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2135632 DI MENSI ONALLY RECOVERABLE ARTI CLE -2- British Patent
-Appl i cations 8600291 .and 8600292, both filed 7th January 1986, have been

a&i vided from the present SpeC|f|cat|on This invention rel ates to
recoverable arti- 5 cles. A recoverable article is an article the

diqrensi onal configuration of which may be made substantially to change when
suB“ected to a particular treatnment for exanple heat treatnent. EF ré
these articles recover, 10 on heating, towards an original shape&f f§ éfBZh
t hey have previously been defornmed, but the term "heat- recoverable",
used herein, also includes an article which, on heating, adopts a ne
configuration, even if it has not been previously deforned. The t
not 15 include articles which can change their configuration only
changing their phase. In their nost common form such articles co
heat - shri nkabl e sl eeve made froma polyneric material exhibiting the
property of elastic or plastic nenory as 20 described, for exanple, in U S
Patents 2,027,962; 3,086,242 and 3,597,372. As is made clear in, for
exanple, U S. -Patent 2,027,962, the original dinen- sionally heat-stable
formmay be a transient formin a continuous process in which, for exanple,
an extruded

~

"DIMENSIONALLY RECOVERABLE ARTICLE



. be {crHp%-1inked at any stage in 3he production of the article that will -

enhgnde t he desired dinmensional Tecoverability. One nethod of 5 ket

Ing a heat-recoverable article conprises shaping the polyneric
material into the desired heat-stable form subsequently cross-1linking the
polynmeric mat- erial, heating the article to a tenperature above the
crystalline nelting point or, for anorphous materials 10 .the softening

poir;, as theBcasEsmBygbentQKpﬂiEbdKﬂthrﬁﬂcozkﬁ(aﬂﬁ mﬁomhgﬁqréigle agd
cool i ng a e ilst. int ef.ormed state st t efornmed state
of the a@??ﬂl éﬁré‘l‘rd@. ‘%1%%".‘3"&1 {Eaeé,j’ stf%vcee N églfvolrﬁéid PR ghgf the article

i s heat - pnesebt eSpaphficatton. cati on of heat will cause the article to
assume its original heat-stable shape. A further nethod conprises deforn ng

a substanti al tiiHoDnEs WSS NKEh 1Y W Iide deralt1d a3t ia tenperature bel ow
t he rystglline melting point or softening point of the material, fusing 20

t oge her®p®Pts of the material or a part or parts of the material and_ at
| east one ot hek petgveralecapinid is an article the dimensional

configuration of which may be made substantially to &:)
change when subjected to a particular treatment for
example heat treatment. Usually these articles recover,
10 on heating, towards an original shape from which they
have previously been deformed, but the term "heat-
recoverable", as used herein, also includes an article
which, on heating, adopts a new configuration, even if
it has not been previously deformed. The term does not
15 1include articles which can change their configuration
only by changing their phase.

"In their most common form, such articles comprise
a heat-shrinkable sleeve made from a polymeric material

-

25 tube is expanded, whilst hot, to a dinensionally: lieat-unstable form but,
in other applications, a prefornmed dinensionally heat stable article is

defornmed to a dinensionally heat unstable formin a separate stage. - 3-
| n pAfe producti on of heat recoverable articles, the polyneric nmaterial may

-

L

exhibiting the property of elastic or plastic memory as w

20 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

25 tube is expanded, whilst hot, to a dimensionally
heat-unstable form but, in other applications, a
preformed dimensionally heat stable article is deformed
to a dimensionally heat unstable form in a separate
stage. '



“to produce the configuration.of at |east one holl ow heat-recoverable

article and subsequently cross-linking the substantially non-cross-1|inked
smaterial. 25. In other articles, an elastoneric nmenber is held-in a
stretched state by a second nenber, which, upon heating weakens

allows the el astoneric nenber to recover. Heat-recoverable articfe this
t?ﬁe are described, for exanple, in British Patent 1,440,524 in ich
an outer tubular elastoneric nmenber is held in a stretched state by an

i nner tubul ar nenber. -4- Heat-reeo¥efable articles have found
particular use in the environnental protection of elongate SI strates such
as for exanple splices in telecomunica- tion cables. 5 In addition to

maki ng the environnental seal the sleeve may be required to withstand an

i nt er nal pressure eltbﬁrub@@b@&ué@a:&%mlwéa Sd@ddi@ﬁﬂl'eosdﬂtﬁicll%sﬁres-
sure tested for

s for n th BeI a ritish _Tel ecom
speci fi cati ons, Be%ggﬂefé?rp’é‘? ngr‘ﬁ)i m?%et?e Wrégé‘r%\na@g &r83fe a
si gni fi cant intermaltpeepsudectV&mr@ﬁsthémaﬁ&mnﬁefuhﬁt neiddy emdllalne es Itdeves

are qui te suitabl elot ang, £aNdI Shon: SOSOUNEL PELYY | ol Sigunl L SP T ce

encl osures, nmany Mecon - muni ca re i nternal
pressurised 5o 15PTO Ré!ﬁﬂeanb$éttﬁ%¢%ﬁﬁrﬁbk?t4ﬂ%ﬂ&%ewﬂﬂmRR}%ﬂﬁuﬁﬁéPhﬂﬁlch

woul d be requiredehe pbliménDd Ra€er DAESEAESStNO Medidd heat-stable
KJ form, subsequently cross-linking the polymeric mat-
erial, heating the article to a temperature above the
-crystalline melting point or, for amorphous materials
10 . the softening point, as the case may be, of the poly-
mer, deforming the article and cooling the article
whilst in the deformed state so that the deformed
state of the article is retained. In use, since the
deformed state of the article is heat-unstable, appli-
15 cation of heat will cause the article to assume its
original heat-stable shape. A further method comprises
deforming a substantially non-crosslinked polymeric
material at a temperature below the crystalline melting
point or softening point of the material, fusing
N 20 together parts of the material or a part or parts of
' the material and at least one other polymeric component
to produce the cbnfiguration of at least one hollow
heat-recoverable article and subsequently cross-linking
the substantially non-cross-linked material.

- 25 In other articles, an elastomeric member is held
'in a stretched state by a second member, which, upon
heating weakens and thus allows the elastomeric member
to recover. Heat-recoverable articles of this type are
described, for example, in British Patent 1,440,524 in
30 which an outer tubular elastomeric member is held in a
stretched state by an inner tubular member.



are nore difficult and expensive to manufacture-and-require greater skil
toinstall inthe field. It has been proposed, in U S Patent 3 669 157 to
20 ° ,ggrqlina Narrow Fabric Conpany and in Japanese Patent 53-13805 to .=
Mat sgghita, to provide heat-shrinkable tubular fabric articles which may -be -
I npr) ed with certain thernosetting resins. However, we have found thaL:g
“the cles disclosed therein are very difficult 25 to install because
“they are subject to displacenent of the resin on recovery, resulting in
burst-through of fabric by tke4esin, or delam nation of the resin fromthe
fabric. Thus these prior art articles are of limted utility and are too
craft-sensitive for use in nost tel ecomunications applications. The
present i nvent ikeatnregoyes bl eqaritdicd efhhanen£QuRA PAPFOGBYAF esi st ance to

the forces,&f iLaRLhvidoNmedtleproteclionNbEgeilbyigaeeas e produce in
the appropriate circ nstagggs as dgscriged her.ei n_an ? ?f%ective

envi ronmerREH3tRR SYCUAS O &S ~E: +&BS; ,ﬁpngeggg MMER 5Re aspect the

i nventi on fiicvidkts e di mension- ally heat-recoverable article conprising a
conposite structure of a heat-recoverable fabric and a pol ynmer 10 mat ri x
material wherein: (a) the heat-recoverable fabric conprises_fibres that
will Fecovlsy adeit insmttey makiag ithee envdroamentad. §6aly ther 81€eVeof at | east

5 X 10 2 Mpay e ardURVAMY vithstand an internal pressure, )
either because the complete splice enclosure is pres- -
sure tested for leaks, as for example in the Bell cycle '
and British Telecom specifications, or because tempera-

10 tures reached in service create a significant internal
pressure. Whereas the known heat-recoverable sleeves
are guite suitable for the conditions encountered with
distribution splice enclosures, many larger telecom-
munication cables are internally ptessurised to

1S exclude moisture and the thicker-walled sleeves which
would be required to withstand such pressures long term
are more difficult and expensive to manufacture and
require greater skill to install in the field.

It has been proposed, in U.S. Patent 3 669 157 to

20 Carolina Narrow Fabric Compahy and in Japanese Patent
53-13805 to Matsushita, to provide heat-shrinkable
tubular fabric articles which may be impregnated with
certain thermosetting resins. However, we have found
that the articles disclosed therein are very difficult

25 to install because they are subject to displacement of
the resin on recovery, resulting in burst-through of
fabric by the resin, or delamination of the resin from
the fabric. Thus these prior art articles are of
limited utility and are too craft-sensitive for use in
most telecommunications applications.
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above their recovery tenperature; and 15 (b) the polymer matrix materi al
has an el ongation/ tenperature profile such that there exists a tenpepd- "\
ture (T) which is at or above the recovery tenpera- ture of the fibr -/
whi ch tenperature the polynmer matrix material has an elongation to br
greater 20 than 20% and a 20% secant nodulus X of at least 10 [err] MPa
(nmeasured at a strain rate of 300% per m nute), and at which tenperature.
the inequality (1) is satisfied:_)((ls-'FQ is |l ess than one (1)
Y R wherein Ris the nean effective volune fraction of heat-recoverable
fibres in the conposite structure along a given direction based on the
total volunme of the conposite structure, or relevant portion thereof.

The term "fibre" as Uthesl pwessnt iimtenttior iprowides am.antmialfe lwiyim s or
mul tifilanments, S | T d d fabrics used
in the articles %%o%i%ﬁ%%ﬁeﬂ%vﬁ%%n :So?e eraéﬁ%&%essnﬁ-l%éet%é'%é'ét
shrinkabl e fibre3nd reathretAin dits intirgrity apas aid produsie |ianwhes. The

.heat-recpverablea§§§5§¥agggxtﬂgbgdgtgyaégﬂé§(abggyiﬂdgv%@&@qﬁ Rinef erably
have a m ni n1re§§very stress of 1q%ﬁér ,%% nmore preferably 5 X 10[err]
and usual | y> at |2RECH WLV irgamen A‘ﬁ{dr desired 1 Bres§uceyretaining
tenperature of t$eaXibres. There is in theory no upper limt of recovery .
stress, but in practice 200 MPa and

U/ _ In one aspect the invention provides a dimension-
ally heat-recoverable article comprising a composite
structure of a heat-recoverable fabric and a polymer

10 matrix material wherein:

(a) the heat-recoverable fabric comprises fibres that
will recover when heated, the fibres having a recovery
stress Y of at least S5 X 10'2 MPa at a temperature
above their recovery temperature; and

1S (b) the polymer matrix material has an elongation/
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 elongation to break of greater

20 than 20% and a 20% secant modulus X of at least 1072
MPa (measured at a strain rate of 300% peE minute), and
at which temperature the inequality (1) is satisfied:

N,

(1 = R) is less than one (1)
" _

-
Y

wherein R is the mean effective volume fraction of
heat-recoverable fibres in the composite structure
along a given direction based on the total volume of
the composite Structure, or relevant portion thereof.



nore usually 1 OOWPa. i s the highest figure normally achievable with :
polynmeric fibres. The fibres are preferably formed froma polyneric
heagxf‘t verable material. By "the recovery tenpera- ture" of polyneric
heat/- redverable materials is meant that tenperature at which the recovety
l.ymeric material will go-substantially to conpletion. In genera
“the very tenmperature wigl be the crystal- line nelting transition
fEhperature if -the polyner Is crystalline or the glass transition !
tenperature if the polyner is anorphous. In nost forns of article according
to the inven- tionthe polymer matrix wll become soft at tenpera- tures
bel ow t he recovery tenperature of the heat- ~-7- recoverable fibres so
that the termer 2ierte *Eibra® Wa cised devain xnoliudds| fillaments requi red

el ti t d t | t ' |4 [ tisfied
w11 o Bie ASARR I3 Aen Y U B X1 dlleEh | Ynd NS deai) 0 oo BT
i nvent ifibriesel wices mdamt-h(%@ cr;.?ax;qm upediith Y&y d matrix material
hol ds Qe iiel laduictaldid) 1Y ¢hie VeI préfVeNsRY Walplgyoe above the

recovery tenperature o then softe so that” the fibres can
r ecovelthel heat shrinkable,fibres, dn,fhe (form. o r%‘bﬁ‘a’ol y formed froma
pOlyWEH’%‘@auqui|mdﬂﬁﬁiﬂdﬁiuﬁigg00d physi cal properties and, in
particul ar, good creep resistance to ) '

WA

The heat-recoverable fibres used in the article of o/
the invention preferably have a minimum recovery stress
of 10" 'MPa, more preferably S x 10" and usually at
least 1 MPa at a temperature above the recovery
temperature of the fibres. There is in theory no upper
limit of recovery stress, but in practice 200 MPa and
more usually 100MPa is the highest figure normally
achievable with polymeric fibres. '

The fibres are preferably formed from a polymeric
heat-recoverable material. B8y "the recovery tempera-
ture® of polymeric heat-recoverable materials is meant
that temperature at which the recovery of the polymeric
mitcrial will go substantially to completion. 1In
general, the recovery temperature will be the crystal-
linc'mclting transition temperature if the polymer 1is
crystalline or the glass transition temperature if the
polylnr:is amorphous.

In most forms of article according to the inven-
tion the polymer matrix will become soft at tempera-
tures below the recovery temperature of the heat-



the fibres. Aefin polymers such as pol yet hyl ene and et hyl ene copol yners,
pol yam des, polyeéesters, acrylic 15 pol ymers and ot her polyners -~
£gnpl oyed and prefer- ably those that are capabl e of being cross-ix# KQ%:}A
particularly preferred polyneric material for the fibres is base 2 -
pal yet hyl ene having a density of fromO0.94 to 0.97/gns/cc, a weig er age
mo™ecul ar 20 wei ght Mv of from80 X +3% to 200 X 103 and a nhunber average
nol ecul ar wei ght Mh of from15 X 103 to 30 X 10[err]. Preferably the

recovery tenperature of t e fibres is relC or _nore, nos referably
from 80C to 25 gﬁeésf°fggggx§hﬁlg?mEEBaPuEEOE rf€. Wen the
fibre is cross- I|wH&nhlnhelmaﬂhURtmamekﬁaﬂshaSntaaieEQuﬁoednebop@aat@nthe
cross-linking step d et dHY WodGh Ws® a%[g e whijRhC e Zh%néggsflegn(b

ext ruded, stretche a nperature elowits ne nper ure,
preferably by an %ﬂﬁiﬁﬁIQﬁ wu&&nhso@h@oszosoaﬂ;thﬁeﬁegesféztéempgrature

irradiation 40 efdeadnhe fOTred.l Nkiheg. mAehea&npﬁaE%aed , \agwe¥ e ARkt h@sé he
fibre is to extrude the fibre |rragﬁ§te Cros heat t he
|

fibre, preferabl F38FSoddRED Femd rlﬁeF‘é?ﬁFéa sP?gsﬁh?Hb ERR fibre,

and then cooling ﬁﬁureﬂragaﬂnst kebneerulghedeastEmppuhyerhytaneefabmee are

preferably '”ad'égfeef% %@e‘% E%mo%bgﬂk ?159 2 and2PAth S3ftens
rom about S an

nmegar ads, prefera ara I'n particular
fromabout 7 to aqﬁLp{haltB the fibres can recover.

10 ' The heat-recoverable fibres are preferably formed
from a polymeric material that imparts good physical
properties and, in particular, good creep resistance to
the fibres. Olefin polymers such as polyethylene ‘and
ethylene copolymers, polyamides, polyesters, acrylic

15 polymers and other polymers may be employed and prefer-
ably those that are capable of being cross-linked. A
particularly preferred polymeric material for the
fibres is based on polyethylene having a density of
from 0.94 to 0.97/gms/cc, a weight average molecular

20 weight Mw of from 80 X 103 to 200 X 103 and a number
average molecular weight Mn of from 15 X 103 to
30 x 103,

Preferably the recovery temperature of the
fibres is 60°C or more, most preferably from 80°C to
25 250°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 tempetature below its melting

30 temperature, preferably by an amount of from 800 to
2000 %, then subjected to irradiation to effect cross-
linking. A less preferred way of making the fibre is
to extrude the fibre, irradiate to cross-link, then



megar ads, especially from 10 to about 18 nmegarads. Usually the gel content
of ‘the cross-linked fibre is greater than 20% preferably greater than 30%

preferably greater than 40% |In practice, gel contents greater
re not easily achievable. Fibres produced in this way can have a
agt h after recovery. A further advantage of fibre irradiation mnIT
gned bel ow in connectionwth |amnation. 15 The

"heat-recoverable fabric can, if 8e5|red be nade solely of _ _
heat -recoverabl e fibres as descri bed above or can contain other fibres in

addi tion th%atyggéeaglbrr%co§er ?%reabfllybrtgs abg\bgr?tg ﬁeig?hgcﬁ&gnt ai ns such

ot her fibres

I'n equa tes onl éat -recoverabl e

fibre conﬁ@ﬁ@ﬁwreiTﬁéfﬁ$Emﬂ@gcéﬁebélhﬁﬁbtéﬂd tbeancoabingotee, braided, or
the like. éﬂyeae%@QNQﬁ%hbe mhgeﬁdeaexigrﬁbm EEh?iethfigpé*Qafeself as it

I s made or addlt n serte roduction of the basic
fabric. Iﬁ’gﬁ%?ﬁﬁﬁrréﬁ %e defRe P% Frgmlébﬁuﬁoéeﬁofabrlc The
movem'fabmboumamSCmmgaradcnlprhéatabeyofeombbboﬁtbsesooaboﬁtcaﬂ contain

it anent o fepag s sH 3 SAEEIE ) RegRTapBEL P OERI SR 12 "L T br oken

twill,

satMegarags, espesiallandropl diontohepogacks Begarads. vari ous weave

CO”blnatlmﬁﬁaBIW &megbeloeoﬁ%bhtpbq Rh¥ E633351i9§eexennke fgo or three ply

weaves.
“fibres

ricis has heat-recoverabl e

Pr ef bl
EEAY L é ﬁ°§ndpﬁﬁﬁ§ﬁ§P3§a9FﬁaﬁéattE?abFQ%f|%?%% in the other“"

i n I5RE G

di r ectd on pre fielrab lyhg rlealteirc thana 480l eInspractice, gel contents

15

20

25

30

greater than 90% are not easily achievable. Fibres
produced in this way can have a high strength after
recovery. A further advantage of fibre eradlatxon
will be mentioned below in'connection with lamination.

The heat-recoverable fabric cao; if desired, be
made solely of heat-recoverable fibres as.described
above or can contain other fibres in addition to the
heat-recoverable fibres. Where the fabric contains
such other Elbres, R in equatxon (1) relates only to
the heat-recoverable flbre component. ‘The fabric can

be knitted, woven, non-woven, braided, or the like. The ' -/

‘recoverable fibres can form part of the fabric itself

as it is made or may be additional and inserted after
production of the basic fabric. In a preferred embodiment
the fabric is a woven fabric. The woven fabric can
contain only heat-recoverable fibres or it can contain
heat-recoverable fibres together with non-heat-recoverable
fibres or filaments. Thelfabpic can be woven in a

pattern, for example, twill, broken twill, satin,

sateen, Leno, plain, hop sack, sack and various weave
combinations, in single or multiple ply weaves for

example two or three ply weaves. Preferably the fabric

is a woven fabric that has heat-recoverable fibres in

one direction and dxmensxonelly heat stable fibres in

the other direction so that the fabric as a whole is

-



-9- recoverable in a single direction only, and the description below will,
in general, be nade in terns of such a fabric. However, the features
Jdescribed may be applied to other fabrics. 5 The fabric
alternatively be knitted if desired, either warp knitted or wef i 1t ed.
If the fabric is nmade solely fromheat-recoverable fibres it w
r&eoverable in two dinmensions, but if, &s.is preferred for the knitted
fabrics, it is knitted froma heat 10 stable fibre and a heat-recoverable
fibre is either warp or weft inserted, it will be recoverable in only one
direction. The rre&vc@iéﬁmje/an/cd wte;gflreadtiimtdbnhenﬂ.y,raudvehabaeséi-bpemn
in the co osite o n r Ng epend inter
. Mpos| %fﬁe&# 1% %ne‘i\@é gfé'm‘é%'é 4 %&Eh‘% %'u cfeR

alia on the size weave and t he
direction considefihth?maHQXEveﬁﬁeﬁhﬂ\ﬁ?iﬂﬂr@ﬁedﬁﬁscﬂbsﬁ mauség ARt ied

inequal ity (1) abqyesdmegefdgratdierein as the nmean value along the
direction considered 20 of the summation of the product of the

cross-sectional area of each heat-recoverable fibre multiplied by the
vect or conpohent of trmhéiﬁxurﬂd1mdkaqﬁnaﬁmaﬂiwedwibb &niicded ¢ dbeitredal

cross-secti onal agepgf (i GETANA B Wkl i chahen d Lhe Bhapeonegnal

to the direction t he "heat - recover ab res lie
at an angl e al phanade (3Rl &lohfiaam dieafi~reooverabliee fibgesctitowit hebe

cross-sectional afésovdrddie fid A inensions, but if, as is preferred
"~ for the knitted fabrics, it is knitted from a heat
10 stable fibre and a heat-recoverable fibre is either
warp or weft inserted, it will be recoverable in only
one direction.

The mean effective volume fraction of heat-
recoverable fibres in the composite structure along any
15 given direction will depend inter alia on the size of
the fibre, the type of weave or knit used and the

direction considered. The mean effective volume
fraction R used in inequality (1) above is defined
herein as the mean value along the direction considered
20 of the summation of the product of the cross-sectional
area of each heat-recoverable fibre multiplied by the vector
component of the fibre in the given direction divided
by the total cross-sectional area of the composite
structure taken in the plane normal to the direction
25 considered. Thus if the heat-recoverable fibres lie at
an angle alpha to the considered direction, the product
of the cross-sectional area of the fibre and its
component in the considered direction is given by
(Eibre area multiplied by cos alpha). The sum of this value
30 for all the fibres cut by the plane normal to the
considered direction divided by the total area of the
composite structure gives the value R at a specific
point along the direction considered, and the mean
value of R over the whole length of the relevant fabric



conponent in the considered direcfion Is given by (fibre area nultiplied by
cos alpha). The sumof this value 30 for all the fibres cut by the plane

nor the considered direction divided by the total area of +he

conp structure gives the value R at a specific point along the -
dire n consi dered, and the nean value of R over the whole | ength of thq:}
rel evant fabric -10- portion-ig-the direction considered is used in z
inequality (1) above and in Claikm1 below. In the case of a weave where al

the heat- recoverable fibres are parallel to each other (either 5 t he
warp or mpéttlonthe the ed Dfect immvednsidendd il rusad om dovesiuddridy i s

par al | el tngégggxgrggl@1;EQr?§béioﬁa the direction of recovery), then

t he nean v I VEnN the total cross-sectional area of all the
recoverable fibres d|V|ded by the total 10 cross-sectionat-area of the

conposite StrUQhuese J&l@ef@ﬁtarwwermﬁe f#ly ivhd neutsf erabl y bonded to,
and pref erabl t he trix reviously
nentionedr§89§ﬁfgg ?F?%d?%fl§#F¥1?%k;gkmﬁﬁc4?§éﬂééﬁ(%ﬁggeFPbres bef ore
or after tbe waopnati mfbflm hehé abase of ca iveawsJatandl (Yeerticularly in the
presence aifeéwsmcoasg Sﬂéals Cﬁ‘?ﬁﬂﬁé? ddraide &L&J&@:sﬂwrs whi ch

significant roves bondi ng the_ matrix material. At or above the
recovery Féhﬁé?afHr%-th?h@1¥?EﬁE%nt?Eeiﬂﬁ%ﬁﬂﬁYknu?qurﬁh%ﬂW%%“ shoul d be

value of R is given by the total cross-sectional area
of all the recoverable fibres divided by the total
10 cross-sectional area of the composite structure.:

o

The heat-recoverable fabric is preferably bonded
to, and preferably embedded in, the polymer matrix
material. The previously mentioned advantage of irradiation
is relevant here; if the fibres, before or after
15 formation of the fabric are irradiated (particularly in
the presence of oxygen), a chemical change to their
surface occurs which significantly improves bonding of
the matrix material. At or above the recovery temperature
of the fibres the polymer matrix material should be
20 capable of limited flow under pressure so that it : \_;
retains the 1integrity of the composite structure
without substantially impeding recovery of the fibres.
It preferably has, at the aforesaid temperature, an
elongation to break of greater than 50%, most preferably
25 greater than 100% particularly 400-700%, ard a 20%
secant modulus of preferably at least 5 X 10-2 MPa,
most preferably at least IO-1 MPa, measured at a
strain rate of 300% per minute.

The specified properties of the polymer matrix
30 material need not necessarily apply after recovery
although it may be desirable that the product be.
flexible at room temperature. Thus, for example, the
polymer matrix material may eventually cure to a



20 capable of Iimted flow under pressure so that it retains the
integrity of the'conposite structure w thout substantially inpeding._
fecovery of the fibres. It preferably has, at the aforesaid tenperati
el ongation to break of greater than 50% nost preferably 25 gr eat
100% particularly 400-700% and a 20% secant nodul us of preferably at Teast
5% 10[err]2 MPa, -1 nost preferably at Ieast 10 MPa, neasured at a
strain rate of 300% per mnute. The speC’fled properties of the polyner
matri x 30 mat eri al need not necessarily apply after recovery although it

may be desirable that the produyct he flexibl. t tur Thus
for exanple, the p entg g’er‘?ét 18874 PT T Q%(s@eﬁ{’lagn}ib gg 8%t bag®

t her roset on heailsqﬁfxnxnnuﬂyjsﬂuu uwdercmme KGCevesysubhd¢tenn$ynetoﬂo
under the recovery,g, tééygiggﬁg Af fe%le ﬁgﬁgrﬁﬂé gye %#Qﬂﬁ

physi cal propertles 0 na rix materia
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cont a: n Eraftﬁﬁ hywéﬂﬂﬁl?@se.bsvﬂh&ﬁﬁ; l@ffdiUI@&a#iil@h ahe papghke @brming the
A Cornati vely t ne TRETYS BARERYAH TRy, Gonbaife 9T 33RO BvarpTErabLh st Lang
rubber and especi adtoups wrich iare @apablewdifckrossiinkingpbhe gabtepialnd a
room tenperature iggldRlenh QY i 3 Pretetcedbty @BIs20LES Alternatively
KJ’ the matrix material may include a polymer, preferably a
10 rubber and especially an acrylic rubber, which contains
epoxy groups and a room temperature insoluble curing
agent e.g. dicyandiamide,

5

The polymef matrix material can be either a
thermoplastic'or an elastomer. In general, we prefer
15 that the polymeric matrix material and the material of
‘the recoverable fibres be chemically or physically
compatible, and preferably both chemically and physically
compatible. By this we mean that they be of similar or
identical chemical types and that their relevant
20 physical properties during lamination, installation and
R,/_ use be similar or idential in particular we prefer that
the matrix and fibres be low density polyethylene and
high'density polypropylene respectively. The skilled man
will be able to choose other pairs of compatible
25 polYmers._ Example of thermoplastic materials suitabe
as the matrix material include ethylene/vinyl acetate
copolyﬁers, ethylene/ethyl acrylate copolymers,
polyethylenes including the linear low, 1ow denslty and
high density grades, polypropylene, polybutylene,
30 polyesters, polyamides, polyetheramides, perfluorcethylene
/ethylene copolymer and polyvinylidene fluoride. Considering
the second class of materials this can include
acrylénitrile butadiene styrene block co-polymer,
acrylic elastomers 1nc1ud1ng the acrylates and
methacrylates and their copolymers, e.g. polybutyl



The polymer matrix material can be either a thermoplastic or an el astomer.

Ing ral, we prefer 15 that the polyneric matrix material and the

mat g4 of the recoverable fibres be chemcally or physically conpatible,
and rably both chem cally and physically conpatible. By this we nean
t hat y be of simlar or identical chemical types and that their relevant:

- 20 physical properties during |lamnation, installation and use be simlaf
or idential in particular we.pnefer that the matrix and fibres be |ow
density polyethyl ene and high density polypropyl ene respectively. The
skilled man will be able to choose other pairs of conpatible 25 pol ymers.
Exanpl e ofactriydrarenl antdi polgt @eshglhakybbacaglabe, neheibkigmt erial incl ude

t |
ol yet nyl SiBYL; AEEaE CORGLARES. WELH PRI ShOYIvBE )7 SRR ont iy
gr ades, p@pypp@pymenepoéanygabyneﬁeanQOSLIpo@yesebastometgamuﬂes

polyetheremedqakener&huobaeyhxkeaemée&byhfnQOEQP YEEé magk £o! yvi nyl i dene
fluori de. i's, can include

id of
acr ylPoni trmialyeiﬁ gﬁdf‘gﬁ@rﬂ‘%zﬁé BFﬁEE EB bbﬂ%‘? 5%‘5&/??{'9%1 ¥ oner s
i ncl udi ng complateyyavpagardonetihamayl haee any ¢cpacityopetweart s, e.g.

pol ybutyl ¢hese t4%o- e§EE¥h§Ee Q?dt 8|¥p 9y QefH régégdafgi the high
sHe2r oA

vinyl acetate copolynmers wt nor.bor hene,
po|yureth3ﬁégpéﬁdb§|P#eaﬁéne|asﬁmﬁélsqaﬁatlty eg up Yto about 5%

by weight of carbon black into the matrix, the time ) et
10 taken for recovery appears to be reduced. Also, the
~ resistance of the material to heat damage, espec1a11y
by flame, and to UV damage is reduced. The matrix
material ( or part of it) can be cross-linked, for
example, a cross-linked ethylene/vinyl acetate copolymer,
15 linear low density or high density grade polyethylene
or an acrylic elastomer. The material can be cross-
linked by irradiation or by other means such as chemical
cross-linking using, for example, a peroxide cross-linking
agent, provided that the physical properties of the
20 matrix at the recovery temperature are as specified
after the cross-linking step. Where irradiation is
used a dose of 10 megarads or less, in particular from
3-7 megarads, is preferred. The resulting extent of
cross-lidking allows the matrix to recover with the
25 fabric and also prevents the matrix running orldripping
during heat recovery, especially'during heat fecovery
by means of a torch. The recovery ratio of the composite
after irradation is preferably at least 50% especially
at least 70% of that before irradiation. These dose
30 values may regarded as typical for olefinic polymers“
such as polyethylene of low irradiation, and the
skilled man will be able to select suitable dose
values dependxng on the presence of various concentrations
of prorads if any. The composite structure may be
produced using a single irradiation step if the beam

-
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the like. The polyneric material formng the matrix 5 may be transparent
(at least to visible. radiation) or conpletely opaque or it may have an -
opacity betwesen these two extrenes. |If the opacity is increased for ex
by blending a small quantity eg up to about 5% by wei ght of carbon bla
igto the matrix, the tinme 10 taken for recovery appears to be reduced.
Al'So, the resistance of the material to-1fgsat damage, especially by flane,
and to UV danage is reduced. The matrix material ( or part of it) can be
cross-linked, for exanple, a cross-linked ethylene/vinyl acetate copol yrer,

15 linear |ow dxee‘spdryse)romngh arertiitxy apvdadid brel et mpdeneompaanbaerylic
elastomer. The MBS | larf 3fbd Lirgd el e el rf%%'r@s' R2y0bePYnBthgkes

means such as chem c¢ usi ng

cross-1inking age®y, t&ﬁ(ﬁﬂ@k&}qquﬁftHﬁ?ﬁi%ﬁNQﬂﬂ t@ﬁép@ﬁtﬁ8§ fSgheriented

matrix at the recpyesix tEemeIAidEE® Y &h’sS amftlxﬁﬂneéfafthéﬁret BE ahesgalisDki ng
step. Were rragsﬁglon I s used dose of .10 nmegarads or

particul ar f SIS REPIRALS STO855d 1PKIDY; GPF|H612x§8nPr8Ferr3d
cross-linking al |l ®vwSurttienefiedturten afe ost- \diami nialtd oB5 crosabiliiokand al so

prevents the mtr iy egwumw Y 190l GO 110k CGOKREE s -FSRChBRAY

during heat recove nmeans_ of ecovery
conposite after |’F?3éotéﬂ| frrmed rﬂ%eéblv‘eatrelc@é(ﬁa%% ééﬁE@FaPr‘?/SF RB%st
70% of that beforether aflitddrwhibresandaed Bto m\aahtta&nmy&er sgezudedras

tyel cal for efinic polyners suc .et yI ne of. | ow irradiation
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the presence of wenrditiovhcerthia imay allow a much less severe laminating
process, since it can obviate the need for physical

- interlocking.

The heat-recoverable fabric is preferably bonded
15 to the polymer matrix material, and this bonding may be
adhesive, that is to say by chemical or physical
surface interaction, or alterpatively mechanical
interlocking may be provided.

Most preferably, the heat-recoverable fabric is
g') 20 embedded in the polymer matrix material thereby forming
a composite structure. By "embedded" is meant that the
polymer'matrix material surtounds at least a major
portion of the fibre surfacé area of the fibres making
up the fabric.

25 The fibres are preferably totally surrounded by
polymer matrix material; however it is possible and at
times desirable, that substantially less than the total
fibre surface area be surrounded by polymer matrix
material. An instance where this is possible is where

30 a fibre -matrix bond is formed. Sufficient fibre area
should be bonded to the polymer matrix material or _

_interlocked therewith to result in a composite structure
which retains its integral structure during recovery of



of prorads if any. The conposite structure may be produced using a singIE
irragation step if the beam -13- response of-the matrix and fibre be
; pati bl e; the beam response of the oriented fibres nmay be increased -

by t‘j{addition of prorads and that of the less oriented matrix. be reduced
by tfé addition of there of antirads. 5 O herwi se separate cross-linkiqg-
steps will be preferred. A furithesf feature of post- |am nation

cross-linking (particularly by irradiation) is that a cross-link bond may

be for rredtpgtgfgff%%e rﬁgpvgfg@b;l\goﬂ‘%g&; cﬁ;rﬂdd'ocybtarm, (}tsh%r fibres which can

hel p to mai nt stricture Rt ue cqnposite,eﬁgr[icularly under
severe regbateg thati thontermmathny 8 Wk teudindlege aeterdalani nating

process, ghieR klir£adn@bY) &4 1418 e d ] RNy HHeRf iioHedr lapgki ng. The
heat-recovgrable fabri |s-£%efer323%ggonde 15 to the polynmer matrix
materi al , @%@ £hoSe UBAHLE Ff hay e iMeF e Wh &f fiikeds t9a@ by chenical or
physbcal surface oNtehacfabnic cbubldernet ipeziet maehdniec dh tiepts¢ikbeski ng may
be providﬁp.tH@s gfgéerably, the heat-recoverable fabric is 20 enbedded
~in the polyner mai Tl X materi al thereby formng a conposite structure. By
"enbedded" is neant that the polynmer matrix materjal surrounds at |least a
maj or portion BFefaealiprehe pebne et iHix madefiigde 2 thdie@s§ Gf the fabric.
the surface of the composite structure facing the :

source of heat is substantially unstressed and has a v/
10 thickness of at least 0.03mm especially at least 0.0l

mm, more especially at least 0.2, particularly from 0.2

to 2mm as described in UK patent appliéation No.8300217,

as this improves the ability of the composite structure

to be heat recovered using a conventional propane
15 torch. "

In a preferred embodiment of composite structure,
the ratio of the volume occupied by the heat-recoverable
fibres of the fabric to the total volume of the com-
posite is at least about 0.01:1, preferably from about
20 0.1:1 to about 0.8:1 and most preferably from about
0.2:1 to about 0.4:1. . | W,

In the composite structure the heat-recoverable
fibre volume in any given unit volume of composite is
dependent on the fibre strength, polymer matrix

25 strength and the integrity of the fibre/polymer matrix
structure under recovery conditions. We have found
that an acceptable recoverable product results if the in-
equality (1) is satisfied:

< 1 - (1)

wherein X is the 20% secant modulus of the polymer



25 The fibres are preferably totally surrounded by pol yner matrix .
material; however it is possible and at tinmes desirable, that substantially
<l ess than the total fibre surface area be surrounded by pol yner natr X3,
material. An instance where this is possible is where 30 a fibre ADatrix
bond is formed. Sufficient fibre area should be bonded to the pol yner
net'rix-material or interlocked therew tlygo result in a conposite stfucture
which retains its integral structure during recovery of -14- the
article. For the avoidance of doubt it is here stated that the termmatrix

is used to includpatigrmatér &l CAnd Y riginthd prsdovaddyy sureisst alfl thet he
fibres and al so those materials which are nerely affixed to a 5 surface

of the fabric but do not penetrate the interstices of the fabric.
Preferably the poEyheespabothk amtariempexatursstT @abavee the frasevelr the

conposi te structugg, geeae U@f S&Hé Cﬁ@éeéwaénd R S RN e uf@%tt&%%sed
and has a 10 thlc ess o | east 0. 03mm eC|aI€;eu | east 0.01 nmMm

nore especially avoléﬁgtfBaQtl%%f?fcmﬁ%ﬁTSqu able (38R 40 FP€&cribed in

UK patent applicatbfpoddt83902ddrure.this inproves the ability of the
conposite structure to be heat recovered using a conventional propane 15
torch. In a preferred enbodi nent of conposite structure, the ratio of the-
- volume occupi ed bfrefieraby-re¥olbrBbl e¢ ¢, 5 most preferably < 0.05.

N Y R

10 © The composite structure can be formed for example
by laminating one or more layers of polymer matrix
material to the heat-recoverable fabric. Sufficient
heat and pressure is preferably applied so that at
least a major part of the fabric is bonded to the

15 polymer matrix material, or so that a significant
amount of mechanical interlocking occurs. The result is
a composite structure which on application of heat
recovers as a unlt.

Other methods of bonding the fabric to the
o/ 20 matrix can be used, for example, impregnation, solution
coating, slurry coating, powder coating, reactive
pre-polymers, e.g. acrylic prepolymers activated by UV
or peroxide, and the like. 'In any bonding method
employed sufficient heat to cause the fabric to recover
25 to any significant extent should be avoided, unless the
fabric is suitably restrained from recovery.

The heat-recoverable article can be used in
numerous applications. It is particularly suitable
for enclosing elongate substrates such as pipes,

30 conduits, cables and the like. The heat-recoverable



fibres of the fabric to the total volune of the com posite is at |east
about 0.01:1, preferably fromabout 20 0.1:1 to about 0.8:1 and nost
prefepalphy fromabout 0.2:1 to about 0.4:1. In the conposite structure the
toverable fibre volume in any given unit volunme of conposite is -
t/ on the fibre strength, polynmer matrix 25 strength and the
.integ of the fibre/polynmer natgix structure under recovery conditions.
W have found that an acceptabl e recoverabl e product results if the in-
equality (1) is satisfied: [err] wherein X is the 20X secant nodul us of the
pol ymer afeiel® cahebéatoabed Yon sat $ur facevieherea § esistiofa tleyer bres,

both.at a t [ b I bres, and R
s the meafitor EeeLpi of (adfes fe | CORGEILIGHPAN Hdating Mo 0% 1S
conposite beracmastic[and]the adhesiveeandgosiheaktagcivatemdsh be formed
Iﬁr ﬁxa[fpl Sdﬂ¥si€g} sa&hnssoae ﬁ?%n@émltweéﬁm PR I@AL I X rr?teribftl to
e heat-recgoverabl e uf ficien a ressure js preferably
appl i @d so2EREEL¥ES ¥ éfﬁ cﬁﬁsg? oEN wa% éki) Bﬂﬁ%ed to the 15
pol ymer naethyleméeviayl aceSatehawpqdymgru&as&ﬂnadhﬁnmﬂesﬁ mechani cal
nterl ocki 8acRCEHhasiTlE P81 SkAodRPESE ExalSHE4Ee HE.CN On

application o _ . _
Patents Nos. 4,018,733, 4,181,775. If desired a heat-
curable adhesive may be used for example as described

10 in U.K. patent publication No. 2104800.

S

. By appropriate selectibn of the polymer matrix
material, the polymer matriX material can function as
an adhesive to secure and seal the recovereéd composite.
structure to the substrate. The fabric can be embedded

15 in more than one polymer matrix maﬁérial to provide
desired properties. For use in enclosing elongate
substrates, the fabric can be laminated with a layer .of
matrix material on each of its surfaces, the surface
which will be the inner surface when in use can

20 be laminated to a polymer matrix material which has
adhesive properties while the outer surface can be \;,
laminated to a material which is not. As will be '
readily apparent the matrix material can be selected
for various other desirable properties inherent in the

25 polymer material itself or provided with various
additives such as antioxidants, ultra violet stabili-
zers, pigménts,-anti-tfackiqg_agents and the like,

The heat-recoverable article of this invention
is typically a sheet but can be of any configuration
30 such as tubular, including multiple tubular portions
interconnecﬁed, for ekamplé, a break-out structure for
cable splices where one cable is spliced to two or more
other cables, or where two or more pipeé are joinéd
together.
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recovers as a unit. Oher nethods of bonding the fabric to the 20 mat ri x
can be used, for - exanple, inpregnation, solution coating, slurry coatin
powder .coating, reactive pre-polyners, e.g. acrylic prepolyners activape
‘by WV or peroxide, and the like. In any bondi ng nmet hod enpl oyed suffi di.g
heat to cause the fabric to-recover 25 to any significant extent sh
be~avoi ded, unless the fabric is suitablyr#estrained fromrecovery. The
heat -recoverabl e article can be used in nunerous applications. It is
particularly suitable for enclosing elongate substrates such as pipes, 30
conduits, cables and tReheakerecdver diphe - sheovcimbiacordanias wﬂﬁﬁ cle can be
coated on a surfagh;LhenGehetbhNoln! BYlsdd ddcAlAR!a Y

conposition. The sea can ic and the a e5|ve can e a heat
activatebl e adhesF@éesuéhpaﬁeasﬁ%me%%#t°édﬂ%%$%%¥e}¥ﬂ$$ﬁﬂ descnPed,es

whi ch can be used mncl udepa@éuanaﬁgm@sitmdﬂy&@mofomi ameaat:eem@ww
based adhesi yes dhesi ves, ar for

Patents Nos. >4, 01§r§3§?e§ i%‘ioﬁﬁngl?°dééré?r%ﬁe%em%a¥nve5[?’a% 2"%’&&5% may
be used for exarrplfeuad desbeupedtl@ularhywﬁtqblenfomMec:atlmlmtsmg

2104800. By approgr sai@céebse&éa@ Bfedder PALY ”Félél?édddhx@éﬁrdrﬁ'cabtﬂé%
polymer matrix materiral can function as an adhesive to secure and seal the
recovered conposi fBe recovered article is exceptionally resistant to the

_ effects of pressure and preferred embodiments are
~ 10 impervious and have sufficient hoop strength to resist
rupturing under about 70 KPa pressure (the pressure
.typically used in pressurized telecommunication systems)
at the operating temperatures of such systems.

Where a cable splice case is to be formed, the

15 sheet of the invention will be used in conjunction with
some kind of internal support, such as a generally -
cylindrical liner having tapered ends. The liner is
preferably shaped in this way such that its larger
central section fits around the bulky cable splice, and

20 its tapered ends accomodate the transition in size down
to the cables. The liner may be of the wrap-around
type, in which case it preferably comprises half-shells
having crowned or other end'supports, or it comprises a
sheet of stiff material which may be rolled around the

25 cable splice and again crowned ends may provide the end
supports which can be taped down onto the cables. In this
way, a pressure vessel may be built around an object
(such as a cable splice); the sheet material prowviding
an impermeable, creep resistant and split resistant

30 surround, and the liner providing impact resistance,
axial strength and other mechanical requirements.

If the splice case or pressure vessel is intended
to retain pressure during use, rather than merely be
pressure tested for integrity before use, certain other



structure to the substrate. The fabric can be enbedded 15 in nmore than
one polymer natrix material to provide desired properties. For use in
enclfosi Ng el ongate substrates, the fabric can be lam nated with .a |ayer of

mat r terial on each of its surfaces, the surface which will be the

I nneX /syrface when in use can 20 be lam nated to a polymer matrix o
mat ert™dl whi ch has adhesi ve propergies while the outer surface can be L4
‘laminated to a material which is not. As will be readily apparent the

matrix material can be selected for various other desirable properties
i nherent i featier@s mayodg nprovieded alA insltd an'qnhaﬁchnbsauﬁe vari ous

addi tives 5&9&1 gs i o ntt?e Gdd ¢ «ﬁ.e%?t%vx eqpl ld btl f ar:eﬁog)legr;%?t

anti-tracki ng and t t-recovera th

" invention F%ﬁ?pl%’&‘h%é %%tb%ﬁf%%%é%ft%ylmﬁurlaﬂ%n 30 such as
tubul ar, imcshelbgbased i ph efabbid ars mm i ded etrd:Ctruaeqir%ﬁhsﬁ% exanple, a

break out gE %c‘r,ﬁ@ef&; &ap‘;f é&“ w%lcare o rp(f@aﬁbl ﬁ:ﬁ‘@d‘gﬁ"o E‘%ﬁgrto two or

nor e other -17-
A heat-r ec@lveetabl sintmespl rtiamrmnkﬁ;smltﬂkeﬂy *d ocentri.on Byan be used to

forma cabjge §5mé0@1§g§§ aéb B Rk SE HE'JQT%%FQ IME§§dias descri bed
I n UK pat ent {glcatlon 8300221 recovera drticles

accordi ng tBet 2sRuid ek i SRFeAde ad'@erif care is taken a

hole for the valve may be produced simply by moving
10 adjacent fibres apart.

A second feature desirable in a pressurized
splice case is some means for preventing any bond
between outer sleeve and cable being put into peel
by the internal pressure. We have obtained satisfactory
15 results using a strip of material having one surface
which abuts (and preferably bonds to) the cable and
another surface which abuts (and preferably bond to)
the Sleeve, such that the two surfaces can open out.
The strip of material preferably has a U-or V-shaped
20 cross-section and is installed w1tb the re-entrant side

facing into the splice case. ' g;,

' Other uses for the composite structure include
environmental protection or repair or insulation of a
- wide range of substrates in the telecommunications,
25 high voltage, electronic, oil and gas, and process
industries. For example in addition to the production
- of cable splice cases, cables jackets may be repaired
by the installation of the new composite, with particular
benefit due to its high strength, flexibility and
30 abrasion resistance. Also, pipes may be protected from
corrosion or other damage, in which case a sealant,
particularly a mastic, coating on the composite is
desirable. Pipe insulation can also be built up by
means of the composite, optionally with some other

~
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found to be particularly suitable for use in enclosing a splice between
pressuri zed tel ecommyni cation cables. The recovered article is
exceptionally:resistant to the effects of pressure and preferred
enbodi nents are 10 i mpervi ous and have sufficient hoop strengt
rug;uring under about 70 KPa pressure (the pressure typically us
pre&ssuri zed tel ecommuni cati on systens) at the operating tenperatures of
such systens. Where a cable splice case T¥970 be forned, the 15  sheet of
the invention will be used in conjunction with sonme kind of internal

support, such as a,generally cvlindrycal [liner ving t r nds,, The
liner is preferabl §g§3§5€ﬁoﬁ(ﬂn#ﬁ?%y§§ﬂ:h%%ehaa{}aqﬂl ga%'og_regggﬁt‘r _aIThSEE'F?'on
fits around the bubhg/embékecittical insularion may decprdvdded .acconpdat e
the transition in size down to the cables. The liner may be of the

wr ap-around type, in which case it preferabl conpri ses hal f-shel |.s havi ng
crowned or other end duppother e | °§:0‘?ﬁﬁi%‘é@%§’§?eéts dn &her pregustign
whi ch may be rol | edf anounew t & Poles Chidt chayd inee aHd) prddiet tdonweed acridgemay

provi de the esd supggiéﬁgygggggﬁﬁﬁggﬁgaped down onto the cables. In this

way, a pressufe ves ) ound an object (such as a cable
splice); the sheet material providing an inperneable, creep resistant and

split resistant 30  gd¢rahdche ANthd Ir | iHETcdMgdd itie'd d BRACIsekRRingance,
axi al strength and ot her nmechani cal requirenents. |If the splice casé or

pressure vessel istPREEREEAEYD FRMATE RGNS A ERAEPLE o BLiPEhSK 2
nerely be pressurecabbéesntoran nébgigdte nfbytrate, wWherd pigelscor

‘cables have to be held secure under adverse conditions

10 some tight and environmentally resistant fixing is
needed. One parﬁicuiarly important example of such a
use is for the protection of electrical wiring extending
along the external surface of a helicoptor rotor blade
spar. In certain instances it may be necessary for

15 - electrical wiring to extend along the external surface

' of the rotor blade spar before it passes into the
blade. Such wiring may, for example, be used to
transmit electrical power for heating elements located
along the leading edge of the blade in order to prevent
N 20 the blade icing. 1In this instance the wiring is

retained along the spar surface by recovering thereon a

heat recoverable article according to the invention.
It has been found that the fabric recoverable articles
are particularly suited to this applicaﬁion in view of
25 their relatively high abrasion resistance which prevents
or reduces any damagé thereto that may be caused by
exposure to the elements. In addition, the relatively
high forces exerted on the substrate by the installed
heat recoverable article prevent or reduce any movement
30 of the electrical wiring caused by the centrifugal
force or other forces when the blade is in operation.
Furthermore, the fact that the fabric articles have
relatively high split resistances enable them to be
recovered over protuberances on the spar such as nuts
and bolts.



-18- features may be provided. A valve on other pressure access point wll
be usefully provided in the recoverable sheet, and may also be affixed to

t internal liner. A sheet based on fabric is well suited to the provision
- a valve or other device which nust pass though the sheet, since -
#xing is less likely to occur. Even'if sonme fibres are broken when thg)
e is inserted, the damage shgng not spread, and if care is taken a ~
hole for the valve may be produced sinply by noving 10 adj acent fibres
apart. A second feature desirable in a pressurized splice case is sone

means for preveghijegpeey keedrbpluges Eﬁéeégﬁbc@?v@déﬁ? §pdt€ being put into
peel by the in%srggl Bteﬁsure. Hage obt ai ned Satl§ﬂ$Cton%H}5 results
using a stfepe t PSP ASvPRG2GRE3sHPf 5he TRTRR REFS JeiRPPeferably
bonds t o) at hambelkl efahdaabnghpadsumagcbewarcéngéedt sldmmdeipeef.er abl y bond
to) the sl o h ae t uLka t., The strip of

mat eri al 5§§§§Pa§#y?ﬁésiéaéggﬁ éggﬁa%gdegg ggg?ggg?%ggt$%n and is installed
wi thsthe peegentaicispdeff shengladee and theieleetricalyprwerisiks for the
conposi t e y$lapumtivied Bel vde RBYELRGNTBAES! aP6RY e&thDRe OaFkdad | Of

i nsul ati on _of g mnge range of suBstrates in t ﬁ t el ecommuni cati ons, 25

hi gh vol t 38e OT8RPECEPoRRE2 1B FNELRAFRESS FBCRFREE RN | HRRISIPIRs.2 For exanpl e
in additi heateshiéngabliecwrapacbundbtempptite susestureblies jackets nmay be
repaired : .

10 harness extends. The composite structure ~is preferably
formed from a laminated heat-shrinkable fabric in which
the laminated polymeric-laYers are unirradiated and the
recovery ratio of the'composite structure is approximately
2:1. It is, of course, possible for the laminated

15 layers to be irradiated or for the recovery ratio to be
varied.:The cover is.preferably formed as a wraparound
article and is provided with a rail and channel type
closure arrangement. The under surface of the cover
may be provided with a layer of a hot-melt adhesive

20 e.g. an ethylene/vinyl acetate copolymer based or
polyamide based adhesive in order to secure the cover

to the spar and to prevent ingress of water along the "

harness. Depending on the use of the cover, it may be
desirable to coat the entire surface thereof with the

- 25 adhesive or only to coat marginal portions extending
along the edges thereof.

For many'uses, the recoverable composite structure
of the invention is preferably produced open as opposed
to tubular. The sheet is easier to manufacture

30 that way, and also easier to install since a free end
of the substrate to be covered need not be accessible.
The problem that results, however, is how to secure the
sheet in the wrapped configuration around the substrate;
what is tequired is some means whereby the recoverable
fibres at opposing edges of the sleeve be trapped

L

recovered onto that portion of the spar along which the W,



T
by the installation of the new conposite, with particular benefit due to
its high strength, flexibility and 30 abrasi on resi stance. Al so, pipes
Jray be protected fromcorrosion or other damage, in which case a seal a
particularly a mastic, coating on the conposite is desirable. Pipe B
i asul ation can al so be built up by neans of the conposite, optional
sowe ot her -1 9- insulation material.gsuch as a foam ng materi al
and/ or electrical insulation may be provided. A further use for the
~conposite is in the production of hollow articles for housing and
protection of a wtégether.Vvarietgolait icmparamite réglarded: lasr ofs€oat t he
conposite is for securi gether_t or- r. i faor.e I a
pi pe or a cable oﬁf%gé\npgq’%%bat%%%%lg)raatle%?\ﬂ?e?&gthﬁ?p%?ngr ghcaé’b?%rsq?l ﬁg\?e to
be hel d secure unbetweesivcrpposingliedgass ofp thes @heett gipt ignaldyvwiswmant al 1y

resistant fixing hgedgedstorddhPadd I RM Yo f HHY ovdlr IVpPTRGE e@heSHRN @
use-is for the protection of electrical ring extending, al ong the external
surface of ahel | E3FPHPTY ot HeIf &he W‘TH%&%"ﬁlilﬁstbéngégwﬁﬁnnﬁ ®be
necessary for 15 maelbcés i chlthvé ropmpdinge ddgy pararignshe amdt eneamustr f ace
of the rotor bl ad f | | . W.ri ng. may,
for exanple, be ug%%lo?%o'tbgaén)ésenﬁé_ eﬁgﬁﬁ%céa[g%o%egﬁeg& %%ga'?i%%eellgnents

| ocat ed al ong t hePrepel by trRpsmitied framche fabrde tto phevmatrix at

O those edges. Secondly some means which penetrates the

10 sheet may be used, and here the fabric will be directly
involved. 1In general, this technique was not possible
with continuous sheét_materials due to the problem of
splitting. With a fabric based material, however, split
resistance may be extremely high. Examples of this ‘

15 type of closure include stitching, stapling, riveting,
the use of pre~-inserted catches such as press-studs or
the use of means which may be positioned adjacent a lap
joint in the sheet and which has a plurality of projections
which penetrate both thicknesses of sheet. This second

20 type is mentioned in more general terms below. The
third broad type of closure involves forming or
building up opposing edge poftions of the sheet in
order that they may be held together by some form of
clamping means such as a channel of C-shaped

25 cross-section or by a re-usable tool. This may
be achieved by bonding material to the edge portions or
by folding the edge portions back on themselves (optionally
around a rod running lengthwise of the sheet). The
resulting edge portions of the sleeve may then have a

30 shape similar to the rails of the classic rail-and-channel
closure disclosed in UK patent 1155474. '

The fourth technique to be mentionéd comprises
_forming the fabric in such a way that the recoverable
fibres do not terminate at the opposing edges to be
jointed, but instead double back. An example is to use
recoverable weft on a shuttle loom and insert



20 the blade icing. In this instance the wiring is retained along the
spa;{su{face by recovering thereon a heat recoverable articlé according to
i pvention. It has been found that the fabric recoverable articles are

par arly suited to this application in view of 25 their relatively -
hi g asi on resistance which prevents or reduces any danage thereto thaRJ
may caused by exposure to theelenents. In addition, the relatively =

hi gh forces exerted on the substrate by the install ed heat recoverable
~article prevent or reduce any novenent 30 of the electrical wiring caused.

by the cegt&idsigré hémsér Ointd hafe T £iRs shaadhedyeade is in operation.

Furthernore, the fact that, the fabrjc artlclfes tg_’[ave rel a |.\iel¥, hi gh split

resi st anc®% ERHPRINSFRED ??ﬁ%ﬁdﬁﬁﬁ? o Y& Fo BPEFEEE 13 Yt BE spar such

as nuts abe weate.closed®(podidis oyt eragintesigey atetamwe avep@er-t ed by spars

-one end pof Lch_d h t de ar, . unber of
Phndhig #?u@“:ag éj-ﬂi £ 4 r{a Oﬁtﬁg] g"itunb%o'f t?ﬁ!e ﬁ%&eﬁe@

heating padsS nay Deé arranged al ong eng; ng edge of the
rot of bl atiebe otien being cifed Ah@ Fheagfe Wighe cam@acemmedateri cal power is

H\ anﬁm' ttefodaré h@?&a& trk%mdsnéﬁmﬁs &{ﬂ’!r{]ﬁg hier.gle%eéen i@"e‘i%g to ret aitn
e nharnes secure on S r a nNeat-snri nka W aparqQund conposite
struct ur e2F ERPYIRRSREIONRD TSR (35 MRV as e ARELY BUBAELSN ch the 10
har ness emteandis &'dneotlmmo&éb;ei.cst ramthires braigeefandalinits.

Several of the above closure techniques are
10 described in UK patent application 8300223,

Where the recoverable sheet of the invention
is used in the wrap-around form, it méy be desirable to
employ a flap under the opposing edges which are
brought together. Such a flap, which may be integral
15 with the sheet, will improve environmental sealing and
if need be, pressure retention.

The second technique for maintaining the
sheet in a wrap-around cohfiguration may now be returned _
to in more general terms. The ability of the recoverable o
20 composite to be penetrated allows portions of it to be
joined together to form not ony a tubular structure,
but also form various shaped hollow articles such as
bends and tees and alsc to form diverging branch-offs
in simple cylindrical articles. 'In general terms
25 . therefore two or more portions of the composite structure
may be joined togéther by means of a mechanical
joining arrangement that penetrates  the fabric. The
joining arrangement is preferably one or more lines of
stitches or one or more staples. The portions joined
30 = together may be discrete or may merely be separate
portions of a single piece of composite material. Wwhere
_stitching is used each line of stitches preferably has
from 200-800 stitches per metre, and the line of



formed froma | am nat ed: heat-shrinkable fabric in which the | am nate
polynmeric layers are unirradi ated and the recovery ratio of the co
WStructure is.approximately 2:1. It is, of course, possible for the
| am nat ed 15 | ayers to be irradiated or for the recovery ratio t
varied. The cover is preferably formed as a waparound article and I's
devided with a rail and channel type cLﬁ§ure arrangenent. The under

surface of the cover nmay be provided with a |layer of a hot-nelt adhesive 20
e.g. an ethylene/vinyl acetate copolyner based or polyam de based adhesi.ve

in order to securettxlaeheevelokestheosmrew 3] ﬂiev&aﬂrimg:rsasg&eﬁervaﬂ@r
al ong the harness. ver sirabl e

1
to coat the entir&® ?3??&88 ?ﬁ%?egga&fgﬁg?h%Yz%t %ﬁﬁ%ﬂgngs 6hi®F to coat
mar gi nal portions fébresdi agdaionghe hcaseget hh@hetﬁoaﬁ%ﬁabnﬂ3§tﬁmsgh4¥he

recover abl e CO”p0§hESe§ErHﬁEPﬁetR£ ﬁpghlgyggﬁlpg perperfd B Py ¢ agiced

open as opposed to tub e sheet”Is easier to nmanufacture 30 t hat

way, and al s§ easid@int d1pAsAaPPagingeCl #F cke3Fl HIFIHR RAHAS Areferasd -
covered need not bmacwesslbbereiben@reblsméch@é sl 4 o Vistasy s how

S required s sofs'Remhs ‘RREPERSEFtt Beodt P S Y ol KB o
of the sleeve be ﬂ:wappeareferzgd-togebmrmay;rmfsmmsemsbe:eprm@d@@x;ed
as of four this will increase the thickness of the fabric which in
) 10 general is not desirable., 1In order to reduce the
possibility of breakage of the heat-recoverable fibres
by the stitching or sewing (or stapling) operation, the
needles ( or staples) should be very sharp at their
tips'and have a maximum used diameter of the same order
15 of magnitude as the distance between the heat-shrinkable
fibres of the fabric.

An advantage of stitching or stapiing arises as
follows. When the fibres recover by shrinking a;ially,
their diameter or titre increases. As a result the

20 perforations in the fabric through which the stitches

L or staples pass close up and the fabric grips the

stitches or staples, thereby increasing the strength of
the join. The reduction in size of the perforations
also helps any adhesive layer or matrix material to

25 £ill the perforations completely and so reduce the
possibility of leakage of fluids though the recovered
article, this being particularly useful in articles used
for environmental sealing, for example cable splice

' cases or corrosion protection for pipes or pipe insulation.

30 Usually, it will be necessary only for the compo-
site structure to contain a single fabric embedded in
or bonded to the matrix polYmer. However it is quite
possible, and in some instances it may be desirable,
for the composite structure to comprise a plurality of



broad types. Firstly a lap or other bond nmay be nmade between opposing edges
of sheet,optionally with patch to prevent peel -back of the overl apping

f 5 recovery. Here the bond will generally be between the

of the opposing edge portions, and one nust therefore ensure that
re recovery force is properly transmtted fromthe fabric to the )
matri x at those edges. Secondly sge neans which penetrates the 10 sheet ~
may be used, and here the fabric W ll be directly involved. In general,

this techni que was not possi ble with continuous sheet materials due to the

problen1off554 % t% é&grtgbgfgylﬁad@mgeﬁ q&@e&1a&,chem@wet;xspllt
e’ exttene

resi stance nay 43( Ies this 15 bége o% gb sure

i ncl ude stPQkYW?ﬁ)thﬁ%ﬂﬂqqﬂfeqq\ﬁﬁ RP© i 3f°ﬂFe Fed*cat'&hes such

as press- siyEsardly fEhé&ﬁg(ﬁuﬂnzuﬁs\MAuﬂlchgp umamosmmhowemoaaracent alap

joint in the sheet d whigch Pl f ] whi ch penetrate

“both thi ckHRaR 1D %%Fe’e‘f “ﬁ'n 5 egccloén;ifdiste\hq f%rrg e(%rr'g]fﬁggﬁgd in more
genergl tesusstedves thawe have chlkﬂfbald\tt%@lofpfcﬁséélfreé %y §P¥es form ng or

bui | di ng UBs pgﬁséé'geéwﬁ? WOLAH e Oéréxfaémea} Heh subdeict! kat they may be
hel d t oget sone form of clan ne%ps such as a channel of C shaped

25 crossP§§%¥¢%ha€#Yb®e%F¥% USfti s may be achieved by bonding
material to the edge portions or by foldlng the edge portions back on

t hensel ves (opt%ﬁg Ayeg£g5¥dlg f&g&ﬁégnq gﬂetrmesheet) The ; HJ

resul ti ng edge 'OnS 0 he” sl eeve nay ave a 30 shape simlar t
the rails a¢comeaoyaee|@rgenmgenundﬂanﬂea closure di scl osed in UK patent
1155470.

10 . Figure 1 is a perspective view of a wrap-around

| article according to the invention with .the thickness
of the composite structure exaggereted for the sake of
clarity:;

Pigure 2 is a section through part of the article
15 of figure 1; '

Figure 3 is an exploded sectional view showing
the edge regions of the article shown in figure 1 after o
it has been wrapped around a substrate; and o’

Figures 4 and 5 are exploded sectional views
20 showing edge regions of modifications of the article
shown in figures 1 to 3 after they have been wrapped
around a substrate. '

Figure 1 shows in perspective an article according

to the invention which is in the form of a wraparound
25 device suitable for enclosing an elongate substrate

such as a splice in a telecommunication cable. The
article is formed from a composite sheet 1 comprising a
fabric having heat-shrinkable filaments 3 in the warp
direction and multifilament glass yarn 4 in the weft
direction. '



The fourth technique to be nmentioned conprises formng the fabric in such a
way that the recoverable fibres do not termnate at the opposing ed
be jointed, but instead double back. An exanple is to use recoverapfe
on a shuttle loomand insert -22- a closure nmenber into the wegv
each edge, or to enpl oy special selvedges. A further possibility i
weave cl osed pockets at each edge, or to weave tubular structure an
flatten the.tube, the flattened 5 tube then being used as a sheet which
cah accomopdate closure rods or other~mBfb&rs within it. These ideas,

al t hough nmentioned in terns of weaves, apply nutatis nmutandis to other

fabrics such as brajds _apd.knits. Several o e.above closure_techni ques
are 10 described%%ﬁ Gﬁgﬁéfeﬁ? SBBFF8;¥i8ﬂ£§é€6§2§9 P P PIDMRFer abl e
sheet of the invenmaterialuSedsi shoWe mone-aleanllyf bnnfigeremd. beThkesirabl e

t | fl .Lh | Y] - her. Such
2 (b, which ey BERrik.BaRRRIRA"S OHBF 4EL PhuG" Pamigup s digch DT Suc
envi ronment al seal ifegmgdd frpmnacghpemopl assie cPebymex i okhe Thamkrae hpving

techni que for smai nipgledl EGmKthEheﬁhtbnoEp&éﬁﬁeaéﬂé@éi SONERGUESD & O dTRY. NOW
be returned to in nore ?Fg%rﬁl teg ._The abILItX of the recoverable 20
conposite to be peﬁgtfa Ead “ar PBRE gg?PiBHQCS? i ?osfﬁﬁf%ﬁﬁﬁ ¥cﬁﬁﬁ§ﬁw to
formnot ony a tubdliakedt socthas, each lamina 6 and 7 adheres both to the
QJ‘ : fabric and to the other lamina, and so that they
' exhibit the desired flow characteristics under the
10 chosen recovery conditions. After the composite sheet
has been formed, a rail is formed along each of
the edges that extend along the weft direction in order
to provide means for retaining those edges together
after the article has been wrapped around a substrate.
15 Before or after the rails have been formed in the
article, the composite sheet 1 is provided with a

layer 10 of a sealant or adhesive, e.g. a mastic or a
hot melt adhesive. The article has been found to have
significant advantages over prior art articles. Its
20 ability to withstand hoop stress, resulting for example
.~ from internal pressure is higher; it can be heat-shrunk
using a torch with reduced liklihood of damage, it is
abrasion resistant; and it is highly split resistant.

FPigure 3 is an enlarged exploded sectional view

25 showing the closure rails of the article in their
disposition after the article has been wrapped around a
substrate Each rail is formed by wrapping a marginal
portion of the composite sheet around a rod 12 formed
from a high melting point material e.g. nylon, press-'

30 ing faces 13, 14 or the ﬁarginal portion together to
form a wall between the rod 12 and the rest of the
sheet, and heating the marginal portions to set them in



but al so formvarious shaped hollow articles such as- bends and tees and
al so to formdiverging branch-offs in sinple cylindrical articles. In
gener gdterns 25 therefore two or nore portions of the conposite .
re\ may be joined together by neans of a nechanical | oining -
ent that penetrates the fabric. The joining arrangenent is T
arabfy one or nore lines Qﬁagtitches or one or nore staples. The T
porti ons joi ned 30 t oget her y be discrete or may nerely be separate
portions of a single piece of conposite material. Were stitching is used
each lin f f y SekLr 04 r nmetre, and
the lin %h% c%kkégﬁ?§t95ﬁhgé3§bog§§ téogg%ggd gpgréi $§€ Hf Is preferably
separatedffmbnrﬁhareedge D?eavaﬂéastA$o§h°V@mBﬂd¢n¢|%fe%heeﬁﬂﬂq|1 t he case

of high fpb%&ohab&hsscsmgaseeesahseeslghs&ﬁttbscrelarr {teai ~-s perpendi cul ar
to the 5 join Line e preferred Thi s

ac
will corﬁ@éﬁﬁnd“t6h8n°éaﬁg 898 I83r5f°3ttP%a§?e%tlﬁ*ﬁ%? $referably at |east
16 @& 20 beyohdr theerhibr ko fygpmsapr ehderkging Aséalimpyflap. course, be
provi ded ,| t BN a h n ich in 10
gener al |?%%5t %sg%ggf EEF BSe gr%gbgédggéut%eéggsé&%?*Eﬁﬁpof br eakage
of the hé&?—ﬁ@@o#éﬁ&bpeftﬂﬁﬂésasﬁ Preughtt epgether wabihgthey¥ stapling)

0peratloebufthenaeedhe&aﬁ ehafhap|, esbrse%hglbeayewomaw @igtheir tips and
have a maxi nmum

patent pecxg ESB ﬁf.th1§§n§7 ' ?é slid over ;_)
10 the rails to retain the edge portions together and the

article is then recovered,

Figure 4 shows a modification of the article _
shown in Eigureé 1 to 3 in which the composite sheet is
bent back along each edge portion and a separate

15 polymeric sealing member 15 having a sealant 1ayer 16
is provided. The sealant member may be formed from
rubber or other elastomer, polyethylene or the like.
Figure 5 shows a further modification of the article in
which the sealing member 15 is bonded to one of the

20 edge portions during manufacture.

Example 1

Heat-recoverable fabrics suitable for use in the
heat-recoverable article of this invention were pre-
pared by weaving high density polyethylene monofila-

25 ments into fabrics of various weave pétterns and
subjecting the fabric to irradiation. The fabrics were
irradiated using 6 MeV electrons in air at a dose rate
of 0.24 Mfads/minute. Properties of the fibres and
fabrics are listed in Tables I and II.



* -

15 of magnitude as the-distance between the heat-shrinkable fibres of the
fabric. An advantrage of stitching or stapling arises as follows. Wen-
fibres recover by shri nki ng axially, their dianmeter or titre incre
aresult the 20 perforations i-n the fabric through which the sti 8BS jor
stapl es pass close up and the fabric grips the stitches or staple
i ne¥easing the strength of the join. The reduction in size of the
perforations al so hel ps any adhesive layer or nmatrix material to 25 fill
the perforations conpletely and so reduce #he possibility of |eakage of
fluids though the recovered article, this being particularly useful in
articles used for environnental -sealing, for exanple cable splice cases or
corrosion protection for pipes or pipe insulation. 30 Usual ly, it
wi Il be necessary only for the conpo- siTABLEtI ucture to contain a skngle
fabric enbedded in or bonded to the matri x polynmer. However it is quite
possible, and in sone instances it may be desirable, for the conposite
structure to conprise a plurality offi ‘3ﬁﬂEEW%&ﬁlcs e.g. two fabrics
having a | ayer of the matrix pol yner therebetween, and optionally on one or

nore of the outwardly facing surfaces Articles that enplo re than _one
fabric are eﬁgggl %lr!% :gieful for enclosing 5 substrzét es 351 ;?f’aﬂ? ﬁ!rads)n
i nt ernal pressu+ use in cases_in which the ar
to . 100% Modulus (MPa) at 150°C 0.13 0.
N\ Tensile Strength (MPa) at 150°C 0.93 1.4 1.4
Elongation to Break (%) at 150°C 1480 924 754
Gel Content (%)* 27.0 58.0 67.
Recovery Force (MPa) (peak value) 1.17 1.2 1.
Recovery (%) 89 88.5 88.
2 100% Modulus (MPa) at 150°C 0.27 0.21 0.
Tensile Strength (MPa) .at 150°C 1.36 1.93 2.
Elongation to Break (%) at 150°C 752 487 777
Gel Content (%)* ' 10.0 40.0 61.0
Recovery Force (MPa) (Peak Value) 0.57 0.6 0.
Recovery (%) 89 87 85
\_/-‘

* Obtained by refluxing in xylene
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particularly severe nechani cal abuse. The invention is further illustrated
Nacconpanyi ng drawi ngs i n which: 10 Figure 1 is a perspective
Ya wrap-around article according to the invention with the thickness .
& Konposite structure exaggerated for the sake of clarity; Figure 2_is

a sectron through part of the article 15 of figure 1; Figure 3 is an v_,
expl oded sectional view show rgzthe edge regions of the article shown in *

" figure 1 after it has been wapped around a substrate; and Figures 4 and 5

are expl oded sectional views 20 show ng edge regions of nodifications of
the article shown in figures 1 to 3 after they have beéen wapped around a
substrate. Figure 1 shows in perspective an article according to the

invention which ig in the formof a w%paRdund 25 device suitable for
encl osing an el oRyatR>EBEER Bt eSsuch a8 RilFPlice in a tel ecammunication
cable. The article is fornmed froma conposite sheet 1 conprising a fabric

havi ng heat - shgintabl e filaments 3 in the warp direction and nultifilament
glass yarn 4 i@ the weft direction. oD The fabric is entirely enbedded

ina mtrix pojyier BRIBVRS P oA clearly in figure 2. The
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matrix material 5 conpri-ses two lamnae 6 and 7 fornmed from a ther peg|
pol ymer, the |antnae having 5 been | am nated onto opposite si s—of\ t he
fabric e.g. hy a nelt |am nation process and subsequently cross |i
that each lamna 6 and 7 adheres both to the fabric and to the oth
|l.am na, and so that they exhibit the desired flow characteristics under the
10~ chosen recovery conditions. Aftygy .t he conposite sheet has been
formed;"a rail is forned al ong each of the edges that extend al ong the weft
direction in order to provide neans for retaining those edges together
after the article has been w apped pxamplé @ substrate. 15 Before or after
the rails have been formed in the article, the conposite sheet 1 is
provided with a | ayer 10 of a sealant or adhesive, e.g. a mastic or a hot
mel t adhesi ve. The art ifdat+resadvenabley cPmposisec sheghisft weaat paepanedges
over prior art artielesiddeing a it Lo 3,64, 5hihaklshoeRisir eabric
resulting for exanple fromint'ernal pressure is_higher; it can -be
heat - shrunk usi ng %Pt H M Be L SENe mnﬁ(fd&aﬂgnﬂaﬁﬂﬁﬁpgfeﬁsaébrasi on
res: s;agt; and it lfﬂ;éﬁ ghlih xyNe tabord Mpl lefi gara laonymaahnatam_ged _
expl oded sectional_ v A Wi t € of 0 a
their disposition %?Hte?rq emarﬁ‘{i‘%cl e Hlars&%b%é‘%i\l/‘iﬁdggpghegr'oéhé gms&gggjr‘g?%g
Each rail is forngwewinavkiftiley d frangi.ndirradiatdonef The damppatiensuest
around a rod 12 f oidmshddedNih i PrdBd Hetwerd Bi1TRbAkI 2ubBef- sH¥LLS.
press- 30 i ng fa‘%? 13 4 or the rrar%l[rnal pgrtlog toget her to fo%a
wal | between the rtfe® Lh1ons, APRTORTiAte, £OF thR(PRELEFHY2F hBOHEREF nal
portions to set tlmamrix material used. The laminating conditions are

shown in table III.

TABLE III

Laminating Conditions

Composite
No.  Polymer Temperature (°C) Pressure (ky/cm2) Time (mins.)
1 . EVA 460 ' 105 45 5
N '
2 EVA 250 100 45 3
3 Low density 150 22.5 5
polyethy-

lene



- 26 - the configuration shown and to allow partial recovery of the fibres
ia the wall. As shown in one of the edge portions the conposite sheet is

v back on itself while in the other edge portion the sheet extends 5

d the rail to forman underlying sealing flap. After the device has _
wr apped around the substrate the two edge portions are brought
ogether until they abut and a netal channel, for exanple as shown in U K\“H
patent Specification No. 1,155,470, is slid over 10 the rails to retain
t he edge portions together and0tke article is then recovered. Figure 4
shows a nodification of the article shown in figures 1 to 3 in which the
conposite sheet is bent back along each edge portion and a separate 15

pol ymeri c seal iThe wesdting gompag§isesssruaturegever subpeovedied. The

seal ant wec@oq&—amaleqohomﬁ fsr navr ebée&reasomealel aétea&ﬁ--pol yethyl ene

or the Ilike. ﬁ%§ mg further nﬁ |cat|07 the article in which
the seal i §™RS PrfSaF ap9Ra&dTabeoAE B¢ 28 Mrads/migyuke HERY i ons duri ng

nanufactumameExamﬁEacleHeaterprodacebherédbattensﬂosabée 2ps ose in the

heat recogp 48 qrtkggﬁoggﬁggigghgyggtloghgeég?gﬁgtl \éﬁémeaving hi gh

den5|ty po et hyl ene o ment s 1 nt rlc ous weave
patterns Y@GE|@@FFG§ mpseriplecars Fh¢u0|anlﬁﬁbl€hbvf€nﬂlts wer e

recovery of composite structures are shown in Table V.
In Table V, the composite structures were prepared from - K;J
Fabric No. 11 preparation in Example 1, laminated with
10  the polymer matrix identified in Table IV and the
composite irradiated with an absorbed dose of 4

Mrads. The recovery ratio of the compoSi;e structure *
is preferably at least 40%, more preferably at least
65% especially at least 70% of that of the free fabric.



irradiated using 6 MeV-electrons i.n air at a dose rate of 0.24

Mads/ mnute. Properties of the fibres and fabrics are listed in Table fk\\
and |1, -27- TABLE | Fiber Properties [err] [err] -29- Exanpl j@:ﬁ
Heat - recover abl e conposite sheets were prepared by lamnating a 60/10 \
(23.6/3.9 in cns) twill fabric woven from pol yet hyl ene nonofi | anent
identified as fiber 1 in the above exanplLg,) with polynmer nmatrix material in
the formof extruded sheet 0.5 mmthickneSs having little, if any,
_irradiation. The |l am nati on was conducted in a press between silicone

rubber sheets under conditions appropriate for the particul ar pol yner

matrix material used. The lamnating conditions are shown in table I1]

[err] . :
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- 30 - The resulting conposite structures were subjected to irradiation
with 6 MeV electrons in air at roomtenperature at a dose rate of 0.24
Mé{f"sa inute for times sufficient to produce a radiation dose of- 2,4 or 5

6 -in respective sanples. The properties of the polymer matrix -
mak€rral s are shown in Table IV and % recovery of conposite structures are;;
shown in Table V. In Table V, the conposite structures were prepared from™
Fabric No. 11 preparation in Exanple 1, lam nated with 10 t he pol yner
matrix identified in Table IV ar&%the conposite irradiated with an absorbed

dose of 4 Mads. The recovery tio of the conposite structure is
preferably at |east 40% nore preferably at |east 65%especially at |east
70% of that of the free fabric. - 33 - Jerr]
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- 34 - EXAWPLE 3 A fabri-c was fornmed using an eight shaft satis enploylng
0.29mm di aneter high density polyethylene filaments in the warp ane
E.C.G glass fibre yarn in the weft. The fabric density (warp dep&i
5 density, measured in.fibres/inch, fibres/cmwas 90/ 16, 35. 4}
fabric was irradiated with 1.5 MeV el ectrons to a dose of 15 Mal
the warp fibres a gel content of 37.3% (refluxing in xylene) and
secant -nodul us of 0.60 at 150[err]C 10 ~The fabric was then
extrusion lamnated with | ow density polyethylene at a nelt teneperature of
260[ err] C between a cooled netal roller and a rubber faced roller. The

pol yet hyl ene had a thickness of 0.6mm on one side of the fabric and a

t hi ckness of 0.3mm on 15 the. other side and, after |am nation, the
conposite was irradiated with high eneygy_electrons to a-further dose of 4
~Mads. The | ow density pol yethyl ene used had a nelt flow index of 3.0, a
nunber average nol ecul ar wei ght Mu of 14,800 and a wei ght average nol ecul ar
20 weight Mwv of 114,800. After the second electron irradiation step the
| ow density pol yet hyl ene Ianinae\MﬂéHhﬂﬁngnituted the matrix material, had
the follow ing properties: [err] e

Composite No. - Polymer Matrix 3 Recovery
) |

1 EVA 460 70

2 _  EVA 250 69

3 Linear low 68
density poly-
ethylene

4 DYNH-3 60



-35- The
& o 2

of

mar

pr oy
opp03|te
nylon rod
to all ow

formed, a 0.4mm thick |aye

ectlon and 30 inches (12 cm
A .

hi gh density polyethylene fibres, which had been irradiated to a
0O Mads, had the - follow ng properties: [err] 10 ° A sanpl e

Y Hheet so forned was cut with dinensions of 15 inches (6 cn) in the
in the weft direction, and was -

with a closure arrangenent as shown in figure 5 by wr appi ng .-

edges parallel to the ft 15 direction around 3. 5nm di anet er

s, pressing the cl osuP region into the desired shape and heating
partial recovery of the fabric. Before the closure arrangenent was

ganide adhesi ve as described in U S.

I
patent Nos 20 4018733 org§§g£g$5-mas applied to the surface of the 0.6mm
pol yet hyl ene I am na by a hot nelt coating technique. The waparound article
so produced hag, Fabrlc ¥aevEFoymedt u8ihg. an €Dghti shabe vaepwdirection. The

article was test.ed hy form.ng a bra oLf 43mm

pol yet hyl EMPLOYHRS ZP egé%Wﬁﬁ?Eagﬁgh gngét§a§°5¥€ 52 "fto two 19mm

di aneter rfillymtemiseria jthekoaee eall 5. EACRGychbass XAlpre (yYaghsired trade

f Sowahét' nerrhféa\ﬁamleohleéxaah | qwaPg GeANEyyREceosi tioned over the

mar k) al urg
bran%? of

10

15

20

25

30

he centr.al

density, measured in f1bres/1nch, fibres/cm was 90/16,
35.4/6.3 The fabric was irradiated with 1.5 MeV
electrons to a dose of 15 Mrads to give the warp fibres W,

a gel content of 37.3% (refluxing in xylene) and a 100%

secant modulus of 0.60 at 150°C.

The fabric was then extrusion laminated with low
density polyethylene at a melt temeperature of 260°C
between a cooled metal roller and a rubber faced
roller. The polyethylene had a thickness of 0.6mm on
one side of the fabric and a thickness of 0.3mm on
the. other side and, after lamination, the composite was
irradiated with high energy electrons to a further dose
of 4 Mrads. The low density polyethylene used had a

melt flow index of 3.0, a number average molecular
weight Mu of 14,800 and a weight average molecular

weight Mw of 114,800. After the second electron
irradiation step the. low density polyethylene laminae

which constituted the matrix material, had the follow-

ing properties:

1008 secant modulus at 60°C
100% secant modulus at 150°C
Tensile strength at 150°C
Elongation to break at 150°C
Gel content (reflux in xylene)
Complex viscosity at 150°C
and at 1.0 rad 5-1

4.8 MPa
0.03 MPa
0.13 MPa

670%
39.2%

2.79x105 poise

»



cylindrical portion had a dianeter of 92mm The article was then w apped
around the cables and liner and recovered thereon by being heated 5
.propane torch. The article had been seal ed agai nst | eakage of 5 iy
pressurising gas between the article and the cable jacket in kn nper
and a clip as described in U S. patent No. 4298415 to Nolf was
the crotch region of the branch-off. ;?e_cables were pressurised to an

i nternal gauge pressure of .15 p.s.i.2f1.05 kg 10 cm 2) and the branch
of f was subjected to a tenperature cycle test in which in each cycle, the
tenperature was raised fromanbient (23[err]C) to +60[err]C over a period
of one hour, maintained at +60[err] for four hours, |owered from®60, to
-30[err] C over two ho®he, highndanfigyapolgefrhyiene 15ibres, whigh MAd s and
then raised to apaiedntirddliateldCtoo¥cdosacoBono. MPeds paksdecives recor ded
after ten cycles.qéi£§WPLE 4 ExanELe 3 was repeated wth the excepti.on that
the fabric had a W89 PrYPEF “185fi bres per inch (7.1 20 fibres per
cm giving a recovery ratio of the conposite] fabric of 3.7:1 (i.e. 73%.

EXAMPLE 5 Exanple 3 ma%oﬁegg@??grgggglhgfggéqggbéon thatgiye weft yarn was

changed fromE. C. G 75 gl ass _ .G G 150. gl as_fibre yarn, and
the fabric density wa$e05iis s58e385h3akn18/sS giving a 4+ 18 MRyvery ratio
in the warp directionelongation to break at 150°C 780%
U N ~ gel content (reflux in xylene) 42.25%
recovery force 0.62 Mpa
recovery ' 87%
10 : A sample of the sheet so formed was cut yith_

dimensions of 15 inches (6 cm) in the warp direction
and 30 inches (12 cm) in the weft direction, and was
provided with a closure arrangement as shown in figure
5 by wrapping opposite edges parallel to the weft
15 direction around 3.5mm diameter nylon rods, pressing
the closure region into the desired shape and heating
to allow partial recovery of the fabric. Before the
, closure arrangement was formed, a 0.4mm thick layer of
W . polyamide adhesive as described in U.S. patent Nos
20 4018733 or 4181775 was applied to the surface of the
0.6mm polyethylene lamina by a hot melt coating technique.

The wraparound article so produced had a 4.1
recovery ratio (i.e. 75%) in the wrap direction.

The article was tested by forming a branch-off in
25 which a 43mm polyethylene'jacketed telecommunication
cable was divided into two 19mm diameter polyethylene
jacketed cables. A Raychem "XAGA" (registered trade
mark) aluminium liner having collapsible end crowns was
positioned over the branch off so that the central,



-37- EXAMPLE 6 Exanple 3 was repeated with the exception that the glass

was replaced by a nultifilanment yarn formed from aromati c pol yani de
sold by Du Pont under the tradenanme "Kevlar". This product had
ially 5 the sane properties as that of Exanple 3 but had a -~
tially higher trouser tear value (nmeasured according to the BrItISh¢9
standard) of 150N. COMPARATI \E 3XAMPLE 1 A heat - shrinkabl e woven fabric
using a standard 10 b- staged epoxy resin matrix polynmer was pr.oduced as a
conparison. An epoxy resin was forned having the formul ati on. COVPONENT
Parts by weybivdihealy pcasumr( El'palkya Molamer®r ©fl §2mm. The 70 15 by

Shel | Chen1cal R fige Lyl ic rubber
30 nodi fi-ef® 'E (Is)*éérq%Anc {@@9@} ena%£Me ail&zzzi e iReE 9.8 20
di hydr azi dand n¥ecevgred a@mqaqratw )bemg heated Wlth a Propas¢ Note (1):

produced by oﬁ&’ﬂpouﬂ% Ngr@{ BE dd %@érassam (a@@;d,stalmkaqeobfsol d by Du
Pont under the tradenane "Vanac" w th a hi.sphenol

ld 25 -
under 5t he PFOSSWEHEAEFIDHRETIRAS YIF 4 & \Ale etrg’ aé’tl(r?ﬁ[s)lsnpz(r) aci d

group. jacket in known manner and a clip .as descrxbed in U.S.
| patent No. 4298415 to Nolf was used to seal the crotch
region of'the branch-off. The cables were pressurised

to an internal gauge pressure of 15 p.s.i. (1.05 kg ;;

10 ) and the branch off was subjected to a temperature
cycle test in which in each cycle, the temperature was
raised from ambient (23°C) to +60°C over a period of
one hour, maintained at +60°C for four hours, lowered
from 60 to -30°C over two hours, maintained at -30°C .

15 for four hours and theh raised to ambient (23°C) over
one hour. No leakage was recorded after ten cycles.

EXAMPLE 4

Example 3 was repeated with the exception that the
fabric had a weft density of 18 fibres per inch (7.1
20 fibres per cm)-giving a recovery ratio of the composite o
fabric of 3.7:1 (i.e. 73%).

EXAMPLE 5

Example 3 was repeated with the exception that the
weft yarn was changed from E.C.G. 75 glass fibre
25 to E.C.G. 150 glas fibre yarn, and the fabric density
was 90/18 (30.5/6.3 in cms) giving a 4:1 recovery ratio
in the warp direction. .



'-38- The conponents were dissolved in nmethyl ethyl- ketone to yield a
solution. of 20% solids content. The solution was applied several ti
60/12 (23.6/4.7 in cns) twill 2up 2 down fabirc having 0.35 5

q;gss yarn in the weft, so that the thickness of the resulting conp05|te
ric was approximately 0.75 nm Thg conposite fabric was then heated for
one hour at 60[err]C to b-stage the 8 epoxy resin. Wien the article so
formed is heated by neans of a torch to recover it, the viscosity of the
matrix poly- ner drops al nost |nngghﬁbggy5to a val ue of about 50 poi se and
then, within a very short tinme the vrscostty 15 of the surface |ayer of
the matrix increased to greater than 10 [err] poise formng a skin on the
mat.ri x material whi melﬂ!dpﬂteeﬁedaandepemtedt adtheendeexceﬁttdm ihbr-eené 0

sone extent dd|t| 5|gn|f| ant er h th e fibres
snapped on reco@gﬂf epl%ced Aﬁﬂ%(‘/é Eﬁ%ﬁ){ ié( %‘8??%

described in codbammuanmmaﬁxsnwpéygmwds filameatedseiéhbyi B Bort gynder
electrons to a d&%etqfaajegah{tead%ev\i\*s%ﬂ heghed Bi‘oHEéE‘ShQé auzsgésxhtwﬁﬁat“ X

material bljstered and cracked and - E&ge #] L %es wer’e
produced i P the ﬁQFenﬁFQPeﬁFlesTﬁé tnf Fééﬂ? Ry rBFFo #2cdrded was
about 2:1 in vi eaubsftantd adiliyettigakert heoaseedtearpaal aal (megsteed mat ri x

n@efi al hol di ng 4G TtlPhe 893k7sh ERGhEaE8TO¥E Yson.

COMPARATIVE EXAMPLE |

A heat-éhrinkable woven fabric using a standard
10 b-staged epoxy resin matrix polymer was produced as a
comparison. An epoxy resin was formed having the

formulation:
COMPONENT : - Parts by weight
Epdxy resin (Epoxy No. 475) sold 70

/ 15 by Shell Chemicals under trade- '

name EPON 1001

Epoxy grafted acrylic rubber ' 30
modifier (note 1) ' '

Anchor 1699 (tradename)-Azelaic ' : ' 9.8
20 dihydrazide '

- Imidazole (accelgrator) : . 1

Note (1): produced by compounding an acfylic
elastomer (acid value 3000) sold by Du Pont under the
tradename "Vamac" with a bisphenol A epoxy resin sold

25 under the tradename "Epikote 1001" to give eleven epoxy
groups per acid group. '
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-39- CLAIMs: 1. A dinensionally heat-recoverable article
conprising a conposite structure of a heat-recoverable fabric and a pol yner
3 terial, wherein: (a) the heat-recoverable fabric conprises fibres
Wil | recover when heated, the fibres having a recovery stress-
dt | east 5x10-2 MPa at a tenperature above their recovery S
ure; and (b) the pol yreB8nmatrix material has an el ongation/
tenperature profile such that there exists a tem 10
which is at or above the recovery tenperature of the fibres,
t enperat ure theTheIynuponantsxWﬁneeﬂiaﬁohmsdahnemehgﬁﬁi%thb-break of
Recoe 20y e¥8@%s§6@uklandakU§o£X;opiaetc$ﬁ@§ac10 2 MPa

per n1nute) and at which :
t enper at ur Ehehsollysioguyrst pPpijedsseyeral; bimex P 2 §9/13 Less than one

a stral

(1) Y R (\¢he6y 4R7i $nt bﬁsryeameﬁf 20bi LeduwhUPBbifacChawingfo hpst

recov%{abl
di rect’ on

e fijhres.in th

. 9% B8 ce R LI ERAT SR AT Ibh \aNE S OOy Euitene BB L

portion thdibygles 2ndAg. §h§kC"§0a91955IEﬁdnlhncthﬁﬁVthHW§Qe¢mﬂthe
heat - recovehabl@ikikie@s B2vena resQYeiNgStoMpSsPie dtabric was

10

15

approximately 0.75 mm. The composite fabric was
then heated for one hour at 60°C to b-stage the
epoxy resin.

When the article so formed is heated by means of a
torch to recover it, the viscosity of the matrix poly-
mer drops almost immediately to a value of about 50
poise and then, within a very short time the viscosity
of the surface layer of the matrix increased to greater
than 108 poise forming a skin on the matrix material
which blistered and prevented recovery of the fibres to
some extent. In addition, a significant number of the

polyethylene fibres snapped on recovery.

20

25

COMPARATIVE EXAMPLE 2

A fabric as described in comparative Example ‘1 was
irradiated with high energy electrons to a dose of
10 Mrads. When heated by means of a torch the matrix
material blistered and cracked and a large number of
bubbles were produced in the matrix material. The
maximum recovery ratio recorded was about 2:1 in view of

,the effect of the cured or partially cured matrix

material holding out the fibres against their recovery
forces.

perature (T),
at which

b!z



@ ) .
| east 10-1 MPa at a tenperature above their r ture. -

40 - 3. An article as clainmed in Caim 2, - recover
fibres have a recovery stress of at |east 5x10 ﬁﬂ ature @9‘
~their recovery tenperture. 5 4. An arti d ai 7

wherein the heat-recoverable fibres have a recovery stress of at | east 1
at a tenperature above their recovery tenperature. 5. An article as
claimed in aim1l, wherein the 10 heat - recover abl e frbres are forned
froma cross-linked polyneric nmaterial. 6. An article as clained in
Claim6, wherein the heat-recoverable £39res have been cross-linked to a
gel content of at |east 20% 15 7. An article as clainmed in Caim6,
wherein the fibr ye a gel content of at |east 40% 8. An article as
clainmed in Clargﬁgzﬁéherern the fabric includes dinensionally heat-stable
fibres. 9. An article as clarned in Claim8, wherein the 20
heat-recoverablﬁ frbres are #n one,directio nd the heat-stable fibres
are lie at an angl e?t 8 Pﬁ@sﬁgﬁ?l bcheRt 2Pro Y918 arficle QOMRrLSing as
clained in Claiﬁ\8ompo§ﬁaen59rumberermftémmehtmmenayuﬁdedmﬁmbﬂwmahhd fai bres

conprise polymer matrix material, wherein:

_ (a) the heat-recoverable fabric comprises fibres that
s 5 will recover when heated, the fibres having a recovery
stress (Y) of at least 5x10-2 MPa at a temperature
above their recovery temperature; and

(b) the polymer matrix material has an elongation/
temperature profile such that there exists a tem-

10  perature (T), which is at or above the recovery
temperature of the fibres, at which temperature the
polymer matrix material has an elongation to break
of greater than 20X and a 20%¥ secant modulus (X) of
at least 10-2 MPa (measured at a strain rate of

l5 - 300% per minute), and at which temperature the ine-
quality (1) is satisfied:

X (1 - R) is less than one (1)

e —————

Y R

Where R iIs the mean effective volume fraction of heat

‘recoverable fibres in the composite structure aleng a
20 given direction based on the total volume of the

composite structure, or relevant portion thereof.

2. An article as claimed in claim I, wherein the

heat recoverable fibres have a recovery stress of at

-least 10-1 MPa at a temperature above their recovery
25 temperature.



25 gl ass fibre. - 41 - An article as clainmed in Claim1, wherein
t he pol yner unulﬁungas an elongation.to break of greater than 50%
at” orr bove| m‘mm erature of the fibres. 5 12. An article =

as gl.a\ in Ccai m 1M, $whérein the polynmer matrix material has an -
elo |on to break of greater than 100% at or above the recovery ;;
tenperature of the fibres. 13. An article as claimed in Caim1, werein
the 10 mat ri x pol yner naterlal'i§ cross-|inked. 14. An article as

claimed in aim1, wherein the pol ymer natrlx mat eri al has a conpl ex

~dynam c nmodul us i thetg\ﬁggg? ?#P\,%‘}O a"u.ql? f”{vﬁ{erz%eljrf’ the AN article

as clainmed?tn d a F1X materl surrounds at | east
a maj or poheabnre¢overableffithres ckave 2 h@e¢qvﬁres SHAG SRy A athe fabric. 16.

An articleigget! 3k BT Apgl gt m 1Eenbbeselre Liitodd hirest ol the fabric

are entirely surrounded by the matrix polymer material. 20 . An
article astemBREEHE®Mm Caim 1, wherein the ratio of the volune occupi ed by
the heat-recoverable fibres to the total volune of the conposite structure

' S at gl easy, 0.01: 2, ggghcleAQsaH%fJng afrbcégii@d:i' rer?éfH lthe Wherein the

daid ratio i SN f
heat-recoverable flbres have a recovery stress ‘of at

least 1 MPa at a temperature above their recovery B
temperature. _ : | (>

S. An article as claimed in Claim 1, wherein the
10 heat-recoverable fibres are formed from a cross-linked
polymeric material.

6. An article as claimed in Claim 6, wherein the
heat-recoverable fibres have been cross-linked to a
gel content of at least 20%.

15 7. An article as claimed in Claim 6, wherein the
fibres have a gel content of at least 40%.

8. An article as claimed in Claim 1, wherein the N
fabric includes dimensionally heat-stable fibres.

9. An article as claimed in . Claim 8, wherein the

20 heat-recoverable fibres are lie in one direction and
the heat-stable fibres are lie at an angle to the
heat-recoverable fibres.

10. An article as claimed in Claim 8 or Claim 9,
wherein the dimensionally heat-stable fibres comprise
25 glass fibre.



Z42- 19. An article as clainmed in Caim1, wherein: X (I - Is |less

that 0.5 Y R wherein X, Y and R are as d
An article as . clained in Caim19, wherein: Mm I"m lml th

R21.  An article as claimed in Caiml1, as @n at

surface thereof a | ayer of adhesive 10 or seal.ant. An art'
cle¥ned in Caim2l, which has on at |east_ part of a surface t hereof a

| ayer of .a hot- nelt adhesive. 23. An 4ttTcle as clained in daim21,

whi ch has on 15 at |east part of a surface thereof a layer of mastic. 24.
An article as clai d in,C ai e, structure cqﬂgilses at | east

1. in_whjch
t wo heat-recoveraﬂlé fabﬁfcgrghﬁlﬁ ?iyﬁ*gtﬁégof@ At
di sposed t her ebet podgme2Omat2tx matdénial tha$ eamselodrag ateicbn ntClbmieakl,ofi n

whi ch the Struc"“%‘?e?@ératﬁﬁkuﬁﬂ gonbi 9ag&¢d o eZPecoveeg]

clainmed in d e structure 1s of open co |guﬁ%t|on and has
a pair of opposed°§d§€ep5FPFBﬁs the article addltlonally conprising 25 a
wr aparound cl osure arrangenent to allow the edge portions to be retained in

engagenent dgr'HQIE?COVGKX article as claimed in Claim 11, wherein the
' polymer matrix material has an elongation to break of

greater than 100% at or above the recovery temperature
of the fibres.

13. ~ An article as claimed in- Claim 1, wherein the
10 matrix polymer material is cross-linked.

14, An article as claimed in Claim 1, wherein the
polymer matrix material has a complex dynamic modulus

in the range of from 103 to 108 cm2 .

18, An article as claimed in Claim 1, wherein the
15 matrix material surrounds at least a major portion of
the surface area of the fibres making up the fabric.

A 16. ~ An article as claimed in Claim 15, wherein the
fibres making up the fabric are entirely surrounded by -
the matrix polymer material.

20 17, An article as claimed in Claim 1, wherein the
'ratio of :he volume occupied by the heat-recoverable
fibres to the total volume of the composite structure
is at least 0.01:1. '

18. An article as claimed in Claim 17, wherein the
25 said ratio is in the range of from 0. 01:1 to 0.8:1



of the art??W??“““—ﬁsr-zl—_An article as clainmed in d aim 26, wherein the

recov rable ubstantially mutually parallel and said opposed

edge :p rt [ o m&"{gﬂ@ ially perpendicularly to the recoverable a
*28. according to any preceding claim wherein twe

e portlons of conposite structure are joined together by neans of a.-=

mechani cal joining arrangement thaf,penetrates the fabric. 29. An article *i

according to Caim28, wherein the ﬁ portions of the conposite are

j oi ned together by one or nore lines of stitches.. 30. An article according

to C ai m 289, wher &h Nak bEcPOr&s ofbaitied OIS 4 i6n St WiHeiedmar € | oi ned

toget her by one or nore staples. 15 31. An article according to any of

claims 28-30, wherein the conposite structure is of hollow configuration

and is held in said hoXl ol codfibgirkgssorthat |IGdst in part by=—said

mechani cal joining arr@angengnt. 32. An article according to Caim 31,

wherein said 20 hol | ow configuration is a generally tubular

configuration. 33. An article according to Caim31, wherein said holl ow

confi gur at wiogr&€DipX j Sesarid R encd dsvaddeilde@dV i @W1Qig 11N conmuni cation with

each other. 34. An article according to Caim 33, wherein said 25 hol | ow

conflguratlon conprises at two -generally tubular o !
20, An article as claimed in Claim 19, wherein: |

X (1 - R) is less than 0.05
Y R

21, An article as claimed in Claim 1, which has on

at least part of a surface thereof a'layer of adhesive
10 or sealant.

22.  An article as claimed in Claim 21, which has on
at least part of a surface thereof a layer of a hot-
melt adhesive, '

23. An article as claimed in Claim 21, which has on
15 at least part of a surface thereof a layer of mastic. \;;

24. An article as claimed in Claim 1, in which the
structure comprises at least two heat-recoverable
fabrics and a layer of polymer matrix material disposed
therebetween.

20 25. An article as claimed in Claim 1, in which the
structure has a tubular configquration.

26. An article as claimed in Claim 1, in which the

structure is of open configuration and has a pair of

opposed edge portions, the article additionally comprising
25 a wraparound closure arrangement to allow the edge

portions to be retained in engagement during recovery

of the article. '



r egi ons. -44- 35. An-article according tQ_QLQLﬂL§1__Eﬂ§LE%EUsald hol l-qw
configuration is a branch-off configuration in an end por f a
.generally tubul ar region. 36. A nethod of ewﬂmm ecting
cable 5 splice or a portion of a cable, mn"s"m Q roundi
splice or the portion with an article accordlﬁb to any"precedi ng cIa|n1and
regovering t he conposite structure into gngagement with the spliced cables
or with the portion. .10 37. A nethod environnental |y protectlng a
portion of a pipe or a pipe joint which conprises surrounding the pipe or

joint with an arthgle gecordi g t4 aé!)’aﬁ(e&'ﬁi B alim3 263N dhle@eqNer kR the

conposite structure into. enga enent wth the portlon dr With the Joi ned

pi pes. 15 38. FeeeYeRRPlf & rﬁ}%a%ﬂﬂﬁ%?ﬁﬁlii Ly patugldy EPSﬁ agd
subﬁtrate Mhlfh CQﬂ@F%&ﬁ& épﬁdshﬂmbdqhtﬁﬁkﬂﬁﬁﬂ;ﬁﬁﬁﬁ?@ &Qbamdnthalﬁybstrate
with an article accordi alns_ 1-35.an gcquering the
conposite structuPﬁ ?ﬁ?%gﬁﬁékéxghﬁﬁ é&?tf??? %ﬁﬂﬁi |5é and t he
substrate 39. A nethod of producing a dinmensionally heat-recoverable

article, ”F“ Si Bg, 2 &RPOSId Fe S{ddiddy rFant.P&CHH%f HileReiny "ctl!éfimOf a

recoverabl g tibre conponent thereof, nmet hod “conpr.i ses: QFOVIdIng
a heat-recoverablEh?§$+?ct%%de|@9?ﬁ)P°‘t1°“s of composite sertictube are

joined together by means of a mechanical joining

Kb} arrangement that'penetrates the fabric.
29. An article according-to Claim 28, wherein the
10 portions of the composite are joined together by one
or more lines of stitches.

30. An article according to Claim 28, wherein the
portions of composite structure are joined together by
one or more staples.

185 31. An article according to any of claims 28-30,
wherein the composite structure is of hollow configuration
_ and is held in said hollow configuration at least in
A part by said mechanical joining arrangement.

32. An article according to Claim 31, wherein said
20 hollow configuration is a generally tubular configuration.

33. An article according to Claim 31, wherein sazd
hollow confzguratlon comprises at least two hollow
regions in communication with each other.

34. An article aécording to Claim 33, wherein said
25 hollow configuration comprises at two generally tubular
regions.



25 fibres that WiTT recover when heated, the fibres having a recovery

S ' [err] MPa at a tenperature abpove their recovery
) Eméﬂlmllllﬂmﬂ"ﬂmmhg as a matrix to said fabric an anmount of a
ric matersi alt h&vi g 'an el ongati on/ tenperature -45- profile such
there exists a tenperature (T), which is at :or above the recovery .
tenperature of the fibres, at which tenperature the polyneric material has™
“an elongation to break of greaterd4d4han 20% 5 and a 20% secant nodul us
(X) of at least 10 2 MPa (neasured at a strain rate of 300% per mnute),
such that at tenperature (T) the inequality (1? is satisfied: X (1 - R) is
| ess than 8fe (AR agticle according to Qlaierd! R whegein g ef fecti ve '
vol une fragbh®BwoboRedgur SEDNRT 28! 8 biai&s-o f LEh QIO ilch Sitd Wt ure al ong
a given direction bared_on the toifl voIUﬂe of the conposite_structure, or
rel evant pSPgiBHrFHEPeBF.algeneﬁﬁ. Y SRR SRIWM ng to cl'ai m 39, wherein
the polyneric material is applied by hot | am nation, by spray coating orle
owder coaking. a4 - ogd-, L | - 40 ich additionally
Eonprises gFéssél%ﬁﬁﬁ%geéEeg??g?géﬂgﬁgi%PyCéfég%éﬁﬁ|_‘?nﬁ%gl o applying
sai d Bol ynmBPL&CRaPEr RaPOrdon p0 fed hedb bR covhii ¢y IMRY k5ef Aurrghedding t he
fibres the splice or the portion with an article according

to any preceding claim and recovering the composite

structure into engagement with'thé spliced cables or o/
with the portion.

10 37. A method of environmentally protecting a portion
of a pipe or a pipe joint which comprises surrounding
the pipe or joint with an article éccoidihg to any of
claims 1-35 and recovering the composite structure into.
engagement with the portion or with the joined pipes.

15 38. A method of securing a cable or a pipe to an
elongaté substrate-which'cdmprises surrounding the
cable or pipe and the substrate with an article
according to any of claims 1-35 and recovering the
composite structure into engagement wiﬁh the cable or
pipe and the substrate.

20 39. A method of producing a dimensionally heat-recoverable
article, comprising a composite structure recoverable
by virtue of a recoverable fibre component thereof, which
method comprises: '

(a) providing a heat-recoverable fabric comprising
25 fibres that will recover when heated, the fibres
having a recovery stfeSS'(X) of at least 5x1072 _
MPa at a temperature above their recovery tempéréture; and

(b) applying as a matrix to said fabric an amount of
a polymeric material having an elongation/temperature



“are subj ected irradiatien. 43. A method accordln to claim42, whe id
irradiation is carried out in the presence of m Iu "j A merf%
.according to.any of clains 39-42, which addit

cross-linking the conposite structure. 45. A nethod accordlng to claimd44,.
wherein the conposite structure.is subjected to irradiation.
F !

_ -45-

profile such that there exists a temperature (T),
which is at or above the recovery temperature of the
fibres, at which temperature the polymeric matewial
has an elongation to break of greater than 20%

5 and a 20% secant modulus (X) of at least 1072
MPa (measured at a strain rate of 300% per minute),
such that at temperature (T) the Lnequalxty (1) is
satisfied:

X (1 - R) 1is less than one (1)
10 Y R

where R is the mean effective volume fraction of heat
recoverable fibres in the composite structure.along a
given direction .bared on the total volume of the
composite structure, or relevant portion thereof.

15 40. A method according to claim 39, wherein the
polymeric material is applied by hot lamination, by
spray coating or by powder coating.

o 41, A method according to claim 39 or 40 which
additionally comprises cross-linking the fibres of
20 the fabric prior to applying said polymeric material.

42. A method according to claim 41, wherein the fibres
are subjected irradiation.

43. A method according to claim 42, wherein said
irradiation is carried out in the presence of oxygen.

25 44, ' A method according to any of claims 39-42, which
additionally comprises cross-linking the composite
structure.

45. A method according to claim 44, wherein the
composite structure is subjected to irradiation.




