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nformam(zgéfgkg 6seal ing seal for the cables entering an en ES(‘&%@*‘%HW

for a ca ce or tefmination, and irlone aspect to an

environnmental seal to restrlct n1g e} ui ds, j,nto or out of a
closure. 10 . Descr %t]e ﬁlo%lur% dP??%)]r Art The prior art

related to endaggﬂqi Myafyyﬁkgg ?hggHFgg nf Or cable splice closures or
termnations iSreplre systens Tor fitting a variety of wire or cable
di anmeters and a varlety 0 e e these end seals is
descri bed kn United StatQ%epﬁ&éaénhbinvention generally relates to a

conformable self sealing seal for the cables entering an

16Eble cl osure end seal Background of the Invention 1. Field ofcghe<,ﬂ
I
C

end of a closure for a cable splice or termination, and
in one aspect to an improved environmental seal to
restrict migration of fluids into or out of a closure.
10 2., Descripticn of the Prior Art
The prior art related to end seals for splice
closures for cable splice closures or terminations is
replete with systems for fitting a variety of wire or
cable diameters and a variety of closure ends. One of
15 these end seals is described in United States patent No.
4,902,855 and assigned to the assignee of the present
application. This end seal comprises a foam collar which
is fitted about the cable or cables and an annular ring
is placed about the collar and it is cut to fit about a
20 cable on a finished splice, and the ring has a cut which
joins the inner opening to the outer periphery and alecng
a path which is tangential to the inner opening.
U.S. Patent No. 4,963,698 describes a sealed
cable article and method for sealing the area between two
25 cables and an enclosure where the cables exit from the
closure. The article comprises a shaped article of
polymeric gel having a cone penetration value of about 30
to about 400 (107! nm) and an elongation of from 25% to
about 850%. The gels are widely known in the art, for
30 example silicone-based gels, polyurethane-based gels or
polystyrenebutadienestyrene, polystyrene-isoprene-
styrene, and polystyrene-ethylene butylene-styrene block
copolymer based gels. The inventors preferred gelloid
compositions comprising a crosslinked non-silicone
35 polymer having an olefinic unsaturated content of less
than 10 mole percent and having dispersed therein a
liquid in an amount of from about 20% to about 95% by
weight based on the weight of the liquid and polymer and
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4,932, 855 and assigned to the assignee of the present application. This end
seali conprises a foamcollar which is fitted about the cable or cables and

an annul arwoindgigste Pl aced about the collar and it is cut to factr/eeyi18020
cable on a finished splice, and the ring hag.a cut which joins the inner
opening to the outer periphery and along a path which is tangential to the

i nner opening. Yram Baienio, l‘?JOvo&uﬁ%fﬁQ&tﬂeﬁbebssfﬂﬁ@lal edrvaldapud i cl e
and net hod for seM|4E%the are cabl es and_an .encl osure

where the cabl e@F& ﬂﬁ%ﬁ?ﬁ@ Vo ﬁ?ea ﬁﬂ@bﬁFt?§I¥P¥ﬁﬁwﬁfﬁﬁﬁf%P aped
article of pol yeadightdel shalleg shanntheestteadf othe adalsled. alfhe gl to

about 400, (0L eqih ik A9y changahbale 8’ chL OfhEraslss WYY Hlds The
5 There is a slit extending from the edge of each hole to

the outer edge of the article so that the shaped article
may be placed around the cables without access to the
free end of the cable. Figures 4, 5 and 6 illustrate the
shapes of the article,

10 Articles of a similar shape are illustrated in
French patent 1,168,267, in Figs. 18, 19 and 20. PCT
application WO 90/05401, published 17 May 1990 also

’ discleoses an end seal to fit about a plurality of cables
and which is made of a gel, i.e. a liquid-extended

15 polymer composition preferably having a cone penetration
value within the range from 30 to 400 (10°' millimeters),
an ultimate elongation greater than 100%, with
substantially elastic deformation to an elongation of at
least 100%. The composition may either contain three-

20 dimensional cross-linked moclecular formations or may
merely behave as if it contained such molecular
formations (gelloids). Specific examples and preferred
properties are disclosed and on page 12 there is a
teaching that the gel may include a tackifier which helps

25 adhesion of the gel to the substrate and also to itself.

) These references of prior art end closures do
not disclose an end seal article which is capable of
sealing a variety of cable and wire sizes to a closure,
or closures of different diameters, and which comprises a

30 core portion with a plurality of openings communicating
with the outer periphery and a wrap-around tail portion
which is adapted to make at least one complete wrap about
the periphery of the core portion to seal between the
cables and about the cables to the inner surface of the

35 closuré.
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30 exanple silicone-based gels, polyurethane-based gels or

pol ystyrenebut adi enest yrene, pol ystyrene-i soprene- styrene, and

pol ystyr eme0@BItgSEhe butyl ene-styrene bl ock copol ynmer based JRCEHUSIN@1210
inventors preferred gelloid conpositions coapsising a-crosslinked
non-silicone 35 pol ynmer haV|ng an ol efinic unsaturated content of |ess
than 10 nole p a2 M ) o amteirored therein a |iquid |n an anmount of

0
{1jom about 20%to about 8%%%@%%#3@% TaER REGy 186l hrg enia Bl kg 21
use in sealing the area at the end of a closure, or
terminal, through which cables are positioned and seal
5 the area about the cables toc restrict moisture from
entering the closure by means of an integral core and

wrapped tail portion.
The end seal is adapted toc seal the space
between the cables and between the cables and the closure
10 to restrict fluid transfer through the seal, the seal
comprising a body member of an elastic, flexible
material. One such material is a gel material which may
’ have a self-adhesive property. The member comprises a
core portion and a tail portion. The core portion has an
15 outer peripheral surface and opposite ends, and wall
means forming at least a pair of cylindrical openings
through the core pcrtion between the ends. The wall
means forming each opening begins and ends at the
peripheral surface defining arcuate surfaces in the core
20 portion such that each opening communicates with the
outer peripheral surface of the core portion to define an
entrance slot tc each opening. The tail portion is
integral with and extends from the surface of the core
portion with the tail portion having sufficient length to
25 wrap about the outer peripheral surface of the body to
cover all the entrance slots of the openings. One
surface of the tail extends generally tangential from the
wall means defining an opening and terminates in a taper
to an edge of reduced thickness.
30 The core portion can have different shapes to

correspond to the ends of the closures, it can be oblong,
circular, ellipsoidal or cther shape with convex
peripheral surfaces and it is formed with a plurality of
openings communicating with the periphery. The openings
35 can have different sizes, i.e. diameters.
The openings are generally smaller than the
outer diameter of the cables to be placed in the opénings
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article preferably has a nunber of holes preferably slightly smaller than

the size of the cables. The gel will stretch to accormbdate the increased
si ze cabl e ¢e is a slit extending fromthe edge of eagiripkér/iibhe
out er edge of the article so that the shaped_article may be placed around

the cables without access to the free end of the cable. Figures 4, 5 and 6

illustrate the §H&p€ﬁe0&o£591§r§18§€1c190 Streten abod@“ﬂﬂ@ Qutelr a simlar
shape are illustrated in_Frenc 5gatent Figs. 18, 19 and 20.

PCT appl i cati onSY¥¥36e0880%he s }Shéﬂdlﬁhﬁﬁﬁﬁ¥99§ﬁlél§@a&|§@Fo§8§téﬁnend

seal to fit abogt ﬂh@'béﬁietueﬁﬁieéﬂbt@é ek Wordiors amadenefl iasgak, i.e. a
| i qui d- ext ended 15facg ¥n€ﬁec8 osition preferably having a cone

penetrati on sure.
5 The tail portion can taper to a narrower free

end, it can taper transversely such that the edges of the
tail have different thickness toward the free end, or be
conical in cross section to form a conical seal when
wrapped about the cables, the tail portion can be slit to

10 afford facile shortening of the tail portion, the tail
portion can be formed with a ridge or rib on one surface
and a groove on its opposite surface to increase the

’ force needed to displace the wrapped tail portions in an

axial direction.

15 Brief Description of the Drawings

The present invention will be further described
hereinafter with reference to the accompanying drawing
vherein:

Figure 1 is a perspective end view of the end

20 seal formed according to one embodiment of the present
invention;

Figure 2 is an end view of another embodiment,
with the tail portion partially broken away for
illustration;

> 25 Figure 3 is a side view of another embodiment;

Figure 4 is a side view of a further
embodiment;

Figure 5 is an end view of an end seal
according to the present invention with the tail portion

30 wrapped about the core portion and three cables;

Figure 6 is a bottom view of the end seal
according to the present invention:

Figure 7 is a sectional view of a tail portion
from a location as illustrated by lines 7 - 7 of Figure

35 1;




val ue within the range from 30 to 400 (IO[err] mllineters), an ultimte
el ongation greater than 100% w th substantially elastic deformation to an

et ongat i ogyph3Aksieeast 100% The conposition may either cont Ebﬂn_t,gyzyaﬁﬂézo
di mensi onal cross- Ilnked nmol ecul ar fornatlog§ or may mnerely ave as if it
S).

cont ai ned such nol ecul ar formations (gell oi Speci fi c exanpl es and

preferred properties are @i%%&@ﬁ%d iang ggtgagev;gw Egrg t§lf.%gf@{5ﬁgbfhat
the gel may include a tacklfler whi ch he esion of the gel to the
substrate and aP@quﬁlﬁﬁﬁﬂ'ﬂ°dFﬁé§é F@f§P€ﬁé€seéﬁprPBFt%F%n%nd cl osures do

not disclose an end seal @ﬁhh&be9Whu§hah§t§é?abkas§fsé@ﬁiéﬂﬂlavﬂéwlﬁﬁkbﬁﬁ
cable and wire sizes glosgr 9 closgrei of dlLferent |aneters and
whi ch conprlsesa& ong 1ne of Figure lustrating anothe

5 modification ¢f the tail portion of the end seal;

Figure 10 is an end view of a further
embodiment of an end seal incorpcrating the present
invention; and

Figure 11 is an end view of the end seal of

10 Figure 10 wrapped about two wires and a plug used to
block one of the openings.
Description of the Presently Preferred Embodiments
’ The end seal of the present invention is
adapted for use in sealing the end of an aerial closure,
15 a buried closure or a pedestal closure to restrict fluid
from entering or escaping the closure.

The end seal of the present invention will now
be described in greater detail with reference to the
accompanying drawing wherein like reference nunmerals

20 refer to like parts throughout the several views.

The end seal 15 is formed of a material which
can be cast or molded into a solid body or extruded and
cut into separate end seals. Preferred materials are
gels having elongations at break of at least 100%, more

y 25 preferably, 200%; shore 00 values of from about 10 to
about 50 and a 1/4 cone penetration value of between
about 10 to about 60. Useful gels include polyurethanes
and polyesters. Preferred gels comprise polyurethanes,
polyureas and mixtures thereof, which are derived from

30 the reaction of polyisocyanates with liquid or quasi-
liquid polycls, or polyamines.

Useful organic isocyanate components include
any suitable isccyanate having the required
functionality, e.g., diisocyanates; the term isocyanate

35 also includes isocyanate-terminated prepolymers.
Polyisocyanates may be linear or branched, aliphatic,
cycloaliphatic, araliphatic, heterocyclic or aromatic.
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36 y?core portion with a plurality of openings communicating with the outer
pertphery and a wap-around tail portion which is adapted to nake at | east

one conpl ete about the periphery of the core portion t ) en
t he cabl e‘é’ba%\é\qégﬁut the cables to the inner surface of theq)gﬁ%sg?ﬁi e.
-3- Summary of the Invention The present i"®7ent i on provi des an end seal for

e o Seal O epdsa et bl TAe10heathOR EE1a U dSA Kl ee (BN i P
isophorone diisocyanate (IPDI, l-isocyanato-3,3,5-

trimethyl-5-isocyanatomethyl-cyclohexane), 4,4'-
diphenylmethane diisocyanate (MDI), 4,4’-methylene-
5 bis(cyclchexyl diisocyanate)(HﬁMDI) and mixtures thereof.
" The isocyanate should be present in sufficient
amount to provide an isocyanate index of below about 150,
preferably below about 100. Equivalents for each
component can be calculated by dividing the actual weight
10 in parts of each component by the equivalent weight. The
equivalent weight herein is calculated on the basis of
_ the number of active hydrogen groups, rather than the
’ number of active hydrogen containing atoms. The
' Zerewitnoff test used to determine active hydregen is
15 described in Journal of the American Chemical Society,
Vol. 49, page 3181 (1927).
Polyols useful in the invention are ligquid or
quasi-liquid polyols with di- or trifunctional polyols
_ performing well. Suitable polyols may be selected from
20 polyether polyols based on ethylene oxide, propylene
oxide, butylene oxide, tetrahydrofuran, epichlorochydrin
or mixtures thereof, ricincleic acid derivatives, e.g.,
castor ¢il, polyester polyols, polyamide or
pclyesteramide polyols, tertiary amine containing
\ 25 polyols, e.g., ethoxylated amides, propoxylated amides or
amines, polyalkadiene polyols derived from butadiene
polymers or copolymers, and hydrogenated derivatives
thereof, polyacetals, polycarbonates containing hydroxyl
groups, polyhydroxyl (meth)acrylic resins, polythioether
30 polyols and the like. Alsc useful are polyhydroxyl
compounds containing finely divided organic polymers in a
dispersed or dissolved form, e.g., a dispersion polymer
polyol, a grafted copolymer polyol, a solution polymer
pelyol, or blends thereof. The polymer polyols may be
35 polyocls containing high molecular weight polyadducts such
as polyureas or polyhydrazocdicarbonamides or
polyurethane-ureas known as PIPA or PHD polyels in the
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5AtHErarea about the cables to restrict noisture fromentering the closure
by means of an integral core and wapped tail portion. The end seal is

adapted t space between the cabl es and between the he
OweFR 1418 FephRSAIG

closure 107~ to restrlct fluid transfer throygh the seal, the
conprising a body nmenber of an el astic, f1exible naterlal One such

material is a ge r C | 34 The
menber conprlsesggggé?ebg%F¥?% g°ﬁ§¥¥£€¥ ?é%iﬁildﬂgﬂ$ﬁe1%%&g §th|on has an
15 outer peripmegifiedrbuceinyd ppprmerbzahien. and wal | nmeans formng at
least a pair of Cy|'ndr'CahuPQSBlﬁgﬁoiPﬁéyﬂﬁ éﬁ%hé§"ébﬂ¥§fﬂ‘Ebr@?%ﬂ%%ﬂoh@e

ends. The wal |l neans forn1n eac eni ng begins and ends at the
primary or econdar? amino group capable of reactlng with

5 isocyanate groups. Examples are polyoxyalkylene
polyamines derived from the amination of polyether
polyols with the majority of the hydroxyl groups replaced
by amine groups, polyamidoamines, or polyamines derived
from dimerized fatty acids, amine terminated

10 polybutadienes, amine terminated polytetrahydrofuran,
amine terminated polybutadiene-acrylonitrile copolymers,
; amine terminated polyethers, polyamines containing urea
» moieties, cyanoethylated amine terminated
polyoxypropylene ethers, or mixtures thereof.
15 Low molecular weight chain-extending or cross-
linking agents (molecular weights from about 50 to about
400) containing at least two isocyahate-reactive hydrogen
atoms may also be used in accordance with the present
invention. Useful examples include alkanolamines, primary
20 or secondary, aliphatic, cycloaliphatic, aromatic,
araliphatic or heterocyclic amines, low equivalent weight
amine-initiated polyether polyols, ricinoleic
derivatives, hydroxyl containing organophosphates, and
the like.
) 25 Preferred gels also contain an extender or
! plasticizer. Useful hydrocarbon extenders include such

groups as polyalphaclefins, cyclic polyoclefins, petroleum
oils, vegetable oils, castor oil, naphthenic oils,
paraffinic oils, synthetic oils, hydrogenated terphenyls,

30 pine ocil or coal tar or other terpene derivatives. A
variety of esters may also be used including those of
adipic, phthalic, trimellitic as well as cyclopentadiene
copolymers with fatty acid esters, polymeric polyesters,
rosin esters, acrylate esters, epoxidized fatty

35 materials, ricinoleic derivatives, phosphates or
halogenated phosphate esters, and the like.
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at each opening communi cates with the outer peripheral surface of the

Cof e portlon to define an entrance slot to each opening. The tail portion

i s int egr‘@ wisignd extends fromthe surface of the core peCIvoseMiiRhot he

tail porttTon having sufficient length to 2%- wap about the outer

peri pheral surface of the body to cover all the entrance slots of the

openi ngs. One surface of ahecbavenekémdld carngisd lysd@ngenineal fromthe
wal | neans deflnlng g ge |n8 nd t rln nates i.n a’%éﬁ?ﬂﬁft%-an .edge of
reduced t hi cknREEP25gt10 ° n33 M%) €& fer ent
shapes to corrReppadehnatheeeadtat&stéulndhmﬂewtne|ﬂentﬂarbeaubheng,
circular, ellipspldgleQ’ 9hBELATAGPE d¥dih AW IEYE10(5.4,0) undec-7-ene
5 (DBU), and salts thereof, triethylene diamine and the

like, and organometallic catalysts of tin, zinc, bismuth,

lead, iron and the like. Currently preferred is BiCat 8,

a bismuth/zinc neodecanoate mixture.

Preferred gel compositions also contain hollow

surface defining arcuate surfaces in the core 20 portion such

10 microspheres. The microspheres may be glass, e.qg.,
Scotchlite™, available from Minnesota Mining and
Manufacturing Company, (3M), polymeric, e.g., Expancel™
551DE, available from Nobel Industries, UCAR
microballoons, available from Union Carbide Corp., and

15 Dualite™ M6001AE, available from Pierce & Stevens Corp.,
or ceramic, e.g., Zeeosphere™ X-40, manufactured by
Zeelan Industries. Such microspheres may also be treated
with a coupling or wetting agent such as a silane, e.qg.,
3-glycidoxypropyl trimethoxy silane, to enable the resin

20 to effectively wet the microspheres.

Additional fillers may also be used, e.dq.,
glass fibers, graphite fibers, fibrous materials, carbon
black, mica, silicates, carbonates, fumed silica and the
like.

‘ 25 Other useful materials include elastomers,

' mastics and closed-cell foams. Useful elastomers may be
any thermoplastic elastomer which is solid at room
temperature, has an elongation of from about 150% to
about 500%, and a shore A hardness of about 10 to about

30 75. Suitable materials include natural rubber, butyl
rubber, EPDM rubber, polyiscprene, polybutadiene,
polyester, polyurethane, thermoplastic olefins,
chloroprene rubber, styrene-butadiene copolymers (random

or block), styrene-isoprene copolymers (random or block),
35 acrylonitrile-butadiene copolymers, mixtures thereof and
copolymers thereof. The block copolymers may be linear,

e
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Y pheral surfaces and it is formed with a plurality of openings

pe

co nlcatlng with the periphery. The openings 35 can have different

Si i.e. diameters. The openings are generally smaller than the outer

di dret er WD 586Dl es to be placed in the openi ngs -4 - REHUSAY1LEN0: s

tic to stretch about the outer surface®sf the cable and the tail will
the portion of the cable between the core _portion and the insjde

ace of theT@dda) Or ptar configuragigng,ppd may; b d2R1PEKe(AB) o
narfrower free trlblock (ABA) copolymers or mixtures thereof.

Commercially available elastomers include those
obtainable under the Kraton™ tradename such as Kraton™
5 1107, Kraton™ 1650, Kraton™ 1657, and those available
under the tradename Cariflex™, both from Shell Chemical
Company. Also useful are those available from Firestone
under the tradename Stereon™, those available under the
tradename Hycar™ and the like. Such elastomers may be
10 plasticized to form mastics which are also useful,
combined with other materials, or foamed, e.g.,
Insclite™, available from Uniroyal.
Any of the compositions useful in end seals of
the invention may also include adjuvants such as
15 solvents, fillers, pigments, antioxidants, flow agents,
fungicides, surfactants, carbon black, flame retardants
and the like. _
The end seal 15 comprises a body 18 having a
core portion 20, 20a, 20b, 20c, and 204 and a tail
2 20 portion 22, 22a, 22b, 22c¢ and 22d, as illustrated in the
several views of the drawing.

In Figure 1 the body 18 has the core portion 20
formed of a circular shape from the end, and the core
portion 20 has a plurality of openings 24 defined by

25 semicircular walls 25 which extend between the ends 26,
only one of which is shown in Figﬁre 1. The walls 25

-

begin and end at the outer peripheral surface 30 of the
core portion 20 to form slot-like openings communicating
with the openings 24 to permit the core portion 20 to be

30 placed about endless cables or wires. From cne of the
openings 24, extends the tail portion 22. The inner
surface 32 of the tail portion 22 extends from one of the
openings 24 generally tangential to the wall 25 defining
the opening 24 and from a position at the slotted

35 opening. The tail portion 22 has a generally uniform
thickness and cross section along its length until near
the free end 36 where its thickness begins to diminish or
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eﬁ&ﬁ?it can taper transversely such that the edges of the tail have
di f flerent thickness toward the free end, or be conical in cross section to

Lo = Conee)gpfiephen, v apped about the cables, the Lail oty pBo AR be
can |be forned with a ridge or rib on one surt4te and a groove on its _
porthons n an afeReTARFos: 5ee 288" el 2R Ca FrfoRd A HE Y JH Hhe The
preslent inventi owukielr] shrfaget Rdr ofedtsebédaliteri taf iwrwvrdnded eflenendhe o
the jacconpanyi ng pdiaphgathehelce 36UbE EhkScarSHSPERI \YnE the! I ed NE
end portion, if any, of a wire or cable disposed in each of

5 the openings 24.

Figure 2 illustrates an end seal 15a according
to the present invention wherein the core portion 20a is
formed with a pair of openings 24a. Figure 3 illustrates
an end seal 15b where the core portion 20b has openings

10 24b of different diameters positioned about the outer
peripheral surface 30b. Figure 4, illustrates a core
portion 20c with a plurality of openings 24c which are
not symmetrical.

The tail portion 22 can alsc have a variety of

15 configurations. It is important however that the tail
portion 22 have a length sufficient to wrap about the
outer peripheral surface 30 of the core portion 22 at
least once, about 360  about the center. The tail portion
22 can have any given length greater than the

20 circumference of the outer periphery of the core portion
22, however.

Figure 5 illustrates the tail portion 22
wrapped about a core portion 20c with the tail portion 22
making more than one wrap about the core portion 20, and

‘ 25 three cables 28 disposed in the seal.

! Figure 6 illustrates that the tail portion 22a

can also taper in the lengthwise direction to change the

width of the tail portion such that it becomes narrower
near the free end 36.

30 Figure 7 illustrates that the tail portion 22b,
whether of uniform width or of decreasing width, can also
taper in the transverse direction to cause the interior
end of the seal to have a different outside diameter than
at the outer end, resulting in a tapered or cone shaped

35 end seal. In this embodiment the opposite edges of the
tail portion 22b have different thicknesses along the
length of the tail portion. Further, the thickness or
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formed according to one enbodi nent of the present invention;

s an end view of another enbodinent, with the tail portion
partially broken away for illustration; 25 Figure 3 is a side
view of amw®A¥16Hebodi ment; Figure 4 is a side view of a furPREFUSIZ/11210
enbodi nent; Figure 5 is an end view of an kit seal according to the present
invention with the tail portion 30 wr apped about the core portion and
three cabl es; FR&BEBSIONSOR Bhetedges cpayfdecreasnl WRArdhihs finep @hd-he

present inventigfe EhgUrSoFtidnaiscsdapred ¥ G4 £ pridality id¥ wraps
about the core portion.
Figure 8 illustrates a tail portion 22c which
5 is provided with preformed slits 31 which permit the tail
portion 22c to be easily torn to a different length by

separating the end portion beyond a slit 31.
As illustrated in the transverse sectional view
in Fig. 9, the tail portion 224 can also be formed with
10 mating ridges or ribs 33 and grooves 35, formed in
opposite surfaces of the tail portion 22d. 1In this

embodiment the ridge 33 is of trapezoidal shape and
extends along the outer surface of the tail portion when
it is wrapped and on subsequent wraps, the groove 35

15 covers the ridge 33 to increase the path along the seal
between the wraps and the frictional coefficient such
that the axial force along the axis of the end seal is
greater and the wraps of the tail portion 22 cannot slide
or telescope in relationship to each other.

20 Figure 10 illustrates an end seal 15d with a
core portion 20d which is oblong as opposed to generally
circular. The core portion 204 is a shape which has
generally convex surfaces such that the tail portion 22
can be tightly wrapped about the exterior surface to form

25 a moisture seal for the closure. The core portion 204 is
formed with a plurality of cable receiving openings 24d.

In Fig. 11, the end seal 154 is shown with a
pair of cables 28, with one or more conductors, placed in

-

two of the openings 24d and a plug 40 is illustrated in

30 the third opening to show that the end seals of the
present invention are versatile and if a wire is not
required the seal will still function and a plug, such as
a solid cylindrical member can be placed in the
additional opening with the tail portion wrapped

35 therearound and the same seal is made for the closure.
When pressure is to be applied to the seal, the opening
24d can be formed with grooves in its inner surface,
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froma location as illustrated by lines 7 - 7 of Figure 35 1; Figure 8
Is a detail view of a tail portion of an end seal nodified to permt easy
shortening; Figure 9 is another cross sectional view taken along line 7 -
7 of Figur ?‘ﬁﬂﬁstratl ng another 5 nodification of the tai Ipcﬂéag?%hl%?
the end seal; Figure 10 is an end view of ~&2further enbodi ment of an end

seal |ncorporat|ng the present invention; and Figure_11 is an end view of
theé end seal of¥hich extend about its axis, and the plug 40 can be

formed with ribs circling the outer cylindrical surface,
which mate with the grooves, such that the plug is not
easily driven out of the opening 244.

5 Typical ranges for the opening diameter and the
size of cable accommodated are as fcllows:

CORE HOLE DIAMETERS

CORE DIAMETER
10 HOLES CABLE RANGE
5.08mm 7.62 - 38.1mm
'*' 10.16mm 12.7 - 44.45mm
16.51mm 19 - 50.8mm
22.8mm 25.4 - 69.9mnm
15 25.4mm 27.9 - 88.9mm
38.1lmm 40.6 - 101.6mm
Example 1
20 A spiral end seal of the invention was made by

mixing the following composition

Henkel DDI 1410 6.5 g

Poly bd R4S5HT 20.2 g

Hycar™ 1300 x21 5.3 g

‘ 25 Bicat 8 0.8 g
Emery 3006 22.9 g

Irganox™ 1076 1.0 g
Scotchlite™ B23/500 10.0 g

cab-0-Sil™ MS 1.0 g

30 Scybean 0il - 30.3 g
Vulcan™ 9A32 Carbon Black 2.0 g

.The formulation was mixed at 23°C and poured into a mold

constructed of thermoformed plastic in the shape

35 illustrated in Figure 2. The formulation was allowed to
cure for 24 hours at 23°C to form a gel, and then removed
from the mold. The resultant end seal had a core

e e e
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i ngs. Description of the Presently Preferred Enbodi nents The end seal

ope
of

Fi gure 10 wrapped about two wires and a plug used to block one of the

he present invention is adapted for use in sealing the end of an aeri al

cl osure, 1WO9¥1681G ed cl osure or a pedestal closure to restriPET/USM/A1ZPom

ent e

wil |
dr av
t he
casft
seal

bring or escaping the closure. The end sebd-of the present invention
now be described in greater detail with reference to the acconpanying
M ng wher ei n @irBetetrepfnobontinBs 3l sm202 inclies) t othe keaphriength ciaghout

several viewgq Eﬂeéﬁﬁdéﬁgﬁgsﬁ hfaf ChgeLe0] @:8BAHAG!s W& gﬁrb be

or nolded into a or extruded and cut into separate end
S. Preferredlﬁﬁbgﬁﬂalgh&r§wo openings within the core each had a

diameter of 1.65 cnm (0.65 inches). The gel material had
5 a Shore 00 hardness of 21.4.

Example 2
An end seal of the present invention was
constructed from a cross-linked butyl rubber mastic,
10 available as "GS7500 Cross Linked Sealant" from General
Sealants, Inc. The sealant material was placed into the
mold described in example 1 by layering mastic strips.

* The mastic was formed into a void free, cohesive mass

having the shape illustrated in Figure 2 by compressive
15 force on the open side of the mold. The mastic material
had a Shore 00 hardness of 38.

Example 3
An end seal similar to that described in Example 1

20 above was constructed by die-cutting the shape from a
vinyl-nitrile/neoprene closed cell foam material
available as Ensolite IVl from Uniroyal Plastics Company.

Example 4
‘. 25 An end seal similar to that in Example 1, was
compression molded from a nitrile rubber composition

designated as "MS-4648C", available from Neff-Perkins

Company. The seal was molded using conventional methods

in a steel mold. The rubber formulation had a Shore A
30 hardness of 20.

Example S
The seals from Examples 1 though 4 were tested

according to the following procedure:

35 A test splice closure was constructed employing the
Closure Body Assembly from the Armorcast™ Buried Closure-
Direct Injection (ABC-DI) 3.0-12 product available from

This Sheet Has Been Replaced
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gé“ aving el ongations at break of at |east 100% nore 25 preferably,
200% shore 00 val ues of from about 10 to about 50 and a 1/4 cone

penetration. v, f between about 10 to about 60. Useful
pol yur et hawgsﬂéﬁélgol yesters. Preferred gels conprise pol yur ﬂt{ﬂ@%?ﬂ"
pol yur eas and m xtures thereof, which are déri ved from 30 the reaction of

pol yi socyanat es, thﬂﬁgu&g Qﬁrglﬁé%)é Aégéﬂbqubﬁygalf & ﬁ% céqﬁ‘gnes Usef ul

or gani c |socyana e conponen S TNC any  suit ving the
requi red functi Soxnedy, lengltu@nma;bb)yaﬁw]tm,pqmurmlmsmpamamavaﬁg al so

or o a4 ESREER LY, S0k REROLHF g B SRR S BBl
aromati c. for use in encapsulatlng compound injection and pressure
5 monitoring.

The ends were trimmed so that when the closure body
was installed, the diameters of the openings were about
6.4 cm (2.5 inches). Two lengths of polyethylene single
sheath unfilled telephone cable (100 pair/24 gauge wires)

10 were used to construct the test closure. The test
closure assembly had one cable exiting from one end and
two cables exiting from the other end of the closure body

* assembly. All cable ends were capped.

The end seals of Examples 1-4 were wrapped around

15 the cables and position so that the seals would be
located beneath the conical ends of the assembly when
installed. On the end having only a single cable
exiting, a plug made of the same material as the end seal
was used. The completed end seals were about 8.1 cm (3.2

20 inches) in diameter.

The closure body assembly was then installed and
sealed according to the product instructions. Two worm-
drive compression bands were placed on the closure near
the ends to further maintain the closure. The test

‘ 25 closure was then filled with 4442 HiGel™ encapsulating

compound available from 3M. None of the closures leaked.

A pressure injection caulking gun was used to place 1.05

kg/cm? (15 psi) pressure on the encapsulant. Again, no

leakage of compound was observed from the ends of any
30 closure assembly.

Having described the present invention with regard
to several embodiments, it will be appreciated that those
skilled in the art may find modifications not described
but all such medifications are contemplated that come

35 within the scope of the appended claims.

i
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. -61'Exanples of such ImcTude dimer acid diisocyanate (DDI), isophorone

?Ir: ;g%;raga({g;g;mtolniﬂﬂmm I!ﬁuﬁJEM) 4, 4" - di phenyl net hawer/use2/11210

.di i socyanate (MDI), 4,4 -‘mefhytede- °5 " bis(gycl ohexyl diisocyanate)
(H err] M) and n1xtures t her eof . The | socyanate should be present in
suflicient anbungjh9merovi de an isocyanate index of bel ow about 150,

preterably bel ow about 100 ga|valeats for each congonent can be
cal ¢ul ated by divi di ngithe RS SR8itghadapted; hopapel theSRACRRPLIRIR by
t hejequi val ent wehghtablE&ge and between the cables and the closure to

restrict fluid transfer through the seal, comprises an
S elastic flexible member having opposite sides and at
least one opening formed through the member and a cut
formed in a peripheral edge communicating with the
peripheral edge and the opening to allow the member to be
positioned about a cable with the cable disposed in the
10 opening, characterized by the feature that said member
(18) has a core portion (20) having an outer peripheral
surface (30) and spaced ends, and wall means (25) form at
* least a pair of cylindrical openings (24) through said
core portion (20) extending between said ends, with one
15 edge of each opening communicating with the outer
peripheral surface (30) of the core portion (20} to
define an entrance slot to each opening (24) from the
periphery (30) of the core portion, and that an extended
tail portion (22) having opposite surfaces (32,34),
20 joined by side edges, and a free end (36) is joined to
the core portion, the tail portion (22) is integral with
and extends from the surface of the core portion (20)
with one surface (32) being formed tangential to said
wall means (25) forming one of said openings (24), said
25 tail portion (22) having sufficient length to wrap about
said peripheral surface (30) of the core porticn to cover
all the entrance slots of the openings (24) and the
cables to be placed therein, with said free end (36) of
the tail portion (22) tapering to an end of reduced
30 thickness. -
2. An end seal according to claim 1 characterized
in that said openings (24) are of various arcuate
dimensions and are formed in the core portion (20) in

peripherally spaced relationship.

% 35 3. An end seal according to claim 1 characterized
% in that the end seal is formed of a material having an

i inherent self-adhesive property such that there is

ettt
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valent wei ght herein is calculated on the basis of the nunber of active

Al oy The. g ﬁéﬂﬂﬂﬂﬂlﬂﬂlﬂﬂﬁl\ﬂﬁﬂﬁii ernine. act V6. hydr ogen i3 15

cri bed WQ9308FHal of t°he" AherSicdn Chenical Society, Vol. P@’U%b‘zﬂm
P7). Polyols useful in the invention arglfd quid or quasi-liquid polyols
h di- or trifunctional polyols perform ng wel]. Suitable polyols_may be

beted from 26reapefydt Régh pbY ot ionak RPeFf it i8N te hetwaade thgr §aylene

e, butylen @i‘tﬂ@n wbyaauairﬂwrme &% 16t o1 OB iFh O betivelen Q¥ a
F eof , ricino erlv tive

! | | yest Fyol :
y ani de or poPgeE’nggﬁ?gepf)B asﬁq%t; ?frrgﬁ fpa%ﬁo:%omg?my(;; er polyols

4. An end seal according tc claim 1 characterized
5 in that the tail portion (22) is tapered along its length
such that the width of the tail portion (22) at the free
end (36) is narrower than adjacent the core portion (20).
5. An end seal according to claim 1 characterized
in that said tail portion (22) is tapered transversely of
10 the width thereof such that one edge becomes increasingly
thinner than the other edge along the length of the tail

portion.
6. An end seal according to claim 4 characterized
in that said tail portion (22) is tapered transversely of
15 the width thereof such that cone edge becomes increasingly
thinner than the other edge along the length of the tail
portion.
7. An end seal according to claim 1 characterized
in that said tail portion (22) is provided with oblique
20 slits (31) in spaced relationship along its length to
afford easy shortening of the length of the tail if the
diameter of a cooperating closure end is smaller than the
diameter of the core portion (20) with the entire tail
portion (22) wrapped about the core portion.
25 8. An end seal according to claim 1, 2 or 6
* characterized in that said core portion (20) is generally
circular.
9. An end seal according to claim 1, 2, 3 or 6
characterized in that said core portion (22) is generally
30 cblong.
10. An end seal according to claim 1, 2, 3, or 6
characterized in that the tail portion (22d) is formed
with a rib (33) on one surface and a groove (35) on the

opposite surface such that upon wrapping the tail portion

35 about the core portion, the mating rib and groove
increase the frictional forces needed to slide the
wrapped portions axially of the openings.
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pol yol s . 9., ethoxylated s propoxylated am des or am nes,

yo
pol yal kadi ene poI yol sum‘ ‘m:‘ adl ene polyners or copol yners, fand
hydrogenat‘g Wd acet al s, pol ycarbonat e?t('ﬁ é%'ﬂﬂg
hydrjoxyl gr oups, polyhydroxyl neth)acryll esins, polythio er

ols and the like. Also useful are polyﬂédroxyl conmpounds cont ai ni ng

finely divided organi pohxngha F g Q&égféfﬁélﬁg %iplveg f%r §oJ-. a

di spersi on pol yner po y copo a solutlon polyner
pol yol , or bIen€§a¥ﬁéﬁé§#Ze¢hénp§h§ﬁe$apélW@W@ﬁ?ﬁﬁﬂ&yaQ?Selap@uyols

contai ni ng hi ghf@kfswéaﬁa‘é’ét%l pe! yaddecid S e RYlOU r%ﬁs%n

ol yhydr azodi car hbonam des_or ur et hane- ureas known “as PI PA or
Bolyors in the °f gels, elast me¥ mastics and foams.

5 12. An end seal according to claim 11 characterized
in that said body is a gel having a shore 00 hardness of
! from about 10 to about 50, an elongation of greater than
100%, and a density of less than about 0.8 gm/cc.
13. An end seal according to claim 12 characterized
10 in that said gel comprises at least one diisocyanate and
at least one isocyanate reactive material selected from
the group consisting of polyols, polymer polyols, and
polymeric amines, wherein said gel has an isocyanate
* index of less than 100.
i5 14. An end seal according to claim 13
characterized in that said gel comprises a
polyureaurethane.
15. An end seal according to claim 13 characterized
in that said gel comprises from about 10 to about 30% of
20 a hydroxyl terminated polybutadiene, from about 2 to
about 20 of a difunctional amine terminated butadiene
acrylonitrile polymer, from about 3 to about 8% G, dimer
acid diisocyanate, from about 25 to about 50% vegetable
cil, from about 15 to about 40% polyalphaolefin, from
$ 25 about 0.5 to about 5% silica, from about 0.5 to about 5%
antioxidant, from about 0.1 to about 5% zinc catalyst,
and from about from about 5 to about 25% glass

microbubbles.

30
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"-7-ﬁart or grafted copol ymer polyols which are polyols nodified by vinyl
pol yneri zation. Suitable polyneric am nes contain nore than one primary or

secgndary am n p capable of reacting with 5 | socyanat epgfAYY/11210
"Exanpl es a?"éoﬁ&‘%%al kyl ene pol yam nes derived fromthe amnation of

pol ylet her polyols with the majority of th ydr oxyl groups replaced by
am rle groups, pol yam doam nes, or polyam der| ved from Bhinsted: BERG.f At

acids, amne ternmnated 1 poI ybut adi e am ne term nat
term nat ed pol ybut adi ene-acryl oni ”,m”””mm

pol \t et r ahydr of ur agé a
24 /18

copal yners,
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e terninat ed poI yet hers, pol yam nes containing urea rmi eties,
noet hyl at ed ami ne term nated pol yoxypropyl ene ethers, m Xt ures

a

efeof. 15 Low nol ecul ar wei ght chai n- extendl ng

nki ng agd¥R@ 831Adl6ecul ar wei ghts from about 50 to about 400)8@{&{5%?7;13?1@ at
asgt two isocyanate-reactive hydrogen atons may al so be used in accordance
with the present invention. Useful exanpl 2 ncl ude al kanol am nes, primry

20 or secondary, aliphatic, cycloalipha / aromatic, araliphatic or

het grocyclic am nes, |ow equivalent weight” am ne-initiated polyether

pol yol s, ricinoleic derivatives, hydroxyl%ggnt ai ni ng organophosphat es, and
theilike. 25 Pr eferred gel s contai n an extender or
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pl asticizer. Useful hydrocarbon extenders include such groups as V¥OSSUS & FARTZ]
pol yal phaol efins, cyclic polyol efins, petrgleun10|ls veget abl e oﬁ?&f“*“’““‘
castor oil, na hthenlc 0|Is parafflnlc Gi'Ps S, synthetic oils, hqu§§§ﬁ§£‘§&4
t er phenyl s, ta% of her_ terpene derlvatlvemazmm404on

variety of es aal"é' é? E‘F%‘d’f G f adi ht h
trimellitic a?‘\ﬁel%fég ng adi ene coptﬂlbz/:mr:evmot haf :iltolt)cl agl Ej lglql ;‘@g 1994

pol ymeric pol yesters, r05|n esters acryl ate esters, epoxidized fatty 35
materials, ricinoleic derivatives, phospRaAT¥S8or halogenated phosphat e
esters, and the |iKke.

1. An end seal for a cable splice or termination
closure adapted to seal the space between the cables and
* between the cables and the closure to restrict fluid
transfer through the seal, comprising an elastic flexible
member (18) having a core portion (20) having an outer
peripheral surface (30) and spaced ends (26), and at least
two cylindrical openings formed through the member extending
between said ends (26) and each communicating with the outer
peripheral surface to allow the member to be positioned
about a cable with the cables disposed in the openings,
“ characterized in that walls (25) form said at 1least two
cylindrical openings (24) through said core portion (20),
said walls defining a cylindrical arcuate surface beginning
and ending at the outer peripheral surface (30) of the core -
portion (20) to define an entrance slot to each opening (24) .,
from the periphery (30) of the core portion, and in that an ....--
extended tail portion (22), having opposite inner and outer L
surfaces (32, 34) joined by side edges and a free end (36),
is joined toc the core portion, the tail portion (22) being
integral with and extending from the outer peripheral
surface of the core portion (20) with the inner surface (32)
being formed tangential to said wall means (25) forming one
‘l' of said openings (24), said tail portion (22) bhaving
’ sufficient length to wrap about said peripheral surface (30)
of the core portion to cover all the entrance slots of the
openings (24) and the cables to be placed therein, with said
free end (36) of the tail portion (22) tapering to an end of
reduced thickness.

2. An end seal according to claim 1 characterized
in that said openings (24) are of various arcuate
dimensions and are formed in the core portion (20) in

peripherally spaced relationship.
3. . An end seal according to claim 1 characterized

in that the end seal is formed of a material having an
inherent self—adhesive property such that there is
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-8- Any conventional catalyst used in the preparation of pol yur et hanes may

be enpl oyed herein. Representative catajgsts include the tertiary amne
catal ysts, including 1,8-diazabicycl o[5. 4 0] undec-7-ene 5 (DBU), and

salts thereof  .Lpkglahdl &3 W hd'f%‘c%&o%ad thagkiktenangotroanotne atiix
catal ysts of ? zi nc, bi"smut | ead, iron,and

Cu tl
preferred is Bot&ti@ (22)i ek ﬁ'hfl ﬁ@rﬁeBBE‘EéﬂBat(éo?n ﬁ?é Be t‘ﬁ#é‘ﬂﬁ%ﬁ’ gel

conposi tions Bks E?;anQk&@W Boutnkheospber pertidhe nicrospheres may
be gl ass, e.g., cotc Iteferr avai l able from M nnesota M ning and

Manuf act uri ng Conpany, ABN@ndpééaMEabcorelgg téxpaadal lechhrabt®Fized in
available.fro@hggb%%elnggitpo%%ioyc%gz) is tapered along its length such
that the width of the inner and outer surfaces of the tail
" portion (22) at the free end (36) is narrower than the

adjacent core portion (20).

5. An end seal according to claim 1 characterized in
that said tail portion (22) is tapered transversely of the
width thereof such that one side edge becomes increasingly
thinner than the outer side edge along the length of the
tail portion.

~ 6. An end seal according to claim 4 characterized in
that said tail portion (22) is tapered transversely of the
width thereof such that one side edge becomes increasingly
thinner than the other side edge along the length of the
tail pertion.

7. An end seal according to claim 1 characterized -
in that said tail portion (22) is provided with oblique
slits (31) in spaced relationship aleng its length to
afford easy shortening of the length of the tail if the o
diameter of a cooperating closure end is smaller than the B
diameter of the core portion (20) with the entire tail L
portion (22) wrapped about the ccre portion.

‘, 8. An end seal according to claim 1, 2 or 6
characterized in that said core portion (20) is generally
circular.

. An end seal according to claim 1, 2, 3 or 6
characterized in that said core portion (22) is generally
oblong. -
10. An end seal according to claim 1, 2, 3, or 6
‘characterized in that the tail portion (22d) is formed
with a rib (33) on one surface and a groove (35) on the
opposite surface such that upon wrapping the tail portion
about the core portion, the mating rib and groove
increase the frictional forces needed to slide the
wrapped portions axially of the openings. -
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m crobal | oons, avail able from Union Carbide Corp., and 15 Dualite[err]
M50ORAE, avai | abl e from Pierce & Stevens: Corp., or ceramc o
Zeeosphere[err] X-40, manufactured by Zeel an Industrlés;“ i Relr

e.g., 3-glycidoxypropyl trinethoxy S|Iane 0 enable the T

effectively wet the microspheres. Additional” fillers ha alsad bbg,ged
e.g., glass fibers, graphite fibersgCaflebtbosuranérmt |sah]s icarbon bl ack, i m
silicates, carbonates fumed silica and the like. 25 | o her
usef ul naterlalt< ; e 119 ncs and closed cell foans. Use

el astoners may be any therlnoplﬂ%tlldc o@ %ﬁteo'ﬁﬁrem;&[b is solid at room
5 The present invention generally relates to a
conformable self sealing seal for the cables entering an
end of a closure for a cable splice or termination, and

in one aspect to an improved environmental seal to
restrict migration of fluids into or out of a closure.
10 2. Description of the Prior Art
The prior art related to end seals for splice
closures for cable splice closures or terminations is
replete with systems for fitting a variety of wire or
cable diameters and a variety of closure ends. One of
15 these end seals is described in United States patent No.
4,902,855 and assigned to the assignee of the present
application. This end seal comprises a foam collar which
is fitted about the cable or cables and an annular ring
is placed about the collar and it is cut to fit about a
20 cable on a finished splice, and the ring has a cut which
joins the inner opening to the outer periphery and along
a path which is tangential to the inner copening.
U.S. Patent No. 4,963,698 describes a sealed
cable article and method for sealing the area between two
25 cables and an enclosure where the cables exit from the
closure. The article comprises a shaped article of
polymeric gel having a ccne penetration value of about 30
to about 400 (10'1 mm) and an elongation of from 25% to
about 850%. The gels are widely known in the art, for
30 example silicone-based gels, polyurethane-based gels or
polystyrenebutadienestyrene, polystyrene~isoprene-
styrene, and polystyrene-ethylene butylene-styrene block
copolymer based gels. The inventors preferred gelloid
compositions comprising a-crosslinked non-silicone
35 polymer having an olefinic unsaturated content of less
than 10 mole percent and having dispersed therein a
liquid in an amount of from about 20% to about 95% by
weight based on the weight of the liquid and polymer and

es
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tenperature, has an el ongation of from about 15096%0 about 500@6 Lnd a
shoré A hardness of about 10 to about 30 75. Sustable material s hnclude
natural rubber, butyl rubber, EPDM rubber, polylsoprEne‘ ot bﬂtaC|qne

pol yester, pol yurethane, thernoplastic ol efins, ‘chdoroprene_Lubber .
styrene-but adi ene copol yners (random or bl ock), st rene-i soprene cojolyners
(random or bl ock), 35 acrylonitril e-but adizene c yhner.s,.

t hereof and copol yners thereof. The bl ock copolyners may be 1inear,

radi al or star dcool Quitat i0g03s vaddmeafrbetiohl ofka(fB)ler. t rThe csj‘iaz(dtBA)

copol ymers or n5§kq 3% %&%&%@Ebly has a number of holes preferably
slightly smaller than the size of the cables. The gel
will stretch to accommodate the increased size cables.
5 There is a slit extending from the edge of each hole to
the outer edge of the article so that the shaped article
may be placed arcund the cables without access to the

free end of the cable. Figures 4, 5 and 6 illustrate the
shapes of the article. _

10 Articles of a similar shape are illustrated in
French patent 1,168,267, in Figs. 18, 19 and 20. PCT
application WO 90/05401, published 17 May 1990 also
discloses an end seal to fit about a plurality of cables
and which is made of a gel, i.e. a liquid-extended

15 polymer composition preferably having a cone penetration
value within the range from 30 to 400 (10™' millimeters),
an ultimate elongation greater than 100%, with
substantially elastic deformation toc an elongation of at
least 100%. The composition may either contain three-

20 dimensional cross-linked molecular formations or may
merely behave as if it contained such molecular
formations (gelloids). Specific examples and preferred
properties are disclosed and on page 12 there is a
teaching that the gel may include a tackifier which helps

25 adhesion of the gel to the substrate and alsc to itself.

These references of prior art end closures do
not disclose an end seal article which is capable of
sealing a variety of cable and wire sizes to a closure,
or closures of different diameters, and which comprises a

30 core portion with a plurality of openings communicating
with the outer periphery and a wrap-around tail portion
which is adapted to make at least one complete wrap about
the periphery of the core portion to seal between the
cables and about the cables to the inner surface of the

35 closure. '



Commercial |y availabl e el astomers include those obt ai nabl ,%nd mx
Kraton[err] tradenane such as Kraton[err] 5 1107, &r "On[err]
Kraton[err] 1657, and those avail abl e under the tradenanp Carifl exl|. :
both from Shell Chenlcal Conpany. Al so useful are thosge avéwléﬁ*e “F o |
Fi restone under the tradenane Stereon[err], those avaliable under...t. !
tradenanme Hycar[err] and the like. Such elaéboners mayj be 10 plast|C|zed
to formnmastics mhlch are al so useful conbined with oiher material.s,—-0F
foaned, e.g., AT SIMIONf r om Uni royal . Any of the

conposi tions useful in e”%h’iﬁaﬂ&ﬂqﬂ fiewtemew BholRdeal 8A knal 4d8) for
adj uvants such as 15 sol vent's | ers, pignents, antioxidants, flow

agents, fungici 48¢ in seadddag £h Qx%ﬂﬁ@naﬁlﬁé§ end @f AcCLPEYREs OF

terminal, through which cables are positioned and seal
5 the area about the cables to restrict moisture from
entering the closure by means of an integral core and

wrapped tail portien.
The end seal is adapted to seal the space
between the cables and between the cables and the closure

10 to restrict fluid transfer through the seal, the seal
comprising a body member of an elastic, flexible
material. One such material is a gel material which may
have a self-adhesive property. The member comprises a
core portion and a tail portion. The core portion has an

15 outer peripheral surface and opposite ends, and wall
means forming at least a pair of cylindrical openings
through the core portion between the ends. The wall
means forming each opening begins and ends at the
peripheral surface defining arcuate surfaces in the core

20 portion such that each opening communicates with the
outer peripheral surface of the core portion to define an
entrance slot to each opening. The tail portion is
integral with and extends from the surface of the core
portion with the tail portion havihg sufficient length to

25 wrap about the outer peripheral surface of the body to
cover all the entrance slots of the openings. One
surface of the tail extends generally tangential from the
wall means defining an opening and terminates in a taper
to an edge of reduced thickness.

30 The core portion can have different shapes to
correspond to the ends of the closures, it can be oblong,
circular, ellipsoidal or other shape with convex
peripheral surfaces and it is formed with a plurality of
openings communicating with the periphery. The openings

35 can have different sizes, i.e. diameters.

The openings are generally smaller than the
outer diameter of the cables to be placed in the opénings



and the like. The end seal 15 conprises a body 18 hayi L 0l i pel}

20a, 20b, 20c, and 20d and a tail 20 portion 22, 22a and. 22d,
as illustrated in the several views of the dramnng lin iFi g he body 18
has the core portion 20 formed of a circul ar shape frow1th§ ¥AR, Fand! the
core portion 20 has a plurality of openings 24 deflned by 25 . sgnLQLrgular

wal I's 25 which extend between the ends 26, aply one of which is shown ifn

Figure 1. The walls 25 begin and end at the outer perjpheral surface.30 of

the core portionn tie foure stelddesiopnistgetennabbueathegoutes t he

openi ngs 2410 neiiod e Gre BANid A bule” +2810411PL 8T IR OBb-E18h 59
of the cable between the core portion and the inside

surface of the closure.

5 The tail portion can taper to a narrower free
end, it can taper transversely such that the edges of the
tail have different thickness toward the free end, or be
conical in cross section to form a conical seal when
wrapped about the cables, the tail portion can be slit to

10 afford facile shortening of the tail portion, the tail
portiocn can be formed with a ridge or rib on one surface
and a groove on its opposite surface to increase the
force needed to displace the wrapped tail portions in an
axial direction.

15 Brief Description of the Drawinas _

The present invention will be further described
hereinafter with reference to the accompanying drawing
wherein:

Figure 1 is a perspective end view of the end

20 seal formed according to cne embodiment of the present
invention;

Figure 2 is an end view of ancther embodiment,
with the tail portion partially broken away for
illustration:;

25 Figure 3 is a side view of another embodiment;

Figure 4 is a side view of a further
embodiment; '

Figure 5 is an end view of an end seal
according to the present invention with the tail portion

30 wrapped about the core portion and three cables;

Figure 6 is a bottom view of the end seal
according to the present invention;

Figure 7 is a sectional view of a tail portion
from a location as illustrated by lines 7 - 7 of Figure

35 1; '



openi ngs 24, extends the tail portion 22. The inneg™ :
portiron 22 extends from one of the openings 24 geng | ;o t he
wal | 25 defining the opening 24 and froma position dt the slotted?35
opening. The tail portion 22 has a generally unlfern1tﬁmckﬁﬁss %nd ¢ross
section along its length until near the freg _end 36 wnere its thlcknTss
begins to dimnish or -10 taper to a free edge!to Torm a smooth

transition to the outer syiifes 3410 of baehh1ablien lbe hsearanpsskabotiethe

peri pheral surface 30 of th core ortlon an e exgose
an end seal modlfled to permit easy shortening;

Figure 9 is another cross sectional view taken

along line 7 - 7 of Figure 1 illustrating another
5 modification of the tail portion of the end seal;

Figure 10 is an end view of a further
embodiment of an end seal incorpcrating the present
invention; and

Figure 11 is an end view of the end seal of

10 Figure 10 wrapped about two wires and a plug used to
block one of the openings.
Description of the Presently Preferred Embodiments

The end seal of the present invention is
adapted for use in sealing the end of an aerial closure,

15 a buried closure or a pedestal closure to restrict fluid
from entering or escaping the closure.

The end seal of the present invention will now
be described in greater detail with reference to the
accompanying drawing wherein like reference numerals

20 refer to like parts throughout the several views.

The end seal 15 is formed of a material which
can be cast or molded into a solid body or extruded and
cut into separate end seals. Preferred materials are
gels having elongations at break of at least 100%, more

25 preferably, 200%; shore 00 values of from about 10 to
about 50 and a 1/4 cone penetration value of between
about 10 to about 60. Useful gels include polyurethanes
and polyesters. Preferred gels comprise polyurethanes,
polyureas and mixtures thereof, which are derived from

30 the reaction of polyisocyanates with ligquid or  quasi-
liquid polyols, or polyamines.

Useful organic isocyanate components include
any suitable isocyanate having the required
functionality, e.g., diisccyanates; the term isocyanate

35 also includes isocyanate-terminated prepolymers.
Polyisocyanates may be linear or branched, aliphatic,
cycloaliphatic, araliphatic, heterocyclic or arcmatic.
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portion, if any, of a wire or cable disposed in each of..5.-

e d-RE-.0peRi Ngs
24. Figure 2 illustrates an end seal 15a according tio ihgﬁpgﬁéew%?i@vention
wherein the core portion 20a is formed with a pair of operi ng$ P4a. Filgure
3illustrates an end seal 15b where the core portion 20b-has--openi-ngs {10
24b of different dianeters positioned about the outer peripheral surfdce

30b. Figure 4, illustrates a core portion 2@6 wth é*pk&Fa+%%ywe#~eﬁe#!ngs
of 15 conti qUEXERBTES o SMeh ARG RaR: ARBREVET L4 HEF YR A T pOT g 22
have a | engt h sikbphoephet diisapyahatie {HBDDUt bripecyqpiatced3 ,SwF-ace 30 of
the core portiOerggéﬁkyl-s-isocyanatomethyl-cyclohexane), 4,4’
diphenylmethane diisocyanate (MDI), 4,4’-methylene-
5 bis(cyclohexyl diisocyanate) (H,,MDI} and mixtures thereof.
The isocyanate should be present in sufficient

amount to provide an isocyanate index of below about 150,
preferably below about 100. Equivalents for each
component can be calculated by dividing the actual weight
10 in parts of each component by the equivalent weight. The
equivalent weight herein is calculated on the basis of
the number of active hydrogen groups, rather than the
number of active hydrogen containing atoms. The
Zerewitnoff test used to determine active hydrocgen is
. 15 described in Journal of the 2American Chemical Society,
Vol. 49, page 3181 (1927).
Polyols useful in the invention are liquid or
gquasi-licquid polyocls with di- or trifunctional polyols
, performing well. Suitable polyols may be selected from
20 polyether polyols based on ethylene oxide, propylene
oxide, butylene oxide, tetrahydrofuran, epichlorohydrin
or mixtures thereof, ricinoleic acid derivatives, e.qg.,
castor o0il, polyester polyols, polyamide or
polyesteramide polycls, tertiary amine containing
25 polyols, e.g., ethoxylated amides, propoxylated amides or
amines, polyalkadiene polyols derived from butadiene
polymers or copolymers, and hydrogenated derivatives
thereof, polyacetals, polycarbonates containing hydroxyl
groups, polyhydroxyl (meth)acrylic resins, polythiocether
30 polyols and the like. Also useful are polyhydroxyl
compounds containing finely divided organic polymers in a
dispersed or dissolved form, e.g., a dispersion polymer
peolyol, a grafted copolymer polyol, a solution polymer
pelyol, or blends thereof. The polymer polyols may be
35 polyols containing high molecular weight polyadducts such
as polyureas or polyhydrazodicarbonamides or
polyurethane-ureas known as PIPA or PHD polyols in the



least once, about 360 about the center. The tail portifoavg#gan”Have| any
given length greater than the 20 circunference of tthe outer i phery of
the core portion 22, however. Figure 5 illustratesi tﬁe tai kapditd op 22

wr apped about a core portion 20c with the tail port|Qn b? naklng nnré t han
one w ap -about the core portion 20, and 25 t hree jcabl"es™28" disposed I n
the seal. Figure 6 illustrates that the tahn-portldn 22a can al so_taper in
the I engthw se direction to change the wi dth of t hé=TarT portion such that
it beconmes narrawér cmegrathedf copodyuesopoBpols which arepPpolyely

Il lustrates tha ohgﬁlka'ng9iﬁy9”p3§9me¥@§£@f6nOf uni formw dth or of

decreasi ng w dt

Suitable polymeric amines contain more than one
primary or secondary aminoc group capable of reacting with
5 isocyanate groups. Examples are polyoxyalkyiene
polyamines derived from the amination of polyether
" polyols with the majority of the hydroxyl groups replaced
by amine groups, polyamidcamines, or polyamines derived
from dimerized fatty acids, amine terminated

10 polybutadiénes, amine terminated polytetrahydrofuran,
amine terminated polybutadiene-acrylonitrile copolymers,
amine terminated polyethers, polyamines containing urea
moieties, cyanoethylated amine terminated
polyoxypropylene ethers, or mixtures thereof.

15 _ Low molecular weight chain-extending or cross-
linking agents (molecular weights from about 50 to about
400) containing at least two isocyanate-reactive hydrogen
atoms may also be used in accordance with the present
invention. Useful examples include alkanolamines, primary

20 or secondary, aliphatic, cycloaliphatic, aromatic,
araliphatic or heterocyclic amines, low equivalent weight
amine-initiated polyether polyols, ricinoleic
derivatives, hydroxyl containing organophosphates, and
the like.

25 Preferred gels also contain an extender or
plasticizer. Useful hydrocarbon extenders include such
groups as polyalphaolefins, cyclic polyolefins, petroleum
oils, vegetable oils, castor oil, naphthenic oils,
paraffinic oils, synthetic oils, hydrogenated terphenyls,

30 pine o0il or coal tar or other terpene derivatives. A
variety of esters may also be used including those of
adipic, phthalic, trimellitic as well as cyclopentadiene
copolymers with fatty acid esters, polymeric polyesters,
rosin esters, acrylate esters, epoxidized fatty

35 materials, ricinoleic derivatives, phosphates or
halcgenated phosphate esters, and the like.



taper in the transverse direction to cause the interior;enﬁlvf the seal to
have a different outside dianeter than at the out dr ferichiag éulf$ﬁg in a

't apered or cone shaped 35 end seal. In this enﬁodrﬁent“thé “opposiit e
edges of the tail portion 22b have different thchnesses &Lgngﬁihé liengt h
of the tail portion. Further, the thickness _or '--Ll di nenst on of |t he

edges may decrease toward the free end. Thé®fail portlon TEadaptredit o make

a purallly of waps aboulylNGdiRiheiBhhl Backl Publulel LHstEGLES ajtail

preparatlon of polyurethanes may be employed herein.
Representative catalysts include the tertiary amine
catalysts, including 1,8-diazabicycle[5.4,0) undec-7-ene
5 {(DBU), and salts thereof, triethylene diamine and the
like, and organometallic catalysts of tin, zinc, bismuth,
lead, iron and the like. Currently preferred is Bicat 8,
a bismuth/zinc necdecanoate mixture.
Preferred gel compositions also contain hollow
10 microspheres. The microspheres may be glass, e.g.,
Scotchlite™, available from Minnesota Mining and
Manufacturing Company, (3M), polymeric, e.g., Expancel®™
S51DE, available from Nobel Industries, UCAR
microballoons, available from Union Carbide Corp., and
15 Dualite™ M6001AE, available from Pierce & Stevens Corp.,
or ceramic, e.g., Zeeosphere™ X-40, manufactured by
Zeelan Industries. Such microspheres may alsoc be treated
with a coupling or wetting agent such as a silane, e.g.,
3-glycidoxypropyl trimethoxy silane, to enable the resin
20 to effectively wet the microspheres.

Additional fillers may also be used, e.g.,
glass fibers, graphite fibers, fibrous materials, carbon
black, mica, silicates, carbonates, fumed silica and the
like. |

25 Other useful materials include elastomers,
mastics and closed-cell foams. Useful elastomers may be
any thermoplastic elastomer which is solid at room |
temperature, has an elongation of from about 150% to
about 500%, and a shore A hardness of about 10 to about

30 75. Suitable materials include natural rubber, butyl
rubber, EPDM rubber, polyisoprene, polybutadiene, .
polyester, polyurethane, thermoplastic olefins,
chloroprene rubber, styrene-butadiene copolymers (random
or block), styrene-isoprene copolymers (random or block),

35 acrylonitrile-butadiene copolymers, mixtures thereof and
copolymers thereof. The block copolymers may be linear,



51is prOV|ded with preformed slits 31 which permt the tail portign 22c to
be easily torn to a different | ength by separatlnngggs @Q& @&ﬁlpn beyond a
+slit 31. As illustrated in the transverse sectlohaﬁ‘vfé n FLg 9 the
tail portion 22d can also be forned with 10 natlng Tidg § QL rub$ 33 and
grooves 35, formed in opposite surfaces of_ghe tail pqgt%@n‘??d I'h this
enbodi nent the rldge 33 is of trapezoi dal shape and ext ends.. along he out er

surface of the haisly)pQy '&amﬁbum%aepsﬂdaﬁgyoeesuhzls_oeaﬁn A the

groove 35 15 covers the rid to increase t
bet ween t he wr 253PdeEk HABA); é’tqp@HXF“eESePFl BLERR —ﬁh?ﬁﬁP the axi aI for ce

along the axis of the endtomilrdialgyeavailaplet Beawtaneref ihBeubai thegetion
22 cannot Slld%btalnable under the Kraton™ tradename such as Kraton™
5 1107, Xraton™ 1650, Kraton™ 1657, and those available
under the tradename Cariflex™, both from Shell Chemical
Company. Also useful are those available from Firestone
under the tradename Stereon™, those available under the

tradename Hycar™ and the like. Such elastomers may be

10 plasticized to form mastics which are also useful,
combined with other materials, or foamed, e.g.,
Insolite™, available from Uniroyal.

Any of the compositions useful in end seals of
the invention may also include adjuvants such as

i5 solvents, fillers, pigments, antioxidants, flow agents,
fungicides, surfactants, carbon black, flame retardants
and the like. )

The end seal 15 comprises a body 18 having a
core portion 20, 20a, 20b, 20c, and 204 and a tail

20 portion 22, 22a, 22b, 22c and 22d, as illustrated in the

' several views of the drawing.

In Figure 1 the body 18 has the core portion 20
formed of a circular shape from the end, and the core
portion 20 has a plurality of openings 24 defined by

25 semicircular walls 25 which extend between the ends 26,
only one of which is shown in Figure 1. The walls 25
begin and end at the outer peripheral surface 30 of the
core portion 20 to form slot-like openings communicating
with the openings 24 to permit the core portion 20 to be

30 placed about endless cables or wires. From one of the
openings 24, extends the tail portion 22. The inner
surface 32 of the tail portion 22 extends from one of the
openings 24 generally tangential to the wall 25 defining
the opening 24 and from a position at the slotted

35 opening. The tail portion 22 has a generally uniform
thickness and cross section along its length until near
the free end 36 where its thickness begins to diminish or



or telescope in relationship to each other. 20 Figure 10
illustrates an end seal 15d with a core portion 20d-whieh--s—obl-ong as
opposed to generally circular. The core portion 20diAGFEREp&HNbT ch has
general ly convex surfaces such that the tail port%omwQ2mcawwbe“vhgh |y
wr apped about the exterior surface to form 25 ainoi star ealy fior| t he
closure. The core portion 20d is formed WX a plurality of ‘Cablle |
recei ving openings 24d. In_Fig. 11, the_end seal % d-imsstrgwr Wit h E air
of cables 28, FIPRHIP A HRS RIS ST} fPH tlr\%’s&glf’ﬁet&& Fﬁgs

243 andI a p} U?hﬂ@téﬁ dibt fide e bf NGkl f tdetdhiittispumapgetdvabbut thet t he
end seals o e present. inventio reg\, 1l e . ] i

required the se%?PWex??r%Jc i T4 %%ﬁcgno%nl.ﬁiezac%zlue ,p%g&clﬁ;‘agnw tfie’ 8xpBked
portion, if any, of a wire or caéie disposed in each of

5 the openings 24.

Figure 2 illustrates an end seal 15a according
to the present invention wherein the core portion 20a is
formed with a pair of openings 24a. Figure 3 illustrates
an end seal 15b where the core portion 20b has openings

10 24b of different diameters positioned about the outer
peripheral surface 30b. Figure 4, illustrates a core
portion 20c with a plurality of openings 24c which are
not symmetrical.

The tail portion 22 can alsc have a variety of

15 configurations. It is important however that the tail
portion 22 have a length sufficient to wrap about the
outer peripheral surface 30 of the core portion 22 at
least once, about 360 about the center. The tail portion
22 can have any given length greater than the

20 circumference of the outer periphery of the core portion
22, however.

Figure 5 illustrates the tail portion 22
wrapped about a core portion 20c with the tail portion 22
making more than one wrap about the core portion 20, and

25 three cables 28 disposed in the seal.

Figure 6 illustrates that the tail portion 22a
can also taper in the lengthwise direction to change the
width of the tail portion such that it becomes narrower
near the free end 36.

30 Figure 7 illustrates that the tail portion 22b,
whether of uniform width or of decreasing width, can also
taper in the transverse direction to cause the interior
end of the seal to have a different outside diameter than
at the outer end, resulting in a tapered or cone shaped

35 end seal. In this embodiment the opposite edges of the
tail portion 22b have different thicknesses along the
length of the tail portion. Further, the thickness or



a solid cylindrical member can be placed in the additional opening

with the

tail portion w apped 35 t herearound and t he sage~geal—t+s=made fUr the

closure. \Wen pressure is to be applied to the sea a easpenﬁﬁ@}2
formed with grooves in its inner surface, - 124 whi-ch~extend-abo
axis, and-the plug 40 can be forned with ribs C|rcI|ng tmg @unen

cylindrlcal surface, which mate with the gnageves, such” ‘t'hat the pl
easily driven out of the opening 24d. 5 } TypTUaT‘raﬁUES
openi ng di anet etimenkidre of the edges may decrease toward the free

4d can be
ut its

UQ I S not
for the
end

The tail portion is adapted to make a plurallty of wraps

about the core portion.

Figure 8 illustrates a tail portion 22c which
5 is provided with preformed slits 31 which permit the tail

portion 22c to be easily torn to a different length
separating the end portion beyond a slit 31.
As illustrated in the transverse sectional

by

view

in Fig. 9, the tail portion 22d can also be formed with

10 mating ridges or ribs 33 and grooves 35, formed in
opposite surfaces of the tail portion 22d. 1In this
embodiment the ridge 33 is of trapezoidal shape and

extends along the outer surface of the tail portion when

it is wrapped and on subsequent wraps, the groove 35

15 covers the ridge 33 to increase the path along the seal
between the wraps and the frictional coefficient such

that the axial force along the axis of the end seal

is

greater and the wraps of the tail portion 22 cannot slide

or telescope in relationship to each other.
20 Figure 10 illustrates an end seal 15d with

core porticn 204 which is oblong as opposed to generally

circular. The core portion 20d is a shape which has
generally convex surfaces such that the tail portion
can be tightly wrapped about the exterior surface to

22
form

25 a moisture seal for the closure. The core portion 204 is

formed with a plurality of cable receiving openings 244.

In Fig. 11, the end seal 154 is shown with

a

pair of cables 28, with one or more conductors, placed in

two of the openings 24d and a plug 40 is illustrated
30 the third opening to show that the end seals of the
present invention are versatile and if a wire is not

in

required the seal will still function and a plug, such as

a solid cylindrical member can be placed in the
additional opening with the tail portion wrapped

3s therearound and the same seal is made for the closure.

When pressure is to be applied to the seal, the opening

24d can be formed with grooves in its inner surface,



size of cable accommpbdated are as foll ows: CORE HOLE D AMETERS CORE

DI AVETER 10 HOLES CABL-E- RANGE -5-98rfm
7.62 - 38.1mm 10. 16nmm 12.7 - 44.45mm 16. 51nRFPLACEMENT GHEF
22. 8mm 25.4 - 69.9mm 15 }
88. 9nm 38. 1nm 40.6 - 101.6nm Exanple 1 20 |

seal
DDl 1410

10

15

20

25

30

35

i
of the invention was nade by m xi ng tTk?ToIIoMAmg Conﬁos

which extendGa%c%t its axis, and thé plug 40 can be
formed with ribs circling the outer "€y¥IiRd¥ical surftace,
which mate with the grooves, such that the plug is not
easily driven out of the opening 244d.

Typical ranges for the opening diameter and the

size of cable accommodated are as feollows:

CORE EOLE DIAMETERS

e s = T
CORE DIAMETER
HOLES CABLE RANGE
5.08mm 7.62 - 38.1lmm
10.16mm 12.7 - 44,45mm
16.51lmm 19 - 50.8mm
22.8mn 25.4 - 69.9mm
25.4mm 27.9 - 88.9mm
38.1mm 40.6 - 101.6mm

Example 1

A spiral end seal of the invention was made by
mixing the following composition

Henkel DDI 1410 6.5 ¢
Poly bd R4SHT 20.2 g
Hycar™ 1300 x21 5.3 g
Bicat 8 0.8 g
Emexry 3006 22.9 g
Irganox™ 1076 1.0 g
Scotchlite™ B23/500 10.0 g
Cab-0-Sil™ MS 1.0 g
Soybean 0il - 30.3 g
Vulcan™ 9A32 Carbon Black 2.0 g

.The formulation was mixed at 23°C and poured into a mold

constructed of thermoformed plastic in the shape
illustrated in Figure 2. The formulation was allowed to
cure for 24 hours at 23°C to form a gel, and then removed
from the mold. The resultant end seal had a core



Poly bd R45HT 20.2 ¢ char[errgw1§QQMLZmew- ,

5.3 g 25 Bi Cat 8 . 0.8 ¢ Erery:-8006 3 i

22.9 g Irganox[err] 1076 1.0 g}St6tchliteferrty B23/ 500

10.0 g Cab-O-Sil[err] M 1.0 g'3d SoybeaprO | |

30.3 g Vul can[err] 9A32 Carbon Bl ack -12- 0 g iThe ¥orttifatToniwas ni xed

at 23[err]C and poured into a nold constructed of it hernof-ermed-plastic in

the shape 35 diametentefl aho&tglrt om (ZT&D¢E#$&1£§¢QH&Q¢%;kﬂRQﬁﬁa,Qﬁ)

cure for 24 ho ek f ; ek L Tromg he

nmol d. The resurﬁgn?ﬁeﬁggs%g%ﬁﬁgg’agéglgbgegeafngl& TP
inches). The two openings within the core each had a

diameter of 1.65 cm (0.65 inches). The gel material had
5 a Shore 00 hardness of 21.4.

Example 2

An end seal of the present invention was
constructed from a cross-linked butyl rubber mastic,

10 available as "GS7500 Cross Linked Sealant" from General
Sealants, Inc. The sealant material was placed into the
mold described in example 1 by layering mastic strips.
The mastic was formed into a void free, cohesive mass
having the shape illustrated in Figure 2 by compressive

15 force on the open side of the mold. The mastic material
had a Shore 00 hardness of 38.

Example 3
An end seal similar to that described in Example 1

20 above was constructed by die-cutting the shape from a
vinyl-nitrile/neoprene clcsed cell foam material
available as Ensolite IVl from Uniroyal Plastics Company.

Example 4
25 An end seal similar to that in Example 1, was

compression molded from a nitrile rubber composition

designated as "MS-4648C%, available from Neff-Perkins

Company. The seal was molded using conventional methods

in a steel mold. The rubber formulation had a Shore A
30 hardness of 20.

Example 5
The seals from Examples 1 though 4 were tested

according to the following procedure:

35 A test splice closure was constructed employing the
Closure Body Assembly from the Armorcast™ Buried Closure-
Direct Injection (ABC-DI) 3.0-12 product available from



-13- dianeter of about 5.1 cm (2 inches), the tai
inches), and the seal width was 5.1cm (2.0 inches).| HRgE
the core each had a dianmeter of 1.65 cm (0.65 |nches) gerrmat- rda
5 a Shore QO hardness of 21.4. Exanple 2 An end -sedl of‘ﬁhev@rﬁsent §
i nvention was constructed froma cross-1inked butyh riubber mastic, ;1@
avai |l abl e as "GS7500 Cross Linked Sealant"'**bn1Geﬁeral Sealanf“'“fna The
to the

sealant-naterlag wasagfgm% Js%r% body assembly is a Eyrindrically- -

formed, longitudinally split polyethylene sheet having

conically shaped ends and two ports located on the bedy

had

for use in encapsulating compound injection and pressure
5 monitoring.

The ends were trimmed so that when the closure body
was installed, the diameters of the openings were about
6.4 cm (2.5 inches). Two lengths of polyethylene single
sheath unfilled telephone cable (100 pair/24 gauge wires)

10 were used to construct the test closure. The test
closure assembly had one cable exiting from one end and
two cables exiting from the other end of the closure body
assembly. All cable ends were capped.

The end seals of Examples 1-4 were wrapped around

15 the cables and position so that the seals would be
located beneath the conical ends of the assembly when
installed. On the end having only a single cable
exiting, a plug made of the same material as the end seal
was used. The completed end seals were about 8.1 cm (3.2

20 inches) in diameter.

The closure body assembly was then installed and
sealed according to the product instructions. Two worm-
drive compression bands were placed on the closure near
the ends to further maintain the closure. The test

25 closure was then filled with 4442 HiGel™ encapsulating
compound available from 3M. None of the closures leaked.
A pressure injection caulking gun was used to place 1.05
kg/cmﬁ (15 psi) pressure on the encapsulant. Again, no
leakage of compound was observed from the ends of any

30 closure assembly.

Having described the present invention with regard
to several embodiments, it will be appreciated that those
skilled in the art may find modifications not described
but all such modifications are contemplated that come

35 within the scope of the appended claims.



formed into a void f TheShe HsTFRinRpBRES havi ng thgis ape. s@%awgd%in
Figure 2 by conpressi il on t he open S|ie pf&%hgﬁﬁpkﬂﬁ §qu
mastic material had a | ness of 38. Example: ; Ah“end seaw

simlar to that descri e 1 20_, .above pas..const-ructed by
die-cutting the shape froma vinyI-nitriIeFﬁeopren@ cl osed cell [ggm
material avail ghla@pads Ensolite 1V1 from Uniroyal Plasti.es—Conmpany.” Exanpl e
4 25 An end seal simlar to that in Exanple 1, was conpression

nol ded from a nitril &-rudBeretb i+ iA9RR¥es §rasealasherspagsgbetween

avai | abl e fromthef cabadé ahd between the cables and the closure to
restrict fluid transfer through the seal, comprises an
5 elastic flexible member having opposite sides and at
least one opening formed through the member and a cut
formed in a peripheral edge communicating with the
peripheral edge and the opening to allow the member to be
positioned about a cable with the cable disposed in the
10 opening, characterized by the feature that said member
(18) has a core portion (20) having an outer peripheral
surface (30) and spaced ends, and wall means (25) form at
least a pair of cylindrical openings (24) through said
core portion (20) extending between said ends, with one
15 edge of each opening communicating with the outer
peripheral surface (30) of the core portion (20) to
define an entrance slot to each opening (24) from the
periphery (30) of the core portion, and that an extended
tail portién (22) having opposite surfaces (32,34),
20 joined by side edges, and a free end (36) is joined to
" the core portion, the tail portion (22) is integral with
and extends from the surface of the core portion (20)
with one surface (32) being formed tangential to said
wall means (25) forming one of said openings (24), said
25 tail portion (22) having sufficient length to wrap about
said peripheral surface (30) of the core portion to cover
all the entrance slots of the openings (24) and the
cables to be placed therein, with said free end (36) of
the tail portion (22) tapering to an end of reduced
30 thickness. -

2. An end seal according to claim 1 characterized
in that said openings (24) are of various arcuate
dimensions and are formed in the core portion (20) in
peripherally spaced relationship.

35 3. An end seal according to claim 1 characterized
in that the end seal is formed of a material having an
inherent self-adhesive property such that there is

I
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Conmpany. The seal imnnlded usi ng conventlonal nethodsﬁl Fiac
The rubber fornul ati H@Bﬂmx har dness df ™ X 54 Th
seal s from Exanpl es 1 tested according to the f Ilanngl
procedure: 35 Iwﬂg cl osure was constructed ‘en I 'ayi ng it he
Cl osur e Body Assenbly front rcast[err Buri ed: 0 osure-..Di-rect t
I njection (ABC-DI) 3.0-12 product avai | ablet®¥7 om 14 3M  This clogure

body assenbly 'Srgaggblgdﬁ ﬁ|k¥1ctxona1 cecefficient Eéf“éen “the taxl

portion (22) and the core portion (20) and between wraps

of the tail portion about the core portion.
4. An end seal according to claim 1 characterized
5 in that the tail portion (22) is tapered along its length
such that the width of the tail portion (22) at the free
end (36) is narrower than adjacent the core portion (20).

S. An end seal according to claim 1 characterized
in that said tail portion (22) is tapered transversely of

10 the width thereof such that one edge becomes increasingly
thinner than the other edge along the length of the tail
portion.

6. An end seal according to claim 4 characterized
in that said tail portion (22) is tapered transversely of

15 the width thereof such that one edge becomes increasingly
thinner than the other edge along the length of the tail
portion.

7. An end seal according to claim 1 characterized
in that said tail portion (22) is provided with obligue

20 slits (31) in spaced relationship along its length to
afford easy shortening of the length of the tail if the
diameter of a cooperating closure end is smaller than the
diameter of the core portion (20) with the entire tail
portion (22) wrapped about the core portion.

25 8. An end seal according to claim 1, 2 or 6
characterized in that said core portion (20) is generally
circular.

9. An end seal according to claim 1, 2, 3 or 6
characterized in that said core portion (22) is generally

30 oblong.

10. An end seal according to claim 1, 2, 3, or 6
characterized in that the tail portion (22d) is formed
with a rib (33) on one surface and a groove (35) on the
opposite surface such that upon wrapping the tail portion

35 about the core portion, the mating rib and groove
increase the fricticnal forces needed to slide the
wrapped portions axially of the openings.
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formed, longitudinally split polyethyl ene sheet having conicalTy shaped __

ends and two ports | ocated on the body for use in encapﬁmhﬁaﬁﬂ conpound
i njection and pressure 5 nonitoring. The ends were tri ﬂi@i‘ﬂ‘ﬂwdthe

cl osure body was installed, the diameters of the opening .4 cm
(2.5 inches). Two | engths of polyethyl ene single sheath I hone
cable (100 pair/24 gauge wires) 10 were used to construct the test

cl osure. The test closure assenbly had-pne cable exiting fromone end and
two cables exiting fromthe other end of the closure body assenbly. All

cabl e ends were capped. aAthenéngeatakacofd gy adlalimd 1ere @ agpad ar ound

15 the cabl go, 200 ROFLLA 00 SPhhELaldERS ¥ P %1astic,
flexible material is selected from the group consisting
of gels, elastomers, mastics and foanms.

5 12. An end seal according to claim 11 characterized
in that said body is a gel having a shore 00 hardness of
from about 10 to about 50, an elongation of greater than
100%, and a density of less than about 0.8 gm/cc.

13. An end seal according to claim 12 characterized

10 in that said gel comprises at least one diisocyanate and
at least one isocyanate reactive material selected from
the group consisting of polyols, polymer polycls, and
polymeric amines, wherein said gel has an isocyanate
index of less than 100.

15 14. An end seal according to claim 13
characterized in that said gel comprises a
polyureaurethane.

15. An end seal according to claim 13 characterized
in that said gel comprises from about 10 to about 30% of

20 a hydroxyl terminated polybutadiene, from about 2 to
about 20 of a difunctional amine terminated butadiene
acrylonitrile polymer, from about 3 to about 8% C;, dimer
acid diisocyanate, from about 25 to about 50% vegetable
oil, from about 15 to about 40% polyalphaolefin, from

25 about 0.5 to about 5% silica, from about 0.5 to about 5%
antioxidant, from about 0.1 to about 5% zinc catalyst,.
and from about from about 5 to abompjai
microbubbles. ;
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| ocat ed beneath the conical ends of the assenbly when installed. On the end
having only a single cable exiting, a plug mude of the sane naterial as the
end seal was used. The conpleted end seals were about 8.1 cm (3.2 20
inches) in dianeter. The cl osure body assenbly was then installed and
seal ed according to the product instructigns. Two worm drive conpression
bands were placed on the closure near the ends to further nmaintain the
closure. The test 25 closure was then filled with 4442 Hi Gel[err]
encapsul ati ng conpound avai | abCaBLEoGLGSURBICEND (BEAIhe cl osures | eaked. A
pressure injection caul king gun was used to place 1. 05 kg/cn2 (15 psi)
pressure on the encapsul ant. Abgtra rend was observed

fromthe ends of any An end seal for spllce closures or for terminals

comprising a core portion of a flexible resilient
material, which core portion has an outer periphery and

5 openings extending through the core porticn, which
openings communicate with the outer periphery, and a tail
portion which is integral with and extends from the core
portion periphery to be wrapped about the core portion
and the cables placed in the openings thereof for filling

10 the space between the core portion and the closure end
surface.

FIGURE 5



30 cl osure assenbly. Having described the present invention with regard
to several enbodinents, it will be appreciated that .tthose skilled in the
art may find nodifications not described but all suche.mndifications are

contenpl'ated ‘'that cone 35 wthin the scope of the appends b BB )
| claim 1. An end seal, adapted to seal 3t he space begmgeﬁﬂn
between the cables and a closure to restrict fluid triansfer

seal , conpri sing: {1
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a body of an elastic. flexible material having a core portion having an
outer peripheral surface and spaced ends. and wall neans formng at |east a
pair of cylindrical openings through said core portion extendi ng between
said ends with one edge of each opening communicating with the outer

peri pheral surface of the core portion-tg define an entrance slot to each
opening fromthe edge of the core portion, and an extended tail portion
havi ng opposite surfaces, joined by side edges. and a free end, the tail is
integral with and extends fromthe surface of the core portion with one
surface being fornmed tangen- tial to said wall neans form ng one of said

open- 22¢
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ings, said tail portion having sufficient length to wap about said
peri pheral surface of the core por- tion to cover all the entrance slots of
"the openings and- thecables 10 be placed therein, with said

tail portion taperjn L Q. RBe gy of reduced thickness—2Z; nd sé&al |
according to cl’&f g here are openings of va ": ii.u-a:t-»ev-«-‘g \

di mensi ons forne E“\fﬂ portion i-n Iperipheral lly spaced. rel.afi C‘an%hi p.
3. An end seal a aim1l wherein the end i?sehlfg;; iis &fior hed of \a
mat eri al having an i nherent self-adhe- sive property'-"tsy_c_:?b___,_t_“,h_a,t._—ﬂt—heré [

created a high frictional coefficient between the tagl "and the core ang
bet ween waps of the tail about the core portion. ! T

I claim:

1. An end seal, adapted to seal the space between
cables and between the cables and a closure to restrict
fluid transfer through the seal, compnsing:

a body of an elastic, flexible matenal having

a core portion having an outer peripheral surface and

spaced ends, and wall means forming at least a pair
of cvlindrical openings through said core portion
extending between said ends, with one edge of each
opening communicating with the outer peripheral
surface of the core portion to define an entrance
slot to each opening from the edge of the core
portion, and

an extended tail portion having opposite surfaces,

Joined by side edges. and a free end, the tail is
integral with and extends from the surface of the
core portion with one surface being formed tangen-
tial to said wall means forming one of said open-
ings, said tail portion having sufficient length to
wrap about said peripheral surface of the core por-
tion to cover all the entrance slots of the openings
and the cables to be placed therein, with said free
end of the tail portion tapering to an end of reduced
thickness. o

2. An end seal according to claim 1 wherein there are
openings of various arcuate dimensions formed in the
core portion in peripherally spaced relationship.

3. An end seal according to claim 1 wherein the end
seal is formed of a material having an inherent self-adhe-
sive property such that there is created a high frictional
coefficient between the tail and the core and between
wraps of the tail about the core portion.

4. An end seal according to claim 1 wherein the tail
portion is tapered along its length such that the width of
the tail portion at the free end is narrower than adjacent
the core portion.

§. An end seal according to claim 1 wherein said tail
portion is tapered transversely of the width thereof such

——
—————
——————
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4 An end seal accord| n eﬁr/l wherein the tail portion is tapered

along jts length at the\{vl gth of the tail portlon at the free end is
narrower than adj ace e }MB@@ Sortion. 5. An end-seal™ dCTAruing I claim
1 wherein said taif® pered transversel y§efefﬁih her eof
such t hat one ed easi ngly thinner: tfvan tThe 6t her que

al ong the |l ength of portlon 6. An_end seal | at:c;otéihn@"folcllal m 4

that one edge becones increasingly thinner than thle .

that one edge becomes increasingly thinner than the

other edge along the length of the tail portion.

6. An end seal according to claim 4 wherein said tail
portion is tapered transversely of the width thereof such
that one edge becomes increasingly thinner than the
other edge along the length of the tail portion.

7. An end seal according to claim 1 wherein said tail
portion is provided with oblique slits in spaced relation-
ship along its length to afford easy shortening of the
length of the tail if the diameter of the closure end is
smaller than the diameter of the core portion with the
entire tail portion wrapped about the core portion.

8. An end seal according to claim 1 wherein saidxcore
portion is generally circular. “n

9. An end seal according to claim 2 wherein the core
portion is generally circular.

10. An end seal according to claim 1 wherein said
core portion is generally oblong.

11. An end seal according to claim 3 wherein said
core portion is generally oblong.

12. An end seal according to claim 1 wherein the tail -
portion is formed with a rib on one surface and a groove
on the opposite surface such that upon wrapping the tail
portion about the core portion, the mating rib and
groove increase the frictional forces needed to slide the
wrapped portions axially of the openings.

13. An end seal according to claim 1 wherein said
body of elastic, flexible material is selected from the
group consisting of gels, elastomers, mastics and foams.

14. An end seal according to claim 13 wherein said
body is a gel having a Shore 00 hardness of from about
10 to about 50, an elongation of greater than 100%, and
a density of less than about 0.8 gm/cc.

15. An end seal according to claim 13 wherein said
gel comprises at least one diisocyanate and at least one
isocyanate reactive material selected from the group
consisting of polyols, polymer polyols, and polymeric
amines, wherein said gel has an isocyanate index of less
than 100.

wherein said tail portlon is tapered transversely nofr the width th¢rTof such
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ot, her edge al ong the Iength of the tail portion. 7. An end seal according
;o clairm 1 whereimsard tail portlon Is provided with oblique slits in

spaced rel ati on- gth to afford easy shortening of the
/I ength of the ta|I lmiltm?wﬁﬁe %of the closure end is smaller than the

di aneter of the cor the entire tail portion wapped about the
core portion. 8. An di ng to-cBaFrm 1 wherein said core portion
is generally circular. 9. An end seal according to claim2 wherein the core
portion is generally circular. 10. An end seal according to claim1l wherein
said core portion is generally oblong. 11. An end seal according to claim3
wherein said ) ) . .

16. An end seal according to claim 15 wherein said

gel comprises a polyureaurethane.

17. An end seal according to claim 15 wherein said
gel comprises from about 10 to about 30% of a hydroxyl
terminated polybutadiene, from about 2 to about 20 of a
difunctional amine terminated butadiene acrylonitrile
polymer, from about 3 to about 8% Cj3¢ dimer acid
diisocyanate, from about 25 to about 50% vegetable oil,
from about 15 to about 40% polyalphaolefin, from
about 0.5 to about 5% silica, from about 0.5 to about 5%
antioxidant, from about 0.1 to about 5% zinc catalyst,
and from about from about 5 to about 25% glass micro-
bubbles.

* ] * *
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core portion is generally oblong. 12. An end seal accor dRER}-ACEMENTSHEET
wherein the tail portion is formed with a rib on one surface and a groove
on ;t.he ‘opposite surface such that upon wapping the tail portion about the

cére portion, the mating rib and groove increase the fiticti-eonal..£.Qr. ges .
needed to slide the wapped portions axially of the orer FOEVERT Ay 6
seal according to claim1 wherein sai d5body of elastig, *’r“exq—-bke. arz\ e'r'l al

is selected fromthe group consisting of gels, elastopme I\éc and ;
foams. 14. An end seal according to claim 13 wherein >an'd ’bm B g?el
having a Shore 00 hardness of from about 10 to about pO'~an-elengatign of
greater than 100% and a density of |ess than about 0.8 gm cc. !

et e e s )
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I claim:

1. An end seal, adapted to seal the space between
cables and between the cables and a closure to restrict
fluid transfer through the seal, comprising:

a body of an elastic, flexible matenal having

a core portion having an outer peripheral surface and

spaced ends. and wall means forming at least a pair
of cvlindrical openings through said core portion
extending between said ends. with one edge of each
opening communicating with the outer peripheral
surface of the core portion to define an entrance
slot to each opening from the edge of the core
portion, and

an extended tail portion having opposite surfaces,

joined by side edges. and a free end, the tail is
integral with and extends from the surface of the
core portion with one surface being formed tangen-
tial to said wall means forming one of said open-
ings, said tail portion having sufficient length to
wrap about said peripheral surface of the core por-
tion to cover all the entrance slots of the openings
and the cables to be placed therein, with said free
end of the tail portion tapering to an end of reduced
thickness.

2. An end seal according to claim 1 wherein there are
openings of various arcuate dimensions formed in the
core portion in peripherally spaced relationship.

3. An end seal according to claim 1 wherein the end
seal is formed of a material having an inherent self-adhe-
sive property such that there is created a high frictional
coefficient between the tail and the core and between
wraps of the tail about the core portion.

4. An end seal according to claim 1 wherein the tail
portion is tapered along its length such that the width of
the tail portion at the free end is narrower than adjacent
the core portion.

5. An end seal according to claim 1 wherein said tail
portion is tapered rransversely of the width thereof such
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15. An end seal according to claim 13 wherein said_gel conprises at |east

one. di i socyanate and at | east one isocyanate reactlve naterial sel ect ed
from'the group consisting of polyols, polyner pol on;sﬁ ;andfp(gl yma
anines, wherein said gel has an isocyanate index of ‘I ess than 10?} -
16. An end seal according to claim 15 wherein said gels corrprl ses a’]
pol yur eaur et hane. 17. An end seal accoring to claiin 15 ‘V\heﬁﬂ&ﬁ%ﬁl‘d pel
conpri ses from about 10 to about 30% of a hydroxyl : :

{

that one edge becomes increasingly thinner than the
other edge along the length of the tail portion.

6. An end seal according to claim 4 wherein said tail
portion is tapered transversely of the width thereof such
that one edge becomes increasingly thinner than the
other edge along the length of the tail portion.

7. An end seal according to claim 1 wherein said tail
portion is provided with oblique slits in spaced relation-
ship along its length to afford easy shortening of the
length of the tail if the diameter of the closure end is
smaller than the diameter of the core portion with the
entire tail portion wrapped about the core portion.

8. An end seal according to claim 1 wherein saidxcore
portion is generally circular. ™A

9. An end seal according to claim 2 wherein the core
portion is generally circular.

10. An end seal according to claim 1 wherein said
core portion is generally oblong.

11. An end seal according to claim 3 wherein said
core portion is generally oblong.

12. An end seal according to claim 1 wherein the tail -
portion is formed with a rib on one surface and a groove
on the opposite surface such that upon wrappmg the tail
portion about the core portion, the mating rib and
groove increase the frictional forces needed to slide the
wrapped portions axially of the openings.

13. An end seal according to claim 1 wherein said
body of elastic, flexible material is selected from the
group consisting of gels, elastomers, mastics and foams.

14. An end seal according to claim 13 wherein said
body is a gel having a Shore 00 hardness of from about
10 to about 50, an elongation of greater than 100%, and
a density of less than about 0.8 gm/cc.

15. An end seal according to claim 13 wherein said
gel comprises at least one.diisocyanate and at least one
isocyanate reactive material selected from the group
consisting of polyols, polymer polyols, and polymeric
amines, wherein said gel has an isocyanate index of less
than 100.
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term nat ed pol ybut adi ene, from about 2 to about 20 of a difimétEdhRl SGhine
term nated butadi ene acrylonitrile polynmer, fromabout 3 to about 8% (ferr]
di per acid diisocyanate, from about 25 to about 50% vegetable oil, from
about 15 to about 40% pol yal phaol efin, fromabout 0.5 to about 5% silica,
fromabout 0.5 to about 5% anti oxidant, from about 0.1 to about 5% zinc
catal yst, and from about from about 51?0 about 25% gl ass m cro- bubbl es.

16. An end seal according to claim 15 wherein said
gel comprises a polyureaurethane.

17. An end seal according to claim 15 wherein said
gel comprises from about 10 to about 30% of a hydroxyl
terminated polybutadiene, from about 2 to about 20 of a
difunctional amine terminated butadiene acrylonitrile
polymer, from about 3 10 about 8% Cj3¢ dimer acid
diisocyanate, from about 25 to about 50% vegetable oil,
from about 15 to about 409 polyalphaolefin, from
about 0.5 to about 5% silica, from about 0.5 to about 5%
antioxidant, from about 0.1 to about 5% zinc catalyst,
and from about from about 5 to about 25% glass micro-
bubbles. '
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