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el ongat ed substrates such as wiring harnesses, fuel |I|ines, brake lines and
the li ke subjected to harsh thernmal environnents. 10 Background of the
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such as brake lines and fuel lines, and optical fiber bundles, are often
used in autonotive, aerospace and marine applications where they are
subjected to intense heat. Wring 15 harnesses and fuel |ines routed

t hrough an encl osed engi ne conpartnent, for exanple, in an autonobile,

boat or aircraft, are subjected to both radiant and convective heat from
the engine, particularly the exhaust manifold. Simlarly, fuel |ines and
wiring in the vicinity of a rocket engine]ﬂozzle or on an 20 orbiting
satellite, exposed to direct sunlight in the vacuumof space, require
thermal protection to ensure quﬁr i tion. Thernal
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5 Field of the Invention

This invention concerns sleeving for encasing and
protecting elongated substrates such as wiring harnesses, fuel
lines, brake lines and the like subjected to harsh thermal

environments.

10 Background of the Invention
Elongated substrates, such as wiring harnesses, fluid

conduits, such as brake lines and fuel lines, and optical fiber
bundles, are often used in automotive, aerospace and marine
applications where they are subjected to intense heat. Wiring

15 harnesses and fuel lines routed through an enclosed engine
compartment, for example, in an automobile, boat or aircraft, are
subjected to both radiant and convective heat from the engine,
particularly the exhaust manifold. Similarly, fuel lines and
wiring in the vicinity of a rocket engine nozzle or on an

20 orbiting satellite, exposed to direct sunlight in the vacuum of
space, require thermal protection to ensure proper and continued
operation.

Thermal protection has been afforded by the use of
composite protective sleeving comprising a layer of woven glass
25 fiber bonded to a layer of reflective metal foil. Flat sheets of
the composite are reverse folded with the reflective metal foil
layer facing outwardly. Opposite edges of the sheets are



relatively expensive and tinme consuming to manufacture, largely 5 due to
the sewn | ongitudi nal seam Furthernore, such a seaminevitably | eaves

| ayers beweatlhiiste refl ective |ayer, such as the gl ass f ipogrusoaysos;
exposed to the thermal environnment. The exposed |ayers conprom se the
thermal shielding otherwise afforded by sewn sl eeves and all ow a

rel ativel ypowitiegédnadpadent oron ehengnetiezes dsd rsewn vii oderthéhef cfeive. a
Addi tional ] ¥ngitgaingyesssenfold results in a lengthwi se crease along the
sl eeve which significantly weakens the glass fiber |ayer, decreasing its
tear strength by as nuch as 75% and, thus, providing a failure initiation
point on the sl agvile Thesle 4 FesV By |provitkad fitdrma 1l pridsd®ion) ofecid ve
sl eeve which avoi ds the di sadvantélg'fe]s of the se sl eeve. and whic

can1 be
produced roTe2 TRRTH yCIRENBLYS (1T HERY FUSWRETRGEC FAREEIFBIHE ot B IS bt
t he $nventdwa Thetheveewn chonwitted irsa hnséasul afunthefnaxe bl such eeveedor 20

. ) : | i .
protecti nglﬁé\@?gfﬁngg ?é'é\?éé ai%?r%éé’%éﬁé tehdarsi dhef vi Ladl, [ HS

The sleeve is rom a cohposite sheet conprising a

refl ecti vethaydtass FEper okayelky | exresethdtarthasthernak enyironmert net®ei c
][ ef : ecgI ihVGeﬂq@?(@é?i Bapé£é ?E@@ﬂoﬁiiluéﬁménth&énaei téﬁeid\i@&:&f&éﬁﬁe ? thin

(o] adnher e 0 rerntrorcljn ayer oy, as a vacuum depqQsited coatl ng.
Pr ef er abl ya{j% rd?‘@?’ﬁ# o?%%"hgsjr%%é‘?s c%’?'r%r gle W fﬁ%ﬁ%’f‘é&‘?gh‘?t rrée’s‘l‘fJscfrém"'fcgg
nate0i al  Soch abong| e téhabs Srdse anttialin ythovesleese { hehddit boa My | aghes .
The [ nsul afdyerd@yes) PR PES £n T4 Df OliFen Al WML I FIAR! end G USIET aD! Y
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sewn sleeve and which can be produced more rapidly without the

need for sewing.

Summary and Objects of the Invention

The invention concerns an insulative, flexible sleeve for
20 protecting elongated substrates subjected to harsh thermal
environments. The sleeve is formed from a composite sheet
comprising a metallic reflective layer, a reinforcing layer and

an insulative layer.

The metallic reflective layer is preferably aluminum,

25 either in the form of a thin foil adhered to the reinforcing
layer or as a vacuum deposited coating. Preferably the
reinforcing layer comprises a flexible, tear-resistant material
such as Mylar that substantially overlies the reflective layer.
The insulative layer comprises a fibrous, non-woven material,

30 preferably a thermoplastic felt having a predetermined thickness
providing air spaces for increased insulative capability. The
insulative layer substantially overlies and is attached to the
reinforcing layer, preferably using adhesive.

\
Upon forming the layers into a composite sheet, a reverse

35 fold is formed between a first and a second portion of the sheet



So as to bring the first sheet portion into overlying relation wth the
second sheet portion. The fold places the insulative |ayer on the first
sheet porwioan/oinss3facing relation with the insulative |ayecTasoebesecond
sheet portion, the reflective 5 | ayer 3faces outwardly. A seamis forned
between the first and second sheet portions attaching them together.
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4 . . . . .
It is an object of the invention to provide a thermally

15 insulative sleeve for elongated substrates.

It is another object of the invention to provide a sleeve
insulating against all modes of heat transfer.

It is again another object of the invention to provide a
sleeve having a non-woven insulative layer.

20 It is yet another object of the invention to provide a
sleeve formable by welding the insulative layer to itself to form
a seam.

It is still another object of the invention to provide a
sleeve wherein the welding is performed by ultrasonic welding
25 techniques.

These and other objects and advantages of the invention
will become apparent upon consideration of the following drawings

and detailed description of preferred embodiments.

Brief Description of the Drawings

30 Figure 1 is a cross-sectional view of a composite sheet
prior to folding and welding to form a thermally insulative

sleeve according to the invention;



Figure 2 is a perspective view of a sleeve according to the invention; and
Figure 3 is a cross-sectional view taken along lines 3-3 of Figure 2. 5
Det ai | ed Wexcniysts on of the Preferred Enbodi ments Fi gur e ptTalsons4783
sectional view of a conposite sheet 1@ wused to forma thermally insulative
sl eeve according to the invention. Sheet 10 preferably conprises three

| ayers, an 10 i nBidareve isyarpd2spéctaite briee,ofhom-siere mtasrding ato the
rei nforcing,l,ayes é4 %&da flexible, tear-resistant material and a
reflective ?ayer 1%’ e layers are preferably adhesively bonded together
usi ng thernopl astic pol yester adhesive or cross-linked polyester adhesive

for increased i nkeghpdl Najs ShiegFoss + LAk fordll bW eI NErorP BIHESi 383 of
failure at relatiyely hi gh tenperatures. The |ayers are arranged with the

reinforci ng-P4§8r°14 sandwi ched between the reflective |ayer 16 and the
i nsul ative layer 12. This permts the reinforcing |ayer 14 to reinforce

bot hadj oi RLPY+ y 1 . hout interfering with the thernal
protgctiveEiE%é%%ﬁd?%ﬁﬁiﬁEﬁggg§€%2%$%ns of either layer as described bel ow

The reflective Tayer 16 1s preferably conprised of a netal foil, for
exanpl e, al um numig@fe 9P| €héwe & ncsCesskhl 8fi8Etdtid Yoompddtid et UG NUM

foil thicknesses used with the eeve range befween 0.00035 to about 0.001
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t he conpospotysster adhesive for increased interlaminar shear strength and
15 resistance to adhesive failure at relatively high temperatures.
The layers are arranged with the reinforcing layer 14 sandwiched
between the reflective layer 16 and the insulative layer 12.
This permits the reinforcing layer 14 to reinforce both adjoining
layers 12 and 16 without interfering with the thermal protective

20 and insulative functions of either layer as described below.

The reflective layer 16 is preferably comprised of a metal
foil, for example, aluminum, or gold for increased reflectivity.
Practical aluminum foil thicknesses used with the sleeve range
between 0.00035 to about 0.001 inches with a thickness of about

25 0.00035 inches being preferred for most common automotive
applications. Relatively thin foils are preferred to preserve
the flexibility of the sleeve and allow it to readily conform to
the shape and path of the substrate which it is covering.
Reflective layer 16 may also be formed by a metallic coating,

30 such as aluminum, vacuum deposited directly onto the reinforcing
layer 14.

The reinforcing layer 14 is preferably Mylar which provides
excellent tear-resistance (even when folded or creased) and which
readily bonds to the other layers comprising the composite sheet

35 10. Mylar also provides an excellent substrate for vapor



35 10. Myl ar al so provides an excellent substrate for vapor WO 03/013834
PCT/ US02/ 24793 5 deposition of netallic coatings. The reinforcing | ayer 14
is prinmwologopsesent to prevent the reflective |ayer 16 fecarusot/eems ng, the
relatively thin netallic |ayer being delicate and easily torn. O her tough
materials, such as kapton, may also be 5 used in place of Mylar, but Ml ar
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inSUIatiVeyard to about 7.25 ounces per square yard. The preferred felt
density for most automotive applications is about 4.5 ounces per
square yard. The areal density of the felt determines the amount
of air trapped within the felt, with greater density felt
20 trapping more air 'and, thus, having relatively increased
insulative capacity. Denser felts, however, are thicker and less
flexible and may not conform to the shape and path of their
substrate as well as thinner felts. Thus, the mid range of felt
density represents a feasible compromise between the insulative
25 characteristics and the flexibility of the sleeve.

Figure 2 shows a sleeve 18 formed from the sheet 10 of

Figure 1. Sleeve 18 is formed by reverse folding sheet 10 along
a reverse fold 20 with the reflective layer 16 facing outwardly,
thereby dividing the sheet 10 into first and second sheet

30 portions 22 and 24. The reverse fold 20 brings the sheet
portions 22 and 24 into overlying relation with the insulative
layer 12 on the first sheet portion 22 facing the insulative
layer 12 on the second sheet portion 24. First and second sheet
portions 22 and 24 are attached to one another along a seam 26

35 positioned in spaced relation to the reverse fold 20 and
extending lengthwise along the sleeve 18. Together, the first
and second sheet portions 22 and 24, the reverse fold 20 and the



| ayer 12 on the first sheet portion 22 facing the insulative |layer 12 on
the second sheet portion 24. First and second sheet portions 22 and 24 are
attached wo mnessanot her al ong a seam 26 35 positioned i n Ppaasd2/eagbati on to
the reverse fold 20 and extending | engthw se along the sleeve 18.
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The welds are formed by feeding the edges 32 and 34 of the
folded composite sheet 10 between a vibrating horn and a rotating
welding head comprising the ultrasonic welder. The welding head
rotates in the feed direction of the sheet. A plurality of

20 raised portions are arranged circumferentially around the head
which force the sheet edges into contact with the vibrating horn
at discrete points along the sheet as the raised portions pass
the horn. The vibration of the horn imparts energy to the
insulative felt layer 12 which heats it and causes the polyester

25 fibers comprising the layer to fuse together. Depending upon the
required strength of the seam, single or multiple rows of welds

may be laid down by the welder.

Ultrasonically welding the edges 32 and 34 to form the seam
26 provides several advantages over other methods of joining the
30 edges, such as sewing or using fasteners. Sewing requires that
the layers be pierced, thus, weakening them and compromising the
integrity of the reflective layer, reducing its reflective
characteristics. The welds form a substantially continuous,
sealed seam with no openings exposing non-reflective underlayers
35 through which radiation or convective heat may penetrate. The
ultrasonic welder has a high rate of material throughput,



may be |laid down by the welder. Utrasonically welding the edges 32 and 34
to formthe seam 26 provides several advantages over other nethods of
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Em 35i vi t ysimge bmbnenst chea@darhheheaﬁrﬂsmrﬂnm thed |lacteanaefective surface
and the air gap provided by the felt is adjacent to the substrate
30.

Flammability testing of the sleeve according to the
SAE J369 standard indicates that it is self-extinguishing.
20 Emissivity testing of the sleeve according to ASTM E-408,
Method B, is expected to show an emissivity of about 0.14.
Emissivity may be considered the complement of reflectance for
practical purposes, and an emissivity of 0.14 indicates that
approximately 86% of incident radiation should be reflected from
25 the sleeve. The sleeve should withstand temperatures between
-40°F and 450°F and deliver significant thermal protection when
subjected to an 800°F infrared source such that the surface
temperature of the sleeve should remain at about 230°F, and the
temperature of the space within the sleeve should remain at about
30 215°F.

The ultrasonically welded, non-woven insulative sleeving
according to the invention provides a cost-effective means for
thermally protecting elongated substrates in a wide variety of
applications while avoiding the disadvantages of higher cost,

35 lower production rates, decreased tear strength and incomplete

thermal protection associated with previous insulative sleeving.



practical purposes, and an em ssivity of 0.14 indicates that approximtely
86% of incident radiation should be reflected from25 the sleeve. The
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according to the invention provides a cost-effective nmeans for. thermally
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avoi di ng the di sadvantages of higher cost, 35 | ower production rates,
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is clai grdql $hebt QonPFRE$hEe sheet for providing thermal insulation, said
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1, wherein said | ective | ayer Insufative |ayer are adhesively
at t acheBatgrdaid PéﬂﬁféPEPﬁatP§9eﬂaY3r ﬂﬁﬁbﬁﬁoélPﬁegﬁEGFmABEGrHPHSkPSSEIalm
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thICkneiﬁsulative layer substantially overlying said reinforcing layer
and being attached thereto.

2. A composite sheet according to Claim 1, wherein said
reflective layer and said insulative layer are adhesively

attached to said reinforcing layer.

3. A composite sheet according to Claim 1, wherein said
reflective layer comprises aluminum foil having a thickness
between about 0.00035 inches to about 0.001 inches.

4, A composite sheet according to Claim 3, wherein said

reinforcing layer comprises Mylar.

5. A composite sheet according to Claim 4, wherein said

insulative layer comprises a felt material.

6. A composite sheet according to Claim 5, wherein said

felt material is a thermoplastic.

7. A composite sheet according to Claim 6, wherein said
felt material is chosen from among the group consisting of
polyester felt, polypropylene felt, acrylic felt and nylon felt.



bet ween about 0.00035 inches to about 0.001 inches. 4. A conposite sheet
according to Claim3, wherein said reinforcing |ayer conprises Mylar. 5. A
conposi t ewshwmissaccording to Caim4, wherein said insul @ciTaEsot/247e3
conprises a felt material. 6. A conposite sheet according to CaimS5,
wherein said felt material is a thernoplastic. 7. A conposite sheet

according to §Ialnh600WFSEQE€ sfbkdt Bebbraﬁhertalcnglﬁhgsemhaeeqhagame the
group cggﬁlstlggg 5 ester felt, t¥ I%ne acrylic felt and
nyl on fé&ft 13835 PCTFUgééléﬁ?gé 908 ﬁ USﬁﬁo?PPBtsHeétogeeﬁﬁdlng
to d ai per, sooare yazrd do hdbutnat.esi aunbas perasqahrdeyaray of between
about 1.5 ounces per square yard to about 7.25 ounces per square yard. 9.

A conposite sheet according to daimb5, wherein said felt material has an
areal density2ef aBoGPmROEl&anéegeﬁeﬁc§qnd#eg yarglain. 5A wbapeint eaifeet

accor di #g1t0nghtairial. nbhy bhehrea@NMAEhsiRY o2ahBotiReqt sbeuRgesUpdVisdad kNt O
first and second sheet portions, a reverse fold fornmed between said first

and sai §3T8cond sheet portion so as to bring said first sheet portion into
overlying relation wth said second sheet portion, said insulative |ayer

on said Tirst gheel poublaneLachdesalforhiay! bl us.Laver eQ.sphd second

sheet portion; a seam meen sal Secohd”s portions
and att &&mpdstimer t oget her, sald seam bei ng positioned along said sheet

in spaced re|at'0”shgd3§h@e£eﬁéﬁﬁs kabdivagdasahdof eisktanfaseeeBasheet
portions_and said reverse d and_sai d seam defining a _central space

t her ebefhiesh ROLHioRS F§¥§F§S gP&ﬁggPéﬂeguB§FW&FésSﬁédbglFﬁ§uP&9e§a1§1.
A conposiketenghebketCpottiog to Gkatm binwheaddnfisgsd sheaf psrpasnt iawed

al ong e@9%§19ﬁn%akglﬁkﬁ%k %EQhSSEQBdSEQSSE sheet portion, said
insulative layer on said first sheet portion facing said
insulative layer on said second sheet portion;

a seam formed between said first and second sheet
portions and attaching them together, said seam being positioned
along said sheet in spaced relation to said reverse fold; and

said first and second sheet portions and said reverse
fold and said seam defining a central space therebetween adapted
to receive elongated substrates to be insulated.

11. A composite sheet according to Claim 10, wherein said
seam is positioned along edges of said first and second sheet
portions, said edges being substantially aligned with one another
in overlying relationship.

12. A composite sheet according to Claim 11, wherein said
insulative layer on said first and second sheet portions is fused

together along said edges, thereby forming said sean.

13. A composite sheet according to Claim 12, wherein said
seam is formed by ultrasonically welding said insulative layer of
said first portion to said insulative layer of said second

portion.

14. A sleeve for providing thermal insulation to elongated

substrates, said sleeve comprising:



portions, said edges being substantially aligned with one another in
overlying relationship. 12. A conposite sheet according to Claim 11,
wher ei n swDd3/013334l ati ve | ayer on said first and second siregtusppe47dOns i s
fused together along said edges, ther form ng said seam 13. A
conposite sheet according to Claim 12, erein said seamis forned by

ul trasonically weldiﬂqlﬁqLdayasugahbxehhaxsg af risatdahhr at sB@LhOBKEALSa d
insul ative l.ayer of said second portion. 14. A sleeve for providing
t her mal PO¥&dPRi on to el ongated substrates, said sleeve conprising: WO

03/ 013834 PCT/ USO2a24é98rskUfaldaultbrmbdypetabent anaviagiaihgr shiandiast
second sele B! IBLe (2 pLeYeLaE Lo oM RLTRA s Ret neen and debialna sakdon
first e}n secongs eet BOI’tiOI’]S SO as to r|n§ sal TSt sSneet BOI"[IOI’]
i nt o ovénity Wyerdlydndomediatiiovawdthesend skeendpsheetnportaopeam f or ned

between sai d firstagdapeeeprteanpetweln’ 5hoAsSs2PdtahhachbneniheALLeet her,
sai d seam bei ng positioned, along said sheet portions in aced relatign to

. . Sp
sai d rePer$dongopyd afitaching: they fegshietmestifoFeRrBnEeind Besdtionefse
fold anmdong Gaidamheeti porgianeeinr spaspaceeaddapbadtbosaddereeesaied
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metal | ic reflective Tayer Tormng an outwardly aci ng-surface of “sal
first aRddse@ddd seadedefdntingng; centripdf specrgataptedcdapreseayeashliidxi bl e,

tear- relonatled au®ic#htl@si hhaned between said central space and said
reflective l'ayer and attached thereto; and an insulative |layer conprising a

t
fibrous, non- mnveHhﬁﬁﬁéPi§P1ﬂaWPﬁ§1§15Y§HeF€FﬁFn@BmPﬁFERﬁéss providing air
spaces for increased i naumatal@ieapabikctyvesdhgdeirnsulaihyeahayatwabailfg

pOSitio%%%i%%tg%%%a%%i%fcgggﬁa%i§g angngeggk E EQ Oggkggons;

a reinforcing layer comprising a flexible, tear-
resistant material positioned between said central space and said
reflective layer and attached thereto; and

an insulative layer comprising a fibrous, non-
woven material having a predetermined thickness providing air
spaces for increased insulative capability, said insulative layer
being positioned between said central space and said reinforcing
layer and being attached thereto.

15. A sleeve according to Claim 14, wherein said
reflective layer and said insulative layer are adhesively
attached to said reinforcing layer.

16. A sleeve according to Claim 14, wherein said

insulative layer comprises a felt material.

17. A sleeve according to Claim 16, wherein said felt

material comprises a thermoplastic.

18. A sleeve according to Claim 17, wherein said felt
material is chosen from among the group consisting of polyester
felt, polypropylene felt, acrylic felt and nylon felt.

19. A sleeve according to Claim 17, wherein said seam is
positioned along edges of said first and second sheet portions,



| ayer and being attached thereto. 15. A sleeve according to C aim 14,
wherein said reflective layer and said insulative | ayer are adhesively
attached wo isaim34 ei nforcing layer. 16. A sl eeve accordi n@Craset/ai7ns 14,
wherein said insulative |ayer conprises a felt material. 17. A sleeve
according to Claim16, wherein said felt .material conprises a

thernvpgaialedgé§ bélabegugseaﬁeaaumg hoiGhaliMy1¢n vher shBeaakdifel t
material is_chosen the group consisting of polyester felt,

n
pol ypr ofYPEAX PG| Fe Qgﬁﬁpﬁ gelt and nylon felt. 19. A sleeve accordlng to
Claim17, wherein said seamis positioned along edges of said first and

second sheet pr Ui gng, o, 034042804, PEY] L0, 244 5%un e 841 daidoes being

substantial ly ali one anot over atlonshl . 20.
sl eeve &BéﬁﬁéﬁﬁgetéaEpalﬁplgalﬁh§#§ﬁﬁ §aﬁdsepﬁ§9|aheeé PayEions éélﬁuﬁﬁﬁst

and seceadetheet afohlyi eAsdl 8dgesgdtnbeasyhesrnliAgdssaidsedfes, thereby
formng said seam 2 A sl eeve according to Caim20, wherein said seamis

formed by uItrasonlcaIIy wel ding said insulative |ayer on said first sheet
portion to sakd.i nAusateve hagerdidngstiodCiatmnzloshekéreporsabd. s@am s

s| eeve %8%%%9'%9 h&tggébﬁa$§11 %E?h?n Egiéekgsﬁﬁéy'gg §5§3£ ganshiy of
bet ween unces uare ces per square
yard. 2§lrﬁtsﬁéé§§ Q@@&#th@Otéaeﬂaiﬁﬁgiatmﬁéréﬁhegapd sajid agsondnsheet|
densitypektabaut 4.5 ounces per'square yard. 24. A sleeve according to

d ainllg, wherein an elongated substrate is positioned wthin said central
space. 25. A sleeve according to Caim24, wherein said el ongated
substrate conpei.sead aleewvengchardéng. t36ClAiml| reyewhere pnosaildnfelhenhanl

inSU|at59na¥3a§|8Qg§H%9 of between about 1.5 ounces per square yard to

about 7.25 ounces per square yard.

23. A sleeve according to Claim 22, wherein said felt has

an areal density of about 4.5 ounces per square yard.

24. A sleeve according to Claim 14, wherein an elongated

substrate is positioned within said central space.

25. A sleeve according to Claim 24, wherein said elongated

substrate comprises a wiring harness.

26. A sleeve for providing thermal insulation to elongated

substrates, said sleeve comprising:

a reinforcing layer comprising a flexible, tear-
resistant material having oppositely facing surfaces;

a reflective metallic coating positioned on one of
said surfaces;

an insulative layer comprising a fibrous, non-woven
material having a predetermined thickness providing air spaces
for increased insulative capability being attached to the other
of said surfaces;

a reverse fold formed in said reinforcing layer
dividing said reinforcing layer into first and second portions,

said reverse fold bringing said insulative layer on said first



substrates, said sleeve conprising: a reinforcing |ayer conprising a
flexible, tear- resistant material having oppositely facing surfaces; a
refl ecti weOrmnadsB4 ¢ coati ng positioned on one of said surCaasez/ 24103
insulative |ayer conprising a fibrous, jnppn-woven nmaterial having a
predeterm ned thickness providing air spaces for increased insulative
capabi | bbytRehngnabt 2aBeHgt et Hei8hNELth0kasdl nsuiheces; 18yELVERS8aial d
formed I n said reinforcing layer dividing said reinforcing |layer into
first afGCB8oRATSSPM¥ons, said reverse fold bringing said insulative

| ayer on said firsa ¥€afi3£01R834bLCHEEN024 2d 7DBr st 2apdr s&66nd Npor€ d6hag
relatio i i.d insul at| r . Sal S Lon; ea r ged
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seam beiredapaont tonedifdnrepared frdfat sahdt seami dspigdersversedfoddi andeam

sai d rexgrgesfiekd and ssdbfal pbstisAd §889ATnGOLt LOAE A8l EphRg a central
space therebetween for receiving sai,d el ongaied substrates. 27. A sleeve

accor di hersPetyprn26orukereiingdi gaidephPdetrag PUhEFTRbRBri ses Myl ar. 28.
A sl eeve according to Claim?27, wherein said reflective netallic coating

conprises vacyym depQsi Lumipum. . 29.. A sl egeve according.to Cl aim 28,
wherein said stu|§t$388§§y§?886ﬁgP?sgg %1?%$t§§ht%€$5?}n3ﬁgl sl eeve
accor di nginfoCcanm 289yewhernpbnisasdMyéhr. naterial is pol yester felt.

28. A sleeve according to Claim 27, wherein said

reflective metallic coating comprises vacuum deposited aluminum.

29. A sleeve according to Claim 28, wherein said

~ insulative layer comprises a felt material.

30. A sleeve according to Claim 29, wherein said felt
material is polyester felt.



