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(57) Abstract: A thermal sleeve 14 for protecting an electronic member 14 connected to a wiring harness 16 against exposure to heat
has a tubular member 26 including an inner layer 28 of insulative material and an outer layer 40 of reflective material The tubular
member 26 extends along a central longitudinal axis 24,34 between opposite open ends. A plurality of slits extends lengthwise
through one of the ends to form a plurality of fingers 44. The fingers 44 are plastically deformed to extend radially inwardly toward
the central longitudinal axis 24,34 and form an opening 46 for receipt of the wiring harness therethrough.



WO 2017/020033 PCT/US2016/044952
THERMAL SLEEVE WITH POSITIONING MEMBER, ASSEMBLY THEREWITH AND

METHOD OF CONSTRUCTION THEREOF

CROSS-REFERENCE TO RELATED APPLICATION
(001} This application claims the benefit of LS. Provisional Application Serial Ne.
§2/198,737, filed July 30, 2015, and U.S, Utility Application Serial No. 15/224,348, filed
July 29, 2016, which are incorporated hereln by reference in their entirety.

BACKGROUND OF THE INVENTION

i Technical Field
{00621 This invention relates generally to wbhular sleeve assemblies that provide
thermal protection to an electronic olject contained therein, and more particularly to a whular
sleeve assembly including & positioning member to maintain the assembly in a selectively
releasable, fixed position about the slectronic object contained therein,
3. Related Art
{0003] Sensors used in sutomotive applications, such as oxygen sensors which
provide data to control engine operation and performance, are often mounted within the
engine companiment of a vehicle where they are subject to harsh environmental elements
including intense radiant heat, sources of abrasion and vibration during vehicle operation.
Due to the harsh environmental slements, it is adventageous, and in many cases a
requirement, to cover the relatively delicate, temperature sensitive sensors with protective
sleeving in an effort to dampen vibration, provide protection againgt abrasion and shield
radiant heat from reaching the sensor. Such sleeves generally comprise an elongated,
cylindrical tube extending between opposite, open free ends. The cylindrical ube includes a

damping inner layer of 2 nonwoven material, for example, polyester felt and a reflective outer
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layer comprising, for example, an aluminum foil layer laminated to an outer surface of the
inner layer,

{0004} Due to the configuration of the aforementioned protective cylindrical slesve
and its harsh environment, it is typically difficult t1© assemble the sleeve sbout the sensor ina
manner which allows the slesve to be reliably secured and maintained in 2 desired position,
while 2t the same time being readily removable for servicing of the sensor.  Adhesives, ape
and interference fits of an entirety of an inner surface of the cylindrical wall of the sleeve are
used to offect atlachment, but each of these mechanisms suffer various disadvantages.
Adhesive attachment of the sleeve about the sensor, while generally secure, at least initially,
permanently attaches the sleeve t the sensor, and thus, complicates servicing the sensor at a
future time, and in addition, the adhesives can breakdown over time, thereby causing the
sleeve to become dislodged from its desired protective position about the sensor. As a resuly,
while in its initially bonded position, this method does not allow for easy removal of the
sleeve for servicing of the sensor or reuse of the sleeve, as it requires destroying the bond
joint of the adhesive. In addition, tape and imterference fits can be unreliable in view of the
heat and vibration encountered within the engine compartment, with tapes further being
particularly burdensome to apply, and friction fits of an entivety of a sleeve inner surface
suffer from variances in component tolerances, and difficulty of assembly, particularly if the
interference is 100 great, or if the sleeve needs o traverse increased diameter obstacles along
the path of assembly, such as a connector, for gxample. Further mechanisms are also known,
such as using end caps made from separale malerials from the wbular sleeve to position the
sleeve; however, this method requires assembly of mulliple components o one another in
construction of the sleeve, thereby adding complexity and cost 1o the manufacture and

assembly of the insulative sleeve.
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SUMMARY OF THE INVENTION
LEL Y In accordance with one aspect of the invention, a thermal sleeve for protecting
an elecironic member connected to 8 wiring harness against exposure to heat is provided.
The thermal sleeve has a tubular member including an inner layer of insulative material and
an outer layer of reflective material. The wbular member extends along a central longitudinal
axis between opposite open ends. A plurality of shits extends lengthwise through one of the
ends to form a plurality of fingers. The fingers extend radially inwardly toward the central
tongitudinal axis and form an opening for receipt of the wiring harness therethrough,
16006] In accordance with another aspect of the invention, the wbular member has a
generally cylindrical portion, with the fingers being reverse folded imto the generally
cylindrical portion.
{0007} In accordance with another aspect of the invention, a portion of the reverse
folded fingers and the generally cylindrical portion form a dual walled cylindrical region of
said insulative material,
{6008} in accordance with another aspect of the invention, the insulative material can
be provided as one of a nonwoven material, 3 woven material, a braided material, and a knit
material,
LEEL In accordance with another aspect of the invention, the outer fayer of reflective
material can be provided as a metal foll fayer fixed to the inner fayer of insulative material.
{66161 In accordance with another aspect of the invention, a thermal sleeve in
combination with a wiring harness configured in electrical communication with a sensor is
provided. The thermal sleeve includes a tubular member including an inner layer of
insulative material and an outer laver of reflective material. The wbolar member extends
along a central longitudinal axis between opposite open ends. A pharality of slits extends

lengthwise through one of the ends to form a plurality of fingers, wherein the fingers extend
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radially inwardly toward the central longitudinal axis to form an opening for receipt of the
wiring harness therethrough,

{0ai in accordance with another aspect of the invention, a method of constructing a
sleave for protecting an electronic member connected o a wiring harness against external
thermal effects is provided. The method includes providing a tubular member exiending
along a central longitudinal axis between open opposite ends, with the tubular member
including an inner layer of insulative material and an owter layer of reflective material, The
method further includes forming a plurality of shits extending lengthwise through one of the
ends toward the other of the ends to form a plurality of fingers. Further yet, the method
includes bending the fingers radially inwardly toward the central longitudinal axis, with free
ends of the fingers forming an opening for receipt of the wiring harness therethrough,

(0012} In accordance with ancther aspect of the invention, the method includes
reverse folding the fingers into the cavity of the slecve and forming a dual walled region
including separate overlying layers of the insulative malerial,

(00133 In accordance with another aspect of the invention, the method includes
providing the reflective material by wrapping a foil layer about the insulative material,

{8014} in accordance with another aspect of the invention, the method includes
providing the insulative material with one of a nonwoven material, 8 woven mualerial, a
braided material, and a knit material,

BRIEF DESCRIPTION OF THE DRAWINGS

{0015] Thess and other features 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 best mode, appended claims and

accompanying drawings, in which:
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{0016} Figure | is an isometric view of a thermal sleeve assembly constructed in
accordance with one aspect of the invention for protecting an elecirical component shown
disposed about a wire harness connecied to the electrical component;

{60171 Figure 2 is a cross-sectional side view of the thermal sleeve assembly of

Figure 1

{0018} Figure 2A is an enlarged partial cross-sectional side view of the thermal sleeve
of Figure 2;
{0019] Figure 3 is an isometric view of a thermal sleeve with positioning member in

accordance with one aspect of the invention of the thermal slesve assembly of Figure |
shown in a partially constructed state;

a2l Figure 3A is a schematic isometric side view of the partially constructed
thermal sleeve with positioning member of Figure 3; and

o021} Figure 4 is an isometric view of the thermal sleeve with positioning member
of Figures 3 and 3A in a finished siate.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

o622 Referring in more detail to the drawings, Figures | and 2 show an assembly
10, including a thermal slesve with integrally, monolithic positioning member, referred to
hereafier as sleeve assembly or simply sleeve 12, constructed in accordance with one aspsct
of the invention, for protecting an electrical member 14 contained, at least in part, therein,
such as sensor, against the effects of extreme radiant heal, abrasion, contamination and
vibration, wherein the sensor 14 is shown connected (o an end of a wire harness 16 and o an
engine component 18 of a vehicle (Figure 2). The wive harness 16 can be provided as a
bundle of exposed, insulated wires or as a bundle of insulated wires enclosed within an outer
protective sleeve, also referred 10 as tube 20, such as a tube having a penerally smooth or

convolute outer surface 22, by way of example and without limitation, The sleeve 12 is

17
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configured for slidable movement along a longitudinal axis 24 of the wire hamess 16 and
tube 20 thereof, if provided, to allow the sleeve 12 to be brought into its desired protective
position about the sensor 14, The sleeve 12 is configured, via an integral positioning member
25, as discussed in further detail below, to remain fixed in iis protective position until desired
{o selectively slide the slesve 12 away from its protective position, such as may be desired to
service the sensor 14. The sleeve 12 remains in its profective position during use, withowt
need of secondary fasteners, such as tape or adhesives, and thus, assembly 10 is made simple,
aesthetically pleasing, and economical in manufacture and use.

(00237 The sleeve 12 includes a tubular member 26 having an inmer layer of
insulative material forming an inner wall 28 with an inner surface 30 and an outer surface 31,
with the imner surface 30 bounding an ilnner cavity 32 and extending along a central
longitudinal axis 34 between opposite first and second free ends 36, 38, with the firsi end 36
and a reverse folded second end 38 defining an effective Jength L of g generally cylindrical
portion 42 of the sleeve 12, The effective length L of the sleeve 12 can be construcied having
any desired length, as desired for the intended application. The whular member 26 further
includes a reflective outer layer 40 1o provide a reflective outer surface 41, The reflective
outer fayer 40 is fixed to the outer surface 31 of the inner wall 28, such that the entirety of an
exposed outer surface of the skeeve 12 is reflective to radiant heat.  The inner wall 28, in
accordance with one aspect of the invention, can be constructed of any sultable insulating
nomwoven, woven, knit, or braided material, wherein cach of the aforementioned walls 28
can be construcied of non-heat-setiable material, and can be constructed having any desired
wall thicknesses, depending on the nature and severity of heat exposure in the intended
enviropment.

{0024} The reflective outer faver 40 is provided 1o reflect extreme radiant heal typical

of an enging compariment, including temperatures generated by an exhaust system. The
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outer layer 40 can be formed of any suitable metal material, including 8 metal foil layer of
shuminum or other desired foil metals. The foil cuter layer 40 is relatively thin, thereby
allowing the sleeve 12 to remain flexible over meandering paths and comers, but thick
encugh © be bent and plastically deformed 1o maintain the “as bent” configuration, The
outer layer 40 can be spiral wrapped or cigaretie wrapped about the entirety of the outer
surface 31 of the inner wall 28, as desired. Any suitable, heat resisiant adhesive can be used
to facilitate bonding the outer layer 40 to the outer surface 31 of the inner wall 28, i desired.

{00251 The integral positioning member 25 of the sleeve 12 is constructed as a
monolithic piece, and thus, from the same piece of insulating and reflective layers 28, 40
forming the tubular member 26, The positioning member 25 includes a plurality of flexible,
resilient fingers 44 that extend radially inwardly from a generally cylindrical portion 42 of the
tubular member 26, which extends between the ends 36, 38, toward the central longitudinal
axis 34 for abutment with the wiring harness 186, or the twbe 20 thereof, il provided. The
fingers 44 are flexibly resilient, such that the fingers 44 aliow the wire harness 16 and wbe 20
to pass freely through an opening 46 formed by free ends 48 of the fingers 44, wherein the
free ends 48 of the fingers 44 also form the second fres 38 of the tubular member 26. The
restliency of the fingers 44 causes the fingers 44 to remain in abutment with the wire hamess
or tube 20 thereof, and thus, the sleeve 12 remains fixed In the desired assembled position
relative to the wiring harness 16 and twbe 20 thereof until some selecied time when it may be
desired 1o shideably remove the sleeve 12 from its assembled position. The fingers 44 are
reverse folded and bent inlo the cavity 32, and as such, a portion 44° of the fingers 44, in
combination with a portion of the generally cylindrical portion 42, form an annular, generally
evlindrical dusl-walled region 30, with the radially outermost generally cylindrical portion 42
acting as a backing or support to the radially inner portion 44" of the fingers 44, thereby

providing the fingers 44 with support against excessive radially outward movement. As such,

~d
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the retention function of the fingers 44 is enhanced, though the fingers 44 remain resilient
allow selective assembly and removal of the sleeve 12 from the wire harness, as shown in
phantom in Figure 2, when desired.

{6026] In consiruction, the sleeve 12 is formed by forming whular member 16
extending along a central longiudingl axis 34 between open first and second ends 36, 38,
with the tubular member 26 including an inner wall 28 of insulative material and an ouler
layer 40 of reflective material fixed about the inner wall 28. 1t should be recognized that the
outer layer 40 could be fixed to the inner wall 28 prior o forming the inner wall 28 Into
wbular member 26, Further, the inner wall 28 can be formed as a circumferentially
continuous, scamiess wall, or, it can be formed having a lengthwise, generally straight or
spitally wrapped and bonded butt seam. 1f the inner wall 28 is formed as a spiral wrapped
wall, by way of example and without limitation, such as from a nonwoven material, the inner
wall 28 is preferably spiral wrapped, wherein the opposite edges can be brought into flush
abutting relation with one another, thereby forming a smooth butt joint 39, thereby lorming
smooth cylindrical inner and outer surfaces 30, 31, Then, the foil ouler layer 40 can be
wrapped about, in spiral (Figures 1, 3, 34, 4) or cigaretie fashion (Figure 2A) with opposite
edges 43, 45 brought into overlapping relation with one another, wherein the owter layer 40
can be mechanically fixed or bonded to the outer surface of the inner wall 28,

166271 The method further includes forming g plurality of slits 32 extending
lengthwise through the second end 38 toward the first end 36 to form a plurality of fingers 44,
shown as three, by way of example and without limitation. Then, the fingers 44 are reverse
folded and bent inwardly into the cavity 32 to form a generally cylindrical dual wall region
50, with the fingers exiending radislly inwardly from the dual wall region 50 woward the
central axis 34 io their free ends 48, The finger free ends 48 formy an outer periphery of an

opening 46 sized for interference fit over an cuter periphery of the wiring bamess 16, As

8
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noted above, the outer layer 40 of reflective metal foil has a sufficient yield strength
maintain the fingers 44, including the insulative portion thereof, in thelr “as benat”
confipuration upon being formed and during use.  OF course, with the fingers 44 being
resilient, the free ends 48 spring radially outwardly and axially in opposite divections when
confronted by the wiring harness 16, with the friction between the free ends 48 and the outer
surface of the wiring hamness 1§ providing retention against unwanied relative axial
movement hetween the wiring harness 16 and the sieeve 12 in use. As shown in Figure 2, the
fingers 44 are able to readily deflect resiliently, as shown in phantom on the right during
assernbly, and as shown in phantom on the left during removal, while returning resiliently to
their original “as bent” radially inwardly extending configuration upon being received in a
valley V or upon removal. Accordingly, when desired, a suitable axial force can be applied
1o the slecve 12 o forcibly slide the sleeve 12 along the wiring harness 16 to allow access to
the electronic member 14 during service. I o tbe 20 is provided sbout the wire harness 16,
such as a convolute ube, the free ends 48 of the fingers 44 can be deflected over annular
crests O during installation and removal, wherein the fingers 44 can be constructed having a
predetermined thickness to be at least partially received within annular valleys V between the
crests O to facilitate maintaining the sleeve 12 in its intended “in use” position aboul the
sensor 14,

[DO28] Obviously, in light of the above teachings, many modifications and variations
of the present invention are possible. H is, therefore, to be understood that within the scope
of the appended claims, the invention may be practiced otherwise than as specifically

described,
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What is claimed is:

i, A thermal sleeve for protecting an electronic member operably connected 0 an
elongate wiring harness, comprising:

s tubular member including an inner layer of insulative material and an outer layer of
reflective material, sald wbular member extending along o central longitudinal axis between
oppusite ends, a plurality of slits extending lengthwise through one of said ends 10 form a
plurality of fingers, said fingers extending radially inwardly toward said central longituding

axis and forming an opening for receipt of the wiring harness therethrough.

2. The thermal sleeve of claim | wherein said tubular member has a generally

cylindrical postion, sald fingers being reverse folded into said generally cylindrical portion.

3, The thermal sleeve of claim 2 wherein a portion of said reverse folded fingers and
said generally cylindrical portion of said wbular member abut one another in overlapping

relation o form a generally cylindrical dual wall region of said tubular member,

4. The thermal sleeve of claim 3 wherein said dual wall region includes two separate
lavers of said insulative material substantially abutting one another and two separaie layers of
said reflective material spaced radially from one another by said two separate fayers of said

insulative material,

5, The thermal sleeve of claim 4 wherein said two separate layers of said insulative

maierial are detached from one ancther,
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é. The thermal sleeve of claim 2 wherein said generally evlindrical poriion extends
between opposiie ends, said fingers extending radially inwardly from said generally
cylindrical portion between, in axially spaced relation from, said opposite ends of said
generally ovlindrical portion.

7. The thermal sleeve of claim | wherein said insulative material is one of a nenwoven

material, woven material, knit material or braided material.

8. A thermal slesve in combination with a wiring harness configured in electrical
communication with a sensor, comprising:

a tubular member including an inner laver of insulative material and an outer layer of
reflective material, said tubular member exiending along a ceniral longitudinal axis between
opposite open ends, & plurality of slits extend lengthwise through one of said ends to form a
plucality of fingers, said fingers extending radially Inwardly toward said central fongitudinal

axis to form an opening for receipt of said wiring harness therethrough.

9. The combination of claim § wherein said whular member has g generally cylindrical

portion, said fingers being reverse folded into said generally cylindrical portion.

10, The combination of claim 9 wherein a portion of said reverse {olded fingers and said
generally cylindrical portion of said whbular member abut one another in overlapping relation

to form a generally cylindrical dual wall region of said whular member.

11.  The combination of claim 10 wherein said dual wall region includes two separate

layers of said insulative material substantially abutting one another and two sepavate layers of
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said reflective material spaced radially from one another by said two separate layers of said

insulative material,

{2. The combination of claim 11 wherein said two separate layers of said insulative

material are detached from one another,

13, The combination of claim 9 wherein said generally cylindrical portion exiends
between opposite ends, said fingers extending radially inwardly from said generally
cylindrical portion between, in axially spaced relation from, said opposite ends of said

generally eylindrical portion.

14.  The combination of claim § wherein said insulative material is non-heai-settable.
15,  The combination of claim 8 wherein said wiring harness has a convolute outer surface
and said fingers are configured to deflect in opposite axial directions over cresis of said

convolute outer surface and extend into valleys of said convolute outer surface.

i6. A method of constructing a siesve for protecting an clectronic member connecled to a
wiring harness against exposure 1o heat, comprising:

providing a tubular member extending along a central longitudinal axis between open
opposite ends, with the twbular member including an inner layer of insulative material and an
outer layer of reflective material;

forming a plurality of slits exiending lengthwise through one of the ends toward the

other of the ends to form a plurality of fingers; and
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bending the fingers radially inwardly toward the central longiudinal axis, with free

ends of the fingers forming an opening for receipt of the wiring harness therethrough.

17. The method of claim 16 wherein the bending fusther includes reverse folding the
fingers into the tubular wember such that a portion of the fingers {orm a generally cylindrical
portion extending about the central longitudinal axis and @ portion of the fingers extend

sadially generally transversely to the central longitudinal axis,

18,  The method of claim 16 further including forming the inner layer of insulative

material as a nonwoven material.

1. The method of claim 6 further including forming the inner layer of insulative material

as a woves material,

28, The method of claim1é further including forming the inner layer of insulative material

as a knit material,

21, The method of claim 16 further including forming the inner layer of insulative material

as a braided material.
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