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BACKGROUND COF THE | NVENTI ON A nunber of different types of restraining
systens usually in the formof a welded plastic nmesh cage have been used
in the past, however, these suffer fromliack of rigidity when |arge
apertures are required in the mesh to allow for fluid flows and are
difficult to repair should any portion of the nmesh be broken 10 during

transpor t, Tiidkial | at HOLLOWFBRIERES TRININBPSTER| T ai ning system are
surrer.

roma |[ack of robustness in
_many required installations. The present invention seeks to overcome or at

leeast anmel TBCHMNICH)E fELDm)re of the disadvantages of the prior art or at
| east provide the -pug Ic with a .15 useful alternative. SUMVARY OF THE

| NVENTI ON According to one aspect, the present invention provides a
including a plurality of

restraining s ' .hol Low fihre .

| ongi t udi nal |.yf"ﬁ%%%%eﬁ{tH@ve@“engﬁk%esi(agaeatramma rftemder hellowfipresipped t ed

by a nunber ofg_&)i scr?&% spacer 20 el enments, each spacer el enent extending

general ly N DRAPERRS Niration; systeres OCT 2004 ‘ - :
5 .'BACKG‘ROUND.C_)F THE INVENTION

2 : A number of‘different types of restraininé éystems usUally: in the forrﬁ of a
welded plastic mesh cage have been used iﬁ the past, however, these suffer
from _léck of rigidity when large apertures are required in the mesh to allow for
fluid flows and are difficult to repair should any portion of the rﬁesh be broken

10 c_iqring transport, installation or use.” While svu,ch knoWn restraining éystems are

cheap and simple to manufacture they suffer from a lack of robustness in many

- required installations.

The present invention seeks to overcome or at least ameliorate one or

“more of the disadvantages of the pﬁor"art or at least provide the public with a

15 }useful alternative.
SUMMARYAOF THE INVENTION

According to one aspect, the present invention provides a restraining
| system for hollow fibres including a plurality of Iongitudihally extending elements
'spaced from one another and supported by a number of discrete spacer

~ 20 elements, each spacer element extending generally transverse of said



WO 01/.76727 PCT/ AUQ /00387 | ongi tudi‘nal el enent s such_ that in ﬁ%&ﬁzﬂﬁp o
with'said. longitudinal elenments they define a cage-like struc A ol

- preference,wohe7sage-|i ke structure is tubular. Preferably, %E?,A@g/ 3
gitudinal elenments are rods and the spacer elenents are in the PPR of
rings. It wll be appreciated that the rings may of any geonetric shape
~and are not limted to a circular shape.oSimlarly, the tubular structure
and rods may be of any geonetric cross sectional shape. In one preferred

form each |ph FHEFR di al |y .ext.endi.ng .engagenent formations
for rel easab??ldgﬁglagﬁng aﬁgggééﬁ ea'f’éi?”?’@ﬂ?h%é”t?‘@%gﬁ’ﬁﬁqﬁ%'r%%m%tsivn t he
form of parg-gciy r o ed, fl anges spaced to provide a socket having an
interfer enc@egrdeglﬁé%-ﬁé)&aﬁ? firuRkIressoci ated rod. | n anot her preferred
form each ring has a nunber of radially extending cut-outs spaced around
its periphery, each cut-out being sized and shaped to forman interference
~or snap-fit wt rd?f‘*&é’@ﬁ@@,athécbamdljkd:’smcem&blsytubulae, iPrefaraply, ffe surface of
each ring is bevelled along each internal edge. For further preference,

the., interpagitusindladementeamhradsend heseated dmbhidiam ﬁﬁ”tﬁ?if&% Wrings...
a a

element. Preferably, the cushioning elenent i1s formed of oam mat e
and ext&ndbwilldss a ci288tth [ ot nds.,so as fo overlap the
“internal edges of E)ﬂglgch ri pg?ﬂgsq% @Eg%é%tnglbéeﬁgrﬁt Cmpﬁea'}%?rr?e@tf rom a
nurrbef of S’riHﬂre%'t%r?Bfr&JlaV‘Qﬁgﬁ]e.a Sniladt e,‘%hé %&Igregtrﬁcr:}ulrjes Shd rods may be of

"y . anygeometric cross 'sectional shape.

w7

In one preferred form, each ring has a number of radially extending
engagement formations for releasably engaging an associated rod. The .
10 - formations may be in the form of part-circular opposed flanges spaced to

proyide a socket having an interference or snap-fit with the associated rod.

ln another preferred form, each ring has a number of radially extending
| cut-outs spaced ‘around its periphery, each cut-out being sized and shaped to
form an interferencé or snap-fit with an associated rod. Preferably, the internal
15 | surface of each ring is bevelled along each internal edge. Fér further (
preferenqe, the internal surface of each ring is providing with a cushioning
element. Preferébly, the cushioning element is formed of a foam material and

extends past the length of each ring at both ends so as to overlap the internal

edges of each ring.

20 The spacer elements may be formed from a number of sub-elements

~ which are fixed together in use.

‘The cut-outs or sockets are preferably equally-spaced around the

periphery of the ring.



The cut-outs or sockets are preferably équal | y-spaced around the eﬁf@tf%@
of the ring. 0 5 O CT 2004 WD 01/76727 PCT/ AU01/ 00387 For pref efeh 21t

rods have avoeduwer dianeter or width at the |ocation wherep&haYoERERPE

wi th an associ ated spacer. Preferably, the reduced dianeter is provided by
‘a circunferential groove or slot. The conponents of the systemare
preferably formed of generally rigid 5 pBastics naterial, typically nylon
and acrylonitrile butadi ene styrene (ABS). The conponents can be noul ded

~or machi ned t oFbhprefedriced tisd Rid IHAA 5diu&%}?g%ﬁ?eg%ﬁ’@beat?'thOeC[aﬂglny part

circular. in cross section wth an opening Sli
di aneter tgj mm itting retention_of the rods. BRIFEF
DESCR PTI QU , RI’%‘ %w&@?‘?gépéﬁ%dﬂ%ﬁ@?bfth? FRA¥ERENt i on wi | |

now be desgribed..by way of exanple only, with reference to the

acconpanyi ﬁ{&ﬂﬁgwsrépquye‘q %?@H@umfgwaigmmrasmer spective view of the
restraining systemaccording to one enbodi nent of the invention; Figure 2
shows a perspective view of the spacer conponent of the 1s restraining
syst em of Fi gute commanents of teosystam anel mefedblgxXpimee of genermiytrigieé vi ew of
the restraining systemof Figure 1; Figure 4 shows a perspective view of

* the restr aplablics syserian ypicaliginybor and achASHIHe BIRRALAE Biyréfhe (ABS) NYRDL 1 ON:

components can be moulded or machined to the desired configuration. The cut-

" outs are pre_ferably part circular in cross sectibn with an opening slightly émaﬂer

than the diameter to provide for snap-fitting retention of the rods.

BRIEF DESCRIPTION OF THE DRAWINGS i

10 | Preferred embodiments of the invention will now be described, by Way of

example only, with reference to the accompanying drawings, in which:-

~ Figure 1 shows a perspective view of the restraining system according to

one embodiment of the invention:

( R Figure 2 shows a perspective view of the spacer component of the

15 restraining system of Figure 1;

Figure 3 shows an enlarged exploded perspective \)iew of the restraining

system of Figure 1;

Figure 4 shows a perspective view of the restraining system according to a

second embodiment of the invention;

- .29 Figure 5 shows a perspective view of the snap ring component of the

restraining_ system of Figure 4;



20 Fi,gure* 5 shows a perspective view of the snap ring (-:orrponent’ ’,of.the
restriaining systemof Figure 4, 0 5 OCT 2004 WO 01/ 76727 PCT/ Au@® 5008372004

Fi gure 6 shwasiasmper spective view of the adaptor ring conponge,}./é\%o b&g =
restraining systemof Figure 4; Figure 7 shows a perspective V YP0Ehe
restraining systemaccording to'a third enbodinent; s Figure 8 shows a
perspective view of the snap ring conpongnt of the. restraining system of
Figure 7; Figure.9 shows a perspective view of the adaptor ring conponent

of the restraifihng 6% igur.e 7. Figure 10 shqws a perspective view
of the restrai ni%g sysﬁé\?’ngléagé%'{ggg%v? yrew Bp'g'ef%ﬁlﬁqtﬂr BRg sampanent of ther e 11
shows a per, Sive view .the snap ring conponent of the -restraining

- system of Elégﬁér“é‘i%s,yﬁt—?@&c@:'ﬂ'ﬂesﬁbm a perspective view of the adaptor ring
.conponent of the restraining systemof Figure 10; and is Figure 13 shows

an-enl ar ged pgﬁs&}cti ve view of the end of the restraining systemof"
Fi gure 4. DESCRI$¥PANSIPWPREFERPECIVEVBEDI OENE SeRedinlng Sgstem ducardiRg td o1 0 3,
the restraining systemconprises a generally tubular cage-like stfucture 5
for med  f r ofhied embaglimegt; of | ongi t udi nal Iy ext endi ng -

}5 ‘Figure 8 shows a perspective view of the snap ring component of the.

- . restraining system of Figure 7;

Figure 9 shows a perspective view of the adaptor ring component of the (.-

~ restraining system of Figure 7;

Figure 10 _shows,a perspective v‘yiew of the restraining system according to

10 afourth embodiment;

Figure 1.1 shows a perspective view of the snap ring component of the

‘restraining system of Figure 10;

Figure 12 shpws a perspective view of the adaptor ring édmponent of the

restraining system of Figure 10; and

15 | Figure 13 shows an enlarged perspective view of the end of the restraining

system of Figure 4.
- DESCRIPTION OF_PREFERRED EMBOD!MENTS

Referring to Figures 1 to 3, the restraining system comprises a génerally
tpbular cage-like structure 5 formed from a plurality of longitudinally extending
20 rods 6 spaced from one another and held in position by a number of |

Iongitudinally spaced and 'transversely extendingAspacer rings 7.



20 rods 6 spaced fromone another and held in position by a nunber of

| ongi tudinally spaced and transversely extendi ng. spacer rings 7§ 5 0 ToZh04
2004 WO 01/ 76727 PCT/ AUO /00387 -5- Each spacer ring 7 in this enbodi nent
has a nunmbeywgdiseppagenent sockets 8 spaced equal | y ar oundcrmsoessrphery.
Each socket 8 is forned by part- circular opposed flanges 9 spaced to
provide an interference or snap-fit with the associated rod 6. The sockets
8 are slightly over semi-circular in shd@pe to 5 provide retention of the
rods 6. Referring to Figures 4 to 13 of the drawi ngs, each ring 7 in these
enbodi ment s has Eachspaear rin 7 indhisldmbasimenichasep sumberefenpagement | y spaced
around its periphery, each cut-out 10 being sized and shaped to form an

i nt er f er encesockets Bxgpated equally arourad i pedpledy.r Bdclésockiet8 isformad byparti n t hi s
i 0 enbodi nent are slightly over sem-circular in shape to provide retention
of the rodsifGulal bpposeddlafiges dtspased tdprdviderin inteefemnaeiod sdapvfit Witlathe
circunferential groove or slot 11 to provide a reduced dianeter/w dth at

the | ocati oragebéiadirbe. ThegRgRei8 Aretdiightly G\@r emiFBirculardn ¢Rapé t pr event
| ongi t udi nal novenment of the 15 rings 7 relative to the rods 6. Each end of

the tubul ar grevilié pdtantith Sfithe'fddy @ 5 is provided with term nating adaptor
ring 12 which, in use, nounts the structure 5 to a potting sleeve 16 or

the like. The adaptor ring 12 includes a inner ring 13 having a plurality
of Referring to Figures 4 to 13 of the drawings, each ring 7 in these

embodiments has a number of radially extending cut-outs 10 equally spaced

around its periphery, each cut-out 10 being sized and shaped to form an

interference or snap-fit with an associated rod 6. The cut-outs 10 in this

10 embodiment are slightly over semi-circular in shape to provide retention of the

rods 6.

The rods 6 in this embodiment are provided with a circumferential groove
or slot 11 to provide a reduced diameter/width at the location where they
engage with the ring 7. This serves to prevent longitudinal movement of the

15 rings 7 relative to the rods 6.

Each end of the tubular restraining structure 5 is provided with terminating
adaptor ring 12 which, in use, mounts the structure 5 to a potting sleeve 16 or
the like. The adaptor ring 12 includes a inner ring 13 having a plurality of
openings 14 to allow passage of fluid therethrough and a radial extending

20 circumferential rib 15. Rib 15 is again provided with a corresponding number of
cut-outs 16 as those provided on the spacer rings 7 for engaging with the ends

17 of rods 6.



~ openi ngs 14 to all ow passage of fluid therethr ough and a radial extendin
20 cirrcunferential rib 15. R'b 15 is again provided with a corre§pondifhgll4

hunber of wepgees 16 as those provided on the spacer rings 7 for engaging
with the ends 17 of rods 6. 0 5 OCT 2004 WO 01/ 76727 PCT/ AFAOLE5T As

shown in the various enbodinents, the spacer rings 7 are preferably
arranged in closely-spaced pairs. Furtheg,” the nunber of rods and rings can
be 'varied according to restraint requirenments. As best shown in Figure 10,

~the density of.r rs can also be varied along the |ength of the
tubul ar str ucf*ﬁrseS@%&BﬁF&W&yﬁﬂvh@gﬁwﬁﬁyr@ﬁmewngsa?| @ecprefarablyngt h.

The restrajni ng stemis used to restrain a bundle of hollow fibre
menbr anes 8HAN ?‘i tlRselyrsnanedopaisy sFeriser, e ntittver diuods anebtirggdan be
longitudinally within the tubular restraining system The restraining

system al Yajigd acedrdingl towestramdefuigsmehe. et baw §ﬁ%ﬁ iNFEIERO0the .

Typically, the fibres io 'extend between upper and wer Meaders
t oget her ~ véiesitysf rbg Funfbelsthn S8t rﬁa? ' AL 3,LGR! aceabl e
fibre bundle nmodule. 1n such ar%én%erewr?en s?’gﬁﬁgﬁgg‘aﬁna@ tﬁ]ﬁiu%*ﬁgfed
advant age &hudif j fibre.bundl e durjng deploynment of the nodule.
It will be apprlg:igg\{ﬁeegg r%%g?'k* Fﬁqqﬁ'@mmé{aﬁhﬁtﬁ’ﬁg tgﬁge@ét@rrpl-i fications of
~the 15 invention are possible wi thout departing fromthe spirit or scope
of the invent iﬂpe d?scr.i bed. 0 5 0 CT 2004 : ’ ,
‘ ' restraining system is used to restrain a bundle of hollow fibre
~membranes employed in filtration systems. The fibre bundle extends
longitudinally within the tubular restraining systém. The restraining system
- allows fluid flow to and from the hollow fibre membrénes. Typically, the fibres
10 extend between upper and lower headers which, together with the restraihing
system, can be used to form a replaceable fibre bundle module. In such

arrangements, the cage has the added advantage of protecting the fibre bundle

diJring deployment of the module.

It will be appreciated, that further embodiments and exemplifications of the

15 invention are possible without departing from the spirit or scope of the invention

described.



0O -7 CLAIMs: 1. Afiltration system said filtration systemconprising a
bundl e- of hollow fibres and a restraining systemfor the hollow( ﬁbﬂég, 2004
said restraining system conprising a pl$ality of |ongitudinally extending
el enents spaced from one another 5 and Supported by a plurality of discrete
spacer el enents, said spacer elenents extending generally transverse of
said | ongjL?\lll@'snal |y extending el enents, wherein said spacer elenents and
said longitudinally extending el ements are arranged to define a cage-like
structure, whgrel n,the longitudinal I%{extendi ng el ements conprise rods and
the spacer el érent @ fUEAYAN Systemy aid fifratien systgencomarizagns bundie of hpllaw 10
width at_a first |location and a second wdth at a second | ocation, wherein
the secoffreswabgihai eestigining neystemefar the haliowh fibees] sdidr mstratriieg reysteangages
Wi th an associated spacer at the second location. 2. Afiltration system
accor di ngomprisingi apluraitte o€ iongitadinadlg @xtariding blensdnts 8pa6eIRbhSE8e anbitey! ar
shape. 15 3. Afiltration systemaccording to claim P wherei n each ring

conprs sean@ suppdrtali by efl%ldrgﬁ abfl Wiserdts "Hlr eér&ggﬁ{ge @aﬁf %kg?%ﬂl gl?e?nents

configured for rel easably agi ng an assocl ated rod ration

t j i i n_the f t i t-circul
opposed {ranam8 adibrall BinSydisBIE Balt BooRiiBo gXsnambeleiatr chBREDT {1 1
or snap-fit with the as og%&ted rod.. 5, Afiltration system accordi n?oto

claiml d shacer glemen g2Rd $34d longitydinally extending elements are arranged

define a cage-like structure, wherein the longitudinally extending elements comprise

rods and the spacer elements comprise rings, wherein each rod comprises a first
10  width at a first location and a second width at a second location, wherein the second

width is less than the first width, and wherein the rod engages with an associated

spacer at the second location.

2. A filtration system according to claim 1 wherein the cage-like structure
comprises a tubular shape.
15 3. A filtration system according to claim 1 wherein each ring comprises a

plurality ofvradially extending engagement formations configured for releasably
engaging an associated rod.

4, A filtration system according to claim 3 wherein the formations
comprise part-circular opposed flanges spaced to provide a socket having an

20 interference-fit or snap-fit with the associated rod.

5. A filtration system according to claim 1 wherein each ring comprises a
plurality of radially extending cut-outs spaced around a periphery of the ring, each
cut-out configured to provide an interference-fit or snap-fit with an associated rod.

6. A filtration system according to claim 5 wherein the cut-outs comprise a

25  part circular cross section and wherein the ring comprises an opening slightly smaller



plurality of radially extending cut-outs spaced around a periphery of the
ring, each cut-out configured to provide an interference-fit or sfap-8CT 2004
with an associated rod. 6. Afiltration systemaccording to claim5 wherein
the cut-outs conprise a 25 part circul-&- cross section and wherein the
ring conprises an opening slightly smaller 0 5 OCT 2004 -8 than a di aneter
of an assgciated rod to provide for snap-fitting retention of the

associ at 43P digmeers of gPaﬁﬁSBﬁ'aé%tre%tacwwﬂan rt snaf-ftting Felgrdioa; of thee
cut-outs are _equally-spaced around the periphery of the ring. 5 8. A
filtrati c¥psopitedmattcording to claim 1 wherein the second | ocation
conprises a circunferential groove or slot. 9. Afiltration system

accordi ng to cf.ai mA fiilnaticri sysen aﬂcoi’diﬂgsﬁﬁ%ﬁim gl QFeRliA HRMBUI-668 are
plurality of sub-elenents configured to fix together in use. 10. A

filtrati - i i ein an internal surface of 10
oS SRS SR e hrphalinihig

each ring 1s bevelled al ong dge. 11. Afiltration system
accordging to ¢gaim [ h_ring conprjses a, cushjonin | .enment,
wher elgn t he C(L\#S'hi orﬁ{ ﬁﬁ?@n@f#&ﬁsa%qqrﬁgge GaIN pe WhifeIn Bb? sebcgpgalggat&n t he
ring. 12. Afiltratjion fsgést,e? accordiqulfg to claim 11l wherein the cushioning
15 el emefOMENISES A Cifprunietentiahgiaoverorsid. ri ng at both ends of the ring so as

to overlap the internal edges of the ring.
: A filtration system according to claim 1 wherein each of the spacer

elements comprises a plurality of sub-elements configured to fix together in use.
10. A filtration system according to claim 1 wherein an internal surface of
10 eachring is bevelled along each internal edge.

1. A ﬁltration system according to claim 1 wherein each ring comprises a
cushioning element, wherein the cushioning element is situated on the intemal
surface of the ring.

12. A filtration system according to claim 11 wherein the cushioning

15  element extends past a length of the ring at both ends of the ring so as to overlap the

internal edges of the ring.



