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METHOD OF MOLDING COMPLEX COMPOSITE PARTS USING PRE-PLIED
MULTI-DIRECTIONAL CONTINUOUS FIBER LAMINATE

BACKGROUND OF THE INVENTION

l. Field of the Invention

[0001] The present invention relates generally to fiber-reinforced composite structures and
the molding materials that are used to make such structures. More particularly, the present
invention involves the use of unidirectional prepreg tape to form pre-plied, multi-directional,
continuous fiber laminates that are suitable for molding complex three dimensional fiber-

reinforced composite structures via near-net shaped pre-forming.

2. Description of Related Art

[0002] Fiber-reinforced composite structures typically include a resin matrix and fibers as the
two principal components. These structures are well-suited for use in demanding environments,
such as in the field of aerospace, where a combination of high strength and light weight is

important.

[0003] Pre-impregnated composite material (prepreg) is used widely in the manutacture of
composite parts and structures. Prepreg is a combination of uncured resin matrix and fiber
reinforcement that is ready for molding and curing into the final composite part. By pre-
impregnating the fiber reinforcement with resin, the manufacturer can carefully control the
amount and location of resin that is impregnated into the fiber network and ensure that the resin is
distributed in the network as desired. Prepreg 1s a preferred material for use in manufacturing
load-bearing structural parts and particularly load-bearing aircraft parts that are used in wings,
fuselages, bulkheads and control surfaces. It is important that these parts have sufficient strength,

damage tolerance and other requirements that are routinely established for such parts.

[0004] Unidirectional (UD) tape is a common form of prepreg. The fibers in unidirectional
tape ére continuous fibers that extend parallel to each other. The fibers are typically in the form of
bundles of numerous individual fibers or filaments that are referred to as a "tows". The
unidirectional fibers are impregnated with a carefully controlled amount of uncured resin. The UD

prepreg is typically placed between protective layers to form the UD final tape that 1s rolled
-1 -
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up for storage or transport (o the manufacturing facility. The width of UD tape typically ranges
from less than one mch to a fool or more,

08S]  Umidirectional tape i1s not well-suited for use as a moldmg compound for forming
complex three dimensional structures using compression molding techniques.  The paraliel
orientation and continyous nature of the fibers m the UD tape cause fiber bunching or bridging
when the UD tape 15 torced (o it the features of the complex part. As a resuit, the manufacture
of complex three dimensional parts using UD tape has been hmited to a laborious process where
mmdividual plies of UD tape are applied directly to a three dumensional mold, which 1s
subsequently processed i an autoclave or other molding apparatus. This lay-up procedure using
{13 tape tends to be a long and costly process.

{30066]  Molding compounds that have been tound (o be suitable for compression molding
compiex parts commonly employ randomiy oriented short fibers that more easily tif the teatures
of the part. However, the use of such short fibers, when assembled mto a random mat,
mtroduces tocal weight variation. The weight variation creates several problems. For exampie,
it coniribuies to the complexity of the ply design, which has to accommodate for all of the
possible total weight outcomes when assembling several highly variable phies for a specific part
ceometry. The local weight variations i the random mat of short fibers also couniribute o
areguiaritics durmg molding, because arcas of low weight are compensated for by areas of high
weight, This compensation process difiers unpredictably from one molded part to the next and
also differs between different features of a given part. As a result, 1t 1s difficult for the designer
to predict and determune if the molding compound design will be adequate for forming the
desired part.

{8007] In view of the above, there 1s a continuing need {0 provide prepreg molding methods
that are suitable for usc m compression molding fiber-remnforced composite structures that have
a relatively complex shape. The seed for such method 1s especially important in those siftuations

where the strength of the part 18 a primce consideration.

pUMMARY OF THE INVENTION

{008] In accordance with the present mvention, i was discovered that unidirectional (UD)
tape can be formed mto a pre-phed, multi-directional laminate that can be processed (o be
suitable for molding. The pre-phied lamanate 1s formed by taking mdividual layers of UD tape

g
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and placing them on top of each other so that the layers or plies of the laminate contain fibers
extending in different directions. The pre-plied laminate of the present invention does not have
any signiﬁcant weight variations, which might cause variations during molding that could affect
structural performance of the molded three dimensional structures. In addition, it was discovered
that the multi-directional nature of the pre-plied laminate allows the part designer to cut slots in
the laminate and then fold the laminate into a shape that 1s close to the tinal shape of the three
dimensional part. The near net-shaping or "pre-forming" of the part to be cured avoids the fiber
bunching and bridging that has previously presented problems when UD tape was used directly as

a molding compound.

[0009] The present invention is directed to methods for forming fiber-reinforced composite
structures where a pre-plied, multi-directional laminate is folded into a preform that is then cured
to form the composite structure. The pre-plied laminate includes at least a first layer of prepreg
and a second layer of prepreg wherein each of the prepreg layers includes an uncured resin matrix
and unidirectional fibers. As a feature of the present invention, the directions of the unidirectional
fibers in the two prepreg layers are different. The folding of the laminate to form a pretorm
provides one with the ability to control fiber orientation during molding and thereby make very
strong three dimensional parts that are particularly well-suited for use in aircraft and other

aerospace applications.

[00010] The present invention also 1s directed to the fiber-reinforced composite structures that
are made using the laminate. In addition, the preforms that are formed using cut-outs from
laminate are covered by the invention. Further, aerospace assemblies, such as aircraft, which

include fiber-reinforced composite structures that are made using the pre-plied laminate are

covered by the invention.

[00011] As a feature of the present invention, the laminate cut-outs may be folded along at
least two fold lines that intersect each other to form the three dimensional part. In addition, the
laminate is slotted at the intersection of the fold lines in order to enhance the folding process and
avoid fiber bridging. The inclusion of slots also allows the designer to form folded preforms

where the fibers are oriented, as desired, to meet reinforcement design requirements.

[00011a] [n some embodiments, there 1s provided a method for forming a fiber-reinforced

composite structure comprising the steps of: providing a pre-plied, multi-directional laminate
-3 -
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comprising an interior and an edge, said laminate comprising at least a first layer of prepreg and a
second layer of prepreg wherein each of said prepreg layers comprises an uncured resin matrix
and unidirectional fibers and wherein the direction of said unidirectional fibers in said first
prepreg layer is different from the direction of said unidirectional fibers 1n said second prepreg
layer and wherein said laminate comprises a first tab portion and a second tab portion; folding said
laminate to form a preform wherein said first tab portion and said second tab portion overlap each
other and are pushed together to form a portion of the preform; and curing said preform to form said
fiber-reinforced composite structure wherein the portion of said pretorm that i1s formed by said

first and second tab portions is cured to form a cured portion of said composite structure.

[00011b] In some embodiments, there 1s provided a fiber-reinforced composite structure that
is made according to a method comprising the steps of: providing a pre-plied, multi-directional
laminate comprising an interior and an edge, said laminate comprising at least a first layer of
prépreg and a second layer of prepreg wherein each of said prepreg layers comprises an uncured
resin matrix and unidirectional fibers and wherein the direction of said unidirectional fibers in said
first prepreg layer is different from the direction of said unidirectional fibers in said second
prepreg layer and wherein said laminate comprises a first tab portion and a second tab portion;
folding said laminate to form a preform wherein said first tab portion and said second tab portion
overlap each other and are pushed together to form a portion of the preform; and curing said preform
to form said composite structure wherein the portion ot said pretorm that is formed by said first

and second tab portions is cured to form a cured portion of said composite structure.

[00011c] In some embodiments, there is provided a preform for use in forming a fiber-
reinforced composite structure, said preform being made according to a method comprising the
steps of: providing a pre-plied, multi-directional laminate comprising an interior and an edge, said
laminate comprising at least a first layer of prepreg and a second layer of prepreg wherein each of
said prepreg layers comprises an uncured resin matrix and unidirectional fibers and wherein the
direction of said unidirectional fibers in said first prepreg layer is different from the direction of
said unidirectional fibers in said second prepreg layer and wherein said laminate comprises a first
tab portion and a second tab portion; and folding said laminate to form said preform wherein said
first tab portion and said second tab portion overlap each other and are pushed together to form a

portion of the preform.
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[00011d] In some embodiments, there is provided an aerospace assembly comprising a: a

first aircraft part; a second aircraft part; a fiber-reinforced composite structure as described above

that connects said first aircraft part to said second aircraft part.

[00012] The above described and many other features and attendant advantages of the present

O invention will become better understood by reference to the following detailed description when

taken in conjunction with the accompanying drawings.

- 13b -
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BRIEF DESMORIPTION OF THE DRAWINGS

GB013] FIG. 1 s a diagrammatic representation showing how the sigle layers of
unidirectional (UL} prepreg or tape are oriented (o form a four-ply guasi-isotropic {aminate that
is suitable for use in making a preferred lanminaie in accordance with the present mvention.
0014] FIG. 2 s a diagrammatic representation showing the fiber orientation that vesults
when two four-ply quasi-isoiropic laminates, as shown m FIG. 1, are combined to form a
preferred exemplary symmetric eight-ply quasi-isotropic laminate in accordance with the present
nvention.

0015 FIG. 3 depicts an exemplary symmetric eight-ply guasi-isotropic lammate in
accordance with the present mvention.

{80016] FIG. 4 shows cut-outs m the laminate that are made i order to form an exemplary
Hange support structure.

086171 FiG. 5 s a preform of an exemplary flange support structure that has been formed by
folding and combining the cut-ouls shown i FIG. 4

{G0018] PG, 6 1s an exemplary flange support structure that is formed when the preform of
FIG. 5 15 cured.

0019 FIG. 7 18 an exemplary cut-out of the lammnate that s used to make an awcraft chip
structure that 1s used (o join two primary structure amwcratt parts together,

{00207 FIG. ¥ 15 a preform of an cxemplary arcraft clip structure that 1s formed by folding
the cut-out shown 1 FIG. 7.

B0021F  FIG. 9 15 an exemplary arrcraft clip structure that 1s formed when the preform of FIG.

X 18 cured.

DETAILED DESCRIPHON OF THE INVENTION

0022 The present mvention mvolves the formation and use of pre-plied, multi-directional
laminates that are used m compression molding processes (o form three dimensional parts. The
mvention 18 particularly well-suited for making three dumensional parts that have complex

shapes and which are designed to carry large loads. Although the present mvention finds use

e
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mamly 1w the acrospace mdusiry, the process may also be used in accordance with the present
nvention to produce three dimensional structures that are suitable for a wide variety of
applications where high strength and hight weight are desired.  The following detailed
description 15 directed mamly (o the production of amcrafl parts as the preferred types of
structurcs made using the present invention., It will be understoed that the mvention also has
wigde application to the production of other {ypes of high strength parts, such as any number of
compicx three dimensional parts that are used in the automotive, railway, maring, encrgy, and
Sports maustries.

{00231 FIGS. -3 depict how an cxemplary pre-phied, cight-ply symmetric quasi-isotropic
taminate 10 i1s made mn accordance with the present mvention. As shown mn FIG. 1, a first laver
of prepreg 12 and second layer of prepreg 14 are provided. The prepreg layers 12 and 14 each
include an uncured resim matrix and unidirectional fibers 16 and 18, respectively.  The
unidirectional fibers 16 m prepreg 12 are oriented m the 0° direction. The unidirectional fibers
18 n prepreg 14 are onented in the 457 direction. As turther shown i FIG. 1, a second set of
two prepreg lavers 12a and 14a are provided. The two lavers 123 and 143 are the same as layers
{2 and 14, except that they have been rotated 90° so that the umidirectional fibers 16a are
oriented at 90° and unidirectional fibers 18a are orented at ~45°, The four layvers 12, 14, 12a and
14a are combined, as shown i FIG. |, {o form a 4-layer guasi-isotropic lammate 20.

{30024] As shown in FI. 2, a second 4-layer guasi-isotropic aminate 203 is provided that s
the same laminate 20, c¢xcept that it has been fhipped over {o provide umidirectional fiber
ortentations that are a murror image of laminale 20, The two 4-layer mats 20 and 203 are
combined as shown at 30 1 FIGYS 2 asd 3 to form the preferred exemplary pre-phied, eight-ply
syimmetric guasi-isotropic laminate 10, Laminates have more or less than X favyers of
unidirectional prepreg are possible, provided that they can be siotted and folded to form
preforms which do not undergo fiber bunching or bridging when the preform is compression
molded/cured. For example, laminates may be prepared where the number of lavers of
unidirectional prepreg 1s as high as 16 or more as low as 2

00251 The term “pre-plied” as used heremn means that the various lavers of UD fiber are
combined to form a multiple ply laminate prior to the laminate being cut and/or folded (o form a
near-net shaped preform. As shown for the preferred laminate 10, adjacent lavers of the lamnate

can have the same direction, as long as at lcast two of the layers have LD fibers that are oriented

in a different direction. It should also be noted that the UD fiber directions of 0°, £45° and 90°

5.
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are preferred exemplary fiber orientations. A gquasi-isolropic ornentation, as shown i FIGS, 1-3
is preferred. However, a wide variety of other UD fiber orientations and layer combinations are
possible. The particular combimation of U} fiber layers and UD fiber ornentations 1s chiosen by
the part designer depending upon the desired fiber ortentation for the composite structure that 1s
formed after the laminate has been slotted, it necessary, and folded to form the three dimensional
shape of the final part.

30026]  Unmidirectional {UD) tape 1s the preferred type of prepreg layer that 1s used to form the
pre-plied laminate of the present imvention. Unidirectional tape 1s avatable from commercial
sources or it may be fabricated using know prepreg formation processes. The dimensions of the
I tape may be varied widely depending upon the sumber and size of the cut-outs that are
required to form the desired three dimensional composiie structure. For example, the width of
the UD tape (the dimension perpeandicular to the UL fibers) may range from (.5 inch o a fow
feet or more depending on the size and number of desired cut-outs. The tape will typically be
from 0.004 to U.012 mch (0.01 to 0.03 ¢cm) thick and the length of the UD tape (the dimension
paratiel to the UD fibers) may vary from 0.3 mch (1.3 cm) up o a few {eet (one meter) or more
depending upon the size and sumber of desired cut-outs,

0027 The UD tape or prepreg may contain from 25 to 45 weight percent of an uncured resin
matrix. Preferably, the amount of uncured resin mairix will be between 30 to 40 weight percent,
The resin matrix may be any of the epoxy resins, bismaleimide resins, polvimide resins,
polyester resins, vinviester resms, ¢yanale ester resins, phencolic resms or thermoplastic resias.
Exemplary thermoplastic resins mchude polvphenviene sulfide (PPS), polysulione (PS),
polyetherctherketone (PEEK), polyvetherketoneketone (PEKK), polyethersulione (PES),
poivetherimude (PEL), polvamide-umide (PAlL}.  Epoxy resios that are toughened with a
thermonplastic are preferred resin matrices. Resins that are typically present m UD tape of the
type used in the acrospace mdustry are preterred. The UD fibers may be carbon, glass, aramud
or any other fiber maternial that s typically used m the fabrication of composite parts that are
used in high stress environments. The fibers may contamn from a tew hundred filaments {o
12,000 or more filaments. Preforred UD fibers are carbon tibers.

0028 A preforred exemplary commercially avasiable unidirectional prepreg is HexPiy®
8352, which is avadable from Hexcel Comporation (Dublin, Califormua).,  HexPlyRES552 1s
available n a variety unidirectional tape configurations that contain an amine cured toughenced

CPOXy resin matrix i amounts ranging from 34 {o 38 weight percent and carbon or glass UD

-



CA 02769693 2012-01-31
WO 2011/034684 PCT/US2010/046253

fibers having from 3,000 to 12,000 fdaments. The fibers typically account for 60 volume
percent of the UD tape.

00281 The tormation of an awrcraft flange support structure 40 in accordance with the
present mvention 1s shown in FIGS. 4-6. The Hlange support structure 40 18 designed to connect
two aircrait parts together. The two awrcraftl parts 42 and 44 arc shown m phantom m FIG. 6.
The asrcraft parts 42 and 44 are load-bearing primary structure elements of the amrcratt. The
term “load-bearmg’” means that the part 1s designed to have sufhicient strength and stiffness (o
support a given stress or toad without fatling. Typical loads that are carried by such parts are on
the order of 1000 pounds or more. Loads on the order of 6000 pounds or higher are not
uncommon i parts made with this material and process. The flange support structure 40 must
be able to bear the same or greater loads than the primary aircraft parts 42 and 44 m order o
prevent fatlure of the flange 40 that councects the two load-bearing parts together. The awrcraft
parts 42 and 44 may be atiached (o the Hange support 40 by way of bolting through holes 46 or
by adhesive bonding,

H0G30] The Hange support structure 40 15 made using six cut-outs {A-F) as shown mn FIG.
4. The cut-outs are cut from the preferred symmetric quasi-isotropic laminate 10, Lincar slots
are formed n the “A” cut-outl as shown at 48, The A cut-out 15 tolded along fold hmes 50, 32
and 54, as shown i phantom. The slots 48 are {ocated at the intersection of fold lines 50 and 34
and at the miersection of fold lines 32 and 54. The slots 48 extend from the mierior of the A cut-
out at the fold line mtersection o the edge of the cut-out. The slots 48 are collimear with fold
iines S0 and 52.

808311 Cut-out B 1s folded at phantom lines 36 and 3%, Smce the two fold hmes do not
mitersect, no siots are required. Cut-outs € and D are miurror tmages of each other with the fold
times being shiown m phantom. Slots are iocated at the mtersections of the fold hines m the € and
I cut-outs m the same manner as cut-out A, Cut-outs E and F are mirror images of each other
with the fold hines also being shown i phantom. Slots are located at the miersections of the fold
tnes i the E and ¥ in the same manner as cut-out A. The siots function as relief cuts that allow
the various cut-out sections to be folded mito position without deforming the orientation of the
fibers and to provide bridging of the cut-outs or tlow of resin matrix where desired.

{00321 The cut-outs A-F are folded and combined (o form a preform 60 as shown m FiG., 5.
{he told hines may be heat shghtly, if desired, o reduce the viscosity of the resin mairix and

make it easter to fold the cut-outs. However, heating should be kept to a mmimum {o prevent
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madvertent pre-mature curing of the cut-out. In general, the fold line should be heated just
cnough to decrease the viscosity of the resin matrix without imitiating curing of the overall cul-
out. The temperature will vary depending upon the type of resin matrix used. The fold lines
should only be heated tor a sutlhicient time to allow the laminate to be bent mio the desired
shape. The fold lines should be heated for as short a time as possibie and preferably on the order
of no more that a tew mnutes to avoid localized curing of the cut-out.

800331 An advantage of the present mvention 18 that the preform 60 can be shaped close (o
the shape of the final part. The preform s preferably “near-net-shaped”. Near-net-shaped means
that the dimensions of the preform are within at feast 3mm of the molded dimensions of the
cured fiber-remiorced composiie structure. Pretorms that are undersized more than 3mm of the
molded dimensions of the cured fiber-remforced composite structure are possible. For example,
a preform may be designed (o be undersized by 25mm or more of the molded dunensions of the
cured part depending on the size, geometry, and expected structural performance ot the final
cured part. The preform 60 may be partially cured 1 order to increase the viscosity of the resmn
mairix o ensure that the pretorm retains the desired near-net-shape. The resm mainx may be
partially cured {advanced} by any of the known partial curing processes provided that the
viscosity of the resin s adjusted so that the shape of the preform 60 s refamned. A process
commonty known as “B-staging’ 1s a prefcrred process for advancing the resin matrix prior o
compression molding or other curing process.

30034]  Cunng of the preform 60 may be accomplished by any of the usual curing or molding
profocols commonly used in the aerospace ndustry. Compression molding 15 a preferred
process tor converting the preform 60 into the final aircraft flange support 40, This process
mvolves applying pressure o the preform 60 by way of a closed moid 1 a press. Curing
pressures, temperatures and times will vary depending upon a number of variables mcluding the
type of resin matrix and the size of the pretorm. These curtng variables are known by those of
ordinary skili m the art for the varnous types of resin systems meluding epoxy resins,
bismaleumide resins, polyimiude resins, polyester resins, vinviester resins, cyanate esier resins,
and phenolic resins.  The near-net-shaped preforms are formed and B-staged, if necessary, (o
control restn and fiber flow and to form a net-shaped three dimensional part.

{00351 The formation of an awreraft chip structure 70 i accordance with the present mvention

s shown m FIGS, 7-9. The chip structure 70 1s designed (o connect two primary structure
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arrcraft parts together. The two primary structure awrcraft parts 72 and 74 are shown in phantom
in FIG. 9.

300361  The clip structure 70 1s made using one or more cut-outs as shown at 78 m FiG, 7,
The cut-outs are cut from the preferred symmetric guasi-isotropic lamunate 10, A Imear slot 18
formed i the cut-out as shown at 80, The cut-out 738 1s folded along fold hines 82 and 84, as
shown in phantom. The slot 80 is located at the mtersection of told hines 82 and 4. The slot 80
cxtends from the micrior of the cut-outl at the fold line miersection to the cdge of the cut-oul.
The slot 80 1s collinear with fold line 82,

00371 The cut-out 78 15 folded to form a clip preform 96 as shown i FIG. 8. The clip
preform 90 1s near-net-shaped so that i 15 close {0 the shape of the final chip 70. The onientation
of the fibers m the preform 90 are shown m simplhified {orm as lines 92 {0 demonstrate the
oricntation of the fibers changes as the cut-out 7¥ 1s folded to form the preform 90, The re-
divection of the UD fibers that occurs during the folding siep must be taken into consideration by
the designer i order to provide the desired fiber orientation i the preform 90 and final chip 70.
{O0038] In the same manner as the Hange support preform 60, the clip preform 90 may be
partially cured in order to merease the viscosity of the resm malrix (o ensure that the preform
properly forms mio the final cured dimensions of the desired part shape. “B-staging” s the
preferred process for advancmg the resin matrix of the clip preform 90 prior (o compression
molding or other curing process.

00391 The clip preform 90 may be cured usmg any of the usual curing or molding protocols
i the same manner as described above for the curing of the tlange support pretorm 60,
{ompression molding 1s a preferred process tor converting the preform 90 into the final awceraft
clip 70,

30048] Having thus described exemplary embodiments of the present mvention, it should be
noted by those skilled m the art that the within disciosures are exemplary only and that various
other altematives, adaptations and modifications may be made within the scope of the present
mvention.  Accordmgly, the present mvention 15 not bmgted by the above-described

cmbodiments, but 1s only Iimited by the following claims.
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CLAIMS:

l. A method for forming a fiber-reinforced composite structure comprising the steps of:

providing a pre-plied, multi-directional laminate comprising an interior and an
edge, said laminate comprising at least a first layer of prepreg and a second layer of prepreg
wherein each of said prepreg Iayers comprises an uncured resin matrix and unidirectional fibers
and wherein the direction of said unidirectional fibers in said first prepreg layer is difterent from
the direction of said unidirectional fibers in said second prepreg layer and wherein said laminate

comprises a first tab portion and a second tab portion;

folding said laminate to form a preform wherein said first tab portion and said second

tab portion overlap each other and are pushed together to form a portion of the preform; and

curing said preform to form said fiber-reinforced composite structure wherein the
portion of said preform that is formed by said first and second tab portions is cured to form a

cured portion of said composite structure.

2. ' A method for forming a fiber-reinforced composite structure according to claim |
wherein said laminate comprises at least two fold lines along which said laminate is folded during

formation of said preform and wherein said fold lines intersect each other.

3. A method for forming a fiber-reinforced composite structure according to claim |
wherein said laminate comprises at least one linear slot that extends from the interior of said

laminate to the edge of said laminate, said linear slot defining an edge of said first tab portion and

said second tab portion.

4. A method for forming a fiber-reinforced composite structure according to claim 2
wherein said laminate comprises at least one linear slot that extends from the interior of said
laminate to the edge of said laminate, said linear slot defining an edge of said first tab portion and

said second tab portion and wherein said linear slot is collinear with at least one of said fold lines.

. A method for forming a fiber-reinforced composite structure according to claim 4
wherein said linear slot extends from the intersection of said fold lines to the edge of said

laminate.

-10 -
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6. A method for forming a fiber-reinforced composite structure according to claim |
wherein said laminate comprises at least one fold line and wherein said fold line is heated prior to

folding said laminate to form said preform.

7. A fiber-reinforced composite structure that is made according to a method

comprising the steps of:

providing a pre-plied, multi-directional laminate comprising an interior and an
edge, said laminate comprising at least a first layer of prepreg and a second layer of prepreg
wherein each of said prepreg layers comprises an uncured resin matrix and unidirectional fibers
and wherein the direction of said unidirectional fibers in said first prepreg layer is different from
the direction of said unidirectional tibers in said second prepreg layer and wherein said laminate

comprises a first tab portion and a second tab portion;

folding said laminate to form a preform wherein said first tab portion and said second

tab portion overlap each other and are pushed together to form a portion of the preform; and

curing said preform to form said composite structure wherein the portion of said
preform that 1s formed by said first and second tab portions is cured to form a cured portion of

sald composite structure.

8. A fiber-reinforced composite structure according to claim 7 wherein said laminate
comprises at least two fold lines along which said laminate is folded during formation of said

preform and wherein said fold lines intersect each other.

9. A fiber-reinforced composite structure according to claim 7 wherein said laminate
compi‘ises at least one linear slot that extends from the interior of said laminate to the edge of said

laminate, said linear slot defining an edge of said first tab portion and said second tab portion.

1 0. A fiber-reinforced composite structure according to claim 8 wherein said laminate
comprises at least one linear slot that extends from the interior of said laminate to the edge of said
laminate, said linear slot defining an edge of said first tab portion and said second tab portion and

wherein said linear slot is collinear with at least one of said fold lines.
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11. A fiber-reinforced composite structure according to claim 10 wherein said linear

slot extends from the intersection of said fold lines to the edge of said laminate.

12. A fiber-reinforced composite structure according to claim 7 wherein said
composite laminate comprises at least one fold line and wherein said fold line s heated prior to

folding said laminate to form said preform.

13. A preform for use in forming a fiber-reinforced composite structure, said preform

being made according to a method comprising the steps of:

providing a pre-plied, multi-directional laminate comprising an interior and an
edge, said laminate comprising at least a first layer of prepreg and a second layer of prepreg
wherein each of said_ prepreg layers comprises an uncured resin matrix and unidirectional fibers
and wherein the direction of said unidirectional fibers in said first prepreg layer is difterent from
the direction of said unidirectional fibers in said second prepreg layer and wherein said laminate

comprises a first tab portion and a second tab portion; and

folding said laminate to form said preform wherein said first tab portion and said

second tab portion overlap each other and are pushed together to form a portion of the preform.

14. A preform according to claim 13 wherein said laminate comprises at least two fold
lines along which said laminate is folded during formation of said preform and wherein said fold

lines intersect each other.

5. A preform according to claim 13 wherein said laminate comprises at least one
linear slot that extends from the interior of said laminate to the edge of said laminate, said linear

slot defining an edge of said first tab portion and said second tab portion.

16. A preform according to claim 14 wherein said laminate comprises at least one
linear slot that extends from the interior of said laminate to the edge of said laminate, said linear
slot defining an edge of said first tab portion and said second tab portion and wherein said linear

slot 1s collinear with at least one of said fold lines.

17, A preform according to claim 16 wherein said linear slot extends from the

intersection of said fold lines to the edge of said laminate.

212 -
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18. A preform according to claim 13 wherein said composite laminate comprises at

least one fold line and wherein said fold line is heated prior to folding of said laminate to form

sald preform.
19. An aerospace assembly comprising a:
5 a first aircraft part;

a second aircraft part;

a fiber-reinforced composite structure according to claim 7 that connects said first

aircraft part to said second aircraft part.

20. An aerospace assembly according to claim 19 wherein said first and second aircraft parts

10 are load-bearing elements of said aircraft.

- 13 -
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