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METHOD AND APPARATUS FOR STABI LI SI NG STRI P
DURI NGW NDI NG FI ELD OF THE | NVENTI ON The present

w0 poognoiden rel ates to helically wound pi pes anplCT/AU2007/000296

particul ar to apparatus and nmethods for handling and
spooling strips to be wound into helically wound

pi pes. BACKGROUND Pl asti c pi pes can be nade by
helically w nding a plastic strip having series of

spaced Mp? §qu1 ly.
This form g‘oﬁgl [ ca oF gmi&ggﬁgﬁéﬁﬁé
known in the piping |n escribed in

patents by the appllcant reI ating both to the form of
the plastic strip and to the formof the nmachi ne by

HERRSOB TR IINVENMEIQNpes or tubes are produced from
uch strips. In the past, in order to create high

@H@F%ﬁ@@elﬁﬁl‘b‘é §elﬁ’tes\ﬁﬂ§13h@@ibé‘é@ﬂyldfpipe$ hedmplartlcular to

its ribs to be

e E R el o Thadions 2eR sBinlins o o Dpradiaie

}[@ﬁbﬁ WRM, %327090 di scl osed an i nportant advance
in hellcall und pi pes. The conposite strip
di scl osed by Patent No. 2003227090 includes an

el at e re| nforcing strip extending | engthw se and
%‘}@6 teraIIy by a rib portion (see Figure 1).

L g b sl @ﬁhgﬁ"%lﬁrwh%ﬁﬁé P QR AR seres of
sPRERBAYSHE H?t anH@n%Pl%s R &Hﬁ%ﬁfc{%gﬂmﬁhlgtftgﬂ&%f helically

conposite Stl

veowgrd fuibmaott p1pad$ alregdy th% ih@he 9$p1ﬁgﬂnaﬁsﬂ?§f QfHGe @escrlbed
wi t hout the need for a strip havin hi ck” pl asti

ipRaterdmbly thhe aRrplicand relasiogtiogutetie ffomm omteapiaa)c strlp and to
the form of the machine by means of which the pipes or tubes are produced

from such strips.

In the past, in order to create high performance pipes it was necessary for the
wall thickness of the plastic strip and its rib.s to be quite substantial.

However, the applicant’s Australian Patent No. 2003227090 disclosed an
important advance in helically wound pipes. The composite strip disclosed
by Patent No. 2003227090 includes an elongate reinforcing strip extending
lengthwise and supported laterally by a rib portion (see Figure 1). The
reinforcing strip has a height to thickness ratio of at least 3 to 1 and is
orientated substantially perpendicular to the base of the strip. With this
composite strip, a stiff pipe, able to withstand significant radial crushing
forces can be produced without the need for a strip héving a thick plastic base

and thick ribs (see Figure 2 for instance).

When a composite strip, such as the strip described in the applicant’s

Australian Patent No. 2003227090, or another functionally similar strip, is
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When a conposite strip, such as the strip described in
the applicant's Australian Patent No. 2003227090, or
wa@pwrhex1f unctional ly simlar strip, iswound oPCT/AU2007/000296

spool for transport after manufacture, difficulties

may be encountered. In particular, where the conposite

strip has been designed for2a | arge di aneter pipe,

often it is desirable to wind the strip on to a spool

, ov ks

e B R e e A e e
entinstegddl Bi paitRubirpiiherstiieadcaanhpogtd siripttmsdteahidesignedffor a

the reinforcing portion within the conposite strip, _
larigercdiameteri pipeaditen itihdesiralie towind thessircgn for sprel having

e B SRS 8L e BB ISR pipe. 1
e BB 88 BB NP OB

reﬁt@@ﬁe@n$ potticr wifhis G esthposiad stein AVlongspeifiedly, dnde can be
apparatus are used, the tension'in the strip becones
a tendanghfdrtthe ribsef she cpmpssite szt ollapse sidgivey sdawagasithe
in the spooling process. It is an ject o he
bage as ighawiy i thedprckgroring Fiaaewgrsse;fﬁgé%aér %%‘é? hod
that address or at |east aneliorates sone or all of
the afore-nenti oned probl ens SUVWARYCF THE | NVENTI ON
AASERS gk&ﬂeﬁpwﬁhfdﬁq%ling%ﬁﬁ%os% st of ByeRipedistitged abdve is
provi ded a spool "wi ndirng assenbly for wnding a
thabifpoal ¢etictalispoolihg neethpdehndh appartptas hrdyseadaghe tension in
conmposite strip including: an elogngate plastic strip .
thp siripgecomnenso bighethabihq BHPARGTEs Lﬁraqtﬁﬁwéﬁ damaged in
| ateral |y spaced apart |engthw se extending rib
thﬁé???@’ﬁ%ﬁ%%ﬁ%ndi ng fromthe base portion; and a
plurality of elongate reinforcing nmenbers extending
| engthwi se within respective rib portions, the rib
It podrt bbjeet einthetpiesengiindarttiimip privixk sn hppaiatgs andposthod
ribs, the spool w ndin .
that address or at least ameliora%es some or all of the afore-mentioned

problems

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a spool winding

~ assembly for winding a composite strip onto a spool having a hub, the

composite strip including: an elongate plastic strip having a flat base portion
and a plurality of laterally spaced apart lengthwise extending rib portions
upstanding from the base portion; and a plurality of elongate reinforcing
members extending lengthwise within respective rib portions, the rib portions
and the reinforcing members forming composite ribs, the spool winding
assembly including:

a main frame;

a spool holder for rotatably supporting the spool relative to the main
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assenbly including: a main franme; a spool hol der for

rotatably supporting the spool relative to the
worionfiosne; a spool drive unit for driving thePGpAaTGL007/000296

with respect to the main frane; a carriage nounted for

| ateral novenent with respect to the spool; a bender

nounted to the carriage for3receiving the strip as it

is fed towards the hub of the spool and for deform ng
frdig;, strip to give it a curved base portion; and a

bender drive unit operably connected to the bender for

dr i \ad sppdl kirivas wmip forhddvigly thb spbehatth. refp@st &o dind shaih érame;

bender includes: a bender frane; a pair of paralle

spaced apart support rollers rotatably nounted to the

bender frame, at l.east one of the support ro]lers

ot iagr oag RierPT Bl witshisns Wi Seanecta Hs3ngpl

t he [ i L

SUpBor o Srated BB o F e P St b

toaaddathiclnge df tiee spidl and fendeforsling itiesefp tdeive dPesivied
strip, the inner side being a side of the base portion

bagp pestiew ante si de from which the ribs extend, the set
roll er sitioned, or itionabl e sych that as . . .
ComaR P T nit SRR Bk Gen 3 Hee i frader e ing e

S@ﬂgﬁ%}?&%%ﬂde i the conposite strip is deforned

t 1t exits the bender with a curved base
portion. Preférably the assenbly further includes a
conposite strip having an el ongate plastic strip
Priatevally thefbeatlebirsdugest ti on and a plurality of
| aterally spaced apart |engthw se extending rib
por t4 qaﬁgFﬁﬁding fromthe base portion; and a

a pair of parallel spaced apart support rollers rotatably mounted to the
bender frame, at least one of the support rollers defining grooves for receiving
the composite ribs of the composite’strip; and

a set roller parallel to the support rollers, rotatably mounted to the
bender frame and arranged to roll on an inner side of the composite strip, the
inner side being a side of the base portion opposite the side from which the
ribs extend, the set roller positioned or positionable such that as composite
strip is driven between the support rollers and the set roller, the composite

strip is deformed such that it exits the bender with a curved base portion.

Preferably the assembly further includes a composite strip having an elongate
plastic strip having a flat base portion and a plurality of laterally spaced apart
lengthwise extending rib portions upstanding from the base portion; and a
plurality of elongate reinforcing members extending lengthwise within
respective rib portions, the rib portions and the reinforcing members forming
composite ribs, wherein the grooves of the support roller are shaped and

sized complementary to the composite ribs such that as the coﬁlp0§ite strip is
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plurality of elongate reinforcing nenbers extending
| engthwi se within respective rib portions, the rib
w@enritarss2 and t he rei nforcing menbers form ng POIRUG00/000296
ri bs, wherein the grooves of the support roller are
shaped and si zed conplenentary to the conposite ribs
such that as the conposite 4trip isdriven between the
support rollers and the set roller, the conposite ribs
drbfed BeeWder gt Higpp@itYoBeRShdthe abt 10lled) e BRYSIRIAL M 4B
respect to the base portion. Accordlng to a second
heldbpgainstafnyt sibstavtizllateraltthevemest withwiespettao shobhse
wi.ndi ng assenbly for wi nding a conposite strip onto a
POLiiyl  having a hub, the conposite strip including: an
el ongate plastic strip having a flat base portion and
a plurality of laterally spaced apart | engthw se

ARSEAAGIHY s"etéhcﬂ’ﬁéﬁéc@% th@ﬁ%ﬂﬁbﬁ@héﬂeq kOEidRaSEspool
portion; and a plurality of elongate reinforcin

windirgeassembl g foli windlieggt doshsesite stiiprorte spgoiol aviniga hub,
portions, the rib portions and the reinforcing nmenbers

the %ﬁrﬁpﬁgt%m@cwmgb@ ekongaf@a&aﬁtlwtﬁm Iy ing oeftas kgase

poiist i At oA ahRl 2P (RnE fiwis bl g
po§h@&‘9§ rm]iS’Jthﬂ bnf e sk HoRor; gglcpapgﬁimwht B¢ spApae!

a bender “nount er the spoo

re1rc£0ten‘@1henﬁtbrﬁbk§endwlénrgdmzish evilthil r@SpéctBieadb pottions, the
wound strip grows in dianmeter, the bender recei ving
riby pretions apdatbe reinfercingintenveers Eormmia g nenepeditearibd, thvepool

saool and.pla aally deformng the strip to give it a
wi b‘?ﬁﬁ B¥® whi | e mai ntai ning the reinforcing

strhgﬁaﬁﬂkgméubstantlalIy per pendi cul ar orientation
respect to the base portion; and

a spool holder for rotatably supporting the spool relative to the main
frame;

a spool drive unit for driving the spool with respect to the main frame;

a bender mounted under the spool for movement radially éway from
the hub as a spool of wound strip grows in diameter, the bender receiving the
strip as it is fed towards the underside of the spool and plastically deforming
the strip to give it a curved base portion while maintaining the reinforcing
strips in a substantially perpendicular orientation with respect to the base
portion; and |

a spool drive unit for driving the strip through the bender.

Preferably the bender includes:

a bender frame; |

a pair of parallel spaced apart support rollers rotatably mounted to the
bender frame, at least one of the support rollers defining grooves for receiving

the composite ribs of the composite strip; and
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a spool drive unit for driving the strip through the
bender. Preferably the bender includes: a bender

wo e@me013g2 pai r of parallel spaced apart supporPCT/albmre00296
rotatably nmounted to the bender franme, at |east one of
t he support rollers defining grooves for receiving the
conposite ribs of the conposite strip; anda set roller
parallel to the support rollers, rotatably nmounted to

t he destdelef p@mﬂeﬁf&t}@rﬁx?%@?ﬁrdﬂéré Qbi:at&lﬂg@ﬁohﬂfé%{ t Sthge

of the conposite strip, e i nner side ing a si
benger frpsee piad armgepirtos pH entdreinsied eiderafrthekontpdstte sfm}b She
positioned or positionable such

infih 10 el acte E@%aﬁe PeTtiY GBPOSke thesira froms i the
w5201, AOLet R Bosf o A URESA 5 B B
stipSe dPQEh bRRved ﬁtee Lgﬂkcm hklfer sath xetlf iR qhe cBﬁ{B}&ﬁé

a conposite strip ng an e ongate asti’c’ st

sttipus dgfoanfekiastuchathat pexits tie beredea with aaiulrwd bhse portlon
| aterally spaced apart |engthwi se extending rib
portions upstanding fromthe base portl on; and a

A AT BRI o R
plagid dtﬂ@ql bRt basd th?dr{‘?ncfrﬁ??ﬂﬁ%%%% g%l gf}?ar%ééi apart

ribs, erei the gr ooves o

lelsgiﬁm\asle extdndirgedb portibasrepsandlitgofrbhetHedERe Ydrioh) éaﬁ a
such that as the conposite strip is driven bet ween t he
Platalisn of eloseats @enafmcmlgernsmbermxtemdmgﬂengmmme ivgiehini bs
i nst subst ant i | at e novenent with

rE?PesCBg&rdq BT B ioe 2o sk ioyeingan asbeinopming

e N PRhE O oIRGBy oo ot
su&dl@,mpl&ﬁ’@rﬁai@'ﬁ@rthe FoMPERTteRtbsaucRWRAL Me%loh‘ijﬁc@wé strip is
driven between the support rollers and the set roller, the composite ribs are
held against any substantial lateral movement with respect to the base

portion.

Preferably the assembly further includes:

a carriage mounted for lateral movement with respect to the spool;

a pair of support arms, each support arm having a lower end slidably
mounted to the carriage, an intermediate section and an upper end pivotally
connected to the bender; and

a first tie arm, the first tie arm having a lower end connected to the

carriage and an upper end connected to the intermediate section of one of the

. support arms,

wherein the support arms and the first tie arm allow the bender to
move radially away from the hub as a spool of wound strip grows in diameter

without rotating the bender with respect to the main frame.
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nounted to the carriage, an internedi ate section and
an upper end pivotally connected to the bender; and a
wo poostioBi2 arm the first tie armhaving a | oweCT/anezb07/000296
connected to the carriage and an upper end connected
to the internediate section of one of the support
arns, wherein the support aéns and the first tie arm
all ow the bender to nove radially away fromthe hub as
Prof&RBI theflower BAAS bf tHe Gt hiinshARBlecWd NPHSecond tie
rotating the bender with respect to the main
arfix sores Ry plaéntabl theiheeldtiwespeents of the support arns
are connected by a second tie armso as to maintain
their relative spacing. According to a third aspect of

: . b : Cded ;

AR R RS of b5 RSP BREAHES abiipparatus
i i . | i . .

oL SRR 29 Ryt ARl BB RHAGUIE i onco

spool haeinigya Bub,aheh?pgrdthgiﬁcﬂ@@ingﬁ elative to the frane;

a guide assenbly for guiding the strip generally
tangbﬁﬁﬁﬁvly towards the hub, the guide assenbly

| at i | di [ 1 el
o el BobierdRp bt shgRortint e rpobrelaRub e frome;
| lers: ; . . A
L R e A i S T S R
the &lud} tienglide abs@nbBnmadhbleadlativeltbehe Byod iR c_!{iréh’c'ftion

l'inks, each pair of links pivotally novable wit
pareldgldeantaxinaf spjddcetatiopai r of |inks, the string

and eEBReT e b Hoiet BHepacy §6 o deeHusamHlopare apart
J s relative. t he _ ..
R i G5 A5 ETO  hye
rollenby apait 6fIhie) eadh p&ie of lihkBPivotally movable with respect to an

adjacent pair of links, the string extending partially around the hub and
having first and second ends connected to the guide assembly for movement
with the guide assembly relative to the spool; and

a means for maintaining a substantially constant tension in the string
as the spool is wound;

wherein the rollers press the strip radially inwards towards the axis of
the spool and the grooves surround the ribs of the strip as it is curved around

the spool thereby supporting the ribs.

According to fourth aspect of the invention there is provided a method of
winding a composite strip onto a spool having a hub, the strip having a
plurality of laterally spaced apart lengthwise extending rib portions
upstanding from the base portion, the method comprising the steps of:
feeding the strip towards the hub of the spool;
driving the fed strip through a roller set so as to plastically deform the
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as the spool is wound; wherein the rollers press the
strip radially inwards towards the axis of the spoo
w@pa7nbs1yr ooves surround the ribs of the striPpCHAURW7/000296
is curved around the spool thereby supporting the
ribs. According to fourth aspect of the invention
there is provided a nethod @&f w nding a conposite
strip onto a spool having a hub, the strip having a
stiip 4o glivd it afurkad bage pyrtinend apart |engthw se
extending rib portions upstanding fromthe base
por twinding tilke defdrotedcsiriprargo e hhb te feps spboleﬂ%ﬁﬁn@le
L st[ip,tomards,thﬁ hub of the spool; driving the
‘V¥E§“%EW9%9H£HPBﬁ&HIQt ®FE set so as to plastically

def ' . j i1 d tion; d

w VbR b Rshf Bl s rChiie SRl A Beh the rifer
subBaakially e iifes thBGeNdifA i thLLtEt thABwWLRNG 'Toﬂ{l?r'quc% B&ur.

strip, Wherein the plastic defornmation of the strip

through the roller set substantially reduces the

tﬁ%gsi on in the strip that would otherw se occur.
Prevegaldly 4beyik pertians ase heldnpstandingsiramhetkasd ipogtion esrthey
1he ba ort |,on they are driven through the roller
alégffveﬂl%&(glﬁhﬁ?emiﬁ%@%t ation of the rib portions with
r eSREkdrehd the BreARRIROSthaR | '
unchan grgd? Pr e? er gﬁ y t htgg nlel{ﬁ%%idgﬁr@ﬁg?é%%ﬁ g%sbase
portioy regaidesubstattigdysiridhanged. t he spool to which the
strip is guided. Preferably the step of driving and
deformng the strip to give it a curved base portion

oduc a r.adi,us of curvature-of between 12Q% and 80%
Pr@%f%ﬂﬂ?iﬁ? rRetBod e SOmRBEET Bring SRt PROTHSR eB(the
spbFro WHEM iR HiPES GuldeqPr ovi ded a method of

Preferably the step of driving and deforming the strip to give it a curved base
portion produces a radius of curvature of between 120% and 80% of a radius

of the hub.

According to a fifth aspect of the invention there is provided a method of
winding an elongate ribbed strip onto a spool having a hub, the method
including the steps of:

guiding the strip generally tangentially towards the hub;

winding the strip around the hub; and

supporting the ribs of the strip while the strip is bent around the hub.

Preferably the method further comprises varying the axial position on the

spool to which the strip is guided.
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wi ndi ng an el ongate ribbed strip onto a spool having a

hub, the nethod including the steps of: guiding the
warerpogeneral |y tangentially towards the hub;P@i/AUR009000296

the strip around the hub; and supporting the ribs of

the strip while the strip is bent around the hub.

Preferably the nethod furth&r conprises varying the

axi al position on the spool to which the strip is

SpedifesnShgiehdiits of FROHIVERALS Wil AdVe Derteabtibed iNsbine T@Wher
be described in sone further detail with reference to

dedaidi weith Teféneste & eddias ilhsirated dmplamadoogparguing SiguFese These
enbodi nents are illustrative, and are not nmeant to be
emldiments g busiREVE cpeaBINQtmBeanFarhe; teatriqie Af (thescope
OngSCF\\’; PTl 91\' OF PREFERRED EMBODI MENT OF THE | NVENTI ON
e enbodi nents of the invention are illustrated
in the acconpanying representations in which: Figure 1
shows a conposite strip windable into a helical pipe.
DET 4licED DESOREHONIOE RREFERR B EMBODIMENE QF THE of
Figure 1. Figure 3 shows a portion of the reinforcing
II\&V&NEIQN hin the pipe'shown in Figure 2. Figure 4

shows. the strip of Figure 1 with.the riibs in a .
P2t S edBodihiiorts she Ashondrk it U R shel pikgrapanying
rebbh Qo en SiKikR: of Figure 4. Figure 6 shows a

urther strip used on |larger dianeter pipes. Figure 7
is a cross-sectional view of the strip of Figure 6 in

a collapsed condition. Figure 8 is a {)_erspective view
Figtregl shyows awomirasitessd prvpindabledotaia hglied nipe.

Figure 2 shows a helical pipe wound from the strip of Figure 1.

Figure 3 shows a portion of the reinforcing strip within the pipe shown in
Figure 2.

Figure '4 shows the strip of Figure 1 with the ribs in a collapsed condition.
Figure 5 is a cross-sectional view of the strip of Figure 4.

Figure 6 shows a further strip used on larger diameter pipes.

Figure 7 is a cross-sectional view of the strip of Figure 6 in a collapsed
condition.

Figure 8 is a perspective view of a spool winding assembly according to the
invention.

Figure 9 is a diagrammatic side view of the assembly of Figure 8.

Figure 10 is a side view of the bender of Figures 9 and 10 bending a strip.
Figures 11a and 11b are perspective views of the bender component of the
spool winding assembly shown in Figure 8.

Figure 12 is a cross sectional view showing detail of a portion of the bender of
figures 11a and 11b.

Figures 13a and 13b are diagrammatic side views showing the bender of

Figures 8 to 12 in a raised and lowered condition respectively.
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invention. Figure 9 is a diagrammtic side view of the
assenbly of Figure 8. Figure 10 is a side view of the
wheodae13ef Figures 9 and 10 bending a strip. FPQIIAE2007/000296
1l1a and lib are perspective views of the bender
conponent of the spool w nding assenbly shown in
Figure 8. Figure 12 is a cr@ss sectional view show ng
detail of a portion of the bender of figures 1la and

Filid 153@:%@@};4&&@&16“&5% @15&)1%@191& hibl§adeord éﬁ%’r’o a

Showi ng t ender of Figures 8 2 in araise
sebom aspect ofthe inventiespect i vel y. F| gur e 14 is a
erSf)ict ive view of a _spool wi nding assenbly accordin
Figyr doreseap sadessid @@@rﬁm@t@m visy ofthpessendly shewn in
up underside perspective view of the assenbly
Fl%hloe{?ﬁll n Figure 14. Figure 16 is a simlar viewto

Fibhas 100fs FHdigke viewv by tthMﬁfeeﬁﬁt Bt Gk %refa'éé}rﬁettgﬁ? from

pposi te underside. Figure ows an appar at
thaoppoditagntiersidé.hi rd aspect of the invention. Figure

18 shows the apparatus of Figure 16 in perspective
Figyeanl 7 shoyws an appasatus a@qqrdir@t%thlrdaasmd of thafmvention.

Fighs fﬁfi?' VRt O FIB0H T RAe By 200
‘Zﬂ(ﬁé@ﬁﬂéd’ rifdl Aﬁ{ndge?%igg g&%ﬁecggg Vil %@'ﬂllé) gragus

e spoo I'S" provi

shMNﬁhfF@ﬁﬁ@ﬂﬁite strlp of the type shown in Figures 1
and 6 onto a spool. It conprises, a main frame 202, a
spool hol der 204 for rotatable supporting the spool 50

ve un| 206, a

ReiShbiH B T ety 298 heracprds e £
asﬁ&ét'oq o 11{\}&1%691*13 %ﬂg\A}?le g p881 W}-rtkﬁng assembly 200 is provided
to wind a composite strip of the type shown in Figures 1 and 6 onto a spool. It
comprises, a main frame 202, a spool holder 204 for rotatable supporting the
spool 50 relative to the main frame, a spool drive unit 206, a bender 90 and a
bender drive unit 210 for driving the strip 10 through the bender 90. The
bender 90 is mounted under the spool 50 for movement radially away from
the hub 55 as a spool of wound strip grows in diameter. The bender 90 and its
drive unit 210 are more clearly shown in Figures 9 and 10. The bender 90
receives the strip 10 as it is fed towards the underside of the spool 50 and
plastically deforms the strip 10 to give it a curved base portion while
maintaining the reinforcing strips 30 (shown for instance in Figure 1) in a

substantially perpendicular orientation with respect to the base portion 12.

In another embodiment of the invention (not shown) the bender 90 may be
mounted over or adjacent the spool and strip 10 may be fed towards the top

side of the hub 55 of the spool.
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bender 90 is nounted under the spool 50 for novenent
radially away fromthe hub 55 as a spool of wound
W@ erpogiows i n di ameter. The bender 90 and i t BCHAU®7/000296
unit 210 are nore clearly shown in Figures 9 and 10.
The bender 90 receives the strip 10 as it is fed
towards the underside of thH) spool 50 and plastically
defornms the strip 10 to give it a curved base portion

The brRleFB0ns aldteRkak Ho%ﬂi‘frPF & Bd, 111 ?%naollqssﬁgi’@ilri}ﬁgto
i nstance in Figure in a su antlal y perpendicu

thege Bigtizes, one bmmderr%sqnmpnd;as atﬂrerrha?ézea paiit 0fqshralel spaced

anot her enbodi nent of the invention (not shown) the
apsémpqorw%rs 94 el fHH eoathly rapurtefl de ghe belméersfpmle 9. As

cafl i Sah ot RiTDE A vhREs SO D R Y By

de?ﬁ‘l@ idovEs 98 gé@im#ﬂleaﬁg loklon Sf {Heggnb‘iota'%% g’bc%re

Flgu s, the ses a

clqaa]yédhcﬂ/bn ﬁpﬁg&de P ak betsioliep 8 iy zﬁlrbl@g&i géra@l@ljt&t‘he support

rot at abl mounted to the bender frame 92. As can
rodensiPfarshismlspiratatdly msumted ppthre beraler drane92 hych @4 'roller

suﬁ.faara%??eﬂlat ?ez%%ﬁ'er”%ﬁéraﬂx Fforellom ingr aidd Lhoed e
ﬁg{@gﬁ e ;@t roﬂe]ts% g sllt%l&iﬁ %cl?gl{a% Eg %ﬁe composite

e suppor roI ers

strﬁpll@ﬁsﬁ@h;tembléﬁlf@élh e RersiRks 94 ang tﬁ@s@%oﬂeﬁ 98 the
roller sub frame 99. Thé set roller is arranged

l‘emﬁPﬂClrcg]S@rPSlaﬁ)rwrthm the compdsiterstripdfpos iplastisalty de];i]c&med
] 98 bl h, t hat t
sugh fasahe GOuRye ety 40 a1y i ecie o itk a;acggs%%i base
h
poéi?lrnll €5 %/%l%fle ﬁ'{%gnttaﬂﬁﬂg Che feq{a.éol {:m%s%h; %nggﬁgggggt%h? glly
pef}béiﬁht@l@l‘ bﬁeﬁﬁi‘cﬁfﬂ@ﬁhﬁ%@}ﬁ’e& hathd bse s 1t2eTﬁIsr1‘s Bhdfim

exits the bender 90 with a curved base portion 1

maghiclearlysiinrfigiire Hy the reinforcing strips 30 in a
substantially perpendi cular orientation with respect
to the base portion 12. This is shown nost clearly in

A Hi9¥ et 102 is provided for driving the strip 10 between the support
rollers 94 and the set roller 98.

In this embodiment of the invention, the drive means comprises a drive roller
104 that pinches the strip 10 between itself and a first support roller 94. The
drive roller 104 is itself driven by a chain 103 shown in Figures 13a and 13b, a
bender drive unit 210 drives the chain 103 to cause the drive roller 104 to push
the strip 10 between the set roller 98 and the second support roller.
Commencement of bending the strip to be spooled is facilitated by the

pushing action (a pulling arrangement would be difficult to start).

Referring to Figures 10, 11 and 12, it can be seen that the set roller 98 is

mounted to a set roller sub-frame 99 (that is moveable relative to the support
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A drive neans 102 is provided for driving the strip 10
bet ween the support rollers 94 and the set roller 98.

wo poovhosienbodi ment of the invention, the dri vVECTYBEZE7/000296
conprises a drive roller 104 that pinches the strip 10
between itself and a first support roller 94. The
drive roller 104 is itself Hriven by a chain 103 shown
in Figures 13a and 13b, a bender drive unit 210 drives

rollb® 98?% alldMBadjasEasne of He &Iﬁv‘éﬁn’fth{dﬂrt&pﬂa fhe dBHedbsite

t he 10 betmeen the set roller and the second
stip rlﬁoAd]uscbmeet bolts i aveprarvided fdrethili prgrpidse. Kthas beemfound

oS e RS Sy
befRFOf HBor S Sadfe slmushie s Rl DGR mately

méateRirdg ER-a@%ud bhdde Wéuﬁ@gﬁ*%bjc&t}{eeﬂaahhé@f e Hd?ﬁss the strip 10
supportrollers 98) to al adj ust nent s of

spoalsuatdily witlp arV(eeyi low tehdereyrpasiltpsestie fibsl 0\5 the spool
Adj ustment bolts 100 are provided for this purpose. It
dipmetesgawiseifhinstiesn foand shatithismatesessairy v adjust the degree

oS P B8R SRl G oA
h d
R B A e e b MRk ool o |

readily with a very |low tendency to coll apse the ribs.
As the sgool di aneter grows, it has been found that it

An gnpertanbeleseentyf the appelsvinding assgnalely off thisreanbediment is

REE AT R b .
of\‘?mhé (9(5113& 'sfr aﬁ‘rt‘hé ?p@cﬂt@e\txm &h gi?%eﬂtete‘?r Thidgs ﬁ&‘ﬁ@%ed byt

ng ass enbo I'ts abi

prbeﬁhng b&nb&miﬁf,m% thévké eHd beraldy 90 eadiall 2 dvigy friogy tielisub 55
convolutions of the spooled strip as the spool grows

as|the apmimfezvourrﬁ istrip grawwh irediwdnétyr.pitay ntchgnisnmiedieddssm
cop RS R e L s et A i BF R (0 e spool 503
pa@&ﬂ%ﬂp%@c hARL 9988 212’ and a pair of tie arms 220 and 220" as is
most clearly shown in Figures 13a and 13b. Referring to Figure 13a, it can be
seen that support arm 212 has a lower end 214 that is slidably mounted to the
carriage 240 and an upper end 216 which is pivotally connected to the bender
90 at a rear mount 112 on the bender (the rear mount is most clearly shown in
Figure 10). A first tie arm 220 has a lower end 222 that is pivotally mounted to
the carriage 240 and an upper 224 that is pivotally mounted to an
intermediate section 215 of the support arm 212. Further, a second tie arm 220’
links the lower end 214 of a first support arm 212 to a lower arm 214’ of
second support arm 212, This arrangement allows the bender 90 to move
substantially vertically up and down so that it can remain close to the spool as

the spool is wound. Tracking rollers 93, most clearly seen in Figure 10, roll
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carriage 240 nounted for laterally novenent with

respect to the spool 50, a pair of support arns 212
w@ee724312 and a pair of tie arnms 220 and 220" BGI/AB2007/000296

nost clearly shown in Figures 13a and 13b. Referring

to Figure 13a, it can be seen that support arm 212 has

a lower end 214 that is slitably mounted to the

carriage 240 and an upper end 216 which is pivotally

agpimsteh¢ Bdb 66 anldethearttle acRia] spodt of&rsun®bip ddgpdvlird1e
bender (the rear mount is nost clearly shgan i'n Figure

progyess@.first tie arm 220 has a lower end 222 that is
pivotally nmounted to the carriage 240 and an upper 224
that is pivotally nmounted to an internmedi ate section

' r . F .second tie arm
SRR o FHRAAE o8¢ it sion Hbt b i SRR R0m iy e
ardigeddna diower faHIbR 14 tie Ak mSERO Htht SURRALT bé@)ﬂ@éﬁy
Thi's arrangenent allows the bender 90 to nove

mewitetldntthe cariager24i0ceiong emgl amtbipivotailysmduraed it agan

. renmain close to.the spogl as the spogl is wound.

IHEFF%QF% PPEiiPRPE ﬂ%s,ecﬁﬁgtsuepeafrarw Eemtits athguerd. 10,
rol | agai nst the hub 55 and then the actual spool of
wound strip as spooling progresses. |In another

Therdaedhgeadsetbly P8O inaeatd @0t #Rde3 R S385T %%%

may be arranged in a simlar fashion to tie arm
undezgide sollgrs 28§ nhestplesstyadHowminFigeded 184 Med ¢3brTiage rollers
240 at one end and pivotally nounted to an
run ip £omt @ndieansreeisidechammels2and 23hshown dn Figue'9. at

O s SR S P2 28T T Pinled futials Fameae.
Gi2d® romss 246 @atl Mg%}emdgﬁoﬁha@af 8% %lard\gé]g%ﬁdo 'TlhIsh ese

rollers run in front and rear unders annel's 230

arange gt shoolters andlichanaelS alloppehe anthid @10 ©YABHE Iferally
242 and 244 al so mounted to the main franme 202. Qui de

withyrespeet to4be higd 348 are al so nounted to the carriage
240. This arrangenent of rollers and channels all ows
the carriage 240 to nove laterally

Various drive means can be employed for driving the carriage 240 laterally
across the hub as the strip is being wound. For instance, an endless pneumatic
cylinder such as that shown in Figure 15 can be used. A control system is
employed to ensure that the carriage moves laterally back and forth across the

hub in such a way that the strip is wound in radially distinct layers.

Operation of the spool winding assembly 200 will now be described with

reference to the Figures 8 to 13a and 13b.

Strip 10 is fed through carriage mouth 250, (which ideally includes a plurality
rollers) across to the bender 90 and onto the spool 50. The strip 10 is fed
towards the spool 50 and is then driven through the roller set comprising

support rollers 94 and set roller 98 and drive roller 104 so as to plastically
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with respect to the hub 55. Various drive nmeans can be

enpl oyed for driving the carriage 240 laterally across
w0 b@7hets1as the strip i s being wound. For i nstBCaP20m000296

endl ess pneumatic cylinder such as that shown in

Figure 15 can be used. A control systemis enployed to

ensure that the carriage noldkes laterally back and

forth across the hub in such a way that the strip is
deforindheé BtriRud &d Eyrvdithb bass pbAXS B2 whlkhAkiresnd e e

spool w ndi ng assenbly 200" wi Il now be descri be%l W th
rejirdbmieg cripsBt inen Filytareally perpbldicata di3ntaBonivpith Besprct

fed through carriage mouth 250, (which ideall ‘
toithe Pé%?eEOlgl%'l 1 dihemipw gefermgd seipolkis oy opknthe gn35

o3 RPeB - PEARkes Sor el 2 B b R e SRR Ao
thé P8PE: st Reriss BRI to ARlihGHS itggoﬁ%@a@@g Aﬂsci‘gﬁ oRitle
[ 0 'ydef'ormt he

drive roller 104 so as to plastica strip

prdicus convehitidie diake sposletdsrip2 whil e nmintaining the
reinforcing strips 30 in a substantially perpendicul ar
orientation with respect to the base portion 12. The

def or.ned ip 10 | d to the hub 55 f
A SRR R B arsoifBb e d serrr cBPORKTFRL 6f et or
int &RHRPLR! dHoWh M FiolGed A M8 argeie. ngj.li!s %fhb%?ii?‘n%{]% gf the

maintain its position radially adjacent o
inpeeyorolssiedlay b thd @nbodfmémeofahe dhwchtiir d@cribed R®BVe but
wi ndi ng assenbly according to a second enbodi nent of
the hendlen/Ahtravels ionlys trenevénelyi witheespedt talBheapdol 61t diessiot
enbodi.nent, of the . .invention is simlar_tot . .
trae"régaﬁlgﬁwn@rtowdﬁ ADE AT BB e Elﬁ%qufl Rapcular
: 1 AV ' Sl ' e Y
shBRACEicHIn YR G oo 1 20Y B Tk by i SfEke 0
laterdllyabask dkdforth 6ot Bne kidiUsfehd 8pbsl FRid theWtRér. Shows a
friction box 86 mounted to a rod 86" that drives the
carriage 240 |aterally back and forth from one si-de of
Fié&ree 0 s%%lws? t etboentdr(]el? u%gtrbe()r in more detail. The bender 90 is similar to

the bender shown in Figures 11 and 12 without the tracking rollers 93.

The bender 90 plastically deforms the strip 10 and the spool drive unit 206
rotates the spool 50 with respect to the main frame to spool the strip 10 after it
has been plastically deformed in the bender 90. With this arrangement, the
plastic deformation of the strip 10 by the bender 90 substantially reduces the
tension in the strip 10 that would be required to wrap the strip 10 around the
spool 50. This is important for a number of reasons. One reason is that it
enables control of the tension in the strip wound around the hub to be varied
independently of the primary bending process. By reducing the tension in the
strip around the hub, the tendency to compress and collapse earlier wound

convolutions of the strip is reduced.



10

15

20

25

Figure 16 shows the bender unit 90 in nore detail. The
bender 90 is simlar to the bender shown in Figures 11
w@ea7A@3w t hout the tracking rollers 93. The beedap2d000296
plastically defornms the strip 10 and the spool drive
unit 206 rotates the spool 50 with respect to the main

frame to spool the strip 10l&fter it has been
plastically deformed in the bender 90. Wth this

Waily ihgembotlimeheopihashi entied, of W bah foluntinBasidridptdRum
by 'the bender 90 substantially -reduces the tension in

spoed winding, the dhgteevafwudvdiare syparted bydhebapdeh?0 shauld be
.10 ar ound ,ttllayspool 50. This is inpportant for a nunber
sigilef farlishtdesshannthescurkaiure of dhabrl 55 ¢ Sianprogimately

. ' Ny e | d.,,around t to be
b ERAEAR HLE o R FOBRT 8 BF rRLARSR hhfg Uy oPetid spool
(WB¥ch QUG b e theR ShOrhdifls bPgheun B5)the %Bﬁ‘%ﬁb g BMg'readily
the tendenty to conpress and col | apse earlier mBun
withravednytlbentendenty e sdllapge itlse ribslubdtilddrhe depree of
enbodi nent of the invention, it has been found that
unsgippoptachbendipgsiccursradian ghe stip pesges thuoughithe dender 90, this

[ t by th d 90 shoul d. be..si m .
el bRy e Spbo LD frt oo ary Pigtihcael flmiGes. °py
approxi mately matching the radius of the wound strip

to the radius of the fully wound spool (which will be
Withethiieembbaimetieof thdiitsergtiort, ichduteedSbubbehat spddld Baving a
spools readily with a very |low tendency to coll apse
hythgize ppproximatelyssvel tetheedianteteriegpjpredtindhe éndl wgund
gceurs after the .s%ri p passes through the bender 90,
PIPR'S PE AT AP PSAPFRE: spool 50 does not cause any
significant difficulties. Wth this enbodi mrent of the
invention, it has been found that spools having a hub

Refezen@RpFigtiredl B118 LGUH, ahQlfehatih edmbah tisdor &finding an
the final wound pipe to be nost apprOﬁriate. Ref erring
elongate gihhed stiip 10rdna@ spool Shisahoaymalhe epppéns6Qsvbich

acgcg‘crqs\;twonﬁld%a;% g%bgh%ggg{gft%\ig?gggn@é{{, ié]ﬁcl%gleg Qtﬁpan?e ggoaosl,pool
holder in the form of a shaft 72, a guide assembly 80 for guiding the strip
generally tangentially towards the hub 55 as is best shown in Figure 18. The
apparatus 60 also includes a string 100 of grooved rollers 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250. The grooved rollers are
arranged to rotate about spaced apart parallel axes, each roller held in a
spaced épart relationship from an adjacent roller by a pair of links, such as the
links 228 and 229 between rollers 220 and 230 shown in Figure 18. Each pair
of links is pivotally movable with respect to an adjacent pair of links. The
string of rollers 100 extends around the hub 55 and has a first end 102 and a
second end 198 connected to the guide assembly 80 for movement with the

guide assembly relative to the spool 50 as is most clearly shown in Figure 18.
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accords to a third enbodi nent of the invention,
includes a frame 62, a spool holder in the formof a
W@ b@ft0322 a gui de assenbly 80 for guiding thePGI/AURN07/000296
generally tangentially towards the hub 55 as is best
shown in Figure 18. The apparatus 60 al so includes a
string 100 of grooved rollels 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 210, 220, 230, 240, 250. The
Agn@euedr hlih@ising! Lot Aoty dodstak 305i8R M thSAREGA 00 as
apart parallel axes, each roller held in a spaced
thagpeel a0kis avownd b prdvided imtledioamesfta calilé eensiynes Y18ias
of Iqus, Sﬂgh ﬁs the |inks %%% and 229 bet ween )
shoym iy Hgbs 18n dhe sableriensioner Higstractsmr axbendseable while
i nks. i [ ith re ct. t n_adj.acent
mafr R Bl o GO Wlsinl. S RBR b dp M B

beadelH Hghtildfeh D B by
end 198 coﬁne%(t) ggs tﬁg@teﬁg%euai#ea{rg E%S)?@%’O@g%ﬁ%%

spatingrietteen the cérerglind ef dssgmiolgs nedtaidswbetspating tpwobn
st clearly shown in Figure 18. A neans for

50 i
thageniralife A6 the 5520 S thasirip Wrris anestickns joshawin i Bigure

197 Gh o P el 10 REPEN ol B ol el s hmiar
gr\?maﬁesct%t{h;@ ﬁ%@@%m 234 9nf1 986 Qﬁéﬁfﬁfl RS 1680 the rollers

ile maiftaining the substantially cdnstant tension

prRef thesinig 10 eadiaflyriawkRds towarnisithe a8 BT dfathelspobEF) 238 the
has three spaced agart grooves 232, 234 and 236. The
STOPERS HETBER ribp 0 of the Hripi asdt is durved eovesd fiae sied

t he spaci bet ween.the centre line of the ribs 20 of
th?qggygﬁppfg?@%ggl%ep Sfhbst clearly shown in Figure 19.

Each of the rollers 110 to 250 within the string of

rollers 100 has simlar grooves to the grooves 232,

Tha3éllarchrtBthesh@idbvies aké Giued sich tHat the®, is bbmel ddrehée
press the strip 10 radially i nwards towards the axis

bepgeart therapespeidhesibsandl thegofersmtdbe bottoountithegroovbsas
shoRariBiE 690 i gIO thr BRI ica RorHiont & Geaierhansh as
poiBRY S5 ME285 HPLo1RiIR0! L3 relNEEAntSthE YLEe POFAERDS 6f the

strip 10. The pressure exerted by the rollers against the base portion 12 of the

strip depends on the tension provided by the tensioning means 310.

In this embodiment of the invention, a clearance of approximately 1 mm is
provided between the rollers and the ribs 20. In other applications other

clearances may be used.

In use, the strip guide 80 traverses across the face of the hub 55 driven by a
friction box or any other means 86 as illustrated in Figure 18. A control
system is provided to ensure that the hub 55 is wrapped evenly with the strip
10.
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bet ween the apex of the ribs and the rollers at the

bott om of the grooves as shown in figure 12. This
w@bdooms13the cylindrical portions of the roll erBCT/auzi07/000296

as portions 233 and 235 of roller 230, to press

agai nst the base portion 12 of the strip 10. The

pressure exerted by the rolléers against the base

portion 12 of the strip depends on the tension

Withoal] efethelmbttinkens bo o veRASE d@é&ibéd"'aﬁé\}es the strip guide
enmbodi nent of the invention, a clearance of

asagpblyx8hearcby fixedrto shepframietitaribtheegvol helderithet statably
the ribps 20. 4d} t her applications other clearances
supROTisdhe seacl Ve fridiedrame 63 G fe gorangeddogagve

G5 S I, B0 RSB

stGp nortfaveﬂﬁsg B 's&a RYirdeHithGuCRRHAR Weﬁalrfg%puﬁ%ﬁ

I's wapped evenly with the strip 10.

weumhd oinbetitesspafol 66 | nventi on described above, the
strip guide assenbly 80 can be fixed to the frane 62
and the spool hol der that rotatably supports t he spoo

WRe &4 Phestis tmopBEpshe e Sionctir et b M of maloed
enBBEH RIS PErde2 ¢80 Hkghf @béttté sfahﬂnlgé \/\;1{}% 1'n'§}eﬁt10n, it

straight Iine MAthOUt atera end
shoaldhble apprecidted shatolarfis Mbdifﬁ:ahbﬁs parebe litﬁamﬂidﬁ@ nt
has been described in terns of preferred enbodi nents
depariyng fon the mncnpﬂ%et o thedreentiond eFtrafediridredhvemigon
tio 0 re d that various
shhBlf be papritod ol SR b Scasiatonitin Rosramse
principles of the invention. Therefore, the invention
shoul d be understood to include all such nodifications
within its scope. THE CLAIMS: 1. A spool w nding
assenbly for winding a conposite strip onto a spoo
having a hub, the conposite strip including: an
el ongate plastic strip having a
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flat base portion and a plurality of laterally spaced
apart |l engthw se extending rib portions upstanding
w0 e@mo13e2 base portion; and a plurality of el oPQEAB2007/000296
rei nforci ng menbers extending | engthw se within
respective rib portions, the rib portions and the
rei nforcing nenbers form ndglZconposite ribs, the spool
wi ndi ng assenbly including: a nain frame; a spool
THIBICIeAINISr rotatably supporting the spool relative to
the main frane; a spool drive unit for driving the
1. spodh Sppmkwnebpgcassambhwfel mendirfg acempasitestripgeto a spool
npunt %d f | ateral nmovenent _with respect to the

hayfpg,p hup PesitettE® heluding: @é}@lpag@teff&astwe%p\havgng a

e BT RuPSn e o A el el iRk

R t
o881 PO BMBLIAE RO Sl o

. eléhgatke sq&nftbrcmgndllengaeas setehtinglengtlaiize delItMnQieépéBtikfe rib

wherein the bender includes: a bender frame; a pair of
p%ﬁ@awhﬁ r@gmré@na@a tthe geipéercing mealers foramiag gpmposite
o, Qe benderlfra at | east one of the
I ?uﬂ}?osfﬂoo SiPEme BFrbin %e%kges for receiving the

conréqﬁh{nefrg of the conposite strip; and a set
rol l'er parallél to the support rollers, rotatably

nountspdol holdee fberstatably @mpp@mmtg&hreaﬁgaﬂrél&ﬁ@{d tHemaith
i nner side of the conposite strip, e i nner side
frama¢ing a si de of the base portion opposite the side

or BT BFEIELERE A the Sheniabich fespect o the matt rame;

a carriage mounted for lateral movement with respect to the spool;

a bender mounted to the carriage for receiving the strip as it is fed
towards the hub of the spool and for deforming the strip to give it a curved
base portion; and

a bender drive unit operably connected to the bender for driving the

strip through the bender.

2. A spool winding assembly as claimed in claim 1 wherein the bender
includes:

a bender frame;

a pair of parallel spaced apart support rollers rotatably mounted to the
bender frame, at least one of the support rollers defining grooves for receiving
the composite ribs of the composite strip; and

a set roller parallel to the support rollers, rotatably mounted to the
bender frame and arranged to roll on an inner side of the composite strip, the

inner side being a side of the base portion opposite the side from which the
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strip is driven between the support rollers and the
set roller, the conposite strip is defornmed such that
WO 200201382 t he bender with a curved base porti oPCT/BU2087/000296
spool w nding assenbly as clained in claim2 further
including a conposite strip having an el ongate plastic
strip having a flat base pd&ion and a plurality of
| aterally spaced apart |engthw se extending rib '
riaxtéral)The Bat @k positiopdidre Rasshabdd sk ha®BS c8mposite
plurality of elongate reinfdrcing nenbers extendlﬁb
stifi irgdtiviers betwedn the sgpeet rollers ahd phe sétaoler, tthe comiposite

ortions and the rejnforcing nenbers formng conposite
strip b%@ef{éhw@i Shlcgﬁbab#t s5ike thegpendes wihpsrved Ppsa peytion.

shaped and si zed conplenentary to the conposite ribs

such that as the conposite strip is driven between the

3. SUPROE oél%irﬁﬁﬁg a8skrhBE a%eaaih_{dq B clafnl® FHATRP ?A&&dﬁ{gﬁ

are held agai nst any substanti a ateral novenent w
congmsite stitip hakingoars elangate plastidstriy bpdak avlatdbasg portion and
ssenbly for winding a conposite strip onto a spool
a rﬁamlﬁg 4 lafgrally ﬁaacearﬁmgﬁ lepgthwisp exteniding nid: pentions

ngat | astic strip having.a flat base portion and
ur iR Fry Ho bad bty 2B ARty Tt hrinrcliy
: . . .
XN PAEORE, RS, S0, LERBAIPAINER o portions
andehb ecisfexigndiengbdre igirhitigs@np dditavibs SPegein/the' didoves of
portions, the rib portions and the reinforcing nenbers

the geppery rellerarsishepedisad sitesl enpoplemyniaiinty dhesomypasite ribs
ol T b SR SRR S

' A oV D& W ect to
L R i E A T
mdRRnRErenYithadsddt Yo Bv@laserpsvition.

4. A spool winding assembly for winding a composite strip onto a spool
having a hub, the composite strip including: an elongate plastic strip having a
flat base portion and a plurality of laterally spaced apart lengthwise
extending rib portions upstanding from the base portion; and a plurality of
elongate reinforcing members extending lengthwise within respective rib
portions, the rib portions and the reinforcing members forming composite
ribs, the spool winding assembly including:

a main frame;

a spool holder for rotatably supporting the spool relative to the main
frame;

a spool drive unit for driving the spool with respect to the main frame;

a bender mounted under the spool for movement radially away from
the hub as a spool of wound strip grows in diameter, the bender receiving the

strip as it is fed towards the underside of the spool and plastically deforming
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the hub as a spool of wound strip grows in dianeter,
the bender receiving the strip as it is fed towards
wao b@7noder si de of the spool and plastically  PCT/AU2007/000296
deformingthe strip to give it a curved base portion
while maintaining the reinforcing strips in a
substantial |y perpendi cul ar1%rientation wth respect
to the base portion; and a spool drive unit for

th@ sty d}]b ROotaqt alefikbved Bé@;ﬂ&}tﬁ)ﬂ%ﬁﬁ@ﬁ%ma%l t‘ﬁQ‘}th greing

ngassenbyas in claim4 wherein

stlhpm itea sibsthntialdy parpentienlat veiertationpaith ref mlt@ltﬂl@base
spaced apart support rollers rotatably m)unt ed to the
paEpBednd r ane, at | east one of the support rollers

defi ni ooves for . recei e site ribs of

Che Tonib R S i atipitsheatt RoaRRiBe berdkt.0o ¢ e
support rollers, rotatably nounted to the bender frane
and arranged to roll on an inner side of the conposite

5.st rifspbblewindifp ssbelbleid@aitned Becl@im URPhERSE tIROb&A R
opposite the side fromwhich the ribs extend, the set

ingloidesr positioned or positionable such that as

conposi trip is driven between the support rollers
and %Qli‘F‘é“dgé Efl er, the conposite strip is deforned

such, %ﬂ?h&bg%ﬁéﬁ %g?éelaea ?P (Wt %‘@I]&S %H{a\fglglybr% unted to the

porti as ¢

bedldel Mabnd, Ut 1A oh&6f HieH r@ﬂﬂlé%dbﬁn hayi fcﬁgr &t
el ongate plastic strip Eﬁg)\?l’bng a flat bg{sg(rag%ortl on aen ving

tha cpmpoaite ripsaff thatemglosite sppgr@ddapart | engt hwi se
extendi n [ rtions upstanding from.the

por 3 34 rgléffzrgaergﬁﬁh@aqhﬁtsypsprféqogﬁ@%f%taﬁaehlvime@m@é to the
RS AR SRR P BESRE bR
ok e L b VORISR S o O
rittshexteradyths séteralleb positioned or positionable such that as composite
strip is driven between the support rollers and the set roller, the composite
strip is deformed such that it exits the bender with a curved base portion.
6. A spool winding assembly as claimed in claim 5 further including a
composite strip having an elongate plastic strip having a flat base portion and
a plurality of laterally spaced apart lengthwise extending rib portions
upstanding from the base portion; and a plurality of elongate reinforcing
members extending lengthwise within respective rib portions, the rib portions
and the reinforcing members forming composite ribs, wherein the grooves of
the support roller are shaped and sized complementary to the composite ribs
such that as the composite strip is driven between the support rollers and the

set roller, the composite ribs are held against any substantial lateral

movement with respect to the base portion.
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such that as the conposite strip is driven between the

support rollers and the set roller, the conposite ribs
wa@ae@7hetdi2 agai nst any substantial |ateral noveP€NMAUMOTA00296

respect to the base portion.7. An assenbly as clai ned

in any one of clains 4, 5 or 6 including: a carriage

mounted for lateral nmovenernd0 with respect to the

spool ; a pair of support arms, each support arm havi ng

7.a | crmssuablyl dstidiedipuaiyednd of ElhEns4)3 ba6enclading:
i ntermedi ate section and an upper end pivotally
conrfecarsidge mounted davmterahmpvenidntsyith respectrio thesspool;
first tie_.arm havi%% a |Lower end cgnnected to th
r

car rd BYE O4 AEPRATt S pEr s R bairR Day ing alower end slidably

' k.at [ f [ [ .
R B T
cohhecteangehe bend®vangadi al |y away fromthe hub as a

spool of wound strip grows in dianmeter w thout

r ot a fiirsg tieteend ¢helfirstwiet drnn hapimgta lowdrhendnmirmetteghie. the.

An assenbly as clained in claim7 wherein the | ower
cagrigge ¥rd apaipnes saecoangetedite the ifermediaty sectioncafne; ofghe
suarnwfo as to maintain their relative spacing. 9. An
5$§5 0 for wi ndi ng an el ongate strip having a

Pl urghédein Bife Gt ghﬂlg ag:ﬂt{ﬁe ﬁ?ét?ciéaaﬁﬂ Qﬂbm\éiﬁ%g]%r to

hub, the apparatus including: a frame; a spoo der
mboe raditly ablay fsompibiettivigad depsglatiwaerdsirifegiows ediameter
frame; a guide assenbly for guiding the strip
wighoet matating thejeendesiwighrespactite theempinoframiee gui de
assenbly novable relative to the spool in a direction
parallel to an axis of spool rotation; a string of

8.9 ngatzﬁ dsdehbI§S RIifRROELIS 2WhQelPERUSWRAR RS SR ARET

support arms are connected by a second tie arm so as to maintain their

relative spacing.

9. An apparatus for winding an elongate strip having a plurality of
upstanding ribs onto a spool having a hub, the apparatus including:

a frame;

a spool holder for rotatably supporting the spool relative to the frame;

a guide assembly for guiding the strip generally tangentially towards
the hub, the guide assembly movable relative to the spool in a direction
parallel to an axis of spool rotation;

a string of grooved rollers arranged so as to rotate about spaced apart
parallel axes, each roller held in a spaced apart relationship from an adjacent
roller by a pair of links, each pair of links pivotally movable with respect to an
adjacent pair of links, the string extending partially around the hub and
having first and second ends connected to the guide assembly for movement

with the guide assembly relative to the spool; and
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paral l el axes, each roller held in a spaced apart
relationship froman adjacent roller by a pair of

wo powRag13each pair of links pivotally novabl e WeTIAU2007/000296
respect to an adjacent pair of |inks, the string
extending partially around the hub and having first
and second ends connected t2l t he gui de assenbly for
novenent with the guide assenbly relative to the .

spog] ﬁneﬁﬁﬂﬁ)ﬂﬁaﬁ&aﬁﬁﬁ% ABUPtahNAMG constHRS k@bl the string
constant tension in the string as the spool is wound;

aswhespool istveourd;l ers press the strip radially inwards

towards the axis of the spool and the grooves surround
t he Whereinthe rrlless progs she strip mdialty byvaidsiawarde thapds of
{ hereb orting the ribs. .10. t hod .0f wi ndi.ng a
th SR AR PP 87 G ubi B =i o Ao i s dFit Ao
hbayi b3 ¥in®ft rally spaced apart
t |§§gtq§?§§5§§ﬁgﬁg¥ﬁ§ P%gﬂ%ortions upstandi ng fromthe
base portion, the nethod conprising the steps of:

feeding the strip towards the hub of the spool;
10dr i A meethpd af avineing p compesiih skrip ohtaa speel hayiag athsib, the
| astical ly defor he.stri 0 giye it a curved. base
stlp TR BT 2 ZRraNion BT GeH Saakest RRtrt {Er8th Wit S PRGIng B0
: ndi . e .
poiflchP P ERRELE frobh tdbaselioroR ik CHH < MIpHERE 18 sldbs
ofstrip through the roller set substantially reduces the

tension in the strip that would otherw se occur. 11. A
et Heeldiag the sinip towards| thehuboofthesppal;t he ri b portions

| d di ng f he b i h
dr ﬁfﬂrﬁvmsﬁgétégﬁ PR HPHE GBHISF tePany o PR tsA g g fhe
Sﬁqé td %‘Pvefitg c%[%&lti BQ% é‘ﬂnltﬂ) resgect to the base portion
rema ntia

ns substa unchanged.
winding the deformed strip onto the hub to form spooled strip, the

winding creating tension in the strip,
wherein the plastic deformation of the strip through the roller set

substantially reduces the tension in the strip that would otherwise occur.

11. A method as claimed in claim 10 wherein the rib portions are held
upstanding from the base portion as they are driven through the roller set,
whereby the orientation of the rib portions with respect to the base

portion remains substantially unchanged.

12. A method as claimed in claim 11 further comprising varying the axial

position on the spool to which the strip is guided.

13. A method as claimed in claim 11 wherein the step of driving and
deforming the strip to give it a curved base portion produces a radius of

curvature of between 120% and 80% of a radius of the hub.
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12. A nmethod as clainmed in claim 11 further conprising
varying the axial position on the spool to which the

W@ R007p013$2 gui ded. 13. A nmethod as cl ai med i n cP@i/AULM7/000296

wherein the step of driving and deform ng the strip to
give it a curved base portion produces a radius of
curvature of between 120% a?d 80% of a radius of the
hub. 14. A nmethod of wi nding an elongate ribbed strip
onto a spool having a hub, the nethod including the
steps of: guiding the strip generally tangentially

14 ovad aaethiod ofubinding dnreforigate sibbied stripontd & Bpobilityviagd

upporti the ribs of the strip while the stripis
h@%ﬁ el&?‘%ﬁ%é ipfudipgthestepsofiet hod as claimed in claim

14 fur. conpri sin arying.the, axia 0si tion on

t he plggfé e %@P&er&egaéyys{aﬁgﬁgjf%ﬁ% B‘?"&%’iﬁis t%% i‘u " spool

Wi ndiviigiAs $REBhp h¥undl R, angonposi te strip onto a
spool having a b, the assenbpy substantially as

her euplpeiting thiesibs o gtk striphwhilé ehesieidp isbeabbraitnd the hub.
illustrated in the acconpanying figures 8 to 13b. 17.
A spool wi nding assenbly for wi nding a conposite strip

onto ogl__havi ng, .a hub e assenbly substantially,.

1550 nratRERs R BR A i 1f P Srante ey e G Akia
dsitidiBbh #hEGpHA thRFhRASG é‘Et? isNifkgures 14 to 16. 18.

P A spool w %%i ng asserrbﬁy {ﬁs r%g%%g a conposite strip
onto a spool having a hub, the assenbly substantially
as hereinbefore described with reference to and as

16 | | s spaelkwindingtassennblyrfoaminding  gomposit? strip ¢8to a spool

having a hub, the assembly substantially as hereinbefore described with

reference to and as illustrated in the accompanying figures 8 to 13b.

17. A spool winding assembly for winding a composite strip onto a spool
having a hub, the assembly substantially as hereinbefore described with

reference to and as illustrated in the accompanying figures 14 to 16.

18. A spool winding assembly for winding a composite strip onto a spool
having a hub, the assembly substantially as hereinbefore described with

reference to and as illustrated in the accompanying figures 17 to 19.



