; UvVe3eSP| . | &\ 78?12 July 2002 THI'S INVENTION rel ates to an orthosis and a
nmet hod of manufacturing the sane. Mdre particularly, the present invention
relates to the nethod of manufacturing an orthosis froma cdepaobi2692
strycture. Traditional orthoses are usually manufactured from al um ni um

al l oy and st eel and“@m“/rel atively heavy. As a result, a great deal of the

orthosis we is used when nmanoeuvring the linb
whi ch the oi\“\m\‘\“\w tted. Additionally, the weight of tﬂmﬂwlmjmmmman
cause high | evelswof* stress on the orthosis wearer's skeletal stfucture.
The present invention seeks to providela |ightweight orthosis ané net hod of
manuf acturing orthoses which can be applied to the entire range of orthoses
or external bracin evi,ces. Another_ problem associated with traditional
orthoses i s tha® ﬂgr'é: 5 i3S B% ‘?Ah?gtf“?‘f‘l‘é aGFRr iRt BPeSBEP i cul arl y
susceptable to corrosion in countries or areas of high humdity. Wil st
hi gh strength carbon fibres and the |ike provide the required strength for
an orthosis and the cost of such materials is relatively low, it has been

f ound t hatTHIGhgINUBNTAQBusrebabes ficras axthesieprald eat mahheski a§ under

the tensi g SIFR3865 (PRI MARD. POMo LT PhPYi 80185 C,’Siélé‘”gréééné' SO
susceptable to excessive buckling in areas of the orthoses subject to
conpr essi ditvantian ¢ kelFtRe P obfleRt BELRPR pPEsSRRPRAIEREF HRIt 02Br ovi de

a |i ght wveiggth gy itdh ot sin adcomp bt 6F sbRAGEagkuri ng such an 12 July 2002 2
orthosis using a conposite structure which does not suffer fromthe
above-nenti oned probl ens. Accordingly, one aspect of the present invention
provi des a net hod Tfadienidreect uri igo s@s oatréosssa hhyi mgnafasttucedr from
conprisin qﬁpﬁ,{f rj i tting 4N anty.al ral jegl

al i gnnment gia]%gﬁ a iﬁlﬁd&g&n%ﬁ%gr& %bhbglr# S %bdsgflﬁ{%ll)ﬁgﬂ%? 'eas)ts‘gpgrti ally
around t h&asW:, thedkethodedhpPLsithg tPetReebs WPArgroF RMRFI¥ngEhs of

tCﬁnt: nUO?ﬁzé‘éd)r]?ﬁeW ida_@aﬁsduwbﬁt;amlmal I%&nn@r @f&! giiﬁ@solr& aRnoier | tﬁélt ting f
e lengths .to f.orm.,di sgonti nuous ths of fibres; placi a_plyrality of:
such di sc&Ht Iléng%f‘lg%ﬁgj'acerﬁ‘?cgﬁ‘él%ﬁ%hﬁér, ﬁ?‘ﬁer é"edﬁ’ﬂg ngag{‘ﬁet ween
adj acent dirdddtdsucars tengehfiigh flsve bs f of ssthrager ;on ariieadrtioai&urt her

| ayer of std%p.igﬁébzléﬁ?té@rﬁ tﬁpg.fi rst layer to forma conposite

structure Tromwhi p or band can be cut; applying resin to the
conposite structure; curing the conposite structure; and cutting the strips

or ba?FJs fromjtge mm0§>itﬂﬁ%e§1ttrucaw@npéaat hegeaﬁgecttff b}?@vﬁg@seng

i nvention prqvides an orthosis conprising a structure for fitt to a

b, t he SHARFAGHY (o TR RLS aSRANBEETGR O MO SFIoHPY ner FRBe8ng

struct ur e whdiaglovean opet lgrpliired ubst &hiel adntyiror mahgei mif movidmesds bdhe

structure q&@r' i ﬂHFb trips for fitting in substantially
A gnnﬂearslft r%ag%g hcgéY?"rf:’r%é'

par al | el and a nunber of bands for fitting at
| east partially around the |linb, wherein the strips and bands are

manuf act ured fromzg, GHBOS| {R-cYBIEiFt UL SeRIted NOwathl UrgLhlyt9bnhayers of
| engt hs of di scontinuous fibres cut froma |ength of continuous fibre, the

| engt hs i PERIFISS &t Fhadfaderi adie thvd WMo chndhe¥pars: BadgyaLegap.

particularly susceptable to corrosion in countries or areas
of high humidity.

Whilst high strength carbon fibres and the 1like
provide the required strength for an orthosis and the cost
of such materials is relatively low, it has been found that
long continuous carbon fibres are susceptable to breaking
under the tensile stresses imposed when post-forming an
orthosis and are also susceptable to excessive buckling in
areas of the orthoses subject to compression. It is
therefore an object of the present invention to provide a

lightweight orthosis and method of manufacturing such an



A further aspect of the present invention provides a test rig for applying
pressure to an orthosis, which test 12 July 2002 3 rig conprises: neans
to secure the ends of the test rig; and neans to apply presdariely200@8ne of
the ends of the orthosis, the pressure application neans conprising a

| oading pin and a receiving plate, one of the |oading pin or receiving

pl ate being attached to the neans to secure one of the ends of the orthosis
and the other of the loading pin or the receiving plate being attachable to
a load cell, the tip of the |Ioading pin being substantially hem spheri cal
and receivable in a substantially hem gpherical indent in the receiving
plate so that pressure can be applied to the orthosis at various angles. In
order thabrthesisesering rventnprs ey deruonere eddidly doskerséooshfrer

enbodi rrengf?olinh%%%ofaﬁ/g\}é M% e SPEbns bY way of exanple, with

reference t he ‘acconpanyi n gs, 1n Wwhich: FIG 1 is a perspective
view of an orthosis enbodylng the present invention; FIGS. 2(a) to (d) are

schematic represenRidrinFneW Bfet %%5ewtnvéf 0ghef preIMOS{ hfetiymture
for use in the present invention; perspective view of one end

of a strlﬁrBWHﬁﬁﬂi?oPe§ﬁo&%9ﬁ5WgnHEEG%HEﬂBHefﬂr1EEEBFHEn@€W&W91%ne
enbodi mensteudtue epr esrpt ikaMgntd oRumbe®. df | stmmheﬂa&fl (fl‘tth.WgOflﬁ

vent | onsumeadrs Ay aites Pledy iRt “SHom ot 11 fheiis cecopBReT o

accordanceﬁmh&ndmefenb@dtnéng @Wtlma$kepantlahlgnaronnamtmmtbdmbp a part

of a bandyps pethod comprising the steps of: providing lengths of
continuous fibres oriented substantially parallel to one
another; cutting the lengths to form discontinuous lengths
of fibres; placing a plurality of such discontinuous
lengths adjacent one another, there being a gap between
adjacent discontinuous 1lengths to form a first layer;
laminating a further layer of discontinuous lengths to the
first layer to form a composite structure from which a
strip or band can be cut; applying resin to the composite
structure; curing the composite structure; and cutting
the strips or bands from the composite structure.

Another aspect of the present invention provides an
orthosis comprising a structure for fitting to a limb, the
structure including a number of joints to allow the limb
and structure to move together in substantially normal limb
movement, the structure comprising a number of strips for
fitting in substantially parallel alignment along the limb
and a number of bands for fitting at least partially around
the limb, wherein the strips and bands are manufactured
from a composite structure comprising a plurality of layers
of 1lengths of discontinuous fibres cut from a length of
continuous fibre, the lengths in each layer being adjacent
one another and separated by a gap.

A further aspect of the present invention provides
a test rig for applying pressure to an orthosis, which test



12 July 2002 4 manufactured in accordance with one enbodi nent of the
present invention; FIG 6 is a cross-section taken through the strip and
band of Figure 5 along line VI-VI; FIG 7 is a perspective viewmlpboem
orthosi s manufactured in accordance wi th one enbodi ment of the present
invention secured in a test rig; FIG 8 is a detailed view of a | ower part
of the test rig shown in Figure 7; and FIG 9 is a detailed view of an
upper part of the test rig shown in Figure 7. Referring to Figure 1, an
orthosi s manufactured in accordance with one enbodi ment of the present
invention takes the formof a leg orthosis or I eg brace. The orthosis has
three basic elenents: a foot receiving portion; a |lower portion for fitting
to the | oweig|egnpapdean umpequﬂdisnbdxm tméténgstOfthﬁequ@tIﬁﬁy;The

f oot recelv g rtion. c |se h ed to geei ve an cure a
foot. A pafkpo 3 Flb%ozg u%??% ggaﬁé a?ﬁéché% é rivets o t shoe
at the heed»rm@@l@f ttneesmxeem@r@mhmmm ymet res echotrpsicsiaxgt@ be
ocated om Gldied sifleafh BNGdR/idS% Pled, PERSOBEIRAL! ggg P IifOST S

and formt ower portion of the orthosis. The uprig rldged by
a band 4\MﬁcﬁnglVéeatQ&@ﬁﬁeﬁ@%@ﬂfaFFaSPSGn&QJﬁP?eﬁ?aB¥ Fﬁeﬁﬂﬁﬂﬁ% S

cal f . Th&:r@éld%f_(l)_l;]théeé?ﬂim 6§agﬁx@t to&ﬁilmth it éﬂapetﬁie:: V@E%Ié:i:l gﬁfs the3 by
connect or e.uprl t.s eqcC ter at 1N a e jOI nt
o cecknfing 1 BiR sk 2 8o EvinbtiTals eihs 20848RaE15085 KO\ Mo
t he knee jbmanclscélB, Bhpr dxxupmﬂfeIt;hdnalcbm;m@ppuhebséugnd;umuamﬁauﬂm ghts

gpé(r)ox?mit e&%&lé&ab“ %gﬁfe;:lee‘#&t%e véafgrﬁz E% oh I“'?Jhe secon(} pai r

uprights thmﬂﬁkhﬁfhgﬁb |hnéeﬂh|rdnbaﬁb812nNMQNYhﬂ$m|Phﬂﬁedg§§ tW@aGprlghts

9,10 and igrdosatr&dcah béeab?mlefa tBetheabrehosne wearlh iSulshiagiridot h sets
of bands 11,12 are attached to the uprights 9,10 by respective connectors

5, 6.

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of example, with reference to the
accompanying drawings, in which:

FIG. 1 is a perspective view of an orthosis
embodying the present invention;

FIGS. 2(a) to (d) are schematic representations
showing the formation of a composite structure for
use in the present invention;

FIG. 3 is a perspective view of one end of a strip
or band for an orthosis manufactured in accordance
with one embodiment of the present invention;

FIG. 4 1is a schematic view of a post-forming
apparatus for use with a method embodying the
present invention;

FIG. 5 is a side view of a part of a strip
manufactured in accordance with one embodiment of
the present invention connected to a part of a band



The met hod of making the orthosis shown in Figure 1 involves the use of

di scontinuous |lengths of fibres as the basic conposite material rather than
using continuous fibres. Referring to Figure 1, the conpositi byped2ent s of
the orthosis conprise both pairs of uprights 2,3 and 9, 10 and t he bands
4,11,12. The shoe 1 is preferably manufactured from pol ypropyl ene, the
connectors 5,6 and the knee joints 7,8 are formed from stainl ess steel,
alumi niumall oy or another suitable netal or netal alloy. The construction
of the uprights 2,3 and 9,10 and the bands 4,11,12 is nost inportant since
t hese conponents - will be undergoing gone of the greatest stresses which

| ong carbon fibre structures tolerate. Referring to Figures 2(a) to (d), in
accordance with amahaﬁebmuieﬂﬂxnﬁammmr@énééewhﬁhemﬂdﬂemﬂdﬁmﬂéwtO$f

cont i nuous carbontklbr ar e pr.oy d W@ICh are cut into a first set of
rectangul ar pieces ng i gbpr éiy 100mmin | ength. These rectangul ar
pi eces 13a are placed end to end mnth a smal |l gap aL therebetween,
approxi mately 25 SO p e r s of
carbon fibre as s ﬁn Fﬁ qtrép %Q SQC%?XE tg%‘%res |n€?ﬁe |scon%$nuous
fibre |engths areaﬁﬁl@ﬁPécFio@ﬂguqﬂwﬁeﬁ%&ﬂ® lime YEnYThs of carbon f fibre
are pre-inpregnated with pol ypropylene resin and are available in tape
form 12 July 2 6 Referring to Fi 2(b a further |ength of

cont i nuous carbongggbreg stBut? .n?%rﬁpgaﬁbﬁa s%§68f ? ct%ﬁmnﬁ%#h?ﬁ%%es 13b
whi ch are each | amdnafaictmreld an espectidaeceneith tdne famisidissdntofof

rect angul ar piece 3 f rr, i c)..and ) wo further

| ayers of rectangﬁ 3 %pﬁggég fﬁuéﬁﬁ}éﬂﬁég§§§%?d%ﬂmg Féé? rlékanples shown
in Figures 2(a) to 2(d), the resultant conposite structure has four |ayers,
there being five pegt arsgu_{@rapaeeaalba A |swes. 16Qkrt PRUIPOSELQf this
description each of the four |ayers Ianlnated one _on top of the other is
termed a conposit &SFEn&igEh SN (W pbsi t2N4t ruct ure shown in Figure
2 (d) is nmade up of five panels 14. Preferably, the direction of the fibres
in each of the layers q@f sthe c ctur

Advant ageousl vy, ¥%Feagt 5£e |é%g§§ﬁé§h§%5? %gegnhzﬁg% acwl%%t%%e
substantially par&ﬁﬁélrug shosngitrudi kgreaxis of the strip or band which
the conposite structure is to be used to nake, another |layer 16 has fibres
oriented at substantlally 45 to the fibres of the first |layer 15 apd the
fibres of a thirdRPEGEFIDY £% Fddueift do AN QHFhomts MIRRRFYYredel Ri bres
of the fiastolragekel withusngr ommlw\gméhe BEC eslsar pyragemer tinvenetdbOUS

direction l.ar, the_l fi_br re. subst ntially
par al | el %aFﬁ a ?%ngﬁ?&%}ng% aX|gy §§9§¥%ﬁﬁo §? mgﬁg OV|dé | ongft udi nal
support whetbasishehagbrihreas, ﬁﬁ&ﬁCtrﬁiQmﬁn#ﬁlandathfﬂdtlaV%¢%lwl09|de

| at er al Fbﬁ:ft'i%%s tQr sbQRrangh st | Eby- f@%fhd stéheReaPRiad PEgl he
pol ypropyl ene prei npregnated resin acts to produce a conposite structure 18

" from the PRferdd JfPRFY dPPEELPEN A OWi Ebﬁmi‘ﬂu&?s ¥he)r BBPefhd eSonpotite
structur efb&tl srébehvitgedpofbtonr a¥ompPhsef tae gage Al batwpeadpasel s 14,

I.e. the dlS%ggglngg S ggg&¥53 a 1%0J%|y 2(%xozpalr of strips 2,3 or
uprights are attached by rivets to the shoe at the heel
area of the shoe and project upwardly therefrom so as to be
located on either side of the lower leqg of a person wearing
the orthosis and form the lower portion of the orthosis.
The uprights 2,3 are bridged by a band 4 which is located
so as to fit around the rear of the wearer's calf. The
ends of the band 4 are attached to respective uprights 2,3

by connectors 5,6.

The uprights 2,3 each terminate in a lockable knee
joint 7,8. A second pair of uprights 9,10 extend upwardly



7 of the conposite structure 18 made fromthe adjacent panels 14, allows
novenment of fibres relative to one another in adjacent panels 14 w thout
causi ng any distortion which would ot herw se have resul ted iR htg2002aki ng
of long ‘continuous carbon .fibres in tension or the buckling of |ong
continuous carbon fibres in conpression. By being able to choose the
orientation of the fibres in each |ayer 15,16,17 of a panel 14, the
strength characteristics of each panel 14 can be tailored in accordance
with the stresses likely to be inparted on that particular area of the
strip or band. Once the conposite strugture 18 conprising the various
panels 14 is finished, the structure 18 is placed in an autoclave on a fl at

netal lic @faﬁ\et@re iMheée W?Uhﬁlt@ndi @ edapPresitatedy Upsisidy 2p3 @y 9, 10
or bands 4 &2 are cg nbghe structure 18 t%afﬁg re |red mndth and
Tengt h usthEoaPAKEnGE eHBE SBbkRoq - gPa: 8 SaROHEoPaS L Hideie
constructupnightshsoorishds e sbasrmt)édtdnppemdﬂsmateuyehamfwglyt SJ]_:Drtrbgands are
o oot 8P aYE, IR RAILYLE o FRARLR. 10 1l "B Ea Spat B0 LR S 0C O

an end 19 of a Stri req UI an aperture s abr a hol e 20
drilled t®y bgghemenéﬁe in @ rtfmrd sbmcéczeal whmbghg@n@ hatiglaz® wilteh bot h

ends of tﬁgrli?!;ﬂtglgpi@t AHd rig flb%'&‘t%'&eam)'t%eZQ:o%s oM 2y P &nk A
single car bre or_ a smal nber of carbon fibre threads 22 or the

like are Vﬁ%ﬁanﬁrEBﬁQPed\qu?r%%ﬁ§l?ﬁ LAREE V& 3Ad AREuRF EEBRH e end
19 of thetnerughightsbandoi byoréepdat ista engintdrs tH, prevent it from
splitting as a result of the hole 20 havi ng been 12 July 2002 s drilled
through it. Once the adhesive or resin has hardened, the pin 21 can be
renmoved from the fbeem2@hiokdercdbynaleing tting onthosikl ghoeinnfior deidnaper t ure

at one e”g C}iﬁv@(lv*e@:“v‘ gt 8 B@@@onﬂl‘%u@@%ﬁgﬂ’?gdéft?113?efs' tfed to

the inten wear er once the appropriate neasutements have been nade,
t he varloﬁgecBﬁﬁéﬁeﬁﬁ@RﬂSHﬂﬁaWﬁ??ﬁ%ﬁ% syEheEsthAB WSANGhCONE INUGRSE 9, 10

an]gi bandsf foids 12 R’éﬁef@ﬁﬁg{jﬂb nIBﬂgthflé 01 ,decsué ezibnq&tg@ﬁse 2c'8h11£tﬂméﬁ'tt§ of .
referrin a pbed o U asLI CS a .oV ed, e
et ont | ohe GrBRRE S At 2 Wi BRUR 23, G35 8RR S e L NI b
such t hatanfiei theel bainds hdh@ﬂhﬁZkﬁlneTmee shoendad shap@nﬂfaﬁ&blxnight
or band. ﬁ?‘?QE&g?QﬂeErgﬁ %ﬁl@k%ﬂéhet h‘éthE'o:Q{m gl:?ﬁ | €56 DAL P and

then a thin exl aid over ber sheet 24. The
upri ght 2kngeahgintsid,8rapgnformed) frow sta ipdessd shael, pdiurddpiun and

then | ai da Db bheafBthkrskaqtadieomdtza kad mit4l aesiwys bars 23. A second
flexible netal sheet 26 is laid over the upright or band and a second

rubber sheet 27 is laid over the flexible netal sheet 26 so that the -
mal | eabl e upri ght The b@mdtimcstamwmetthmmeghESpai,B ahdf 199Xl andret al

sheets 25¢A8 ABflag BokL, 36 AUDRBLCSNGELF 2T Aildd oo d ¢ jacks

28 are Iocate irecf ove the be astics bars 23 and are actuable
to press Wbhh ’a‘ﬁt‘bn@%gghﬁ‘av\ﬁ%%ec%ﬁs‘%h%c‘i‘ﬁ'%te%‘- rieresres pth i nband i s

mal | eabl egatrboRdepbret Be roabape oy eeld3ad by the plastics bars 23 on the
bed. The rubber sheets 24,27 serve to distribute evenly the shaping

pressure applied between the pneumatic jacks 28 and the plastics bars 23
and the netal sheRefeZbitG S VEitjaresovi (&) ateno@)h, stinf axedddarsdet o t he

upri ght O&ieﬂng5%?&%@{%E§‘éﬂﬁ£§?ﬁgwﬁe%f the invention, lengths of
continuous carbon fibre are provided which are cut into a
first set of rectangular pieces 13a of approximately 100mm
in length. These rectangular pieces 13a are placed end to
end with a small gap AL therebetween, approximately 25mm,
so as to provide a layer of discontinuous lengths of carbon
fibre as shown in Figure 2(a). All the fibres in the
discontinuous fibre lengths are unidirectional.
Preferably, the lengths of carbon fibre are pre-impregnated
with polypropylene resin and are available in tape form.



The shaping pressure is applied by the pneumatic jacks 28 for a period of
time until the strip or band has 12 July 2002 9 cool ed down and becone
rigid once again. The strip or band is then renoved from thé2pgalgt2002r m ng
device. *The orthosis of Figure 1 is assenbled starting fromthe knee joints
7,8. Each knee joint has a slot (not shown) in its upper and |ower half for
receiving an end of an upright. The ends of the uprights are abraded using
fi ne sandpaper and wi ped cl ean using acetone and then an adhesive used to
bond the uprights and knee joints together, the uprights being seated in
the recesses in the knee joints. Simlgarly, the uprights and the bands are
al so abraded and adhered together using the connectors 5,6 as shown in

Figure 5. Additiopafbyringf etEdSi durdi guis ,6, at heubearnes arehqapvieged with
apertures_at, either end so e1glbthe conne%tors 5,6 can be rlvetted to t he
bands. THEHOIYBEPyI €HPMod 5% fifkef o tRECends TR G55 gRfs 3,4

using riwesgstarguhang piewdso Fllguwaich tdwee eemshshoand aohedttoy i gf 3@ for
OV uat et R PEULOLABNGE PheOFSBORCRLIREY! BELHARGUNA, PRIGLARNGGLN 1D

present i'nv ri Ses Eceive the
f oot of tRﬁfQNth@@l§00F19Mg§5e2ﬂﬁamﬁnﬁ1Zﬁﬁkﬂ e f f@Rthdupiledere pécei ve

the upper, RoEd ha1 8t éb@c@étff)é'ﬁ@f ,-ﬂ@ur@lé d%}e |ci‘9‘?”th‘é°%b{9ﬁ§§e§ 4 of
the orthosis are received b | ower half 31 of the test ri In slots

provi ded $HP¥E paify btosres Zo(e?r)s 83 (XD Fi §hre mysukprntt é‘fé’F“P5’§r1§633 are
pi vot abl ystbwetede t halzor fgaent dayeatss 3¢habé chedng helvke i Reathhalmazb for
Securlrm;ﬁfgceglfﬁfgggﬁoia§gg IIii(or the purpose of this description

each of the four layers laminated one on top of the other

is termed a composite panel 14. Thus, the composite

structure shown in Figure 2(d) is made up of five panels

14.

Preferably, the direction of the fibres in each of
the layers of the composite structure is different.
Advantageously, at least one layer 15 has fibres which are
oriented substantially parallel to a longitudinal axis of
the strip or band which the composite structure is to be
used to make, another layer 16 has fibres oriented at
substantially 45° to the fibres of the first layer 15 and
the fibres of a third 1layer 17 are oriented at
substantially 90° to the fibres of the first layer 15, thus
providing the necessary support in various directions. 1In
particular, the layer 15 of fibres which are substantially
parallel with a longitudinal axis of the strip or band
provide longitudinal support whereas the fibres 16,17 of
the second and third layers provide lateral stiffness,
torsion and stability.

Resin is then applied or the polypropylene pre-
impregnated resin acts to produce a composite structure 18
from the layers of unidirectional discontinuous fibres.
The composite structure 18 is then cured. The provision of
the gap AL between panels 14, i.e. the discontinuous nature



" 12 July 2002 io The other uprights 9,10 are held at their free end by a
further pair of substantially vertical steel bars 36 which are bridged by a
steel beamor plate 37. The upper surface of the steel beaml27uly2G03r ned

wi th a done-shaped indent 38 (see Figure 9) . Aload cell 39 is provided on
t he- upper half of the test rig 30. A loading block 40 having a | oading pin
41 projecting therefromis attached to the load cell 39. The free end 42
(see Figure 9) of the loading pin 41 is hem spherical and adapted to engage
in the doneshaped i ndent 38 on the upper surface of the steel beam 37. The
| oad cell 39 can be adjusted such that-it applies pressure to the steel
beam at various angles. It should be appreciated that both static and

cyclic logdi pHet 86RPbEYEE 8tBubefde! QaeNAGEAE Lok Nendeld P oBNC e
orthosis._ The n thog of rranufgcturiirég t he orth?)si s. has %{een dgpség{r?%ée]d above

in relatibf/t 33Oy RRYHRRS. oFhd G0 d $ 2 Ehmeber ongq@aothezppin cabl e

to other sdthosas pwhdéhe navenitiosut scaakinignidmd teskegtabnkraei @it hoses.
12 July 20

02.11 CLAIMS: 1. A nethod af facturi .ort hosi s, havi
Struotur o SBARr | STAEE B AT r TEPSET of Pt U ng oA aht L1
paral | el aebnghnmepusakcenpoa fibiveandnatansiien of thadsutklifgtef rigray | east
partialIy?gﬁegﬂgohgeJ%ﬁq?ntgyhﬂggrgﬁi& dsSi{g,the steps of: providing
[

| engt hs of conti nuous res oriented substantrally parallel to one
anot her; cutting the lengths to formdiscontinuous | engths of fibres;

placing a pluraligy Obestghadj1c0Bbi MHUb:d eRfEh AR 0PN rangider
t here bei a _gap between adj acent dlSCOﬂ%InUOUS lLengths .to forma first
| ayer; Iaﬁgﬁﬁﬁgndna :lﬁy4%y£?'%§'ﬁ7s8 nfi REOGS Wngtthe tFHHIEY r st

| ayer to €barmatemipddicise sifr uebehe pramlwhiiéh aasntrbe oraibmedanibe cut;

app! yi ng ' he, i f ra, rd q?B§§i cture;
and cutti %gékﬁgggfh Svsl%glpng’antg'gzr%r%#ﬁq% hie&ceo%oesc??oeé rs]]tﬁ“rfﬁac ur e.élg.a%érjret hod
accor di ngpasterulari arglecd thehestirkters ®Andonti nuous fibres conprise
uni directional continuous fibres . 3. A nethod according to aim1l or 2,

wherein the conposite structure is, cured in an autoclave. 4. A nethod
according to any PPSEedthf FAMRYPShher & YHI o 38si FemRY +8Ehdr £he
t her nopl asartoasdphiheler iepchs sfinpshedbantec st rictmmriha scarpqsidced

structure;is_he ntil mall l.e haped., t onfaormtao the part of the
linb to \Mjﬁ%‘c Ht E{éggfrﬂfl})’leo?nbgnﬁ%st Emoe aerifeﬁtpglaa%aenaoqi hrgenn acc%“ocf‘%‘lel i he
desired stfuped.5. A nethod according to Claim4, wherein the strip or band

is shaped by a plurality of jacks which apply pressure

Once cured, uprights 2,3 and 9,10 or bands 4,11,12
are cut from the structure 18 to the required width and
length using a diamond edge coated plate saw.

For the purposes of construction of the orthosis,
some of the ends of the uprights or bands are required to
have an aperture. Referring to Figure 3, the outer surface
of an end 19 of a strip or band requiring an aperture is
abraded and a hole 20 drilled through the end. A pin 21 is
placed through the hole 20 with both ends of the pin 21
protruding from the hole 20 as shown in Figure 3.

A single carbon fibre or a small number of carbon
fibre threads 22 or the like are then impregnated with
resin or adhesive and wound around the end 19 of the
upright or band in order to strengthen it to prevent it
from splitting as a result of the hole 20 having been



12 July 2002 12 to predeterm ned points on the strip or band to formthe
strip or band into the desired shape. 6. A nethod according to Caimb5,
wherein the strip or band is sandw ched between fl exi bl e shdétlaly 2002A

met hod according to Caim6, wherein the strip or band is sandw ched
between flexible nmetal sheets to achieve a snooth surface finish on the
strip or band. 8. A nethod according to Claim7, wherein the netal sheets
and the strip or band are sandw ched between rubber sheets to distribute
evenly the shaping pressure. 9. A nethod according to any preceding ,claim
conprising the further step of orienting the layers of discontinuous

| engths of fibre at predeterm ned angles to one another. 10. A nethod

accor di ng grq 13 MeAroMeer € . eachhpagel LitoMYdRasi ¢e | &P Nake @f Absl east
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fibres of thedeagnaddsayari meiing aorueniededh rateidaapetituraAat baet BRAS

fibres of _the first layer, and the fibres of a third | ayer being oriented
at subst ant’ éﬂflf}‘b?o‘{l’or%ﬁtf%?%%mgf the first layer, the fibres of the
first layer providing |ongitudinal support, the fibres of the second and

third | ayers provi,lq.wgoj_,@flggﬂéi zggjé‘(iéqgtgé, bteor§i9@e§nq{osttfqpél .F]erngitlzd A
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,July 2002uprights 2,3 and 9,10 and bands 4,11,12 are post-formed
into desired shapes. To do this, referring to Figure 4, a
bed of upright plastics bars 23 is provided, the height of
the plastics bars 23 with respect to one another is
adjustable such that their relative heights define the
intended shape of the upright or band. A rubber sheet 24
is laid over the bed of plastics bars 23 and then a thin
flexible metal sheet 25 is laid over the rubber sheet 24.
The upright 2,3 and 9,10 or band 4,11,12 is heated until
malleable and then laid onto the metal sheet 25 on the bed
of plastics bars 23. A second flexible metal sheet 26 is
laid over the upright or band and a second rubber sheet 27
is laid over the flexible metal sheet 26 so that the
malleable upright or band is sandwiched between a pair of
flexible metal sheets 25,26 and a pair of rubber sheets
24,27. An array of pneumatic jacks 28 are located directly
above the bed of plastics bars 23 and are actuable to press
down onto the sandwich construction. Since the upright or
band is malleable, it adopts the shape prescribed by the
plastics bars 23 on the bed. The rubber sheets 24,27 serve
to distribute evenly the shaping pressure applied between
the pneumatic jacks 28 and the plastics bars 23 and the
metal sheets 25,26 serve to provide a smooth surface finish
to the upright or band sandwiched therebetween.

The shaping pressure is applied by the pneumatic
jacks 28 for a period of time until the strip or band has



*13 protruding fromthe aperture; winding fibre around the strip or band in
the area of the aperture; applying resin to the fibre; curing the resin and
fibre; and renmoving the pin fromthe aperture. 12. A nmethod &Z@slyadood to
any preceding claim wherein a strip manufactured according to any
preceding claimis securable to a band manufactured according to any
precedi ng claimby a connector. 13. A nethod according to Claim12, wherein
the connector is bonded to the strip and the band. 14. A nethod according
to Caim12 or 13, wherein the connector is fixed to the band by fixing
means passi ng through an aperture at 029 end of the band. 15. A nethod
according to any one of Clains 12 to 1 wherein the connector has two ends

and surro dhes I{l%dtg&@rg@%% (Icée)ur%ﬁ%% - ' %]frjj;ble%rt%t%e band.

16. A nethod according to any prece bre P&%ar bon
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pol ypropyl ene. 18. "A method according to any preceding claim wherein the

fibre is pre-inpregnated with the resin, the step of plying resin
conprising the stepPofor Mrehfhatt dytIHee 4 t}rse"”v’fns‘ﬁ"}‘kilr‘?éJ SEShE N frap
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an upright. The ends of the uprights are abraded using
fine sandpaper and wiped clean using acetone and then an
adhesive used to bond the uprights and knee joints
together, the uprights being seated in the recesses in the

knee joints.

Similarly, the uprights and the bands are also
abraded and adhered together using the connectors 5,6 as
shown in Figure 5. Additionally, referring to Figure 6,
the bands are provided with apertures at either end so that
the connectors 5,6 can be rivetted to the bands.

The polypropylene shoe 1 is fixed to the ends of
the uprights 3,4 using rivets.

Turning now to Figure 7, there is shown a test rig
30 for evaluating the performance of orthoses manufactured
in accordance with the present invention.

The test rig 30 comprises a lower half 31 to
receive the foot of the orthosis of Figure 1 and an upper
half 32 adapted to receive the upper portion of the
orthosis of Figure 1.

The lower uprights 3,4 of the orthosis are received
by the lower half 31 of the test rig 30 in slots provided
in a pair of steel bars 33 (see Figure 8). The steel bars
33 are pivotably mounted to horizontal bars 34 which are
held in a frame 35 for securing to a platform or the like.
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fitting in substantially parallel alignment along the linb and a nunber of
bands for fitting at least partially around the |inb, whereil@d Juhe20§Rri ps
and bands are manufactured froma conposite structure conprising a
plurality of layers of |engths of discontinuous fibres cut froma |ength of
continuous fibre, the Iengths in each | ayer being adjacent one another and
separated by a gap. 20. A nethod of nmanufacturing an orthosis substantially
as hereinbefore described with reference to and as shown in the
acconpanyi ng drawi ngs. 21. An orthosi sosubstantially as herei nbefore
described with reference to and as shown in the acconpanyi ng drawi ngs. . A
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10(( are used to evaluate the performance of the orthosis.

The method of manufacturing the orthosis has been
described above in relation to a leg orthosis. The method
is, however, equally applicable to other orthoses and the
invention is not limited to leg or Kknee orthoses.
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CLAIMS:

1. A method of manufacturing an orthosis having a
structure comprising a number of strips for fitting in
substantially parallel alignment along a limb and a number
of bands for fitting at least partially around the 1limb,
the method comprising the steps of: providing lengths of
continuous fibres oriented substantially parallel to one
another; cutting the lengths to form discontinuous lengths
of fibres; placing a plurality of such discontinuous
lengths adjacent one another, there being a gap between
adjacent discontinuous 1lengths to form a first layer;
laminating a further layer of discontinuous lengths to the
first layer to form a composite structure from which a
strip or band can be cut; applying resin to the composite
structure; curing the composite structure; and cutting
the strips or bands from the composite structure.

2. A method according to Claim 1, wherein the lengths
of continuous fibres comprise unidirectional continuous
fibres.

3. A method according to Claim 1 or 2, wherein the

composite structure is cured in an autoclave.

4. A method according to any preceding claim, wherein
the composite structure is thermoplastic and the or each
strip or band cut from the composite structure is heated
until malleable, shaped to conform to the part of the limb
to which the strip or band is to be fitted and then cooled
in the desired shape.

5. A method according to Claim 4, wherein the strip or
band is shaped by a plurality of jacks which apply pressure
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strip or band into the desired shape.

6. A method according to Claim 5, wherein the strip or
band is sandwiched between flexible sheets.

7. A method according to Claim 6, wherein the strip or
band is sandwiched between flexible metal sheets to achieve
a smooth surface finish on the strip or band.

8. A method according to Claim 7, wherein the metal
sheets and the strip or band are sandwiched between rubber
sheets to distribute evenly the shaping pressure.

9. A method according to any preceding claim
comprising the further step of orienting the layers of
discontinuous lengths of fibre at predetermined angles to
one another.

10. A method according to Claim 9, wherein each panel
comprises a laminate of at least three layers of fibre, the
fibres of a first layer being oriented substantially
parallel with the longitudinal axis of the strip or band,
the fibres of a second layer being oriented at
substantially 45° to the fibres of the first layer, and the
fibres of a third layer being oriented at substantially 90°
to the fibres of the first layer, the fibres of the first
layer providing longitudinal support, the fibres of the
second and third layers providing lateral stiffness,
torsion and stability.

11. A method according to any preceding claim,
comprising the further step of forming an aperture in the
strip or band and reinforcing the aperture by the steps of:
inserting a pin in the aperture, both ends of the pin
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protruding from the aperture; winding fibre around the
strip or band in the area of the aperture; applying resin
to the fibre; curing the resin and fibre; and removing
the pin from the aperture.

12. A method according to any preceding claim, wherein
a strip manufactured according to any preceding claim is
securable to a band manufactured according to any preceding
claim by a connector.

13. A method according to Claim 12, wherein the
connector is bonded to the strip and the band.

14. A method according to Claim 12 or 13, wherein the
connector is fixed to the band by fixing means passing
through an aperture at one end of the band.

15. A method according to any one of Claims 12 to 14,
wherein the connector has two ends and surrounds the strip,
the ends of the connector being fixed to the band.

16. A method according to any preceding claim, wherein
the fibre is carbon fibre.

17. A method according to any preceding claim, wherein
the resin is polypropylene.

i8. A method according to any preceding claim, wherein
the fibre is pre-impregnated with the resin, the step of
applying resin comprising the step of impregnating the
fibre with the resin.

19. An orthosis comprising a structure for fitting to
a limb, the structure including a number of joints to allow
the limb and structure to move together in substantially
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normal limb movement, the structure comprising a number of
strips for fitting in substantially parallel alignment
along the limb and a number of bands for fitting at least
partially around the limb, wherein the strips and bands are
mnanufactured from a composite structure comprising a
plurality of layers of lengths of discontinuous fibres cut
from a length of continuous fibre, the lengths in each

layer being adjacent one another and separated by a gap.

20. A method of manufacturing an orthosis substantially
as hereinbefore described with reference to and as shown in

the accompanying drawings.

21. An orthosis substantially as hereinbefore described
with reference to and as shown in the accompanying
drawings.



