2134334 \WRAP- AROUND RECOVERABLE ARTI CLE This invention relates to
recoverable articles, in particular to heat-recoverable articles. A
eat ~Tecover abl e artlcle is an article the dinensional configuration of
mhlch*hay be .nmade’ sub- 5 stantially to change when subjected to heat
treatment. Usually these articles recover, on heating, towards an (21@@@34
shape,fron1mhich t hey have previously Ueen de- formed, but the term -
"heat -recoverabl e", as used herein, also includes an article which, on
heating, 10 adopts a new_confi gurati on even if it has not been
previously deformed. In t héRAERAROUND REC ¥ —. 1% cles conprise a
heat - shri nkabl e sl eeve nmade from a polynerlc mat eri al exhibiting the

property of el asti USQH 5 d yanple,

U S. Patents 2,027, ;[H¥§§££% 4 aﬁ%e%$§&7F§$§s%&§??§ A& gglgeégy%n for
exanpl e, U.S. Pat @artioiamné? heas-gecgvexiabdengrticlesal |y heat - st abl e
formmay be a transient formin a continuous process in which, for exanple;
an extruded 20 e anded, whil g to a dlnen5|onally

heat - unst abl e forrﬁthﬂat q?é%ﬂﬁﬁsggﬁpﬁr5&Flﬁn§s 2 AEtdri8dtBenensi onal |y
heat stable art|cﬂdnmensﬂﬁnzﬁnaidﬂlgmnﬁtﬁemsb&nahhwhhaay basmabkestbrmin a
separate stageg n rego b C

the polyneric rrat gstathally)getogfcg%s %}l‘g 8‘ S% %§%§Fa§§ |¥§a gg%;gé%u%{:ron
of the article thdsually érhﬁ@@c@rtth@@ésme@@vgurrrensu beatipgs etovardsi anty.

One nethod of prodwiqiha hdripe xRMedilch dhklChBveopPel$8asshapes 38-

the polyneric mateyfial o the desired heat-sfable
&_? y {orme tbut the term qheat-recoverable , as used

herein, also includes an article which, on heatlng,

10 adopts a new conflguratlon, even if 1t has not been
previously deformed. '

In their most common form, such articles comprise
a heat-shrinkable sleeve made from a polymeric material
exhibiting the property of elastic or plastic memory as
15 described, for example, in U.S. Patents 2,027,962;
3,086,242 and 3,597,372, As is made clear in, for
example, U.S. Patent 2,027,962, the'original dimen-
sionally heat-stable form may be a transient form in a
continuous process in which, for example, an extruded
" 20 tube is expanded, whilst hot, to a diménsionally

' heat-unstable form but, in other applications: a
preformed dimensionally heat stable article is deformed
to a dimensionally heat unstable form in a separaﬁe
stage.

25 In the production of heat recoverable articles,
the polymeric material may be cross-linked at any stage
"in the production of the article that will enhance the
desi:ed-dimensionally recoverability. One method of
producing a heat-recoverable article comprises shaping
30 the polymeric material into the desired heat-stable
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-2- form subsequently cross-linking the polyneric mat- erial, heating the
article to a tenperature above the crystalline nelting point or, for

( hous materials the softening point, as the case nay be, of the poI = 5,
deformng the article and cooling the article whilst ih the deforﬁﬁa
state so that the defornmed state of fhe article is retained. In use, since
the deforned state of the article is heat-unstable, appli- cation of heat
will cause the article to assune its 10 original heat-stable shape. A
fulrt her -met hod g6 empr éﬁBﬁed@éﬂtI@nGrd?)sleSﬁﬁﬂhé athey pklﬁ)mméﬂﬁéHiHGEd
polyneric material  ,at _a erature, below the cLN talline oi nt or
sof t eni ng p0|nF 6F1fh8eﬁgf£$ gﬁ A3 ée?h%? $?295ﬁ %$:v$gﬁé ial or
part or parts oty&fallihe nalelnglpanmta@rbeégt aner phous mnﬂenwaks

component L0 PEREUSBELRRIRENEONE 2 hENeRL Bhsd Sioy HUIe SELLIYY

heat -recover abl e ar se uent Cr oSs ng the sd%%tantlally
non- cr oss- ﬁlnk@ﬂfwaﬁeﬁPéﬂlnﬁntB?héFtbF%?cFEQ copl BrAistRAeAT el Ghdhber is hel d

20OI tlh n a lsfrehﬁ{ﬂfdtsiﬁt ehbydafaeﬁengdsﬂwbeéo ¥ia € heh el PASEawdd nng\eakens
an us a OWS el.a 0 ver a fecover,.a e :
o las o OParhe SEoRherRELfoIRIPS! rila SRS 1n BRI G
1,440,524 in \M:leéhrmadoatetetQ§uthe ethscbereuchemmbmsteblm danmha- 25 _
stretched stat eabyoﬁnofnﬂeactubylaéaasab@ﬁe sP@icwceaeaéah@e afid cl es have

found particul ar ,u the environnental protection of elongate sub-
strates sd@h aQIFSF“é%aﬁﬁFE‘§§FP%§ss?ﬂP?eIeﬁoﬁﬂiﬁP?EmFe?WQﬁl?%Eﬂ%%?eﬁx) In
addition to naRefigrinbageavsubstant bkl sgahohhersssbitkedypdkymexicred to {:}

el ssare 1o pREEREEy PLECS EEnpEELRGLe AN LAL PR n S Bdfeing
point or softening point of the material, fusing _
together parts of the material or a part or parts of
15 the material and at least one other po%ymeric component

to produce the eonfiguration of at least one hollow
heat-recoverable article and subsequently cross-linking
the substantially non-cross-linked material,

In other articles, an elastomeric member is held
20 in a stretched state by a second member, which; uﬁon
: heating weakens and_thue allows the elastomeric member
to recover. Heat-recoverable articles of this type are
descrlbed, for example, in British Patent 1,440,524 in O
which an outer tubular elastomeric member is held in a '
25 stretched state by an inner tubular member.

Heat-recoverable articles have found particular

use in the environmental protection of elongate sub-
strates such as for example splices in telecommunica-
tion cables.

30 In addition to maklng the env1ronmenta1 seal the sleeve
may be requlred to w1thstand an internal: pressure,
either because the complete splice enclosure is pres-

' sure tested for leaks, for example in the Bell cycle



-3- and British Tel ecom specifications, or because tenpera- tures reached “;¥
in service create a significant internal pressure. Wereas the known \ T
heat «<Tecoverabl e sl eeves ,are quite suitable for the conditions encountere
wi t '8  distribution splice enclosures, nany larger tel ecom munication
cables are. internally pressurised to exclude noisture and the

t hi cker-wal | ed or reinforced sl eeves whi®r woul d be required to wthstand
such pressures long termare nore difficult and expensive to 10

manuf acture and requjire greater skill to install, in the field. It is often
conveni ent to be a%f% ?‘6’% ﬂqleff%cﬁﬁ?é:r"}i%té°&st'i OFe PEFARFEpFPRBEF A~
around the substr aterésusesnhedliitg derivaldey cxmatiel 7g stiBaifikantatiatednal

exanple of 15 thjis,d ri | .o | -.GOl Le abl e
: only a snall nuggéﬁé%E%%HMJW%§%?€§n$ JE@%VQ&%Jgf?%EQg#%&g%gE?eaggggﬁg tinme
woul d be lost if tdmeecite swiliableadan the sondisdons engounteredswakh a

new tubul ar engl osgf & OMlt idif AR HARARYL AINYIUGLE e’ Bedbe8n20
useful where space |s,I|n]ted'6}%g61-arpund sl.eeve Can bé installed where

: &
the length of subsTYReAGILL4 S W EEFRAL Y RESRSUEASEH £Re sl eeve; a
t ubul ar sl eeve hovexerudeqoirsureoand drhe tthickee -salllieddozl erdgnfbeced

substrate away Trogyddifes R fib S ey B2 Rl 6 B3t anks® sBERNY. mRde.
Cl osures for recoverabl e waparound article ave been known for nmany years
and are descri bed PFRSRESatlang |Hardy Ang dorgkdfifiiceslitn agdnexrrnganfoto

resist the very | angreuf 6% YHE il bt IR @%idUr iBd iAStall€¢AVERY Of
the article, and I%igﬁi been found necessary_for nobst applications to
1<

enpldy a wr aparoun ve provided with profiTed edge regions, which can be
engaged
It is often convenient to be able to install a recover-
 able article by wrappiné it around the substrate thus
avoiding totally severing the substrate. An example of
15 this is during repair to a multi-conductor telephone
- cable : only a small number of the many conductors may
be affected, and much time would be lost if the entire
cable had to be severed in order to install a new tubular
enclosure over_the'cabLe. Wrap-around products are also
20 useful where space is limited: a wrap-around sleeve can
be installed where the length of substrate accessible
_ merely equals the width of the'sleevef a tubular sleeve
o . however requires room for it to be shifted along the
substrate away from the ;plice'region while the Splice
25 is being made. '

' Closures for recoverable wraparound articles_have

' been known for mahy'yeats and are described in the
patent literature. Adhesives in general cannot resist
the very'large forces whigh can be genefatéd during

"30 recovery of the article, and it has been found necessary

for most applications to employ a wraparound sleeve

- provided with profiled edge régions,which can be engaged
to form a mechanical closure. Although many such
proposals are known, for its ease of assembly in the
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to form a nmechani cal closure. Although many such proposal s are known, for

ease of assenbly in the -4- field, its strength and | ongitudi nal
:& bility under recovery conditions, the closure of Ellis US Patent 4:} .

éﬁ55E 336 remains the only connerC|aIIy successf ul design. 5 I'n one
dinment, a sleeve is provided with an integral ridge or protuberance

runni ng along each longitudinal edgeg4-These two ridges are brought together_

and held together by a channel of generally C shaped cross-section to

mai ntain the sleeve in the wapped-around configuration. 10 The sl eeve

may be made bygirand diings @tx@ﬁgrtmdlm adnqlittluarmmmz%xha\mmgyauhaéee or
pr ot uberance on the inter sllttln %Qﬁgge ﬁé g Ee ridge
al ong the | endi$FOFETHENM °né'ﬁ’fd nLeg uﬂ?e tSi g J860E. The
ri dges prefer a33.|@53}a3/16 aemedinsg rther @sé.ysemmnerrcuallsr sugecdesfuhat the
channel be ret during recovery of the sleeve. The precise

cross-sectional shape of the ridges shoul d be chosen in conjunction wth
t he shape of the channel, and the sleeve can thus be noul ded to the shape

desir ﬁd' Pe V\Irﬁnrrﬁe:j@m_ ; iy & Ss;1|eQ&Qd iisn paﬁvédhhi'szipat Ealt ihgeghalonl yd
one that has enjpyed wi de.commercial_ success,to dat e ELLis apar oun
article i s howetis® %ﬁﬁ%ﬁroa%tﬁ%&l&ﬁe a&ﬁ’&‘?r gdﬁpr l?nglkapéﬂ\gﬂéapi t al

i nvest ment i n édgwi CEhtdsen ted nhdgessiane dygugintenttogetheddiandohelds as

previously nent | i r L s C Ly
hi gh i nternal dr%s% esﬂ]Ffai&ﬁa@eﬁ??f?%e%n%?&égﬁc Sp w?%ﬁr Fgggs Sedtids

t el econmuni cattOMA R i q<§%$evéhdnc Fré§§FﬁV358uPé|EBB#&SH‘B§1°“°5_-
chventlonBI iR lgee may be made by moulding -or extruding a tubular

member having a ridge or protuberance on the inté&rnal
surface, slitting the member and thé ridge along the
length of the ridgé, and ﬁurning the member inside_out.
The ridges preferably have a neck {gﬁgrosszéection in

15  order that'the_channel be retained during rego#ery of
the sleeve. The precise cross-sectional shape of the
ridges should be chosen in conjunction_wi;h the shape
of the channel, and the sleeve cén thus be moulded to
the shape desired. The wrap-around system disclosed in

20 this patent is the'only one that has enjoyed wide
commercial success to date. '

The Ellis wraparound article is however ekpensive

to manufacture and requlres a large capltal 1nvestment

in fabrication and.expansion equxpment. In addltlon,
25 as previously mentioned, the sleeve may be required.to

"withstand relatively high in;e'\al pressures, for
example in enclosing pressuris::\?h@ecommunications

cable splices, and‘ cannot easilyfﬁg reinforced by

conventional techniqgfg;)~\

30 Heat shrinkable tubular\ﬁgbrig articles have also been
known for a very long time. For example, Japanese laid
open patent application 52-56393 to Sumitomo Electric

Industries discloses a heat-recoverable braided resin



30 Heat shrinkable tubular fabric articles have al so been known for a o

very long tinme. For exanple, Japanese |aid open patent application 52-563935&i}

to Sumtono Electric Industries discloses a heat-recoverable braided resin '
- tbe which istinstall'ed over a wire bundle to produce a harness. Branch

wires fromthe wire bundl e can apparently be accommbdat ed by drawi ng t hem

out through the nesh at appropriate points. \Wen the wires are 5

installed the recoverable tube is heated to cause it to shrink down into

tight contact with the wires. It has al€o5been proposed, in U S. Patent 3

669 157 to Carolina Narrow Fabric Conpany and in Japanese Patent 53-13805

to Matsushita, tQuBEOth@hhgﬁt1§§£éﬁf@@|@véﬂb¥ wilik |Rind @S fddudees
whi ch nay be i npregnated cer- tain thernDsettln%MﬁHflns These tubul ar

fabric articles HﬁynﬁésrelﬁF%F%EdWlégsd%%%WliﬁﬁiW%FQJ nhicad 669, 157, but
have not net WItBpﬁamwyabesw@@mod@teaaby Odisa w i8S Ortee m mwnndngmr 15

articles are discglosed hese re f re
access to a free%bﬁde éBs?Pa{’%%] Egl ns%lal Wl%rﬁﬁ{ee Irfess,[ G\aaspect of
the present anemns@alpedthesr‘acwemblabt'ebwbﬁpaheﬂmﬁ & irdusenitc o

conprises (a) a gﬂrﬁﬁﬁoﬁsﬁﬁbkﬁtfaaéikﬁtC@H@Ea@@rﬁiﬂm thderfragy i ¢ having a
recovery ratio of at |east 20% and (b) first and second closure el enents

provi ded on first and second, edge Ions resp iV,
portion, the recd® VéPaBiﬁof Pﬁ?g pFﬁ&?ﬁ?\ ’f’r%nﬁt%}e %%/es eiigﬁaq? Flonr%o the
25 second edge r €girodiaadNarreachabricd Cempamytandi iny fepdneseoifatarite

clgsure el ement s s5ouaes LewgLEbnteh] L59hPTv: a0 edt ARK kI chuir e

10 lar fabric articles which may be impregnated with cer-
tain thermosetting resins,

These tubular fabric articles may be reinfobced, as
described in US Patent 3,669,157, but have not met with "
commercial success for various reasons. Only tubular

15 articles are disclosed in these references and they
therefore require access to a free end of the substrate
for installation. -

A first aspect of the present invention provides
a recoverable wraparound article which comprises (a) a
20 recoverable fabric cover portion, the fabric having a
§~/ recovery ratio of at least 20%, and (b) first and second
closure elements provided on first and second edge
regions respectively of the cover portion, the reco-
verable fibres'running from the first edge region to the
25 second edge region and at each said region turning back
around the closure elements towards the other said
region, thus trapping the closure elements,



-~9a - A second aspect of the present invention provides a recoverable
%%gparound article which conprises a reco-.verable fabric cover portion,
fabric having a reco- very ratio of at |least 20% and edge regions Pro
vided 5 wth a nechanical closure for maintaining the edge por- tions>n
proxi mate rel ationship during recovery of the cover portion, the fabric
havi ng at each said edge region a polyneric material which prevents
rel ati ve novenent between its fibres. 10 Recovery ratio, when expressed as
a percentage, neans the change in adis@ensi on as a percentage of the dinen-
- sion before recovery. The figure should be neasured by determ ning the
change that occurs on a single treatnent by the appropriate agency such as
heat, and not, §g¢?g e 0 r.e er eriod of
time. W prefer the rec é$£q¥g€?% gg%ge%t ?gg%?369“C ngﬁgegtgleast 40%
especi al |y at"qeakaragsn %ﬁ%ﬂﬁQﬂHQQW%FQﬂplﬁe&§ﬂ°h59ﬁmpr1565 EaBPPes can
of ten have srméult‘eamam\camoa@es pireioasednas fa@eci\éehabhag%apeabound
articles, espeC|aII mhe for %Bg ronnneH seal i ng. Fabr|c§ can
e '8 £ c

provi de excel {¥nt | Sk e S PEELPPPy PF8 #1988 comudat e
hoop str e"ssesuﬂfheg/ naercmaai mmrcgids)uneefos't anatlnttamungorthscedgehpdanrage due

o their Poory iGN PR A 9 fﬁll%(?rsht Be%uFaRgeRRLbYehg BYi LheUp from

or relnforce ose property 1s nsile strength. d ass and
Kevl ar (a tréﬁ%V%ﬁuﬁ?ﬁQﬁOQm1§ﬂ@o brdc having at each said edge |

region a polymeric material which prevents relative -
movement between its fibres. (Y

10 Recovery ratio, when expressed as a percentage, means
the change in a dimension as a percentage of the dimen-
sion before recovery. The figure should be measured by
determining the change that occurs on a single treatment
by the appropriate'agency such as heat, and not repeated

15 and prolonged treatment over a long period of time. We

- prefer the recovery ratio of the free fabric to be at

least 40%, especially at least 50%, particularly at
least 75%.



10 pol yam de) are particularly useful. Such strength fibres will generally

artlcbe consi der abl e axi al strength They will also make a contribution t

run transverse-to the recoverable fibres and will thus give the wap- arougﬁgi

r'adi %= strength since radi al expansi on cannot occur 15 without tension i
the longitudinal fibres. In one enbodiment, the recoverable fabric of the

i nvention preferably forns part of a dinqpsionally heat -recoverabl e article
conprising a conposite structure of the heat-recoverable fabric and a°
polymer matrix 20 material wherein: (a) the heat-recoverable fabric
conprises fibres foﬁid& |dar erfvesy ijw éi@@iﬁd,cahhe aabtaheagbavbnenauseﬂ
recovery stress Y. : east. 5 X .10 r at_.a _tenperatu ve their
ecovery temper atlh ESUIT RS ot SEieE A b e nd ol SRRPRF ALY AB%8

el ongat i on/ tEHWKMSRQMQPRNQﬁwﬂnynmmﬁnﬁﬁﬁaﬁeﬁﬂeme-eiﬁbrsca cenperavidere (T)
which is at or at&/@eltlh;f‘nt{ e;c:%%fet errgl%rtﬁlotnuﬁ%eOftot REefirbaB313ty V‘@bCh

tenperature the
greater than 7ad

pol yner rix material has an el gngati on to break of
%%‘F%"“H“%)Besgt%ﬁﬂ SHEERSES -x THeYaArrPe 2460183 IRDY. FRELSHARY

at a strain rate td c'mo%qoescnauun ed)amaqmddaxte woi thetignmpeoat uoechhprop-
I nequality (1)

R wherein Ris th

I Sgﬂl&( e& Ve &Olca%? e %1 S%et %ﬁql%nggt- from o (1) Y

nean ef rac |on 0 recover abl e

fibres in the conppifaread kit fidres whiosey chigify propersyt isptbasédieon the
total volume of ther&REPSidiady 4Hd Wetlad' (ach@udnt nank! is6f bHeRPGhatts @

further enbodj

recoverabl e f
L

15

20

25

30

1§ o 1t ami SRR A AR asd, edicr REDBRBRREFhgERbESs

will generally run transverse:EazzQe\r_ngerable fibres
and will thus give the wrap-around article considerable.
axiel strength. They will also make a contribution to
radial strength since radia expggsionfqghnot occur
without tension in the longitudipal fibres.

In one embodlment, the recoverable fabrlc of the
invention preferably forms part of a dlmen51?nally
heat-recoverable artlcle comprising a composite structure
of the heat-recoverag}e fabric andﬁg polymer matrix
material wherein:

(a) the heat- recoverable fabric comprlses fibres that
will recover when heated, the flbres ‘having a’ recovery

stress Y of at least 5 X 1022 MPa at a temperature

~ above their recovery temperaturs,/ami‘\f“‘
(b) the polymer matrlx mater1a1 has an elpngation/
temperature profile such that there exists a tempera-
ture (T) which is at or above the recovery tempera-
ture of the fibres at which temperature the polymer
matrix material has an elongatxon to break of greater
than 20% and @ 20% secant modulus X of at least 10 -2
MPa (measured at a straln _rate of 300% per minute), and
at whlch temperature the inequality (1) is satisfied:



v

10 cross-linked polynmeric material and cross-1linked recoverable fibres by
virt.ue of which the conposite structure is recoverable. Such a recoverable
cp o ite structure can be made by applying to the cross-1linked recoverapl e.
f s the 15 polyneric material = dnd then cross- I|nk|ng t he polymeric ™

ma erlal The fibres may be cross-linked to increase their post-recovery
strength, and a recovery stress ,of _at st 1 MPa, prefer bly 1.5 to 5 MPa
wi]l be suitable. 20 TEEoalRledisc 1 ﬁéPeFSéP P8edesirably(dPoss-1ifiked to

prevent it dri ppi ng or ¥ unmr ng during heat recovery, particularly by neans

Of 2,L0reh. ARG 1353l M0 s8leclhf BOLUTRRLC UBLEE L)

owever, reduce ﬁuarecover Be a problem
25 since a.chﬁqaawnqCQMEnahdssfukaﬁngntﬁésthNPonnyebetreqnured in the

fibres\ and thadiy YWefiven etle;@celmnﬂwa%eusca "tﬁ@SQBtEQrvblﬂﬁmeV‘QE
cross-linking steps being carried out separ above. ggroblemma

ari se due to dil¥e SSRROSY §tFPﬁ%Pﬁ§'r8§p6538¥aPSeQHFFé9Boﬁ redfso the

case of irradiation cross | i nki ng) of the naterlals used for the fibres and

t he pol yneric mat elrn fu(yth%L{_e E]‘%"f’lrl ea gg?ggr,gggg by the fibres and

pol yneric material” h I'S Secon |nc hé reduced beam response
that of the fifatesia lft thesuinvenitiom wﬁewndsS|éhEaFeganreb&eedlbyearamrng

to make them rpeoyeiilverable %omya%mnm%%%uw ushg&esm anhonet hel ess,

be produced using a single cross-linking step if eam r ésponse of the
recoveraMQaf|QﬁQ§§r%£QEQQMQQ¥¥Wﬂ%%F &FtﬁﬁéaﬁoP?ﬁeFFesﬁﬁﬂéPkﬁﬁ i s such that
a post-irradi aidavverable@itaes By edxtale brfewhubheshepebmpesxeé at | easu

MPa structure is recoverable.

Such a recoverable composite structure can be made
by applying to the cross-llnked ‘recoverable fibres the
15 polymeric material, apd Eﬂen cross~-linking the polymeric
material. _‘

The fibres may be cross-llnked to increase their
post-recovery strength, and a recovery stress of
- at least 1 MPa, preferably 1.5 to 5 MPa w1ll_be.suitab1e.
20 The polymeric materi;l is desirably'cross l1ifiked to
prevent it drlpplng or runnlng ‘during heat recovery,
particularly by means__i_a,tor
of the polymeric material wi _”

. Too muth cross- llnklng KW,
7 owever,'reduce the
recovery ratio of the ¢ v s This may—-be a problem
25 since a different of crogss 1ﬁﬁf:; treatme:§\m
be required in the’ flbr:§\and the polymeric fiaterial.
This is a reason for the~two cross-L;nklggxsﬁ
carried out separatety%a 7 The';roblem ﬁ§y arise due
to different cross-llnk1ng responses (beam response in
30 the case of irradiation cross-llnklng) of the materlals
used for the flbres and the polymerxc materzal, or due
to the treatment undergone by-the fibres and polymer1c
material. This second effect includes the reduced beam

response that of the fibres that results from their
orientation produced by drawing to make them recoverable.

teps being



reduced to a value of 70% of that of the unirradiated conposite structufe)
The rel ative beamresponse may be produced by the 10 presence of prorads<t
tthe tefcoverahl e fibres and/or” antirads in the polyneric material. In a
preferred enbodinent of the invention the fabric is incorporated into a

fl exi bl e recoverabl e conposite structure conprising the recoverable fabric
15 and a polyneric matrix nmateri al | ani idted thereto, in which: (a) the
recoverabl e fabric conprises a cross-linked recoverable pol yolefin having a
recovery stress of 1. s St X Jes Cross-I|inked
such thgt t he r.ecover%é%t?%’kg@sa]iﬁaé;gﬁ%qfcnt%ﬁﬁeeq@gdp%gr}% |esl)éa§ts'l east 65% of

t hat avail abl e i nbe hprodeeed ausing an s inedl ot 8aas-1d nkdingi stem dfi &heper se,

aIte_r irr ?di gg i)(?/”b@é’tﬁtf ﬁ@éTR?fd_ t?érué e;@é&i&l@édd_ tdl@ﬂ f:h%QreEOQ%grsQa%w ¢d hat 21{5
strain rate o nLnut e. radi ation, in addition provi di ng .one .neans o
cross-1inking, ca%¥pa%%i WeRtc makenial i1 e & #oStrirraddation
the fibres ar® irrechowtey, steeds caff ate/ fiibdds, [persarGe off atx)lgast heMpae
application 30 of ., o} | | QQQ N ur f .
properties - of t he® Qg??asé%é?{%&ccgﬁé séuca:‘théas oﬁfggﬁag%il\ﬁnioﬁ%lh%prc&@ggsue
adhesi on bet ween sheuctyresigrkpdyred to & yadiuaf JO%atods itilat af the
irradiation step ghigFadPMléd ddnpbitd N Rdur. ¢ material. may also aid
such bonding by form ng a Tross-Il1nked bond between the two conponents of
t he conposite structure.

The relative beam response may be produced by the

can be reached before the recovery ratio of the conposite structure is (ii;;
oy
-

4 .10 presence of prorads in the recoverable fibres and/or
antirads in the polymeric material.

In a preferred embodiment of the invention the
fabric is incorporated into a flexible recoverable
composite structure éomprising the recoverable fabric

15 and a polymefic matrix material laminated thereto, in
which:

(a) the recoverable fabric comgrises a cross-linked

recoverable polyolefin having a recovery stress of 1.5
to 5 MPa; and ' ' i

20 (b) the matrix is cross-linked such that.the
recovery ratio available in the compgsite is at least
65% of that available in the free fig;ic, and the
'polymeric matrix m;teriar;’iﬁr se, after irradiation has
room temperature elongation 400-700% measured at a

25 strain rate 300% minute.

Irradiation, in addition to providing one
means of cross-linking, can provide other features in
the composite structure, If the fibres are'irradiated,
particularly in the presence of oxygen, before application
30 of the polymeric material then a change in the surface
properties of the fibres may occur (such as oxidation)

which improves adhesion between the fibres and the



5 Al so, or instead depending on the conditions under which the
polymeric material is applied, some mechanical interlocking between the

fi bégg and the polyneric material may be provided. In general the ~
racoverabl e article of this invention 10 conpri ses heat - recoverabl e . ¥
fibres having a m ninumrecovery strges of 10[err] MPa, nore preferably 5 X
10[err] and usually at least 1 MPa at” a tenperature above the transition

t enperature of the fibres. There is no upper limt of recovery stress,  but

in practice Eyﬁg?1éwﬁ%éﬂﬁiaqoreAHSH%EE&l%gSONPthg gggeg ggg§gcgkggge

normal | y achi*ev W T meric fibr a ran
1.5 to 5 MPa oA mheb@qlme@alc mekeriialr aayard spr aidr suFh pondiagf b¥m a

pol ymeric 20 godiigly £ cPers2hlia kel Bondl betdekfl BRI ¥abY colpbabhts can be
made fromsnm)éantlall ~d|nen3|onMI stable fibres and then deforned for

exanpl e by st% t?ﬂﬁlﬁ? SIEFISETUCEHE®s whol e recoverable. By the "recovery
tenpera- ture" of polynerlc heat -recoverable materials i s neant 25 t hat

terperatye at {0 AR el n0 BHTEREC SBRASE B || 00

substantially to conﬁl i on he r eCover erature will be
the crystal - ynder mélidndher Qﬁ’sllmetmct é‘@ﬁélr&ta&r ésj ﬁPPR\éeé@I $Qme s - 10-

crystalline Qﬁeéﬂﬁx@aﬁsﬁﬁt@i‘lﬁcﬁdﬁa RIERReA! ‘t'h@ 'ffleQQ BREYERE S
anor phous. The heat-recoveragble fibres are aﬁg erably forned-from a

pol yneric rrat@rhyé}ertlt‘r’atmqtﬁﬁd@ﬂs m@é’o& O ROV A properties and, in

particul ar, good creep resistance to the fibres. Oefin polyners such as
pol yethyl ene and e yJeiG f1ORNeY FelchveR Ui ATade1 c180b¥CEREES indERYLLE

10 comprises heat-recoverable fibres hav1ng a m1n1mum
recovery stress of 10 1MPa, more preferably 5
X 10"I and usually at least 1 MPa at a temperature
above the transition temperature of the fibres. There
is no upper limit of recovery stress, but in practlce
1S 200 MPa and more usually 100 MPa is the hlghest
figure normally achievable with polymeric fzbres. 1As
mentioned above, a range of 1.5 to 5 MPa wL}i be
typical. )

‘The fibres are preferably formed from a polymeric
20 heat-recoverable material. Alternatively, a fabrie can _
be made from substantially dimensionally stable fibres -’
and then deformed for example by stretching to render
it as a whole recoverable. By the "recovery tempera-
- ture" of polymeric heat-recoverable materialslg§ meant
25 that temperature ‘at ‘which the recovery of the polymeric
material will go substantially to coﬁpIEEion. In
general, the recovery temperature will be the crystal-

11ne melting tran51tlon ‘temperature if the polymer is



ﬁolyners and ot her pol yners capable of being cross- linked may be enpl oyed.
A particularly preferred 10 polynmeric material for the fibres is based gg;;

pol y- -et hyl ene having a density of fromO0.94 to 0.-97/gws/cc,

80 XS#0[err] to 200 X 10[err]' and an M of from15 X 10 to 30 X 10
Preferably ‘the recovery tenperature of the fibres is 15 60[err] C or nore,

most preferably fr

150[err]C. Wien the.fibre is cross-linked by irradiation it is convenient
to incorporate the cross-linking step into manufacture of the fibre. Ti

A0e A A KRG, LS . ng
cf¥tdfiPihe Ui AHD Y As 2o 800%{1?‘2&%8&%&;«#5% élﬁ}té%t ed

tenperature, prefer

fLi bre can be 20

om-80[err]C to 250[err]{&_such as, for exanple, 120 -

y by an anount

The

an Mv of fr py

)| . .
to irradiation to BRYBREr ckHsAMOYRNAYSHy. A | ess preferred way of nmking the
- fibre is to extrude the fibre, irradiate to cross-link, then 25 heat the

0 above its nelting tem perature, stretching the fibre,
e Qﬁ%ft'(ﬁ%‘if“ﬁ%egl—#%efgrﬁet PESSIEF | gﬁég‘ﬁ’br es are
preferably irradi afsomw tpolymkrxsiae afaﬁe@alathhdtdﬁmr&lspgbo%pﬁggiibadfs,
. ; n il [ m
about 7 to about 1 n%%%g%fbﬁt&'eéﬁaﬁéyrﬁlﬁ%qﬁ ?gogb%&egfg?ﬁélggggg_e 8
Usual |y the gel coRenfiRFeshe Hrafin |RAlimers sush asgpedvethydene2end
preferably great eretiylend ‘%opoiyimey<f @cllifan idedq! Poliedet@) akRyliactice,

fibre, preferably
and then cooling t

preferably frogn a

gel contents- gr
heat -recoverabl e f
descr.i bed above or

heatsr ecover-1§

15

20

25

30

; . ,
551 Fhedd M QOB dMUymaly Oararlec O heiiodr SpEs-as
linked omnibe enpoyedyr ds partdddiltardy pretfleered
p&i&ﬁbiié”ﬁ%%erﬂ@?”ééﬁ'E%JE?%Uf%scqgt%5§§dsﬁﬁh98&9§r
ethylene having a densif;'of from 0.94 te 0.97/gms/cc,
an Mw of from 80 X 10> to 200 x 103 and an Mn of from

15 X 10° to 30 X 10°.

Preferably the recovery temperature of the fibres is
60°C or more, most preferably from 80°C to 250°C, such
as, for example, 120 - 150°C.

When the fibre is cross-linked by irradiation it

is convenient to incorporate the cross-linking step
into manufacture of the fibre. The_ fibre can be
extruded, stretched at a temperature below its medting
temperature, pre%prably by ani;aéunt of ~£rom 800 to
2000 %, then subjected to irradiation to effect cross-
linking. A,ieés preferred way of making the fibre is
to extrude the fibre, irradiate to cross-link, then

_heat the fibre, preferably to above its melting tem-

perature, stretchiqg the fibre, and then cooling the
stretched fibre. High density polyethylene fibres are
preferably irradiated with a dose of from about 5 to
about 35 megarads, preferably from about 5 to about 25
megarads, and in particular from about 7 to ébout 18
megarads especially from 10 to about 18 megarads.
Usually the gel content of the cross-linked fihre is
greater than 20%, preferabiy gTeater than 30%, most
preferably greater than 40%. In practice, gel



fibres, Rin equation (1) relates only to the heat- recoverable fibre
The fabri.c can be knit- ted, woven, non-woven, braided, or the
¢ . The recoverable fibres can forn1part of the fabrlc itself 10
[ may be additional and inserted after productlon of the basic

oer{ponent

i's made

fabric. The fibres of the fabric may be nonofil aments or
al so staple fibres, wires or tapes. | preferred enbodi nent the fabrlc IS
A S|ngle ply weave ma Be 15 - used, or where a higher

a woven fab

or

ric.

mul tifilanents, and

density or thicker fabric is desired a nultiple ply weave nay be used. The

woven fabri

heat -r ecover ab

filanments.

cC

For

eh??\gﬁgié"té@{: r NERAn ' FEOVEF QS Td TS, Ut el LONtai n

ogether wth non-heat-recoverable fi1bres or

exanpl e, 20 the fabric can contain heat-recoverable fibres

in one directi QﬂeaﬂéaEOﬂeE@%réBP@Vﬁé@bi@ éa:besé maddd et lee;- Thi's

produces a heat-recoverable fabric |ch re ble in on one
T ﬁaFaBFFEV%’éﬁb{)% é\b@%‘ﬁs—l‘?‘ﬁ 29 ‘f’f’gl??ff '?al?ﬁ aé'y twill,
25ntasatonhesafelenes Limoadgi wiaon &mpttwdieats-a:tﬂqovmxt-t and

| ’ th
vari ous mgave GRYRI pabiep ﬁhéfggéﬁé f%%%zé’céf%ﬁiﬁ%rgﬂbﬂ“%%ﬁ}ﬁ?yogondgd

together with §1§Fﬁ§beRIb?e?qBﬂtﬁ%%eglber%#a#%§IQRﬁ¥meiQQﬁtﬁaétﬂ ayer 30

di recti on.
br oken twi |

article may

conp

rrse a amnaeo or nore ers, optio

i nter posed bet ygedvéhgbiabeiste dJbmpbedit ! ecrner fdbeid addr béd Krisf erably

bonded to

, eferably enbedded yner tr nater al as
ment i oned abow'—i.8 AV 8Ye‘abo§3nt‘ﬁ%v?%bg%ﬂ/&)?% aq?ﬁe]! €t he Ml%res the
pol ymer matrixreaoeerable fibpessoanl fore maxtﬂnixﬁhé|ﬁﬁh&i§fﬂt§ehﬂukﬁ

and

pressure §§ thgk it 18'Rh86 SPCmdPlEI" bddiLioddf HUPAMdA S At ©
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30

production of the basic fabric. >fhe fibres of the
fabric may be monofilaments or myltifilaments, and also

staple fibres, wires or tapes. n a-breferred embodiment

the fabric is a woven fabric. A single ply weave may be

used, or where a higher density or thicker fabric is

desired a multiple ply weave may be used. The woven
fabric can contain only heat—recovérﬁble fibers or it .
can contain heat-recoverable fi together yith
non-heat-recoverable fibres or filaments., For example,
the fabric can contain heat-recoverable fibres in one
direction and non-heat-recoverable fibers in the ogther.
This produces a heat-recoverable fabric'vfihi'ch_i's"1
recoverable in only one direction. ' The fabric can be
woven in a pattern, for examﬁie, twill, broken twill,
satin, sateen, Leno, plain, hop sack, sack, matt and

various weave combinations. A single layer of fabric

may be used or the article may comprise a laminate of
two or more layers, optionally bonded together with a
simple layer of adhesive or inéluding a thicker layer
interposed between the fabrics.

The heat~recoverable fabric is preférably bonded

to, and preferably embedded in, a polymer matrix
material as mentioned above. ‘At or above the recovery
temperature of the fibres the polymer matrix material

9

*



wi t hout substantially inpeding recovery of the fibres.- It preferably has,
at the aforesaid tenperature, an 5 el ongation to break of greater th
50% -nost preferably greater than 100%especially from 400 to 700% - and{-&—
20% ®etant nodul us of prefer "Iy at least 5 X 10[err] MPa, nost preferal
at least 10[err] MPa, neasured at a strain rate of 300% per mnute. 10
The specified properties of the polyner IT%IiX mat eri al need not
necessarily apply after recovery. Thus, fof exanple, the polynmer matrix
material may eventually cure to a thernoset on heating, provided that the

ccure rate is sufficheaidybe! Q¥pABILLIof NPinlix ed IEAW AN O PHsstire RBL 1O
af fect adversely the above- nentioned physical properties of the polyner

matrix material dubPal therertRer§horintirgniyr &f whauspmPosise sgxycture
purposes,_roon}tenpb%ﬁﬁutesdﬁs&éﬁﬁfélbyifmpkﬂﬂngﬂﬂeboﬁﬂiy of the FherFeLynfr
matrix material ca Lt -her SticCeQr an astoner. Exa es o
the former class o?t p@@%&ﬁgﬂ@ﬁﬁg@h eenae%ﬁ%%ﬂ@:ct&mﬁega&gﬁgl'y rs,

et hyl ene/ et hy$ acrglenzatibpnl tobesalpd §-gradhdretdan 3dudmogtt iprelfenehly
low, low density agfegBer EHAR m!éébaﬁaﬂqs{ £y 0P XL ID0 4R lakauRY! ene,
pol yesters, polyanéges, ol etQﬁgfn1de§E§#E¥f 0- et hyl ene/ et hylene

copol ymer and pol ye? ByFecRe RIS %ﬁlﬁﬁhée§@@0ﬁdxbﬂ ss of
materi al s thi s canMpag¢| molet oprefexrabYy |t Hdagh are 'sMpashmedsatiedcat 30

pol ymer, acrylic eé@?é?ﬁref§%é n&#%w l;a{}g AWt es and net hacryl ates and

their copolyners, e.g. polybutyl acryl and poly 2-ethyl hexylacryl ate,
the high vinyl acetate copolynmers with ethylene (VAE s), poly- norbornene,
polyur et hanesig@nd silicope Spast O] prdbrties of the polymer matrix

material need not necessarily apply after recovery.
Thus, for example, the polymer matrix material may
eventually cure to a thermoset on heating, provided

that the cure rate is sufficiently slow under the

15 recovery conditions not to affect adversely the above-
mentioned physical properties of the polymer matrix
material during the recovery of the fibres. However,
for many purposes, room temperature flexibility is
desirable. '

20 ~ The polymer matrix material can be either a
thermoplastic or ‘an elastomer; Examples of the former
class of polymers include ethylene/vinyl acetate
copolymers, ethylgpe/ethyl acrylate copolymers, poly-
ethylenes including the linear low, low density and

25 high dénsi}y grades, polypropylene, polybutylene,

»polyesters,.polxamides, polyetheramides, perfluoro-
ethylene/ethylene éopo1ymér and polyvinylidine fluoride.
Considering the second class of materials this can
include acrylonitrile butadiene styrene blogk co-

30 - polymer, acrylic elastomers including the acrylates and
methacrylatés and their'popolymefs, e.g. po%ybutyl .
acrylate, and poly 2-ethyl hexylacrylate, the high
vinyl acetate copolymers with ethylene (VAE's), poly-
norbornene, polyurethanes and silicone elastomers and



13- the like. The matrix material can be cross-linked, for exanple a

cross-1linked ethyl ene/vinyl acetate copolyner, |linear |ow density or high
der®{ty grade pol yethylene or acrylic elastoner. The material 5 can§9§
cn\@55-linked by irradiation or by other neans such as chenical ’

cross-1linking using, for exanple, a peroxide cross-Ilinking agent, provided
that the phy- sical properties of thd3matrix at the. recovery tenpera- ture
~are as specified after the cross-linking step. 10 Where irradiation is
used, a dose of 10 negarads or less, in particular from3-7 negarads, is
pref-erred. Theheduike .ng Thet avatrdx masesipilnkangbel reassrhénkadri x to
recover wth tﬁﬁi1é¥¥ﬁ¢1ea%pc%b%%-ﬁﬁ%%§at%th?ﬁeﬁ@?%&ﬁyiuﬁﬁbﬁgtgr dri ppi ng
during heat recovery. The recovery 15  rafio, 0 tge conposite after

i rradiation isF?ﬂ99i§%£ﬂ Hﬁ?qge§§wygGﬂ?é§§e8FaPF9ha engLILY 959Bf t hat
before irradi gdlgethiflene dasacrylies elagtbmekegartiedmagetyplcal for

ol ef i ni ¢ pol YL yueh 45 ALK 022k LRVOR Lenbg! beReagdahle Skilled

man wi Il "be able to sel’ect “sur't abl’'e "dosé "val'ues“dependi ng on the
presence of vauduas ehemnioalt icressoil ipkdngdusdnganfpragsampleang. The

heat'FeCOVe“mﬁéidkﬂaé(bﬂd%émTﬁhﬁﬁ%Q|ké@%%qeﬁrBQiBEQ.Eﬁh!”@he"ﬁh Lx

mat eri al , amjéigigpon%#ggpg%¥ he %dhe5|vel that is to say by chem cal or

physi cal 25 FFaf Ofn the, matriznpkatbpnreFPye Vné?mﬁﬁg?'

preferabl e theurentarree amy apeldi€ ikdbaifters thebeddsd-1dnkliagpstgper matri x

material ffer gy, JOriP NG 3 GYPY tu%e‘é”gch%é- oo ﬁggsggﬁg okS Meant

that the polyner matrix materi al surrodnds "at | éast a ngj or 30 portlonégf

the fibre surfl&&s arida RIT tleul@r fromdriingegprads f A5 PEefertedibres ar

pr ef el ?bl y fj Ol eBUltAnde&k tantP ey BRosERLAnkiAG! Gllaws BHE hbttfx

possi bl € an i%b recover with the fabric and also prevents the matrix
running or dripping during heat recovery. The recovery

15 ratio of the comgosite.after irradiation is preferably
at least 50% gspeéially at least 70; of that before
irradiation. These_dose_values may be regarded as
typical for olefinic polymers such as polyethylene of
low orientation, and,the_skilled'man_will be able to

20 select suitable dose values depending on the presence
of various concentrations of prorads or antirads, if

any.

The heat-recoverable fabric is preferably bonded to
the polymer matrix material, and this bonding may be
adhesive, that is to say by chemical or physical

25 surface interaction, or mechanical interlocking.

‘Most preferable the héét-recoVerable'fabric is embedded
in the pblymer matrix material thereby forming a
compdsite'structure. By "embedded” is meant that the
polymer matrix material surrounds at least a major

30 portion of the fibre surface area of the fibres making
up the fabric. ' '

The_fibfes are preferably totally surrounded by
polymer matrix material, but it is possible and at



-14- times desirable that substantially less than the -total fibre surface
area be contacted by polymer nmaterial. Sufficient fibre area should be .
bonded to the polyner matrix material or interlocked therewith to result A q3
d 5 * conposite structure which retains its integrity during recovery \
the article. For the avoi dance of doubt it is here stated that the term
matrix is used to include materials whichglpartially or totally) surround
the fibres and al so those materials which are nerely 10 affixed to a
surface of the fabric but which do not penetrate the interstices of the
fabri.c. Preferabl times delsitrablentaatabubsthadialdy 1éessuhdmcehoftdtzl

conposite structurg,facin rce_o | b | al 511 essed
and is at | east (lé;?ﬁﬁlgg 5%?§|?§gi5ge é?n?§§§%aosg %éf?+%€l%%?§P§%£'to 2mn
i n thickness. Suclfufdligrienitc fibrer raeapebpuldbbe bondedstourhegpelyrery

but has a suffici gl xNn@dRe¥ing0oskt YntBal obkedSthetehiel by tdeul@bid Ca
Thi s-inproves the ability of the conposite strugture to, be heat recovered

using a 20 tonv&MMPRFACepSEFHREUES ¥RiICR REehpipSchber LRFRIGTEY cI VAT ng
t hese charact eri strez®vierydefctheedrticlUK.pat @at ahel avatdamcéloof BRI 7. | n

t he conposite struygtyr.e; e ' h o] Led. b €
heat-recoverable.#%bﬁgshg#gtﬁg?%ggr?é?§5€h¥tgg?ﬁeﬁgg?g# g%l%%%@o the
conposite is prefdngdludeamatesinlgowhich. (partiabiy eretetably) fswrreundit
I0- 1{ ﬁ to abOU_ttO- &;tﬂa ﬁl@r&fﬁnﬁhﬁﬁ.tﬁbabhﬁsér ﬂgltabgglso?atéhtsrfb@wepﬂ: 1.

n the conposjte structur e _heat-recqverabl e | bre.vol yme in any
given unit volime HHEIXEpES! PoSUREAFE BE EABSEACELEPRE NEREER 4R 795 o
st rgpgt h, penetrate the interstices of the fabric.

Preferably the polymer material at least on the surface
of the composite structure facing the source of heat is
substantially unstressed and is at least 0.03mm especially

15 at least 0.2 particularly 0.2 to 2mm in thickness. Such
polymeric material preferably softens during recovery
but has a sufficiently high viscosity that it is
retained by the fabric. This improves the ability of
the composite structure to be heat recovered using a

20 conventional propane torch. A heat-recoverable article
having these .characteristics is described in UK patent
application No. 8300217.

In the composite structure, the ratio of the volume
occdpied by the heat-recoverable fibres of the fabric

25 to the total volume of the composite is preferably at
least about 0.01:1, more preferably from about 0.1:1 to
about 0.8:l and most preferably from about 0.2:1 to
about 0.4:1.

In the composite structure the heat-recoverable
30 fibre vblume in any given unit volume of composite
~ should be chosen according to the fibre strength,
polymer matrix strength and the integrity of the
fibre/polymer matrix structure under recovery conditions.



pol ymer matrix strength and the integrity of the fibre/polymer matrix

structure under recovery conditions. -15- W have found that- an

>pt abl e recoverable product results if the inequality (I) ment i oned

e is satisfied, viz: X (1-R Y R <1 Y1)
5 wherein X is the 20% secant nodul us of the polyner matrix naterlal and

Y is the recovery stress of the fibreg, both at a tenperature T above the
recovery tenperature of the fibres, and Ris the nean effective vol une
fracti on of heat-recoverable fibres in the 10 conposite structure.

Preferably X ($aBb ¥°“B Fhat 3 aécggﬁEFPéeégfébeYaﬁlg ﬁ%de?ﬁermjse

conposite structure can or ned am nati ng. or

appl yi ng one sesydts [ify&he éﬂeﬁBP}HEY hﬁﬂrﬂﬂnﬁﬁ?é¢¢aﬁb?%eth%

heat - r ecover alyla® ils¥iedG. veafifi ci ent heat and pressure is applied so 15

that at |east a major part of the fabric is bonded to the polyner matrix
material, or so that a significant ambunt of interlocking occurs. The
result is a conposi t eXstg®)ure which on applicatin of heat recovers as a
unit. 20 Qt her yret lgods of capgl ying the fabric to ghe matrix can be
used, for exanple, inpregnation, solution coating,. slurry coating, powder
coating, reactive pre-polyners, e.g. acrylic prepolyners activated by UV or

per oxi de,5 and whigeelink &. 1slmnanyoepabeeatlaadathbodfzshe popimeed sufficient

heat to cause %Q%lka%%%%rgglreCQVers the recovery stress of the
fibres, both at a temperature T above the recovery ﬁ;)

temperature of the fibres, and R is the mean effective

volume fraction of heet-recoverable fibres in the
10 composite structure. o '

Preferably _X (1-R)
' ' ‘Y R < 0.5 most preferably'< 0.05.

The composite structure can be formed for example
"~ by laminating or otherwise applying one or more layers
of polymer matrix material to the heat-recoverable
fabric. Sufficient heat and pressure is applied so
15 that at least a major part of the fabric is bonded to
the polymer matrix mate;ial, or so that a significant W
amount of interlocking occurs. The result is a composite
structure which on applicatin of heat recovers as a
unit.

20 _ Other methods of applying the fabric to the
matrix can be used, for example, impregnation, soclution
¢oating, slurry coating, poﬁder coating, reactive
pre-polymers, e.g. acrylic prepolymers activated by UV
or peroxide, and the like. In any application method
25 employed sufficient heat to cause the fabric to recover



to any significant extent should be avoided, unles the fabric is suitabl ::4}
restrained fromrecovery. Since the recoverable fabric cover portion N
conprises individual recoverable fibres, the fibres at the edge regions
nmust ™e individually retained in order to pre- vent unravelling or fraying
of the fabric during reco- very. Also the recoverable fibres at one of the
edge regions to be joined nust be secured to the fibres (which may be the
other end of the sane fibres) at the other edge region in order that the

fabric remains in the wapped around conf guration during recovery. The
mechani cal closure nust therefore either b ip the fibres directly and/or
grip the matrix; where the closure grips the matrix a good chem cal or
physi cal bond or tgoedyi aignifikany extenbeshpowid desl deqifadt, 4 &9 Bitds and

the matrix at eaghppdgeisTBuStaBYy PP 8EFLIMEE SHEG e Gowery Sty of nethods.
I n one enbodi nent a conposite structure 1s forned at | east at the edge

regi ons. Thus, the individual fibrg engs are fixed in éhglnatﬂgg féw
exanpl e a pol ymePIREEr FREWAPERVAGAOLES 17 BT bRt CRYFRrRATE 1 rEWRG 49% reco-
very forces. It iindinitthal resevehable Dbbres; time efilss raf Hdiewsdge i bres
and matrix is '”P%rg&%ﬂh: mIE'E Bg”inakﬂéidﬁéi’f?'%%%iﬁ'&d PRrddddt ad Yore-
irradiation, play Tn this has been nentioned above In general terns. In
articles accordi W§ntoupRaveillingaapefrapingneli Menfabikh LG8 d1&3=d
enbodi ments of arbkirgl.e ateer dhBgdré@ot8LabEEONTbASHELt &ie LI tHw asddeon the

recoverable fibres qof the fabric.do not termnate at the edge j ons.
In%iiad, t he rec5§§ﬁ§BFe%Pi%Fe§°ﬁﬂﬁdf?3 th% $868r8d Lo %iE 91 bR

(which may be the other end of the same fibres) at the
other edge region in order that the fabric remains in

the wrapped around configuration during recovery. The
mechanical closure must therefore either grip the fibres
directly and/or grip the matrix; where the closure grips _
the matrix a good chemical or physical bond or good
interlocking must be provided between the fibres and the
matrix at each edge. This may be accomplished by a
variety of methods.

In one embodiment a comﬁosite strtcture is formed at
least at the edge regions. Thus, the individual fibre
ends are fixed in the matrix, for example a polymer
', matrix which has sufficient strength to resist the reco-

very forces. It is in this case that a bond or
interlocking between fibres and matrix is important.

The part that cross-linking, particularly irradiation,
play in this has been mentioned above in general terms.

In articles according to the first aspect of the inven-
tion and preferred embodiments of article according to
the second aspect of the invention the recoverable
fibres of the fabric do not terminate at the edge
regions. Instead, the recoverable fibres run from the
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-736 a - first to the second edge region, and at each said region turn back
F d the closure elenents towards the other said region, thus trapping
t closure elenments. For exanple, they may be forned into | oops, or the
fabric itself | ooped around, so as to provide a'passage for receiving ar
el ongate nmenber, for exanple a rod, which extends along the edge region. In
articles according to the second aspect of the inven- tion, and preferred
articles according to the first aspect of the invention, the fabric has
ateach edge region a polyneric materi. gWuch prevents relatlve novenent
hetween its fibres. -17- In yet another enbodi nent the closure nmeans is
adapted to grip a sufficient nunber of individual fibres in the edge
regi ons, and nmy be for exanple a rod which extends al ong the edge regions
so as substant}BPt i othe SeqRnd BAES 18K QT @Ay &ty (?t%cthhéadldoé'ﬁrgé%‘n
recovery and formi bgeld areumd tHe i slad ae ps]mxebitﬁ tuwam phef idt@gron to

t he edge regqgi exa sur

described in %%f?)a{' é}{]&é @%&%e‘#a%ﬁ{%‘ cleag%lﬁpen(ﬁl&§ h| S SOSSI bility,
al though at pexampie; hélkey snay be rfarmeth jpvtet drooge smeirhddreoffabenini ng t he
mechani cal cl pgge er "EGdIPed Adurdd P LHUW S ﬁ%ﬁ@lﬂr&c%‘is@ég‘ér @9 | i nking,

especially by irradjation if the closure itself was- susceptible to

cross- | i nki ngre! W% r3#hi$ARN§3F & AP BRToh HATC %38 e & |"(‘5’ﬁl #8iicBxanpl e
stitching or dbtends aplomg, thetedys ndgio.osure and the article. The above
ment i oned enbodi nents of closures in accord- ance with this invention wll

now be d|scu3f§ iyléﬁgéaaccordlng to the second aspect of the inven- (_j
tion, and preferred articles accord;ng to the first
aspect of the invention, the fabric has at each edge
region a'polymeric material which prevents relative
movement between its fibres,

-



détail. The first category is primarily applicable to woven 20 fabrics
having recoverable warp fibres. The problemhere is that recovery of a 5
si mpke piece of such fabric is likely to result in the warp fib es sllpplng
throMh the weft causing fall-off of picks at each end of the fabric : the
fabric does not therefore recover as a 25 whole. One solutionis to form
a conposite structure fromthe fabri-c by-fyxing the individual fibre ends
inarelatively rigid conposition to formclosure el enments which are fixed
‘relative to the recoverable fibres and which therefore are able to transnmt
the 30 - recovery fIoryges anobmghoumb¢dmmdﬁxﬂEheﬁclﬁfnﬁéﬂMGahs'EEB&B@%&@S may
be fixed by coating,0 e e C th..a .c i_on |
prevents t%e fabri Qo §r¥€pé]%§€g£€ &@ n ﬁ$gg(xﬁﬂ) EVL Jeﬁelnggeto
retain the |ntegr|F?gﬁfr?%éomﬁbr¢@dumﬁ$erPﬁnneQxﬁnpleta(nudIﬂhﬂcmm Il be

applied to the Tabekeehds Catsmy | éife IRIW oHeqiMER J's TG 211 (£3OMT ©

I's heat 5 ecoverable, the conposjtio nust be SU|tab heat stant .
The recovery PenpePEEYFRE| SRR FLIRBART 6 l'}ﬂ)r°é-°5rﬁ¥tee°¢‘r FeEryBry and
80-250[err] C, suchfosmia®-450fent]C, and the conposi tion should not nelt
unduly at such tenperature.. The conposition nmay be a thernoplastic 10
material or an el astomer. Exanples of thernoplastic materials include
ethyl ene/ vi nyl acelft&s ci)]piﬂ’ yneess ikkeierhonsd mrofides ane toopbey rdge,

LLDPE, LDPE, NOPE, HDFRg 1004 YOt 0054 ciies 1 il ?ig”tﬁﬂt‘%ﬂefo‘r%glregﬁ% o3, ahehyankdes.
Bgl g\?lt Eslr ?(Teggsf I u%% y%%éj ? bﬁrgrlg"[f ?ﬁ%ﬂa‘r? @'ABSdbP(S‘Ek céé]bBFymer s,
acry¥i c el ast oner sinalNide ol 3/ rmosmirnidniersy, pmthmugmhame$raﬁéntlhhﬁe s
el astoners. 19 pot the preferred method of forming the mechanical
' closure means. Such'a bond could be enhanced by |
cross-linking, especially by irradiation if the closure
~ itself was susceptible to cross-linking. An alternative
- in some mechanical connection, for example stitching or
15 ',stapling, between the closure and the article.

The above mentioned embodiments of closures in accord-
ance with this invention will now be discussed in more
detail. '

. The first category is primarily applicéble to woven
L 20 fabrics having recoverable warp fibres. The problem
here is that recovery of a sihple piece of such fabric
is likely to result in th® warp fibres slipping through
the weft causing fall-off of gi;KQ/EL each end of the
fabric : the fabric does not therefore recover as a
25 whole. One solution is to form a composite structure
' from. the fabric by fixing the individual fibre ends
in a relatively rigid composition to form closure
elements which are fixed relative to the recoverable
fibres and which therefore are able to transmit the
30 recovery forces throughout the whole of the fabric.

The fibres may be fixed by coating or impregnating the
fabric with a composition which prevents the fabric



The conposition is preferably a cross-linked material, for exanple
f-oss-1inked ethylene/vinyl a etate copol yner, 20 LLDPE, HDPE or acrylic

l/Ast oners. The conposition can be applied to the fabric over its entire, 4
surface and nay be the sane as the previously nentioned pol yneric naterial,
or it my be applied at |ocalised regions such as edge regions. .The
conposition at these edge regions neyl&et as first and second cl osure

el enents, or separate nenbers may be bonded or welded to the conposition. A
further possibility is to_use the coqgositjon at the edge portions of the
fabric as a bl §ERM: upgrayallingy Bheocompesithien haild RE %t oj ecti ons
whi ch pass thr@éﬁﬁihhehéabﬁiﬁ@gﬁﬂty%ﬁ theetabyid hﬁ?d‘é}ﬂm&iéé ]gubnqthese .

proj ections may_pass thrpugh,the c 1i S as e ri.G,. or just

t hrough t he fa%F?8“3t£gagogf};oﬁei%ﬁgg?%ée$€ fhﬁéﬁ%éf%ﬁ %#Lf?%%%xﬁgﬁﬂ on. A
base may be re&évepyovWhedewhfeh ewampls, atherfasrid s djeattions, or the
proj ectiogs MyeRgyaLbpIdedcheIeaRPIENt Lon RudlliSd) SFSCARRFhdOSUr ©

Ry

el ement conprises. a set I screte projections. b e closure el enents
may i nt er engag&e8ishanke| Ghe oRREPERT Ky IR IR LT PHR &0 i ch
may for exanpl 8rbfoge- mbapefrebenaiply 080298 Ut Al $dah ads cl 209130 Qlevi ces. A

variation on thig Lpyol .use_g f Ot he 0 e renber
having a row of’h[a)rgﬁécf%‘@ﬁgggﬁl#)ﬁesé?@) Agft@égﬁrl‘p‘a“gz"e@ 5;%2&{% rei nforced
edges of the f&bmperghhreh, Thet boBpeattien opay dvstd tthexrndpl astisur e

el ement s) 18f © QUELERRPCdr AR o] B8t SMERY CEx Snblled Fr Vi ic .
configuration, and the projections are made t0 pass throu the resulting ;
doubl e t hi ckne®8tgriphgrtpclyfde ethylene/vinyl acetate copolymers,

ethylene/ethyl acrylate copolymers, LLDPE,LDPE,MDPE,HDPE,

polypfopylene, polybutylene, polyesters, polyamides,

polyetheramides, polyfluorocethylene/ethylene cdpolymers
15 and polyvinylidene fluoride. Suitable elastomers

include ABS block copolymers, acrylic elastomers, VAEs,

The éomposition is preferably a cross-linked material,
for example cross-linked ethylene/vinyl acetate copolymer,
20 LLDPE, HDPE or acrylic elastomers.

polynorbérnenes, polyurethanes and silicqée.elastomers.

The composition can be applied to the fabric over its
entire surface and may be the same as the previously .
mentioned polymeric material, or it may be applied at \s
localised regions such as edge regions. The composition
" at these'edge regions may act as first and second
closure elements, or separate members may be bonded or
welded to the composition.

A further possibility is to use the composition at the
edge portions of the fabrt? as a block : in this way a
30 closure member may have projections which pass through
the fébtic but are fixed by the composition. These
projections may pass through the composition as well as
the fabric, or just throughk the fabric at a position
immediately inwards of the ccmposition. A base may be



15 proj ections my have the shape of arrow heads or otherw se be prOV|de -
with means to prevent their retraction once inserted through the fabric. (2}
The ability of a recoverable fabric conposite to be p etrated allows the
€dge'wegi ons to be held t'ogether 20 by various neans, including the flap
wi th projections nentioned above. Also, various- conplex tubul ar articl es,
such as bends, el bows and tees or branch-offs, may be nmade from sinple
tubular articles or fromopen sheet. In gb%éral terms, therefore, two or
nore portions of 25 conposite structure may be jOIned t oget her by neans of

a nmechani cal joini ak ge n es_t e n|ng
arrangenent my beBgﬁgiéggnnﬁgg$ % d?g % %é%ué?c§¥2#gg1§é%1 répsfgpﬁ S.

The portions 10|neﬁromgethenSnmgybbedasn@mseﬂcﬂndﬁgendanﬂkyty;.9@pamaw@sso
portions of a singkgeR @ESsQﬁeCQMﬁ’éﬁéec Liddd_a MC'dE HidcHueRg i s used

each line o stitches preferab has from 200-800 stitches per netre, and
the |ine of stltch8§°éFS§ég?sto an edge of the fabric is preferably
separated fromthat edge by at |east four rows of fibres and in -20- the

case of i gh ] 92 ohabLt 63,54l BReReL SELP WSS ARd'dl dd 314 Sagetner

per pendi cul ar “to t o' n a spacin SI'X roms
preferred. This w by éoﬁ¢9§p®h@l cbaram@qjgo;eMJ ahisth may &en esr»ammq be

preferably at 5 beesghA§e@rcR&mi%rtbepi@éoﬂptﬁwscm@ﬁ{ Fevichshem

may, of course, “be_provided but t will Jncre e the i ckness of the
fabric and this ma ﬁﬁflﬁﬁlﬂ%s?Qa kﬁ IVUTHRT & tth Srhothey of
breakage of the healengavecmember fhiw g by tdwe of ip:tdﬁetg:i(mrs mpneng)f 10

t heypeed! es (36 st g%eé}xrﬁgwé‘.’ Be VELY SOA Foilled NEded 'd¥F T AANE 2
maxi nrum used dranefé 0 e Sane order
- (which in this variation constitute the closure elements)
are overlapped when Ehe sleeve is in the wrap-around
configuration, and the projections aqg_made to pass
through the resulting double thickness of fabric. The
‘15 projections may have the shape of arrow-heads_gr
otherwise be provided with means to prevent their

retraction once inserted through the fabric.

The ability of a recoverable fabric composite to be
p .etrated allows the edge regions to be held togegther
20 by various means, including the flap with projections
mentioned above. Also, various. complex tubular articjes,
such as bends, elbows and tees or branch-offs, may be
made from simple tubular articles or from open “gheet.
In general terms, therefore, t®o or more portions of
25 composite structure may be joined together by means of a
mechanical joining arrangement that penetrates the
. fabric. Thé jdining arrangemeng_%py-be one or more
lines of stitches or _one or more staples. The portions
joined together may be discrete ¢r may merely be-separate
30 portions of a single piece ;E cgmposite material. MWhere
- ‘stitching is used each line of stitches preferably -has
from 200-800 stitches per metre, and the line of stitches
closest td an edge of the fabric is preferably ‘separated
from that edge by at least four rows of fibres and in



of magnitide as the distance between the heat shrink fibres of the fabric.
A-further variation on this first category of closure 15 mechani smis as
(pdézoms. The fabric is | am nated or |npregnated w th a conposition to E
uce a conposite sheet, preferably over its entire surface, and edge~
rtions of the resulting sheet are folded over to provide closure nenbers
of increased-thickness which 20 can be held together by neans for exanple
of a closure channel. The conposition2fsed for this purpose may be any of
t hose nentioned above for preventing edge portions of the fabric from
unravelling in order that closure negbers, ¥ be bonded to tql fabrlc or in
order 25 th&hepfafecPfohRighaflnats HRARELCE nPRCY AT HBaeENS Wherg,Lh

treatnent of tlighf gbbae maypebpeeamcalbe tdeﬂmec§¢1mnlt@eseatspaoxm;m and
it is the tec e S S

are nade thatggfg? eggﬁkaghrggggﬁgg rEi gﬁ%kggég%ehfwfgd§4f§ é?

i mply be fol dée eueedaﬁdovprﬂenap yabohﬂéﬂttﬁriQmmntPE? ¢ﬁiﬂ&¥mﬁﬁclosure

el ements. 5 TheakhIQKGB%dzehﬁswée ehsn395§xavuy s Phee FQFFEY), | Tt
factory, or forned gn site if, need ?Fé gut the nstallatlo of the
t

fabric - 21Ma¥r ol dCQUEEFfaBPepgﬁﬁé Tﬂ%‘%lﬁ% eI RFEFRR ifay be
hel d toget her thicknelssr dfrehleefabnib asdatkishmpedncthaveedesir atlean

encl ose e LR SLASH EoctemRabouik ol gl ey ThE L¥Baplne cPolane My be

formed such 5 be held
|nterengageneh?aSyr&CPMFFHElenﬁhbﬁﬂs bnetBECéth%@}%@of?‘t%hﬁ&k&@bhe|dered

as includiipg thesaebalesCokNsthptasit sh6asd bbevéesoyRarp! £t Linuir U
_tips and have a maximum uggg’d;;mete -Gf_the same_grder
of magnitide as the “dtstance_hewee ‘the_heat-shrink
fibres of the fabric. ~ - ‘

‘A further variation on this first category of closure
15 mechanism is as follows. The fabric’is laminated or
1mpregnated with a comp051tlon to produce a composite
sheet, preferably over its enfjire surface, andyp
~ portions of the resulting spgg;‘are folded qver to
provide closure members of inc?éase&—thiékn ss which
20 can be held together by means for example of a closure
channel. The composltxon used for this purpose may be

edge

any of those mentioned’ above for preventing edge W/
portions of the fabric from unravelling in order that ' |
- closure members may be bonded to the fabric or in order
25 that projections may be forced thfbuéh the bric. The
treatmeént of the fabric may therefore be idéntical in
these two cases, and it is the techniques 6y which

generally similarly shaped closure“me@/eré aﬁe made
that differ. e —_-

30 The edge portions of the composite sheet mey limply be
folded over and optionally bonded to form the thickened
closure elements. The thickened clqsure:elementé'may
be pre-formed in the factory, or formed,on site if
need be as part of the xnstallétlon\oﬁpghe fabric

~



Is effectively continuous, and does not appear to be a 10 series of
i.ndependant picks or ends. The nost inportant instances are woven fabrf’e
with recoverable weft made on a- shuttle or rapier loom (A shuttle |ob
‘protetes a continuous weft in a boustrophedon pattern and a rapier |oom can
produce a simlar effect fromindependant weft 15 fibres by turning their
ends back into the fabric.) This sort oizﬁgbric t hus has inherent inits
structure the neans for attaching the closure nenber.. I n one enbodi nent of
this category, a weft-recoverable fabric is woven havi ng consi derably

thicker warp fi bre&oaﬁd aabuuswégeﬁbﬁbaawverThéScp@éuféleraﬂém mH}e

central region w part of the w ap-
article, and the E’Eéﬁne%gﬁﬁs apgit’ HRSRPRL. F4CR| t‘g q'bapr?éi hel d
toget her by a cIoshaeneénhbicbrcanneeckoseIhhgenmma¢losdreuéledmaﬂnecessary

25 f I h d
t hi cke?r glnt %oﬁgﬁgﬁgggﬁgaﬁg?%e; Sﬁgeea?“g?ﬁg%g gés‘% stfer r%gpét l)f?:tsn%(é;fsyucs?nal I
it may be préferafbatt §bepiayeserdrae . th?@k%?Yf?Eﬁkgﬁiﬁl¥%R91hﬂiﬁalnThe

t hi ckened edge regheeseagagbﬁeﬁegaydsdfagthatIﬁeﬁﬁeﬁp illustrated in US
Pat ent 3455336, since wheimthey—are brought together with the fabric in the
wr apped con- figuration they show in cross-section a narrower portion

adj acent to, and &hei deropdr tabegoeyontanfbenconsicdered aae iofcludirdgbric. A
channel, C-chaped £ ross I QR, b I sure
el ements or rails %‘gsﬁofaggﬁggn ti)g g}?ﬁ&ﬁ Qgheggﬁt gh%fl+ %y%alqlrskeggf.?gg t he
channel to be retaFnSGfBHFFﬁleeQBOEFyu%Fsth%n¢ €% .N9Y tIPBRAY K9 \Pe A

serles of clilps OkePies BfaiRGep@hdRhECHiERIANSE &val I Tife RdBA dRfbortamad

al ong " instances are woven fabrics w1th recoverable weft made

on a shuttle or rapier loom. (A, shuttle loom produces a.
continuous weft in a boustropheﬁon pattern and a rapier
loom can produce a similar effect from independant weft

15 fibres by turning their ends back into the fabric.)
This sort of fabric thus has inherent in its structure
the means for attaching the closure member.

In one embodiment of this category, a weft-recoverable
fabr1c is woven having considerably thlcker warp fibres
20 at 1ts edges than over its central region.: The__egtral
‘ region will" form at leasiéENe major part of the wrap-
o around article, and the thickened edges will form the
~ closure elements to be held teéether by a closure
.-member or members. In general, it will be\nesessary
25 :fo:_only a single warp thread at each edge of the
' fabric to be thicker, although if the difference in
thickness referred to is only small it may be preferable
to employ several thicker fibres at each edge. The
) &hickened edge regions can be regarded as rails’ as
30 illustrated in US Patent 3455336, sipce when they are
brought together with Ehe_fabric in the wrapped ton-
figuration they show in cross-section a.narrower
portion adjacent to, and a\yider portion remote from,
the surface of the fabric. Anchannel, C-chaped in



the length of the thickened warp fibres. A simlar result can be achieved
byxggserting a rod or other elongate nenber into the weft at each edge

r jn of a weft-reecoverable fabric. It is not, of course, 10 necessary, .
t\hat/each such rod catches every pick,so long as the recovery forces canche
unitormy transmtted to the rods to avoid unwanted buckling, unravelling,

or fraying of the fabric on recoveryh_éi before, the two rods, which
constitute the closure elenents are brotight together and hel d together by,
for exanple, a G shaped 15 channel. The channel thus grips both rods and

the fab whi ¢ r t cat.egory
|se pgr L:ags I Q gg ?gggg?e {0k AQ t%gi%rggral g?é;é? frglgcd;e Eefeé"ﬁr}t s the
fabric (rather Phanaﬁbstt@hbolécbhﬂmaEQQEEHEr fThe eshaphich the effids i vel y

continuous and eausagovhdechsﬁﬁefxaa%@ rétd 0003 WSthd e dd vt @ Jod or
other elongate e]ement. ove, -two such rods at gHP05|te portions of the

fabric are broufRe FBQFhﬁr %hﬁeg%%ﬁ+Y%Hybyaa.%9%H%$ GeBfeO%r ot her
neans. |n Bne erdapmpe,ao2Sothénbméans s dould ese homovided apided J1drg on of

~single thicknes hgngggggﬁmgg[%ﬁ€ﬂgh9 k98¥$ @ééa Eﬁﬂ?%? whi ch are forned as

cl osed | oops. e fa ave ape ot a dumb-bel | in cross
section. The flbre fromwhich it is knitted may be recoverable, the 30

fabric may havepasimiPaf' ré€hiti 88€7bé Odclwieved WP VRIS %tey gr)ﬁ%eggor

oo o ek RERSlSnik e b o STt e e g Dt B %,
tubul ar fabric ¢byabweftitnecokerablegfabrici okt ais westy, raf dhnrsenstance)\\J
that has ajgl eaglc8s5QPPOPRRE &ich such rod catches every pick,yso
long as the recovery forces can be uniformly transmitted
to the rods to avoid unwanted buckling, unravelllng, or
fraying of the fabric on recovery. As before, the two
rods, which constitute the closure elements are brought
together and held tbgethe:_by;-for example, a C-shaped
15 channel. The channel thus grips both rods and ‘the
fabric which surrounds them. : '

Another embodiment w1thj€ this category_}s, perhaps,
most applicable to kmflggd or braided fabrlcs. Here it
is the fabric (rather than just the recoverable

20 fibres) whxchﬂ£§,éf§ectively continuous and can provide, g;
for example, a loop whic¢h can trap-a rod or other
elongate element. As above, twe such rods at ‘opposite
portions of the fabrlc are brfught togther and - securred
by a C-chaped channel or other means. In one example a

25 fabric is knitted having a geg;ral portion of single
thickness and edge portibns of double.thickneSS which
are formed as closed loops. The fabric would thus have
the shape of a dumb-bell in c;oss section. The fibre
from which it is knitted may be reéoVerable, the

30 fabric may have a warp or weft insertion of a recoverable
fibre running from one of the loops to the other, or a
stable fabric may be expanded or these ideas may be
combined. An alternative to this is to produce a



»

recoverability running circunferentially, to flatten such a tube, and to=~,
use the flattened tube as a wap- 5 around sheet. A rod, for exanple{ 2\
ray;be inserted into the tube adjacent what is now each edge of the -
recoYerabl e sheet-. The two rodds .can be secured together to hold the
flattened tube in a wapped around configuration. Such a rod may be of any .
mat erial which is sufficiently 10 rigighin the installed product, such as
a nmetal or plastic. The present invention also envisages a nethod of
formng this type of closure elenment. A recoverable conposite is fol ded

over at an edge r@gyiad Eabrd\d dey2 Jraddingd Knllict ihgoB el Srhgkdaln a vice.
A support is 15 _éwoylde W t.hin the | a%P the Ioopﬁg'part of the
conmposite is theG¥R By &PF BASHAFSA 03&@Fy,aﬁhétl&865 ¢ femgersprhedft o
give it a desiredredamxalitl itys dumeri nigowid cumsfte rielne imddyl,t itng £¢kesene
menber retains it rqggy f e Ml [ e.e ed by
20 precoating t e&?raé)gtr nal’ sur ?c?e L{)sgtﬁg lf\g.oa%‘?:\;emf-\{eﬁ zﬁ%ﬁgsfvgsggnd
since the pottiordusuncehastpod (rd@%hHOT S¥AMBlSt e daghbec ioserEefennte
bﬁcomsls di rreInSI onaid Ytuﬂi@?dsj_d&enfta&hra&du%eglo?ﬁ@i?ﬁg)édb@ B Eh@?}:e@&vé?!ble
channel or closure nean uring recovery o e ric rtic ring
its installation.S ??tthzrhtenitrw(? cfé’?%g(fﬁyytbﬁe SECYES etﬁﬁﬁﬁ’ge&ﬁﬁr k’gig gg@t h,
cl anpi ng bars, prEissatrengd stube iov atwrapped ariound lcpnfigagiatgoneans f or
gripping the individual fibres in -24- the edge regions. Suitable

closure neans of this type are described and cl ained in copendi ng UK gatent
ap&‘iscat i on Seri &uqlp. BXBRNREY of iany Raterdade whichads csyffnsiensddre
el s

nts beiny sSidi4fil®dn the installed product, such as a metal or
plastic.

‘The present invention also envisages a method of
forming this type of closure element. A recoverable
composite is'folded over at an edge region to provide
a loop, and this loop is held in a vice. A support is
15 provided within the loop and the looped part of the
composite is then recovered. During recovery, the loop
may be deformed to give it a desired shape. It has been
found that the resulting closure member retains its
shape on removal from the vice (this may be ensured by
20 precoating the internal surface of the loop with an
adhesive) ,and since the portion of the composite that
constitutes the closure member becomes dimensionally
stable it has reduced tendency to pull out of any
channel or closure means during recovery of the fabric
25 article during its installation,

" In the third category the ciosu:e means comprises teeth,
clamping.bars, pressure pla;es, or other frictionally
engaging means for gripping the individual fibres in



5 at edge regions of the article,

’T\mﬁsh to inc
(Egiﬁance fromt
tal sealing

as a flap) between the two edges of the fabric

when the fabric

ude al so the provision of closure elenents spaced sone

rat her than at edges thensel ves since

he edges. Wien the wap-around article is used for environz
it may be desirable to provide a seal 10 (generally kno®n

is in the wap-around gpnfiguration. Such a seal can

whi ch are brought together

conveniently be provided by that portion of the fabric which |ies-between
e and the adjacent 15 closure nmenber. Instead of providing
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be optin sed foapphetaticspsetiake mb&zz.%asemmrmﬁﬂ)a.p is arranged to lie
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the flap as an
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can nore readi
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ave found that there are two requirenments for a good
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based on thg we
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ati Qé&etx?e@{'éﬂé Cof QRQUabOIdl O] Shdler SO U edged nodul |

t he adhesive nust be com patlb | f. adhesion to t.he flap
Tode. dhty ok RO

Bhengglyes oFLRGe ore (Wiksh 9 cincl

P ed by
30 surface trogtoposupé éheméhep, spatredxsone & byt arre nErdnt eﬂtement or

?@?%EPyWQeQE@i CQ@; ng:é@@'n aseaf% {Ea‘fﬁ%pa eseﬁ'gétrior?)g-' The

k§bhePb1 i Pexnowy 28k dg. £Véd)'Wétween the two edges of
the fabric which are br - together when the fabric
is in the wrap-around coﬁéZZt;ation. Such a~seal can
conveniently be pgéﬁ%déé by that portion of the fabric
which lies between the extreme edge and the adjacent
closure member.. '

Instead_of'proiiding the flap as an integral part of

the sleeve, it may be separate. In this way the functions

of holding the sleeve edges together and of providing a

20

seal can more readily be separated. This allows the
various components to be optimised for their respective
jobs. A separate flap is arranged to lie across the
abutting or overlapping edges of the article and to be
bonded to the edges. We have found that thére are two

requirements for a good permanent seal. Firstly the

25

30

flap, the article and the adhesive must be chemically
compatible to ensure  a good bond or seal. Secondly,

the moduli 6f the flap and the adhesive must. be com-
patible if adhesion to the flap is not to fail during
recovery of_the'article. Tpé bond caﬁ be improved by
surface treatment of the flap,'for example by corona
treatment or flame brushing, and by a good coating
technique such as hopﬁér coating. The adhesive.is
preferably an EVA or polyamide based hot-melt .adhesive,
particularly a polyamide having up to 10% of an acrylic

~ e
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z



found excellent results using a non-recoverabl e EVA based. flap, especially

one based on a blend of different EVAs. The EVA should be beaned to a |
Jdosg, 5 to retain a | ow nodul us, conparable to that of the adhesiveé%f/
- suffciently. high to provide’ strength The noduli of the flap and the

adhesive preferably differ by I ess than 20% nore preferably by |ess than
10% nost preferably by less than 5% Bbased on whichever is 10 t he

| arger.. This technique for providing a flap is also applicable to integral
flaps. The closure elenments may run substantially continuously along the

“edge regions or N&r@c MadeRl dnSahies welly hxeREr %h@dp@l?%ﬂﬁ.eee' W&EAkge An

- advant age of the ure é eIe ts bei ng _di sconti nuous s that the
resulting arti cl@ﬁfﬁi ﬁr‘fl"\ﬁatreers 5‘X|u5m|9t \? NONRFECPYeRaRLE where the

article is to beammsdedjmmvaﬂspacsmidmm bfasednonnif bﬂ.arnd of

¢ross-secti onal figfe%,{?%‘}%@ Cﬂh%srLEv% SR %e""'b%a{n% 28| S &8wf 81»&8"" a”

I rregul ar underlVying he closure ele é
their shape’ mt"emr@cq@m %tm\mogélnﬁohmmplengagéhﬁ ﬁ6| Hh?he tvvo

eflge regions of jdwedihy isut cg&tmmedumynq:ln;e.cct\aelpxov&\aeesa&ﬁhgtat sheh a
closure is a zip.

cl.osuyr,e 25 can be re such a
case as posseSS|Wﬂf?f¥eék i3k 3, &b m%PgﬁétlvngSegﬁé? 8635?5b|e |
fibres at one edge Yesp dthamil ﬂtmteurm'etfprlwdrysbqf lelssclhhiah i18%¢ngaged to

the other cl g t ot
compri S6. sowi ng BFT - A ey gﬂ%e"-‘%e (i 57 e On ORI CARULE TRV

recoverable’%cwnﬁkﬁtk?YQﬁf Hﬁ&%1ﬁ9ﬁ'PEP@$éﬁPBne §ﬁP&véFI|ng i s
priayi ded. -26-
also agplicable to integral flaps.

The closure elements may run substantially continuously

along the edge regions or there may be a series of

separated closure elements. An advantage of the closure
15 elements being discontinuous is that the resulting
article may have greater flexibility : this is useful
where the article is to be shrunk down over a substrate
of non-uniform'cross-sectional,size since the closure
elements'will be abie to follow an irregular underlying

20 shape.

The closure elements may, by virtue of their shape,
_ interlock or otherwise mechanically engage to hold the
two edge regions of the fabric together during recovery.
_ An example of such a closure is a zip. Each closure
25 _elément can be regarded. in such a case as possessing a
- feature which fixes it relative to the recoverable
fibres at one edge region, and a feature by means of
which it is engaged to the other closure elements. The
flxlng of the closure to the fabric may comprise sewing
30 or stapling where the fabric forms part of a recoverable
composite, or where other mean for preventing unravelling
~1is provided.



I n anot her arrangenent there may be a separate cl osure nenber which hol ds

t e fwo cl osure el ements together, or which holds thema certain fixed
dié% nce apart. The two ideas can of course be conbined, in which case
5 closure elenments may interlock and be reinforced by a ¢l osure nmenber

What ever the closure nechanismit will often be desirable to coat the
fabric on that surface which will be ipwardly facing when the article is in
t he wrapped 10 configuration with a%¥alant, such as a masti.c, or an
adhesi ve such as a heat-activatabl e, partlcularly hot - nel t, adheS|ve Such a

ti b ddi t | to th h
coating 1y be PACiLOREL $riieBlY endd SULPLY & PP cilen no the
Al ternatively, méember p&mbl@ldﬂtthmetwmwli%m elepent§ fHagedher ,
deformabil ity Obel@id eﬁém@faf]éﬁ 2! de il i i RIS PSR Ahe {0

act as a seal an e5|ve resence of. esi seal ant-is of
particul ar use Mnl‘?ﬁ%sf%&ﬂ i QF a‘?‘? r§& he %"%‘é‘%'ed"zd" 1°?’0t°aéﬁvltrh8nrrent al
seal ing. |§ maychestpendlemeits may pimvedricogteaarsd fas denich fioatdedy byhan

conmpl ete recoveLy of the f@%rlc has occured or when any internal adhesive
coating has beeﬁ ?Bﬁirmﬁm Yivated. Wiere the fabric i s heat-recoverable
and the adhesive is 25 heat - acti vat abl e, such neans may be a nechani cal

device held in ﬁnbt@éé@dtﬁenélwpéneébma/n?sm@rmeu \letféh I eases it at a
changes col our SPSLRAPHEGER r SRAT oo LRRF LS SHEE thAnds i, wigd " ©"
preferably appl bedihwardlexfacbhg swhémcﬁxe)fattmc]fabrs arartihe:lwrapgw \J
recoverabl goart Lohefo BESRION W1 ER 4 NG THRE! | Al UP"d ShdkL 1) FAE"

reinforcing fib
adhes1ve such as a heat-actxvatable, partlcularly

hot-melt,adhesive. Such a coating may be additional
to the matrix referred to above for :éndering the
fabric substantially impervious, or it may be used alone.
15 _Alternativély,'it is possible that the matrix may have
sufficient deformability or tackiness, preferably only
at elevated temperaturés, to act as a sealant or
adhesive. The presence of an adhesive or sealant -<is of
particular use when the fabric article is to be used
20 for environmental sealing. S
It may be found useful to provide means for ihdicating \_}
when complete recovery of the fabric has occured or when
any internal adhesive coating has been properly activated.
Where the fabric is heat-recoverable and the adhesive is
25 heat-activatable, such means may be a mechanical device
‘'held in a biassed configuration by a material which
releases it at a certain témperature or it may be a
composition such as a paint or ink which changes colour
at the required temperature. Such a composition is
30 - preferably applied to an exteral surface of the fabric
article. ' '

Heat recoverable articles according to the invention
comprising interwoven reinforcing fibres have been



-27- found to be particularly suitable for use in enclosing a spliceg~
bet ween pressurized tel ecomruni cati on cables. The recovered articlgji
exceptionally resistant to the effects of pressure and preferred :
"enbdei ments have .5 sufficient hoop strength to resist rupturing der 70
KPa pressure (the pressure typically used in pressurized tel ecommuni cation
systems) at anbient tenperatures of such systems. Wien the fabric is used
in conjunction - with a matrix naterlaltﬂzﬁnnynerlc coating it can 10

easily provide sufficient |nperV|ousness to retain such pressure over |ong
periods of tine. | osyre nechanlsn1mnll hosen acordin

desired degree ofg-‘?wb‘g RS lehandYe %%%’3? nguéﬁsﬁgng“ﬁggé?‘f‘ged
have been found ta® sp&1¢k%betw§dnﬂpn£§§nnuaHdUdelEhemﬁ&nicmepanrcablhsngths
of cable or ther | |%*g§ Is AR S oi
or air. A furth@?gﬂui:se(e."c_lgirs.{‘irér%i gi&teag{} e pQ'mp’quyj Qlegtl%tfam: te g?%e

an el ongat e subst?%ﬁ%ﬁts[ﬁﬁaER?%%R?QeﬂﬁﬁIPRﬂfQHQSGC&DP@dlﬂFpéS BFVgubstrate

the attachnegt mﬁmﬁfiéxé’& hdiﬁt&léﬁba' o t@&e\&fz%ﬁa%%@rtlhﬂeundéi' nmany
cases, such attachpent nust-wt stand séevere nec nd enV|ronnenth
Fumeatdy Roe

stresses, and we PERFE S HtS HF &f%YrA : L9, Pressurize
parti cul arI y Sui t ol econinen Boatnire sﬁsuehns; taytp(ammfleute tiemperatareacbfent of

25  heating Cab'ﬁ% % 3}{)&;6@ %iserP 1% usdd § C%ﬁéﬁﬁfz@%ﬁ

centrifugal forces mnlhstoo er adverse weat her ¢ Itions. The
article of the |nV%#h|QNW¢EE#%N&§F€Q&§%1QQJHQ}mmﬁﬂéﬁ celaitapPy ith€apnventi on

wi| 1. now be {girthessily Usédwias suffiAnt rx@i‘p%r&rl%sh@stsheoaeeeamansuea

d whi ch: Fi K d bl e
Cloove and a ol osEr e e RYer At e ST, e R FIoREroBRERARFRC.

W th will be chosen aco:ding to the desired degree of _
imperviousness, and the various flap systems described
have been found to be ideal. Other uses inglude the

15 repair to lengths of cable or the repair or protection
of pipes or pipe joints for,sdy,gas oil or air. A
further use is in attaching /-for example, a cable or a
pipe to an elongate suQstra e. Due to the length of
the cable, pipe, or substrate, the attachment means is

20 desirabiy of the wraparéuhd type. 1In many cases, such

attachment must withstand severe mechanical and
environmental stresses, and we have found that the
article of the invention is particularly suitable. One
example of this type of_use is the attachment of

25 heating cables to the rotors of hellcoptors. Here
considerable centrlfugal Eorces must be withstood under
adverse weather condltlons. The article of the invention
has been found to function.réliably

_ The invention will now be further illustrated with
30 reference to the accompanying drawings, in which:

Figure 1 éhows a khown extruded wrap-around recoverable
sleeve and a closure channel;

Figure 2 shows a plece of recoverable fabric, with
closure elements;



cl osure el enents; -28- Figures 3a+b show, an alternative arrangenent for
securing closure elements to a recoverable fabric and a cl osure nenber;

ufé\ﬂ shows a flattened recoverable fabric tube 5 cont ai ni ng closure
ggfﬁts Figure 5 shows a recoverable fabric intorporating 1oops for N
closure elenments; Figures 6 and 7 show two arrangenents whereby
egions of a recoverable'sleeve_%&&% held by a closure 10 channel
nmenber; and Figures 8a+b show a technique for formng a rail at an edge
region of a recoverable sheet. Figure 1 is prior art. It shows a
recoverabl e wr aPLHERM Batteshow, \#n cH terndidare armandgemenitt Ifoint egr al
closure 15 raéééu@mgﬂ'@ds'ﬂdﬂes At MY 4 QRINVRr ] PiFaBgikhe sl eeve
into the wap-aro uration, and held together by a closure channe
3 of substantlaﬂWé; fection. Such a sleeve is conveniently
used for envi rolhmmtal'l psl'mw.ls:ta cﬁlaﬁtmdﬂstzreﬁmrsm Ied&ab_&(lc tngl es ?L

| pes. Theg sl ee bstrate and recovere I n S
Eage by shsrlnkléé;nééuw nggﬂg2¥Qﬂﬁ%n§"%H The sl eeve may. be coated on its
i nner surface WidO%e sgeﬁh‘?’!gs rﬂatreﬁqqylel’@@l@tf@rhféct lHacomporatingt al

protection provigssk f[herfd s s 2 1 enléidls;r ecoverabl e and the
seal i ng natenz% a.heat--(ﬁ % vatabl adhesi ve so that the S|ngle step of

heating causes TrEHAS P He SHO¥L\R¥O, AF TANGMent S, WhetehY 8ad8si ve.
Figures 2-8 il|tagions afha irecovemablearsicevet aref hedd B39 a efloshesm is

shown a regpver@plgndy wdndedy idrig 4- The fabrlc
Figures 8a+b show a technlque for forming a rall o
at an edge region of a recoverable sheet.

F1gure 1 is prxor art. It shows a recoverable wrap-around
sleeve 1 which has been extruded with integral closure
15 rails 2. The rails are brought together to bring the
sleeve into the wrap-around_cohfiguration, and held
together by a clbsure channel 3'6% substantially
C-shaped cross-section. Such a sleeve is conveniently
used for environmental protection of substrates such as
20 cables or pipes.'The'sleeve is wrapped around the
substrate and recovered,'in this case by shrihking, to
produce a tight £it. The sleeve may be coated on its . ]
inner surface with a seallng materlal to enhance the A
environmental protection prov1ded The sleeve may be
25 heat-recoverable and the sea11ng mater1a1 a heat-
' activatable adhesive so that the single step of heating
causes recovery of the sleeve and activation of the
adhesive.

Figures 2-8 illustrate the invention, and in the first

30 of them is shown a recoveref;;/ﬁ9$en fabric-.4. The fabric
comprlses a warp 5 and contimtous recoverable weft 6.
Closure elements 7 are prov1ded at edge regions 8 of

the fabric, and a channel such as that shown in Figure
1 could be used to hold them together. In thls embodiment,



conprises a warp 5 and continuous recoverable weft 6. Cosure elenents 7
are provided at edge regions 8 of the fabric, and a channel such a That
shawn . in Figure 1 could be used to hold then1together In this enmbo{b®nt,
Z29=~+the neans by which the closure elenents are fixed relative to thé
recoverable fibres is inherent in the nature of the fabric since closure
el ements are threaded into the continuous weft and are trapped by it.
Recovery of the 5 weft will therefor&2draw the two cl osure el ements
together. It will generally be deS|rabIe that the closure elenents are

substantially rigid and if e the fabric,is_t fl blLe

ol oeure. ol emont s dhe Jieans B pitsh the Blpshee, BreRaber Br e Eikpa, tel MEive
weaving. It is runtuﬁtﬁu)rednmgnablne¢ebx&5yishanhehentods thechatuee yofief t

fibre, and the nuriyer o, ﬁwes%'c%ngﬂﬁwg @‘ieﬁ@h#ﬁegr%h@hfggé anghideryef t

wi || depend on the recovery force osure el ements may
be provided by on€WtifIsNeFte B FF % FFRARPER BKNéSs BQEHVQFYGQEht%%ge
region 8 of tde fakwft willl th@redorer datawvehecehoi gloshipe éLamegts heogetner._

closure elenments i g sh n F| e, 3a Pl 3 t echni

able to all fabric dﬁgnﬁ§qﬁﬁg |aPFy %éf g&s gh Eﬁ gﬁg?ﬁgrggém%
war p- r ecover abl e vxm&nsqbﬁﬁanﬁ;alﬂarGledgeandgn@ntBeobuiheOfabhecfdbrsc is
provided 20 W t i HOHIQN 19 LnehiciEshireYeikmeh s séaeﬁreﬁemel{;a@éﬁ

fromunravelling. The extent to "whi ch t this conposition Is_required Wl
depend on how far ¥esR%e%k Wgeshsr fabr icaptte tHSaBFBSuréteFﬁn%ﬂFs°§ are
t obe provi dediggi ncidee fdeo@tsmyo&memh@beoasbeeacm blre2d weEedBtbre, -

publout of the ¢l 93 he | FEYS o "ehrloRt T0R1CEebdi Fod bE e 8ok NEnd ! 254L
and the weft will depggd on the recovery force of the
fibres. The closure elements may be provided by one or
more warp ends of extra tHickness used at each edge region
.8 of the fabric.

15 An alternative techniqug for fixing the closure elements
is shown in Figure 3a and 3b. This technique is applic-
able to all fabrics, and is especially applicable to
knitted fabrics and warp-recoverable woven fabrics.
Here edge region 8 of the Eabric 4 is provided

20 with a composition 9 which prevents the edges of the

' fabric from unravelling. The extent to whtch this -
composition is required will depend on -how far from the
edges of the fabric the closure elements 7 are to be
provided since the friction between the fibres will

25 reduce pull-out of the closure elements.

With reference to Figurgﬁ3a the closure elements 7 may,
for example, be bonded, welded, sewn or stapled to the
edge regions 8 that have been reinforced with the
composition 9. Alternatively, the closure elements

30 themselves may have projections which'pass through the
fabric. These projectioné may pass through the composition
as well as the fabric, or just through the fabric ata
position immediately inwards of the composition. The



for exanple, be bonded wel ded, sewn or stapled to the edge regions 8 that
have-been reinforced with the conposition 9. Alternatively, the closure
eCEEﬁnts 30 thensel ves may have projections which pass through the -

f i c. These projections may pass through the conposition as well as t he?
fabric, or just through the fabric at a position inmediately inwards: of
the conposition. The -30- conposition, which is preferably a
cross-linked poly- neric material, nay=82rend over the whol e surface area of
the fabric, or may be localized at |east at,the edgeshas d;amn Tpeth
conpositions ma I, red 0.0 or both surfaces o e
fagPlc or it naé P%ﬁél frVE? ﬁ ﬁ%r@ﬁe%ﬁﬁagggr?ccéﬁ?ﬁﬁﬂéng§ep%*¥uat|on
in Figure 3b i smericl matepial hmay exsendesvet—phe| eitdl ensur Saps cateled on a
flap 10. This Tlapeh@ keapkie, "BaNAalObeBbOL R LA L PedLE She 1L 10

second cl osure elenments to er. The cl enent’s I's case belhg
the edge regi on&d EﬁétaﬁaéégﬂﬁenThélﬁPBP@éth9“%@i$oB$t$bﬁ e adhewed 11 may
be provided to engage blebpthj satE908s00ft bRef FaPr 1O &9 EOSHAE £drrk 4RI NS

roperly in pos n t pecessat al thouth is nmay sonetinmes
Ee 8e5|rable tggﬁgefo%h1ﬁof8§ tﬁe ﬁ %r?ig?ﬁ? Sthe projections. of the

flap 10 (Figure 3b) or of the closure elenents 7 (Flgure 3a). -In general
the proiection ik B¢ca8eignont Bgu fgexbcw DenLheed{drgual dhe fabric
at the position desired OW n overl of the

fabric to be chéséﬁer‘*n°ifhef?ﬂ§1=&1°%§thﬁu@ﬁo‘al%@v@ﬂ @h%lwb‘r%e Thie be

damaged in thisfbperaoi os aneymeénsheosrmmtam&qw the Sfi‘ﬂf&ty a@ps through~

the inter SHRCGS SQLOLBeCiggﬁkg Ef tgengs aggg Ser. Ver]YOSUOIYé teelnedmeenncels of

cuts in suc
in this case being the edge regions that have been
reinforced by com9031t10n 9. A coyer 11 may be prayvided
to engage the prOJectlons on the flap 10 to ensure it
remains properly in posltlon. It is not necessary,
15 althouth Lérﬁay“gpmetimes be desirable, to~preform
holes in the fabric for the projections. of the flap 10
- (Figure 3b) or of the closure elements 7 (Figure 3a). -
~In general the projébtion may be sharp so.that they can
be forced through the fabric at the position desired,
20 thus allowing the extent of overlay of the fabric te be
chosen in the field. Although a few Of the fibres may

be damaged in this operation many of the projections O

will simply pass thrOUQQhPhg interstices of the fabric,
and in any case the very low terdency of cuts in,chh

25 fabric to propagate means that such damage is dnlikely
to be a problem. The ability to_ choose the unrecovered
size of the article by selecting in the field the
extent of overlap this way provides a considerable
advantage of the._usé of fabrics for wrap-around articles.

30 In Figures 4 and 5 the fabric is effectively continuous
and can provide a loop closed in cross-section.to
accommodate rods or other closure elements. The embodi-
‘ment of Figure 4 is particularly applicable to braids,
tubular knits and triaxidl weaves. The fabric 4 is

S



25 fabric to propagate neans that such damage is unlikely to be a
problem The ability to choose the unrecovered size of the article by
selectlng inthe field the extent of overlap this way provides a '
consider abl e .advant age of the use of fabrics for wap-around articles. 30
In Figures 4 and 5 the fabric is effectively continuous and can provide a

| oop closed in cross-section to acconng ate rods or other closure elenents.
The enbodi - nent of Figure 4 is particdlarly applicable to braids, tubular
knits and triaxial weaves. The fabric 4 is -31- produced as a tube. The

tube is flattenefoaiucehens’ 808udad Mheaclibd! 13NeehcbaukATaLoRRE Al (TS edge

regions 8 into are inserted closure el ements fwo cl osure
el enents 7 may wI8G3Rr8edn@sda Sdathspesy Having lepmfapk cibSuP@I€hannel or

O}hfL f?stener chaxéasleegnrbewgheﬁuaeeehaaeat§d7ﬁmasu950ees??ﬁt@nheafhhend
0 e | oops an Q oge no e.s | as
been foundpprefgp F@ot 8?8‘% ES@SPE kaﬂﬁgl PcRe05§i? ggg?ﬁ%g¥aﬁ¥lc
along the B0 \wheeparkteheledgeer ehronel8oandtherséasbesedantfe to the
fabric is found %%19%%“&he c#%%h@%‘%@eﬁ@n#ﬁ'% hﬁga héggéem@rbﬂ Ehgire 5,

but here the central ness, and a closed

| oop 13 is provﬁ@édoétté&cﬁoéﬁgeaﬂégP8n§°8n345t°9¢ﬁBeF069§°§3 Feemethee
closure elewent%nzetthhatﬂaﬁgn belhashaaea ffalpdc aa!ebabnanuéaeésrsd
integrally by, r exanp ort rods 7

hannalcrhill.orBeiaRs ERsr £aBF it papag) ER
are acconnndate BquSIE A5 SQeV a§8eovegtdns §808r £3 Féﬁoe Pa% &"®abric 4.
20. . The rd@ds 7 whedeoodr thiengdfjabregians Bekddt agesbaeiobs éambgeute channel

3.\ have fOU“QheCQQE%%EYLEOESﬁHQCEétb@@ﬁr.

A,variation on this idea is shown in Figure 5, but here
the central web of fabric 4 is of single thickness, and
a closed loop 13 is provided at each edge regions 8.
15 The loops 13 house the closure elements 7. This dumb-
bell shaped fabric may be manufactured integrally by,
- for example, knitting.

'_In Figures 6 and 7 the support rods 7 are accommodated
by folding over edge regions 8 of a recoverable fabric 4.
20. The rods 7 and overlying fabric are held together by a
' closure channel 3. We have found, contrary to expectations,
‘that the arrangements shown are able to resist recovery
forces of considerable magnitude.

In each of these figures a flap is provided underlying
25 the abuttlng rods 7, the’ purpose of which is to block
any leak path In Flgure 6 the flap 15 is Lntegral
with the fabric 4 and is simply that part of the fabric
' between an extreme edge of the fabric and one of the
closure rods 7. In figure 7 a separate flap 16 is



that the arrangenents shown are able to resist recovery forces of

conSLderabIe magni tude. In each of these figures a flap is provided
'ying 25 the .abutting rods 7, the purpose of which is to bl ock any:,

I path In Figure 6 the flap 15 is integral with the fabric 4. and i s~
S|nply that part of the fabric between an extreme edge of the fabric and
~one of the closure rods 7. In figure 7 a separate flap 16 is - -32-
provi ded, and the nodul us of the flaﬁigﬁd of the adhesive bonding it to the
fabric are preferably substantlally equal as menti oned above. In figure 6

the fab S shown n able .1 en recover.ed 5 the fabric
Wi FI 2h;: rC1kI doiiF % ﬁgaé'(ﬁr’ig‘rﬁ “\ﬂdt“ﬁr e £13Pp 289 8& &R®envi r onnent al
seal . The fabr |adhqslsifearbmid,a.ngn icortgi rtehttel (fralmuch arecpmpderabdy t hat renders
t bl t I ake uch as
Lo mper Tean! © dib A4 ERaG: ath %ﬁsom%%%n%ave%%y th_$498EEaECEns
irregul arly 10 fabmighe® ﬁ!‘b’é‘tﬂr Around 2o gabl ﬁrdﬁecﬁéé W§e§pFF€§Vé§§€ may be

c;)nstructgsi b]y tEHé)VﬁéBﬁQ: mlmn@hr?rdﬂg%fggqn%gbahglet;emead withi Bhghe fabric
sl eeve ee for e en and . publi a

appl i cati ons 2d§§§$§q§h é%@?fn §&ﬂ%§§"ﬁﬁﬁ§?llﬁ~§énergpg §§g5155

central region mﬁeﬂenqpiy<mnxnpmhmnaux¢namdhhn~_cegpogstwbnchbaaper down to
the cabl es, th%rn{]&e di etrt%n%lta ﬁ%yf LQ%EQ@ k8 Wgeoese&rél

splice bundle to the snm Ier ca sucH tuation

substrate is cﬁvﬁﬁﬁﬁﬂﬁnqﬁmﬁﬂ9ﬁﬁﬁétthé“F@bPﬁccﬁEQeﬁav§a?éﬁe§96#°2§ and
different recovsipesat iR 4 @blieheplicesobtedther irregularly °

10 shaped substrate _.is to be protected, a splice cgse may
' be constructed by p{gviding a Iiner around the substrate

and within the fabric sleege</}5ee for example UK
patent 1431167 and'published patent applications
2059873 and 2069773. Such a liner in general has a

15 central region of larger cross-section and end regions
which taper down to the cables, thus providing a. smooth
transition from the large central splice bundle to the
smaller cables. 1In such a situation, where the substrate
is of non-uniform size; the fabric may have 2zones of

20 different recovery rati /so_that the unresolved
recovery is, say, unifg::.over the entire substrate.
This may be achieved by using different fabrics, or a \:)
single fibre type that has been differentially treated
such as by subjecting it to different degrees of

25 irradiation. Where such a spiice case is intended to
be able to retain a 51gn1f1cant pressure,
means are preferably prov1ded at each junction between
the fabric and the underlying cable to put the bond
between them out of peel. Such means may, for example,

30 presedt a concave surface to pressure within the splice
case thereby overcoming the forces that would cause
peel. A branch-out between two or more cables, part-
icularly telecommunications cables, may be sealed with
the recoverable fabric article of the invention, and

35 means may be provided to hold together circumferentially



‘recovery'is, say, uniformover the entire substrate. This may be achi-eved

by using different fabrics, or a single fibre type that has been C%();
differentially treated such as by subjecting it to different degre ofl/' 25
‘irrggi ation. \Where such a splice case is intended to be able to retain a
significant pressure, nmeans are preferably provided at each junction
between the fabric and the underlying cable to put the bond between them
out of peel. Such nmeans may, for exanpré3-30 present a concave surface to
pressure within the. splice case thereby overcom ng the forces that would

. Ab h- qut__bet t I
ol scommuni cat | P AEe ¢e3108F BE B8 Eabh-EnBERESFacE0e  abt e B
article of the imabltedson, Aasai®ablenmeassnfiprphdopngvihies ie &otwo taxet her
C|rcunferent|alPﬁhﬁse’%ﬁongggc%qlheqbqgﬁ 18 Eggﬁ%egﬁég Q@EFBEH éﬂ@ of

di vergi ng cabl es

pronged clip whlGWQ:fﬁﬁﬁﬁQJﬁéﬁéaeopéﬁwﬁﬁ“eﬁBeoFaPﬁésfaﬁ??cf%Fee@%ﬁ%ﬁk%een
.the cabl es, ssee fux pacamy a684981UK Patent 1604981. An alternative to a
clipis toinstall around the cables a flexible seal which conprises an
envel ope which can undergo a change from |l ower to higher viscosity. The
seal transforns tAre addecaasiver tacescilipt k8 touinhtadl aregndnthe a flat or

convex surface tQalideh o 9 ekdBieC s@hll! %@caaeoasehse;fhaﬁ éf@bLbge di scl osed
in copendi ng UK patent application 8 em of . branch-of f can,

however, be over ¢(BHEMDFaT GRGEFAS Fh@g’ﬁﬁﬁﬁ grg!“ei?lge}’nt? hRIZRET e%{s%%’p"e‘/t 0
15 acconnndatetmui)syalnumanbmammblmgesubabaeéeSurfhcsssbhutm@ncrstch

pagl cul arl y"f;lpplge(‘gq_tyne tlo? af %_tiraitcﬁr %BQVex surface to which the fabric
article can seal. This seal is disclosed in copending
UK patent application 8221597,

The problem of branch-off can, however, be overcome by
producing the fabric sleeve in the correct shape to

15 accommodate two or more branching substrates. This
solution is particularly applicable to fabrics, and
~offers significant advantages. A fabric can be produced,
especially by knitting, which has for example one
outlet at one end and two at another end. Such an

20 article-may still be wrap-around since closure mechanisms
can be provided for each outlet where the substrate to
be accommodated has_no'accéssible end. Where splices to
drop wires are to be sealed the conduits for the main
cable are preferably wrap—-around, and the conduit for

25 the drop wire tubular. '

C

The closure elements at regions 8 shown in figures 6 and

7 have been formed by folding over edges of the fabric

4 around support rods 7. The support rods should be

substantially rigid or non-compresible under the conditions
30 at least of installation of the finished product. The

support rods 7 are preferably rods which extends the

léngth of the closure member 3. Suitable materials are

solid plastics or metals, or thérmosetting adhesives.



offers significant advantages. A fabric can be produced, especially by
kn/ttrng whi ch has for exanple one outlet at one end and two at another
uch an 20 article may still be w ap-around since closure nechanizsgs
ca /6 provi ded for each outlet where the substrate to be accommopdat ed %H%
no accessi ble end. Were splices to drop wires are to be sealed the
conduits for the main cable are preferably wap-around, and the conduit for
25 the drop wire tubular. The cl ostd4 el enents at regions 8 shown in
figures 6 and 7 have been formed by fol ding over edges of the fabric 4
around support rods 7. The support rods should be substantially rigid or
non- conpr esi bSpl ikRieFasefe fomnd i BAem 3D TRCQVEFADLS §3RRIA {CAMPOS ISR t he

S UV i d6 ekl i o1 {1
ui e eria sol i astics or
metals, or the&¥FRetf Re 1 aﬁr{’a tl’t,é‘alée?e & Ser 3 a
rlggoveriabl e fethd i £irtosi ¢ hee ssen ok ed tos el sylltdesmsﬂ dsurags vedr  Os Paect ed to
cycl e a I q@gﬁ t 1 first of
t hese testls 1% %&&%g%%é;é; 'TB% %au r &d{w %eq‘{ 'S su evt'zatre1 tltaﬁgn ei ght
hour terrperatlmeewm i 249 Aand et ehe - LD el seond r‘ieét 15 RPld&Bond t est

the splice caggsd Sis nuyva&ﬂer tatloﬁoyﬂegaargj,d;lguuejgahd a® 4§ Ggurhour cycl e
bet ween +5 and +50[err] J ? Lifrv d eit.her thro h th fabric
conposite or ’B%H‘Bu@lﬁq%ebﬁ@”%?'bs And 1l e NGl eahF R0 entive

t echni que fore{em@tnghfo@qutmeeEﬁhrmnncaupasnﬁzkprrEﬁpQﬂghﬁth; recoverable

fabric. a recoverabl e sheet 4 is fol ded over around a support~=7=
and secur ed |gﬂ$%8% _ PP A

Figures 8a and b show an inventive technique for forming
a closure element at an edge region of a recoverable
fabric. An edge of a recoverable sheet 4
is folded over around a support 7 and secured in that

15 folded configuration in a vice or other clamp 17. The
support may be a solid rod or series of rod portions or
it may be an adhesive coating on the sheet'which.later

. flows to fill the loop. A heat?activatable adhesive

coating 18 is shown in addition to a support rod 7. The

20 next step is recovery, preferable by heating the loop

" of recoverable sheet which extends above the vice 17 as .

drawn. The vice may conveniently act as a heat sink =9 o/
limit recovery of the sheet to the loop. The loop
shrinks and the adhesive is activated Eormlng a tighe

25 and effectively solid closure rail at the edge of the
sheet. Where no solid rod 7 is provided, the adhesive
coating is preferably a thermosetting resin in order
that the integrity of the rail is not lost during
subsequent heating. The resulting rail has the advantags

- 30 of being dlmensxonally stable. This'is of considerablis=

benefit in the closure systems illustrated in flgures 6
and 7 since no movement of the edge regions of the
sheet will occur on recovery during installation. Such
movement is undesirable sihqe'it can weaken the ‘frictional
grip of the channel 3 and lead to pull out of the edge
portions of the sleeve. '



" 15 folded configuration in a vice or other clanp 17. The support may be a
solid rod or series of rod portions or it may ating ~t he
sheet which later flows to fill the [oop. A helmmﬂ ﬂﬂmﬁlﬂmlﬁhem VRN
coaL&ng 18 is shown in addition to a support rod £ TFhemr20s mext step-i
recovery, preferable by heating the |oop of recoverabl e sheet which
ext ends above the vice 17 as drawn. The vice may conveniently act as a heat
sink to limt recovery of the sheet to 3Phe | oop. The | oop shrinks and the
adhesive is activated formng a tight 25 and effectively solid closure
rail at the edge of the sheet. \WerefpgIMSlid rod.7 is provided, the
adhesive coating is preferably a thernosetting resin in order that the
integrity of the rail- is not |ost during subsequent heating. The resulting

rail has the adva t%%o%ra%fleb‘%'rgﬂa%ﬁﬁﬂs'a?'@@{:kb’ whebhecomd Pl Sed S(é)f

consi derabl e benefit in syre syste us trate? in . figures 6 and 7

si nce no nnvené%nrQQOWﬂﬂ?béﬁggazééFoﬁgVSF PRELIAREt LOR a%ﬁbﬁr M PLDvery
during install atacm/er$ua+atmverfeatt uaasmdeewc abh@ sbNCEilst camd Weedkend t he

frictional grinp,,of I n I t e portions
of the sl eeve. clo ﬁé@ eg_;%?&g r%" gr agligg\%vr grggéﬁ}' ??@ e which
conprises (%) aemé@wweﬂaﬁw@cﬁawﬁda Q@véhepGDVEGnDOrﬁéomabtm% resdng a

recovery ratio Qfradid er%tre%oxunaaﬁg( Brohi Ak amdssesealé sé@fws ets! gnent s
provi ded on first an ons reapect t he, cover

portion, the r&&&° F HF rFPBPgsaPHnﬁlngaFPoﬁ?f r?g#g? gﬂﬁ%i?%g?%ﬁkto t he
second edge regirmurahdthat cdaclyreaied emegitsn tbwandagthacathepusalid he cl osure

elepent s tovar ds, 4G othels $8985ing the closure elements.

10 2. An article according to claim 1, in which the clo-
sure elements are formed by folding over edge portions
of the fabric and trapping supports in the folds.

3. An article according to claim 1 or'2, wherein
fibres of the fabric are formed into loops at the edge

15 regions, and the closure elements comprise elongate
members posztioned in the loops extending along the edge
regions.

4. An article according to claim 1, in which the
g fabric is at least partially of multiple thickness
20 forming regions of closed crqss-seétian which trap the
closure elements. '

5. An article éccarding to any preceding claim, in
which the fabric has at each’said edge region a poly-
meric material which prevents relative movement between
its fibres.



- region, thus trapping the closure elenents. 10 2. An article according
to c?a I n which the clo- sure elenents are forned by fol di ng over edge
q;efg%s of the fabric and trapping supports in th rt|

acserding to claiml or 2, wherein fibres of the’f mﬂmuillummzmrnto

| oops at the edge 15 regions, and the closure el enent sc conpmi sé et ongat e

menbers positioned in the | oops extending along the edge regions. 4. An

article according to claiml1, in which the fabric is at |east partially of
nul tiple thickness 20 formng regiong. gf ¢l osed. cross-section which trap
the closure elenents. 5. An article accordlng to any preceding claim in
whi ch the fabric has at each said edge region a poly- neric material which

prevents rel at Pve nﬁvéﬁﬁﬁ?eﬁépﬁéeﬂr?gér?P fledrticle wpich gcompniset Fer abl e

wraparound artrekcevehadbhecoaprisesovereporelab| ethebfd br LOVIEd v jxof td on, the

fabric having qver of.a S 0% and. ed egqlons, pro vided
with a nechani gaF‘SQ?)‘gu}‘aE?B gﬁm;tr"]t %?lﬁ:s:ﬁgé?ﬁ ‘6@ %fe greeo#* o%sp"g

proxi mate rel avidadhWptuai ngchaeboatl ychbosune ﬁ@mfma¥nﬁaimwn8t¢nafeﬁgec

having at eachpgatdorg9enr sgbswm@taowﬂsfwna@wra@ém@ ﬁéwwr\aﬁrms
relative nnvenggt bet ween | An article accordi to claim®6,
t

in which first “8Rd°28ersBRE b°8ro§ﬁ?ef%P%h%n?%vbﬁ% 3 RAPe S 19988 and
second edge regeghenraspetymeely, maber bdbnmeini sh bereargen td eFrelgaivegeabl e by
virtue of coopﬁ gbggtsgégﬁggﬁ %pgr?QB ? An article according to claim

6 or 7, in mhlc recovera Fes run ron1the first edge region to the

-~

7.  An article according to claim 6, in which first and &/
10 second closure elements are brbvided on first and second

edge ngions respectively, the elements being'interenga-

geable by virtue of cooperating surfaces thereof.

8. An article aécbrding to claim 6 or 7, in which
recoverable fibres run from the first edge region to the

5. second edge region, and at éach said edgé region turn
back around the closure elements towards the other said
edge region, thus trapping the closure elements.

g. An article according to any preceding claim, in
which the mechanical closure includes one or more

20 discrete clamping elements which can hold together first
and second closure elements at first and second édge
regions of the fabriec. '

10. An article according to any preceding claim, in
which the first and second closure elements are each
25 'substantially continuous'along respectively the first
~ and second edge regions,

11. An article according to any preceding claim, in

which the first and second'closure_elements each

comprise a plurality of clésure members spaced along
30 respectively the first and second edge regions.
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‘15 second edge region, and at each said edgé Tegronturfi—back—around the

closure elenents towards the other said edge regqi s trapping the 2.3
.Closure elenments. 9. An article according timm,m,! 3', Hﬁ[ai m in( :
“whi et t he nechani.cal closure’includes one or c2U0 L | anpi ng

el ements which can hold together first and second closure elenents at first
and second edge regions of the fabric. 10. An article according to any
preceding claim in which the first and second cl osure el enents are each 25
substantially continuous al ong respectiy§+y.the first and second edge
regions. 11. An article according to any preceding claim in which the
first and second closure el enents each conprise a plurality of closure
menbers spaced dPongAB02FEipaetRGRPYIIME ¥9 r3RY BRF AR Cdgd r &t ons.

-37- 12. An artiwalienhacher dabgitoianyopercend ngottHing 4 rsuds tdn il Ifyabric
is woven and contain ub L al o | nuous, recoverable weft. 13. An
article accordigéﬁ%8§3§§§pr§%§§§%§a% %iﬁ?E#h 5 which the fabric is coated
with a sealing material on a surface that is inwardly facing when the edge

" regions are brodght ABgarhéelelaccopgiagtie|anncrraciding cldi@mim, in

which the seal i ggigBt enbakabfibeds-asityatabtie Adas Ml mdtebialAvmidicle
according to any erecedggg clalg% |n'ﬁ€|fh I he fabrlq}co rises .a weave
having the reco>“WERSBI E28FntRsiPEARE e HHE Herithorf fIfRfons
recoverabl e fibaes bonnghf togatbeansverse direction. 16. An article
according to claim15, in which the non- 15 recoverable fibres are

S%Ejfantfa||y ngy- exuRngrPi€le according to claim 13, in which the
= sealing material is heat-activatable adhesive.

10 15, An article according to any preceding c¢laim, in
which the fabric comprises a weave having the reco-
verable fibres running in one direction and non-
recoverable fibres running in a transverse direction.

16. An article according to claim 15, in which the non-
15 recoverable fibres are substantially non-extensible.

17. An article according to claim 15 or 16, in which
the fabric is woven, and has a recoverable warp and non-
recoverable weft.

N~ 18. An article according to any preceding claim, in
20 which the fabric has associated therewith means for ren-
dering it substantially impervious to air when
recovered.



17. An article according to claim15 or 16, in which TS woven,
arfd\has a recoverable warp and non- recoverable weft. 18. An cle
a@d_i ng to any preceding claim in 20 which tmﬂm‘mmgm‘som ated™
t with means for ren- dering it substantlall r when ™
recover ed. - 38 - 19. An article according to €l & m"18, in which the
nmeans for rendering the fabric substaatB8élty inpervious conprises a
polymeric material adhered to at | east one surface of the fabric or a

ol ymer1 ¢ matr vy, hgugheBorphbEBokbag! Bbr b a bt P850 2 i ad cl €

according to an rece e recovera are
di mensi onal | y QﬁéBPefaf §8F€e§6§§ FBei HARrio1Subptantial by abRRARN iRMT 0 any

preceding cl ai BompkicBsly p@d?hék@@ahbyeﬁﬂﬂprééﬁér@dft@paﬁlmléfé*sﬁladhémder| ie
the first and secggd ed? t&ﬁg BS; when brought tqg An article
n

er.
according to cPHfAfSE, © ACFRE Prap RIFHPESE %F% +¥I V8% he fabric
bet ween oné of whliehetipe fedrdnseznenda.adjacent edge of the fabric. 15 23.
An article according to any preceding claim in which the fibres are

heat-recoverabbg, apg %t@eladgecotnapngl tY SRPPHFSES fug CEDLIR! U P
i ndi cating neans. 24. An article accor g to any preceding claim in which

two areas of rH¥BdGBr 4BPerPaBVPRalie FHPRRR 20 ¢HpRRRional bhStRbinaby
means of a nmecbanidcaldggoregbgnatrangenent that penetrates the fabric. 25.
An article according to any preceding claim in which the nmechani cal

joining arranggqent saodRE; 888 ShbbFABRgOLo SLAP! fPeceding claim, which

10 additionally comprises a flap which can underlie the A

first and second edge regions when brbught together.

22. An._ article according to claim 21, in_which the flap
comprises a portion of the fabric between one of the -
edge regions and an adjacent edge of the fabric.

15 23. An article according to any preceding claim, in
‘which the fibres are heat-recoverablé, and which addi-
tionally comprises a temperature indicating means.

24. An article according to any preceding claim, in
which two areas of recoverable fabric are joined

20 together along a line by means of a mechanical joining
arrangement that penetrates the fabric. '

25. An article according to any preceding claim, in
which the mechanical joining arrangement comprises
stitches or staples.

25 26. An article according to any preceding claim, in
which the fabric cover portion has the form of a wra-
paround sleeve.
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25 26. An article according to any preceding claim 1n wich—the fabric ..

cover portion has the formof a wa- paround sl . : SEi
39.- 27. A nmethod of enclosing a substrate, V\hllgﬂﬁtﬂwnﬂﬂﬂlmmppl ng ar lﬂﬁ
t hasubstrate an article according to any prececi ng claian ring the
first and second edge regions together, and causing recovery of the fibres.
5 28. A nethod according to claim27, in which the substrate is a supply

line. 29. A nmethod according to claim28, in which the supply line

conprises a tel ecommuni cations cable. 304 A nethod of form ng a w aparound

fabric article 10 having a closure nenber at an edge region thereof, and
havi ng at | east a conponent of recoverability perpen- dicular to said edge
region, which cdhprisaetiiad aihgnalesiag adgabstrafke .f BLFE SABRFIEBSform a
| oop at sai d edgaagedi®roind the sSeGtrate sa driekdebrcbording toget her

the resulting doubl e thickness af sheet: .pgsitioning.a_syppor i LRLn the
| oop; and causi?ﬁfr%ﬁﬁﬁﬁaﬂp%ﬁc ﬁﬁﬂ’[ﬁ%ﬁuﬁ§ QIﬂgefgﬁfgé ?ﬁgeggﬁénggpggns-the
| oop, thereby . trepipng tdgetthempomand 2@ uw@ingAregoivedyaofotten§iboest ai m 30,
in which the sheet has a coating of adhesive on an internal surface of the
| oop, whi chs adhgs] vey infe tdd iR g @006 mOf27t, henPahtcaf thBe sheet
which forns the |oop. 32., A nethog of  form ng a waparound sheet which 25
conpri ses fornﬁﬁb%ttp"aotfpoiﬁ Ry PP ¥r ddi6ns of the sheet a closure nenber by
a net hod according to claim30 or 31. _ : _
. 29. A method according to claim 28, in which the supply

line comprises a telecommunications cable.

s
30. A method of forming a wraparound fabric article

10 having a closure member at an edge region thereof, and
having at least a component of recoverability perpea-

dicular to said edge region, which comprises:

folding over an edge of the fabric sheet to form a
loop at said edge region;
15 securing said fold by holding together the
resultiang double thickness of sheet;
positioning a support within the loop; and
causing recovery of that part of the fabric sheet
which forms the loop, thereby trapping the support.

20 31, A method according to claim 30, in which the sheet
has a coating of adhesive on an internal surface of the
loop, which adhesive is activated on recovery of the
part of the sheet which forms the loop.

32. A method of forming a wraparound sheet which

25 comprises forming at opposing edge regions of the sheet
a closure member by a method according to claim 30 or
31-



- 40 - 33. A nethod according to any of clainms 30 to 32, in which the sheet
|s a recoverable fabric. 34. An article aeee#d+4g+44;4ﬂ4%4mpl substantlally

her described with reference to any of f the

acconpanyi ng draw ngs.

- 40 -

33. A method according to any of claims 30 ;o 32, in
which the sheet is a recoverable fabric.

34, An article according to claim 1, substantially as
herein described with reference to any of figures 2 to 8
5 of the accompanying drawings.

35. A method according to claim 30, substantially as
herein described with reference to any of Figures 2 to 8

of the accompanying drawings. ' . o’
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ergin described with reference to any of fiqures 2 to 8 5 of the
ac Mganyi ng drawings. 35. A nethod accorwmul ﬂi H‘Il"ﬂ“l substanti al | y\ﬁs
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