5 10 An i nproved nmethod of and apparatus for naking a conposite
material Field of the Invention This invention relates to a nethod of,
and apparwbusiifiidoieo manuf act uri ng conposite 15materi al s. pBaakgoowstssho t he
I nvention Existing nethods of creating conposite materials often require
the use of arigid mould in which the materials are |aid before being
seal ed and shaped according to the nould. 20 Methods for making such
conposite materials include resin transfer noul ding, and resin infusion
under flexible tooling (RIFT). Such a systemis shown in Figure 1. RIFT
uses a rigid lower nmould 10, for exanple an alum nium base pl ate, being
either flat or shaped to a desired configuration, and a flexible upper
menbrane, or vacuum bag 20. The nould surface is coated with an appropriate
rel ease material 12, and dry fabric reinforcement 14 25 is laid onto the
mould 10. Dry fabric reinforcenent is fabric that does not contain any
resin. A layer of peel ply 16 is placed on top of the reinforcenent fabric
and an induction nmedium 18 placed on top of the peel ply. Peel ply is a
tightly woven fabric, often nylon, and inpregnated with sone type of

rel ease agent. The layers are then covered with a vacuum bag 20, which is
sealed to the base plate using tape 22. Aresin inlet 24 and air 30 outlet
26 are sealed within the vacuumbag. 2 A vacuum punp is connected to the
air ohtlet 26 and switched on until a vacuum of approximately -1 bar is
created within the vacuum bag before the vacuum punp is turned off and the
air outlet 26 sealed. Resin is then allowed to flow into the systemthrough

the resin inlet_ due tq the ErFssure diffe{ential. Because of the vacuum
within the ba%lﬂgagoved method of and apparatus for making a composite material

Field of the Invention

This invention relates to a method of, and apparatus for, manufacturing composite

15  materials.

Background to the Invention

Existing methods of creating composite materials often require the use of a rigid mould in
which the materials are laid before being sealed and shaped according to the mould.

20  Methods for making such composite materials include resin transfer moulding, and resin
infusion under flexible tooling (RIFT). Such a system is shown in Figure 1. RIFT uses a
rigid lower mould 10, for example an aluminium base plate, being either flat or shaped to
a desired configuration, and a flexible upper membrane, or vacuum bag 20. The mould
surface is coated with an appropriate release material 12, and dry fabric reinforcement 14

25 is laid onto the mould 10. Dry fabric reinforcement is fabric that does not contain any
resin. A layer of peel ply 16 is placed on top of the reinforcement fabric and an induction
medium 18 placed on top of the peel ply. Peel ply is a tightly woven fabric, often nyvlon,
and mpregnated with some type of release agent. The layers are then covered with a
vacuum bag 20, which is sealed to the base plate using tape 22. A resin inlet 24 and air

30  outlet 26 are sealed within the vacuum bag.



5 resinis drawn along the induction mediumuntil the whole '"lay-up' is
conpletely wet. The inlet and vacuum port are then sealed and the resin
cured undeo 2bh3egpr opri ate conditions. The vacuum port pomGHe1dsitoopen i f
desired. A problemw th existing methods is that the rigid bottomplate
nust be cast or machined 10 to a parti@ular shape in order for a conposite
product to be made to that shape. Such noulds are costly to produce, making
one-of f shapes expensive. Further, Ee%m)u d plate |s¥lf)nly capabl e of

det er mi ni'nYACUHE IIEY is canrseted e the At aptist 8¢ aRhawiRd SRAALL 2 ¥t e product s
wi th var ﬁbﬁ%xﬁﬁlﬂélyef‘%bﬂ@%}ea'%ﬁr\%ﬁﬁl’?ﬁle%@uﬂﬁﬁb ?b@%i@thb‘%&ﬂm{ P &8 Wrned
appar at us desired to produce curvature on both s aces of the
conmponen tofﬁdmdnhamr o6tlea @distalech aR esmoisl themal btweldeo flsedintocthel eymrmthreuglwbe shape

of the o surfac Suc epts wit curvatur th surfaces,
Por ' exanpiat ule! 43r i B Prossise 0y ERER R Hicnbe R Viet B ThBrey Bie" 0% b opel | er
bl ades 1 egiH fsQirdiealdag tRfinde@ioh nRAalm hﬁ@ll the thlbeil R/fﬁﬁé tdiplatenpkethed moul d
process, for exanple, resin transfer di ng requiring the end

corrponentT @@nlbteamda/@eum P aee mhewa@ﬁ@ndéh@@ﬁ@wr@mn@r@e@hmpem tool with
the 20 c Sriay ein t.tached to each other to
create t%g&gﬁ hegﬁg%%%ggﬂﬁap&rer%?g enc%r%rggefrjrletd processes that wet-out dry
fabrics in conj unctl on with a vacuum bag and only one rigid tool, for
exanple, RIFT and resin filminfusion (RFl) are only capable 25 of

det er ni niAnpfoble WHAsIsrE BNy sk t%%rlglécb@ttam nate mﬁaét bg ‘Fashokl%iﬁﬁi)é@f@nt with
mor e 4, hag, Qiasm%ﬂ]a%/ ﬁﬁﬁgﬁ{ ] §6§1gyédéegﬂodlic?he§e&gg@é  tfat sﬁa sth' gde whi ch

has two non-conpl enentary curve e conpon cannot be
noul ded rrrrouebdssamgéwlyse epdund, esakitghené-olif elsapas exmhmeadiuruhaprtl&gmamldd or

wet t ed- oui 1 resr n fore g}%ﬁg 1;1 éhe \Y rfE or npre than one
rigid tod a‘?@%a‘/e%ﬁpa IR Gk 8‘6%11‘1 am'}l He P Ilﬁ’s%‘ ‘feoo QFOTPOReALt t he shape
of a fi r%ﬂﬁ%@ﬁ@?@d@&?%ﬁﬂ%ﬁﬁ%ﬁ %'irﬁ‘éﬁs%nfahﬁlrﬁ@é’so&n%t 573 rﬁ&fé%fh%stﬁé fare. A

further maki ng a co site material Iis to put a too or fornmer),
with ' preppgrrtey’ Ifiiseesiedd tb @rccdiuu@cmatoretmbatbemrfaqembﬁtha coBponant l;iwg,anr enove

air f 50m g,vclil%lonaq rnou?d must be used to determine the shape of the opposing surface. Such

components with curvature on both surfaces, for example an aerofoil profile such as that
on a wind turbine or propeller blade, require the use of additional tool, either creating a
matched mould process, for example, resin transfer moulding (RTM) or requiring the end
component to be made of more than one component on more than one tool with the

20  components subsequently being bonded/attached to each other to create the end

component.

Furthermore, current processes that wet-out dry fabrics in conjunction with a vacuum bag
and only one rigid tool, for example, RIFT and resin film infusion (RFI) are only capable
25  of determining the shape of one curved surface at a time. If a component with more than
one curved surface is required, for example a rotor blade which has two non-
complementary curved surfaces, then the component cannot be moulded in a single step
unless the fibres are already impregnated, or wetted-out, with resin before going into the
vacuum bag, or more than one rigid tool is used. “non-complementary” is used to mean

30 that the shape of a first surface does not conform to the shape of a second surface.

A further method of making a composite material is to put a tool (or former), with ‘pre-

preg’ material laid up onto the tool, into a vacuum bag, remove air from within the



3 vacuum bag and apply heat, or place the bag into an auto-clave if
additional pressure is required. Prepregs are sheets of a stiffening
fibrel/fabwoeo(imsgieocar bon fibre) that are pre- inpregnatretd/gs20tv/05esibn
before they are laid up on the tool/nould. Al though prepreg fabrics already
contain resin, heat and/or pressure is3requi red to fully wet-out and 5
consolidate the fabric V\/ni |l e the resin cures. The autocl ave exerts a high

pressure on the vacuu and results .in the I erial being
forced t JgBtREPaE 3¢ dpake" AR ?&P&sémpég atfs! 139@11 o PEP¥IPieg fibre
are placed;\elihpp g}égg ay@&%&%bagufﬁiﬁg Eeremsnéﬂ{@ chl%eﬂ@irb?é)tﬂﬁa%r@m

pressures required in autoclaves, the cost of producing conposite materials
using t humpwgnettoctlwutla reseh hefoxeethgy #megehd up@mElsm: ml/n@u]rdetmlddmgh oreppeduci ng

fibre rei.nforc Ias C onen force to, wet out the
CoNposi té%&ftﬁ %We’(?élp F4haL Orr%ra%sufe lstr?f]é“rﬁgéo hﬁlya‘YetT uLand one rigid
ext er pal cb@éé'hdat@@&efaahé Whilk thel 18sif @GRS SBHYaut R 1448 %xmﬁﬁgh ?@éssﬁr@ bEehd O

wet -out a conposite material and apply it to a noul he use of arlgld

ext er nal vaswingbggsandgepdts i theayegeel mpysapldsingalforged tegethrsane makgtthickes r esi n
I's applied, i}S’s&e m&%’lQ ?sr f@@lﬁ% DY NaY, e\lﬁgced%nﬁﬁﬁ ﬁ{eyvacg&rﬁllblé ﬁugyﬁl‘ét

pressure "us >t o qers. ere a vacuum e used to
i nprove mﬁg¢amghmﬁyanﬁMQn@@mﬁ@ﬂﬁmhedhﬁhmh&swbaﬁ@cM£bprmuuﬁglgmﬁ&mhanlca
nmet hods, the conponent nmust be wet-out and applied to the 20 tool prior to
bei ng poéliatt?r@ﬁ%‘éﬁlli&thb? W@B%Fﬁ%@&"%’ﬁlﬁéht he required ancillary materials.
This ,grocess is tinme consum ng. The present invention takes these

nmet hods as a starting point. 25 Summary of the Invention Accordingly, the
present iHyweing intathdds faoki pred:aoélcg ﬁbreaeinﬁirbmbplan‘ticmakipngems maypobsd ftuidat er i al

conpri si the ste 05|t|on| ite reinforcement around at
| east pa?‘?“%fo ‘é{e“t%‘gsh ?%@F@EPP@OE’S Ui g P EE Ui aéltl%‘%%}let he
conposi t @jgf Ll RAIGEHE Menerally, it is necessary to use mechanical force to wet-out a
composite material and apply it to a mould if the use of a rigid external mould is to be
15 avoided. Mechanical force means that the resin is applied to the reinforcement by way of

temporary localised direct pressure using, for example, rollers.
Where a vacuum bag is to be used to improve the quality of a component that has been
wet-out using mechanical methods, the component must be wet-out and applied to the

20  tool prior to being positioned in a vacuum bag with the required ancillary materials. This
process is time consuming.

The present invention takes these methods as a starting point.

25  Summary of the Invention

Accordingly, the present invention is directed to a method of making a composite material
comprising the steps of:
positioning composite reinforcement around at least part of a tool;
30 hermetically sealing a vacuum bag around the composite reinforcement

and the tool,



and the tool; 4 creating pressure differential between the inside
of the vacuum bag and the outside of the vacuum bag such that the pressure
wi t hin t hwovaomsmebag i s | ess than the pressure outsi depClrasBamvnsnsdbag;
wetting-out the conposite reinforcenent; and 5curing the resin, wherein the
tool is at least partially internal to*the cured structure. Such a nethod,
using a rigid tool that is at least partially, if not wholly, internal to

the cured and finished conposite structure, or produyct, and g flexible
vacuum bag can be G&& naere@wna@?@Fqﬁtlﬁﬁbthsenpf%fﬁ@ Q%ftf“f Keug gng the

component on lsi RWrHRCERulh g Sud RS tBe bRAUurMVith# theXh&huhEhd € QI ques can
only determne the profile of ?he conposite conponent on one surface with a

si ngl e tool. tmndghepressuoe desside thenectiime bpg:ofi | e on nore than one surface it
is currently necessar e eithﬁr a wo rigid tools, or use

to t | east
fibres that are rrec‘f‘ﬁé%gé%lftl TRPRS ?rW§WeP§§€ﬁn ef ore being placed on the

moul dsor vacuum bagyriddthBeeaise only a single internal tool is required
there is no need for expensive matched tooling and nore than one tool
because the suceiethedee ippilces gabiplly inermgl te thooired rturthe rigid tool can
be manufactured to the desired geonetry. Miultiple internal tools could be
used if required. As a result of the relatively | ow pressures involved, the

t ool needucinh yndiiedabdigg b eighlippbiht ik hslcampamilghf nanehdlaintehalttoehorat eri al
used in nmaking the conponent 20 and wi t hstand at npspheric pressure. The
rigid toshredsdd finhehrampesita stueng. eppyasugtrda floc xpquupy bagendgusettes of

the 99”13?&8&%1%9%33%1%18 o?ﬁlef&%gité&%c}gn%{tﬁg&fﬂi YurfalOEWHR & s %ler gt d

external tools I's not necessary accor e present 1 nvention. The
appl i cat mdnlsiodxisingaedhnmubetar enlpdeteduine fig wefileadthadontjusite corppsicheorcan al so

significantly_.reduce the formati on of dry.spots, resin pockets, trapped air
and ot heP g8 FBicf &1 g AR T8 dsiehiniabe arqﬁrﬁ? ?IbF'r‘?Fep&‘@% 08¢ 150 he

rei nfor canepirrafiy ddi&shi9 usdMBicfa GXIhA tRE BRRUOEIs! S UsBFibtdsaRat athe et hod
may be perforned"w thin“an autoclave, or using hydraulic pressure, for

exanpl e, nfdchardcdllyrveas-duy wthiyeen before hdieg placadum thagautd 61 cpainen bageen i n t he
L00g, DERL N LR BB P B0 bk B
ar r angengstfling and more than one tool because the surfaces are moulded by a single tool, and the
rigid tool can be manufactured to the desired geometry. Multiple internal tools could be
used if required. As a result of the relatively low pressures involved, the tool need only
be able to support its own weight and that of the material used in making the component
20  and withstand atmospheric pressure. The rigid tool used in this method and apparatus
allows all of the surfaces of the composite product to be formed simultaneously. The use
of rigid external tools is not necessary according to the present invention. The application
of a vacuum before and during wet-out of the composite can also significantly reduce the
formation of dry spots, resin pockets, trapped air and other defects. The vacuum bag
25  provides a uniform pressure to the reinforcement and the tool. Where extra pressure is
required, the method may be performed within an autoclave, or using hydraulic pressure,
for example, fluid force by submerging the vacuum bag in liquid. When in the liquid,
heat may also be applied by heating the liquid to the required temperature. This allows
for relatively quick heating and cooling of the arrangement.
30
In one preferred embodiment, the composite reinforcement is prepreg composite. Prepreg
composite can comprises controlled proportions of resin to allow for a consistent and high

quality product. Prepreg is typically refrigerated until the day before use to prevent the



30 In one preferred enbodi nent, the conposite reinforcenment is prepreg
conposite. Prepreg conposite can conprises controlled proportions of resin
to al | owwonoa/@oessi stent and high quality product. PrepcegB2810osps40al |y
refrigerated until the day before use to prevent the 5 resin curing. The
partially cured resin is highly viscoud and requires the use of pressure
and tenperature for the resin to flow and fully wet out the corrposite

rei nforcenent. . Th use 0 05|te al l ows f.or ﬁr nat ed

pre e- I
rei nf or c&FEhEUTE- @aﬁly é li‘1¥d&|5iCPP§ﬁjldtrﬁ%ulFeé§ enuste& @ées WEr oduced
i Nt o t he 5@ Al HACUHMB RGN AIdE a@d‘ﬁﬁl@qlxét'oﬁf‘@a'e c@m%Bﬁi% reilfdSeiBY, frgduce the

time required to nanufacture the conpoSite structure. In an alternative
enbodi memsg oifpmpmgnpmpo&l@ aﬂlewafmrmmptegnaeﬁreynfommm toderusedhftimrelgment  and

resin is i troduc |nt he dr reinforcenent prior t guring and
fter t naobealrE thulnbde b Fridbecdtilnhe heh GLOGHT g Bhe n i Ghisn

enbodi ”E@ieF tring Iﬁ@}sifeﬂuéesthb fihlcadyErd t@h&ﬁ%ﬁh@&e&oﬁ%bﬁw@tﬂc{uﬁé n the vacuum
bag and allowing l'iquid resin to ingress through an inlet in the vacuum bag

due to the pressure differential between inside and outside the vacuum bag.

15 Pr et e bl Yo IR CTRUAR LT DRy SOTRTLARR L RLED Fhpfrv: ding an

i nducti on medi um he " I'ng ess 0 i nducti on

medi um i seiafoi@naht ¥el gesmqulml@su@ddaﬁ@&h@atyhﬁa@yc wiforteingntised td ourtiipandel t he
resin | ongitudinal I along the length of the vacuum bag. From the induction
medi um t & erﬁé@ﬁ‘ﬁp% aprEctly yraking thhraayin bae per meabl e peel ply, if
presept, and into the dry fibre reinforcenment. 20 Advantageously, the

i nducti on medi um conpri ses any one of: recesses on the surface of the tool;
a sheet df opd asbédimemeﬁh reon id iatrgdured bf cpdatisg b gscumat eithal the Sacmunnlgpgt he t ool

itself w resul a .finished co 05|t eri al resin filled
channel S “ihalEv ity EGFHRE WRESHITES tEhtthFrﬁc%lglm%@egsqh}eéB the pressure

differential between inside and outside the vacuum bag.

15  Preferably, the method further comprises the step of providing an induction medium to
assist the ingress of liquid resin. The induction medium is a relatively low resistance
pathway which is used to channel the resin longitudinally along the length of the vacuum
bag. From the induction medium the resin is able to pass through the permeable peel ply,

if present, and into the dry fibre reinforcement.

20
Advantageously, the induction medium comprises any one of: recesses on the surface of
the tool; a sheet of plastics mesh; or lengths of plastics material. Scoring the tool itself
will result in a finished composite material with resin filled channels where the scoring
was present, which may be desirable.

25

In an alternative embodiment, the resin is introduced by way of sheets of resin positioned
on the dry fabric reinforcement, prior to hermetically sealing the vacuum bag. This
negates the need to have a resin inlet in the vacuum bag. Resin sheets comprise viscous
resin held between non-stick material and kept cool, either refrigerated or frozen, to

30  prevent the resin from seeping out and to stop it from curing until the material is placed in

the mould.



25 In an alternative enbodi nent, the resin is introduced by way of sheets
of resin positioned on the dry fabric reinforcenent, prior to hernetically
seal i ng tWwe 2ymaasuwbag. This negates the need to have apcesiBroioiseisoi n t he
vacuum bag. Resin sheets conprise viscous resin held between non-stick

mat eri al and kept cool, either refrigeﬁated or frozen, to 30 prevent the
resin fromseeping out and to stop it fromcuring until the material is

pl aced i %he uld. 6 Preferably, a vacuum punp creates a gressure
di ffer en?’ Faf it AVacRePYaR Bliﬁ’ﬁ’i%é@}“esélgﬁgi eﬁtﬁgwﬂ%‘lﬂ C JRERTE P4t CYE eor ced
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Tenperature and/ or pressure may be’used to allow the sheets to flow nore
easi | y and thanf demperhtuec aralgorpressums mdyebaesgd tablitave theeshedtotockome more The resin

heet : d j nbi nat i ith | i t i nf t.
2o examphal i O SRR e B BEERD 0 P RS BebE bR frerrea and
a t 00k CQERIneBhbaiation Gefhl pHbRtg BB reinfledmdds. POOGkandp®, itTR4yONEe adhesi on

between the core and fibre reinforced plastic. It is advantaqeous if the
at nospheeilengeseeitpdlasgresini&lm hetweae nraprdgatndiastoghdesnraived af # gelbiis 10

at mospher g, £ é{sﬁ%ﬁ Qse\;v?(%j Ygﬁ%@g% 2 hegi%%éﬁ{vge%ﬁgﬁei LW &R KB rigi?\fotg?egit O%IQS% ause

the pressure erentidal nhot nee arge as th ced in an
aut ocl ave and therefore, honeyconb tools, foam or partially foam tools,

or cores, can be used which would otherw se be deforned or destroyed wthin
an aut oc sy advanfagsouy if Higstmpwphere prosyirg gutsidg rksecywn bagds svstapidirRnci on

cost g, of aﬁﬂ&pﬁ&%@ %fu%ePW%g@Bf fho p&%erﬁqmen{igﬁ A th¥@Kads@he pressure

differential does not need to be large as that produced in an autoclave and therefore,
honeycomb tools, foam, or partially foam, tools, or cores, can be used which would
otherwise be deformed or destroyed within an autoclave. This allows the tool to be
lightweight and the production costs of the composite component to be kept relatively low
15  compared to using an autoclave, which may produce pressures of up to 13 789 515 Pa

(2000psi) and temperatures of up to 815°C (1500°F). The process of the present
invention can be used at ‘normal’ atmospheric pressure (101325 Pa) and the resin cured at
a temperature substantially less that that in an autoclave, for example 120°C, although the
temperature is dependent upon the resin used. Such pressures are considerably lower than

20  those within an autoclave.

It is preferable that the tool is a low melting point plastics material and subsequent to the
curing of the resin, the plastics material is heated above the melting point and removed
from the composite product to create a hollow composite structure. If a low-melting point

25  plastics tool is used, once the composite product is manufactured around the tool, the
finished product is then heated above the melting point of the plastics material, making
the plastics material sufficiently flowable and/or liquid that it can be removed from the
composite product via a hole in the composite material. Alternatively, the composite
structure can be split open and the plastics material melted out of the composite. This

30 allows hollow composite structures to be used for moulding further products within them.
Other methods of removing the tool may be used, for example, other thermal methods,

chemical methods or mechanical methods, or a combination thereof.



15 conpared to using an autocl ave, which may produce pressures of up to 13
789 515 Pa (2000psi) and tenperatures of up to 815C (1500F). The process of
t he presewd2mvsotebon can be used at 'normal' at nospheripcT@BSEMI5E54(0101325
Pa) and the resin cured at a tenperature substantially less that that in an
autocl ave, for exanple 120C, although fhe tenperature is dependent upon the
resin used. Such pressures are considerably | ower than 20 those within an
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i nside and outside of the vacuum bag. Advant ageously, e. neans fo
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silicon vacuum bags or other types of vacuum bags may be used, for exanple,

10 pl ast ihex-quangof dlegeguch as pol yet hyl ene or the like. The vacuum bag
shoul d be sufficiently flexible to be shaped around the tool, and | ayers
bet wddn the tool and the vacuum bag, wi thout inpressing any particul ar

shape _OnPﬁréf@raﬁiypé@edoﬁﬂEﬁﬂroﬁﬁféﬂl%uurfﬂb@g Ragrekia ipleef er ably capabl e of being
hernetically seal ed. The vacuum bag may be heat resistant to allow for

heat -curing of the resin. 15

Advantageously, the tool comprises polymer foam, polymer honeycomb, solid plastic,
metal foam, metal honeycomb, graphite foam, reinforced plastic composite, metallic

20  foam, ceramic foam, composite foam, composite honeycomb or natural material, such as
wood. The tool may be constructed from multiple components to form one complete tool.
For example, it may comprise aluminium regions to allow for hard points for screws or
bolts to be fed into. Furthermore, if it is known that one region of the composite is likely
to be subjected to higher loads than another region, it may be desirable to use a higher

25  strength foam in that region compared to lower stress regions.

Preferably, the apparatus further comprises an induction medium for assisting the ingress
of resin. This is especially preferable in the use of liquid resin, rather than resin film, to
enable longitudinal flow of the resin within the vacuum bag.

30
By way of examples, the process may be used, for manufacturing turbine blades, in boat
manufacture and for making sporting equipment such as surf boards or skiing apparatus.

Additionally, a composite structure may be created from an existing item, for example, a



Preferably, a second port of the vacuumbag is a resin inlet.

Advant ageously, the tool conprises polynmer foam polyner honeyconb, solid
pl astic, wetaludiomm metal honeyconb, graphite foam reipor@Bet/@Ei=sti C
conposite, netallic 20 foam ceram c foam conposite foam conposite
honeyconb or natural material, such as8wood. The tool may be constructed
fromnmultiple conponents to formone conplete tool. For exanple, it may

conprise alumniu egions.to allow for hard ints for screws or bolts to
be fed i 476 Do r%‘{Bet_E‘ﬁg?@PO%“P mater suhsaretnasthie: meyidar BEOSP%% conposi t e
is likelyediRad&r BbBlEMLELOL OTHY P8I0l PRDS bE RERRAFH NS he! BHIpBSGite dtfuchRY be

desirable to use a higher 25 strength foamin that region conpared to |ower
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medi um for_ assisting the ingress qof .resi.p. This is especially preferable in
The use Srufigune ot o pafarsnaitcros e e ve’ BREEM Sl ¢ uai na
flow ef thaggdsas iftihicRubschhignt varuding Bae it.30 By way of exanples, the process
may be used, for manufacturing turbine blades, in boat nanufacture and for
maki ng sporting equi pnent such as surf boards or skiing apparatus.

Addi ti ong| | ir1.e ] . r fro exlsting item
for exanplgﬁk%.g&%%gg%ggpgi&%ﬁg&gﬁgmgg%gggP%éﬁﬁéﬁg?9%zﬂ%u%gggﬁéﬁbf% used as
a nmoul d f@ahsporto dihetdfigre tepippatsusafan tbderaspodicd @b a dewited Iddaeios und theoard may be
renmoved fromthe conposite structure by the use of release film positioned
prior toCeBAPYISFOBIOPEYE MABIASHIBhPN-BiE™ PPROSEDIFbIMROSYE plieaiyE Ay he cut
into p i J ructure may be provided with 5 flanges to
faciﬂ?ta?g%ggﬁgéggé%%hﬁggﬁgﬁﬁgﬁ¥§%n1it. Anot her advant age of the present
invention is that the apparatus are all relatively easy to transport.

Therefore the apparatus can. he transported _to a desjired |ocation and the
conposi t JE RSB REAtC HW&BWPSeS&OI?eo%&é‘ﬁO -Oﬂ&ﬂﬂ&ggﬂa%?%e@ dite structure
havi ng FQo&@oﬁﬁrﬁ&@ﬁﬁ@ﬁ%&ﬁﬁﬁﬁ?%@d&&ﬁﬁaﬁﬁﬂ&h@ﬁ&%kﬁgmu£h§ah&MﬁmhhﬁﬂaiBC'Udes
within its scope a nmethod of,” and apparatus for, nmaking a conposite

mat er i al agybwsiirapiidtabombiagtietesicthe bewnipenging tepit tind/pedrewerese t o and as
illustrated in any appropriate conbinati on of the acconpanying text and/or
drawi'ngs.

Brief Description of the Drawings

An embodiment of the invention will now be described, by way of example only, and

with reference to the accompanying drawings, in which:

Figure 2 is a cross-sectional diagrammatic illustration of apparatus for making composite
20  material according to a first embodiment of the present invention; and

Figure 3 is a cross-sectional diagrammatic illustration of apparatus for making composite

material according to a second embodiment of the present invention.

Detailed Description of Exemplary Embodiments

25  Figure 2 shows apparatus 40 for making a composite material according to the present
invention. The apparatus 40 comprises an impermeable vacuum bag 42 having a resin
inlet 44 which is in fluid communication with an outlet 46. Within the vacuum bag is a
tool 48, which is an integral rigid tool or core, having a 3-dimensional shape which
provides strength and shape to the composite material during the manufacturing process.

30  The tool 48 is wrapped in a layer of dry fibre reinforcement 50, such as carbon fibre or
glass fibre. The dry fibre reinforcement 50 is coated with a peel ply 52, which is a
permeable membrane to which resin does not stick, to allow the finished composite

product to be removed from the vacuum bag. Surrounding the peel ply 52 is an induction



/'5 Brief Description of the Drawi ngs An enbodi nent of the invention wll
now be descri bed, by way of exanple only, and with reference to the

acconmpanywogotwiaswengs, in which: Figure 2 is a crosecTaH20mNBE1540
diagrammatic illustration of apparatus for naking conposite 20 nateri al
according to a first enbodi nent of the9present invention; and Figure 3 is a
cross-sectional diagranmatic illustration of apparatus for making conposite

materi al according to.a secqnd enbodi rent of th esent ipventi
Det ai | ed "ES98¢R gﬁtlg&lﬁ @mﬁgéﬁﬁqﬂy 96@?&@%%%}9%%55%@&6%8 50.Rotd 3bpar at us
40 for makihd@@.CRYRPSite material according to the present invention. The

apparatus 40 conprises an inperneabl e vacuum bag 42 having a resin inlet 44
which is in fluid comrunication with an outlet 46. Wthin the vacuumbag is

a tool 4 ichisg .an inteqgral, rigjid.tool.aqr core,_.havin 3-di mensi onal
shape. whik BRg0r S PGS U o SR 5 v SRS v P2 ihl "aur | ng

t he mgnufidfictién ABdRLPSESHroudlinghe tHeoRkud? bhs 4MARPRE i tdllydchidy Biin®f dry
fibre reinforcenment 50, such as carbon fibre or glass fibre. The dry fibre
r ei nf or c&eEptaps@netshewal. eBhanicsin ipleptbis cimpeg Zlosagh prdha vacugnprimiEist e

menbr ane {0 whi resin does. no | | o L Nj site
pr oduct ts%o%y\% g%lﬁl\?g%aftor %1%0?1 Hgt Z&aﬁﬁfﬁ%&%ﬁ p@{‘}P rloaé]%igtﬁélt% %ﬂ%gg pl'y 52 is

an i nductitin Secvaciumbdd42 hmd tcigcd the prosfurawhthghthy vparmebdy 42 Pl @it £s nmesh.
The | ayers 50, 5 and 54 constitute a 'Ia%bgtp'. Once the tool 48 is in
e

2, I
posi t i on PiGispuic dHETeR! bethicen theibag gpe Erpenitst srherey fgr esamalee I dar.ndibiet i on
di um 5 o . y 52 t
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eresin inle I's clanped closed and a vacuum
punp ( nodif§dtow). The momnealet é4listconhdveedotatal resin 46urcd el thadnletrd4pisnp i s oper at ed

to remove air fromw thin the vacuum bag,42 and r.edyce.the pressure wthin
the vacutthSay 4 P é@Fé’r%?SWFé’é@?fF%ﬂagithFNéF%ﬂﬁ Er956¢ EGACRREBHED and t he
out si de afMBRRAKIG, dHi0OLs BX AR Bito the BAE 42 TR AQinviRGHUBhBRdiddlyachetie | ay-up
take the shape of the tool 48 therein due to the pressure di 1yferent|al. The

resin i nlimtuctidn ingste phaetpassesttoroagh dwipsrmeablcpcchply F2hendiintoghe duy filwe

b t.| h di £.f tial b the jnsi f th
vacuith bag P ARAT e OBtk B 87 HAR Tl FrESh ofin SRS T "I e 1 oein
flows | ongiid thdirekdh Infetalqgelotdie THrAMEHIR PuiBThn BbnaRduas s&5n bRiceugh t he

permeabl e peel ply 52 and into the dry fibre
prevent wear on the parts of the pump. Alternatively, the pump may be left connected to

the apparatus 40 so that excess resin or fumes may be drawn out of the vacuum bag 42.
Once the lay-up is sufficiently wet, the resin is cured using known methods to harden it.

20 Once the resin is cured, the hardened composite can be removed from the vacuum bag 42.

Figure 3 shows a second embodiment of the present invention which is similar to that of
the first embodiment without the resin inlet 44. The apparatus 80 comprises a vacuum
bag 82 having an outlet 84 extending from the edge and allowing fluid communication
25  from the inside of the bag 82 to the outside of the bag 82. A tool 86 is positioned within
the vacuum bag 82 and a dry reinforcement fabric 88, for example carbon fibre, is
positioned around the tool 86. Sheets of resin 90 are then wrapped around the dry

reinforcement fabric §8.

30 When the resin 90 and the dry fabric reinforcement are in position, the vacuum bag 82 is
hermetically sealed using tacky tape (not shown) and a vacuum pump (not shown) is
attached to the outlet 84 and is used to remove air from the inside of vacuum, causing a

pressure differential between the inside of the vacuum bag 82 and the outside of the



15 reinforcenent 50. Once the dry fibre reinforcenent 50 is sufficiently
wetted with the resin the resin inlet 44 is closed. The vacuum punp can

t hen be twoned/@6fesi N order to prevent wear on the part eCcoiGE20B/BUIP.
Alternatively, the punp may be left connected to the apparatus 40 so that
excess resin or fumes may be drawn outl!®f the vacuum bag 42. Once the

| ay-up is sufficiently wet, the resin is cured using known nethods to

harden it. 20 Once the resin is cured, the hardened copposit n. be
renoved PO Fg cﬂmﬁr_s%lsare@?l}hlﬁitl@wa@u@nghﬂrs l%d@é%ﬁﬂlooeiﬂfotﬁf of the
present i Vet QhdWheé (1 BE. Thglnle@sruré Oxdrfa@bon Pfe D& Jrirkst, iR TRQEAIRRALYIW t hout

the resin inlet 44. The apparatus 80 conprises a vacuum bag 82 having an
out | et 8kcahas eerpiingd, if solfnctchetoddige thatsial shostiing thd diydalrom$finTleatesions 25 fr om

the inside of the b 82 to the outside of the bag 82. A tool 86 is
positiongﬁgﬁ%Qﬁ%9@&&@%@&@8WP6§@H§@€%nd a dry reinforcenent fabric 88, for

exanpke carbon fibre, is positioned around the tool 86. Sheets of resin 90
are then wrapped around the dry reinforcement fabric 88. 30 Wen the resin
90 and t Mscaisy theaigsinds meshpgtdema teere isaraended toosd a1 ipductionandiwn @pbiigh®?2 i s
hernmetic ugl . 1 t.. : ot
shonny 1 SR SRsto R aTC 870 AR RN 1 TR AT IR R

i nsi de offacrixatdue eeRUSioNd faihdstise raid. Pebreaherfabhietswetdaphly persusSitd: of t he
vacuum bag 82 and the outside of the 10 vacuum bag 82. The pressure within
t he vacutiitiiytieddpes neseolbpserndss pronste e afding the chisst efseihy $he t ool

86. The pL&sBYLE rted on the layer of resin, in conjunction with heat as
required,&?ﬁ gufpgg‘e t to force the resin sheet into the dry fabric 88.
The resin is then cured according to known techni ques. 5 Because the resin

is in sheet form there is na need,to use an inductiogn nediumas wth the
first enbbardshi ek Bicket RaEnyE s @ﬁ@ﬁ%@ﬂ%ﬁ%?@ﬁ wndd t@gertrﬁ i th#ict i on
medi um t gghetlgliplt #Gjcld tate the evacuation of air and excess resin. A

br eat her fa%rlc Is a highly porous fabric material that does not coll apse
under pressure thus aiding the egress of air and excess 10 resin fromthe

lay- Y8- Numerous other variations and modifications to the illustrated construction may occur to

the reader familiar with the art without taking the device outside the scope of the present

invention. For example, applying peel ply or release fabric (not shown) to the tool and/or

the outside of the resin sheets to case removal of the finished product. Other methods of

hermetically sealing the vacuum bag may also be used, such as heat sealing or other

20  adhesives. Clearly other materials capable of being wrapped around the tool and other
layers and of being hermetically sealed may also be used, for example, the vacuum bag

may comprise a sheet of plastics film that is then sealed along at least three sides to form a

bag.

25  The dry fabric reinforcement may be applied to the tool prior to the tool being put inside
the bag or subsequent to the tool being put in the bag. Whilst the dry reinforcement fabric
has been described as a layer, it may comprise multiple layers of the same, or different,

material.

30  Whilst the invention has been described with reference to shaped and curved composite
products, the invention is equally applicable to a sandwich panel, that is a flat sheet of

composite material. Such sheets may have a core of foam or honey comb material or



In order to make thicker materials the dry reinforcenent fibre can be

thi cker rather than using nultiple |ayers. 15 Nunerous other variations and
nodi f i catwonsitv@otéhe il ustrated constructi on nay occur pCe/gde810WSasier
famliar with the art without taking the device outside the scope of the
present invention. For exanple, appl yng peel ply or release fabric (not
shown) to the tool and/or the outside of the resin sheets to ease renoval

of the finished product. O her nethods of herneticall eal i ng, the vacuum
bag may afhsg tipes Bentes. sinemaly ahBiyiodal q%ﬁ“@%&rhe?ﬁ“ﬁé? mybe Jahieurgbishony aar| y
ot her matghipl s capabl e of being wapped around the tool and other |ayers

and of being hernetically sealed may al so be used, for exanple, the vacuum
bag may conprise a sheet of plastics filmthat is then sealed al ong at

| east thrge.sides to forma bag. 2 he.dry fabric reinforcenment .may be

appl T od { BotRe CUSIRS P BT RS Bofo BT Bt bR g T &

subs ?QUGBBmE@siﬁebﬁ)rfeQﬁh leebogy Ry used toBrid e miiixl if twhidecadibon fikdherkenent

fabric has been descrl%ed as a layer, it mag conprise multiple Ia%lers of
¢

t he sanereipforetinfengr Eis TesiRt @i tafirix ngenghi may be i charmosshplagiic thakismeehully
descri be i,t.h refere . ed. it t t he
Covent i oqu! Bal i) iPlSRE Sy RIS R AR YERnTRCRER! [ LORNE! 2ot

of conposédder skalley inahe arBudlhasiredits, theymdpdastic matdias @by boasadadn throney conb
material or 11 other types of cores, especially as previously describe
herein, PEREKESOGANCTRE]. deftcxampls: bgtising wo or moss spmpapentsthsidendt too be
generpc i ERedaR bplgsthh glﬂ%ﬁfaﬁ%lg,l so%iﬁ%e@%?ﬁ&ii&%teﬁgft hltke foma
conposite, Tor exanple epoxy resin Used to formthe matrix i n which carbon
fibres askecthpowdemfibres embabtic, ity be hmragied 'abowthaabt, iand arabdmbination oty be a

t her noset ”Fl astic that is not ful I%cured, tgﬁlt LS, 4t Setf*ti |

suf fi ci e MITRFFPERANG PrESYIeomPa iorBelgitermical o alovitia st inledly, as a reader
skill ed ifinfoR@nent mdtdrial @ppreci ate, thernoplastic materials may be used in
t he process disclosed herein, for exanple, by m xing two or nore conponents
that react to 10forma cured thernoplastic. Alternatively, solid

th | ast i terial,i he f f sheets, . fib . fabri c,
AR TR L A Bt MRS
used to @p&;?ﬂemdfrgﬁlﬂ[dr_al toallowit to flowinto the reinforcenent

material. 15 However, in especially preferred enbodi nents the resin is
t hernosetting plastic, such as epoxy resin or simlar.

“Prepreg reinforcement” is intended to mean composite reinforcement comprising

partially cured resin. The resin in a prepreg is partially cured such that the material can be
20  handled without the difficultics associated with fabric that is wet-out with uncured resin,

but it retains the ability to flow and wet-out the composite when sufficient pressure and

heat are applied.

“Dry reinforcement fabric” is intended to mean a fabric or fibre that is not provided with

25  resin prior to use.

“Composite reinforcement” is intended to include fabric reinforcement in addition to

other reinforcement materials.

30  “Wetting out” is intended to mean the displacement of air form the reinforcement material

by resin.



"Prepreg reinforcenment” is intended to nean conposite reinforcenent
conprising partially cured resin. The resin in a prepreg is partially cured
such t hatwoheirmsompi al can be 20 handl ed wi t hout the di PCT@B20iEE1540
associated with fabric that is wet-out with uncured resin, but it retains
the ability to fl ow and wet-out the coﬁbosite when sufficient pressure and
heat are appli ed. "Dry reinforcenent fabric" is intended to nean a
fabric or_fibre that is not provided with 25resin prior to use. "Conposite

r ei nf or cdiHRTMPIE CORPEHIFLPMNINFHE Py e masiciat thespme sinpcetiing the methpdi tion to
ot her reiqpipibesAEBE. MRLIEHIAbSIs, cither JiBe UmENaBe CRIPATFLEGRIRANARF 6 My be
made at the sane tinme using the nmethod described herein. Miultiple tools,

ei t her ofput inghs samee wlvaps,bagito ofcatdinfiflaplerbmphagnesysimagrylreinforcerment tfaeics anme
vacuun1bag to‘ﬁ%?ﬁte mul ti pl e conponents using dry reinforcenment fabric as
descri bed® ASFEPHI D98 & 4 s 1. A nethod of meking a conposite material
conprising the steps of: positioning conposite reinforcenent around at

| east part of a tool; 5hernetically sealing a vacuum bag around t he
conposite reinforcenent



and the tool; creating pressure differential between the inside of

t he vacuum bag and the outside of the vacuum bag such that the pressure
wi t hin t hwovaomsmebag i s | ess than the pressure outsi depClrasBamvnsnsdbag;
10wet ti ng-out the conposite reinforcenent; and curing resin, wherein the
tool is at least partially internal tolX he cured conposite structure. 2. A
nmet hod according to claim1l, wherein the conposite reinforcenent is prepreg
15conposite. 3. A nethod according to claim 1, wherein the conposite
reinforc is dry conposite reinforcement and resin is introduced into
the dry fabric reinforcenent prior to curing and after the step of
hernetically sealing the vacuum bag. 20 4. A nethod according to claim 3,
wher ei n tlhe r ésinathiod off ntakngucednoyitamatweheprhprepingthe esphoft o i ngress t hrough
an inlet in the vacuum bag due t.0 t'hﬁa gre?sﬂ%ure gi Llf ertenti I t?i/ﬂq'Si de and
outsi de the vacuumPBHYOMBE COMPOWEIHAP EERTY AW bR A Tho42 Rier ei n t he

nmet hog further compeing@RallyiScafih@p vaéuudd By bt @B cbRPbGtd e fdresthen t o
assist the ingress of liquid resin. 6. A method according to claimb5,
wherein the i sadéritedl nedi um conpri ses any one

creating pressure differential between the inside of the vacuum bag and the
outside of the vacuum bag such that the pressure within the vacuum bag is less
than the pressure outside the vacuum bag;
10 wetting-out the composite reinforcement; and
curing resin,

wherein the tool is at least partially internal to the cured composite structure.

2. A method according to claim 1, wherein the composite reinforcement is prepreg

15  composite.

3. A method according to claim 1, wherein the composite reinforcement is dry
composite reinforcement and resin is introduced into the dry fabric reinforcement prior to

curing and after the step of hermetically sealing the vacuum bag.

20
4. A method according to claim 3, wherein the resin is introduced by allowing liquid
resin to ingress through an inlet in the vacuum bag due to the pressure differential inside
and outside the vacuum bag.

25 5. A method according to claim 4, wherein the method further comprises the step of

providing an induction medium to assist the ingress of liquid resin.

6. A method according to claim 5, wherein the induction medium comprises any one
of: recesses on the surface of the tool; a sheet of plastics mesh; or lengths of plastics

30 material.

7. A method according to claim 3, wherein the resin is introduced by way of sheets

of resin positioned on the dry fabric reinforcement, prior to the hermetical sealing of the



of : recesses on the surface of the tool; a sheet of plastics nesh; or

| engths of plastics 30material. 14 vacuum bag and wherein the pressure

di f f er entwel2o1108umes the resin sheets to be forced intopCheBioy/dsadani c

rei nforcenent due to the pressure exerted upon them 8. A net hod
according to any preceding cl ai m wher ei‘n t he at nospheric pressure 5 outside
the vacuum bag is substantially one atnosphere. 9. A nethod for naking a

conposite material according to any _preceding claim erei he tool is a
| ow mel t VAGUBbPHE %%ﬁ‘tr?le_éh%rfwea%ffgwaﬂglu%%a%@ﬁfe%é A @ E? ?ﬁﬁge @ he
resin, the BYasidatint@behidldut %o Mear&dudk¥ed fonRihi Ng poi nt and renoved

fromthe 10cOnposite product to create a holl ow conposite structure. 10.
Apparatus for meking a conmposite material conprising an inperneable

hernetical ly seal abl.e vacuum ba having .at | east, one port.to allow fluid
Cormunt oat | on oaeRBtAcTRETE R Facsr el et he MRl Br e bag. &
subst gnt ipatside thé GdcduimnaRl if QibsthatipBsoid RMbEthewd. t hi n the bag and means for
creating a pressure differential between the inside and outside of the bag,

wherein the pressure inside the bag is | ess than the pressure outside the

bag. 1. [ .cl ai.m. ' f [
a b essure 20 BRF Ry T ane koY Pl dnr BT ot e TR Balrr, purp 1o

reduce t héhesie8BUSE iWh 1dW melthgy poaplustibagateridPandAppasgatiiso deaoridi 0§ t o
claim10 or claim 11, wherein a secaond port of the vacuumbag is_ a resin

inlet. 28heresn, the pistiesivatatelos beaieyl atovamy Belngpoit aidusmpyed Fomptheyher ei n
Foam et B R e A o B R T oam composi e honeycorD
or natural material.
10.  Apparatus for making a composite material comprising an impermeable
hermetically sealable vacuum bag, having at least one port to allow fluid communication
between the inside of the bag and the outside of the bag, a substantially rigid tool for
15  positioning within the bag and means for creating a pressure differential between the

inside and outside of the bag, wherein the pressure inside the bag is less than the pressure

outside the bag.

11.  Apparatus according to claim 10, wherein the means for creating a pressure
20  differential within the vacuum bag comprise a vacuum pump to reduce the pressure within

the vacuum bag.

12.  Apparatus according to claim 10 or claim 11, wherein a second port of the vacuum
bag is a resin inlet.

25
13.  Apparatus according to any one of claims 10 to 12, wherein the tool comprises
polymer foam, polymer honeycomb, solid plastic, metal foam, metal honeycomb, graphite

foam, composite foam, composite honeycomb or natural material.

30 14.  Apparatus according to any one of claims 10 to 13, wherein the apparatus further
comprises an induction medium for assisting the ingress of resin when the system is in

usc.



3014. Appar atus according to any one of clains 10 to 13, wherein the
apparatus further conprises an induction nediumfor assisting the ingress
of resin wbenmtdielssystemis in use. 15 15. The inventi orcirreButasist hi n
its scope a nethod of, and apparatus for, nmaking a conposite materi al
substantially as descri bed herein withlreference to and as illustrated in
any appropriate conbi nati on of the acconpanying text and/or Figures 2
and/ or 3.

15.  The invention includes within its scope a method of, and apparatus for, making a
composite material substantially as described herein with reference to and as illustrated in

any appropriate combination of the accompanying text and/or Figures 2 and/or 3.



