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CONSTRUCTION THEREOF

FiG 1

(57) Abstract: A protective textile sleeve and method of construction thereof are provided. The sleeve has a tubular wall of braided
yarns extending lengthwise along a central longitudinal axis between opposite ends. At least some of the braided yarns including
heat-set yarns, and the wait has a plurality of annular first regions forming generally convex ridges and a plurality of annular second
regions forming generally concave valleys, The first regions alternate with the second regions along the central longitudinal axis.
The first regions include a plurality of twisted yarns forming a plurality of closed loops, wherein at least some of the braided yarns
pass through at least some of the closed loops within the first regions to enhance the radial stiffness and resistance of the wall to
kinking.
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BRAIDED TEXTILE SLEEVE WITH AXIALLY COLLAPSIBLE, ANTIEINKING

FEATURE AND METHOD OF CONSTRUCTION THEREOF

CROSS-REFERENCE TO RELATED APPLICATION
(001} This application clzims the benefit of U8, Provisional Application Serial No.
$2:254 800, filed Movember 13, 2015, and U5, Uslity Application Serial No. 157345,682,
filed November 10, 2016, which are incorporated herein by reference in thelr antirety,

BACKGROUND OF THE INVENTION

R Tachnical Fisld
0002]  This invention relates generally o tostile sleeves, and more particularly to braided
textiie sleeves.
2. Relaied Ant
0003} it is known to protect slongate members in braided textile sleeves against a variely
of environmental conditions and affects, or 1o just contaln clongate members in textile sloeves
for bundling and routing purposes. In the case of braided sleeves, the braided wall is
commonly braided as a circomferentially continuous, seamless wall, sometimes referred to as
a ‘closed” wall, One krown advantage of @ closed, braided wall construction, in contrast fo
woven or knit wall constructions, 18 thal the wall can be circumferentially expanded by
pushing the opposite ends toward one another during installation to facilitale sliding the wall
aver an clongated member, However, a known problem with braided sleeves can arise during
installation, particularly when trving to install the sleeve over relatively lengthy elongate
members, such as wires and iubes, andfor about refatively shamp bands or corners.
Commonly, when confronted with lengthy clongate members and sharp bends, ihe sleeves
jend o flatten on themselves and kink, partcularly within the region of a bend, therehy

causing the material of the sleeve 1o bunch-up axially on itself, and thus, the sleeve ceases o

|
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continue slong the length of the elongate member, thereby complicating the installation
[FOCESS,

SUMMARY OF THE INVENTHON
{0047 In sceordance with one aspect of the invention, a protective texiile sleeve s
provided, The sleeve has a wibular well of braided yarns extending lengthwise along 8 centeal
Jengitudingl axis between opposite ends. At least some of the braided yarns including heat-
set yarns, The wall bas o plurality of snoulsr first regions forming generally convex ridges
and a plusality of annular second reglons forming generally concave valleys. The first
regions alternate with the second regions along the central longitudinal sxis, The first rEgIOns
inchuding a pharality of twisted yams forming a plurality of closed loops, whersin at least
some of the braided varns pass through at least some of the closed loops within the fiest
regions.
HEEINY tn zccordance with another aspect of the invention, the first regions can be
provided having a first siiffness and the second regions can be provided having & second
stiffness, with the first stiffness being greater than the second stiffaess.  Accordingly, the
relatively increased stiffness first roglons resist the wall from being circumierentially
compressed and Hattened, while the relatively decreased siiffness second regions provide
axial flexibility and axial compressibility to facilitate routing the sleeve about bends without
kinking.
{0006] In accordance with another aspect of the invention, the first regions can inchade
heal-sgh yarns.
0T In accordance with annther aspect of the invention, the heat-set-yams can be
provided g5 monofilaments.
EHUILY: In sccordance with another aspect of the inventios, the second regions can include

non-heat-setiable varns,

3]
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{00697 in accordance with another aspect of the invention, the non-heat-setiable yarms can
be provided as relatively soft multifilaments to enhance the coverage protection offered by
the stesve and to enhance axial compressibility and fexibility of the wall to resist kinking.
G010 In accordance with another aspect of the invention, at least some of the heat-set
yarns can be braided in bundies, with each of the bundles including a plurality of yarms
wwisted with one another and forming closed loops, with at lesst some of the closed loops of
one bundle being interlinked with at feast some closed foops of another bundle in the first
ragions,

001 In accordance with another aspect of the invention, the second regions can be
formed o include non-heat-set yarng, with the non-heat-set yarns extending through closed
toops of the bundies 1o enhancs the structural integrity of the sheve,

10012] in accordance with another aspect of the invention, a plurality of the yams can be
braided to pass through sach of the closed loops.

{00131 In accordance with another aspect of the invention, the first regions can include
yarns braided in & first pottern and the second regions can include yars braided ina second
patiorn, whersin the first pattern is differsnt from the second patiern, such that the Hrst
paitern has an inoreased silffness against axial and radial compression refative o the second
pattern, which in tusn can provide enhanced Hexibility.

{314} In accordance with another aspect of the invention, the wall can be formed
entirely of heat-set monofilamenis,

HRY in aceordance with another aspect of the invention, a method of constructing 2
wibular protective textile sleeve is provided. The method includes brsiding o plurality of
varns with one another to form a twbular wall extending longthwise along & cepiral
tongitudinal axis between opposite ends, with o least some of the yarns being provided as

heat-setiable yarns. Further, compressing the opposiie ends of the wbular wall axially ioward

3
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one another to a compressed state, Next, heat-seiting the heat-setiable yarns while the wall is
in the compressed state to form a plurality of annular first regions and 2 plurality of annular
seeond regions alternating with one another slong the central fonghiudingl axis, wherein the
first regions form gensrally convex ridges and the second regions form generally concave
valleys.

[H6] In sccordance with another aspect of the investion, the muthod can include
braiding the wall on a lace-braiding machine.

01T in accordance with another aspect of the invention, the method can inchude
braiding the wall a5 a seamiess, circum forentially continuous wall.

{0018] In accordance with another aspect of the invention, the method can inchade
forming the scoond regions incheding non-heat-setiable varns,

[o019t in scoordance with another aspect of the invention, the method can include
providing the non-heat-setiable yarns as muitifilaments.

102a] n sccordance with another aspect of the mvention, the muthod can include
providing the hest-settable yams as monofilaments,

0021} In accordance with ancther aspect of the invention, the method can include
braiding at least some of the heat-setisble yarns in twisted bundles having loops, and further
including intertinking at least some of the loops of one bundle with at least some of the loops
of ancther bundle in the first regions.

(60221 In sceordance with another aspect of the invention, the method can include
extending non-heat-settable yarns through at least some of the oops of the bundies.

10023]  In accordance with another aspect of the invention, the method can include
braiding varns in the first regions in a fiest pattorn and braiding the second yams in the
second regions In a second pattern, the first pattern having an increased axial and radial

stiffness relative (o the second pattern,



WO 2017/083645 PCT/US2016/061526

10024} in accordance with another aspect of the invention, the method can include
braiding the wall entirely of heat-settable yarns,
002351 in accordance with another aspect of the invention, the method can include
braiding the first regions having a first stiffhess and braiding the second regions having 3
second stiffness, with the first stiffness being greater than the second stiffness, such that the
first regions provide the sleeve with enhanced hoop strength and anti-kinking properties and
the second regions provide the slesve with enhance fexibility and coverage,

BRIEF DESCRIPTHON OF THE DRAWINGS
(0026]  These and other aspects, featwres and advantages of the present invention will
become more readily appreciated when considered in connection with the following detailed
description of presently preferred embodiments and bust mode, appended claims and
aceompanying drawings, in which:
o027 Figurs | is a schematic perspective view of a tubular braided slesve constructed in
sccordance with one aspect of the invention shown disposed about an elongaie member to be
protected;
10028] Figure 24 is an enlarged fragmentary view showing the braid pattern of a wall of
the slceve of Figure 1 in accordance with one aspect of the invention;
0251 Figure 28 is an enlarged fragmentary view showing the braid pattern of a wall of
the sleeve of Figure 1 in accordance with another aspect of the invention:
08301 Figure 20 b5 an enlarged fagmentary view showing the braid patiern of a wall of
the sieeve of Figure | in accordance with another aspect of the invention;
0311 Figure 21 is an enlarged fragmentary view showing the braid pattem of g wall of
the sleeve of Figure | in sccordance with another aspect of the invention;
{00321 Figure 3A is o fragmentary view of the sleeve of Figure 1 constructed via the

braid patiers of Figure 24 shown in a braided, pre-compressed, pre-heat-set state;
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166333 Figure 3B is a view of the sleeve of Figure 3B shown in an axially compressed,
heat-sel stats;

00341 Figure 3C is a view of the sleeve of Figure 3B shown being routed about a sharp
hend withowt kinking;

[0035] Figure 44 is n fragmentary view of the sleeve of Figure | constructed via the
braid pattern of Figure 2D shown in 2 braided, pre-comprassed, pre-heat-set stale;

{3336} Figure 4B is o fragmentary view of the sleeve of Figure 4A shown in an axiaily
comprassed state;

[0037] Figure 4C is a fragmemary view of the sleeve of Figure 4B shown in an axially
compressed, heal-set siate; and

{00381 Figure 4D is a fragmentary view of the sleeve of Figure 4C shown being routed
ahout 3 sharp bend withow kinkiag,

DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
6039 Referring in more detail 1o the drawings, Figure 1 illustrates generally s braided
protective lextile sleove, referred to hercafler as sleove 1, construcied in accordance with
one aspect of the invention. The sleeve 10 hus a Iwabded, circumferentially continuous,
seambess whular wall 12 extending lengthwise slong a conwal longitudinal axis 14 betwesn
oppesite open ends 16, 18, The wall 12 has a plurality of annular first regions 20 and 2
plurality of annular second regions 22 aliernating with one another along the ceniral
fongitudinal axis 14 to provide the wall 12 with axially collapsible features in the fem of a
corrugated or convoluied profile. The first regions 20 form generally bulbous, convex ridges
having a first axial and radial stiffvess and the second reglons 22 form generally contracted,
goncave vallevs having a second axial and radinl stiffoess, wherein the Hrst stiffhess i
greater than the second stiffness. As g result of the differing region configurations and

stiffnass between the first and second regions 20, 22, the wall 12 is able to readily colfapse

&
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and expand axially while retasining Hs structural integrity, including outer peripheral shape,
during assembly and while in use, thereby making assembly of the skeeve 10 about an
slonpate member 23 1o be reveived and projected thorein easy, even over long elongate
members 23 and ashout meandering paths and comers.

0040]  The wall 12 is prefersbly braided on s lace-braiding machine, though other
tsraiding mechanisms are contemplated horeln,  In accordance with one aspect of the
invention, the yarns forming or subsiantially forming the first reglons 20 can be provided a5
heat-setiable varns 24 {subsiantially forming is meant to mean that a majority, such 85 greater
than 75% content, by way of example and without Himitation, of the yarn is heat-settable yarn
347 and the varns forming or substantially forming the second reglons 22 can be provided a3
non-heat-seitable yarns 26 (substantially forming Is meant 10 mean that a majority, such as
grester than 73% content, by way of example and without iimitatia@ of the yarn i3 non-heat-
settable yarn 261, The heat-setiable yarns 24 are preferably provided as monofilaments,
while the non-heat-sstiable yams are preferably provided as multifilaments, though i is
contemplated Berein the heat-sesiable mulifilamenis and non-hest-seitable monofilaments
could be used, depending on the application performancs requirernents, Regardiess, the heat-
setiable varns 24, particularly afier being heat-set, as discussed below, are relatively stiff and
rigid in comparison 1o the non-hest-seitable yams 26, while the non-heat-settable yarns 26 are
relatively soft and flexibie in comparison to the heat-settable yams 24, Accordingly, the
heat-scitable yarns 24 can be provided ss a hesl-seutable monofilament or 4 heat-setiable
multifilamsent, such as  from, for example, nylon, polyphenviene sulfide (PPS),
polyathylencterephthalate (PET), or polypropylene {(PP), having 5 diameter between about
5.1-0.40mm, by way of sxample and without limitation, or being generally fla, having a
thickness between shout $.15-0.25mm and 3 width between abowt 1.0-3.5mm, by way of

gxample and withow limitation. The non-heat-settable yarns 26 can be provided from any

7
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suitable non-hest-settable material, including, by way of example and without Himitation, a
mineral fiber, e.g. basalt, silica, or ceramic or Bherglass.

{6041} Puring the braiding process, the heat-setiable yarns 24 are braided to form the
substantial majority of, or the entirety of the first regions 28, while non-heat-setlable yarns 26
are braided to form the substantial majority of, or the entirety of the second regions 22
Agcordingly, the heat-settable varns 24 are inferlaced with ome another o form or
substantially form the first regions 20 and the non-heat-settable yarns 26 are interlaced with
one ancther to form or substantially form the second regions 22, In Flgures 2A and 2B,
different braid patterns are showan in accordance with difforent aspecis of the invention, while
i1 should be recognized that other braid patterns providing refatively sl first regions 20 and
retatively sofl, flexible second regions 22 arc contemplated herein, The heat-setiable yarns
24 in Figure 2A and 2B are shown as being braided as twisted bundies 28, wherein each
bundls 28 includes 3 plurality of heat-settable yarns 24, shown as a pair of heat-setiable yams
24, hy way of example and withow Hmitation, twisted with one another 1o form closed loops
30, Al least a portion or the entirety of the closed loops 30 within the first regions 20 are
interlinked with one another such that the twisted bundles 28 are locked together. In Figure
ZA, within the second regions 26, the non-heat-settable yarns 26 are not only interlaced with
one another in generally standard braided fashion, undulating over-and-under one another in
allernating relation, by they alse extend through closed loops 30 of the pwisted bundles 28,
while in Figure 2B, the second regions 22 are formed entirely of the non-heat-setiable yarms
286.

10042} Upon braiding the wall in sccordance with the braid pottern of Figure 24, a3
shown in Figure 34, with the same process applying fo that for the brald pattern of Figure
28, the opposiie ends 16, 18 of the wall 12 are axially compressed toward one another,

whersin during the compressing process, the first regions 20, being relatively stff, form

g
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radially outwandly extending, bulbous convex ridges 32, while the second reglons 22, being
relatively soft and flexible, collapse radially o form radially inwardly extending, contracted
concave valleys 34, While in the compressed state, the wall 12 is heat-set via application of a
suitabls degree of heat to casse the hest-seitable yams 24 o take on o heat-set configuration.
Upon being heat-set, the wall 12 retains a corrugated or convohied configuration while in &
relaxned, unbiased state, as shown in Figures 38, 1 should be recognized the wall 12 can be
axially compressed to the desired reduced longth, whether fully comprassed or partisly
comprassed, and further, the wall 12 can be compressed in sections and heat set prior to
cutting the slezve to its finished length, or the wall 12 can be cut to length, then compressed
to the desired length, and then heat-set, While compressing the wall 12, i is contemplated
that the wall 12 can be disposed shout 3 central mandrel to facilitate uniform compression of
the wall 12 without buckling. Further, the mandrel could be heated to fhcilitate hoat-seiting
the wall §2 while in its fully or partially compressed state,

{0431 Upon being heat-set, the wall {2 retains the radially owtwardly extending,
relatively stiff first regions 20 and the radially inwardly extending, relatively soft and flexible
second regions 22, and a5 a result, the sleeve 10 is readily able to be installed over relatively
long, meandering clongate members 23, including around bends and cormers, as shown i
Figure 3, without kinking or losing Hs “as constructed” outer peripheral shape, whether
circular or non-circular, a8 viewsd in lateral crpss-section.

{13441 In Figures 2C and 203, different braid patterns of the wall 12 in accordance with
further embodiments of the sleeve 10 of Figure | are shown, whersin the same refersnce
numerals as above are used 1o indicate Hike features, while i should be recognized that other
braid patterns providing relatively stfY first regions 20 and relatively soft, Hexible second
regions 22 gre comtemplated herein, The braid patierns shown in Figures 20 and 20 loclude

solely heat-seitable varns 24, wherein the hest-seitable yarns 24 are interlaced with

g
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themselves in 2 fest standard beald pattern, undulating over-and-under one another in
apposiie helical 5 and 2 disections throughou! the second regions 22, while the heat-settable
varns 24 are interlaced with each other in a second braid pattern in the frst regions 20, with
the second braid patiern being formed by pairs 36 of the heat-settable yarns 24 iooping abow
intermediate heat-setiable varns 24 and each other to change helical directions relative 1o one
ancther. Accordingly, one of the yams 24 in the pair of yarns 36 changes from an 3 or Z
helical direction to the opposits § or 2 direction with the first region 20, while the other of
the yarns 24 in the pair of yarns 36 changes from an 8 or Z helical direction io the opposite 5
or 7 direction with the first region 20, thereby forming closed loops 38, Extending through
the closed loops 30 is a plurality, shown as a pair of heat-setiable yarns 24, by way of
example and without Bmitation, sxtending opposite helfical directions to one gnother. The
main difforence between the braid patterns of Figures 2C and 2D is with regasd to the axial
length of the second, relatively flexible regions 22, wherein the second reglons 22 of Figure
30 are shown s boing the same or substantially the same axlal fength as the refatively sttt
first regions 20, and in contrasy, the second reglons 22 of Figure 2D are shown 88 having an
increased anial length relative to the relmively stiff frst regions 20, showa as being about
wwice as fong, by way of example and without Hmitation, 1t should be recognized thal the
first and seeond reglons 20, 22 can be braided having any suitable axially extonding fength,
wherein the first and second regions can all be about the same length, or they can vary in
fength individually or relative 1o one another over the lengih of the sleeve 13, as desired for
the intended application,

{00431 Upon braiding the wall in accordancs with the braid patierns of Figures 2C and
20, as shown in Figure 44 for the braid pattern of Figure 2D, though the same process
applies to the braid pattern of Figure 2, the opposite ends 16, 18 of the wall 12 are axially

compressed toward one another, wherein during the compressing process, the first regions 20,

154
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heing relatively stff, fom radially outwardly extending, convex ridges 32, while the second
regions 22, being relatively flexible, form radislly inwardly extending, concave valleys 34,
with the wall 12 taking 2 generally bellowed or convolute shape, as shown in Flgure 48,
While in the compressed siate, the wall 12 is heat-set via application of a suitable degree of
heat 1o cause the heat-setiable varns 24 to take on 2 heat-set configuration. Upon being heal-
set, the wall 12 retains a corrugated or convoluted configuration while i a relaxed, unbiased
state, s shown in Figure 4C. 1t should be recognized the wall 12 can be axially compressed
1o the desired reduced fength, whither fully compressed or partially compressed, and further,
the wall 12 can be compressed in sections and heat set prior to culting the sleeve o B8
finished fength, or the wall 12 can be cut o length, then comprassed o the desired length, and
then heat-set,  While compressing the wall 12, it is contemplated that the wall 12 can be
disposed abowt a central mandrel to faciltate sniform compression of the wall 12 without
bucklng, Funther, the mandre! could be heated 1o facititate heat-seiting the wall 12 while In
it fully or partially compressed state.

(00461 Unon being heateset, the wall 12 retaing the radially cutwardly extending,
relatively st first regions 20 and the radially inwardly extending, relatively soft and flexible
second regions 22, As a result, the sleeve 10 is readily able o be installed over relatively
long, meandering elongate members 23, including around bends and corners, as shown in
Figure 4D, without kinking or losing its “as constructed” outer peripheral shape, such as
round, by way of example and without Himitation.  As the steeve 10 is being routed around
bands, the flexible, sofler sccond regions 22 are able to collapse axially, while the first
regions 20 maintain the peripheral profile of the wall 12, whether circular or non-circular, as
viewad in lateral cross-section, therchy maintaining or substantizlly maintaining the “as
sonsiructed” outer peripheral shape of the wall 12, Accordingly, assembly of the sleeve 18

over the lenpth of generally long, meandering clongate members 23 Is greatly simphified.

i
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{0471 Many modifications and variations of the present invention are possible in Hght of
the ahove teachings, B i, therefore, o be undersiood thet the invention may be practiced
stherwise than as specifically described, and that the scope of the invention is defined by any

ultimately allowed claims,

vE
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What iz claimed {5

i, A protective texiile sleeve, comprising:

& tbulsr wall of braided varns extending lengthwise along a central longitudinal axis
between oppesite ends, at least some of said bratded varns including heat-set yarns; and

said wall having 2 plurality of annular first regions forming generally convex ridges
and o plurality of annular second regions forming generally concave valleys, said first regions
aiternating with sald second regions along said central tongitudingl axis, said first regions
including a plurality of twisted varns forming a plurslity of closed loops, wherein at least
some of sald bralded varns pass through at feast some of said closed loops within said first

reglons.

2. The protective sleeve of cleim | whereln said second regions are free of said closed

inops.

3. The protective sleeve of claim 2 whersin the entirety of said braided yarns include

heat-sel varns.

4. The protactive sleeve of claim 1 wherein a plurality of sald yarns pass through each of

said closed loops.

3. The protective sleeve of claim 1 whereln said first regions have 2 first stiffness and
said second regions have a second siiffness, sald first stiffness being greater than said second

stiffhess,
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&, The protective sleeve of clalm 5 wherein sald first regions include said heat-set yarns.

T The protective sleeve of clabm 6 wherein said heat-set-yarms are monofilaments.

8. The protective slesve of claim 3 wherein said second reglons include non-heat-set
yarns,

G, The protective slesve of claim § wherein sald non-heat-set yarns are multifiaments,
1. The protective sigeve of claim 9 whersin at least some of said multifilaments pass

through at least some of said closed loops.

11, The mrotective sleeve of claim | wherein st least some of sald heat-set yamns are
hraided in bundles, cach of said bundles including & plumality of said closed loops, at least
some of sald closed loops of one bundle being intertinked with at least some of said closed

loops of ancther bundle in said first regions,

2. The protective sleeve of claim 11 wherein sald second regions include non-heat-sel

varns, said non-heat-set yams extending through said closed loops.

i3, The protective sleeve of claim 11 wherein sald second regions are free of said closed

foops.
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14, The projective sieeve of claim | whereln said first rogions include yarns braided in a
first pattern and said second regions include yarns braided in 2 second pattern, said first

patiern being different from said second patiern,

15. The protetive skeeve of clabm | whereln sald wall is formed entirely of heat-set

moncefilaments.

16, A method of constructing a textile skeeve, comprising:

braiding a2 plurslity of yams with one another to form a twbular wall extending
lengthwise along & coniral longitudinal axis betwesn opposite ends with al least some of sald
varns being provided as heat-seitable yarns;

compressing sald opposite cads of said tubular wall axially wward one another; and

heat-setting said heat-seitable yvarns while sald wall is in sald compressed state to
form g plurality of annular first regions and a plurality of annular second regions alternating
with one snother along said central longitudingl axis, said first regions forming generally

conves ridges and said second regions forming generally concave valleys,

7. The method of claim 16 further including braiding said wall with a lace-braiding
maching.
18, The method of clabm 16 further including braiding seid wall as a scamless,

circumferentially cominuous wall.

g, The method of claim 16 further including braiding sald second reglons including

non-heat-settable varns.
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26, The method of clainy 19 further including providing sald non-heat-settable yarns a3

muitifllamonis,

21, The method of claim 16 further including braiding at least some of sald heat-settable
varns in twisted bundies with each of sald wwisted bundies including s plurality of closed
loops, and further including interlinking at least some of sald closed loops of one twisted

bundie with at least some of said closed loops of another twisted bundle in said {fivst regions.

22, The methed of claim 21 further including providing st least some of the yars as non-
heai-settable yarns and extending at least some of the non-heat-settable yarns through at least

some of said closed loops.

23, The method of claim 22 further including providing the heat-setiable yarns as

monoiilaments and providing the non-heat-settable yarns as multifilaments.

34, The method of claim 22 further inchuding extending a plurality of the non-heat-

setiable vams through sach of said closed loops,

25, The method of clalm 16 fusther including bralding varmns in said first regions in a first
pattorn and braiding said second yams in said second regions in a second patiern, said first

patiern being different from said second patiern.

26, The method of claim 25 funther including braiding said wall entively of heat-setiable
yarus,

i
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37 The method of claim 26 further including braiding at least some of said heat-setiable

yarns forming & plurality of closed loops in the first regions,

28, The method of claim 26 further including braiding the second regions being free of

the closed loops.

3%, The method of claim 16 fusther including braiding the first regions having a first
stiffnass and braiding the second regions having a second stiffness, with the first stiffness

being greater than the second stiffness.
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