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(57) Abrége/Abstract:
A knitted convolute protective sleeve (10) Is disclosed. The sleeve Is knitted from filamentary members to form alternating crests

(20) and troughs (12) lengthwise along the sleeve. The crests (20) and troughs (12) may be formed by alternatingly knitting
segments from relatively stiff and relatively flexible filamentary members, by interlacing stiffening hoops at spaced intervals
lengthwise along a knitted sleeve having a smaller nominal diameter than the hoops, or by varying the knitting parameters, such
as loop density and loop length as a function of length along the sleeve (10).
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FIG.1B

(57) Abstract: A knitted convolute protective sleeve (10) is disclosed. The sleeve is knitted from filamentary members to form
alternating crests (20) and troughs (12) lengthwise along the sleeve. The crests (20) and troughs (12) may be formed by alternatingly
knitting segments from relatively stiff and relatively tlexible filamentary members, by interlacing stiffening hoops at spaced intervals
lengthwise along a knitted sleeve having a smaller nominal diameter than the hoops, or by varying the knitting parameters, such as
loop density and loop length as a function of length along the sleeve (10).
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RKNIT CONVOLUTE PROTECTIVE SLEEVE

Related Application
This application is based on and claims the benefit of U.S.

Provisional Application No. 60/332,181, filed November 14, 2001.

Field of the Invention

J—
o

This invention relates to sleeving for the protection of

elongated substrates and especially to convolute sleeving having

improved flexibility and radial stiffness.

Background of the Invention
Convolute sleeving is used across a broad range of

industrial applications, particularly in electronics, aerospace

and automotive applications to provide protection to elongated

substrates, such as wiring harnesses and fluid condults,

particularly hydraulic lines and fuel lines, from harsh

environments. A wiring harness, fuel line or hydraulic line may

p—

be subjected to extremes of heat and cold, radio

frequency/electromagnetic interference (RFI/EMI), severe

vibration, abrasion and physical impact damage when used in the

engine compartment of an aircraft or automobile or on an

orbiting satellite.

Convolute sleeving i1s often used to ensheath and protect

such elongated substrates from heat, cold, abrasion, vibration

and impact damage as well as to provide acoustical damping or

shield electrical conductors from RFI/EMI. Because such

sleeving is formed having a series of altermating crests and

troughs, it has both excellent radial stiffness and bending

flexibility. The radial stiffness prevents the sleeving from

kinking and collapsing when bent and the flexibility allows it

to follow almost any curved shape and, thus, conform readily to
the path of
significant bending stiffness which would otherwise make the

aubstrate difficult to install.

the elongated sgsubstrate without adding any
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Convolute sleeving is generally more expensive to produce
than non-convolute sleeving because extra processing steps are

required to produce the convolutes. For example, convolute

sleeving formed from an extruded plastic tube requires an
additional machine having circulating mold halves which engage
the tube and form the convolutes along the tube while it 1is

being drawn from the die in a semi-molten state. There 1is

clearly a need for a convolute sleeve which is more easily and

economically manufactured.

Summary and Objects of the Invention

g

The invention concerns an elongated convolute sleeve ror

protecting elongated substrates. In one embodiment, the sleeve

comprises a plurality of tubular first segments positioned

il

coaxially in spaced relation lengthwise along an axis. Each of

p— r—

the first segments is comprised of a plurality of flexible,

resilient first filamentary members knitted in a plurality ot

o

first courses. Each of the segments has outwardly flared ends

oppositely disposed. The sleeve also comprises a plurality of

p—
p—

tubular second segments, each being formed of a plurality ot

second filamentary members having relatively greater flexibility

than the first filamentary members. The second filamentary

members are knitted in a plurality of second courses, each ot

me

the second segments being coaxially positioned along the sc

axis as the first segments and joined with the first segments

end to end in an alternating pattern by interknitting the ends

of the second segments with the flared ends of the first

e

segments. The first segments form a plurality of troughs and

the second segments form a plurality of crests projecting

radially outwardly from the sleeve.

another embodiment of the convolute sleeve according to the

invention comprises a tubular body having a nominal diameter and

formed of a plurality of flexible, resilient filamentary members

knitted in a plurality of circumferential courses extending

substantially coaxial with and lengthwise along an axis. A

plurality of resilient hoops, preferably formed from a

monofilament, are positioned in spaced relation lengthwise along

the tubular body coaxially with the axis. The hoops each have a
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regpective diameter greater than the nominal diameter oOf the

body and are interlaced with the filamentary members, preferably

by laying in, and thereby fixing the hoops to the body. The

—

diameter of the body is substantially equal to the hoop

diameters at spaced intervals along the body where the hoops are

interlaced with the filamentary members because the monofilament

el st

or than the filamentary

o

forming the hoops is relatively st

members forming the tubular body. The hoops force the body

outwardly to form crests in spaced relation to one another along

the axis, troughs being formed by the body between each hoop.

—

Yet another embodiment of the convolute sleeve according to

the invention comprises a tubular body having a plurality of

first and second longitudinally extending regions arranged in

spaced relation coaxially along an axis. The first and second

regions are positioned adjacent one another in an alternating

pattern and are formed from a plurality of filamentary members

P

knitted in a plurality of courses. Each course comprises a

.

plurality of loops extending circumferentially around the axis.

To form the crests and troughs of the convolute sleeve, the

_

fness of the first regions are different from the stiffness

r

ST 1]

gr—
and

of the second regions. The stiffness of the regions maybe

varied by changing the material from which the regions are

knitted or by varying knitting parameters such as the density or

length of the loops forming the courses.

Tt is an object of the invention to provide an elongated

protective sleeve.

ariun

Tt is another object of the invention to provide a

protective sleeve which is manufactured by knitting.

Tt 1is still another object of the invention to provide a

convoluted knitted sleeve.

Tt i1s again another object of the invention to provide a

convoluted sleeve wherein the convolutions are formed by

interknitting filamentary members having different stiffness.
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Tt 1is still another object of the invention to provide a

convoluted sleeve wherein the convolutions are formed by varying

the knitting parameters as a function of length along the

sleeve.

Tt is vet another object of the invention to provide a

convoluted sleeve wherein the convolutions are formed by a

plurality of interlaced circular hoops.

These and other objects and advantages of the invention

p—

will become apparent upon consideration of the drawings and the

g

description of the preferred embodiments.

Brief Description of the Drawings
Figure 1 is a side view of an embodiment of a knitted

convolute sleeve according to the invention;

Figure 1A illustrates a portion of the sleeve shown 1n

Figure 1 on an enlarged scale;

Figure 1B illustrates another portion of the sleeve shown

in Figure 1 on an enlarged scale;

tl

Figure 2 1is a another side view of the knitted convolute

sleeve shown in Figure 1;

1}

Figure 2A illustrates a portion of the sleeve shown 1in

Figure 2 on an enlarged scale;

Figure 2B illustrates another portion of the sleeve shown

in Figure 2 on an enlarged scale;

Figure 3 1s a partial perspective view of another

embodiment of a knitted convolute sleeve according to the

invention; and

Figure 4 is a partial perspective view of yel another

embodiment of a knitted convolute sleeve according to the

invention.
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Detailed Description of the

Figure 1 shows an embodiment of the knitted convolute

sleeve 10 according to

plurality of tubular £i

F
ptuk
—

the invention. Sleeve 10 i1is formed of a

rst segments 12 positioned coaxially in

spaced relation along an axis 13. As shown on an enlarged scale

in Figure 1A, first segments 12 are knitted o:

filamentary members 14

-

2 plurality ot

t i

forming courses 16 of loops 18 which

extend circumferentially around sleeve 10. The sleeve also has

a plurality of tubular

second segments 20 positioned coaxially

along axis 13 in an alternating pattern with segments 12. As

shown on an enlarged scale in Figure 1B, second segments 20 are

e

knitted of a plurality

of filamentary members 22 forming courses

24 of loops 26 which extend circumferentially around sleeve 10.

The first and second segments are interknitted together end to

end in alternating fashion to form the sleeve 10.

Filamentary members 14 comprising first segments 12 are

filamentary members 22

Preferably, filamentary members 14 are stiff monofilaments of

1}

flexible, resilient and have greater stiffness than the

comprising second segments 20.

L
Q)

polymeric material such as polyester, nylon, polypropylene,

polyvethylene and the like. Metal filaments comprised of

grow

flexible, regsilient materials having a large elastic modulus

such as steel, titanium, nitinol, elgiloy are also feasible, as

are DREF varns. Stift

have little capability

-

which supports itsel:

monofilaments are preferred because they

to gtretch and will form a knitted sleeve

in a tubular shape.

Preferably, filamentary members 22 are flexible multi-

filament, non-texturized varns of polymeric material such as

polvester, nylon and polytetrafluoroethylene. Multifilament

varns are preferred because they are inherently flexible and

will not restrain the

filamentary members 14 when the first and

~erknitted to form the sleeve as described

second segments are in

below. Although multi-filament varns are preferred,

F

monofilaments of lower

stiffness are also feasible.
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T+ 1is observed that when stiff filamentary members such as

14 are knitted to form a segment such as 12 having a
substantially tubular shape, the ends 28 of the segment, 1f
substantially unrestrained, tend to flare radially outwardly as

depicted in Figure 1. The flaring occurs without the need for

heat setting, cold forming or any other additional processing
steps and likely results from a combination of the symmetric

o

cross section of the segment and internal residual stresses

within the stiff filamentary members 14 caused by forming the

courses 16 of loops 18. When unrestrained, the courses near the

ends 28 assume a shape which relieves the internal stresses

within the filamentary members and minimizes their internal

g

elastic energy. Second segments 20, formed of more flexible

y—

filamentary members 22, do not have sufficient stiffness to

constrain the ends 28 and, thus, serve to link the first

segments 12 together when interknitted.

When segments 12 are interknitted end-to-end with segments

20, the
assuming a convolute shape substantially over 1its length with

flaring ends 28 of segments 12 result in sleeve 10

i 1]

segments 12 forming troughs 30 and segments 20 forming crests 32

projecting radially outwardly from the sleeve. The sleeve,

thus, has the various advantages of the convolute shape, 1i.e.,

—

excellent bending flexibility coupled with radial stiffness to

prevent kinking and collapse of the sleeve when it is bent or

curved. Forming segments 20 from filamentary members 22

comprised of smooth monofilaments or multifilament yarns will

produce a sleeve having pronounced crests and troughs since such

smooth, flexible filamentary members will slide over one another

readily and not constrain ends 28 of segments 12. Roughened or

texturized filamentary members 22 will tend to constrain ends 28

to a greater degree and, thus, reduce the variation in size

between crests and troughs. Sleeve 10 also has axial

flexibility which tends to be concentrated in second segments

20. As shown in Figure 2, when sleeve 10 1is subjected to a

tensile load along axis 13 as indicated by arrows 34, loops 26,

comprised of the flexible filamentary members 22, tend to

stretch as shown in detail on an enlarged scale in Figure 2B,

allowing the sleeve 10 to expand axially. Axial flexibility is
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greater when non-texturized filamentary members 22 are used
which allow the filamentary members to slide easily over one

another with little friction. Because they are stiffer,

filamentary members 14 comprising first segments 12 tend not to

stretch under tensile loads and remain substantially undistorted

as shown i1in Figure 2A.

p—

While segments 12 and 20 may be formed of virtually any

number of courses 16 and 24 respectively, a practical sleeve is

preferably formed with segments 12 having 3 courses of loops 18

_

and segments 20 having 2 courses of loops 26. This

configuration provides a sleeve 10 having pronounced crests 32

F
p—

and troughs 30 for adequate radial stiffness and bending

flexibility without excessive axial flexibility. In general,

more courses comprising segments 20 result in greater axial

flexibility of the sleeve, and fewer courses comprising segments

12 vield a sleeve having more bending flexibility able to

conform to smaller bend radii without kinking. Pyactical
sleeves 10 have also been achieved with segments 12 having 5 or

10 courses and segments 20 having 2 courses. Thus, the

—
—

preferred ratio of courses 16 1n the first (stiffer) segments 12

pr—
p—

to courses 24 in the second (less stiff) segments 20 ranges

between 3 to 2 and 5 to 1.

Sleeve 10 is preferably weft knitted on a striping knitting

p—

machine. Such machines have a plurality of latch needles,

p—
=

circularly arranged, which rotate past a plurality of feet which

feed the filamentary members to the needles. Each foot feeds a

different filamentary member as a continuous strand to the

needles, and the feet move into or out of action as necessary to

feed a particular filamentary member as desired. For example,

while knitting a segment 12, a first foot having filamentary

member 14 thereon 1s in action, feeding the filamentary member

g—

to the needles, which knit a desired number of courses

comprising the segment. When courses of the followling segment

20 are to be knitted, the first foot is moved out of action and

a second foot having filamentary member 22 thereon is moved into

action to feed the needles. The first course of segment 20 is,

thus interknitted with the last course of segment 12, and the
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process is repeated, alternately bringing one foot and the other

into and out of action to form the sleeve 10.

When using a monofilament to form segments 12, the segments

may have visible interstices. It is possible to block the

interstices by feeding an additional filamentary member with the

monofilament. Preferably, the additional filamentary member 1s

a twisted or spun varn having sufficient bulk to f£ill the

interstices. Such a varn has a natural tendency to plait on the

inside surface of the segment and, thus, may be used to provide

damping for attenuating vibration of the elongated substrate

wlthin the sleeve.

—

Figure 3 shows another embodiment of a convolute sleeve 40

gr—

comprised of a plurality of hoops 42 preferably formed of a

P

stiff, resilient monofilament filamentary member 44. Hoops 42

4

are interlaced with flexible filamentary members 46 (preferably

being laid-in) which are knitted in a plurality of courses 48

which extend circumferentially around a longitudinal axis 49 to

form a tubular body 50 having a nominal diameter 51. Hoops 42

gorw—

are stiff and remain substantially circular in shape, and when

fixed in place by the knitted filamentary members 46, the hoops

42 form a skeleton supporting the body 50 in its tubular shape.
The tubular body 50 is knitted to have its nominal diameter 51

s
p—

smaller than the diameter of hoops 42 so that the body 1s forced

outwardly over the hoops to form crests 52 at each hoop 46 and
troughs 54 between the hoops to give the sleeve 40 a convolute

shape.

Preferably, hoops 42 are continuously laid in as the

tubular body 50 is knitted, resulting in each hoop being

and

connected by an axial strand portion 56 of the stiff filamentary

member 44. Axial strand portion 56 may float on a surface of

tubular body 50 or be interlaced with the filamentary members

46, preferably by laying-in.

Preferred materials for the stiff filamentary member

comprising hoops 42 are polymerics such as nylon, polyester,

polypropylene, polyethylene and polytetrafluorocethylene. Metals
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such as steel, titanium, nitinol, elgiloy are also feasible,

especially for sleeves intended for use in high temperature

applications. Practical diameters for stiff filamentary members

44 range between 0.030 and 0.010 inches depending upon the

diameter and material used in the flexible filamentary members

comprising the tubular body 50. Monofilaments are preferred to

achieve stiff loops which will adequately support the tubular
body 50.

Preferred materials for the more flexible filamentary

members 46 also include polymerics such as nylon, polyester,

polypropylene, polyethylene and polytetrafluoroethylene. Metals

such as steel, titanium, nitinol, elgiloy are also feasible.

Glass fibers or quartz fibers are favored for high temperature

applications. Practical diameters for the filamentary mempbers

46 range between 0.015 and 0.005 inches. Multifilament yarns

provide increased flexibility and help ensure a convolute shape

for the sleeve. The choice of material and diameter for both

0

filamentary members 42 and 46 are made in view of the purpose or

the sleeve, the expected environment, as well as the relative

stiffness required between the filamentary members, it being

understood that the convolute shape is formed when filamentary

members 42 have greater stiffness than the filamentary members

46 comprising the tubular body 50.

Figure 4 shows another embodiment of the convolute sleeve

60 according to the invention, the sleeve comprising a tubular

body 62 formed of a plurality of first and second longitudinally

extending regions 64 and 66 arranged in spaced relation

coaxially along an axis 68. The first and second regions 64 and

66 are positioned adjacent one another in an altermnating pattern

and are formed of a plurality of filamentary members 70 knitted

in a plurality of courses 72 extending circumferentially around

and along axis 68. Each course comprises a plurality of loops
74 . Being a convolute, the sleeve 60 has crests 76 which

project radially outwardly from the sleeve and troughs 78

between the crests. The crests and troughs are formed by

varying the stiffness of the first and second regions 64 and 66

relatively to each other. The stiffness of the regions maybe
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varied by varying knitting parameters such as the density and/or

length of the loops forming the courses, or by changing the

material from which the regions are knitted.

Loop density is controlled by the size of the loops 74 and

the tension under which the filaments

rv members 70 are knitted.

Loop size is determined by the length of travel of the needles

during knitting which is controlled by the adjustment of cams

which move the needles in the knitting machine. Tension 1is

controlled by various forms of mechanical tensioning devices

which place more or less tension on the filamentary members

being fed to the knitting machine.

Crests 76 may be formed by courses 72 having relatively

large loops 74 in second regions 66 knitted under relatively

lower tension providing low stitch density and allowing the

second regions 66 to project outwardly to form each crest.

Troughs 78 are formed by courses 72 in the first regions 64

having relatively small loops 74 knitted under higher tension

providing higher loop density, thereby increasing the sti

of the first regions 64 and drawing the sleeve radially

inwardly. The distance between crests

p—

"ness

and troughs i1is controlled

by the number of courses knit with longer loops under lower

F

tension and the number of courses knit with shorter loops under

higher tension. It is possible to program modermn knitting

machines to knit a first plurality of

courses 80 at a first

tension and a first needle travel distance, for example, a

relatively high tension and a relatively short needle travel
distance and then continuously knit a second plurality of

courses 82 at a lower tension with a longer needle travel,

tension and short needle travel.

followed by a third plurality of courses 84 knitted at the high
Repeating this pattern of

knitting will produce the convolute sleeve 60 shown in Figure 4.

o
—

The relative stiffness o:

-

varied by varying the stiffness

regions 64 from relatively stif

the regions 64 and 66 may also be

of the
forming the regions. Troughs 78 are formed by knitting first
fil

y—

Ler

Cllamentary members 70

amentary members 86, guch

as monofilaments, whereas crests 76 are formed by knitting the
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second regions from more flexible filamentary members 88 such as

multi-filament vyvarns.

Preferred materials for the filamentary members 70 i1nclude

polymerics such as nylon, polyester, polypropylene, polyethylene

and polytetrafluoroethylene, as well as DREF yarns. Metals such

as gteel, titanium, nitinol, elgiloy are also feasible. Glass

fibers or quartz fibers are favored for high temperature
applications. Heat shrinkable materials such as thermoplastics

are also useful and may be inlaid with the knit and then later

heat shrunk to help form the troughs. Both monofilaments and

multifilament varns are feasible. The knit structure may be

single or double knit.

The varlous embodiments of the convolute protective sleeve
according to the invention provide a convolute sleeve which 1is

economical to produce and versatile in application, able to be

talilored by choice of material to protect elongated substrates

griew

from the adverse effects of any number of harsh environments.
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CLAIMS

What is claimed is:

1. An elongated convolute sleeve for protecting elongated

subgstrates, said sleeve comprilising:

a plurality of tubular first segments positioned

I

coaxially in spaced relation lengthwise along an axis, each oO:

said first segments being formed of a plurality of flexible,

resilient first filamentary members knitted in a plurality ot

o

first courses, each of said segments having outwardly flared

ends oppositely disposed; and

a plurality of tubular second segments, each beiling

g

formed of a plurality of second filamentary members having

relatively greater flexibility than said first filamentary

members, said second filamentary members being knitted in a

p—u

plurality of second courses, each of said second segments belng

coaxially positioned along said axis and jolned end to end in an

alternating pattern with said first segments by interknitting

ends of said second segments with said flared ends of said first

=

segments, said first segments forming a plurality of troughs and

said second segments form a plurality of crests projecting

radially outwardly from said sleeve.

2. A convolute gsleeve according to Claim 1, wherein said

first filamentary members each comprise at least one

monofilament.

3. A convolute sleeve according to Claim 2, wherein said

monofilament comprises a polymeric material selected from the

group consisting of polyester, nylon, polypropylene and

prolyethylene.

4. A convolute sleeve according to Claim 2, wherein said

monofilament comprises a metallic material selected from the

group consisting of steel, aluminum, copper, titanium, nitinol

and elgiloy.
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5. A convolute sleeve according to Claim 1, wherein said

second filamentary members comprise a multi-filament yarns.

6 . A convolute sleeve according to Claim 5, wherein said

multi-filament yarns comprise a polymeric material selected from

the group consisting of polyester, nylon and

polyvtetrafluorcethylene.

7. A convolute sleeve according to Claim 1, wherein the

ratio of courses of said first filamentary members to said

courses of said second filamentary members ranges between 3 to 2
and 5 to 1.

8. An elongated convolute sleeve for protecting elongated

substrates, said sleeve comprising:

i

a tubular body having a nominal diameter and formed of

a plurality of flexible, resilient filamentary members knitted

p——

1n a plurality of circumferential courses extending

substantially coaxial with and lengthwise along an axis; and

g

a plurality of resilient hoops positioned in spaced

relation lengthwise along said tubular body coaxially with said

axls, sald hoops each having a respective diameter greater than

r~

sald nominal diameter of said body and being interlaced with

salid filamentary members thereby fixing said hoops to said body,

sald diameter of said body being substantially equal to said

hoop diameters at spaced intervals along said body where said

hoops are interlaced with said filamentary members, said

pr—

monofilament being relatively stiffer than said filamentary

members forming said tubular body, said hoops forcing said body
outwardly to form crests 1n spaced relation to one another along
sald axis, troughs being formed by said body between each said
hoop.

0. A convolute sleeve according to Claim 8, wherein said

hoops are formed of a substantially continuous, resilient

monofilament, each saild resilient monofilament including an

axial strand portion extending substantially lengthwise along

sald tubular body and connecting neighboring hoops.
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10. A convolute sleeve according to Claim 9, wherein said

axlal strand portion is interlaced with said filamentary members

forming said tubular body.

11. A convolute sleeve according to Claim 9, wherein said

St

axlal strand portion floats on a surface of said tubular body.

12. A convolute sleeve according to Claim 8, wherein said

hoops comprise a resilient polymeric monofilament selected from

the group consisting of polvester, nylon, polypropvlene,

polytetrafluoroethyvlene and polyvethvlene.

13. A convolute sleeve according to Claim 8, wherein said

hoops are interlaced with said filamentary members by layving in.

14. An elongated convolute sleeve for protecting elongated

substrates, said sleeve comprising a tubular body having a

P

plurality of first and second longitudinally extending regions

arranged in spaced relation coaxially along an axis, said first

and second regions being positioned adjacent one another in an

alternating pattern, said regions being formed from a plurality

of filamentary members knitted in a plurality of courses, each

p—

said course comprising a plurality of loops extending

circumferentially around said axis, said first regions having a
stif

and thereby forming a plurality of alternating crests and

p—

fness different from the sti:

-

fness of said second regions

troughs 1in sald tubular body lengthwise along said axis.

15. A convolute sleeve according to Claim 14, wherein sgaid

stiffness of said first and said second regions are varied by

p—

changing at least one of the length and density of the loops

forming said first and said second regions.

16. A convolute sleeve according to Claim 15, wherein said

density of said loops 1n said first regions is greater than said

density of said loops 1in said second region thereby forming

troughs in said first regions and crests in said second regions.
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17. A convolute sleeve according to Claim 15, wherein said

length of said loops in said first regions is less than the

lengths of said loops in said second regions thereby forming

troughs in said first regions and crests in said second regions.

18. A convolute sgsleeve according to Claim 14, wherein said

stiffness of said first and said second regions are varied by

varying the material from which said first and said second

regions are formed.

19. A convolute sleeve according to Claim 18, wherein said

first regions are formed from a first filamentary member and

sai1d second regions are formed from a second filamentary member,

said first filamentary member being stiffer than said second

filamentary member and thereby forming troﬁghs in saild first

regions and crests in said second regions.

20. A convolute sleeve according to Claim 19, wherein said

first filamentary members comprise a monofilament.
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