHE 4 'Ze caéln%aé?@ e %{g”gr 5 DA Splo0}, opper

5{: tfP%%“eS'PH} é’ Sadii c ﬁP’é‘?‘és‘tes
eﬁf‘%ﬁ’ ﬁ%’rcs’ééi‘ﬁt\‘ié nobypets ‘?ﬁ%?zf”oé’ bergi ssj pat ion in

Fes rrPﬁalP Ct B e idlé q‘?’a}%cwgfl‘ep‘ Cnn%ﬁ dtensfe-reactlve
?1 1889 0T agpdeon g@cgqrggql (Pappaities of fibre
%megt n@i@m&ﬁd er% W@glis stmngﬂd U3 @@nfowement matenals is at

le@sir aw carterd of Hoegnitude Ubigher Bhinl transversad siremgth.odhm gesult is ‘the
signifficanthyehighdristrehgth wf thekeevs ELACQfMestruatuge. any ot her
simlar fornms (2), and include but are not limted to

- Witheapplicatiore of Kdsrinvestiown| the timpadtrosistahes obthieodpve) High Impact

Strerigib,| Elastin BELAGO e Fitiré iMetaLemirmteg doesprotsdepend snainly on the
matrikts i3 upropbitiey;sit istwet dirkdtBy depenilitsle dnl M Sfibrk i reifibrddments’

mRthydal pfopeRRE, al | oys, magnesium al | oys, ni ckel
al | oys, a um nium al l oy matri x conposites,

Withe rexpeut a6 torieatatiph alidse datermub|djsshyating eRMents\pRg, be arranged as:

uhide@ional\eross-pBs Hyrhmelrid, Baldhdtd, quasi-isotropic.
redirection/dissipation, there are now

Ak esvsipogente dat the anﬁmxfmmﬁ:hg) afliangivetss vagietyf of Aduv@htHigh Impact
Stbngth, BlastidE3ACO™ Fesb VIeGR Laflieiey ina§Susefanfyl ihgle or hybrid
KA %&ﬁﬁ@d@&[eht ﬁﬁie@, rtha?cl dve nY4aBfRorh Iaﬁe of ARdré %a‘iéria%‘ gél&t&f from

tlfeegratfq% N gisef g Slhl e rg'la%s agy. 35 Lar@fidQ! las a}& #3 fibre

reiite clucl qﬁ&n 3(5‘&}4& &gﬁm t]5 axial,
Pf Lh f' %a X’vg her % 8?1?1 %% ?h&mylester, Epoxy,
i 1;?; U Gy Ay, ontns
NE.r ength, El astic ELACO(tm) Fibre Metal
mnat% does not depend nai nlly on the mat ri x' sé&ﬂ .
‘ﬁ BEpsat & "HF‘Eta %“ HS QJPgIReht Ry P%%“g&ﬂ as dnfdifsictional,
H#YO?E%WEWS al RS a‘iﬂaélaﬁSOB?E}ﬁéF $spect to
O tlon ern di ssipatin elemsnts ybfth
g g eéss UW E‘PF gqtlve&r Cor: e one of the
no&dgg }csg{afe% Suchs ag: qvéwpsal qys fteel alloys, zinc
fla@mh gy fcoppagiak V&énwswﬂyalb?yswkpl ﬂlclgﬁ alloy matrix
commtps Syeodnplasticsprubber, pagrer Aamonlaskics r polymezs) foams, rubber.

Lam nat es, may use any single or hébri d_known

TheiNgvst d&sb nlimpach SesngthaElastie FWadE OV ohibemMejal feminate may
ingluderstrariareschased e af vasigtyt plemgtallippandcaorsmstalligymaterials such as:
faanyl aweqd, Rrubheraskonegeormb astmictumesa nthdemoplastisen plastics, ceramics,
polyhrersg hfbrid sandeiichespapeent s (2) as Quadri axi al ,

Uni di rectional, Doubl e-bias, Biaxial, Triaxial, Plain
ThoWNervel WBlEhnlvaw StrgngthyElaktic) EEAGIO™hibke Matal Hsdminstes may be
m@aByfacturedydrelstsed ,in Bpaxipty Ghapplicationsfin combitativa avith any metallic
abr n@sinetallice smatesials, r @rhnss: antomyombr tstraétur@) eFo¥®S foam,

thefbplad ks adwmﬁkg,rm&l@s, hyWhid BaddRi@IRE  rubBerOT | ent at i on,
rei nforcenent plies nay be arranged as:

Nanostiuceeés paglbe Lrees a8l describedndoveC withadudbiéRtlon of expensive
nidtErRls duSh tak BBtdh AACLthSY With In@éAd BRntioned, to reduce current high
prices and make them widely available to industry.

%

The fabrication process of the Novel High Impact Strength, Elastic ELACO™ Fibre

- Metal Laminate includes two additional operations that consist of:



Quter face layers (4), whether for protective or
decorative purpose, may be one of the netallic and

woemsoetiaé | i c materials such as: al um ni um al | BEEAU2004/001004
steel alloys, zinc alloys, 3itanium alloys, copper

2|olngg:|’t R B@e% um(gkg&i‘g@%@d@ﬂ& 8? Lrﬂg alllsle matc{i'iss)fpating

t her nopl aSlfmeas angd,) yrrers f oans, rubber. The Novel
Hi gh | npact St re El asti c ELAC
Lani nat® 'g of Opg OF JRYE 1piE F&%’P?ﬁ%fn new

165 petall | c E QQ Lrampigates as as jng ersqug}pogge St?"é’&ﬁés

d, St ures nopl asti cs
AS) %F?Cé’%ﬁ s @Eﬁc% %{% Sl W'E Ihe)ie AL gew ELACO™
Lamy do ¢Fases € g4 Wﬁﬁ‘h‘) techpolqgies used in metal
atxcs mFP&JP@CW?%WCh@m Inavléyngnatympmgmm@glm wggd in cold
defoumativadiorming precesses sugh agyplblankingo punéhing; oifeniging, ieorbossing,
170 bendiﬁg dragwmgtal I | c and non metal | i c materi als, such as:

c er 8%%%} er %c%%teld%%’the basis of
Z@& 66 ey aderpysaion.
pd i hen of expenswe materl al s such as boron and

ot hers wP t [avintion industry feivd pathmlitaryd, r educe current

175 hi gh pri ces spad indikstryt(bivih ant digilijarg)y ai | -abl.e to

i ndustry. e Theyid aki iaddhdw méloﬂ@ﬁanﬁfname Novel Hi gh

| mpact Stge Mmﬂrﬁﬁ& ?bre Met aL

Lam nate |nc| ud tlons t at

consi st of: L;ﬁt;é&} %( é 8@%3 %? s1

structure$

180 j npl enent &t mseﬁe@ﬂveanéus@'ry Sélc|(wéranénnhia§§; pat| ng

el enent s #n copstnietid{dusiry, | decvratioe snachineey, [ fumsturenand

ot her conposhiuiciphlrengineesing, réal-sile safeydatticrs,apd shhmilar,

fabricatigg rﬁ@ﬁb&/g%h&ldpé RatioMst h t he use of new

ELACO(tm) L f es may be

used nost o?‘ﬂati ecigﬁgf%%%gﬂggggﬂ%%%@ﬂﬁﬁgid pl astics

form ng processes such as: noul di ng, stanping,

185 EXONiPPIERYi es used in cold deformation formng
processes such as: bl ankin punchi ng, flangi ng,
Febxassplagmepsuved mgd aalcubdted; avempenpropesiies o6 MNovehHigh Impact
Stengtle tHlasic KIeACORE #ibre Matdldcinzinate sampleanaderfean owo loater layers
o EsGhasoiquidirisxial Hvgvenl fibRc 1208 pendt one Bhtegdldissipatic) tefdment:
Ahirhin@unVelr@dmdsarmypaRe ahd ¥anylexéttdin DERCARANE 451eg50,Are:

the: aviation industry (civil and mlitary), space
190 i. ndus Tensile Strengthasd 100DIMPB4,y), . train and rail
: i ndustry (civil and mlltary) maritime industry

(ci ereamyerIZiZﬁ'bkg)(m aut onotive industry (civil and

mlitary), -all sorts of building industry (civil and
mlit Bea}:)lmpact Force F = 184.3 kN (without penetratlongl

- Impact Energy Absorbed E4 =3985J (w1thout penetration),
- Deflection 41 mm,
195 - Yourig’s modulus of elasticity E = 33 GPa,

- Poison’s ratio v = 0.33.
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protective industry/ballistic (civil and mlitary),
construction industry, decoration, machinery,
wo eoosioss1ire and muni ci pal engi neering, road-si dECB/atlmoy/001004
barriers, and sinmlar, m#dtiple general
applications, materials devel oped through
nanot echnol ogy. EXAMPLES For exanpl e, neasured and
cal cul at ed average properties of Novel Hi gh |Inpact
Strengt h, Elastic ELACO(tm) Fibre Metal Lam nate
anpl e made fromtwo outer |ayers of E-d ass '
T@(Jad; Cempaisonof eelestedmechamienl gropatties ohmaterials now in use in the
i nt eraugdnictivesind aviation dhdusiries withl theNovel i igh Ampec!Stienpth,
R, arfladdcrBi.£C08Y Fitgs MethHRAKAMEs 411- 350, are: -
Tensile Strength s > 1000 MPa, - Density p = 2247 kg /

n3, - Péak | act Rorceg F = 184 sgkcikdN (‘vvtnom

Measrriglt r atftiicbae)s, Specifi ight (Bbseibely \bAdyBe0 Inpedl EAHnaB&Sé’eak Tensile

(wi t hout) ImsdnefWeighti qny, |- Impast | 5yOYei mipuml Yoy [Strength

nmodul us {of el H‘§’f"|10|&iﬁE Ener Ukd pojlson' s rgfiillo \MEA]
At '°‘”'f5l 27502490 Y e a - . | 485
SteHl opcl [ q: Ol 73% Bl6ﬁ S| IIEV\T | Ub& LAY Elffoﬂté 9 LLVANN! VU655

Ste@N0 AV AL P [RGYSURLES W [Tepvet [H goT 1 THags | 655
HoyICSRAT . 2.41 a5b6 HEACKTN) Fibre. Verald@maales | -

GlaraiBEC1 T 1 ¢ AT 6] 4500 S [DigKNase Speci 11 C VehaiblaedD@Bbed -

ELhgoread | [xpaciopel ag smt] eggsPeak 1gosiT g [ anT Vesant|>1000

ELR@OT™MIDAG, 0 ENElogy/ s 0N 317811 [Or Cgg St r engif | KGSIH]|>1000

ELAGOHRET Gy o[ I/ 1801 oRb (3413l KO/ gFd M Al U NI Ulee 5>1000

DY&A00 4. 130 O perfararedsy;748% Steel U R4dey 140 [0 U

DYReY T orajed - 655 Steel [T4fpo78%0 11, 78 A2 kdaldi D09 | -

133. 4 655 Honey. Conp. 4.3 17220 5.25 - - periorated - -

lare-5 2.0 2590 5.18 150 - perforated 10.3 - ELACO(tm

%ﬂ% 9 2247 6.51 3985 1510 41 184.3 >1000 ELACO(tm) 2

ath) fok Bidke-9, Nppitchtich IeliBreIRrad Qa&nﬁésﬁ) QQ)lyE-_\lelA@%ﬁdailes GAJg'ést 2000,

[Ai;é’o%d Bupad EaReAmbaBudbe R HrfardR) D
- Dt oD AN @ fanf DYN 5 (SBYIMNIr& based on K& @emforj:e@feﬁtﬁ)[ ﬁbhﬁ‘ Glm@&:t Pesting in
Formula One”, A. N. Mellor, (Absorbed Impact Energy within displacement of 100 mm) Transport
Research Laboratory, Crowthorne, England, (“lCRASH 2002” International Conference, February
2002, Melbourne),
- ELACO™ —Novel High Impact Strength, Elastic ELACO™ Fibre Metal Laminate Structures.

Samples (Aluminium, Steel and ELACO™) were rigorously tested on a controlled
drop weight impact tower with an impactor made from solid steel, weighing 45 kg.
The impactor head was formed as a ball of diameter 200 mm. Sample dimensions
was 500x500 mm. The speed of the impactor at the moment of impact was 55 km/h.

The comparison between Steel sample thickness 1.5 mm and sample ELACO™ 1
(Table 1), shows that the level of impact energy absorbed by ELACO™ 1 is 93%
greater than the impact energy absorbed by the Steel sample with 40% lower
deflection after impact. At the same time, the weight reduction between ELACO™ 1
and Steel 1.5 mm is more than 100%.

In comparison with Steel 1.5 mm sample, ELACO™ 2 shows high level of elasticity,
superior deflection reduction with significant weight reduction. Deflection of
ELACO™ 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 Novel High Impact Strength, Elastic ELACO™ Fibre Metal Laminates
delivers highly controlled and predictable behaviour under load, accompanied by:
e manufacturing costs can be minimized since known and established
manufacturing processes are used;
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Legend: - Data for G are-5, "Application of

Fi bre- Metal Lam nates", Polynmer Conposites, August
wQe®s/ef1Aabsor bed | npact Energy (maxi num bef or BCT/AU2004/001004

Perforation] - Data for DW\I 1 and DYN 5 (Structures

based Kewl a ce form"l npact Testl ng
ﬁf;‘ ?éqeﬁe& ROl GERREE 3;:,§BSorb d | mact
it ensEHEd icrases igr meganica) éiPEW’futlo
Laboforheawer (gtee)\ind ghumeinivapfng rmore@'xpwsm

| mt esxpatted rapro@ahfatigea osistanedr uary 2002, Mel bour ne), -

EkAQ%,tmmtenaiweeindlrbIgﬁ doact Strength, Elastic

ELAQQE 515111 of 'ﬁﬁ(ﬁlatl'v@%%a@u? §IGE0H &0 - de3fl ﬁ)%lems
test n roef%P g tiﬁlm héak;ﬁ:P
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Figure 5. is a graph show1ng weight comparison between samples
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

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 [F;] in fibre reinforcement
plies. These forces are forming force equilibrium as shown on Figure 1. Figure 1.
shows an example of the new ELACOTM structure (ELACO™ 7) where the tubes (1)
are dissipated elements.
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sheet as di ssipating elenents Figure 3. 15 a
fragnentary cross-sectional view of a Novel Hi gh
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Lam nate with ornanmesh/rigidised formas dissipating
el ements. Figure 4. is a graph show ng the

rel ati onshi p between sanpl e wei ght and inpact energy
absorbed. Figure 5. is a graph show ng wei ght

conpari son between sanpl es. DETAI LEDDESCRI PTI ONOF A
PREFERREDEMBODI MENT Figure 1. illustrates basic
principles of internal force-inpact energy dissipation
and redirection of local active |oading (inpact) [F]
applied to at | east one of the two outer faces of the
new structure, to longitudinal (tensile) reaction [Fi]
in fibre reinforcenent plies. These forces are formng
force equilibriumas shown on Figure 1. Figure 1.
shows an exanple of the new ELACO(tm structure
(ELACO(tm 7) where the tubes (1) are dissipated

el enents. Figures 2. and 3. show anot her two exanpl es
where applied various netal structures (expanded
netal, ornanesh, rigidised fornms, corrugated sheets),
as the dissipated elenents (1), can redirect outer
active force/inpact energy [F] to the face of the
structure, to the longitudinal force/reaction [Fi] in
the reinforcement plies (2). Figure 3. shows very high
consi stency of inpact energy absorbed by new ELACO(t m)
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sanples. Figure 4. shows significant specific weight
reduction of new ELACO(tn) materials in conparison
wowndosostieel and al um ni um Al t hough parti cul arPCT/AU2004/001004
preferred enbodi nents of the invention have been
di sclosed in detail for illustrative purposes, it wll
g ogni sed that variations or nodifications of the
I'scl'osed invention, including the use of various
materials in creating Novel High Inpact Strength,
WHatistdlamed MCO(t m) Fi bre Metal Lanminates lie within the
CchoPe of the present invention. CLAIMS What is clained
aim. Hi gh I rrpact Strength, Elastic ELACOtm

M
Hr%l%awgé;@éng'gg B! a§ié)?9Me)?a)1 L%F,Lﬁartgeof?@@ﬁg%. .
a)S%Cﬁ}ijmﬁéyla he f| rst and second ply being pl aced
bet ween the irst and second outer |ayers, e) at |east
bPR&etbhiailayg, el enent between the first and second
ply adapted t©o di ssi pate and redirect randomy
ciarfastsigl, | ocal | oading applied to at |east one of the
two outer layers, to tensile loading directed in
d) arsgcondiplyathe diirst @nd savond phnisdihgplacéd bdteedn the firstadd second
semeidayekd,es; f) a polynmer matrix in between (a), (b),
(c) and (d). daim2 H gh Inpact Strength, Elastic
e)Elafie@ét ane dissipatingy/eleaient betivaert thedarstdmfliseeohdiply adaptad td
Whkigsépate dnd retipéct rdmpmils dvéctédocal(ldading epplieddo af [pashbe of the
pltaemktd @Ayee fo tehsilelvhding dRyQesin @hgwtm}l&l idirgétion@asile) of
a

SthE Rtk Bnd Econd bﬁeSELACCXt m Fibre Lam nate, as
defined in any preceding claimwherein the first and

f)S eCUigmPH ha@ixdh Getfvden (&) MI@Pand{d)es. C aim 4 Hi gh
| mpact Strength, Elastic ELACO(tm Fibre Metal
Clzmidat e, as defl ned in any preceding clai muwherein
“the dissi pating element is one or nore elenents
Hig} lmapaetiStrength,tHlestigEl ACOTR Eitse Mugaldfaminate esidefinsdan Claim 1
whagtimmokipi hlybis of §¢)r (@), (e) asl uak pheed beivaen g, outer layers.
ornamesh, rigidised netal, corrugated sheet, tubes,
Chainl3, al umi ni um foam or other netallic foamlike

structures and any other simlar forms Claim5
High Impact Strength, Elastic ELACO™ Fibre Metal Laminate, as defmed in any

preceding claim wherein the first and second plies are reinforcement plies.

Claim 4

High Impact Strength, Elastic ELACO™ Fibre Metal Laminate, as defined in any
preceding’ claim wherein the dissipating element is one or more elements selected
from the group consisting of various metal and non-metallic structures such as:
expanded, ornamesh, rigidised metal, corrugated sheet, tubes, balls, aluminium foam
or other metallic foam-like structures and any other similar forms

Claim 5.

High Impact Strength, Elastic ELACO™ Fibre Metal Laminate, as defined in any
preceding claim, wherein the dissipating element is made from on or more materials
selected from the metallic and non-metallic materials group such as: aluminium
alloys, steel alloys, zinc alloys, titanium alloys, copper alloys, magnesium alloys,
nickel alloys, aluminium alloy matrix composites, thermoplastics, plastics, polymers
foams, wood and rubber.
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Hi gh Inmpact Strength, Elastic ELACO(tm Fibre Mt al
Lam nate, as defined in any preceding claim wherein

W b@sa6s36 pati ng el ement is nmade fromon r norBCT/AU2004/001004
materials selected fromthdonetallic and non-netallic

C B rials group such as: alum nium alloys, steel

—Uys zinc alloys, titaniumalloys, copper alloys,
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C;o t%@e matri x. Claim210. Hi gh Inpact Strength, Elastic
tm) Fibre Metal Laminate, as defined in Claim?7,

ngle%]%a%c 5 r%ﬁ,' Efa‘é’t‘i&ﬁﬂ?ﬁﬁ‘oﬂ Fib Mefal Haniifiste das fined in Claim

ClOS

f‘nr%efn bﬁf% 2 %d: e l.rLT 1bﬁ:l cross-ply,
%rag R Guasrisy ?9180%%%2 wia O

Fﬁg fjate, as defined in any of clains 1-10, wherein
ter layers are made fromany netallic and
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High Impact Strength, Elastic ELACO™ Fibre Metal Laminate, as defined in any of
the claims 1-11, further having at least one additional layer based on one or more
metallic and non-metallic materials such as: foams, wood, rubber, honeycomb
structures, thermoplastics, plastics, polymers, hybrid sandwiches, paper.

Claim 13.

High Impact Strength, Elastic ELACO™ Fibre Metal Laminate, as defined in any of
claims 1-12, characterised in that the laminate is used in combination with structures
made from metallic and non-metallic materials such as: wood, thermoplastics,
plastics, polymers, foams, hybrid sandwiches, rubber, paper or/and honeycomb
structures.
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Caim12. H gh Inpact Strength, Elastic ELACOtmnm

Fi bre Metal Lam nate, as defined in any of the clains
wQa2m%/068106 t her having at | east one additional Pery/AU2004/001004

based on one or nore netal llic and non-netallic
Cﬁé Eﬁl al s such as: foans, wood, rubber, honeyconb

ures, thernnplastlcs plastics, polyners, hybri d
High ﬂmpacirﬂimngﬂa fdastic GLACOTSFibe Yfetalnfpacinats) aedefinad in any of
cldinasl-i8, EhaAsBestise)l ini thae tHebtsel of drd nnleast ane diskipatin element
créutes e ‘éhﬁhﬂﬁuﬁa b2, digikedc ldingedin fhd Nahinkiee sthavird alvith a
coh?poH@rﬁQ)ﬂ the GRIEP '1&%@6&{4@ FHistEbed W ﬁ%x’i@ﬂﬁlﬂa[ G{R:ctmn to the
Sdf%&%wgnﬂgﬁ@tﬁ &iC materials such as:
ICs

mﬁﬁer nopl ast1 cs pol ynmers, foans, hybrr d
Claimmdi§v ches, rubber paper or/ and honeyconb
14. High Inpact Strength, Elastic

N@tﬁw G%E‘Egrggdgmt al Lami nate, as defi ned in any of
a)caﬁrrmuﬂ?«r:l%'er,char acterised in that the use of the at

| east qne dissipating elenent creates the equilibrium
b)oﬁS%ﬁ(’@élOH&Fé@’eFaoadl ngs in the lamnate structure with

% nent of the outer |oading being redistributed

c)iﬁ gitudinal direction to the main axis of the

e, ”<§°°§°i>gm?ﬂ%§’°sgar? seepnd b i AR WER IS e end ogpnd

I89 ’aflrst pIy d) asecond ply, the first and

?s(ti One sgff)' Wq;ﬁ%f s% ' rcsﬁ,) ?Pg ?%ﬁ%
{Sﬂl}@‘ﬁ éec}lirerc ast one of the
i Pbtgf Sﬁdtorté’éﬁ gargaﬂ*&rﬁdyn PRE Eeeronr(@aa gt
afhst firstandsegend pliost one of the two outer |ayers,
I d
S e A T
C@t r!léx in between (a), (b), (c) and (d). O aim 16.

ructure as defined in claim15 wherein nultiple

fa(scc?eﬁn c1$1 18 rflﬁfé le e?rgrg% t t) are
A T ST 30 0

é’Frél n the first and second plies are
Cfaﬁhqflprcenent plies.

Nanostructure as defined in claim 15 or 16 wherein the first and second plies are
reinforcement plies.

Claim 18,

Nanostructure as defined in any of claims 15-17, wherein the dissipating element is
one or more elements selected from the group consisting of various metallic and no-
metallic materials structures such as: expanded ornamesh, rigidised, corrugated sheet,
tubes balls, and any other similar forms.

Claim 19.

Nanostructure as defined in any of claims 15-18, wherein the dissipatihg element is

. made from on or more metallic and no-metallic materials such as: aluminium alloys,

steel alloys, zinc alloys, titanium alloys, copper alloys, magnesium alloys, nickel
alloys, aluminium alloy matrix composites, thermoplastics, plastics, polymers foams,
wood and rubber.
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Cl aim18. Nanostructure as defined in any of clains

15-17, wherein the dissipating elenent is one or nore
Wek@soer136 sel ected fromthe group consi sting oPC/ADR@®WS01004

netallic and nonetal lic natlerials structures such as:
C=x0%ded or nanesh, ri gi di sed, corrugated sheet, tubes
atrts, and any other simlar forns. Caim19.

NM%&%FM@%&” fined gﬁf CReE 19) Wtel te! isiPatins PR elements are
SHUBEENE o ety B, S LA o

“a um n| um al | oys, steel alloys, zinc alloys, titanium
CI I:I @S, copper alloys, magnesium alloys, nickel
oys, alum niumalloy matrix conposites,

N’hﬁ&ﬁﬁ@hﬁk@% ATihed h 88Y bEEI1aiRO N yT0! %h@t%ﬁf‘ﬁre 18R0skc@néht plies are

tﬁbﬁhﬁp rrJé‘F’fﬁfstJe ted! mﬁsth % nkﬂt%@ fdss, R-
gl e§§| t SJ: gﬂ{ﬂ‘ﬂ‘ es rh;b beid¥ig 'i] ré&Ments as
Q Adyiaxigly p}dﬁp@o ﬁ?B‘ﬁF gﬁqsaﬁ ;l%ia@ Exlw’oven or Woven

I structure as defined in any of Cains 17-20,

%erﬁi n the reinfoercenent plies are nade from one or

terlals sel ected fromthe group consisting of:

ﬁ

H‘?%n #2 m&l%% %el e?r?{h%watgg ‘ijs 3% from one
’t? %e or O¢r)secn ?}Fﬁ’s? asﬁf S group:
v y f‘giqr poxm» E %ﬁ‘? referdapt K Gaspripgesisantgsin and suitable

»ucture as defined in any of clains 15-21,
ﬁgerﬁln the matrix is made fromone or nore selected
ny knomn t hernosetting and thernopl astic natrix

s 4 L R, ENGRR oo Gp0 Fhrs
9 tructure as defined in Claim?22,

C in any sort of coatings and/or pignents are added
matrlx C ai m 24. Nanostructure as defined in

Nah &Ml aé"’ﬁ@ﬁf‘fé t@ﬁmﬁeilnﬁx@ m% £ ﬂés 8969nged
a@?mdt‘ﬂ%t% trés%rb 619 itgc, s1-réo%.'o fid laminates.

quasl - ISO TODIC Iamn

C%%tructure as def| ned in any of cI aims 15- 24,
n the outer ]ayeris are made from one or nore

NABS Bk o 8bBitddeh zfﬂyoé'ﬁ ARYnsB-2, | WherSAhE YhteFBAyRd hie made
HOHOHR StBre materials selected from any metallic and non-metallic group such
as: aluminium alloys, steel alloys, zinc alloys, titanium alloys, copper alloys,
magnesium alloys, nickel alloys, alloy matrix composites, wood, plastics, rubber,
paper, thermoplastics, polymers, foams and rubber.

Claim 26.

Nanostructure as defined in any of claim 15-25, further having at least one additional
layer based on one or more selected from the following group: foams, wood, rubber,
honeycomb structures, thermoplastics, plastics, polymers, hybrid sandwiches and

paper.
Claim 27.

Nanostructure as defined in any of claims 15-26, characterised in that the laminate is
used in combination with structures made from any of metallic and non metallic
materials such as: wood, thermoplastics, plastics, polymers, foams, hybrid
sandwiches, rubber, paper or/and honeycomb structures.



as: alumnium alloys, steel alloys, zinc alloys,
titanium all oys, copper alloys, nagnesium all oys,
wo@koe6812é | oys, alloy matrix conposites, wood, PCT/AU2004/001004
pl astics, rubber, paper, tHhérnoplastics, polyners,
ci-9a™8. and rubber. Caim 26. Nanostructure as defined
—1n any of claim15-25, further having at |east one
Nadtbtribanahs HaURH RAHGbIUIRRET 108, "M chBkEE i that HRMise of at
1ehdtorleCais Gt RG SEMLR cEAREThe \éﬁlﬂﬁbﬁﬁlﬂb&eﬁi]ssi SEEN Cg[s_ in the
1&&&%&%&%@ e b IBBBANE Bt de Bl TRadiBY HEITE! Risiitlttcin
155 losa%cﬁ”%ag el ogﬁ‘per. .Sa|,fg]35.n Lo nost rocture as
ge i é(ﬂjy %aﬁ%&-ﬁée, APHCt BYSsed in that
Cldif Joa@Mm nate is used in conbination W th structures
"rra‘geﬁrom any of metallic and non netallic materials
H{?ﬁ%ﬁiﬁ%‘ cﬁﬁ h, FlAA6E TR @O Pibre lr\)/ie?a?tllaﬁﬁnat@ aﬁéngﬁﬁﬁl'ly as herein
dgsEitbin Wit Bt A OHE B SRR B g arvines
coghizped in any of clains 15-28, characterised in that
the use of at | east one dissipating el enent creates
160  Nhhtr@eikd substahiaIBf asdiciéih AaicPibed QA rBdfencd td R dRIOIRukes 1-
sér ucture with conponent of the outer |oading being
3 pEthe2cPompRANE L AN gi t udi nal direction to the main
axis of the reinforcenent plies. Caim29 High | npact
Strength, Elastic ELACOtn) Fibre Metal Lam nate
substantially as herein described with reference to
165 any one of figures 1-3 of the acconpanying draw ngs.
Cl ai m 30 Nanostructure substantially as herein
described with reference to any one of figures 1- 3 of
t he acconpanyi ng draw ngs.
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