1 METHOD AND APPARATUS FOR STABI LI %I NG STRI P DURI NG W NDI NG 5 FI ELD
OF THE | NVENTI ON The present invention relates to helically wound

pipes and in p i 1 t hods for handling and
spooling stri pgf%ﬁéym lﬁg‘ﬁg i@?&%@ﬁ%&g&ho
BACKGROUND Pl astic pipes caﬂ$ IHPI ically winding a plastic
strip having series of spaced apart upstanding ribs extending
longitudinally. This formof helically wound tube or pipe is already
know i nFIEh@%FEH’EgINVﬁENEI@N and is described in patents by the
applicant,_relating both to the formof the plastic strip and to 15
the for nminl})efp TERat Hg’ceﬁ’gﬁg relotenia ReliGHY WK Rikes #idiespasticylabies ar e

pr oduc edyfoatdiis sed ki d i r reat.e. high

per f or nar%fe ipes it \A%%nglégée}ggg{gyﬁ? O%ﬁaoghfgg\%gﬁgt?%?c Oﬁ%@s}ntgf t he

pl asti ¢ kelically wadnd pgpasi bs to be quite substantial. 20 However, the
applicant's Australian Patent No. 2003227090 di scl osed an i nportant
advance in helically wound pipes. The conposite strip disclosed by
Pat emit NACRORBAATHO0 i ncl udes an el ongate reinforcing strip

extendi ng | engt hwi se and supported laterally by a rib portion (see
Fi gure ﬂﬁ@SthWéPQSe?ianﬂD@m&d@}shelicpllj’msmﬁngeip:l&tticts@:i}b hbeikpessesat i 0 of
at Ieasts 3.4 1rtandti sd.25 orientate subsdlé,aéﬁi ally perpendicular to
the baselof the. st P g {hS PRiRIRgnpaftdnalty i s poray ofheligalpe, abl e
to withstand sibg bl biganthiread leMp @i @ SsthiRh ed

w t hout the need f%rp‘eg st F?%} %Ié?/ﬁ?g{eﬁ?%% lgﬁgssti C ngsdggégn (at hi ck
ri bs (sd@pricgirly thefapplitangrelnting botBGotheform afahp piistie sisiprand, tosuch as
the ;gtri cribed in the applicant's Australian Patent No.

200 2768%?0%09%‘ %FP?&E“‘FB%X&PF%H&% icht fhe|papessqrytiiges grg 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.

20 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

25  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),

30 When a composite strip, such as the strip described in the applicant’s
Australian Patent No. 2003227090, or another functionally similar strip, is



wound on to a spool for transport after manufacture, difficulties
may be encountered. In particular, where the conposite strip has

been designhed for a large dia [ _pi often.ik..1.S jrable to
wnd ¢ REGH b iohsrer OSSO gt Eiupngr Bt

subst andncahhtérd €98 Jab@lddaherd theRemiposiad sty¥pad bpérpeesigiedfohas been
found that this can create problens relating to the stability of the

r ei nf orleigeglipoeter piparpften if it Aesitoblefosving the ptrip orMerasspopbbatingal | vy,

there can .be.a tendency r t ri of, the.c ite strip,to

col | apsaghlél? H’é@ﬁ&/@a r’qﬂ{gs fuﬁtéaq@algﬁ'b%gn iftféaté) ﬁié%%?ag%%gldtﬁa%é‘glrtound

dr aw NgssPeelrFQHERatthiPeanrédté probldills AKimefo thE ehlbalry of tHe spool i ng
conposite strip of the type discussed above is that if conventional

spool i nginfetchrisorting veifpatiat campesstessinl, Morespesitispyy theretsaa bst ri p

becones so .hi that .th trip is, crushe r..of. i din

t he spc?o‘iepﬂﬁn‘%:%ﬁgé .lbslcgt ?C?rgp%sﬁteo%rjl%g? goc%ff)apP %elag‘&e %ﬁ)tvpa ?ﬁ‘\g/lgeh%ti on to
provi de,38 18 RRALMUS tROBadkethad dhalingdehegsreot, 56 dnelgst anel i orat es
sonme or all of the afore-nentioned probl ens SUMWWARY OF THE | NVENTI ON

20 According to a first aspect of the invention there is provided a

ravithg ARRES RS S rbut et AOERR S GrRbilBRBoPe 870

hav trip inclu ngate plastic

strip hawi fidodvddidhabaseling hidiesiandl spppkattabidysedf theataial iny spaced
apart |engthw se extending rib portions upstanding fromthe base

por t i ontheatrip beqoimasabihigh Gt Hesgn isecrrehast asratheryyissdamngst i
e'xtendi@l% | engthwi se within respective rib portions, the rib
portion éﬂaoﬁl%prroé?ﬁf orcing menbers forming conposite ribs, the
spool w nding assenbly including: a main franme; a spool holder for
rotatably supporting the spool relative to the main 3 frame;, a
spotl ditiisvan objeat of dhe prepart gy biendp BEPVidse amappapBBandgrethedmmi n

frame; t%ag géc&riegsgoer ﬂ‘iga”& grglefigrratels%gg{eadr IR %ﬁbré’—\fnteﬂtlg)ﬁép ect to the

spool ;
problems

SUMMARY OF THE INVENTION

20  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

25  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



Sa bender nounted to the carriage §or receiving the strip as it is
fed towards the hub of the spool and for deformng the strip to give
it a cuf. . base portion; and a bender drive unit operably
connecteéd t'o the bender for driving the strip through the bender. 10

Preferably tdhwdoeages uhitEbudiesing ShdegudetvifhrasRict to the main fdnR@i r  of
paral |l el spaced apart support rollers rotatably nounted to the
bender franme, at |east one of the support rollers defining grooves

2 set rol | er parast SrEFRRIRLE Py Shet B FERRR A BB i e 1o

t he pender falsieleantbuatdigtdcdi@iab@Fdr oeivingitRO8FipSisdeis ¢dd t he
conposite strip, the inner side being a side of the base portion

P
opposi tevakds dieduixofdhe aped And fer dafergniagtthestript thagivedit a cutvedr

posi ti . NQS|.Li onabl e such that as conposite 20 strip is driven
betmeeﬂ&§g58§ﬁ%b§b? rollers and the set roller, the conposite strip

i s defor med asugldet Beite uhit@petadlyt dnberRdes thi Bdhdar fHMBndawe

portion. Preferably the assenbly further includes a conmposite strip
havi ng SHPéhiswghitee perdari ¢ strip having a flat base portion and a

pl (ﬁlity of laterally spaced apart 25 |l engthwi se extending rib
portions upstanding fromthe base portion; and a plurality of

el ongatRrefehlilf; ah€ barglarenddeds: ext endi ng | engt hwi se within respective
rib portions, the rib portions and the reinforcing nenbers formng
conposi te ridRendghEABIeh t he grooves of the support roller are shaped

and sized c %;El%lewgﬂéﬂ sbgcehg%a&%%gﬂ‘ttrglléljs ?8ta§alf>(f}b n{[o}l]l?itcecfa’c% tf‘lg €

conposite st
bender frame, at least one of the support rollers defining grooves for receiving

15  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
20  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
25 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 comp0§ite strip is



4 driven between the support rollgrs and the set roller, the
conposite ribs are held against any substantial |ateral m)verrent

with res RRlbete deRas Eoﬁ%é Qnd?héas%f? gﬂnwmgoa% @Spect of

thelnventlont ere i s provi a spoo Tor wi ndi ng
a conpdeid sgatstiapy enbstaatisljjaetal hmmﬁ@nawhuhhespd&etcc@mﬂgd te strip
including: an elongate plastic strip having a flat base portion and
a plur qurF?/nof | ateral |y spaced apart |engthwi se extending rib
portions upstanding fromthe base portion; and a plurality of

el ongate 10 reinforcing nenbers extending | engthwi se within

r espectAacerding tpostdontimsptdief thdinpaticnaheredn grdiged £5pddr ci ng
menbers f rm ng gglpom te ribs, the spool w ndi nglalmssenbl

i ncl udu‘ﬁl& mg %?é‘?fﬁ aﬁwm%mgﬁdf@mn%#%ﬁﬂpr%}to REPaedsvingEupEdr ti ng t he

spool rtﬁ%: @smyﬁsﬁe%gm@m %émﬁ%ﬁ? Pf’asﬁ@&? meg%ﬂm faskOr driving

t he spoo respect to der nount ed

under tphetispaed a biuraiipvefitertallyagiaadd ypankygflivase txtending rits a spool
of wound strlp ga§1C¥\5 in d ter, the bender receiving the strip as
it is fROGUSHIRSTFNANGS 1Y agePotiophandpabiaivrislonsical | y

defr rmrew&gln;ﬁnﬁeabé med%gg@ng&lmsece‘;{m&drgp ivBef bt;%/o(}ﬂof{@ e

mai nt ai ni ng tHe rel nforci ng ps 1h a substantia perpendi cul ar
ori ent ath portiant ind dspedtfotong menbasscopairiy @mpdaitd ribsspheepodr i ve uni t
for dri VI the s‘;ﬂr ﬁlﬁgrough the bender. 25 Preferably the bender

i ncl udé/%In gl:?éﬁ‘?i‘@ yf1 mg: a pair of parallel spaced apart
support rol B%aﬁnﬁ%ﬁé ably nounted to the bender frane, at |east one
of the support rollers defining grooves for receiving the conposite
ri bs of theacpogdweider fot ratptabhrmipporting the spool relative to the main

15  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
20  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.

25  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



5 a set roller parallel to ghe support rollers, rotatably
nmounted to the bender frame and arranged to roll on an inner side of

Lo COMPOs! et oatlie LRI 5195 BRLNG By 50150l LR Bace portion

opposite the side s extend, er

posi t i obeulefrapesirtd anatged to uclhoh hatines skRMIesE E@mPositdulp the dri ven
bet ween, t he support r,(?l lers and the set roller, the conposite strip
s def oiREESISE ERNERLINS of beibRse poEopeRmesitathekide feamvedchise

porti ong | rf. ol S, a conposite strip
havi ng i el oagare ot RRAEALY of HohEhab PR D GBI and

pl ur@l i tyipa$ diia¢rebethieyn sixaagsboapmilerskhd e géthwliss Hexi@mnsisng i b
portions ,upsaakndi n(% fromthe base portion; and a gl urality of

el ongat ¥1Pds Aeigrmrd guchethpbitexis thedender Wihgiowsreskbagetaitior espect i ve
rib portions, the rib portions and the reinforcing nenbers formng
conposite ribs, wherein the grooves of the support roller are shaped

and si ZRefaabipltemestably futhd indotgasioheositbstrillkdvihak eRaghide
conposite strip.is 15 driven between the support rollTers and the set
rol | er, PIRRE S&Bﬁfi‘@‘é‘ing@ qtpesepertigp sadaglnrlity ahlpteraliy spaveil apattat er al

MO VRITE N WHLA I 195312% 1 referably the. assenbly
further ?%%I u?jéeegé&g%%g%g ri g%e a%%%é o @gﬁjg(;%?or&%o@e%%fi W th

r espectplulithef gpogdte reinforcing rp@hbere bxietp@rleng@hifEse WAk support arm
havi ng a | ower iEnd sli dg?elp]ﬁl&n’ount ed to the carriage, an internmedi ate

sect i o CEEIEATAHIEF O BPEIING apd Arrtraigraing meanhrshipemingind a
[ 1St tdon@iol ribBBy ARt tHeicSodV AW G A ected to the
25 carri aglzdsam]gl1 an upper er%go conﬁectée%gpgrttrﬁle@@'{aﬁgggﬁé%?a dg section
of one sifedtdeengerppotaty &r the,composite ribs such that as the composite strip is
15 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:
20 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

25 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.



wherein the support arns and the fgrst tie armallow the bender to
nove radially away fromthe hub as a spool of wound strip grows in

di amet ep,, rgg&l{}\e &tejngg H‘%St&fﬁﬁgﬁ %%%?%res eCtg,bté’%%ge dgF' n frane.

6 Prefera ower ends '2d by a

second alms@amo&ﬁamalhﬂ)hémrdlﬁtmem h&lﬁ% relative spacing.  According
to a third aspect of the invention there is provided an apparatus 5
for winding an elongate strip having a pl urality of upstanding ribs

onto a - rat s _i.ncl udi.n a frane; a spool
hol der é?&?hl agﬁua aglg ’to ?‘%g %nahoél g%lle ¥ Bfovtlﬁfgal? BPYHB™ Fr ane; a
gui de afsnswtbﬂm famrel ammgi tHaeirft & bRir ST ApkinHARASHY drabhy towar ds
10 the hub thg gwgtgasserlibl yrfrgovgblre rel a{pl vg to the spool in a

di r ect i FIPOpARUNE 8ihubptherrrarratismckisieg: r ot ati on; a string of
grooved roll et{r?m@rranged so as to rotate about spaced apart parall el
axes, each ro held in a spaced apart relationship froman

adj acent r old soobljoldepfir totatably sgshoraag thadipiobl Ratvienk shoirekal |y
novable with respect to an 15 adjacent pair_of links, the strlng

ext endi ng pé‘r%"r@? P‘iﬁeﬁ‘rbéiﬁffﬂﬂ 8"1‘1!‘@“5&1&? HHn 2eBsiaHy tangestialip ovsadond ends
Conﬂ?Cttﬁg hu® ‘{]h}é%;l ?s@eﬁﬁgierggl/gblg %htn{pe t%qrﬁggpc%l ,11111 tdu% QUI de assenbly
poo

relative to t mei nt ai ni

subst anpdrallélyto annasisali tpde rstadidnj n the string as the spool |s wound;
20wherein the roll rs press the str radially inwards towards the
axi s of the aSHdDE CLFPOV B ‘6’(%%)%%“ Sosre retake abiopsspyfced ppakt ri p as

it is rxﬁ*g a%souslgi }Jf['ler & BAA% akPE etahb%ﬁaﬁ%@fa%ohw 5%43& aﬁ'a eﬁ%cor di ng

to four aspect I nventi reis prov
roller by a pair of links, each pair of links pivotally movable with respect to an

15 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;

20 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
25 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



25 wi nding a conposite strip ontoa spool having a hub, the strip
having a plurality of laterally spaced apart |engthw se extendi ng

rib porg&i Q?g%ﬁ%%@gfﬁgﬂaw?&ﬁﬁﬁ hase portion, the nmethod conprising
r

the steps’o fee the strip towards the hub of the spool;

driving the wiedirst mepiefdmnmd;ﬂmp ont thethudeb f&@n gsodled &k@$ﬂ1eca| ly
deformthe, strip to give it a curved base portion; and

wi ndi ngVikEngeres e ESHNGhe §iPhe hub to form spool ed strip, the
di th | ast
wi ndi ng cr e%lltlé}gh ?)'rls%@ic fotrﬂﬁﬁ&{iﬁf Bie ttilgthroughg{' g? %‘ tlealpl 33 Ic

def ormati on rou e ro r-se

r edut e ssubkiantielhs r@ducemthehenﬁm irpthta Batip wauhdbudd Bﬂfer&@ ob&fFur .
Preferably the rib portions are held upstandl ng fromthe base
portion as they are driven through the roller set,

wher ebyptL.he, 06 ignt f r hdespect to the base
10 portion arle Ii%nslgy gstrgnatrlma]L ddﬂ&ﬁa‘?ﬁﬁ%ﬂgﬁuﬁgéb lontaﬁ %t hod
f ur t herare dnjyen sleoughrthe ndlek bet, axi al position on the spool to which
the ship is guided. 15 Prefer ny he step of driving and deform ng

the strip t&RFe fhe ieniptipapifhee ﬁ’@?@?%ﬁ"ﬁhé@@@@sﬁoﬂwwﬁus of
curppat %&tlgﬁrm%m?t%ﬁb%%%?e{%m&?ﬁ%eﬁ a radius of the hub.

According to a I'nvention there is provided a
met hod of 20 wi nding an el ongate ribbed strip onto a spool having a
guj di ng the shlp general ly

hub, t i nclu g the steps of:

t angent rSFE @}?H}’gb\% r%bcorﬁl’ﬁ%ﬂsr‘{@rxlﬁﬁ the ?’il% RossipaPt e hub; and
supportép@glgohghmhlgﬁe&hp 1§'§uﬁfeﬁ' p while the strip is bent around the
hub. 25 '

15  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
20  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.
25
Preferably the method further comprises varying the axial position on the

spool to which the strip is guided.



Preferably the method further conpgises varying the axial position
on the spool to which the ship is guided. 8 Specific enbodi nents of
t he inv%m' i | 4 i: ! Qe LUk 1§ t ai ith

ref erence lf%%gr{\% dérél@ﬁ@l J&S%‘?g’}%géi@ﬁg’tﬂkgo‘?ccoﬁfﬁ%@%}ﬁ& Sg %beﬂf%tgg\f These
enbodi n@¢this watherefdrénistiv ahtl\ve illesnttal i@ thehcdmrgitn %ﬁ 8 Shesect i ve of
t he scope of the invention. 5 DETAI LED DESCRI PT?T \ PREFERRED
EMBODI MERFOdmeniseare RUFIALOR: Pickate pbaneaniodiereritistivg of the s¢apgent i on
are il I(iﬁh%ﬁ{v%ﬂtibﬂ t he acconpanying representations in which: 10

Fi gure shows a conposite strip windable into a helical pipe.
Figwwe 2 shows a helical pipe wound fromthe strip of Figure 1.
Figure 3_shows a portion of the reinforci n(s strip within the pipe
shown i REEAY I DESCRIPHICQN QT BRERGRSER FMBYPIMES T PFJdiR 1 with the
ribs i npg/€Qr sed condition. Figure 5 is a cross-sectional view of
the strip of Figure 4. Figure 6 shows a further strip used on | arger
di anmet ePrefirpeiSembodjtite@its/ofi the hventiss asscititibtoatadl iv tlewmcodbmbpheyiggri p of
Figure 6 in a collapsed condition. 20 Figure 8 is a perspective view
of a spEBresgRiptPRYNagbEhbl y according to the invention. Figure 9 is
a dipgrammatic side view of the assenbly of Figure 8.

Figure 1 shows a composite strip windable into a helical pipe.
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.
15 Figure4 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.
20  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
25  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.



Figure 10 is a side view of the bepder of Figures 9 and 10 bending a
strip. Figures ha and Iib are perspective views of the bender

conponeg ur.e 8. Figure
T2 o oyl IAEE R rRORR, vl A BoRE ALY p SRR pBoffR G ne
bender 9&0ﬁdgqmgsm&hauamﬂubﬁb. Flgures 13a and 13b are diagrammtic
si de views shqmﬁn? the bender of Figures 8 to 12 in a raised and

| over edt 8B F 8151058 patndeydly perspeqtivgiew ethensserpelyspevmiive vi ew
of a spg; gheﬁlndlng assenbly according to a second aspect of the
inventio I'gure 15 is a close up undersi de perspective view of the

asseibl Figarolis kRidrilguriewd thdt IF g€ 13 But shovsSdrBhteRfeiil @Wnk O t hat
of Figure 15 but shows greater detail fromthe opposite underside.

Fi gur e the opRegite wrfleapigar at us accor di ng to a third aspect of the

i nventi n perspective
Vi ew. ﬁﬁ-u?é“%ﬁ-ﬁg%g-Eﬂ@ﬁ?vggﬁggfﬁgd?E éfﬁg&%gFéagi e view of
t he appBigatds shdwshhswapparateisgif 81688?@’@p¢dﬂ@etv@evﬁ gure 8, a spool
wi ndi ng_assenbly 200 that accor to a first aspect of the invention
i s showigWee i ﬁé’&talkﬁﬁirmr%} ‘éﬁ#@éﬁ@erzmtwg Vt%vf dearrarafind a

co Si i he type shown in Figures 1 and 6 onto a spool.

5 é%ﬁ%@f%ﬂg a]%aln frame 202, a spool hol der 204 for rotatable
supportlng 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 1Rt F’HFE&?@H:%‘HQ Spa pirRa! Voo dingrassesahly 00 deptiagcarga i afitsinder t he

Sooel, SRy M ETER, S0P L TN A S P soseRsl o

to wind a composite strip of the type shown in Figures 1 and 6 onto a spool. It

15 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

20  drive unit210 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.

25
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.



20 drive unit 210 are nore clearlygshown in Figures 9 and 10. The
bender 90 receives the strip 10 as it is fed towards the underside

of the fpogl ' | v deformns strip 1 ogive it a
cur ved %as e nf):%?? ?%ﬁn\gl\#eﬁlﬁedrﬁ’g%hﬁ %aﬂ lﬁi Pg%urteﬁ g&ﬁ&f‘ ﬁP%ﬁ&‘?ﬂBﬁtf%ffﬁgﬁg 30
(shown these Figateayite hiendér Woenpk)se B fransds h patd by REsRREAI cul ar
orientation with respect to the base portion 12. 25 | n "anot her

enbodi gttt S Pokerollateetang P4 rietablyonaynter do Bemndes GrammyP2bés mount ed

over or i ) d stri 0 _nmay fed towards the top
si de ofcaftﬁ ?g%ﬁ%ﬁhgéb%gﬁ?@, Eg@oﬁ‘{Ppoi‘%oﬂlﬁrg@g@ﬁ@?% 96 Sﬁlgp?f{ﬁoe clearly
shown ideffne@uiresvds6 fbi fecaivthglthb ried@bh MWL Be LRGSR & QWi &Qe. the
bender 90 conprises a frane 92, gﬁfai r of parallel” spaced apart

suppor tcl¢asiy soyvroin figyge 92 A pejiratlensiSyis pyangestiparelleltie thesigmort r ane 92.
As far. i t || 94 d,. 94’
Shaped e ARG LD RouR R e B e (o rnd 5320 50 of

the st rsup flGnaso.iTherset wllet BaftangsN QWO ¢h i Biieesilid 14D 8L rol ler 98
is arranged parallel to the _support rollers 94 and is also rotatably

nount eFofRPasHe sEmtb I he setrrell i pasisienable pidy thetis thegamposite The set
roldeer d i i.d 4 of the.conposite
stri 10 TSR Sipth s Bl aBRs sBsrd afeR oledRsc he
conposiremfdidirgf stiips 30wiithirdtHewempositveeh Thee puppedlly ddbhtss 94 and
the set roller 98, the reinforcing strips 30 wthin the conposite
strip fychihat heeampegitestip i Geritsths hendarPRiwitha ceviegdese e strip 10
exits : : LR . J i.l e maintaining
The. reinarer ne rr g T KO RASE PRk b e Pl

ori ent glerpendidilhr oieapedén ivithtrbspoaehp Bhdd rtidR 12 THHisisishosmown 15
m)s% cl earl%e in Figure 10. A drive neans 102 is provided for driving
t helPst et tiFapEdnERRTe A& support rollers 94 and the set roller 98.

A drive means 102 is provided for driving the strip 10 between the support
rollers 94 and the set roller 98.

20 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.

25  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



20 In this enbodi nent of the inveRgion, the drive neans conprises a
drive roller 104 that pinches the strip 10 between itself and a
first s r i . 14§ 1 civen by a
chai n 1115%9%#(?3\%‘9]7‘1% f‘éﬁ*"%ﬁ&% gf gﬁgug‘%h&gr‘é’%%t g é%‘?sgdélt‘%%ﬂe 210
drives dthip 16hadjustiéhittolic 406 eretgrevidied fer thid p@fpoddl 4t ha Heus foddde strip
10 between the set roller 98 and the second support roller. 25
Com‘rencglﬁfefr‘?t" OBFINHER gPRY Wikding Fheﬁﬁqg@qu@f WppRsreinrarteschy theat ed by

the pushipg, %:f}}cﬁﬂd @)g gg}mtlétj @ﬁ{x@é&r@%ﬁ?ﬁﬂ@h@@%‘ 5? Fﬁ gggofxgrﬁ tlefyet 0

start). Il rollers 0 ow adj ustnents o urvat ur

i npéef t edatchirigithe cadipe of the wonndstHp. to Akl tslinesttthbalib 55,100 safe10
provi ded f}%r this purpose. It hcgs been found that for optinmum spool
wi ndi ngPoPhdetdigr wathat verdeutendenryiealiegseiherths. AeHersroob shoul d be

siml arg; f : ' t chi ng
the r ad?lhgeg#%ﬁgg’&gg%d& g?l rf?ltil)&?g{&? ﬁééﬁgtﬁg%%& ﬁd{%gﬂ%g%r gﬁe strip
10 spoodfbendagiimpaniedibyathe deydédf. Waildenae degreodfl Besberddiggri bs. As
t he spool di maéer grows, it has been found that it is not necessary
to adj u%wafSh@“ﬂ QFSEE LGRS S 1fieAsA FifEguisist he bender 90. Wil e
song, degree of over bending occurs, this does not cause any
significant difficulties. 10 An inportant el enent of the spool

wi ndi ngAasspnishyt démehi of thabpat] mendinigsissdrsblghif khits ymibodkeen i¢ he

bender 90 radi all djacent to pr.evi ous convol uti ons_of the
spool edtsahity taé“*%lﬁ g‘és er 8‘5 Fﬂﬂtégﬁ’rﬁcé?‘”&ﬁﬁoeﬂ?e PTYVIgUs ONYOHIEWEd by
rovidi i t adi fromthe
p §InésfRf h&%ﬁ lifle GPUA ﬁ;&ss ReddRlet2Orh@d d@g&@cea\my

hub 55 15 a e Spoo d strip grows in meter. This
nmechani govidicg adeshanisar toiragee 24 @enderrfiOaddfatly avatyerahltie hoyBfrent

Wth respect t he spool. 50, a pair of supporf arnsg 212 and 212
and™h &i tﬁe 61?003 iO%W S5 NS Bamgter; ﬁ‘“ﬁﬁﬁﬁﬂlﬁgﬂiﬁéug% in

Fi gur esca;‘ﬁ%eaﬂ@ rﬁg’tlihteﬁz?(f)leﬂé\feirél%/ 5By EhGW it 3petiliotROs R SEEN t hat
support arm 212 has a lower end 214 that 1s slidably unt'ed to the

20 car rpagef sapposirednwP1dppd 21 Eraahd20trinbi tdhatinss 20eatdl20yasdonnect ed to
t he bender 90 at .a rear_.nount_ 112 he hender. (the rear unt is
st ol SR SHAWT s 1409 Jot REGEIRR S Bt By 48 11 ower
end 222seEH Hat !sﬁg?bff QbR A1Y AP M @l X1hensHas S B0y %Qm?é&o%ﬂe upper

224 that is pivotally nounted to an internedi ate 'section 215 of the
supbdr tcaariage24p afdranhgrper &nd @domdhidhi ie pavratal2? Gonr@btelitn kise bdmelet ower

end 2 149Ooe]1ct aarerfu'i rrn%{[m‘cs PR tthe%rerrpdé'](gl‘let reat mlo%\rq?{s rr%s@c?e%ﬁly sﬁ(f)wn 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’
25  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



second support arm 212'. This arrgngenment allows the bender 90 to
nove substantially vertically up and down so that it can remain

close tgpdAe usPeal s5end ARknSRO Q&mgliséawgp&q/voa_ﬂc?%fp%bs%ggi &S 93, nost

clearly seen in Figure 10, roll agai nst nd then the

act ual Bygudssesi wound strip as spooling progresses. |In another
enbodi nent of the invention, not shown, tie arm 220" may be 5
arranged in a simlar fashion to tie arm 220, that is it may be

pi vot al Inan@oeR kifbokant oG RE fr{v%ﬂﬁog,g}%t t onH,edeeA}gn ang pivotal Iy

mounted to an internediate portion e second Support arm 212' at
i ts ot hrerarged.in Tsnidaripslige tats erh 290,244} is hehajdespivoedly under si de
rollers 234 and_rear .10 derside rollers 235 nost_ clearly shown in
Fi gur esm%%tearii‘dt}féﬁmﬁﬁf’eg@ OPf 8Rd apd R akalfy BeEniastor@ar  under si de

channel e 3RdARIpEHn I MOsdcBnFLai St By DEP G 130, QART Channel s 242

and 244 also nounted to the math ane 202. e rolTers 246 and
248 are al so mounted to the carriage 240. This arrangenent of

Il d ch | | the carriage.240 to nove laterally 15
w th 1 LR R AL SR e ol handactil oyad for
dr i nglﬂdaesia@fdnemsaﬂesa&éamgwn%ﬁﬁgeé % iy %5&% rz%ﬂéﬂﬁpa'ss

bei ng wound. For instance, an’endl ess umat1 ¢ cyl 1 nder "suc
that showin fronFaugdirer Wademiddehanseld 23(Pand R dlovay Bt Biguisy. 20 enpl oyed

t t hat, ,t h i | at |1y back d forth across
the hutl PR Saghowsydhannpsie rad 34 plso motiatht WA mataifErIo 2l t i not
| ayer s.Giaek@ldrOMAind NB SARL MbRLNSD &é%ﬁ%% ﬁgﬁg’fﬁ' | now be

described with reference to the Figures 8 to 3b. 25
- arrangement of rollers and channels allows the carriage 240 to move laterally

15  with respect to the hub 55.

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

20 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.

25
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



Strip 10 is fed through carriage qguth 250, (which i deal Iy i ncl udes
a plurality rollers) across to the bender 90 and onto the spool 50.

The st rigokf tﬁés&iﬁ%d‘@%@fv@sch& B8 RRAbn 30 WARE hBatER L ven Lhrouah

the roller set conprising supportr se | er 98 and

drive reidfercidddripe 3asn & sulpltaaialgaleyenddilgedraimatidtewsthirbdpetO to
curve the base portion 12 while maintaining the reinforci ng5stri ps

30 in aodhpsrseRaripn 2 pdiegvareforaed siirH Bvamdenta thebpeb? to t he.

o1 of reongBoied M A TS ot By B RS, e

posid i oiheabllé seheariaslsbas t¢ fiaintain i@SpBaid@sSratidlFRididcahtofiths posi tion
radi al | y adj acent of the previoqus convolutions of the spooled strip.
A spool PRV inds sgn e e ey Qf’fg%éﬁ?QJ?qH&TlPo a second embodi ment of the
invention is shown in Figures 14, 15 and 16. This enbodi nent of the
10 invention is simlar to the enbodi nrent of the invention described

above bAitspbbievbelirtesssdbly aveldn®td ¥ sdcoad sidbdhantwitile respect to
the spool. It does not travel radially into towards and away from
t he hubVERtRRis shewnin Figaresifh Ap 286 4w Thisprbedimantsdthes nounted to

' that. dri i . Ly . forth f
nets; e el s o e RBbLRIR pe R LR dot T BRRIE iR Dender
uni t 9CGhke bena¢red0dedvaid onlj hanbenstdy with despet t0 thalspbdl. tTh@odsender shown

in Figures 11 and 12 without the tracking rollers 93. The bender 90
pl ast i c&EIYS) rafElbF ko fareards and avey diam thahidh o Bisuae 1% & pavticulppe 20

rotate SR i { i . ool the
strip i%ltoa ter ?!tmﬁgé%}ex{eb#%gﬁ%ﬁ%)tgl(ﬁ%h%é??rvgnse%{e%gﬁtl%‘%in)gnder 90.
W t h t Hateraly lngemdrforth tfiven phaside of defgpoobid rthebtlidae strip 10 by

thegjender 90 substantially reduces the tension in the strip 10 that
woul®d be required to wap the strip 10 around the spool 50. This is

| MpOr t afbufcol Ao TREberfier BATONS m P CelFATRR Hefidd ' is smilar 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

20  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

25  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 eatlier wound

convolutions of the strip is reduced.



25 enabl es control of the tensionqgn the strip wound around the hub
to be varied i ndependently of the primary bendi ng process. By '
reduci ngn;ihg; b @R dn St t cy to
A L L e S G S R T L

r educedspool #viidlinky, thei degessiddiumentiredpiahted ibp ke betder 90 shbdsl Heeen

found that. for opfimmspool w nding, the degree of curvature
i mpar t edMB f‘hé’rlﬁé&}rﬁ%? legpthaRoiie qupetaient the hely50. 0By appigrimatelyess

t han, t : . af . - 0X] I [ t he
radi us g’%ﬂ%ﬁ{e@/ %&%gmgtorf itﬂﬁ)be‘fng{?%gélpa %ng%pg%(#e%% g‘lﬂ?{%/%ﬁﬁ&gg%lool 5
(whigh @hith bell pegataer thaarhd fdivsaditishalb 55)ae bup Hhgpobhaesdity p 10
spools readily with a ver}gpl ow tendency_to collapse the ribs. Wile

sone deYiB& BEY ipi (e & sdlagpiiesthsu Véhilg saame degreapf i p passes

t hr ough j i . ..cause
any o g T PERRR Hepithe (e AEDRGR R oeE ITRAEH RChRE ofihie

i nvent i banding ohalse e 50 dusxchdthatisespgaignifieasit dgffiaulltiel si ze
approximately equal to the dianeter required in the final wound pipe
to be nost appropriate. Referring to Figures 17, 18 and 19, an

al t ef najxf; : r:- W ndi i . strip 10
A R S L
enbodi newlt sioé appeximeieht éqn] td theldidesteardguaed i6 2he find pagindhol der in
the form of shaft 72, a guide assenbly 80 for guiding the strip
gener al P’Fett%ﬁ‘ég?‘ﬂSFéPPﬂf’PF@'\‘ﬁar ds the hub 55 as is best shown in Figure
18. The apparatus 60 al so includes a string 100 of grooved rollers
110, 120, 130, 140, 20 150, 160, 170, 180, 190, 200, 210, 220, 230,
240, 25Refeifrivey Grifigued 17018 serdsl %aae akematigedppaoatsitdter aholihg spaced
apaiat palr al | eléi#?)x&s, ) efOCh roller held in a 1ipaced apart relationship
from ancgagait sihped siiretl epto g spapkoUds showrs Therprraaistflewhichks 228
and 229, 26iasR thRll i ZR8nAlFhe AR AN RS IHERXS; o pair of
links is pivotally novable wth respect to an adjacent pair of

l'i nks. Hdide2i the fomgyobd shadt T2 p guiddthsexrhlydd far guidihg the shifp 55 and

has a first end 102 and a secon 198 connected_ to the _quide
nesenbl § BB A RGO VAT B0 gaPas HCUBIY Bt e 6. ¢ he
spool 5%@%@% 60BRD ifHIB8E é/stﬁﬂg"l@() biglob bl forfkds 1101 P20 15@a0s, for
mai ntai ning a substantially coRstant®tension in the stri'ng 100 as
20 150, 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 é\part 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
. 25 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.



t he spool 50 is wound is providedisn the formof a cable tensioner

310 as shown in Figure 18. The cable tensioner 310 retracts or

ext ends AGable L &t ABRIAY A PGt I caonst ensi on.

Ref erring tél Fi gure Igligrl[ét Caﬁ%\%@f&%&ﬁ%ﬁ%{@l%w@ S%Wa@sa%t hr ee

spaced #papbolddowesnd32 pridddedinthad BGm Fhecsdaans@nbeimesn t he

centre line of_the r%?l\ées mat ches the spacing between the centre
f

line of Shopd injFigursdS, Wébgtt?qsﬁ@ﬂ3&rqt%3‘3?@_l§§-‘te_><tﬁnéiaﬁﬁ@leéx\f‘l‘élﬁfn in
Fi gure 1.9 &aels Qb sﬁ%aﬂ@dl%%oﬁst&ﬁpte}lﬁgﬁ.5ﬁef@r}igé g%gg%ﬁé;;d g, of

rollers 100 has simlar grooves to t gr ooves and 236

shovin i e deiegy tinag rdlfer 230 has ehret bpaced bbeit $rddepres 23t had 986.i Phel O
radi al | i,n\/\%réds trgtgar ds the axis 75 of the spool 50 and the grooves
™ e

sur r ountPfiRg befeenife senirp Eng pf he s1erves matches the prasingbeivigen t he
spool ther i | . . i rooves
alroe Si zﬂglg Cglﬂﬁ%ﬁﬁgﬁ% ﬁg)fgtazbi%g ﬂgéoﬁrrép ?; Pg?i;rggﬁgget%%dgﬁé]}th \%eaglr%ht rggex of

t he ri bE. dadh bheherrollbrrld0as 25heithit the strafg dfhrellgisd00 &ss dmikhown in
figure 12. This all ows &,g?? 5%”62?” al portions of the rollers, such
as por t50RLesI8Ehegrpoyes s 2phnd 3o phewry 5 Figwed 9o da s the 1edetsase

por{g onorles @f sfy @f&dizﬂ%%gv%?&o%a?&éfﬂeeax c;fgse %oo%l Eg a{n&’ kTS

agal nst” the base portio the strip depen ensi on

pr ovi deglobyestshercuedshe nibe 0 we drest3d 00 a2id id curt/bd arcimdiotde spedl of t he

i nvention, a cl ear,ancg o,tb §8pr oximately 1 mmis provided between the
rol | er sPSHFRY SRBPYURE DS Vot her applications ot her cl earances nay
be used. 25 In use, the strip guide 80 traverses across the face of
the hub 55 driven by a friction box or any other neans 86 as

i |1 ust rEtegollenrs aFidgheie gi@oved acositadruch yisdtetheriess porav cldechnt® ensur e

th t hub 55 i d | ith th tri 16 Wth all f th
et AV SO ARE~ Ph g B P ds bp et B8 GvBom Bidhe Broege de
assenblgn 89 inaRube13.i 1ed anewgfgfgeé iﬁaﬁice%)o@ﬁgniéﬁpépa%%g%ﬁ&g t hat

rotatably supports the spool el at to t rame can be
ar r angegbrtiong2Pdernidad3erodiirdNenii30 Hopesp egbintiothie fvasd pamiend2.of T s has

th d t f Kk i the, 5 strip 10 t I1i i trai ght
i ne viTHBAD. ¢ BEESTS Bere R Garol Ersiegaiet s e BRre ROtsivol 50.
Wil e tdgp Bﬁgigii'étorﬁmqgisﬁ@pﬁrﬁ%meqf@f%%ﬂi?%%éaﬂs by s of

preferred e ments in order to facilitate better understandi ng of
t he2 nvention, it 10 shoul d be appreciated that various

nmodi fi catj ons .can be e. W t hout departi fromth rinci pl es of
Oy S R A A B RN e
i ncl udeyralided e RvEmihk ir6Rdrs ARG tNd &R ID. ITh St8GAPBlications other

clearances may be used.

25  Inuse, 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.



17 THE CLAIMS: 1. A spool w ndinggassenbly for wi nding a conposite
strip onto a spool having a hub, the composite strip including: an
el ongat maﬁ%ﬂt Sty - rt | urality of
| at er al F]I space eapaPtHIrF tB ggﬁé@’@?&?@% negﬁ1 g‘rbl(z’l%eatﬁ?ts’flgp %uld

upst an dmsagnb}ycﬂﬁ dahdelied tp @lﬁd freme 6286d shedpooahblder eHat ebaRost e

reinforcin p% ﬂ'bers gétendl ng | engthwi se within respective rib
por t i on&PPPORiE t orY Fa#dvertathe ﬁéﬁkeeqzﬁﬁﬁbé PHgngedtRemevEor ni ng

conposi n frane;
108" pod her fhtf?ﬁ%e%?%ﬁ?f%’é R ARERERY DA ool 0R 1 01 he
mai b f rerip loara&pkbmlg 1ﬂalsb1e1gm[1ihefvﬁﬂ1dﬂnt latérally bbedisipadhilant ish respect to
the main fr carrl age mounted for |ateral novenment with respect
to the %’B%‘ﬁl egeARle mounted to the carriage for receiving the
strip as it is fed towards the hub of the spool and for deform ng
the strip to give it a curved base portion; and a bender drive
uni t opéhibltye pesaectemdinehtienstiean desdibed di tetin3@f iphefesbdi p t hr ough
the bender, 20 2. A spoal w nding assenbly as.claimed in claim1l
wher ei nerfﬂp.%:hg\gﬁgép qrﬁ%x] tgdedlitate better understandmg of the invention, it

10  should be appreciated that various modifications can be made without
departing from the principles of the invention. Therefore, the invention

should be understood to include all such modifications within its scope.



a bender frane; a pair ofyparallel spaced apart support
rollers rotatably nounted to the 25 bender frane, at |east one of
the suppgit cf.@il@ers defining grooves for receiving the conposite
ribs of the conposite strip; and a set roller parallel to the
support I ol | érspookwiralizgdsyemipy fitredintiong heniyemsidestriproanes spwebl ar r anged
to roll ,on.an jnner side of the co 0si tzost iP@’ the inner side

bei ng a &I d& Ot e SERITHITP ST EHpE AMeLOTigRts RASHE SERRAWRE 2h t he
18 ri bs flxbsReorfidiasbd phedlitebf Resilly Paed Harflasdthiy@aabl e such that
as conposite strip is driven between the support rollers and the set

rol | &, SKedigHRvRetenspstanding famdherbebe paetory pad & phuralityof t he
b d . . . . . . nb|
o med e e ROLRline Rrir Rl e R bR B8 0ETE 1

claimed inclaim?2 f conposite ving an
el ongat eooplierst the 8t pdrHoteearidrife eeifforingrasebpeitining andpasitel ural ity of

lateral |y spked apart. | engt hwi se, extending rib portions upstanding
fromthé Sa@&%%@ﬁ?%%ﬁ‘;“%ﬁ%’ﬁ’%%@ﬁ&y of el ongate reinforcing
menbers ext epdidn@frhelgt hwi se within respective rib portions, the rib
portjons 10 and the reinforcing nmenbers form ng conposite ribs,
wherdi n' t he gFBRRIESINST farpatatablipwippoTtiig the spaobrelativsde thatgaini zed

conpl engplaly to the conposite ribs such that as the conposite strip
is driven bétween the support rollers and the set roller, the
conposi t e ri bspenl driveluditdoairinsng theypsclbstianspal td tht ersdd frameenent
Wth respect to the base portion. 15 4. A spool w ndi ng assenbly for
wi nding a conposite strip onto a spool having a hub, the conposite

strip incl udhBgriagan@hardabaptdshoventht thRespefdo thd dpabl; base
portion and a plurality of |ateral Ié/) spaced apart |engthw se
ext efdi ng ri B PR meRTEtehethneArHags fopraceiniashe eripaptiiafed and a

T i 1 B R o BT, N o i ng
menber s baer pontignizavposi te ribs, the spool w nding assenbly
i ncl udi ng: a bender drive unit operably connected to the bender for driving the
strip through the bender.
20
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
25  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



a main frame; a spool holder for yptatably supporting the spool
relative to the main 25 frame; a spool drive unit for driving the
spool wi . fgﬁ]ll e der nount ed unde

t he spog}b@fe gi?%ﬁgbec%ﬁ%g? ﬁér}g) I aoﬂ(f/& él%it?orn S%efs H%”E‘g oS 0glpeool of
wound ststriipisgires betwetihahedugpprttrbiéerb endlie see@ley trgobdpesisd rip as it
is fed towar t he .under,si de of the spogl and pl|astically deform ng
19 the 58?1? ’S%tseg’rﬁ}egéuf t}ﬁt{’,‘ﬁ?"\%&egﬁ@r%ﬂ‘ﬁw Pase PREISRY ai ni ng t he
reinforcing strips in a substantially perpendicular orientation with

respect to the base portion; and a spool drive unit for driving the
stri P t R ough sPpel W assgnblg as daisprslin clgimdi fnthesisdnbing sas cl ai med

in clai I [ s. .a_hender .frane.. a
pair of rggﬁ‘i" %ﬁﬁ%@ 5‘%@1@6%@%50?‘?&% %%{ps{oi?%”#’ olTaIVIenrgsadk?aétbﬁ?eé?ﬂrg}OWLiint ed to
the 10 beridefity ofdaeraliytsphedsipan tegtiwich extsufing kib podlider s def i ni ng
grooves for receiVvi the conposite ribhs of the conposite strip; and
a set r &W%Pdﬁ'ﬁﬁﬁmg}lge hage Pﬁ’@lrgg‘@ﬁ(ﬂ?lu?agﬂ’ 8{%1‘_?%36% ?&“‘Pﬁﬁ‘l%ﬁgnnunt ed to

t he bendgémiberasRemditly MrgBNEEEWItRin B dec@ie A pbiHARE, 1Bé 86 pBftichbe
conposite strip, the inner side being a sidé of the base portion
oppod) t éntliike wirdercingymembpisfountag 4Bnposits ribgtwhateintthegweovesd| | er
positio 1L : i [Lp. s driven
Dot vieen ratipeRashed BOARRaSHE L B BB RIRER b8 cShbutiecsle St p
i s def omspedthstichtht hanpbsiteeskiip & driven betmden tivd suppartaullareahdhee

portion.

set roller, the composite ribs are held against any substantial lateral
movement with respect to the base portion.
15 _
4. A spool winding assembly for winding a composite strip onto a speol
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 tib portions upstanding from the base portion; and a plurality of
20 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
25  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



6. A spool w nding assenbly as cl?érred in claim5 further including
a 20 conposite strip having an el ohgate plastic strip having a fl at

b L on. . Q. i f | ater. . t 1 t hwi
oxt ent g PR 0GR B M Bkd Pecona PR e RARE e R0 " o
pl ural i tsyripf inelsabgataliygienpaididuleg oreniagos wethiresisicnig thepgkhwi se

within res ec_tigle rib portions, the rib portions and the reinforcing
menber s #BPMRG%conposite ribs, wherein the grooves of 25 the

suppor t rolIsrsp@&%ri%@%a&qo@&%ﬁéga%%gﬂm!) BiRk 8EYqd:0 the conposite
ribs such that” as the conposite strip 1s driven between the support

rolld&rs and the set roller, the conposite ribs are held agai nst any

substantd al l,ateral . nmbvenent . w th respect .t o the base,portion. 20
7 a0 ackambrs rogr el B SERR T I RGRARE BRI O, i Do
a carri agduti@unted for |ateral novenent with respect to the spool;
a pair of sup or%et: rms, each support arm having a | ower end slidably

mounted to t REREFFEYe, an internediate section and an upper end

pivotally 5 ’ i ' rm the
G QAReE 51‘122:1%8&%? Egﬁg\:‘igg%oﬁﬂqlers rotataﬁg bhdidked tb&hd _

first tie arm havi nected to the carriage and an
uppel0 erkenderfrane atilenst arkef thetsappet relles dafisinggroofesdnerecéivinge

he: bend2r o5y 8t HaG Bl P om the hub as o spool of vound
strip grows eBsetdtbhermiesllaiid fheutippat Allengrddteblpensigtediolthe r espect to
e T B3 S B A o R S Lo
as to mehALakde ﬁeﬂﬁgj 4 sid@of @Je%%ée‘é}%rﬁ&@%ﬁﬂite fhe A @PRINALHST OF
wi ndi ng an el ongate strip havi a plurality of upstanding ribs onto
a spbol tikpsxtagdathiaet roll erepaspiismead pupositiariabldisngh that fs comeposite
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
20 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
25  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 cdmposite ribs are held against any substantial lateral

movement with respect to the base portion.



20a spool holder for rotatably supgporting the spool relative to the
frame; a guide assenbly for guiding the strip generally tangentially

t owar ds £ he mssémyqy&lg&@ﬁﬁgﬂgfwe BPARRlse § 6 AldcMd® the spool in

a direction parallel”to an axi spool rotation; a ring of
grooved rol | ecsrrizge awgotbddor ateralonewneng withoespesigadedspmphr t 25

paral l el axes, each roller held in a spagced apart rel.aliqnship from
an adj acent r% eo(rE SHRPA" BA1% ea&ﬁ 5 PWEE?lpnég%‘?’in%g?orw%fenfiishﬂ%q%i votal |y
novabl e mbiufted @s{hechrriage,an ifEdiracdiate spatioh 208 ahiplss eddgivetally ng

extending partjally around the hub and having first and second ends
connett e@REFRhE e berdene®Enbl y for novenent with the guide assenbly

relative to LheaSROQL, dRMMst thrm havﬁiﬁsl,[gﬁli@ﬂ&é &fmﬁ&éc{'{ aing a

substantial ly constant ténsion in t g as the spool is wound;
wher ei n dehidagesihtensippeessl consedged tophe aderatddyate santionlof ¢revaitlds t he

axis of the stpool and the grooves surround the ribs of the strip as
it is curVBF & 8tnd 5 the spool thereby supporting the ribs. 10. A

met hod of wi RdicAgn &heaRPPOSiatas Shd the fRGRIHR BmsNeR! thBawdig t@ hub, the
strip having a plurality of laterally spaced apart |engthw se -
ext e iﬁ&ovﬁﬁdﬁg‘m“@mér%@}eé\%%@w@rﬁfwéa@@ FortipAiamegs met hod

conpri Siﬁﬂh&&%oﬁﬁﬁ%%e%n@éﬁwﬁﬁ?&%@cgt(%]t}@_rﬁ%Prafrf%v"ards the hub of the
d roug

spool ; riving the fed strip t aroller set so as to
plastically deformthe strip to give it a curved base portion; and

wi ndi ng ¢ he defor strip onto,th hﬁb.t form spool strip, .the
15w naifhg cf SHEPROPE Sherne YTt tnd B SREer e
support arms are connected by a second tie arm so as to maintain their

15  relative spacing.

0. An apparatus for winding an elongate strip having a plurality of
upstanding ribs onto a spool having a hub, the apparatus including:
a frame;
20 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
25  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



wherein the plastic deformation of;the strip through the roller set

substantially reduces the tension in the strip that woul'd. ot herw se

occur. 11 éd&%&é‘%ﬁ tﬁhﬂﬁ&ﬂgﬁnﬁhﬁl é@n}é&n{"’@&{sﬁhﬁniﬂ?aesnf' _portions
are held 20 upstanding from%he base portion as they are iven

t hr ough at hige spobl Brwasid; whereby the orientation of the rib

portions with respect 1o the hase.portion renpins substantially
Cnchanged.  Wherepbthegolig ki B SEimai A T s Ao it
conpri sitRgspei xﬁd\aletsgieoﬁg bdrodR] MOSibE bPMeQRid A8t BRAAJdlGoM Ch the
strip is guided. 13. A nethod as clainmed in claim 1l wherein the

st ep Sof tHe sraohgresehy sspportwibe e strip to give it a curved base
portion produces a radius of curvature of between 120% and 80% of a
radius of the hub. 22 14. A nethod of wi nding an elongate ribbed
strip orDo aAspeibbdbéwiminga hethpoditkeatripedriiod spod hadingg Hubethet eps of :
gui ding the stri ener al tangentially towards the hubh; 5w nding
Phe st Piiarating S eREpat AralE Tt SPHY TR S s p whil e
the stripriiSndigRtar@iQusn tRELRE Bortichpthe MRS NQn@Ssied @eBRYsi N claim
14 further conprising varying the axial position on the spool to
whicHW té strip is guided. 10

feeding the strip towards the hub of the spool;

driving the fed strip through a roller set so as to plastically deform the
strip to give it a curved base portion; and
winding the deformed strip onto the hub to form spooled strip, the
15 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
20 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

25 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.



16. A spool wi nding assenbly for whnding a conposite strip onto a
spool having a hub, the assenbly substantially as hereinbefore
described with reference to and as illustrated in the acconpanying
figures 8 to 13b. 15 17. A spool w nding assenbly for winding a
conposi t k& st 4 prethodoof aVIbeoglan lebovigalg riobhd brriptdnto asseirhhwing a

substant her.e e des ribed wwth reference to and as
illust ra m?tfl?egaccli% %ﬁ%ﬁ ﬁeé’ 1‘3 ‘gures 14 to 16.
gmdlng the strip generally tangentially towards the hub;

5 winding the strip around the hub; and
supporting the ribs of the strip while the strip is bent around the hub.

15, A method as claimed in claim 14 further comprising varying the axial
position on the spool to which the strip is guided.

10
16. 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 8 to 13b.

15 17, Aspool 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.



