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A METHOD AND SYSTEM FOR FABRICATING A COMPOSITE

STRUCTURE

Field

The present disclosure generally relates to thedation of composite structures and in
particular relates to a method and system for ¢alting a composite structure.
Background

Composite structures are typically fabricated byrua resin in a composite preform
formed of multiple plies of reinforcing fibres. &me form, the plies are pre-impregnated with
resin, each forming what is referred to as a pigepthe, with the prepreg plies being stacked in a
laminate form to form the composite preform. loter form, a stack of dry plies formed of
woven or braided fibres and/or chopped strand meaindused with resin under vacuum pressure
prior to curing the resin.

To cure the resin, the resin impregnated compesét®rm is typically located within an
oven or autoclave that is gradually heated to &@kl@ temperature for cure of the resin, and held
at that temperature for a set period of time tausmfull curing of the resin. The resin curing
process for thermosetting resins used in the faboic of composite structures is an exothermic
reaction. Heat energy is released during the gyrocess in order to form crosslinks. The
energy released to form the crosslinks is geneadiorbed by the surrounding environment.
However, depending on the manner in which the nedireated, the resin may release energy at
a faster rate than the surrounding environmeniataorb it. This may result in exothermic
overheating of the composite preform, with the terapure of the composite preform exceeding
the set cure temperature of the oven during tha pesing process.

Figure 1 depicts a typical temperature profile dgrihe initial heating to cure
temperature phase of the resin curing process,entheroven temperature is ramped up to the
set cure temperature (about 182n the example shown) and then held at the @mpeérature.
The temperature of the composite preform, measairadset location on the upper surface of the
composite preform with a thermocouple, initiallg$athe air temperature of the oven, but
gradually increases toward and then exceeds theteweperature, as a result of the increased
heat energy generated through the exothermic duteaesin. In the example shown, the local
temperature of the upper surface of the composéitpn reaches a peak of about 495

As a result of the potential for this exothermi@dwating of the composite preform, the
rate of increase of temperature of the oven, arxirman set cure temperature of the oven,

needs to be controlled to avoid the curing compasitucture from reaching excessive
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temperatures which may adversely impact the mechbpioperties of the cured composite
structure. In particular, localised portions of tomposite preform may be subjected to
excessive exothermic overheating. This may pddiube the case in thicker regions of the
composite preform, such as where additional pliesgilised to form what is referred to as
“padups”. Padups are typically utilized in areha composite structure subject to increased
local stresses, such as at metal fitting attachmeints. Padups generally have a higher volume
of resin per unit of preform surface area, givenititreased thickness of preform and thus resin.
Such thicker portions may thus be more susceptibéxcessive exothermic heat build-up during
exothermic curing of the resin, due to the incrdasdume of resin. Localised hotspots may
also develop as a result of temperature inconsigenvithin the oven.

This problem is typically managed by reducing thkieroheating rate during the transition
to cure of the resin, to ensure more gradual agipdic of thermal energy during the time at
which the resin is most likely to release excessivergy. This may, however, result in the cure
profile being so slow that the composite structarat risk of falling below minimum heating
rate requirements for appropriate cure of the regimecrease in the heating rate also increases
the total time required for cure of the compositadure, thereby reducing production rates.

The present disclosure is made bearing the abml@gmn in mind.

Summary

The present disclosure is generally directed tethod and system for fabricating a
composite structure. According to embodimentefgdresent disclosure, a heat sink is utilised
to conduct heat away from a portion of a compgwmiédorm during cure. Such a heat sink may
thus be located in proximity to a portion of a casipe preform that may otherwise be subject to
excessive exothermic heating of resin during thréngwcycle. In certain embodiments, the heat
sink may be a passive heat sink formed of an eedwilc material, such as a thermoplastic
patch, which melts to absorb energy, whilst in o#rabodiments the heat sink may be an active
heat sink, such as a thermoelectric cooling device.

According to one aspect, the present disclosureigegs a method of fabricating a
composite structure. A composite preform havingipper surface and an opposing lower
surface is provided. The upper and lower surfaeed define a preform major surface. A heat
sink is located in proximity to one of the prefomajor surfaces so as to extend across only a
portion of the composite preform. The heat sinkstdoes not extend across the entire preform

major surface. A resin is cured in the composiegqrm to form the composite structure. The
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resin cures exothermically. During curing of tleein, heat is conducted away from the portion
of the composite preform into the heat sink.

In certain embodiments, the heat sink is a padsdat sink formed of an endothermic
material. The passive heat sink may comprise mhyglastic patch. The patch melts during
curing of the resin, absorbing heat during melbhthe patch.

In alternative embodiments, the heat sink is aivadteat sink. The active heat sink may
comprise a thermoelectric cooling device. Thertteslectric cooling device is operated during
curing of the resin to conduct heat away from thgipn of the composite preform.

In typical embodiments, the method further compgriseating the lower surface of the
composite preform on an upper tool surface of & tddirst vacuum bagging film is placed
over the composite preform and sealed relativeéddol surface to define a sealed first cavity
between the first vacuum bagging film and the taoface. The composite preform is located in
the first cavity. At least partial vacuum pressigrapplied to the first cavity during curing ogth
resin. The heat sink is located above the firstiuan bagging film in proximity to the upper
surface of the composite preform.

In certain embodiments, the method further comprdacing a second vacuum bagging
film over the first vacuum bagging film and heatksand sealing the second vacuum bagging
film relative to the tool surface to define a set@avity between the first and second vacuum
bagging films. At least partial vacuum pressurapplied to the second cavity during curing of
the resin. The heat sink is located in the secavity.

The composite preform may have a non-uniform thessrmeasured between the upper
and lower surfaces, in which case the portion efabmposite preform may have a thickness
greater than an average thickness of the compasferm.

In certain embodiments, the method may further agapnfusing the resin into the
composite preform prior to curing of the resin.

In alternative embodiments, the composite preforay comprise a plurality of plies of
prepreg composite material. In such a configunatibe resin is pre-impregnated in the prepreg
composite material.

According to a second aspect, the present disdgsavides a system for fabricating a
composite structure. The system includes a cortgopeeform having an upper surface and an
opposing lower surface. The upper and lower sad@ach define a preform major surface. The
system further includes an exothermically curingimeeither to be infused into the composite
preform, or pre-impregnated in the composite prafewhen in the form of a prepreg composite
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material). A heat sink is located in proximitydoe of the preform major surfaces so as to
extend across only a portion of the composite prefoThe heat sink thus does not extend across
the entire preform major surface. A heat sourgeasided for heating the composite preform to
cure the resin.

In certain embodiments, the heat sink is a passdat sink formed of an endothermic
material. The passive heat sink may comprise rmthglastic patch. The thermoplastic patch
has a melting temperature less than an exotherkntpagerature of the resin.

In alternative embodiments, the heat sink is aivatteat sink. The heat sink may
comprise a thermoelectric cooling device.

In typical embodiments, the system further comgreséool having an upper tool surface.
The lower surface of the composite preform is ledain the tool surface. A first vacuum
bagging film extends over the composite preformiarskaled relative to the tool surface to
define a first cavity between the first vacuum bagdilm and the tool surface. The composite
preform is located in the first cavity. A vacuuousce communicates with the first cavity. The
heat sink is located above the first vacuum bagfiimgin proximity to the upper surface of the
composite preform.

In certain embodiments, the system further compréssecond vacuum bagging film
extending over the first vacuum bagging film ane tieat sink. The second vacuum bagging
film is sealed relative to the tool surface to defa second cavity between the first and second
vacuum bagging films. The vacuum source commuescaith the second cavity and the heat
sink is located in the second cavity.

In certain embodiments, the composite preform hasnauniform thickness measured
between the upper and lower surfaces. The poofidtime composite preform may have a
thickness greater than an average thickness afoimposite preform.

In certain embodiments, the resin is to be infustathe composite preform.

In alternative embodiments, the composite prefoomprises a plurality of plies of
prepreg composite material containing the resin.

The features described above may be implementegamdiently in various
embodiments of the present disclosure or may béowed in the other embodiments as will be

appreciated by a person skilled in the art.

Drawings
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Preferred embodiments of the present disclosulena be described, by way of
examples only, with reference to the accompanynmagvohgs wherein:

Figure 1 is a graph depicting a cure temperatuvél@ifor a typical prior art composite
curing process;

Figure 2 is a schematic plan view of a systemdbritating a composite structure
according to a first embodiment;

Figure 3 is a schematic cross-sectional view okfstem of Figure 2 taken at cross-
section 3-3;

Figure 4 is a graph depicting the melting profilerarious thermoplastic materials;

Figure 5 is a schematic cross-sectional view ofséesn for fabricating a composite
structure according to a second embodiment, takarcess-section equivalent to Figure 3;

Figure 6 is a schematic cross-sectional view ofséesn for fabricating a composite
structure according to a third embodiment, takes @bss-section equivalent to Figure 3;

Figure 7 is a schematic cross-sectional view ofséesn for fabricating a composite
structure according to a fourth embodiment, takem@oss-section equivalent to Figure 3;

Figure 8 is a schematic cross-sectional view ofséesn for fabricating a composite
structure according to a fifth embodiment, takea atoss-section equivalent to Figure 3; and

Figure 9 is a flow chart of an exemplary methodfédaricating a composite structure.
Detailed Description

Methods and systems according to exemplary embaodgwé the present disclosure will
now be described in detail. In general, methodalmficating a composite structure according to
the present disclosure include providing a compgsieform having opposing upper and lower
surfaces that each define a preform major surféckeat sink is located in proximity to one of
the preform major surfaces (that is, the uppeowel surface) so as to extend across only a
portion of the preform major surface. Thus thetlsgzk thus does not extend over the entire
preform major surface. The heat sink may be aiyageat sink formed of an endothermic
material, such as a thermoplastic patch that rdeltisig the resin curing process, or an active
heat sink, such as a thermoelectric cooling devResin in the composite preform is cured to
form the composite structure, with the resin cuergthermically. During curing of the resin,
heat is conducted away from the localized regiothefpreform major surface into the heat sink.
The heat sink may thus be applied to specific postiof the composite preform that would
otherwise be subject to excessive exothermic hgaltiming curing. The method may be applied

to composite structure fabrication processes inmglvesin infusion of a dry preform, or
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alternatively may be applied to composite structaleication processes involving prepreg
composite materials.

Now referring to Figures 2 and 3 of the accompagyrawings, a system 100 for
fabricating a composite structure according tast Bmbodiment will now be described. The
system 100 has a composite preform 10 having aerugpface 14 and an opposing lower
surface 15. The upper and lower surfaces 14, @b @afine a preform major surface. In the
first embodiment, the composite preform 10 is afgigform to be infused with an
exothermically curing resin provided in a resin@yd41. A heat sink, which in the first
embodiment is a passive heat sink formed of antbedmic material, is located in proximity to
one of the preform major surfaces, and particuldréyupper surface 14 in the first embodiment.
Endothermic materials are materials that absorbggnéypically by a phase change or chemical
reaction, when exposed to heat. In the first embedt, the passive heat sink is in the form of a
thermoplastic patch 120. The thermoplastic patdhed@ends across only a portion 16 of the
upper surface 14. The thermoplastic patch 120¢ktends only over a region of the upper
surface 14 having a smaller area than the total @iréhe upper surface 14 and does not extend
across the entire upper surface 14. The systetimefucomprises a heat source, which may be in
the form of an oven 170 (or autoclave), for heathmgcomposite preform 10 to cure the resin,
following resin infusion. The oven 170 may alsoutiézed to heat the composite preform 10
and resin supply 141 for resin infusion, as willdiscussed below.

In the configuration of the first embodiment depitin Figures 2 and 3, the system is of
a single vacuum bag composite layup configuratilmnthis configuration, the system 100 has a
tool 110 having an upper tool surface 111, withltveer surface 15 of the composite preform 10
being located on the tool surface 111. A vacuugglray film 130 extends over the composite
preform 10 and is sealed relative to the tool srfhll to define a sealed first cavity 140
between the vacuum bagging film 130 and the todhsa 111. The composite preform 10 is
located in the first cavity 140. In the first endment, the thermoplastic patch 120 is located in
proximity to the upper surface 14 of the compogreform 10, particularly being located
directly on top of the vacuum bagging film 130.

The tool 110 may be formed of any of various stritadtmaterials, including mild steel,
stainless steel, invar or a carbon composite natidrat will maintain its form at elevated
temperatures associated with curing, so as to gecwigeometrically stable tool surface 111
though the resin curing process. The tool surfddemay be substantially flat for the
production of composite structures having a sulbisténflat lower surface, such as wing or
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fuselage skin panels, or otherwise shaped as desiras to provide a shaped surface of a non-
planar composite structure.

The composite preform 10 may take any form suitédrieesin infusion and as dictated
by the geometric and structural requirements ofdhenated composite structure to be
fabricated. The composite preform 10 may commikeyup of multiple plies of reinforcing
material, each formed of woven or braided fiberd/anchopped strand mat. The preform plies
may be formed of any of various reinforcing fibessch as carbon, graphite, glass, aromatic
polyamide or any other suitable material for fahtilng a resin reinforced laminated composite
structure. The plies may form a dry preform, withany resin, or alternatively the preform may
have some pre-existing resin content prior to #s&nrinfusion process. The composite preform
10 is located on the tool surface 111 with the losteface 15 of the preform 10 oriented on the
tool surface 111 such that the lower surface oféiselting cured composite structure will match
the form of the tool surface 111. The compositfggm 10 located on the tool surface 111 has a
laterally extending downstream edge 11, an oppdaiegally extending upstream edge 12 and
opposing longitudinally extending side edges I8the context of the present specification,
upstream and downstream sides of the compositerprelfO are identified with reference to the
direction of flow of resin, as will be further deged. The preform 10 may take any desired
shape corresponding to the shape of the laminategbasite structure to be formed.

The composite preform may have a uniform thickrgsalternatively as depicted in the
embodiment of Figures 2 and 3, the composite pref® may have a non-uniform thickness as
measured between the upper and lower surfaceb1& drticularly, in the arrangement
depicted, the portion 16 of the composite prefofhhas a thickness greater than an average
thickness of the composite preform 10. In the Brebodiment, the thicker portion 16 of the
composite preform 10 is in the form of a padup,ifgan increased thickness as a result of
being provided with additional plies of reinforcintaterial to provide local structural
reinforcement. Padups, and other portions of caitg@@reforms having a locally increased
thickness, generally have a higher volume of rpsinunit of preform surface area once resin
infused, given the increased thickness of prefanchtaus resin. Such thicker portions may thus
be more susceptible to excessive exothermic helakbp during exothermic curing of the resin,
due to the increased volume of resin. Other postaf the composite preform 10 that do not
have an increased thickness may also be subjegbtbermic heat build up, such as resulting
from uneven temperatures within the oven 170, hod suitable for application of the

thermoplastic patch 120.
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The resin supply 141 communicates with the firsitgal40 through one or more resin
infusion inlets 112 extending through the tool bh0the upstream side of the composite preform
10, via one or more resin supply pipes 146. Thareupply pipes 146 are typically formed of
copper. A first vacuum source 151 communicateh thie first cavity 140 through one or more
vacuum outlets 113 extending through the tool 1@ downstream side of the composite
preform 10, via one or more vacuum outlet pipes ¥84ch are also typically formed of copper.
Rather than communicating the resin supply 141fasidvacuum source 151 with the first
cavity 140 via the resin infusion inlet 112 andwam outlet 113 extending through the tool 110,
it is also envisaged that the resin supply 141fastdvacuum source 151 may communicate with
the first cavity 151 through the vacuum baggingfil30. In such a configuration, apertures
may be formed in the vacuum bagging film 130 armdmmainicated with the resin supply 141 and
first vacuum source 151, sealing around the apestuin the embodiment depicted, the resin
supply 141 also communicates with a second vacuunts 155 via a second vacuum pipe 157.

A flow path 142 extends from the resin supply lifitough the first cavity 140, the
composite preform 10 and to the first vacuum so@fe An upstream portion of the flow path
142 comprises the resin supply pipe(s) 146 and iafision inlet 112 extending through the
tool 110. A mid portion of the flow path 142, dedd by the first cavity 140, is formed by the
composite preform 10 and various layers of layupennas located beneath the vacuum bagging
film 130. The layup materials include a permeaddel ply 145 located directly on, and
extending over, the entirety of the composite praf@0, beyond each of the edges 11, 12, 13 of
the composite preform 10, with a downstream porlid# of the peel ply 145 extending
downstream of the downstream edge 11 of the corgppseform 10. A layer 147 of permeable
flow media is placed over the peel ply 145 and mad$ebeyond the upstream edge of the peel ply
145 to beyond the resin infusion inlet(s) 112. Tdyer 147 of permeable flow media extends to
beyond the downstream edge 11 of the compositenpnefO but does not cover the entirety of
the downstream portion 144 of the peel ply 145e peel ply 145 serves to prevent the layer 147
of permeable flow media from sticking to the compopreform 10 and also provides a path for
infusion of resin into the composite preform 10thbalong the upstream edge 12 of the
composite preform 10 and through the upper suridcef the composite preform 10. The peel
ply 145 also allows volatiles given off during augiof the resin to be drawn away from the
composite preform 10. The peel ply 145 also ctutsts a permeable flow media, and may
suitably be in the form of a PTFE coated fibergkassic, such as Release Eag84, available
from AirTech International Inc, or any other perrleapeel ply material. The layer 147 of
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permeable flow media provides a passage for the tieough the first cavity 140 along the top
of the composite preform 10, along with a pathtf@ escape of volatiles from the first cavity
140. The layer 147 of permeable flow media mayaslytbe in the form of a nylon mesh
material, such as Plastifté6231 also available from AirTech International,locany other
highly permeable media enabling passage of resiethrough.

A downstream portion of the flow path 142 compriadarther strip 143 of permeable
flow media, the vacuum outlet(s) 113 and vacuune(@pl54. The strip 143 of permeable flow
media extends across the downstream edge of thesti@am portion 144 of the peel ply 145
and extends further downstream across the vacutiet(@) 113. The strip 143 of permeable
flow media is typically formed of the same mategalthe layer 143 of permeable flow media.
A gap is located between the layer 147 and stripdipermeable flow media.

The vacuum bagging film 130 extends over the etdyap formed by the composite
preform 10, peel ply 145 and layer 147 and strip @épermeable flow media. Any of various
vacuum bagging film materials may be utilized, utthg but not limited to Airtech WL7400 or
SL800 vacuum bagging films available from Airteaternational Inc. The vacuum bagging film
130 is sealed relative to the tool surface 111 atfmuperiphery of the vacuum bagging film 130
by way of strips 131 of sealing tape, which maywvasmently be in the form of a mastic sealant
tape, such as GS-213-3 sealant tape availableAiohech International Inc.

As may be best appreciated from Figure 3, the vadoagging film 130 defines the
upper boundary of the resin flow path 142. Indhp located between the layer 147 and strip
143 of permeable flow media, the vacuum baggimg 1ik2 restricts the thickness of the flow
path 142 between the tool upper surface 111 angdivadagging film 130 to the downstream
portion 144 of the peel ply 145, which is typicatliya reduced permeability as compared to the
layer 147 of permeable flow media. All downstreffow of resin is thus restricted through the
downstream portion 144 of the peel ply 145, whiefirtes a permeable resin flow control choke.

The thermoplastic patch 120 is configured to mélemwthe thicker portion 16 of the
composite preform 10 is subject to excessive exotiveheat build-up during exothermic cure of
the resin 141. In particular, the thermoplastitcpd20 may be selected such that it has a
melting temperature exceeding the temperature attvithe resin 141 is infused (which may be
at an elevated temperature, typically of the oodet00 to 116C), and equal to or less than the
peak exotherm temperature of the resin 141 thatovatherwise be experienced during cure
without the thermoplastic patch 120 (as may bergeted by a trial cure cycle without the
thermoplastic patch 120). Different epoxy resiraymelease heat energy as a result of
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crosslinking during the cure process at differemiperatures, depending on the resin selected.
For example, one epoxy resin commonly used in riegiusion applications, HexFlow® RTM6,
available from Hexcel Corporation, can begin retegenergy from about 140 during heating
to cure temperatur&or certain cure profiles, with a typical cure tergiure of 18%C,
HexFlow® RTM6 may have a peak exotherm temperaifisbout 190 to 20T. Selecting a
thermoplastic material for the thermoplastic pdt2b with a melting temperature less than the
peak exotherm temperature, and particularly lymthe range at which the resin releases energy
faster than it can be absorbed by the surroundimg@ment (about 15C to 18C for the
example depicted in Figure 1) may be appropriateie with typical epoxy resins.

Figure 4 provides a graph depicting the meltindijgof various thermoplastic
materials, as sourced from
http://us.mt.com/dam/LabDiv/Campaigns/MPE2013/penfance_plastics/download/thermal_an
alysis_of thermoplastics.pdf. The graph of Figligepicts the heat flux of each thermoplastic
material plotted against temperature through thiimgeprocess, with the trough in each graph
representing the endothermic melting process. Winese thermoplastic materials are heated to
a temperature corresponding to the endothermigkramd melting, the melting phase change
comprises an endothermic reaction, allowing thentioplastic patch 120 to act as a heat sink by
absorbing heat. When the exothermic curing oféisen results in excessive heat energy being
released by resin within the portion 16 of the com@ preform 10, heat transfers from the
upper surface 14 of the composite preform 10 aptitgon 16 to the lower surface of the
thermoplastic patch 120, due to its proximity. Thermoplastic patch 120 should thus be
located in sufficient proximity to the upper suiatA (or lower surface 15) of the composite
preform 10 to allow this heat transfer. When thertioplastic patch 120 is heated to a
temperature corresponding to the endothermic tr@ughnd the melting temperature of the
thermoplastic material, the thermoplastic patch 42€orbs heat energy as it melts, thereby
conducting heat away from the portion 16 of the posite preform 10. For an epoxy resin
having an exotherm peak temperature of aroundd20@C, and a rate of heat energy release
exceeding the rate of energy absorption by therenment over the range of around 150 to
18dC, polyoxymethylene (POM), which has an endothermiicgh and melting temperature at
about 170 to 18T may be suitable for the thermoplastic patch] 1Z0ther thermoplastic
materials with endothermic troughs and meltingpatdr temperatures may also be suitable,
including high density polyoxyethylene (HPPE) whigs an endothermic trough and melting
temperature within the range of about 43@o 148C, or polypropylene (PP) which has an

10
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endothermic trough and melting temperature withinrange of about 180 to 170C. Other
thermoplastic materials (or combinations of mudtiiermoplastics) may alternatively be
selected to suit particular applications and regipart from epoxy resins, other suitable
thermoset resins used for resin infusion that eldobit a positive heat of reaction during curing
(and therefore possible exothermic behavior) malude bismaleimide, benzoxazine,
polyimide, cyanate esters and polyamide-imide gesin

The thermoplastic patch 120 may be formed withsing or shape to suit the specific
application, and will generally be sized and shapegkenerally correspond to the upper surface
of the portion 16 of the composite preform 10 ibausceptible to experiencing excessive
exothermic heating as a result of local exothetmeicavior of the resin during cure. For any
given portion 16, a single thermoplastic patch @iy be applied or, alternatively, multiple
smaller thermoplastic patches 120 may be applied.also envisaged that thermoplastic
patches 120 may be applied to multiple portionsssthe upper surface 14 of the composite
preform 10 as appropriate where multiple portioragy ine susceptible to excessive exothermic
heating. The size and location of portions 16ajmplication of one or more thermoplastic
patches 120 may be determined through simple assessnd identification of regions of the
composite preform 10 that have a higher resin crttee to locally increased thickness, or
through trial and error in processing sample contp@seforms without the use of any heat sink,
identifying, by way of thermocouple, areas of logaérheating. Alternatively, computational
modelling may be utilized to identify regions thall likely be susceptible to excessive
exothermic heating.

In use, once the system 100 has been assembléstassid above, the resin supply 141
is heated to bring the resin to a suitable redumsion temperature. Typically the entire system is
heated within the oven 170 that is also used fbssquent curing. The temperature for resin
infusion will be dependent upon the resin systeitized, and will typically be selected to
provide a suitable viscosity enabling the resifider through the resin flow path 14Zor
epoxy resins, a suitable infusion temperature neaipntthe range of 100 to 1AM

At least partial vacuum pressure is applied todinenstream end of the first cavity 140,
via the first vacuum source 151 and vacuum oujl&f{8. A smaller partial vacuum (i.e., a
higher absolute pressure) may also be appliedetoetsin supply 141, by way of a second
vacuum source 155 connected to a second vacuunipipes shown in Figure 3. Where
partial vacuum is applied to the resin supply 1¢1he second vacuum source 155, a pressure
differential may be maintained between the firstuan source 151 and second vacuum source

11
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155 such that the absolute pressure at the vacutiet(s) 113 applied by the first vacuum
source 151 is lower than the absolute pressuteeatesin supply 141. In one example, a full
vacuum (0 mbar / 0 kPa absolute pressure) may fleedby the first vacuum source 151 and a
higher pressure / lower vacuum of 500 to 800 mbaokte pressure (50 to 80 kPa) may be
applied to the second vacuum source 155, therabyding a pressure differential of the same
amount driving resin from the resin supply 141 tlyio the resin flow path 142. Full vacuum
pressure may also be applied to the resin supdlyb¥4he second vacuum source 155 prior to
resin infusion to degas the resin.

Maintaining at least partial vacuum on the resippbyiensures at least a partial vacuum
is maintained throughout the first cavity 140. Aspberic pressure acting on the composite
preform 10 through the vacuum bagging film 130,lgyer 147 of permeable flow media and
the peel ply 145 acts to consolidate the compgsééorm 10. Resin moves through the first
cavity 140 along a wave front, through the layer dfipermeable flow media, which will
generally have a greater permeability than bothpted ply 145 and the composite preform 10,
thus forming the path of least resistance. Reasgsipg through the layer 147 of permeable flow
media will infuse down through the less permealelel ply 145 and into the preform 10. Some
resin will also flow laterally through the upstreaaige 12 of the composite preform 10 and, to a
lesser degree, through the opposing side edgekth® ocomposite preform 10. Having the
downstream edge 11 of the layer 147 of permeabwe rihedia finish short of both the strip 123
of permeable flow media and the downstream podigh of the peel ply 145 prevents resin
bypassing the preform 10 and simply being drawaubh the layer 147 of permeable flow
media directly into the vacuum outlet(s) 113. Taie of advance of the resin wave front is
inhibited by forcing the resin to pass downstreangitudinally through a permeable resin flow
control choke defined by the downstream portion G#the peel ply 145 once it passes the
downstream edge 11 of the composite preform 1Qtedownstream edge of the layer 147 of
permeable flow media.

Once the composite preform 10 has been fully nedused, the resin infused composite
preform 10 may then be cured by gradually elevatwegtemperature of the oven 170 to a
temperature suitable for curing of the resin. typical epoxy resins, curing temperatures of the
order of 186C to 206C will be typical. Full vacuum is typically mairiteed on the first vacuum
source 151 during the curing process, to ensureethie infused composite preform 10 remains
consolidated and to assist in curing of the re#fithe curing resin within the portion 16 of the
composite preform 10 starts to exhibit exothern@bdviour and locally overheat the portion 16,

12



10

15

20

25

30

also heating the thermoplastic patch 120 to a teatyes exceeding its melting temperature, the
thermoplastic patch 120 will melt, thereby condugtiheat away from the portion 16 of the
composite preform 10, with the heat being absotbexigh the endothermic reaction of the
melting process. As a result, the oven 170 maydaged to curing temperature more rapidly,
and potentially to a higher curing temperaturediaicker cure, than otherwise available without
the use of the thermoplastic patch 120, with aehes®d risk of overheating the portion 16 of the
composite preform 10. More rapid process cyclesmvhilst maintaining reliable cure, may
thus be obtained.

Vacuum bagging films typically exhibit some air perability, particularly at elevated
temperatures associated with resin infusion ané&n cure. Accordingly, one potential
deficiency of the single vacuum bag configuratiéthe resin infusion system 100 of the first
embodiment is that, with vacuum applied duringdheng process, air may permeate through
the vacuum bagging film 130 and into the compgsieform 10, potentially resulting in porosity
and resin starvation within the cured compositeitate. A double bag resin infusion system is
thus envisaged in an effort to minimize or avoidrsair permeation, by providing a second
vacuum bagging film covering the first vacuum baggiilm and applying vacuum pressure to
the second vacuum bagging film during both theragusion and curing stages of operation.

Figure 5 depicts a schematic cross-sectional vearrésponding to Figure 3) of such a
double-bag configuration of the system 100 of th&t €mbodiment, fabricating a system 200
according to a second embodiment. The system 2@ second embodiment is substantially
identical to the system 100 of the first embodimevith the addition of a second vacuum
bagging film 160 and associated breather layer A6tordingly, features of the system 200 of
the second embodiment that are identical to featof¢he system 100 of the first embodiment
are provided with identical reference numerals\aiidhot be further discussed.

In the system 200 of the second embodiment as tejiic Figure 5, the composite
preform 10 and associated consumable layers, sutttedayer 147 and strip 143 of permeable
flow media, peel ply 145 and first vacuum baggiihg .30, are first assembled in the same
manner as described above in relation to the sy&@hof the first embodiment. The
thermoplastic patch 120 is also located on thé ¥msuum bagging film 130 in the manner
described above in relation to the first embodimekbreather layer 161, typically being a
highly permeable fabric formed of fiberglass or like is then located over, and fully covering,
the first vacuum bagging film 130 and the thermsfptapatch 120. A suitable breather layer is a
breather cloth formed of a high film non-woven gsdter material, such as Airweave® N10,
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available from Airtech International Inc. The biteer layer 161 extends over a vacuum groove
114 that extends around the perimeter of the tadhse 111 and is connected to the first
vacuum source 151 (or a separate third vacuum sphycway of a third vacuum pipe 158. The
second vacuum bagging film 160 is then locatedteecthe entire breather layer 161 and is
sealed relative to the tool surface 111 by wayahker strips 162 of sealing tape, forming a
sealed second cavity 163 between the first andnsleecacuum bagging films 130, 160. The
composite preform 10 is resin infused and subsdtyueured using the same process as
described above in relation to the system 100 efitst embodiment, with at least a partial
vacuum being applied to the second cavity 163 batwvtiee first and second vacuum bagging
films 130, 160 by the first vacuum source 151 @pasate third vacuum source) throughout resin
infusion and curing. The second vacuum baggimg 1i60 and associated vacuum applied to the
second cavity 163 protects against any minor leaksciated with the first vacuum bag 130,
with the vacuum applied evacuating any air permegdatirough the second vacuum bagging film
160 toward the composite preform 10 through thatbier layer 161, rather than allowing it to
permeate through to the composite preform 10.

Figure 6 depicts a schematic cross-sectional vieamnother double-bag configuration,
forming a system 300 according to a third embodim@ine system 300 of the third
embodiment is substantially identical to the sysgf of the second embodiment, apart from
the location and arrangement of the thermoplastictp120. Accordingly, features of the
system 200 of the second embodiment that are wit features of the systems 100, 200 of the
first and second embodiments are provided withtidahreference numerals and will not be
further discussed.

Rather than locating the thermoplastic patch 12€herfirst vacuum bagging film 130, as
is the case with the second embodiment, in thesy800 of the third embodiment, the
thermoplastic patch 120 is located beneath theviasuum bagging film 130, on top of the layer
147 of permeable flow media. Such an arrangemamgdthe thermoplastic patch 120 in
slightly closer proximity to the upper surface 4he composite preform 10, slightly enhancing
heat transfer between the composite preform 1QGtserdhoplastic patch 120. To avoid the
possibility of the thermoplastic patch 120 from mgand adhering to the composite preform 10
upon melting, the thermoplastic patch 120 may coiergly be housed within a pocket 121 of
non-porous release film, such as Airtech A7250jlalvke from Airtech International Inc. The
thermoplastic patch 120 may alternatively be otlisewsolated from the composite preform 10
to avoid contact with melted thermoplastic materieihe system 300 of the third embodiment is
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operated in the same manner as the system 20@ séttond embodiment to form a composite
structure.

It is also envisaged that the system 100 of tls @&mbodiment may be modified to
locate the thermoplastic patch 120 beneath thewadagging film 130, preferably within a
pocket of release film or similar, in a similar man. The thermoplastic patch 120 could
alternatively be located on the exterior of eitther single-bag system 100 of the first
embodiment, on the vacuum bagging film 130, orfenexterior of the double-bag system 200,
300 of either of the second or third embodimentsthe second vacuum bagging film 160. It is,
however, preferred to locate the thermoplasticlp&®0 in greater proximity to the surface of
the composite preform 10 to enhance heat transterden the composite preform 10 and the
thermoplastic patch 120. It is still further eraged that, in the various embodiments described,
the thermoplastic patch 120 may be located in pndyito the lower surface 15 of the composite
preform 10 rather than upper surface 14. The thplastic patch 120 could be located on the
lower surface of the tool 110, particularly wherekatively thin tool is utilized. Alternatively,
the thermoplastic patch 120 could be located betwee tool surface 11 and the lower surface
15 of the composite preform 10, typically withipacket of non-porous release film. Such a
location may, however make an undesirable impninthe lower surface 15 of the composite
preform 10.

Figure 7 depicts a schematic cross-sectional vieavforther double-bag configuration
that is identical to the configuration of the syst200 of the second embodiment, apart from the
configuration of heat sink. Accordingly, featudghe system 400 of the fourth embodiment
that are identical to features of the systems @ffitist through third embodiments are provided
with identical reference numerals and will not belier discussed.

In the system 400 of the fourth embodiment, rathan utilizing a passive heat sink,
such as a thermoplastic patch, an active heatsiatdized. In the depicted embodiment, the
active heat sink is in the form of a thermoeleatooling device 420. Thermoelectric cooling
devices, otherwise commonly referred to as Paligsices or Peltier heat pumps, generate a heat
flux between two adjacent plates of differing mietisrupon application of a voltage cross the
plates. Commonly available thermoelectric deviegh maximum operating temperatures
exceeding the exotherm peak temperature of the besng utilized would be particularly
suitable. Such a thermoelectric cooling devicg tmautilized with the cooling side of the

thermoelectric device located in proximity to thgper surface 14 of the composite preform,
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thereby conducting heat away from the thickenediggod 6 of the composite preform 10 during
curing.

In the arrangement depicted in Figure 7, the thetewatric cooling device 420 is located
on the first vacuum bag 130, within the secondtgel63 between the first and second vacuum
bags 130, 160. A pair of wires 422, that are usexpply the voltage to the thermoelectric
cooling device 420, may pass along the secondyca@® and through to the exterior of the
system 400 through the sealing tape 162 sealinggbend vacuum bag 160 to the tool surface
111. Alternatively, the wires 422 could extendtigh an aperture formed in the second vacuum
bag 160, with the aperture appropriately sealed.

The system 400 of the fourth embodiment is operiai¢ide same manner as the system
200 of the second embodiment to form a compogitetsire except that, rather than conducting
heat away from the portion 16 of the compositeqrafl0 passively with the thermoplastic
patch 120, heat is conducted away actively by apegyghe thermoelectric cooling device 120
during the cure cycle.

Rather than locating the thermoelectric coolingicke¥20 on the first vacuum bagging
film 130, the thermoelectric cooling device 420 Ilcbalternatively be located on the exterior of
the system 400, on the second vacuum bagging 8@y dlthough it is preferred to located the
thermoelectric cooling device 420 in greater prairto the localized region 16 of the
composite preform 10. It is also envisaged thatttfiermoelectric cooling device 420 could be
located below the first vacuum bagging film 130thivi a pocket of release film, in a similar
manner to the arrangement of the thermoplastidde20 in the system 300 of the third
embodiment, or in proximity to the lower surfacedf3he composite preform 15.

Rather than utilizing a thermoelectric cooling aeviother forms of active heat sink are
also envisaged. One such alternative may be atoadiad coolant arrangement, in which a
series of tubes are arranged in proximity to theengurface 14 of the composite preform 10 at
the thickened portion 16 with coolant pumped thtotige tubes to conduct heat away from the
portion 16.

Figure 8 depicts a schematic cross-sectional vieavaystem 500 for fabricating a
composite structure according to a fifth embodimeéltie system 500 involves fabricating a
composite structure from prepreg composite mateagher than resin infusing a dry composite
preform as part of the process, as is the casethgtfirst through fourth embodiments. Features
of the system 500 of the fifth embodiment thatidentical or equivalent to features of the first
through fourth embodiments described above areigeedwvith like reference numerals.
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The composite preform 20 comprises a pluralitylaspof prepreg composite material.
With resin being pre-impregnated in the prepregmasite material there is no need for a resin
infusion process, as is the case with the firgiugh fourth embodiments. The composite
preform 20 has an upper surface 24 and an opptmsireg surface 25. The upper and lower
surfaces 24, 25 each define a preform major surfAdeeat sink, which may be a passive heat
sink formed of an endothermic material, such dseanoplastic patch 120 as described above, or
an active heat sink such as a thermoelectric cgpal@avice, is located in proximity to one of the
preform major surfaces, and particularly the umpeface 24 in the depicted embodiment. The
thermoplastic patch 120 extends across only agob6 of the composite preform 20. As with
the portion 16 of the first through fourth embodnts the portion 26 may be a portion of the
composite preform 20 that is susceptible to exeessxothermic heating during resin cure, such
as a thicker portion of the composite preform 20niag a padup. The system 500 further
comprises a heat source, which may again be ifotheof an oven (not depicted) for heating
the composite preform 20 to cure the pre-impreghegsin within the composite preform 20.

As with the first through fourth embodiments, tloenposite preform 20 is located on the
upper tool surface 111 of a tool 110 and a vacuagging film 130 is again sealed relative to
the tool surface 111 to define a sealed first gai4t0 between the vacuum bagging film 130 and
the tool surface 111, with the composite prefornic@@ted in the first cavity 140. Various
layers of layup materials are located beneath #teiwm bagging film 130. Specifically, a
permeable peel ply 145 is located directly on, exténds over, the entirety of the composite
preform 20. A bleeder layer 546 is located on, extegnds over, the permeable peel ply 145.
The bleeder layer 546 acts to absorb any excesshiegding from the composite preform 20
when compacted under atmospheric pressure, angmgimles a path for the escape of volatiles
during the curing procedure. A release film 54lbcated on and extends over the bleeder layer
546 so as to retain excess resin within the blelager 546 and prevent the same from sticking
to the breather layer 161 that is located on, amehels over, the release film 547. The breather
layer 161 extends beyond the composite prefornp@él, ply 145, bleeder layer 546 and release
film 547 to beyond a vacuum outlet 113 which comroaites with a first vacuum source 151 by
way of a vacuum pipe 154. The vacuum bagging 1i88 is sealed to the tool surface 111 by
way of strips 131 of sealing tape, as with the finsough fourth embodiments. In the
arrangement depicted, the thermoplastic patch 4 &fcated on the release film 547, which is
generally non-porous. The release film 547 willstiwevent the thermoplastic patch 120, when
melted, from mixing with and sticking to the compegreform 20. It is also envisaged,
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however, that the thermoplastic patch 120 may batéal beneath the release film 547, located
within a pocket of release film, in a similar manteethe third embodiment, with the release

film pocket acting to prevent the thermoplasticchat20 from mixing with or sticking to the
composite preform 20 upon melting. It is stillther envisaged that the thermoplastic patch 120
might be located on top of the vacuum bagging fil80, or in proximity to the lower surface 25
of the composite preform 20.

In use, once the composite preform 20 and layugmnadd have been assembled as
discussed above, at least partial vacuum pressgpieally full vacuum pressure (0 mBar/0 kPa
absolute pressure) is applied to the first cavt fhy the first vacuum source 151, thereby
allowing atmospheric pressure (or greater via ttie@han autoclave) acting on the exterior of
the vacuum bagging film 130 to act on the compgsiédorm 20 and compact the same. The
composite preform 20 may then be cured by gradeddiyating the temperature of the oven or
autoclave to a temperature suitable for curindghefresin. For typical epoxy resins, curing
temperatures of the order of £80to 200C will again be typical. Full vacuum is typically
maintained on the first vacuum source 151 durimgciliring process, to ensure the resin infused
composite preform 20 remains consolidated anddistas curing of the resin. If the curing
resin within the portion 26 of the composite preid®0 starts to exhibit exothermic behavior and
locally overheat the portion 26, also heating tiegroplastic patch 120 to a temperature
exceeding its melting temperature, the thermopaestich 120 will melt, thereby conducting
heat away from the portion 26 of the compositeq@raf20, with the heat being absorbed
through the endothermic reaction of the meltingcpes. As a result, the oven may be heated to
curing temperature more rapidly, and potentiallg tagher curing temperature for quicker cure,
than otherwise available without the use of therttoplastic patch 120, in a similar manner to
that described above in relation to the first tigtoéourth embodiments. In place of the
thermoplastic patch 120, the use of an active $ieatsuch as a thermoelectric cooling device as
described above in relation to the fourth embodingealso envisaged.

A general method of resin infusing the compositfgam as discussed above is depicted
in general terms in the flow diagram of Figure&t.block 401, a composite preform having an
upper surface and an opposing lower surface isigegdv The upper and lower surfaces each
defining a preform major surface. A block 402 eatsink is located in proximity to one of the
preform major surfaces so as to extend acrossaopbytion of the composite preform. At block

403, a resin is exothermically cured in the comiggsieform to form the composite structure. At
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block 404, during curing of the resin, heat is astdd away from the portion of the composite
preform into the heat sink.

Further, the disclosure comprises embodiments doupto the following clauses:

Clause 1. A method of fabricating a compositecstme, said method comprising:

providing a composite preform having an upperaaefand an opposing lower surface,
said upper and lower surfaces each defining a prefoajor surface;

locating a heat sink in proximity to one of sardfprm major surfaces so as to extend
across only a portion of said composite preform;

curing a resin in said composite preform to fora tomposite structure, said resin
curing exothermically; and

during curing of said resin, conducting heat atvayn said portion of said composite
preform into said heat sink.

Clause 2. The method of Clause 1 wherein locatuid Iseat sink comprises locating a
passive heat sink formed of an endothermic material

Clause 3. The method of Clause 2 wherein locatand) gassive heat sink comprises
locating a thermoplastic patch, said method furtdoenprising melting said patch during curing
of said resin, said patch absorbing said heat duralting of said patch.

Clause 4. The method of Clause 1 wherein locatm) Iseat sink comprises locating an
active heat sink.

Clause 5. The method of Clause 4 wherein locatand) active heat sink comprises
locating a thermoelectric cooling device, said rodtfurther comprising operating said
thermoelectric cooling device during curing of seedin to conduct heat away from said portion.

Clause 6. The method of any one of Clauses 1 twtbdr comprising:

locating said lower surface of said compositegarafon an upper tool surface of a tool;
and

placing a first vacuum bagging film over said casife preform and sealing said first
vacuum bagging film relative to said tool surfagaléfine a sealed first cavity between said first
vacuum bagging film and said tool surface, saidpasite preform being located in said first
cavity; and

applying at least partial vacuum pressure to faticavity during curing of said resin;

wherein said heat sink is located above saidyastium bagging film in proximity to

said upper surface of said composite preform.
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Clause 7. The method of Clause 6, further compisin

placing a second vacuum bagging film over sagt fiacuum bagging film and said heat
sink and sealing said second vacuum bagging filative to said tool surface to define a second
cavity between said first and second vacuum bagdiing; and

applying at least partial vacuum pressure to sa@mbnd cavity during curing of said
resin;

wherein said heat sink is located in said secawity.

Clause 8. The method of any one of Clauses 1 théfeun providing said composite
preform comprises providing a composite preformhwithon-uniform thickness measured
between said upper and lower surfaces, said posfisaid composite preform having a
thickness greater than an average thickness otesampbosite preform.

Clause 9. The method of any one of Clauses 1 firer comprising infusing said resin
into said composite preform prior to curing saisime

Clause 10. The method of any one of Clauses 1w8rein providing said composite
preform comprises providing a composite preform posmng a plurality of plies of prepreg
composite material, said resin being pre-impreghateaid prepreg composite material.

Clause 11. A system for fabricating a compositecstire, said system comprising:

a composite preform having an upper surface ammpposing lower surface, said upper
and lower surfaces each defining a preform majdasa;

an exothermically curing resin to be infused isséd composite preform, or pre-
impregnated in said composite preform;

a heat sink located in proximity to one of saidfprm major surfaces so as to extend
across only a portion of said preform major surfacel

a heat source for heating said composite preforaute said resin cure.

Clause 12. The system of Clause 11, wherein satidiek is a passive heat sink formed
of an endothermic material.

Clause 13. The method of Clause 12, wherein sadiyaheat sink comprises a
thermoplastic patch, said patch having a meltingpirature equal to or less than an exotherm
peak temperature of said resin.

Clause 14. The system of Clause 13 wherein saidsirdais an active heat sink.

Clause 15. The system of Clause 14 wherein sainedutat sink comprises a
thermoelectric cooling device.

Clause 16. The system of any one of Clauses 1% farther comprising:
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a tool having an upper tool surface, said lowefase of said composite preform being
located on said tool surface;

a first vacuum bagging film extending over saahposite preform and sealed relative to
said tool surface to define a first cavity betwsard first vacuum bagging film and said tool
surface, said composite preform being located ith faat cavity; and

a vacuum source communicating with said firsitgav

wherein said heat sink is located above saithfasuum bagging film in proximity to said
upper surface of said composite preform.

Clause 17. The system of Clause 16, further commgris

a second vacuum bagging film extending over Betlvacuum bagging film and said
heat sink and sealed relative to said tool sufackefine a second cavity between said first and
second vacuum bagging films:

wherein said vacuum source communicates withsegdnd cavity and said heat sink is
located in said second cavity.

Clause 18. The system of any one of Clauses 17 tehkrein said composite preform
has a non-uniform thickness measured between paiel @nd lower surfaces, said portion of
said composite preform having a thickness grehtar &n average thickness of said composite
preform.

Clause 19. The system of any one of Clauses 18&,ta/ierein said resin is to be infused
into said composite preform.

Clause 20. The system of any one of Clauses 18,talerein said composite preform
comprises a plurality of plies of prepreg composiierial containing said resin.

Persons skilled in the art will appreciate thatabeve specific embodiments described
above are merely examples of the present discloBarsons skilled in the art will appreciate
that the various features described in relatiodifferent embodiments may be used in
combination or as alternatives. Persons skillatiénart will also appreciate various other

modifications and alternatives to the embodimertscdbed.
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CLAIMS
1. A method of fabricating a composite structure, sagthod comprising:

providing a composite preform having an uppefazg and an opposing lower surface,
said upper and lower surfaces each defining a prefoajor surface;

locating a heat sink in proximity to one of sardfporm major surfaces so as to extend
across only a portion of said composite preform;

curing a resin in said composite preform to foh& composite structure, said resin curing
exothermically; and

during curing of said resin, conducting heat aivayn said portion of said composite
preform into said heat sink.
2.  The method of claim 1 wherein locating said heak somprises locating a passive heat
sink formed of an endothermic material.
3. The method of claim 2 wherein locating said pashe@&t sink comprises locating a
thermoplastic patch, said method further comprisiaiting said patch during curing of said
resin, said patch absorbing said heat during ngetifrsaid patch.
4.  The method of claim 1 wherein locating said heak somprises locating an active heat
sink.
5.  The method of claim 4 wherein locating said achieat sink comprises locating a
thermoelectric cooling device, said method furtt@nprising operating said thermoelectric
cooling device during curing of said resin to coctdheat away from said portion.
6. The method of any one of claims 1 to 5 further cosnpg:

locating said lower surface of said compositégrme on an upper tool surface of a tool;
and

placing a first vacuum bagging film over said gasite preform and sealing said first
vacuum bagging film relative to said tool surfageléefine a sealed first cavity between said first
vacuum bagging film and said tool surface, saidpasite preform being located in said first
cavity; and

applying at least partial vacuum pressure to eticavity during curing of said resin;

wherein said heat sink is located above saithfasuum bagging film in proximity to said
upper surface of said composite preform.
7.  The method of claim 6, further comprising:

placing a second vacuum bagging film over sagt fiacuum bagging film and said heat
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sink and sealing said second vacuum bagging filative to said tool surface to define a second
cavity between said first and second vacuum bagdimg; and

applying at least partial vacuum pressure to seabnd cavity during curing of said resin;

wherein said heat sink is located in said secawity.
8. The method of any one of claims 1 to 7 wherein fliog said composite preform
comprises providing a composite preform with a maiform thickness measured between said
upper and lower surfaces, said portion of said asit@ preform having a thickness greater than
an average thickness of said composite preform.
9. The method of any one of claims 1 to 8, further pagsing infusing said resin into said
composite preform prior to curing said resin.
10. The method of any one of claims 1 to 8, whereirvigiag said composite preform
comprises providing a composite preform comprisingurality of plies of prepreg composite
material, said resin being pre-impregnated in pagreg composite material.
11. A system for fabricating a composite structureg sgistem comprising:

a composite preform having an upper surface amapposing lower surface, said upper
and lower surfaces each defining a preform majdasa;

an exothermically curing resin to be infused is&d composite preform, or pre-
impregnated in said composite preform;

a heat sink located in proximity to one of saidfprm major surfaces so as to extend
across only a portion of said preform major surfacel
a heat source for heating said composite preforoute said resin cure.

12. The system of claim 11, wherein said heat sinkpassive heat sink formed of an
endothermic material.
13. The system of claim 12, wherein said passive hektc®mprises a thermoplastic patch,
said patch having a melting temperature equal tessrthan an exotherm peak temperature of
said resin.
14. The system of claim 13 wherein said heat sink iacive heat sink.
15. The system of claim 14 wherein said active hedt somprises a thermoelectric cooling
device.
16. The system of any one of claims 11 to 15 furthenjgoesing:

a tool having an upper tool surface, said lowefase of said composite preform being

located on said tool surface;

23



10

15

20

a first vacuum bagging film extending over sashposite preform and sealed relative to
said tool surface to define a first cavity betwsar first vacuum bagging film and said tool
surface, said composite preform being located ich faat cavity; and

a vacuum source communicating with said firsitgav

wherein said heat sink is located above saithfasuum bagging film in proximity to said
upper surface of said composite preform.

17. The system of claim 16, further comprising:

a second vacuum bagging film extending over Bestlvacuum bagging film and said heat
sink and sealed relative to said tool surface fmde second cavity between said first and
second vacuum bagging films:

wherein said vacuum source communicates withsaadnd cavity and said heat sink is
located in said second cavity.

18. The system of any one of claims 11 to 17 whereith @@mposite preform has a non-
uniform thickness measured between said upperawer Isurfaces, said portion of said
composite preform having a thickness greater tiaswvarage thickness of said composite
preform.

19. The system of any one of claims 11 to 18, wheraid gesin is to be infused into said
composite preform.

20. The system of any one of claims 11 to 18, wheraid somposite preform comprises a
plurality of plies of prepreg composite materiahtaining said resin.
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