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of the Ig§k§4ﬁ@n his invention concerns sleeV|ng for enca§$H8§§%é79
protecting el ongated substrates such as wiring harnesses, fuel |Iines,
brake lines and the |ike subjected to harsh thernal environnents. 10
Background of the Invention El ongated substrates, such as w ring harnesses,
fluid - - conduits, such as brake Iines and fuel lines, and optical fiber
bundl es, are often used in autonotive, aerospace and marine applications
where they are subjected to intense heat. Wring 15 harnesses and fuel
| ines routed through an encl osed engine conpartnent, for exanple, in an
aut onobi l e, boat or aircraft, are subjected to both radiant and convective
heat fromthe engine, particularly the exhaust manifold. Simlarly, fuel
lines and wring 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 afHERMAILYYINBULATEVEf BLEEWBOSi te protective
sl eeving conprising a | ayer of woven glass 25 fiber bonded to a | ayer of
reflective netal foil. Flat sheets of the conposite are reverse fol ded

with the rRelatedvAppbigation | ayer facing outwardly. Qpposite edges of
the sheets are lyRid App1289¢ion is based on and claims the benefit of U.S.
Provisional Application No. 60/310,392, filed August 6, 2001.

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
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non-woven nmateria reférab % at ernnplastlc felt i'ng
pr edet er nFR2Y shrepgtbsby as much as 75% and, thus, pr0V1d1nq a failure

initiation point on the sleeve. There is clearly a need for a
15 thermal protective sleeve which avoids the disadvantages of the

sewn sleeve and which can be produced more rapidly without the
need for sewing.

Summar jects of the Inventio
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
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. pfoviding air spaces for increased insulative capability. The |nsulat ve
l.ayer' substantially overlies and is attached to the reinforcing |ayer,

. pref er ablywoysjepsssadhesi ve. Upon forming the layers into a gepp§eilifssheet,
areverse 35 ftoldis forned between g first and a second portion of the
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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;
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per spective view | eeve Ing t i nvention;
cross- sectNBaBFignéwandken along lines 3-3 of Figure 2. 5 Detalled

Description of the Preferred Enbodinents Figure 1 shows a sectional view

of a conposite égeet 1% used to forma.the nall& I nsul ati.ve sl eeve
according to t hB19VPRGedt 1803 ShoEF-T6°HigPalaliie C(t}H'SPPséslan?r danes &3 o
10 i nsul aFigereager 12 of a fibrous, non-woven material, a reinforcing

| ayer 14 of a flexible, tear-resistant material and a reflective | ayer 16.
The layers are preferably adhesively bonded together using thernoplastic
poI?esterbaﬁﬂééF@eDGSC€ﬂ0§90hlnﬁeGhepolyester adhesi ve for increased '
i nterl am A&E E 90 . = esi stance to adhesive failure at
relatively hlgh eratures The | ayers are arranged with the relnforC|ng

| ayer 14 sandmAEﬁsggebétﬁééﬁstHeSFGFPQBPIvglﬁﬁyéﬁ f6 compasite shaek
| ayer 12. u#leds tpefoirns af Rherally dind@ladyidle W deve @dﬁdﬁ@ﬁ@(ﬁ& am oi ni ng
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| ag®r 16 ﬁQSPﬂatdwabupy@anpmls&daoffdhnanﬂ, non-woven material, a
reinforcing layer 14 of a flexible, tear-resistant material and a
reflective layer 16. The layers are preferably adhesively bonded
together using thermoplastic polyester adhesive or cross-linked
polyester 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
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t hermopl astics. The areal density ofl the felt for
felt materials include polypropylene, acrylic, nylon, as well as

other thermoplastics. The areal density of the felt for

15 practical applications ranges between about 1.5 ounces per square
yard 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
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| ayers 12density felt. Thermoplastic felt is preferred because it welds
15 readily to itself to form a strong bond.

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

5 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,
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15 since ambient radiant heat sees only the outer reflective 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.
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sheet. 5 The sl eeve 18 thus formed provides thermal protection for a
substrate 30 within the central space 88 by effectively blocking all nodes
of heat transfer. The reflective outer layer 16 bl ocks radiant thermal
energy, which is significant at rel @LAMMY high tenperatures. The

i nsul at i felt Jayer 12, by providing an 10 insulating |ayer of air
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said first sheet portion into overlying relation with said second sheet portion, said
insulative layer on said first sheet portion facing said insulative layer on said second
sheet portion,
a seam positioned lengthwise along edges of said first and second sheet portions,
said edges being substantially aligned with one another in overlying relationship, said
insulative layer on said first and second sheet portions being fused together along said
edges thereby attaching said first and second sheet portions to one another; 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.

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

polyethylene terephthalate.




according to the invention provides a cost-effective nmeans for thet§ajyin
protecting elongated substrates in a wide variety of applications while
avoi di ng the di sadvant ages of hi gher cost, 35 |lower production rates,
decreased tear strength and inconplete thermal protection associated with
previous insulative sleeving. 1 5 JUL 2004 8 CLAIMS Wiat is clained is: 1.
A conposite sheet for providing thermal insulation, said sheet conprising:
a metal |l i% refA ecinpustel shy@raccardingitofchiri4) o/herjiesaid DgHlbtivd lager ohipeiddsil €,
tear-resistant material substantially overlying said reflective |ayer and
att ached felh@@t8l. an insul ative |ayer conprising a fibrous, non-woven
material, said insulative |ayer having a predeterm ned thickness providing
air spaces for increased insulative capability, said insulative |ayer
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wherein %Eid sheet is subdivided into first and second sheet portions, a
reverse fIBHTHOBESEY forned between said first and said second sheet portions
so as to bring said first sheet portion into overlying relation with said
second sheet portion, said insulative layer on said first sheet portion
facing sdi.d i isabmposite shesteaccarding b dtlasre o mhereghsaid foitomatienal;is ehasea fiom

positioned | engthw se al ong edges of idfirst. and, second eet rtions,
Do d edgdciopg T BERHR pARPLs o) Paegie B oty e R dpherornic Sfeane By
rel ati ongft.p, said insulative |ayer on said first and second sheet

portions being fused together along said edges thereby attaching said
first and second sheet portions to one another; and said first and second

sheet porgions, an jd.rev .fold and.sai,d sea inin central
space ©ndt eberhaamelfiseieh FESRnelq Bl oh bl U 6] TALEH Bos, BTRERE) o0 oo
2. A congesdifycofStht@ternalicut di N Guhces Pedisfliate yiddeoLibdbus T 25 b@ides pbit ¥fuatery er
and said insulative |layer are adhesively attached to said reinforcing

| ayer. 3.Ya¥d-conposi te sheet according to claiml1l, wherein said reflective

| ayer conprises alumnumfoil having a thickness between about 0.00035
inches to about 0.001 inches. 4. A conposite sheet according to claim 3,
wherei n $ai d reicompositenghettoyeebrdig iy claims 5, wherein said felt material has an areal

density of about 4.5 ounces per square yard.

10. A composite sheet according to claim 1, wherein said seam is formed by
ultrasonically welding said insulative layer of said first portion to said insulative layer of

said second portion.

11. A sleeve for providing thermal insulation to elongated substrates, said sleeve
comprising;

a multi-layer sheet having a first and a second sheet portion;

a reverse fold formed between and defining said first and second sheet portions
so as to bring said first sheet portion into overlying relation with 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 portions in spaced relation to said
reverse fold, said first and second sheet portions and said reverse fold and said seam
defining a central space adapted to receive said elongated substrates; and

wherein said multi-layer sheet comprises:




pol yethyl ene terephthalate. 1 5 J U L 2004 9 5. A conposite sheet accot diJug 200
to cl-aim4, wherein said insulative |ayer conprises a felt material. 6. A
conposite sheet according to claimb5, wherein said felt naterial is a
thernoplastic. 7. A conposite sheet according to claim6, wherein said felt
material is chosen from anong the gro® consisting of polyester felt,

pol ypropyl ene felt, acrylic felt and nylon felt. 8. A conposite sheet
according to clai mmeydiiey edfleceivi thybe Fdrmimd @h i cutwhrdly fingl Quaface tfnaaid y of
bet ween about 1.5 qQunces per square yard to about 7.25 ounces per square
yard. 9. A cor%ﬁﬁ"@éméégeeé@é I®fng to claim5, wherein said felt materi al
has an areal densigty. r . : osite
sheet accordi ng toaiﬁ)é‘e{?zr)rﬁc%gq eéi%glﬁwﬂggggqlseg%ﬁnﬁ’?gﬁﬁéﬁﬁe rﬁ?e&%ilptdrgigggérﬁjcal |y
wel di ng sai d ibesamdentsaidecehizalapacefand aaid réflecite japertandnatthched ahetetonand at i ve

| ayer of said second. parti 0[1. 11. A.sl eeve for lE)rovi di ng th%%

i nsul ation to el ond®t thvSs fay s EQMPENng) ashiyeys NQILWAYSTS Maen Pgid | ayer
sheet havi ng \etetnia : : - Tol I d

bet ween and dg)friédr?iré ng sa?tcli]ﬁ" Hﬁ %gl(:m gﬂgiﬂgg%%%cgﬁ]ggtmgrgést"ciﬁggsgﬁaﬂézg daagil?]?)tggri ng
said first sheekl posnlativen layer obangerfogitioged dietwéenn said t dentral dpseec andl smiteet
portion;, a seam for.ne beér@}en sal Cﬁjl?fi FnSt and second sheet portions and
attachi ng t herfF"{SHBE HYPFT etpeAtlarhaddhefstosi t i oned al ong sai d sheet
portions in spaced relation to said reverse fold, said first and second

sheet portions and said reverse fold and said seam defining a central
space addpt ed A slepex a¢opedingitel claim d awhereinusaid reflective layer andesaid msulative

;n(;lr?nl ;]Iga ??feaﬁi’?e\?ﬁ?ﬁ‘aﬁ?oi%j&%ﬁéd goLlﬁﬂ?dangU %%9182?3’19 a netallic reflective |ayer

13. A sleeve according to claim 11, wherein said insulative layer comprises a felt

material.

14, A sleeve according to claim 13, wherein said felt material comprises a

thermoplastic.

15. A sleeve according to claim 14, wherein said felt material is chosen from among

the group consisting of polyester felt, polypropylene felt, acrylic felt and nylon felt.

16. A sleeve according to claim 13, wherein said felt has an areal density of between

about 1.5 ounces per square yard to about 7.25 ounces per square yard.

17. A sleeve according to claim 16, wherein said felt has an areal density of about 4.5

ounces per square yard.

18. A sleeve according to claim 14, wherein said seam is positioned along edges of
satd first and second sheet portions, said edges being substantially aligned with one

another in overlying relationship.



first and second sheet portions; a reinforcing Iayer conprising a f|$§lhh@%‘
tear-resistant material positioned between said central space and said
reflective |ayer and attached thereto; and an insulative |ayer conprising a
fibrous, non-woven material having a predetern1ned t hi ckness providing air
spaces for i ncreased insul ative capabillity, said insulative |ayer being
positioned between said central space and said reinforcing |ayer and bei ng

at t ached 19her eA aleedd acodraing aw eclmC I8, divigeih Gaid Miulathve, layéreseisaid Sfrsidand
reflective I and. sai d_ 1 nsul a%l ve |ayer_ are adhesively attached to said
rei nf or cisRgPN éﬁé‘?‘ pottipns is Risedtpgetheralong sl edge | theraby formiggsaid;sgama; d

I nsul ative | ayer conprises a felt materi aI 14. A sleeve according to
claim13, wherein said felt material conprises a thernoplastic. 15. A

sl eeve acdor diAgleeee abcairuhing4o oMber B2, nwisemeid shigl Seamatseﬁo'nabd ibg ultrasdeaically om

anong the rou.c.on lstln ester felt r.o Ien felt, acrylic
Fert Cand eydta Shialipatarde Aver qn 50 HE chestoprin B akilh mtatiAdmist onssit 7 el

has an arsg@nd(},ﬁgﬁlpb Yiighf between about 1.5 ounces per square yard to about
7.25 ounces per square yard. 17. A sleeve according to claim 16, wherein
said felt has an areal density of about 4.5 ounces per square yard. 18. A

I di t I d t d al d
of sl a7 r st v BeBiriog ootagbr L] sferen 3F enggiel Bt Stistetnted [y
aI i gned WiitHin 9@ cerdfPipags. i n overlying relationship. 1 5 JUL 2004 11 19. A

sl eeve according to claim 18, wherein said insulative |ayer on said first
and second sheet portions is fused together along said edges t her eby

For mod byP2ul  7aasv et P iy 2, Shiil fuf ePuBhid b SREE DBl O et

portion twariighatnesasul ative | ayer on said second sheet portion. 21. A
sl eeve according to claim 11, wherein an elongated substrate is positioned
within said central space. 22. A sleeve according to claim?2l, wherein said

el ongat ed3subst rpleGe G0FPFdvififig 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
portion into facing relation with said insulative layer on said second portion;

a seam formed between said insulative layers on said first and second portions
and attaching them together, said seam being positioned in spaced relation to said reverse
fold, said seam, said reverse fold and said first and second portions defining a central

space therebetween for receiving said elongated substrates.

24, A sleeve according to claim 23, wherein said reinforcing layer comprises

polyethylene terephthalate.



wiring harness. 23. A sleeve for providing thermal insulation to el ondgaygdun
substrates, said sleeve conprising: a reinforcing |layer conprising a
flexible, tear-resistant material having oppositely facing surfaces; a
reflective nmetallic coating positioned on one of said surfaces; an

insul ative |ayer conprising a fibrous,12non-woven material having a
predeterm ned thickness providing air spaces for increased insulative
capabi | i t25. beiAgsleevet acdoeding otd hvhaimt 24y wiliersini shid urcflestivg; netalley coating ol d
formed in said reinforci nﬂeigﬁ/ler dividing said reinforcing |layer into

first andORRESESYaEWIT depes Bl erse fold bringing said insulative |ayer
on said first portion into facing relation with said insulative |ayer on
said second portion; a seamformed between said insulative |layers on said
first an6secdhdleswe tacaording andelaitt 28, hwhereinhsaid irsglatibe layes aonipassana el ng
positioned. in.spaced relation to said reverse fold, said seam said
reverse f‘%art?f'aénd said first .and second portions defining a central space

t her ebetween for receiving said el ongated substrates. 24. A sl eeve
according to claim 23, wherein said reinforcing |layer conprises

pol yet hylZne theslepietasaprding to Tlan 26) wheyein said fels majkrigl is golyestecfeltdi ng to clai m
24, wherein said reflective netallic coating conprises vacuum deposited

al umi num 26. A sleeve according to claim25, wherein said insulative |ayer
conprises a felt material. 27. A sleeve according to claim26, wherein
said felt material is polyester felt.




