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IMPACT RESISTANT, SHRINKABLE KNITTED TUBULAR SLEEVE AND
METHOD OF CONSTRUCTION THEREQF
CROSS-REFERENCE TO RELATED APPLICATION
{POG1T  This spplication claims the benefli of U.S. Provisional Application Serial No.
82/378,992, filed Aupust 24, 2016, and UK. Uhility Application Serial No. 15/684,875, filed

August 23, 2017, which ars incorporaied berein by reference in their entirety.
BACKGROUND OF THE INVENTION
i, Technical Field
(00021  This invention relates generally to texiile sleeves for protecting elongate members,
and more particulsrly to shrinkable knitted tubular sleeves.
2. Related Art
{00031 K is known 0 contain slongate members, such as wires, wire harnesses, cables and
conduits of various types in knitted sleeves to provide protection to the clongate members
against impact and abrasion, fluid and thermal affects. {n applications where high Impact
resistance is needed to prevent damage to the sleeve and the conlents therein, both wrappable
and circumferentially continuous, tubular sleeves are known. Though each can be made lo
provide suitable protection against impact forces and abrasion, each comes with drawbacks.
Wrappable sleeves require secondary featuses to secure them about the elongate member
being protected, such as clamps, straps, (apes and the like, and thus, additional labor and time
is required during assembly, thereby increasing the cost of assembly. Further, having to keep
the secondary features in stock is costly. Further yet, the secondary festure can present a
possibility of coming undone during use, thereby risking dircct exposure of the elongate
member to environmental effects.  In addition, wrappable sleeves typically have a non-
uniform thickness with opposite edges being overlapped on one another, and thus, the outer

envelopfsurface of the sleeve has a non-uniform appearance having an increased thickness
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rogion that can prevent Ut from being used in tight aveas, or otherwise wmake assembly
difficull. Another drawback to wrappable slesves is the need to keep different sizes in stock
for different diameter applications, and this further increases inventory and cost. In addition,
in order to provide the desired impact resistance, it is generally necessary to form the wall
being relatively thick, which can lead to the inability 0 use the wrappable sleeve in relatively
tight spaces.

(60041 With regard 10 circumferentially continuous, tubular sleeves, as with wrappable
sleeves, a need o keep different sizes in stock for different diameter applications exists,
Further, tubular sleeves are commonly fixed in diameter, and as such, it can be difficult or
impossible to use this type of sleeve in applications where the slongate member has one or
more regions of increased size relstive to the inner dismeier of the sleeve, such that the sleeve
will not fit over the increased size region{s), wherein the increased size region{s} could be
presented by an enlarged mechanical or electrical connsctor, for example. Further, fixed
dismeter tubular sleeves typically require secondary fasteners 1o secure them in position, such
as by applying a tape about one or both of the ends and on the member extending through the
sleeve, for example, and thus, they suffer from the same drawbacks discussed above for
wrappable sleeves. In addition, as discussed above, in order o provide the desired impact
resistance, it is generally necessary to form the wall being relatively thick, thus teking away
from the ability to use the sleeve in relatively tight spaces.

SUMMARY OF THE INVENTION

100031 One aspect of the invention provides s textile sleeve for routing and protecting
elongate members. The sleeve includes an clongate, knitted wall having a circumferentially
continuous, tubulsr outer periphery extending along a central axis between opposite open
ends. The wall includes shrinkable vamn and non-shrinksble yarmn, The shrinkable yam

provides the wall with an ability to be radially constricted from a first, digmetrically enlarged

[ 2%



WO 2018/039399 PCT/US2017/048304

state to a second, diametrically shrunken state, wherein the shrinkable varn and the non-
shrinkable yarn are knit in alternating groups of courses with ong another.

(60061  In accordance with another aspect of the invention, the ratio of the diameter of the
first, diametrically enlarged state to the second, diametrically shrunken state is about 1L.5:1 o
3:1 or greater.

{80871 In accordance with another aspect of the invention, the shrinkable varn is knit on
one of even or odd needles and the non-shrinkable varn is knit on the other of even or odd
needles.

[D008]  In accordance with another aspect of the invention, the shrinkable yarn is knit in one
of an interlock stitch pattern or a jersey stitch pattern.

[0009]  In sccordance with another aspect of the invention, the non-shrinkable vamn is knit
i an otioman stitch pattern.

[0G10]  In sccordance with another aspect of the invention, the non-shrinkable yarn is kait
having circumferentially extending floats, wherein the floats are formed by skipping at least
one even needie if the non-shrinkable yarn is knit on even needles or by skipping at least one
odd needle if the non-shrinkable yamn is knit on odd needles, wherein the floats form radially
inwardly facing cushions that provide enhanced impact protection to the elongate member
being protected.

{00117  In sccordance with another aspect of the invention, the floats can be formed on 1 to
4 immediately adjacent courses.

{00121  In accordance with another aspect of the invention, the shrinkable yarn can be
provided as a monofilament.

{0813]  In accordance with another aspect of the invention, the shrinkable vam can be

provided as a multifilament.
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{0014] In accordance with another aspect of the invention, the non-shrinkable yar can be
provided as a monofilament,

{0015} In accordence with another aspect of the invention, the non-shrinkable yarn can be
provided as a multifilament,

{6016}  In accordance with another aspect of the invention, the non-shrinkable yarn can bs
an air texturized multifilament,

{00171  In accordance with another aspest of the invention, the non-shrinkable varm can be
provided as at least one or more of PET, nylon, PP, PE, PPS, PEEK, and Nomex.

{0018  In accordance with another aspect of the invention, the wall can have a first density
when in the first, diametrically enlarged assembly state and a sccond density when in the
second, diametrically constricted state, with the second density being about 2 times greater or
maore than the first density.

{60191  In accordance with another aspect of the invention, the wall can be knit Including
low melt fusible yvarn that has a melt temperature that is less than the iemperature required to
shrink the shrinkable vam and less than the melt temperature of the non-shrinkable varn,
{60207 In accordance with another aspect of the invention, the low melt fusible varn can be
twisted or served with the shrinkable yam.

{00217  In accordance with another aspect of the invention, the low melt fusible varn can be
twisted or served with the non-shrinkable yam,

{00221 In accordance with vet another aspect of the invention, 8 method of constructing a
knitted sleeve for routing and protecting elongate members is provided., The method includes
knitting & wall having a circumferentially continuous, tubular outer periphery extending along
a central axis between opposite open ends with shrinkable yam and non-shrinkable yarn.
Further, providing the shrinkable yam having an ability to be shrunken to radially constrict

the wall from a first, diametrically enlarged state to 8 second, diametrically constricied state,
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wherein the shrinkable varn is koit on one of even or odd needies and the non-shrinkable yarn
is knit on the other of even or odd needles,

j0023]  In sccordance with another aspect of the invention, the method can further include
knitting the wall such that the ratio of the respective diameters of the first, diametrically
enlarged assembly siate to the second, diametrically constricted state is sbout 1L.5:1 to 5l or
greater,

{80241  In accordance with another aspect of the invention, the method can further include
knitting the shrinkable varn on one of even or odd needies and knitting the son-shrinkable
vam on the other of even or odd needles.

{0231 In accordance with another aspect of the invention, the method can further include
knitting the sheinkable yarn in one of an interlock stitch patiern or jersey stiteh pattern,

{0026]  In accordance with ancther aspect of the invention, the method can further include
knitting the non-shrinkable yars in an ofioman stitch pattern.

{64271 In sccordance with another aspect of the invention, the method can further include
knitting the non-shrinkable varn having circumferentially extending floats, wherein the floats
are formed by skipping at least one even needle i the non-shrinkable yarn is knit on even
needies or by skipping at least one odd needle if the non-shrinkable yarn is knit on odd
needles, wherein the floats form radially inwardly facing cushions thet provide enhanced
impact protection to the elongate member being protecied.

[0028]  In accordance with another aspect of the invention, the method can further include
forming the floats on | {0 4 immediately adjacent courses.

{30291 In accordance with another aspect of the invention, the method can further include
providing the shrinkable yarn as a monofilament.

{00381 In accordance with another aspect of the invention, the method can further include

providing the shrinkable varn as s mubtifilament,
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{0031} In accordance with another aspect of the invention, the method can further include
providing the non-shrinksble vam as a monofilament.

{00321  In accordance with another aspect of the invention, the method can further inchuds
providing the non-shrinkable yarn as a multifilament.

{60331  In accordance with another aspect of the invention, the method can further inchude
providing the non-shrinkable varn as a highly texturized multiflament.

[0034]  In accordance with another aspect of the invention, the method can further include
providing the non-shrinkable var as at least one or more of PET, nvion, PP, PE, PPS, PEEK,
and Nomex,

{00351  In accordance with another aspect of the invention, the method can further including
knitting the wall having a first density when in the first, diametrically enlarged siate and 8
second density when in the second, diamstrically consiricted state, with the second density
being about 2 times greater or more than the first density.

[0038]  In sccordance with another aspect of the invention, the method can further include
knitting the wall including low melt fusible varn having a melt temperature that is less than
the melt temperaturs of the shrinkable yarn and the non-shrinkable yam,

(63371 In accordance with another aspect of the invention, the method can further include
twisting or server the low melt fusible yarn with the shrinkable yam,

[G038]  In accordance with another aspect of the invention, the method can further include
twisting or server the low melt fusible vam with the non-shrinkable vam,

[003%]  In accordance with another aspect of the invention, the method can further include
knitting the circumftrentially continuous wall on a flat-bed knitting machine,

{0040] In accordance with another aspect of the invention, the method can further include

knitting the circumferentislly continuous wall on a circular Knitting machine,
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BRIEF DESCRIPTION OF THE DRAWINGS
{0041} 'These and other aspects, foatures and advantages will becowne readily apparent (o
those skilled in the art in view of the following detailed description of presently preferred
embodiments and bost mode, appended claims, snd sccompanying drawings, in which:
{3042] Figure | is a schematic side view of a wbular, knitted sleeve shown in accordance
with one aspect of the invention, with the sleeve shown in a shrunken assembled state abouwt
an clongate member (0 be protected;
{00431 Figure 2 is a side view of a knitted sleeve in accordance with ong aspect of the
invention shown in an “as knit”, non-shrunken assembly statg;
[6044] Figure 3 is a knitting stitch patiern in accordance with one aspect of the invention
used (o knit a sleeve as schematically shown in Figures | and 2;
{00431 Figure 4 is a diagram of & knitted structure formed from the kaiiting stitch pattern of
Figure 3;
{0046} Figure 3 is a kniging stitch pattern in accordance with another aspect of the
invention used to knit a slesve as schematically shown in Figures { and 2;
[0047] Figure 6 is a diagram of 2 knitted structure formed from the knitting stitch patiern of
Figure §;
{0048}  Figure 7 is an enlarged, fragmentary view of a portion of the knitted structure of
Figure 4;
{349]  Figure 7A is a disgrammatic representation of the fagmentary knitled structure of
Figure 7;
10050} Figure 7B is a knitting stitch patiern of the fragmentary kaitted structure of Figure

7

{0051] Figure 8 is a schematic cross-sectional end view of 8 knitted sleeve constructed in

accordance with one aspect of the invention showing radially inwardly exiending cushions of
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knitied yarmn thet provide enhanced impact protection to an elongate member being protected
within a cavity of the slseve;
{60521 Figure 9 is a knitting stiich pattern in accordance with another aspect of the
invention used 1o Knit a slesve as schematically shown in Figures | and 2;
{00531 Figure 16 is a diagram of a knitted structure formed from the knitting stitch pattern
of Figure 9; and
{00847 Figure 11 is 8 diagram similar to Figure 4 of a2 knitled structure for a sleeve
construcied in accordance with snother gspect of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
0035] Referring in more detail to the drawings, Figures 1 and 2 schematically illustrate a
knitted protective tubular sleeve, referred to hereafler as sleeve 10, construcied in sceordance
with one aspect of the disclosure. In Figure |, the sleeve 10 is shown disposed about an
glongate member 12 1o be protected, with the sleeve 10 shown in 8 second, diametrically
shrunken, fully assembled state about the elongate member 13, referred to hereafler as,
assembled state, shrunken state andfor second state. In Figure 2, the sleeve 10 is shown in an
“as knit”, first, diametrically enlarged, non-shrunken assembly state, referred to hereafler as,
assembly state, non-shrunken state and/or first state. The sleeve 10 has an elongate, knltied
wall 14 having a circumferentially continuous, tubular owter periphery, slso referred to as
puter surface 15, and an inner surface 16 bounding an inner cavity 17 exiending slong 2
central longitudina! axis 18 between opposite open ends 20, 22, 1t s to be undersiood that by
being circumferentially continuous and twbular, that the sleeve 1€ does not have lengthwise
exiending free side edges, such as would be found in 8 wrappable sleeve, and thus, the sleeve
1 is not capable of being opened along His length, The wall 14 includes at least two different
types of yarn, including at least one highly shrinkable yarn 24 and at lesst one non

shrinkable, or substantially non-shrinkable varn, referred to hereafier as non-shrinkable yarn
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26. 1t is to be recognized that by substantially non-shrinkable, what is meant is that the vam
26 is not marketed or otherwise considered by one skilled in the ant as being shrinkable, and
that although it may shrink somewhal, such as between about 1-1% of #s original length,
this is nowhere near the extent of shrinkage as provided by the highly shrinkable yarn 24,
which shrinks about 20% or more of its original length, As such, upon knitting the sleeve 14,
the wall 14 has both circumferentially extending knit courses 28 of the shrinkable yarm 24
and circumferentially extending koit courses 30 of the non-shrinkable yamn 26 imterlinked via
knit stitches with one another. Upon knitting the skeeve 1, the elongate member 12 can be
sasily disposed through the cavity 17, such as wires, a wire harness, or conduit, for example,
while the sleeve 10 is in the enlarged, non-shrunken first state. As a resull of the wall 14
being non-shrunken “as koli”, the slongate member 12 is able to be easily fed through the
cavity 17 of the sleeve 10 without getiing snagged or caught up. Then, with the sleeve 10
properly positioned along the clongate member 12, the sleeve 10 is heated 10 a sufficient
temperature (o cause the shrinkable vars 24 to shrink lengthwise, therehy causing the wall
14 to constrict significantly in diameter into close, snug abutment with an outer surface of the
clongale member 12, such in a respective ratic between sbout 1.5:1 to 511 or greater
Accordingly, the single sleeve 10 is useful 1o be assembled over a wide range of elongate
member diameters without having 1o have a separate slesve for each different diameter
elongate member 12, Other benefits, aside from not needing a wide assoriment of differently
sized sleeves for each different application include, not needing secondary fasteners io
maintain the sleeve 10 in fixed relation 10 the elongate member 12 due to the wall 14
becoming shrunk inlo a snug it about the elongate member 12, providing enhanced impact
protection to the elongate member 12 due to the altered configuration of at least a portion of

the non- shrinkable varn 26, minimizing the outer envelop of the shrunken sleeve 10, among
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others, which will become apparsnt to one possessing ordinary skill in the art upon viewing
the entirety of the disclosure hersin.

{00561 As discussed above, with the shrinkable varm 24 being knit in 8 noneshrunken state,
the sleeve 10 is formed with the wall 14 being enlarged and stretchable such that the cavity
17 is suitably sized and can be enlarged diametrically to readily receive the clongate member
12 therethrough, The ratio botween the first, “as knit” diameter and the second, as shrunken
diameter is at least 1L.5:1, and preferably 2:1 or greater, snd more preferably 3:1 or greater,
and as high as about 181 or greater. Al such, if the elongate member 12 has enlarged
fittings, connectors, oddly shaped branches, andfor the liks, the elongate member 12 can still
be eusily inseried through the cavity 17 of the sleeve 10 while the cavity 17 Is in the enlarged,
non-shrunken first state. Upon disposing the clongate member 12 through the cavity 17, the
wall 14 can be activated to shrink into close At snug abutting relation about the elongale
membar 12 {Figure 1) via selected application of at least one of heat, fluid, and ultraviolet
radiation, depending on the type of shrinkable yvarn 24 used. Accordingly, the sleeve 10
becomes fixed and located about the clongate member 12 against axial dislocation without
need of secondary fixation mechanisms, thereby doing away for the need for clamps, straps,
tape, or the like, Further yet, the kait wall 14 becomes densified upon being shrunken, and
thus, the protective attributes of the wall 14, such as impact resistance, abrasion resistancs,
impermeability, among other things, sre greatly increased. For example, the density can
increase from a first density in the non-shrunken state o 8 second density in the shrunken
state by about 2 times or greater, and in one sampls, the density increased from 169 kg/m’ 1o
486 kg/m”, by way of example and without limitation. In addition, with the single layer wall
i4 being brought Into a close, snug fit shout the clongate member {2 a5 a result of the highly

shrinkable yams 24, the thickness and outer envelop of the wall 14 is minimized, thereby

i
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being usefisl in {ight aress, In one sample, the fnish thickness of the wall 14 was about 3.4
mimn, by way of example and without limitation.

{0037] The shrinkable yarn 24 can be provided as either a multifilament andfor
monofilament.  Further, the shrinkable yarmn 24 can be provided having a denier ranging
between about 58 1o 10000,

{3038] The non-shrinkable or substantially non-shrinkable yarn 26 can be provided as a
multifilament(s) and/or monofilament{s} of at least one or more of PET, nylon, PR, PE, PP§,
PEEK, and Nomex material vam{s). The denier of the non-shrinkable yarn 26 can range
from about 50 to 10000, It has been found that relatively bulky multifilamenis provide the
increased lofl to further facilitate dampening impact forces, while slso enhancing fexibility
of the sleeve 10, The number of yvam ends, including shrinkable and non-shrinkable yarns
24, 26, can be adjusied as desived for the intended application.

[0059] In ons embodiment illusirated in Figures 3 and 4, the wall 14 of 8 slesve H,
constructed in accordance with one aspect of the disclosure, was knit with shrinkable and
non-shrinkable vams 24, 26, with the shrinkable varn{s} 24 being kait in ap interlock stitch
paitern and the non-shrinkable yarn{s} knit in an ottoman stiich pattern {(Figure 3}, resulting
the knit structure as shown in Figure 4. As shown in Figures 3 and 4, by way of example and
without limitation, the shrinkable varn 24 can be knit in a plurality of circomferentially
extending courses, shown as pairs of immediately adjacent courses 28, with each pair, also
referred o as group, of courses 28 of shrinkable yarn 24 being spaced from one another by a2
plurality of courses 30 of non-shrinkable yarn 26, shown, by way of example and withowt
Himitation, as three courses 38, In one embodiment, the shrinkable varn 24 was provided as a
0.30 mm cross-linked polysthylene monofilament and the non-shrinkable yvarn 26 was
provided as a 600 denier, air texturized polyethviene tersphthalate (PET) multifilament, both

by way of example and without limitation. 3 is to be recognized that other sizes and material

i
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types of shrinkable and non-shrinkable yams 24, 26 desived and suitable for the intended
application can be used. Upon knitting the wall 14, the wall 14 had a non-shrunk density of
shout 169 kg/m’, and aflter sheinking the sleeve 10, the wall 14 had a density of about 486
kg/m®, with a finished, shrunken ianer diameter of about 10 mm, by way of example and
without Hmitation. The knitting can be performed on any suitable knitting machine capsble
of forming s circumferentially continuous wall, such as a flat-bed knitting machine or vis a
circular knitting machine, by way of easmple and without Bimitation,

{30607 Within each separate course 28 of the shrinkable varn 24, the shrinkable yam 24
was knit on one of either even needles or odd needles, shown as being knit on cach sven
needle within each course 28 in which the shrinkable 24 vam is knit, by way of example and
without limitation. The non-shrinkable yvarn 26 was knit on the other of the even needles or
odd needies, shown as being knit on the odd needies, by way of example and withowt
limitation, In contrast to the heat shrinkable yarn 24, which was knit (ooped} on each sven
needie without skipping an sven needle, the noreshrinkable vam 26 within st least one of the
circumferentially exiending courses 30 of each group of three courses 30 skips at least one
neadle {not looped). In the embodiment shown, the non-shrinkable yarn 26 In the middle
course 30 within each group of three courses 38 is shown as being looped about alternating
odd needies (3, 7, 11...} and skipping every other odd needle {5, 8, 13...), thereby forming
floats 32 of the non-shrinkable yarn 26 over the skipped needies.  The resulting kaitied
structure is shown in Figure 4, and an enlarged view of a section of the structure of the non-
shrinkable yam 26 is shown in Figure 7, with a diagrammatic view of the stiich pattern being
shown in Figures 7A and 7B, as will be readily undersicod by one possessing ordinary skill
in the knitting art.  As can be seen in Figure 7, the floats 32 are formed by the middle nen-
shrinkable varn 26 {number 2 of the three varns 1, 2, 3} along the inner surface 16 of the wall

14, with the floats 32 extending in the circumferential direction CD. The floats 32, upon

s
ot
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shrinking the sleeve 10 sbout the clongate member 12 and causing the wall 14 to be
consiricied circumferentially into a reduced dismeter, snug it with the clongate member 12
via activation of the shrinkable yam 24 via application of heat, lgquid, witraviolet radiation, or
pressure (depending on the type of heat-shrinkable yarn used), bulge and extend radislly
inwardly into sbutment with an outer surface of the clongaste member 12, as shown
schematically in Figure 8. As such, the bulged foats 32 form individual radially inwardly
extending, lofled pillows or cushions, and referred 1o hereafier as dampeners 34, which
function to greatly diminish the wansference of Impact forces to the elongate member 12,
while alse acting to dampen vibration. Accordingly, the clongate member 12 is surounded
about its circumference by the plurality of bulged dampeners 34, and thus, the clongate
member 12 is greatly protected against external impact forces and against sources of
vibration.

100611 In another embodiment iHlustrated in Figures § and 6, whereln similar reference
numerals as used above are used to indicate like features, offset by a factor of 100 wherein
appropriate to indicate a difference embodiment, a wall 114 of a slesve 110, constructed in
accordance with another aspect of the invention, was knit similarly that described above with
regard to Figures 3 and 4, with shrinkable yamns 24 knit in an interlock stiich pattern and the
non-shrinkable yarmns 26 knit in an ottoman stitch patiern (Figure 53, resulting the kait
siructure as shown in Figure 8. The shrinkable yamn 24 was knit the same as discussed
above, namely, in a plurality of circumferentially extending courses, shown as pairs of
immediately adiacent courses 2&, with each pair of courses 28 of shrinkable yarn 24 being
spaced from one another by the a plurality of courses 38 of non-shrickable yam 26,
However, the plurality of courses 30 of non-shrinkabie yarm 26, rather than being kot in
groups of three courses, was knil in groups containing 4 courses 30, As discussed above, the

non-shrinkable yarn 26 within at least one course 30 within each group of four courses 30

[
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skips at least one or more needles. In the embodiment shown, the non-shrinkable yarm 26 in
the middle two courses 30 within each group of four courses 30 is shown as being looped
shout shernating odd needles (3, 7, 11...) and skipping every other odd needie (5, 9, 13...},
thereby forming floats 32 of the non-shrinkable yarn 26 over the skipped needles.  The
resulting knitled structure is shown in Figure 8, wherein the floats 32 within a conymnon group
of four non-shrinkalle varns 26 are formed in immediately adjacent relation one another,
with the adjacent floats 32 being aligned axially with one another slong a lengthwise
extending direction along the longitudinal axis 18, It should be recognized that the floats 32
can be positioned as desired, depending on the particular kait stitch patter used, and thus, the
floats 32 within each group could be staggered circumiferentially relative to one another,
rather than being axially aligned, if desired. Otherwise, the knit wall 114 of the embodiment
of Figures 5 and & is the same as discussed above, whercupon the floats 32 form radinlly
inwardly extending dampeners 34 upon shrinking the wall 114

{00621 In another embodiment illustrated in Figures 9 and 18, wherein similar reference
numerals as used above are used to indicate like features, offset by a factor of 200 wherein
appropriate to indicate a difference embodiment, a wall 214 of a sleeve 210 was knit similarly
that described above with regard to Figures 3 and 4, with shrinkable yarns 24; however,
rather than knitting the shrinkable yams 24 in an interlock stitch patiern, the shrinkable yams
24 were knit in a jersey stitch patiern. The non-shrinkable yarns 26 were knit in an ottoman
stitch pattern, resulting in the knit structure as shown ja Figure 10, The shrinkable yam 24
was knil in single courses 28, with each course 28 of shrinksble yarn 24 being spaced from
one another by the a plurality of courses 30 of non-shrinkable yam 26, shown as a pair of
courses 30, by way of example and without limitation. As discussed sbove, the non-
shrinkable yam 26 within at least one of the courses 30 of each group of courses 30 skips af

least one needle. In the embodiment shown, one of the pair of non-shrinkable yams 26 in
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each group or plurality of course 30 is shown as being looped about aliernating odd nesdles
{1, 5,9, 13...) and skipping svery other odd needie {3, 7, 11...}, thereby forming foats 32 of
the non-shrinkable yarn 26 over the skipped needles,  The resulting knitted structure of the
wall 214 is shown in Figure 10, This embodiment hes been found particularly suitable for
construction on a circular knitting machine, though other embodiments are contemplated
herein, for knitting on both a flat-bed knitting machine or circular knitting machine,

{0063  In addition o the above knit structures and yams described therefor, as showa in
Figure 11, a sleeve wall 314 constructed in accordance with another aspect of the disclosure
is shown, wherein similar reference numerals as used above are used © indicate like features,
offset by a factor of 300 wherein appropriate to indicate a different embodiment. In addition
to shrinkable var 24 and the non-shrinkable vam 26, can firther include a low melt vam 36,
The low melt yam 36 can be knit with the shrinksble vam 24 and/or the non-shrinkable yam
26, and is shown as being served or twisted with the shrinkable yarn 24, though i can also be
served or twisted with the non-shrinkable yam 26, The low mell yam 36 has a melt
temperature that is less than the mell and shrinking temperature of the shrinkable yarn 24 and
less than the melt temperature of the non-shrinkable varn 26, and thus, can be readily melied,
af least in part, without adversely affecting the performance of the yams 24, 26, and further,
without activating shrinkage of the shrinkable vam 24, As such, in manuficture, the low melt
varn 36 can be melted, and thus, bonded with the abutting shrinkable yarn 24 and the non-
shrinkable yvarn 26, thereby acting to prevent end fray. In accordance with one embodiment,
a hot blade, wire or knife, by way of example and without limitation, can be used in a cutting
operation of manufacture to cul the sleeve wall 314 to length, and thus, during the cutling
operation, the low mell yam 36 is simultansously melted, thercby acting to prevent end fray

without csusing the shrinkable varm 24 to be shrunk,

i3
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{00641  Obviously, many modifications and variations of the present invention are possible
in light of the above teachings. it is contemplated that all features of all claims and of all
embodiments can be combined with each other, so long as such combinations would not
contradict one another, [t s, therefore, to be undersicod that within the scope of the

appended claims, the invention may be practiced otherwise than as specifically described.

5
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What is claimed is:

i A textile sleeve for routing and protecting elongate members, comprising:

an elongate, knitted wall having & circumferentially continuous, tubular outer
periphery extending along a centrs! axis botwesn opposite open ends, said wall includes
shrinkable yarn and non-shrinksble yarn, said shrinkable yarn providing the wall with an
ability to be radially constricted fom a first, diametrically enlarged state to a second,
diametrically shrunken state, wherein satd shrinkable varn and said non-shrinkable yarn are

knit in aliernating groups of courses with one another.

2. The textile sleeve of claim 1, wherein a rospective ratio of the diameters of said first,
diametrically enlarged state and sald second, dismetrically shrunken state is greater than or

equalto IS0 L

3, The textile siceve of claim 1, wherein said non-shrinkable yarn  forms

circumferentially extending floats along an inner surface of the wall

4, The textile sieeve of claim 3, whereln said shrinkable varn, upon being shrunken,
forms radially inwardly extending, lofted pillows from said floats of sald non-shrinkable

Yam,

5. The textile sleeve of claim 3, wherein said circumferentisliy extending floats skip a2

space occupied by at least one needle,
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8. The textile sleeve of claim 1, wherein said shrinkable varn is knit on one of even or

odd needies and said non-shrinkable yvamn Is knit on the other of even or odd needles.

7. The textile sleeve of claim 1, wherein said shrinkable vam is knit in one of an

interfock stitch patiern or a jersey stiich pattern.

3. The textile sleeve of claim 1, whersin said non-shrinkable varn s kail in an oftoman

stitch patiern.

8. The textile slesve of clalm 1, wherein said wall has a first density when in said first,
diametrically enlarged state snd & second density when in said second, diametrically

constricted state, with said second density being at least 2 times groator than said first density,

11, The textile sleeve of claim 1, wherein said wall can be kait including low melt fusible
varn that has a melt temperature that is less than the temperature requived to shrink said

shrinkable yarn and less than the melt temperature of said non-shrinkable vam.

t3.  The textile sleeve of claim 11, wherein said low melt fusible yarn is twisted or served

with at least one of sald sheinkable yam and saild non-shrinkable yam.

13, A method of constructing a textile sleeve, comprising:

knitting an clongate wall having a circumferentially continuous, tubular outer
periphery extending along » central axis between opposite open ends with shrinkable yamn
and non-shrinkable yarn, the shrinkable yarn providing the wall with an ability to be radially

constricted from a first, diametrically enlarged state to a second, diametrically shrunken state,
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wherein the shrinkable vam and ssid non-shrinkable vam are knit in alternating groups of

courses with one another.

i4, The method of claim 13, wherein 3 respective ratio of the diameters of the firs
dismetrically enlarged state and the second, diametrically shrunken state is grester tham or

equalte 1.5 10 L.

15, The method of claim 13, further including skipping at least one needle with the non-

shrinkable yam to form clrcumitrentially extending Hoats along an inner surface of the wall,

{6,  The method of claim 15, further including forming radiglly inwardly extending, lofled

pillows from the foats of the non-shrinkable varn upon shrinking the shrinkable vam,

17, The method of claim 13, further including knitting the shrinkable yam on one of even

or odd nesdles and knitting the non-shrinkable yarn on the other of even or odd needles.

18,  The method of claim 13, further including knitting the sheinkable yam in one of an

interlock stitch pattern or g jersey stitch pattern.

19, The method of claim 13, further including knitting the non-shrinkable yarn in an

oitoman stitch pattern.

20, The method of claim 13, further including knitting the wall heving a first density

when in the first, diametrically enlarged state and having a second density when in the

o
w3
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second, diametrically constricted state, with the second density being st least 2 times gregter

than the first density.
21, The method of claim 13, further including knitting the wall including low melt fusible
vamn that has a mell temperature that is less than the temperature required o shrink the

shrinkable varn and less than the melt temperature of the non-shrinkable vam.

22, The method of claim 13, further including providing the low melt fusible yarn being

twisted or served with at least one of the shirinkable yarn and the non-shrinkable yam,.

WA
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