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(57) Abstract: A thermal sleeve 12 for protecting an electronic member 14 connected to a wiring harness 16 against exposure to heat
is provided. The thermal sleeve 12 has a tubular member 26 including a circonferentially continuous wall 28 with an inner surface
30 bounding an inner cavity 32 extending along a central axis 24 between open opposite ends and a reflective outer surface 40. The
thermal sleeve 12 includes a positioning member 25 constructed of a separate piece of material from the tubular member 26. The po -
sitioning member 25 has a circonferentially continuous, tubular portion 42 and at least one resilient flange 44 extending radially in -
wardly from the tubular portion for abutment with the wiring harness. The tubular portion 42 has a plurality of tangs 46,47 extending
radially therefrom. The tangs 46,47 are fixedly disposed in the wall of the tubular member 42 to inhibit relative rotational and/or axi-
al movement between the tubular member 26 and the positioning device 25.
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THERMAL SLEEVE WITH SELF-RETAINING POSITIONING MEMBER, ASSEMBLY

THEREWITH AND METHOD OF CONSTRUCTION THEREOF

CROSS-REFERENCE TORELATED APPLICATION
0601 This application clabms the benefit of ULS. Provisional Application Serial No.
62/200,802, filed August 4, 2015, and US. 1lility Application Serial Ne. 187227,329, filed
August 3, 2016, which are incorporated herein by reference in thelr entirety,

BACKGROUND OF THE INVENTION

i Technical Field
{00021 This invention relates generally to tubular sleeve assemblies that provide
thermal protection t© an electronic obiect contained therein, and more particularly (o & wbular
sleeve assembly including a positioning member to maintaln the assembly in a selectively
releasable, fixed position gbout the electronic object contained therein,
2. Related Ant
{0003 Sensors used in automotive applications, such as oxygen sensors which
provide data (o control engine operation and performance, are oflen mounted within the
engine compartment of a vehicle where they are subject to harsh environmental elements
including intense radiant heat and sources of abrasion and vibration during vehicle operation.
Due to the harsh environmental elements, it is advantageous, and in many cases 8
requirement, to cover the relatively delicate, temperature sensitive sensors with a protective
sfesve in an offort o dampen vibration, provide protection against abrasion and shield radiam
heat from reaching the sensor. Such sleeves gensrally comprise an elongated, cylindrical
tube exiending betwesn opposite, open free ends. The eylindrical tube generally includes a

damping inner layer, such as of a nonwoven materisl, for exampls, polyssier felt and 2
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reflective outer layer comprising, for example, an aluminum foil layver lnminated 1o an ouer
surface of the inner layer
(60041 D o the configuration of the protective sylindrical skeeve and #s haorsh
snvironment, it is typically difficult o assemble the slecve about the sensor in a manner
which allows the sleeve to be relisbly secured and maintained in 3 desived position, while 1
the same tme providing & mechanism in which (o readily remove the slesve for servicing of
the sensor. Adhesives, tape and interference fits of the entirsty of an inner surface of the
cylindrical wall of the sleeve are used 1o effect attachment, but cach of these mechanisms
suffer various disadvantages. Adhesive attachment of the slesve about the sensor, while
gencrally sscure, at least initially, permanently sttaches the sleeve o the sensor, and thus,
complicaies servicing the sensor at s futwre time, and in addition, the sdhesives can
tweakdown over time, therebhy causing the sleeve o become dislodged from s desired
protective position about the sensor. As a result, while in s initially bonded posstion, this
method doss not allow {or easy removal of the sleeve for servicing of the sensor or reuse of
the sleeve, as it reguires destroying the bond joint of the adhesive. In addition, tape and
interference fits can be unreliable in view of the heat and vibration encountered within the
engine compartment, with tapes further being particularly burdensome 1o apply, and
interference friction fis suffering from variences in component tolerances, and difffculty of
asserbly, particularly il the inerference is too grest, or if the slesve needs @ traverse
increased diameter obstacles along the path of assembly, such as a connector, for exampls.
[0005] A further known mechanism inchudes the use of an end cap made as 4 separate
component from the twbular sleeve, wherein the end cap s fastened o the sleeve vinuse of a
separate, secondary fastening device, such as staples, tape and'or an adhesive.  Although the
separate fastening device can prove useful in function, § adds cost and complexity w the

assembly as a result of having to maimain and use separate fastening componenis and
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processes 1o apply and fhsten the devicss, thereby adding complexity and cost w0 the
manufacture and sssembly of the insulative sleeve,

SUMMARY OF THE INVENTHIN
{0006} in aceordance with one aspect of the lnvention, a thormal sleeve for protecting
an elecironic member connccied to 3 wiring harness against exposure 0 heat s provided.
The thermal slesve has a wwbular member including a circumierentially continuous wall with
an inner surfsce bounding an inner cavity extending along a central axis betweoen open
apposite ends and a reflective owter surface.  Further, the thermal sieeve includes a
positioning member constructed of a separate picce of material fom the tubuler member.
The positioning member has a wbular portion and at least one resilient flange extending
radially inwardly from the mbular portion for sbutment with the wiring harness. The tubular
portion has a plurality of tangs extending vadially from the twbular portlon, The tangs arc
fixedly disposed s the wall of the twbular member to inhibit relative movement between the
tubular member and the positioning device.
JO007] In accordance with another aspect of the invention, the tangs can be formed o
extend radislly outwardly from the tubular portion of the positioning member.
[008] In sceordance with another aspect of the lnvention, the tanps can be formed to
extend radially inwardly [rom the wwbular porion of the positioning member.
{00691 in accordance with another aspect of the invention, the tongs can exiend
circumforentially refative 1o the central axis to inhibit relative rotational movement between
the twbular member sad the positioning device,
L In accordance with another aspect of the invention, the tangs can exiend
sxially relative to the central axis to inhibii relative axial movement of the tubular member

away from the positioning device.

foid
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LY in accordance with another aspect of the invention, the positioning deviee can
he provided with 8 reflective caster surface 1 enhance the ability 1o shield the inner cavity
from exposure 1o heat,

(00123 in accordance with snother aspect of the invention, the tangs can be formed

from plastic,

LU RY! fn accordance with another aspect of the invention, the tangs can be formed
from metal,
HEQEY! in accordance with anothor sspect of the invention, a thormal sleeve in

combination with 2 wiring barness configured in electrical communication with @ sensor is
provided,  The thermal slseve includes s iwbular member having a circumifzrentially
continuous wall with an inner surface bounding an inner cavity extending along a central axis
between open opposiic onds and a reflective outer surface,  The sleeve further fnchudes »
positioning member constructed of 8 separate plece of matensl from the wbular member
The positioning member has a tubular portion and 2t least one resiblent flange extending
radiaily wardly from the wbulsr portion for abutment with the wiring harness 1o releasably
fix the thermal sleove axially along the wiring harness, A plurslity of tangs extend radially
from the wbular portion, wherein the tangs are fixedly disposed in the wall of the whular
member to inhibit relative movement betwoen said wbular member and said positipning
device.

(60151 In accordance with another aspect of the invention, at keast some of the tangs
can be formed to extend circumierentially relative to the central axis and ot least some of the
tangs can be formed to extend axially relative to the central axis o inhibit respective relative
rotational and axial movement between the tubular member and the positioning device.
{16} in accordance with another aspect of the Invention, a method of constructing 3

sleeve for protecting an electronic member connected to a wirlng harness against external

S
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thermal effects is provided. The method imeludes providing a tubular member having o
ciroumbferentially continuous wall with an inner surface bounding an inner cavity extending
along a central axis between open opposite ends and a having a reflective outer surface,
Further, providing a posiioning member construcied of a separate piece of material from the
wubular member, Further, providing the positioning member having a tubular portion and at
least one restlient flange extending radially nwardly from the wbular portion for abulment
with the wiring harness, with the tubular portion having a pluralily of tangs extending radially
therefrom.  Then, fxing the tangs in the wall of sald tubuler member to inhibi relative
movenent between the lubulsr member and the positioning device,

(6017 In gecordance with another aspoct of the invention, the method can include
providing the tangs from maleris! punched from the windar portion of the positioning device,
[GG18E in aecordence with another aspect of the invention, the method can includs
providing the tangs from material punched radislly inwardly from the whular portion of the
positining device,

[0G19] in accordance with another aspect of the invontion, the method can mchude
nroviding the tangs from material punched radially outwardly from the wbular portion of the
positioning devies.

{20 in accordance with snother aspect of the invention, the method can include
providing the langs from material molded (o extend radially inwardly from the tubular
purtion of the positioning device.

0021} In accordance with another aspect of the invention, the method can include
mroviding the tangs from maierial molded to extend radially owwardly from the wbular
portion of the positioning device,

221 in accordance with snother aspest of the invention, the method can include

penetrating the inner surface of the tbular portlon with the tangs.

%
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100233 In acoordance with ancther aspect of the invention, the method can inchude
peneirating the outer surface of the twbular portion with the tangs,

BRIEF RDESCRIPTION OF THE DRAWINGS
(60241 These and other features and advantages of the present invention will become
more readily appreciated when considered in connection with the following detailed
deseription of presently preferred embodiments and best mode, appended claims and
accompanying drawings, in which:
{0025 Figure | is a schematic, partially oross-sectionsd, esploded side view of a
thermal sleeve assembly construcied in sccordance with one aspect of the invention for
prolecting an elecirical component;
{026} Figure 1A is a view similar 1o Figure 1 of a thermal sleeve assembly
construcied in accordance with anocther aspect of the invention for protecting an elecirical
component;
JO027] Figure 2 is a schematic, pantially cross-sectioned side view of a thermal sleeve
assembly construcied in accordance with one embodiment of the invention shown In an
assesnbled state;
[B028] Figure ZA s a view similar to Figure 2 showing g thermal sieeve assembly
constructed in accordance with another embodiment of the invention;
{00291 Figure 2B is a view similar 1o Figure 2 showing a thermal slesve assembly
constructed in accordance with vet another embodiment of the invention;
[0030] Figure 20 is a view similar o Figure 2 showing a thermal sleeve assembly
construcied in aconrdance with vet another embodiment of the invention;
{00313 Figure 3 is an lsomeirie view of a selfvretaining positioning member
constructed in aconrdance with one aspeet of the invention of the thermat sleeve assembly of

Figure 1:
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106323 Figure 34 is a view similar to Figure 3 of 3 self~retaining positioning member
constructed in accordance with another aspect of the invention of the thermal sleeve assembly
of Figure 14
10033} Figure 4 is an isomeWic view of a seif-retaining positioning member
constructed in accordance with another aspect of the invention of the thormal sleeve assembly
of Figurs 1;

{0034} Figure 44 is a3 view similar o Figurs 4 of a self-retaining positioning member

construcied in accordance with another aspect of the invention of the thermal slegve assembly

of Figure 1A,

RLEERY Figure 3 is g perspective visw of a self-reteining positioning member

constructed in accordance with vet another aspect of the invention of the thermal sleeve

assermbly of Figure 1,

160361 Figure SA is a view similar o Figure § of 2 selftretaining positioning member

constructed in accordance with another aspeet of the invention of the thermal sleeve assembly

of Figure 1A

16637} Figure & i3 an isometric view of g seif-reiaining positioning member

construcizd in accordance with vet another aspect of the invention of the thermal sleeve

assembly of Figure §; and

[O038) Figure 7 15 a partdal isometric cross-scetionsl visw of a self-retaining

positioning member construcied in accordance with yet another aspect of the invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMEMTE

03397 Referring in more detail to the drawings, Figures | and 2 show an assembly 18

and Figures 1A and 2A show an assembly 1, with cach being constructed in accordance

with alicrate embodiments of the invention, wherein the same reforence numerals are used

1o identify ke features, unless otherwise specified. The assemblies 10, 19 include o thermal
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sleeve 12 with seifreiaining positoning member 25, 25, respectively, for prfecting an
electrical member 14, such as sensor, contained at least in part within the sicove 12 against
the effents of extreme radiang heat, abrasion, contamination and vibration, wherein the sensor
4 is shown as being connected 10 an end of 8 wire hamess 16 on an engine componert 18 of
a vehicle (Figures 3, 245, The features of the seifretaining positioning members 23, 23 are
identified by the same reference numerals, offset rospectively by a prime symbol (3 The
wire harness 16 can be provided as g bundle of exposed, insulaied wires or a5 & bundie of
insulated wires enclosed within an ouler protective sheath or sheeve, also referred 1o as wibe
240, such a5 a tube having a generally smooth or convolute outer surface 22, by way of
example and without Hmitation. The slesve 12 is configured fur stidable movement along a
longitudinal axds 24 of the wire harness 16 and wbe 20, iF provided, 10 bring the sleeve 12
into it desired prolective position abowt the sensor 14, The sleeve 12 s configured, via the
seif-retaining positioning member 25, 25, as discussed in Dwther detail below, o remain
fingd in the protective position untl] desived 1o selectively slide the sleeve 12 away from Hs
protective position, such ss may be desired to service the sensor 14, The sleeve 17 remains in
s profective posilion during use, withowt need of secondary fasteners, such as tape or
adhesives, and thus, the assembly 10, Y s made simple, sesthetically pleasing, and
sconomical in manufacture and use.

[a04a] The slecve 12 can be constructed having any desired length, The slesve 12
has a wbular member 26 including a circumferantially continuous inper wall 28 with an inner
surface 30 and an ouler surface 31, with the inner surface 30 bounding an inner cavity 32 and
sxiending along a central longludinal axis 34 between open opposite gnds 36, 38, The
tubular member 26 further includes a reflective outer surface 40 on the ouler surface 31, The

inner wall 28, in accordance with one aspect of the invention, can be constructed of a

intertwined fibrous nonwoven material, woven malerial, knit material, or braided material,

2]
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and con be constructed having any desired wall thicknesses, depending on the aature and
severily of heat exposure in the intended environment.

a4 1} The reflective ouwter surface 40 is provided to reflect exireme radiont heat
typical of an engine compartment, including temperatures generated by an exhaust system.
The outer laver 40 can be formed of any suitable metallis material, including a reflective
metatlic coating or foll layer of aluminum or other desired motal folls, by way of example
and without lmitation. The reflective cuter laver 40 is relatively thin, therehy aliowing the
sleeve 12 to remain flexible over meandering paths and corners. The outer layer 48,
provided as a foil layer, can be spiral wrapped or cigarette wrappsd aboul the inner wall 2§,
as desired, Any suitable, heat resisiant adhesive can be used to facilitate bonding the outer
inil laver 40 1o the owter surface 31 of the inner wall 28, if desired.

100421 The selfretaining positioning member, reforred  hereafier simply  as
positioning member 23, 25, is construcied of a separaie piece of material From the whbular
member 26, The positioning member 23, 25 has a twbular portion 42, 42' and a1 least one
resilient flange, also referred 1o as finger 44, 447, and shown as a plurality of fingers 44, 44
extending radially inwardly from the wbular portion 42, 42' for abuiment with the wiring
hamess 1§, or the whbe 20, if provided. The twbular portion 42, 42' has a plurality of tangs,
shown 85 respective first and sccond tangs 46, 47; 46°, 47 extending radially from the wbular
portion 42, 47, with the first and sccond tangs 48, 47; 4%, 47 being fixedly disposed in the
whular member 26 1o inhibit relative movement between the tubular member 26 and the
positioning member 25, 25, The wbular portion 42 of Figure 2 is shown as being sized for
receipt inside the open end 36 of the whular member 26, with the tangs 46, 47 extending
radially cutwardly from the tubular portion 42 for penetrating recaipt within the inner surface
30 of the inner wall 28, In contrast, the tubular portion 42° of Figure 2A is shown as being

sized for receipt outside the open end 36 of the tubular member 28, with the tangs 46, 47
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extending radially inwardly from the tebular portion 42° for pencirating receipt within the
outer surface 31 of the whular member 26, Given the twbular portion 42' is ocutside the
tubular member 26, an outer surface 60 of the whbular portion 42’ can be provided with a
refllective surface 62, similar or the same ag the reflective outer surface 40 of the wbular
member 26, thereby ensuring full protection is provided against external radiant heat

{00431 A first plurality of the first tangs 46, 46 are shown exiending along a
chrcumferentially extending row and pointing in 2 circumierenuial direction, such that the first
tangs 46, 46, when embedded in the inner wall 28, function to inhibit relative rotation
between the positioning member 25, 25" and the twbular member 26, During assembly of the
positioning member 25, 23 onto the end 36 of the twbuler member 26, the positioning
member 23, 25 can be rotaled in an installation direction, ilustrated by arrow 113, to initially
prevent penciration of the first tangs 46, 46" into the respective fnner and ouler surface 30, 31,
and then, upon installation, the positioning member 35, 25 can be rotated in an opposite
fixing direction, illustrated by arrow FD, {0 cause ponetration of the first tangs 46, 46" into the
respective inner and puler surface 380, 31,

10044} The second plurality of the langs 47, 47 are shown extending along 2
circumfersntially extending row in axially spaced relation from the Hrst langs 46, 46°, by way
of example and without Hmbation, with the second tangs 47, 47 peinting in an axial
direction, such that the second tangs 47, 47, when embedded in the inner wall 28, function to
inhibit relative axial movement betwesn the positioning member 23, 23 and the whular
member 26, such that the positioning member 25, 3% and the whular member 26 are fized
sgainst axial separation from one another. Accordingly, the tangs 46, 47 of the positioning
member 25, and the tangs 46, 47 of the positioning member 25, upon being push about the
end 36 and inserted inio the respective inner and ouler surfaces 30, 31 of the whular member

26, function as selftretaining members, thereby doing away with the need for any secondary
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fastensrs, such as mechanical Bsieners, tapes or adhesives, (o fix the posttioning member 25,
25" o the tubular member 26
00451 It is contemiplated that the positioning member 25, 25° can be made of any
suitabic plastic or metal material, as desired for the intended gpplication. 1§ made of plastic,
the positioning member 25, 25 could be molded 1o shape, with the tangs 46, 47 of the
positioning member 25 being molded o extend radially cwtwardly (Figure 2} and the tangs
46, 47 of the positioning member 25 being molded to extend radially inwardly (Figure 24)
in inclined resilient, spring-like fashion, and if made of metal, the tangs 46, 47; 46, 47 could
te stamped or otherwise punched from an annulus of the twbular portion 42, 47" w© sxiend
radially cutwardly (Figure 28} or 0 extend radially inwardly (Figurs 2C)

160461 The positioning member 25, with reference o the various cmbodiments
shown in Figures 3-8, which bave similarities to those described and shown in US Patent Na.
8,263,866, which is incorporaied hersin in U5 ontirety by reference, is further shown having
an annular rim 32 extending radially cutwardly from the wbular portion 42 adjacent the end
an end of the twbular portion 42, The rim 42 funciions as a positive stop or shoulder while
inserting the positioning member 25 into the end 36 of the wbular member 26, thereby
assuring the positioning mamber 25 is properly seated and {ixed to the tubular member 26.

100471 In use, the sleeve 12 can be easily slid gver the wire hamess 16 or wbe 26,
whereupon free ends 34, 34 of the fingers 44, 44° engage and Hex axially against the wires
harness 16 or tube 20, A predetermined amount of friction and interfersnce bovwesn the
finger ends 54, 34" and the wire harness 16 or tube 20 can be provided by sizing an opening
S6, 34' bounded by the fnger ends 34, 34" in construction, The fingers 44, 44, being Dexibie
and resiliont, are biased slightly axially via friction or interference with the wire harness 16 or
tubs 20 to flox axislly away from the ond 36 during installation and axially toward or into the

siseve end 36 during removal, such as may be reguived In service. g tube 20 s provided as

et
tioces
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g corrugate tube, the fingers 44, 44° can be biased to flex axially over annular cresis C during
insiatlation and removal, and can be constructed 10 1ake on a predetermined thickness 1o be
received within annular valleys V of the corragations 1o faciliiate mainiaining the sleeve 12
its intended "“in use” position aboul the sensor 14,
(48] A5 noted, Figures 3 and 3A ilusiratc the positioning member 23, 2§
constructed in accordance with altornste embodiments of the invention, while Pigures 446
illusirate posiioning members 125, 225, 325 and Figures 4A-3A illusiraie positioning
members 125, 225 consiracted in accordance with further aliornate embodiments of the
invention, whereln the features of the different positioning members 125, 125, 225, 225, 325
are identified by the same reference numaersls discussed above, offset by respective factors of
13, 200, 300, The embodimenis shown in Figires 3, 34, 4, 44, 5, 54 and 6 are shown as
being molded from plastic; however, 35 shown in Figure 7, each of the smbodiments can
eguaily be made of a metal material with features, such as the langs 46, 47, 48, 477 146, 147
146, 147" 246, 247, 244, 247 346, 347, be stamped thersin, The {ingers 44, 144, 244; 44,
144, 244" of the embodiments shown in respective Figures 3-3 and 3A-3A have different
configurations from one another, and in Figure 6, the rim 352 is shown at an opposite end of
the positioning member 323 from the fingers 344, Each of the positioning members 23, 23
125, 125, 235, 225, 325 include & plurality of first and second tangs 46, 47, 46, 477 144,
J46°, 147 246, 247, 246, 247, 346, 347 as discussed sbove, and thus, no further
discussion is belicved necessary, as the drawings clearly show the respective configurations
of the tangs 46, 47; 46, 47", 146, 147, 148, 147 246, 247; 246", 247, 346, 347.
[0049] Cbvicusly, In Hght of the above teachings, many modifications and variations
of the present invention are possible. 1 is, therefors, o be understond that within the scope
of the sppended chaims, the inventon may bo practiced otherwise than as speciiically

described,
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What is claimed i

1. A thermal sleeve for protecting an slectronic member connected 1o a wiring hamess,
comprising:

3 whular member including a ciroumferentially continuous wall with an Inner surfuce
bounding an inner cavily exiending along a central axis betwesn open opposite ends and a
reflective outer surface; and

2 positioning member constructed of 8 separste piece of material from said wbular
merber, said positioning member having a tubular portion configured 1o extend along said
central axis and at least one rosilient flange extending radinlly inwardly from said whbular
portion for abutment with the wiring hamess, said wbular portion having a plusality of tangs
exiending radially therefrom, said tangs being fxedly disposed in said wall of said whular
member to inhibit relative movement between sald tubuler member and said positioning

devics,

2. The thermal sleeve of claim 1, wherein said tongs exiend circumierentially mlative ©
said central axis to inhibil relative rotational movement between said twbular member and

said positioning devies,

3 The thermal sleeve of claim 2, whereln said tangs extend axially relative 1o said
central axis 1o inhibit relstive axial movement of said twbular member away from said

positioning device,



WO 2017/024089 PCT/US2016/045460
4. The thermal sieeve of claim 1, wherein said tangs oxtend axially relative o said
central axiz in inhibit relative axial movement between said ubular member and said

positioning device away from one another,

5, The thermal sleeve of claim 1, wherein said tangs extend radially outwardly from said

tubuiar portion,

&. The thermal sleeve of claim 1, wherein said tangs extend radially inwardly from said
tubular portion.

7. The thermal sleeve of claim 6, wherein said positioning member has a rellective outer
surfacs,

& The thermal sleeve of claim 1 whergin said tangs are plastic,

&, The therma! sleeve of claim | whergin sald tangs are metal,

16, A thermal sleeve in combination with a wiring harness configured in elecirical
communication with & sensor, comprising:

g tubular member including a circumferentially continuous wall with an inner surface
bounding an inner cavity exlending slong a central axis betwesn open opposite ends and &
reflective outer surfsce; and

a positioning member constructed of a separate place of material from said wbular
murnber, said positioning member having a tubular portion configured to extend along said

central axls and at least one resilient flange extending radially nwardly from said tubular
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portion for abutment with said wiring harness 1o releasably fix said thermal slesve axially
along said wiring hamess, said wbaelsr portion having 8 plurslity of langs extending radially
therefrom, said tangs being fixedly disposed in said wall of said twbular member to inhiblt

refative movement between sald tubuler member and sald positioning devive.

Fi, The combination of claim 10, wherein said tangs extend circumferentinlly relative 10
gaid central axis to inhibi relative rotations] movement betwesn said tubular member and

said positioning device.

12, The combination of claim [, wherein said tangs extend axially relative to said central
axis o inhibit refative axial movement of said tubuler member away from said positioning

device,

13.  The combingtion of claim 10, whereln said tangs extend axially relative 1o said central
axis to inhibil relative axisl movement bebween said tubular momber and said positioning

device sway from one another,

14, The combination of claim 18, wherein said tangs extend radially outwardly from said

subular portion.

15, The combination of claim 10, wherein said tangs eatend radially Inwardly from said

whular portion,

16, A method of constructing a slesve for protecting an electronic member connected o a

wiring harness against exposure (o hest, comprising:
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providing a tebular member having s circumferentislly continuous wall with an outer
surface and an inner surface bounding an inner cavity extending along a central axis between
ppen opposite ends and a having 2 reflective outer surface;
providing a positioning member constructed of 8 separate piece of material from said
rubular member, sald positioning membsr having 2 mbular portion configured 1o exiend
along said central axis and ot least one resilicnt flange extending radially inwardly from said
wsbular portion for abuiment with the wirtng hamess, sald whular postion having a plurality
oftangs extending radially therefrom; and
fixing said tangs in said wall of said wbular member © Inhibit relative movement

between said tubular momber and sald positioning deviee,

17, The method of claim 18, further including providing the tangs from material punched

from said tubular ponion of said positioning device.

18,  The mathod of claim 18, further including providing sald langs extending
circumferentially relative to sald contral axis and inhibiting relative rotational movement

between sald twhular member and sald positioning device with said tangs.

19, The method of claim 18, further including providing said tangs extending mially
refative 10 said central axis and inhibiting relative axial movement of said wbular member

away from said positioning device with said tangs.

28, The method of claim 16, further inclnding providing said tangs extending axially

relative 1o said central axis snd inhibiting relative axial movement of said whulsr member

away from sald positioning device with said angs.

16
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21, The methed of claim 16, further including providing sald tangs extending radially
outwardly from said tubular portion and pencirating said inner surface of said tubular portion

with said tangs.

22, The method of claim 16, further including providing said tangs extending radially
inwardly from said tubular portion and pensirating sald outer surface of said twhulsr portion

with said tangs.
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FIG. 5A
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