1 TH N PLY LAM NATES CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional Application Serial No.
60/ 612, 740 ril ed Septenber 24, 2004, and U. S. Provisional Application Serial
No. 60/668,341 filed April 4, 2005. BACKGROUND OF THE | NVENTION Field of

the Invention [0011 The present inventPon rel ates generally.to fiber
conposite materials, and nore particularly to conposite materials using
thin plies to achieve inproved physical properties and the nethods of
manuf act ure of such materials. DEHENPhYILAMDIATE® Prior Art [002]
Conventional conposite plies, with or without inpregnated resin, are at

| east 0.12 nm thick. Laminates of conposite plies are forned by stacking
unidirectional plies together followed by sone consolidation and curing

process. Plies having @ﬁdﬁtﬁﬁﬁE@Eﬁ@BW@,@TﬂﬁﬂP¥E'ﬁ?ﬂ?ﬂ)ﬁ§ provi de
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anot her | anj nat ed ont he fir at 90 or one at +45 |lam nated to anot her
at -45, ina{c’céq/pgﬁg%legl‘)l&%i”\?é‘Iﬁrzl%éﬁt ation in degrees to an axis. In addition,
| am nat es nmust be symmetrically stacked in order to avoid warping. Thus, in
the prior art a nininun1of'3(5*ies |'i ke [0/90/0] or 4 plies like -

[0/ 90/ 90/ 0] have a mini num tBAGKGROYANRYEF THER HONf 0.36 or 0.48 nm
whet her this thickness is needed or not since each layer is at least 0.12

mm It is &iedofthelpeaddn ce to have 4 ply orientations of [0/90/45/-45].
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convent i onghrtiphlag$ t®torBposite asterlshingthin 1RO S} adBedve TinpAive® phidabpropértiey s at
free edges of a |lanm nate, or at a point where a - concentrated bearing | oad

i s appl i edangthegpethpds of menufagprs of sichimppterials ansver se i npact, or . a stress
formed during curing of the | am nate. Regardless of its origin, delamnation
is afailure node that often limts the realization of the full potenti al

of the cri Desalptiomoptha®eiot d&tdi ng carryi ng ‘ :

[002] Conventional 'composife plies, with or without impregnéted resin, are at least 0.12 mm
thick. Laminate‘s of composite plies are formed by stacking unidirectional plies together
followed by some consolidation and curing process. Plies having different orientations are
needed to provide mechanical properties in more than on direction. Th_us, as a minimum two
ply orientations are needed such as one ply oriented at a reference 0° angle and another at
90°. Ply layer.orientatibns will be described in the following usiﬁg the notation [0/90] or
[+45/-45] for example for one ply at 0° and another laminated onto the ﬁrst' at 90° 6r one at
+45° laminated to another at -45°, indicating relative orientation in degrees to an axis. In
addition, laminates must be symmetricall.y stacked in order to avoid warping. Thus, in the
' prior art a minimum of 3 plies like [0/90/0] or 4 plies like [0/90/90/0] have a minimum total
' (gauge) .thickness of 0.36 or 0.48 mm, whether this thickness is needed or not since each
layer is at least 0.12 mm. Itis a comrhoh practice to have 4 ply orientations of [0/90/45/—45}.
When this is made symmetrical, 8 plies are needed and the minimum total laminate thickness
is approximately 8 x 0.12 mm, or about 1 mm using conventional plies of at least 0.12 mm.
[003] Delamination often occurs at free edges of a laminate, or at a point where a
concentrated bearing load is applied, or at a point subjected to a transverse impact, or a stress
formed during curing of the laminate. Regardless of its origin, delamination is a failure mode

~ that often limits the realization of the full potential of the critical in-plane loading carrying



2 capability of a multi-directional |am nate. As conposites are being
utilized for nore and nore primary structures, |ike the Boeing 787 and

Ai rbus 350 and 380 aircraft, conposite conponents can be hundreds of plies
thick. Delam nation is a serious threat to the acceptance of conposites for
many applications. [004] One popul ar sglutlon istoforma lamnate as a
3-di nensi onal woven fabric. There are“many versions of this weaving
technique. There are at least two drawbacks: the cost can be an order of
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i nproved online ¢ nso idation for piping and vessels, and.  choppe rs to
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subl am nat ﬁe(%g%lk:ggym% bel ow as "subl am nate nodul es”) can be formed as a
basi c buiI hg Or “conposite |am nates, reducing assenbly cost while
mai ntai ni ng high resistance to delamnation. Wth or without automation,
products fromthin ply sublam nates and |am nates can be conpetitive in
cost with those constructed fromconventional thick ply |amnates. [006]
Usi ng a known tow spreadi ng process, sgavRy onal 12k tows of  carbon, gl ass
or Kevlar fibers (approx 0.12 nn1thick) can be spread to forma ribbon as

thin as 0. CI rfeﬁ ﬁne?nFSf"thI: I'eg'cnP v@r?tlon 19(.rll}g|e thﬁate%ot?’stﬂ%%d usin an

orientation synnetr csublam nate - Accor present 1 nvention
have t he sahin plied Of univkndss Ok AO8 snraor Izcss: ofNn emrnam ainbodimé inwtuqbdsya colvibmatromm

gauge is r e?"t‘lﬁg ghésoof ?hlckn%\sl\é lgsss tRAn 0. & mm an(i %18261' conventlonap plies o? atsleasE 0.12 mm
thickness. These combinations provide an improved resistance to micro-cracking and
delamination, thinner minimum gauge for laminates, opportunities of hybridization of thick
and thin plies, reinforcement of bonded joints, interlaced product with performance’ higher
than conventional woven fabrics, improved online consolidation for piping and vessels, and
chopped fibers to form stronger sheet molding compounds. Multiple  ply-orientation
sublaminates (referred to below as “sublaminate modules”) can be formed as a basic building
block for composite laminates, reducirig assembly cost while maintaining high resistance to
delamination. With or without automation, préducts from thin ply sublaminates and
laminates can be competitive in cost with those constructed from conventional thick ply
laminates. ' ' .
[006] Using a known tow spreading process, conventional 12k tows of carbon, glass or
Kevlar fibers (approx. 0.12 mm thick) can be spread to form a ribbon as thin as 0.02 mm
thick. With such thin plies, for example, a 3 ply orientation symmetric  sublaminate
according to the present invention can have the same 0.12 mm thickness as a conventional
0.12 mm ply. Minimum gauge is reduced to as low as one-sixth (1/6) of the thickness of
conventional ply. In a symmetrical 4-ply laminate, the minimum gauge would be 0.16 mm.

Such thin .gauge modules provide design options not available with conventional thick plies,



conventional ply. In a symetrical 4-ply |amnate, the m ni nrum gauge woul d
be 0.16 mm  Such thin gauge nodul es provi de design options not avail able
wi th conventional thick plies, 3 and have much higher resistance to

delami nation. In fact, nmany designs of conventional conposite structures
are dictated by this delam nation critgrion. Thus hi gher performance or

| i ghter weight structures can be effectively designed using thin ply

| am nat es. BRI EF DESCRI PTI ON OF THE DRAW NG [007] Fig. 1 illustrates the
thin ply | 35 Adeem@dh hiRBerPe§iS@Rde tondeRin&lbn, IO nfang-dedighd btigddvehtfmal he
thicker ply of the prior art; [009 _F|?.IS is a graph”of normal_ stress as a
function oFfoppasite prugiHesare diqaert by ths dglamination grigprigph Thes bighes peformanse o a

function of. nly. t:hi. . i . i nati on onset
ciress as AEREHPhBRGR bl cHeckih aciahy ByALARIHIRlarlRHAL: P21 Lo uce of
thick and thin plies; [0013] Fig. 6B illustrates a sublam nate; [0014] Fig:
7TA is a pe [ i - q j mat eri al * usi ng subl arnirnates; [00151
Fig. 7B, |?ﬁggbﬁggmﬁwgfég%ygrﬁgl&@g&mter| al using sublam nates to show
joints; [0016] Fi g: 8A is_a graph of stiffness as a function of ply

t hi ckness; [§8b15ie. Fillystrages the than plydyningle ofte peespridaveatony function of

ply. thi cknegmgr Filo09 Akt Sne hidkel HSoF ioflky: thin ply; [0019] Fig. 10 shows
a resin inp??(?g;na ed th‘irn p §/ sl%eeeyl? ?{88%8] Fig 11 shows a three-layer

| ami nat e; [@921Figk3 &5.a graph ¢flngsmalastress aph yungbav ofiply dricknassgl e in a crinp

exchange area.. [0022] Fig. A is a_graph.of ad.deformati on versus ply

t hi ckness #@ﬁ%gﬂgi %fﬂsa %rgﬁb%frlsg%e&;%%ss aggf&gu%nr?ﬂtp?){ g“%ﬂﬁsési ve; [0023] Fig. 13B

is a graph[ef11] Pigds def gaptpéfi deramisdtidon dngek Mrdshiackaaonfolplyaickadss; t enper at ur es

for a ducti]e adhesive; [0024] Fig 14 jllustrates using thin ply to join two

| ayers; [Oé%]zflglggg‘“1@“?'%‘6%\“91‘3&’&“@8?"PWE‘PIP f¥ng the effectiveness of the

joint of Fi[:g)ol%#;g[:ﬁﬁgg,%sheﬂg,bla]ﬂgn§t&ovvs use of a netal foil on one side of a
ig.

| ami nat e; 1: - shows netal foil on both sides of a |am nate,
0014] Fig. 7A is a perspective view of a composite material using sublaminates; ‘

[0015] Fig. 7B is a side view of a composite material using sublaminates to show joints;
[0016] Fig. 8A'is a graph of stiffness as a function of ply thickness; |
[0017] Fig. 8B is a graph of max stress as a function of plyAth-ickriess;
[0018] Fig. 9 illustrates dry thin ply; |
[0019] Fig. 10 shows a resin impregnated thin ply sheet; |
[0020] Fig 11 shows a three-layer laminate;
[0021] Fig. 12 illustrates ply weaving and angle in a crimp exchange area;
[0022] Fig. 13A is a graph of load deformation versus ply thickness for various temperatures
for a brittle adhesive; | ‘
[0023] Fig. 13B is a graph of load deformation versus ply thickness for varidus temperatures
for a ductile adhesive; | '
[0024] Fig 14 illustrates using thin ply to join two layers; - o
[0025] Fig. 15 is a table illustrating the effectiveness of the joint of Fig. 14;
[0026] Fig. 16 shows use of a metal foil on one side of a laminate;
[0027] Fig. 17 shows metal foil on both sides of a laminate;
[0028] Fig 18A shows metal foil on both sides and the center of a laminate;
- [0029] Fig. 18B is an enlarged section from Fig. 18A; and

- [0030] Fig. 19 shows layer construction in the center of the laminate without a foil,



[0028] Fig 18A shows netal foil on both sides and the center of a | am nate;
[0029] Fig. 18B is an enlarged section fromFig. 18A; and [0030] Fig. 19
shows | ayer construction in the center of the lam nate without a foil. 4
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0031] A cross section of a
conposite material 10 according to the gresent I nvention is shown in Fig.
1. The conposite material 10 has a plurality of layers (plies) including
first plies 12 indicated with dots, oriented in a first direction. The
first pliesDEPAHIED DEB@R&E’H@PD@F%EWQDIWM oriented in a second
direction, different fromthe first direction. The, second plies 14 are
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decreases to 12 mmprior art thick ply lamnate. This
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| am nat es provi de i rove d solutio i on, resi: tance 33]
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bal ance bet we ormance and cost, and this conbinatton is.inclu
t he present thlqkm:semtpdhp leitmorwnpw(b@ rnmlt Dby measoregrss showghdrematic. ddgepseains o -

I ncrease fl ﬁl)élng}nlu{l ta}(d oAk aP st¥es R ply thickness decreases to 1/3 and 1/6 of the 0.12 mm prior
art thick ply laminate. This is an unexpected result in view of the prior art. Thus, the thin ply .
laminates provide improved solutlons for delamination re51stance
'[0033] Another example of the effect of thin plies on the onset of delamination is 1llustrated
in Fig. 5 which shows the stress requlred for delamination as a function of effective ply
thickness. As ply thickness decreases, the délaminatfon stress again dramatically increases.
[0034] As an alterﬁate embodiment, hybrid combiﬁations of thick and thin plies can provide a
balance between performance and cost, and -this combination is included -in the present
invention. Thin plies not only increase toughness, they also increase flexibility on ply drop.
This is achie;red by use of a sublaminate module, in which a module with thin plies having
different orientations or a combination of thin and thick plies with different orientations are
pre-formed as building blocks for laminates. Instead of droppiﬁg individual plies,
sublaminate modules are dropped.

' [0035] Example 1: An exémple according to the present invention includes a combination of
thick ply with 0.12 mm thickness and thin ply with 0.02 mm thickness. This is illustrated in
Fig. 6A with thiﬁ plies 21 and thick plies 23. Further, a sublaminate 25 as in Fig. 6B can be a



This is achieved by use of a sublarninate nodule, in which a nodule with
thin plies having different orientations or a conbination of thin and thick
plies with different orientations are pre-formed as buil ding bl ocks for

| am nates. Instead of dropping individual plies, sublam nate nodules are
dropped. [0035] Exanple 1: An exanpl ewgccordi ng to the present invention

I ncl udes a conbination of thick ply th 0.12 mmthickness and thin ply
with 0.02 mmthickness. This is illustrated in Fig. 6Awith thin plies 21
and thick glideirdBibridWaliigone ehickUiol mm&h@ox?éthﬂﬁ[%]" pl§i20, B tétalnhikneds &f

t hi ck-thin hybrid having one thick ;(/) 27 and oné thin [90] ply 29. The
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0,14 mm an 0] hy 6
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Iam nates. This hybrid structure 1s also useful for drive shafts, |eaf

springs, and9?sER5Fft"F ng gb@&cue@al gublawinate,medule baving o Y crdPne d+cdd Wyl 1
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lam nate is at ectional  subl am nate having one l'y [0]
and two t hlbnoro rorzohrnwglmngaremaqgsl él§115[ hyerOitrugt:ure {S+dls045§efulsfac Idrlas shafts, leaf

[ +30/ 0/ - 30] grmgg anﬁ ortm Jrgdu dle vauﬁ sﬁéf{sahocggybﬁtféﬁndggltf%luﬁf c kpess is 0.16

mm which & POhe stepin I'rectional
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per f or mancé“%{WB{“tél?/d}%L‘!F‘g\égﬁflpég@rfg%\éYMé& hqwﬂérﬁﬁp 2 %&ledples [+/-30] or

[+/-45], such as a [+30/0/-30] or [+45/0/-45] module. The total sublaminate thickness is
0.16 mm, which can be accomplished as one step in a ply drop. Tri-directional modules of
any combination of thick and thin plies can be produced. This design flexibility allows
products with significantly improved laminate performance and éignificant cost savings in
‘'manufacturing.
[0038] Example 4: The same concept of multidirectional subliminates can be designed for
spars and ribs as substructures of a composite structure. In this case, shear modulus in the
~ web is most important. A thick-thin hybrid rﬁay have thick [+/-45] combined with thin [0].
In all these applications, the lay-up process of sublaminates can be in one direction, ¢.g. along
the axis of the spar. In the case of a skin for wings, the lay-up can be along the wing axis. In
the case of a fuselage, the lay-up may be in two directions, one along the hoop direction and
the other along the axial direction, or along two helical angles. Very significant savings in
lay-up machine capability and lay-up time and labor can be realized.
[0039] A composite material according to the present invention can be constructed with a
plurality of sublaminate modules. Fig. 7A illustrates a composite material 31 including
sublaminate modules 33. Fig. 7B is a planar side view of a cdmpositc material 35 with

sublaminates 37, similar to Fig. 7A for illustréting sublaminate joints 39. Sublaminate sheets



[ 0038] Exanple 4: The sane concept of multidirectional sublimnates can be
designed for spars and ribs as substructures of a conposite structure. In
this case, shear nodulus in the web is nost inportant. A thick-thin hybrid
may have thick [+/-45] conbined with thin [0]. In all these applications,
the | ay-up process of sublam nates cangbe in one direction, ¢ along the
axis of the spar. In the case of a skin for wings, the lay-up can be al ong
the wing axis. In the case of a fuselage, the lay-up.-nmay be in two
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t hi ckness c@ggéﬁg&&ﬂgﬂer@ Bﬂes’?@{]@@ '%Eééi?gfgggg{nggﬁzi ncrease in -

stiffness E[mlé_ T8/ phyeZfuohy (bn (a)ndry fdoeisrAfndist witbout wksdm irhpréghativn)pdsi shewalie used

Instead of FQg'.]92wnrtrt]1ﬂ a liltlici:k‘enseés of less than 0.08 mm, and preferably less than 0.06 mm, or (b) fibers
26 in a resin impregnated (prepreg) sheet 28 of less than 0.08 m.m,,anc_i preferably less than
0.06 mm (Fig. 10). '
[0042] As an example, laminate 28 is shown in Fig. 11, with three layers 30, 32, 34 formed
with a plurality of plies 36. Plies can be located close to ends 38 and a]ong a side as at 40,
and where layers meet 42. There may be gaps in between. These gaps only slightly affect
the mechanical properties of' the laminate because the ply thickness is very small.
[0043] Fig. 12 is a cross section of interlaced plies 41. Thin ply laminates have improved
properties because the size of the crimp interchange area 42 and resulting angle A shown in
Fig. 12 beéomes smaller as ply thickness decreases. The affected area of the crimp when the

~spread tows weave their way up and down as they meet the orthogonally oriented tows is
smaller with thinner tows. The interchanging tows must accommodate one another’s
thickness.  The thinner the tows, the less accommodation is required at the tow interchange.
Thus, the macroscopic stiffness of the interlaced tows and the resulting stréss at the
interchange are affected by this thickness. The thinner the tows, the higher will be the

stiffness and lower local stress.



[0041] Thin ply 24 may be (a) dry fibers 26 (i.e. without resin

i npregnation) as shown in Fig. 9 with a thickness of less than 0.08 mm and
preferably I ess than 0.06 mm or (b) fibers 26 in a resin inpregnated
(prepreg) sheet 28 of less than 0.08 mm, and preferably I ess than 0.06 nm
(Fig. 10). [0042] As an exanple, lamnate 28 is shown in Fig. 11, with three
| ayers 30, 32, 34 fornmed wth a pl ural'{ty of plies 36. Plies can be |ocated
close to ends 38 and along a side as at 40, and where |layers neet 42. There
may be gapsyg h a g fect &Jﬁ%
properties [o?ﬂ]ﬁnﬂgtfnq%lgigeg g%:dgu{shg %ﬁleyné%/ddt Ef mﬁgs&fos C?/']g fllsnsrral I h?ﬁé043]
Fig. 12 is Bo@ﬁ@g@n§eafcleanemfo protiegel andeiddydei mmimam STmissnccpﬂcyntraalnnmalt Banthave

B e T e I O

decreases. Fipe 13Afaad118H sB6@ doadfdefdrmatiaon mavemea btifiR adﬁaﬁmdtamusumemlvbhel r
way up and down as they neet the orthg on oriented tows iis snmaller with

thi nner t owd, vatpes }eﬁtpé'faeﬁa%gmscttvsws §“ pHYaiaduietormation eyve is the
thi ckness. 1rogﬂeleltni3érgﬁ?er bétAiok OV tehP&atuRSheREEOMIP Yahds R il BehsMd mER Al the
tow i nterchange.  Thus, the macroscopic stiffness of the Interlaced tows and
t he resul tmgreshheeas@ucate mh@nah nfher riite géhesive imFigetids byglash pewddnirgikfpessd. The
t hi nner theetovv§ . glle swe IWPMMBe the stiffness and | ower |ocal stress.

7 [0044] B85 2 1S provi he best nmethod of joining two conposite
conponents. [oomndadw ]b@ild’tii%mﬁf‘ﬁ @a%@romeedprsn@umﬂ phad d BibsreeniBnk|iagslibvai ines s
concentratigns at nts. Broadly speakjn there are two tésoes aof bonded

j oi nt adhesPigel4 b ?teff%‘:ta’ﬁﬂleséllﬁ’éts}’?rba é%lﬁ'e&sl awn in the, tablegafaFign i, pepchs phowys

| oad- def or ngkdiefors e ffatte @leﬁfehtt Ma@s@dlma 6 RO réiuetiGt ol oRdhesioy of uRt
vari ous tenperatures, ectivel The stiffest adhesive | oad-deformation

curve is th%mssrf@onmmmaﬁqx dhesiverdnaddigen, tmjmrérdpsgra@qm@/esmbalm@gtwepm@e

adnest ve 1 Lot BENGHS: RSt ndRLld ESnal Rl bher TRLCHL Ause btk

adhesive in rerntorce

adhesi ve i sadﬂMﬁe fcﬁ()naﬁ]plﬁrama“wcbmmt&sﬁvp ahafO] éﬁemanmnbe apgm:dumddthuaxlagfotdel n
ply as a rein (5 tgegt gs .shown in Fig. 14. The effectiveness of such a
joint is sh ofdgfjintor Fig. 15, which shows - predictions froma
finite el enent analysis. Note the stress reduction to 56% and 30% of the

stress for [0oa6) SHeor modimddv@siodads dnd rdlsltdn Bprotilived ukidk hoiRAitkiA phe fibaves a

bal ance bet \Aﬁe%{a] pE'leucts have higher performance because the loss of stiffness and strength due to
crimp 1nterchange is reduced. In addition, thinner pliés reduce bending stiffness by a cubic
relatioh; i.e. 1/6 of thick ply thickness will have 1/216 the original stiffness. Thus a sheet
molding compound made of chopped'thin ply tows will more easily conform to the abrupt
.changes in curvature and shape in a molded part. This processing advantage is in addition to
the improved stiffness and strength. ‘
[0047] Online consolidation of carbon reinforced thermoplastic tape also benefits from thin
plies in quality and process speed. The usual boardiness (high stiffness) of thick ply tapes

"~ can be significantly reduced to more p]iable or compliant tape when the tape thickness is

smaller. The same cubic relation discussed above also applies to tape flexural rigidity. In
online processing using thin tapes, pfeheating for the sole purpose of making the tape more
pliable is not necessary. This process can be used to make pressure vessels by filament
winding followed by curing.
[0048] Figs. 16-18 illustrate other embodiments of the laminate of the present invention
including metal and thin ply laminate. Fig. 16 shows metal 44 applied to one side of thin ply
laminate 46. Fig. 17 shows metal 48, 50 on both sides of thin ply laminate 52. Figures 16

and 17 illustrate products on which a metal matrix composite is bonded to one or both sides



peel and shear stresses, not having one dom nate the other as is the case of
unrei nforced adhesive. For thin ply reinforced adhesive, the [0]
orientation is aligned with the axial force applied to the bonded joint:

[ 0046] Sheet nol di ng conpounds and nmats can be produced using chopped thin
ply fibers. These products have hi gher performance because the | oss of
stiffness and strength due to crinp iﬁterchange is reduced. In addition,

t hi nner plies reduce bending stiffness by a cubic relation; i.e. 1/6 of

thick ply tophakRpESamidate. NEEEnetdddRr EdWeberé B diala iubitef BEWSys KhBWE iRthghget
nmol di ng conmpound made_ of chopped thln‘ﬁ|y tows will nore easily conformto

t he abrupt incudingyeetal t9ilevaperdepositioh Rk pstal ambeddsd drepplpaers. platiigseter beessi ng

advant age i s..J i tH the i . f d t. 7]
Onl e condillGuids eiyc. i SRLAUE i ply 1nARRR, A FREERG Srery 001
fromthin Whdnesn ioutsideafibery imnite pmos®s 9s slamaged Thg by ualpadioar skirately)s fiber gh

stiffness) of thick pl ape can.be significantly reduced to nore i abl e
or compi aeriset il e Pl sat pIFrSishigh Elead ol SN B kg he
relation dippsduss SRowdDVEiga! 15nanp|hepSprént ARR fibkedddiradtion At diifuye. FiE: 180l i ne
processing using thin tapes, preheating for the sole purpose of nmaking .the
tape nore sppwaBetel ?f)sb%Bﬁldﬁ‘ei‘gééa@%ﬂ.n thegegtep PP obin ply dampigatg §8H2% JigrdRB1s

pressure ves j T MaTel Y i i 16-18
| Fastr at o Sorrisn 23 bl PR R ol e LA QU060 L8 bl rbPhhe Gl

i ncl udi ng mMefead ol 1&AN Phyn Imenalnabteix dongosifeGissineasednat the cédtempplhieply o one
side of thin pl | am nate 46. Fig. 17.shows netal 48, 50 on both sides of
thin ply | dfrRagsasdious gdieses B2 andi 35 R Pidbebis B oatEREae we e
netal matriphiC ARSI &n | sYmRRASAA 1&AnARA, WheROUAILY BB8&kndss &f thR dehied d?l the

| am nate. The netal |ayer can be created in _a nunber of ways known in the

art, incl demingtegan kepd fomptrix\eiasking dedéddamination. dUg)19 ilstrates dpmhdeldeckness of

pol yrmers, . i » egltspt ) I ed.
Phi ooy i AR 8%ty fhfers KO oG % pRAGKPSHSHICHR G Baliing ofls ABLHARHGS 1
t he | am natsesdeptitddnyefgrettie (angndsg. | npact or scratch), fiber . destruction in the

f I .. Wich can lead.to fail f fhe |am nate. Th
o oduct s ORI (B e e RPpnEviine molieRrd i sbePRIETIa g

failure. Fign bb8fanuFkansd B réksorabl b@wp&i.d%réélamgé, il teMpéa@re BathSYsitd8 Of
thin ply lam nate 60, 62. Fig. 18% is a section‘fromFig. 18A for

i |1 ustrati rigaterils Byipg MintReen (Yor reiafgjeedplasties (GHRED 0| GoniRetianapith sitanium
(Tigr: Titanium-graphite) or copper (Cugr: Copper-graphite) can be formed. Such metal
matrix composites have both high temperature and unique corrosion resistance for many
applications, including chemical piping and vessels. | ' |
[0050] For mats and interlaced fabrics, including resin transfer molding (RTM) and vacuum-
assisted resin transfer molding (VARTM) processes, the use of thin ply ‘materials makes
material flow easier, and enhances conformation to complex surfaces while maintaining
superior physical properties. ‘

[0051] The embodiments déscribed above are givén as examples of the present invention.
Those skilled in the art will be aware of variations to these examples. ‘These variations are to
be included in the spirit of the present invention. | '
[0052] What is claimed is:



| ayers of Fig. 18A. Wien netal matrix conposite is inserted in the center of
thin ply lamnates as shown in Figures 18A and 18B, double thickness in the
| am nate. is prevented. This is helpful in synmetrical |amnation, where
doubl e thickness at the center of the l|amnate, can |lead to matrix cracking
and del am nation. Fig. 19 illustrates goubl e thickness of the center ply
layers if no nmetal is present, which can create cracking and del am nation
susceptibility for the lamnate. [0049] A new family of netal matrix
conposites gsAfpgsetallic and thin ply conposites that can be manufactured
at reasonably | ow cost. For exanple, high tenperature conposite materials
using thin carbon fiber reinforced plastics (CFRP) in conjunction with
titani um (Tigr Ti t gn I . Co can be
formed. Such net al A o%(’glé%&r'p{gégl%ceog{ ﬁ%g i &%%’hngt eﬁlp%:n% uo?gggh%%um gue
corrosi on r@es mhance for many applications, including chem cal piping and
vessels. [0050] For mats and interlaced fabrics, including resin transfer

nol di ng (RTM and vacuum assisted resin transfer nolding (VARTM .processes,
the use of thinXply rfae endta@iad offelata 1, mbtein the hitavdl éadudss,a eombisnivandes
conformation to conp surface e mai nfai ni ng,  superior hslcal
properties. Cof‘mlﬂ?fa ‘és ﬁ@ﬁ?eésa @&W%LQ Bk, 3 tg}’bﬁtﬁ\l?%‘(’lngg hé%&ﬁsﬁl es of

t he present g enhioU mmihose skilled in the art will be aware of variations
to these exanples. These variations are to be included in the spirit of -the
present invention. [0052] What is clained is: 9. CLAIMS 1. A conposite
material conpri i ng tikMndddd of RENHMNY vhetdM lenBseriAfind108s 4 Babin&idAGsrmm 2.
The material of claiml, wherein the material includes a conbination of
convent i onatublgminaie madulesofahinpliekness of at |east 0.12 mm and thin plies
having a thickness of less than 0.08 mm 3. The material of claim1,

wherein the material includes a conbination of sublam nate nodul es of thin
plies. 4. The nefteri dihespatesiahpislaim 3, mbewsinthe paterak ipglpdgs SPW@W&m%’ﬂﬂsam nat e
nodul es

of thin plies and sublaminate modules of conventional plies.
5. The material of claim 2, wherein the material includes sublaminate modules

having thin plies and conventional plies.

6. The material of claim 1, claim 2, claim 3, claim 4, or claim 5, wherein the

thin plies are interlaced or woven.

7. ‘The material of claim 1, claim 2, claim 3, claim 4, or claim 5, wherein the

material is formed using resin transfer molding.

8. The material of claim 1, claim 2, claim 3, claim 4, or claim 5, wherein the
. thin plies are combined with an adhesive to provide a reinforced bonding material for

joining composites and/or metallic components with bonded joints.

9, The material of claim 1, claim 2, claim 3, claim 4, or claim 5, wherein the
thin plies are combined with an adhesive to provide a reinforced bonding material for

composite components having honeycomb or sandwich construction.

10. The material of claim 1, claim 2, claim 3, claim 4, or claim 5, wherein the

thin plies are chopped and reconstituted into a.molding compound. '



of thin plies and subl am nate nodul es of conventional plies. 5. The material
of claim2, wherein the material includes sublam nate nodules having thin
plies and conventional plies. 6. The material of claiml1l, claim2, claimS3,
claim4, or claim5, wherein the thin plies are interlaced or woven. 7. The
material of claiml, 'claim2, claim3, claim4, or claim5, wherein the
material is fornmed using resin transfer nolding. 8 The material of claiml1,
claim2, claim3, claim4, or claim5, wherein the thin plies are conbined
with an adhesive to provide a reinforced bonding material for joining

conposi tes and/ or metal lic conponents wt onded joints. 9. The material of
claim1, claim 2l cl&Rfpduct &Cé‘idh‘i&lthe&?a“iflagf’ﬁfl@m \’/\H%l?l@} % d#m 3.981R bIFes are
combi ned Wigidima AERASHY it shé%r&\éhaﬁnat@n{oememémgd% encli A mEﬁﬁdsedtm%_or
conposi te component s havi ng honeyconb or sandw ch nstruction. 10. The

mat eri al ofor teanopldstic ¢4psi the Rrodottds far@ed by aitape placement IngthndSr awkperveinding he

thin plies ar hopped and reconstituted into a nolding conmpound. 10 11. A
product i nc‘?ﬁ@pcﬁﬁncﬁﬁ%% Culr%f of claiml1, claim2, claim3, claim4, or
claim5, wherein the thi n plies or 'subl i mat e nodul es are i ncorporated into a
t her nosetting thr tlcta roduct i1s f

pl acenment net ho 5 tﬁco%génevﬁl 8‘“8% tem 1al Qoné?{&f"{ght e 3 él %%F‘edcgﬁﬁ A
fiber-net alz,@mmpgsdmﬁn 4yet ehindb, a:rﬁrmlhbtm §h§ett he material of claiml, claim 2,
claim3, claim4, or claim5, and a netal sheet. 13. The conposite naterial
of claim 12, wherein the netal sheet is laid only as a surface |ayer. 14.
The conposite nmaBeri The 6dmpdsie Maierial situddini 12, Whereiha@meainstekt isSaill 3hiy asbet ween
thin plies hatj eglflthe sane fiber direction. 15. The matrix corrp03| te :
mat eri al of? Yfa¢ claim13, or claim 14, wherein the thin plies include
graphite plies. :

14.  The composite material of claim 12, wherein the metal sheet is laid

between thin plies having the same fiber direction.

- 15. The matrix éomposite material of claim 12, claim:13, or claim 14, wherein

the thin plies include graphite plies.



