WD 2004/ 058475 PCT/ SG2003/ 000291 FI BER REI NFORCED COVPCSI TE AND METHODS OF
FORM NG THE SAME CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority fromU. S. provisional patent application Serial
No. 601436, YBB4RAEH is entitled "Fiber Reinforced Conf&3isGaoB0M8tt with
Fl exi bl'e Longi tudi nal Geonetry," filed Decenmber 27, 2002, and is

i ncorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present
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such conposites. BACKGROUND OF THE | NVENTI ON [ 0003] Fi ber reinforced
conposites (FRC) are useful, for exanple, as substitutes for netal
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FIELD OF THE INVENTION

[0002] The present invention relates to fiber reinforced composites and

methods of forming such composites.

BACKGROUND OF THE INVENTION

[0003] Fiber reinforced composites (FRC) are useful, for example, as
substitutes for metal materials. A fiber reinforced plastic wire can have strength
comparable to a steel wire but only a fraction of the weight thereof. Fiber
reinforced plastic wires can also be made more aesthetically pleasing to the eyes
than steel wires do. They are therefore good replacements of metal wires used,

for instance, in orthodontic treatments.

[0004] FRC wires can be produced by pultrusion. In a typical pultrusion
process, a continuous reinforcement is first impregnated with curable resin and
then pulled through a rigid die having a tunnel with a desired cross-section. The
resulting long wire has a fiber inner core and a composite cover layer. The
composite is cured in the die so that the wire can retain its cross-sectional shape.
When cured, a soft material is hardened as chemical bonds are formed between
atoms and/or molecules, which may occur for example under radiation. For

example, monomers may be cured to produce polymers. After curing in the die,



WD 20041058475 PCT/ SG2003/000291 the resulting wire will retain a
cross-section simlar in size and shape to that of the die tunnel. [0005]
|f desirable, the wire is subject to further processing such as

| ongi t udi nal WeREHIAY and further curing. Post-pultrusi on BSITRSG2068100€R91 S
coommonly referred to as "beta-staging." Under known approaches, to shape a
wre Jlongitudinally, the conposite is only partially cured in the die,
separated fromthe die, longitudinally shaped, and then fully cured. [0006]
An exanple FRC pultrusion process is described in U S. Patent No.

5,869, 178, i tne esbutihgdwire illastain 93 8sd-sedfiepsiraillarah size dfitbshape toltratagint ent  of
which is mcorgorate herein by reference. [0007] However, the known

appr oaches tdh Pt?d‘ﬁ'@f‘ﬁ pultruded FRC have certain drawbacks. For exanple,
under these known approaches, fiber distribution in the resulting conposite
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[0008] Thus, there I's a need for |rrprove(¥ fiber reinforced conposites and

i nproved nethods of form ng fiber reinforced conposites. SUMWARY OF THE
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and resin placed'in the die can be conpressed by shrinking the die to form

a desired traidheissacorporated herein by reference.
[0007] However, the known approaches to producing pultruded FRC have
certain drawbacks. For example, under these known approaches, fiber
distribution in the resulting composite wire is often uneven when the fiber content
is in a certain percentage range. The manufacturing process can be complicated
as two curing steps are required if the composite wire is to be shaped
longitudinally. It is also difficult to produce very thin wires as it is difficult to insert
resins into a very small opening of the die. Further, pulling a fiber through a very
thin tunnel may induce high stress in the fiber. A highly stressed fiber is easy to
break, either during or after the pultrusion process.

[0008] Thus, there is a need for improved fiber reinforced composites and
improved methods of forming fiber reinforced composites.

SUMMARY OF THE INVENTION

[0009] There is provided a process for forming a fiber reinforced composite in
which a shrinkable die is used, so that a composite of fiber and resin placed in
the die can be compressed by shrinking the die to form a desired transverse

cross-section.



cross-section. 2 WD 2004/058475 PCT/ SG2003/000291 [0010] In accordance with
an aspect of the present invention, there is provided a nethod of formng a
fi ber reinforced conposite. The nethod includes placing a conposite of
fiber and r &0 moiossars el ongate tunnel of a shrinkabl e di eCT/Sebnos/miore1g t he
die to reduce the transversal cross-section of the tunnel along a

| ongi tudi nal extent of the tunnel so as to conpress the conposite of fiber
and resin in the tunnel; and curing the conposite of fiber and resin.

[0011] There is also provided a process for formng a fiber reinforced
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i 'l ustratingresirppinctbessnmdl; dmd cunirg thefdobrgrosite bhfittercand resimnposite; [ 0016]

FIGS. 2 to 4 schemat ically illustrate a process I ncorporating the processes

of FIG 1, i nf orced
plastic wr e&%ll duceg %IS %%@p%:vg%gs%&%tc# ?) Q’r}noﬁg gfflt—)?béé P@Fﬁ ge4 and
compostte in whlch a ﬂex1ble die is used so that the die can be bent to shape the

composite.

[0012] The method is particularly well suited to form wire for use in
orthodontic treatment.

[0013] Other aspects, features and advantages of the invention will become
apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the figures, which illustrate exemplary embodiments of the invention,

[0018] FIG. 1 is a flowchart illustrating a process of forming a fiber reinforced
composite;

[0016] FIGS. 2 to 4 schematically illustrate a process incorporating the
processes of FIG. 1;

[0017] FIG. 5 is a cross-sectional view of a fiber reinforced plastic wire
produced by the process illustrated in FIGS. 2 to 4; and

[0018] FIG. 6 is a graph comparing the properties of a composite wire with a
metal wire.



[0018] FIG 6 is a graph conparing the properties of a conposite wire with a
metal wire. 3 WD 2004/ 058475 PCT/ SG2003/ 000291 DETAI LED DESCRI PTI ON [ 0019]
A flow di agram of an exenplary process 5100 for forming a fiber reinforced
conposite i sWOHKFEEed in FIG 1. In process 5100, a compustnes/mozo fi ber
and resin is placed in an elongate tunnel of a shrinkable die (S102); the
die is shrunk to reduce the transversal cross-section of the tunnel of the
die along a longitudinal extent of the tunnel so as to conpress the
conposite in the tunnel (S104); and the conposite is then cured (5108). The
conposite may be DETALED DESARIPAION cured in the die so that it nmay retain
Its shape after it is separated from the die. The die may be shrunk
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cross-sectional shape under mainly radial pressures, the stress in the
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have a size

[0020] Optionally, the die may be bent lengthwise so as to shape the
composite in the die (S106), prior to curing ($108). Optionally, the die could be
bent lengthwise before shrinking (8104). Since both shrinking and bending can
be performed before curing the composite, only one curing step is required.

[0021]  After curing, the die is peeled from the composite in step $110.

[0022] As can be appreciated by a person skilled in the art, in process $100,
the tunnel of the die does not have to have a small transversal cross-section
initially, even when the desired cross-section of the composite wire is small. The
composite of fiber and resin can therefore be placed in the die with an initially
large tunnel cross-section. Since the composite is compressed into the desired
cross-sectional shape under mainly radial pressures, the stress in the resulting
product is small. Further, since the tunnel of the shrunk die can have a size
substantially smaller than its pre-shrunk size, it is easier to insert resins into the

die initially even if the transversal cross-section of the final product is small.

[0023] FIGS. 2 to 4 schematically illustrate an exemplary physical
embodiment of process $100 for producing a fiber reinforced composite wire

having a desired size and shape.

[0024] As illustrated in FIG. 2 a section of composite fiber 12 impregnated



substantially smaller than its pre-shrunk size, it is easier to insert
resins into the. die initially even if the transversal cross-section of the
final product is small. [0023] FIGS. 2 to 4 schematically illustrate an
exenpl ary ph¥9i28d{0584ghbodi ment of process S100 for produdGTEGROG30pEs1

rei nforced conposite wire having a desired size and shape. [0024] As
illustrated in FIG 2 a section of conposite fiber 12 inpregnated 4 WO
2004/ 058475 PCT/ S&003/000291 w th uncured resins is placed into an

el ongate tunnel (not shown) of a shrinkable and flexible die 14 (S102).

| npr egnat ed #ith@hcli2diresing ieslaged intolbe efdnghtdtannel(hobstitavr()\od arshrinkatsler esi ns

| npregnat ed therean. The f)] s. may be inmpregpated, wth the resins in

sui tabl e mnﬁ%‘fée’ﬁﬁlﬁ\ﬂ\eﬁﬂ (bgﬁéo@pégpﬂe@%eﬁqgh@?‘éﬂqﬁaE’HE eafgf'g‘?hose used in
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each of the fiber strands hgz a Ierznf%tg | onger than the |ength of the tunnel
of die 14. TWENRMERSESIP suitplle nagnngty "%WOIB%TSP%F‘@E%& esh SPEN 8% after
it is placedijoisbskBsn Eorvaptiordl slilttusldh plokesgisher  conposites, fibers may be
shorter than the tunnel of die 14. [0026] Inpregnated fiber 12 can include

one strand or_filanment or. a bundle of . strands or filaments of fiber
materials. SA023b) el P yaidirgetiona Sﬂ"@p?ﬂasuﬁ%c ttla?.I;'Le" %té??"%ﬁ  a &I”&gbes,
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manuf act uri ng echni ques, such as brading. The fibers may contain one or
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manuf act ur i ngtrands or filaments of fiber materials. Suitable fiber materials include metals,
ceramics, glasses, polymers, and the like. For example, suitable fiber materials
include boron, aluminium, quartz, graphite, polyethylene, nylon, and any
combination thereof. Commercially available fiber yarns or rovings may be used.
The fiber yarns or rovings may be preformed using known textile manufacturing
techniques, such as brading. The fibers may contain one or more other
ingredients, such as coupling agents, primer agents, and sizing agents, for
improving the properties of the product or for facilitating the manufacturing
process, such as improving the bonding between the resin and the fibers. Fibers
can be chosen depending on the intended purpose for the final product. For
example, for producing aesthetic composite product such as orthodontic wire,
glass fiber may be preferable.

[0027] The resins used may include any suitable resins used in conventional
pultrusion processes. Monomer resins may be used. Exemplary suitable
monomer materials include acrylic monomer, acrylate monomer, epoxy
monomer, carbonate monomer, or any combination thereof. The resins may
contain a suitable polymerization initiator. For producing orthodontic wires, Bis-
GMA based dental resins, such as Metafil FLo™ supplied by Sun Medical, may’
be used. These resins have been commonly used in dentistry and are



process, such as inproving the bonding between the resin and the fibers.

Fi bers can be chosen depending on the intended purpose for the final
product. For exanple, for producing aesthetic conposite product such as

ort hodont i c WPre4/058rass fi ber may be preferable. [0027) pthwscesiongoused nmay
I nclude any suitable resins used in conventional pultrusion processes.
Mononmer resins nmay be used. Exenplary suitable nononmer materials include
acrylic nononer, acryl ate nononer, epoxy nononer, carbonate nononer, or any
conmbi nation thereof. The resins may contain a suitable polynerization
initiator. Fﬁbccﬂhpdméngaﬁrowl@mnbmem FerherBifey datFoln pestutedtivah anesi ns,
such as Metafil FLo i ed by Sun Medical, may be used. These resins
have been coRFRSHEYF ad¥8ff ﬁ‘go%ﬂﬁq MSP-and are 5 WO 2004/ 058475
PCT/SG2003/000291 bi oconmpatible in an oral environnent. Further, they can
form product pogs} h aihe taad bediecH nbyormlmambnwsmgﬁmmﬁ@s a[&ﬁaﬁﬂu crdse tunnel
of die 14 is Ion t nallé %tqﬁight and ﬁglfornlcross ctlon The
tunnel of d|%e°l'ﬁ he ‘EH@' fdig fépecgmpgr rﬁ" ?S'Hm%%‘ﬁﬁﬁl@é ?®d shape
sui t abl e f orshypatdifiaBie fob pratReingatle debirdd i Brsduct. TiMis afdWLiBmba6ABE A4on of a
wire having a cross-section that can be virtually any shape depending on the

appl i cat i on. Wirg haMegqepross-sgciatbal Fmbe Vmél‘k?%%h%?‘?ﬁﬂﬂq'@ en thaul ar .
[0029] The i a,b;sncahoﬁr %ﬁe&%tdtwe%oam%rﬁltﬁehmeéecﬁaﬁ id @I, Si ze

substanti al | arger than the desired size of the cross-section of the
resulting co 0030 s,oriented so that th nel is
vertical 'y df@ﬁﬁt 655400 0 i 4 nsE ok Rer s s LT The

vertical ori Fé?ééttth@fﬁlthésd@éif'é@fmﬂﬁﬁhé crd¥ecdfen bhBedeavtihgtb®patitd @iree 1S
normal to the transversal cross-section of the tunnel and does not

contribute to, AP ¢ BANFY R §erhidl §5 uiFd £AndNs VBRicahy PSsdd! However,
the tunnel may be otherwise disposed. The vertical orientation is advantageous
because the gravitational force is normal to the transversal cross-section of the
tunnel and does not contribute to the transverse force exerted on the strands in

the tunnel.

[0031] Preferably die 14 is made of material that may contract in size (or
shrink) so as to constrict the tunnel formed therein. As well, die may be formed
of a material that may be bent or flexed along its length. The shrinkable and/or
flexible materials suitable for formation of die 14 are known to persons skilled in
the art and are readily available. For example, the die may be formed with
temperature sensitive material that shrinks in response to heat. One suitable
material for such a die is polyolefin. An example of a suitable die material is the
heat-shrinkable tubes available under the tradename SUMITUBE™. Other
suitable polymers include polytetrafluorobethylene (PTFE), perfluoroalkoxy (PFA),
fluorinated ethylene polymer (FEP), polyvinydene Fluoride (PVDF), and
polyethylene terephthalate (PET).

[0032] Fiber 12 may be pulled into and through the tunnel of die 14, such as is
done in conventional pultrusion processes. Fiber 12 may then be cut into a

desired length. A portion of fiber 12 is exposed at each end of die 14. Each



the tunnel. [0031] Preferably die 14 is made of material that may contract
in size (or shrink) so as to constrict the tunnel forned therein. As well,
die may be forned of a material that nay be bent or flexed along its

| engt h. The V¥h2WOHRBHISe and/ or flexible materials suitablPET/SGrooB/orRut i on of
die 14 are known to persons skilled in the art and are readily avail abl e.
For exanple, the die nmay be formed with tenperature sensitive nmaterial that
shrinks in response to heat. One suitable material for such a die is

pol yol efin. An exanple of a suitable die material is the heat-shrinkable
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t er epht hal at We(gIREsTisA 2038 pulbgie fibdr awnd@esdombt ﬁé’erlﬁ@s@ﬂ Htéﬁewgh t he
tunnel of die 14, such as is done in conventional pultru5|on processes.

Fi ber 12 may b | . esi.red n ot f fiber. 12 S
P Do 12 ™ S0, el S Pons 72 S5 b S e RS 47 el S
exposed port Hevics 8ikch8s sfiigeex@ttplugthet fothe g Rmnehng. Two wei ght's 16A and
16B may be respectively tied to one or other of the two exposed end

portions. I g 6A,and 16 he, fi I a so. that . fiber 12

i s straight eﬁ)é)& @ éi} éﬁ\ef‘cﬁ%ﬁ"} Va'a%ﬂt@feaﬁa?" r%&%h%% eé)q ?u? 88{%d into
die 1|4 WI[ B gSaﬁusemequmm@toﬁemmﬁ apd alie 44 teyormpees fiBet \1)2‘audtré§il;1] tiherkin thgodl e
tunne 4] Die 14 is then run t t eat gun SO
as to cause'™p8 qeamlélp qressaemticngs lﬁ‘éﬁé (Q?@)lﬁsﬁﬁsgg{%ﬂ ?é& ffber 12 and
resin therein into a desirable cross-sectional shape (S104), as illustrated
in FIG 4. [[m35] [ it maybbadadnagéagetoshrinio dieht4 giadiially frdmgtopdodbttgmf r om t op

to bottom along the length of the tunnel of die 14 as gravity facilitate the removal of
excessive resin. The temperature required to shrink die 14 may vary depending
on the die material. A heat gun producing hot air with a temperature of about
180°C has been found suitable for shrinking a polyolefin die. Die 14 preferably
shrinks uniformly so that the cross section of its tunnel retains its general shape,
but deéreases in size. The contracting tunnel exerts a force on the uncured
composite therein, thereby compressing the composite and causing it to assume

a cross-section shape that is the shape of the tunnel.

[0036] Optionally, impregnated fiber 12 and die 14 can be placed under
vacuum together after a section of die 14 has been shrunk to remove any gas
entrapped inside the tunnel before completely shrinking die 14. For example, the
top 10% of die 14 may be shrunk first before vacuuming and further heating.

[0037] As illustrated in FIG. 4, after die 14 is completely shrunk to the desired
size a section 22 can be cut out from the die and the impregnated fiber assembly
(S104). Section 22, including die 14 can then be bent along its length into a

desired profile 24 (8106), for example, with an arch-shaped moulid. Profile 24 can
then be cured in a curing chamber 26 (S108). Profile 24 can be cured in manners
known to a person skilled in the art, such as by radiation. For éXampIe, profile 24
may be cured with UV-light for about 90 seconds. After profile 24 is cured, die 14



along the length of the tunnel of die 14 as gravity facilitate the renoval
of excessive resin. The tenperature required to shrink die 14 may vary
depending on the die material. A heat gun producing hot air with a

t enper at ur e W 2044B8#75 180C has been found suitable for sRETHAGRAIF 009291
polyolefin die. Die 14 preferably shrinks uniformy so that the cross
section of its tunnel retains its general shape, but decreases in size. The
contracting tunnel exerts a force on the uncured conposite therein, thereby
conpressing the conposite and causing it to assume a cross-section shape
that is the islsaparahéd frbm theriber renﬂfﬁﬂ:%ﬁ]co@pb'smaﬁdsmallidmﬂsﬁigﬁm} belnfddeest 12 and
die 14 can be vacuumto er after sect i o 14 has
been shrunk ¢ &rﬂgg ﬂ‘g and & maybe pY E@Prpﬁ‘stlﬁﬁé;”f C‘?'Uﬂ?i%ﬁe F%argﬁéml etely
shrinking die 14. For exanple, the top 10% of die 14 may be shrunk first
bef ore vacuu[ﬁoag] anthé uesditng hisartreindorced OQBEsitdswire masfttremhsa;ﬁ inra ¥riety 4,

after die 14 (f Iet§¥shruktothe delr?_&g) eatseC|on 22 can be
cut out fror’r? qpé”ﬁ? of FEAMRISY B iRy R iBorhode (ft)'; Section 22,
including die 14 can then be bent along its length into a deS|red profile
24 (5106), f@03ekanhe cradstseciionaf am'behmh'édrcedtdompoﬁit@wmeeprﬁduw\asthen be
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24 is cured, d|e é) 052((?4/05 475 PCT/ SG2003/ 000291 ‘eri g I ted from
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e resultin I ber reinforced co wre e ysed.in a variety o
appl i cati ons'ga“%r agRapyndn fi gqreﬁaangg?aé}ggpy ‘i‘f‘dogaﬁ‘tﬁﬂ?ﬁtth%reﬂeat ments. [0039]
The cross-section of a fiber reinforced conposite wire produced as

[0040] The resulting composite may contain a matrix and reinforcement. The

reinforcement is formed of the fiber, while the cured resins form a polymer matrix.
The resulting polymer may be a homopolymer, copolymer, terpolymer, and
blends or modifications thereof. Copolymers include block, graft, random and
alternating copolymers. The polymers may have various structures, such as
isotactic, syndiotactic and random molecular configurations, which can be either

linear or cross-linked.

[0041] Depending on the input fiber and resin, the resulting polymer product
can be wholly or partially absorbable, non-absorbable, dissolvable, or

biodegradable.

[0042] Test results show that fiber reinforced composite orthodontic wires
produced with process $100 can meet the specifications of international
standards such as the ASTM D 790 standard. The fiber reinforced composite
orthodontic wires have similar or improved mechanical properties in comparison
with conventional metal orthodontic wires such as Ni-Ti wires sold under the
tradename Reflex™ by TP Orthodontics, Inc. As shown in FIG. 6, a composite
wire can withstand higher load than a similarly sized Ni-Ti wire having 0.45 mm
(0.018 inch) diameter. The composite wire was formed of a Bis-GMA matrix



descri bed above is showmn in FIG 6. The exanple wire has a gl ass fi ber
content of 48% by volune. As can be seen, glass fibers are evenly
distributed. As is known to a person skilled in the art, in wires produced
by conventi SHAPOHOI8#SuUsi on processes, fiber distributi oRCISGaI08/022INEVEN
when the fiber content is in a certain range, as shown in figures 6a to 6f
of Kusy and di scussed therein. [0040] The resulting conposite may contain a
matrix and reinforcenent. The reinforcenent is formed of the fiber, while
the cured resins forma polyner matrix. The resulting polynmer may be a
honmopol ymer , besgabdgmtar resine Matafil Fky B12Mdm Ble Mislical reinfdrréedowith amsintleasfeof .
Copol ynmers incl ude_bl oc raft, random.and |t ernatin | yners. The
pol yners nays?l‘éﬁfaﬁ\:ﬁQH% eg?'?'[?& ﬁ?cgggongﬂewg%o% 1561?'%5?‘9["8? %tggﬁi BeUctic and
random nol ecyiapiets0aBLe LATiticANSlas¥Wibeh Coantd) gagart. ek fider ReRImefraction
cross-1linked. [0041] pendi ng on the input fiber and resin, the resulting

pol ymer pr odwés 488aAngéneiamejersf thrwire aras,0.amgbr AusaR besDaliSor babl e,
di ssol vabl e, gihnoliffe R dved MALCIR yp6S Yhicad

ﬁﬁqw that fiber
rei nforced corrp83| te orthodontic Wres produced with process 5100 can neet

the specifications of international standards such as the ASTM D 790
standard. ThEW3ber Ad¥rRRgREUSY WD shiinkablg digots e unnel €3n haveadargel ar or

i mproved mec fig) eRlssPIRRBA IASE rédult RIEEdyI8 sl thE fBBRXAA té<A #ito IR 2l
orthodontic wres such as N-Ti wires sol'd under the tradenane ReflexTM by

TP Ot hodont fuigie! ang theastressdming fipgriresuling tomdngrstion ef thei gamragiievandnst and
higher |oad [iagy4t of iHE wié lcn DeZduddd; gb(r%whg@%d?ﬁy%ﬁw% WirdScdMhus®e018 i nch)

di aneter. The conposite wire was forne | S- matrix 8 WO 2004/ 058475
PCT/ SG2003/ 0bured. Fhdber midtiniestraeds eof fibwecan be erealyBlistribytedin imfomped cal

reinforced Wl:&%p@si’f&f@ﬁ’thsein%roving the mechanical properties of the composite. When a
flexible die is used, the die can be bent to shape the composite wire before the
wire is separated from the die. Only one curing step is required to form an arched

wire.

[0044] Modifications to the exemplary embodiment described above are
possible, as will be understood and appreciated by persons skilled in the art.

[0045] For example, die 14 can be harizontally arranged instead of vertically.
Die 14, with fiber and resin in it, may be shrunk first then shaped longitudinally or
shaped longitudinally first then shrunk. Die 14 can also be shrunk in other
manners. Heat gun 20 may be replaced by other heating devices, such as those
using electromagnetic radiations. The whole assembly of impregnated fiber 12
and die 14 may be placed in a heating chamber.

[0046] The fiber content may vary depending on the desired mechanical
properties, as will be understood by persons skilled in the art. Generally,
increasing fiber content can increase the mechanical strength and stiffness of the
final wire. Braided fibers may be used as the reinforcement fiber. Similarly, Short
fibers or particulate-reinforcement can also be used and inserted into die 14.
Pigments may be added to the resin before shrinking die 14, to, for example, give
the final product a desired colour.



several E-glass fiber yarns, each containing 200 fiber filanments (the
filament dianmeter = 9m Unitica d ass Fiber Co. Ltd, Japan. The fi ber
volume fraction was 48% and the dianeter of the wire was 0.5mm As can be
seen, the WORIEIBESwWi re al so showed good recovery uponPCHPG203/¢99291[ 0043]
Advant ageously, with a shrinkable die, the die tunnel can have a |arge
initial cross-section. As a result, it is easy to insert the fiber and resin
into the tunnel and the stress in the fiber resulting frominsertion of the
conposite and renoval of the wire can be reduced. Very thin conposite wires
can thus be [00d47hedAltfeughhenly ereinplapy embodiareshés of thisi ibeentioarhdve eean! y

distributed in the forne co S|t thus, i Loving the chani cal
properties Oqes[c}cllgeggﬁﬁgg,ﬂpgs_e %@‘# 'Q%h? PB 'N%@V@W%Qé@&hﬁtrﬂ%"ydi e can be
bent to shapmotifieattonyareigossivie. & hbdfiventioh rathen is éntesded fraedanabdssaih t he di e.
Only one curing step is reguired to form.an arched .wre. [0044]

Modi fi cati on¥ d“?ﬁgcﬂ%gwﬁﬁHPyséﬁgﬁﬁi ﬂ"ﬁ%?X&W%B@"%%ove are possible, as
wi || be understood and appreciated by persons skilled in the art. [0045]

For exanple, die 14 can be horizontally arranged instead of vertically. Die
14, with fiber and resin in it, may be shrunk first then shaped

l ongitudinally or shaped longitudinally first then shrunk. Die 14 can al so
be shrunk in other nanners. Heat gun 20 may be replaced by other heating
devi ces, such as those wusing electromagnetic radiations. The whol e assenbly
of inpregnated fiber 12 and die 14 may be placed in a heating chanber.
[0046] The fiber content may vary dependi ng on the desired nechani cal
properties, as will be understood by persons skilled in the art. Cenerally,
increasing fiber content can increase the nechanical strength and stiffness
of the final wire. Braided fibers may be used as the reinforcenent fiber.
Simlarly, Short fibers or particulate-reinforcenent can also be used and
inserted into die 14.
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Pigments may be added to the resin before shrinking die 14, to, for exanple,
give the final product a desired colour. 9 WO 2004/058475 PCT/ S&003/ 000291
[0047] Al though only exenplary enbodi nents of this invention have been
descri bed above, those skilled in the art will readily appreciate that many
nodi fications are possible. The invention, rather, is intended to enconpass
al | sucg%gﬂggfication within its scope, as defined by the clainms. 10 CLAI M5
1. A net formng a fiber reinforced conposite, conprising performng
the follow ng separate steps in order: placing a conposite of straight
fibers and resin in an elongate tunnel of a shrinkable die forned of a

heat - sensi tive nmafefmeiiod phiforanng ik §beh reitoserd €ompesiie aCOMPRSINGkPRFOMMBI di e
by heating (L tr ersal cross- section of the tunnel
along a |on3ﬁ§3 Fﬁﬂbgééﬁgﬁﬁgékﬁﬁwb g%ﬁel So as to conpress the conposite
of fiber -and resin into a pre-determ ned transversal cross-sectional shape;

and curing the conposite of fiber and resin, wherein said shrinkable die
bef ore shrinkage i Blagingkdsomnasitgrof sicaightifibers argdesindnan elopgatesivumnebef a.

2. The nmet hod of clLai ' g i : ' : ; kLLe
fiber and resin i ngﬁh@a&%,ag%ﬂtrﬁ‘ae{dqﬁhag%%%@@ Hg? @Iaggﬁéta%%‘&'h?gérfn gﬁgé
retain its shape & heat;it is separated fromthe die. 3. The nethod of any
one of clainms 1 to 2, wherein the die is bendabl e
shrinking the die by heating the die to reduce the transversal cross-
section of the tunnel along a longitudinal extent of the tunnel so as to
compress the composite of fiber and resin into a pre-determined

transversal cross-sectional shape; and
curing the composite of fiber and resin,

wherein said shrinkable die before shrinkage is a loose fit around said

composite of fiber and resin.

2. The method of claim 1 wherein the curing comprises curing the composite
fiber and resin in the die so that the composite of fiber and resin can retain its

shape after it is separated from the die.

3. The method of any one of claims 1 to 2, wherein the die is bendable
lengthwise, and further comprising bending the die lengthwise so as to shape the
composite of fiber and resin in the die before the step of curing the composite of

fiber and resin.

4. The method of claim 3 wherein the bending is performed after the

shrinking.
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| engt hwi se, and further conprising bending the die |l engthwi se so as to shape
the conposite of fiber and resin in the die before the step of curing the
conposite of fiber and resin. 4. The nethod of claim 3 wherein the bending
is perforned after the shrinking. 11 5. The nmethod of claim4, wherein the
bendi ng conprises bending the die to shape the conposite of fiber and resin
into an arched wire suitable for use in an orthodontic treatnent. 6. The

met hod of arfy one Toe EHIagsOficiatn 4, ¥hereinthehending corprises Heading tedig tot y
of el ongate r n . r €l

o noer 5" RGO B oh DB L RLBS LB AR R ofed oo,
pl ural i ty airthddomtidsraatinenand t hr ough the tunnel of the die. 8. The nethod
of claim?7, further conprising pulling each one of the plurality of strands
at both ends so as to straighten the fibers in the die. 9. The nmethod of

claim?7, furgher I i t f qrgﬁn he
resin prior eﬁo thg%ggﬁeﬂr‘%g oﬂ??{yeﬁﬁ‘é‘ df{‘kﬂalhﬁe gmhé%"?l}p?ﬁg{reqconperpﬁés%né
after the puyluratity ofietbnuateddtrahds eachr esiimg ianlehbth tangeelthanh théadenlith cfathes
to further fill the tunnel. 11. The method of any one of clains 1 to 6,
wher ei n sai dUBBBkosite is placed in said die by placing the fiber in the
tunnel of the die, and thereafter adding resin in the tunnel. 12. The

nmet hod of any one of clainms 1 to 11, further conprising orienting the die
so that the T.unnelThesmethdd ofitlaim @, syteerenh the2placing comprises pulling the plurality

of strands into and through the tunnel of the die.

8. The method of claim 7, further comprising pulling each one of the plurality

of strands at both ends so as to straighten the fibers in the die.

9. The method of claim 7, further comprising impregnating the plurality of

strands with the resin prior to the pulling.

10. The method of claim 9, further comprising, after the pulling, adding
additional resin in the tunnel of the die so as to further fill the tunnel.

11. The method of any one of claims 1 to 6, wherein said composite is placed
in said die by placing the fiber in the tunnel of the die, and thereafter adding resin

in the tunnel.

12. The method of any one of claims 1 to 11, further comprising orienting the

die so that the tunnel is vertically disposed.
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