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Rel at ed ABpIication This application is based on and clains the benefit o@fﬂ
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of the Invention This invention concerns sleeving for encasing and o
protecting el ongated substrates such as wiring harnesses, fuel lines, brake
lines and the |ike subjected to harsh thermal environnents. 10 Background

of the Invention Elongated substrates, such as wiring har“mmﬂnmmwmmmmf_
ik es,

conduits, such as brake lines and fuel lines, and optical
are often used in autonotive, aerospace and marine applicatiopg where they
are subjected to intense heat. wiring 15 harnesses and fuel |ines routed

t hrough an encl osed engi ne conpartnment, for exanple, in a iLe boat
or aircraft, are subjected to both radiant and convectivemmmﬁmmBMmembf
engine, particularly the exhaust manifolgd. Simlarly, fue i ring
inthe vicinity of a rocket engine nozzle or on an 20 orbitin8Htellite,
exposed to direct sunlight in the vacuum of space, require thernal
protection to ensure proper THERMAGLYI INSOLAPEVRt gpAEVEher mal protection has
been afforded by the use of conposite protective sleeving conprising a

| ayer of woven glass 25 fiber bonded to a | ayer of reflective netal foil.

Fl at shed&elatfed Bppddeatdione are reverse folded with the reflective neta
foil layer faci 0 I3 ; Si dges ; .
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protection, it is relatively expensive and tine consum ng to manufacture,
Iengely %ng%j: e e lL.Qngi t udi nal seam Furthernore, such a seam

i nevi t abl h the reflective layer, such as the gl ass
fiber layer, efdbdsedntventhient kengernsnsleevimgtfordheneapbsgdahayers
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sl eeve. Addias.obxiake limesr apdr $her diker subiested to| bagshuwkbersadase al ong
t he sl eevenwilticimenit@ni fi cantly weakens the gl ass fiber |ayer, decreasing
its tear strength by as much as 75% and, thus, providing a failure
initiation point on the sleeve. There is clearly a need for a 15 therma
pri ecti ] 2/ dinventhondi sadvant ages of the sewn sl eeve and
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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



The nmetallic reflective layer is preferably aluminum 25 either in the form
of a thin foil adhered to the reinforcing |layer or as a vacuum deposited
-coat i ng. WB%PLB3bi v the reinforcing #ayer conprises a fl| B&TNS@/24793
tear-resistant material such as Mylar that substantially overlies the
reflectiv er. Jhe.insul.ative | ayer .conprises a fibrous, nan-wgyven
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t hi cknessleon@vtuidinphiseapaces for increased insulative capability. The

i nsul ative | ayer substantially overlies and is attached to the reinforcing

| ayer, preferably using adhesive. Upon formng the layers into a conposite
sheet, a rever B iHich |slaeiringy provides fhermal protecddedmnd igorisi on of
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portion into overlying relation with the secqn heet portion. The
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i nsul ative |aver. j s yet another object. o e .invéntion to provide a
ol Bve t ofaEel nFokech e 1HkedYR WIGH SRl the AsAAvansadssndF Shan
It is stiséwmnsldeve codathiofh tden ibey eridduTed morey iréd idly edtdodtetdien t he
wel di ng iﬁ%&??&t ngéjwm%ul trasoni c wel ding 25 techni ques. These and ot her
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obj ects an vantages of the invention will becone apparent upon
consideration of the follow ng drawi ngs and detail ed description of
preferreds ' aef d¥e3d Pidvdhtllor he Drawings 30 Figure 1 is a

cross-sectional_view of a conposite sheet, prior to faolding_and welding to
form a ther mal TP AIVERE AN SANGRYNg A%y dnsplesivee lexitilsnsleeyky for
03201383 4pRofetiSAY 2&l@yak dd Rulstratess qudyjseteid \to Warwhoftheradaqeve

accor di NG @ FOGnd AVENt it Hibve 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



Figure 3 is a cross-sectional view taken along lines 3-3 of Figure 2. 5
Detail ed Description of the Preferred Enbodi nents Figure 1 shows a

-sect onaWO\/P@ng‘f a conposite sheet 10 used to forma thBERESIY24¥sul ative
sl eeve according to the inventi on Sheet 10 preferably conprises three

| ayers, an 10 afive | ayer f a fibrous, ,non-woven nmaterial, a
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my a 0 coati ng, such as al umi num vacuum
deposi tedé@?gg%%’féémﬁ? (t}y?ﬂ)e e(#cr ng layer 14. The reinforcing |ayer 14
is preferably Myl ar which provi des excel l ent tear-resistance (even when

fol ded or creaspd); ch W fdby Gdidne HoRdheior 18 §aGs dbaUeERaEATRAYS! NG

t he _conposite, sheet 35 | ar_ al so provr des an éxcell ent substraté for
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reinforcing layer 14 is primarily present to prevent the reflective Iayer
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aut onotive applications due to its availability and relatively | ow cost.
The insulative layer 12 js preferably conprised of a fibrous, non-woven
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i nsul ati ngl eéwe asaeingta ason-ai@ady insunddiarepnesqiace of the significant
gquantity of air which is trapped between the fibers formng the felted
material. OQher feasible felt materials include pol ypropyl ene, acrylic,
nyRBn, as wel | He 1A et tanothey ohiest ofhdhe daiveddriont yooprpwedhelat for
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to about 7.25 ounces per square yard. The pref erred elt density for nopst
aut oot i v& 3pPTi cations is about 4.5 ounces per square yard. The areal
density of the felt determ nes the anount of air trapped within the felt,
with greater d it fel 20 t.rappi re air~and, thus, having.r. atrvely
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webk as t{gégﬂﬁi%agéts Thus, the md range of felt density represents a

feasi bl e conprom se between the insulative 25 characteristics and the
flexibility of the sleeve. Figure 2 shows a sleeve 18 forned fromthe sheet
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relation with the insulative layer 12 on the first sheet portion 22 facing
the insulative |ayer 12 on the second sheet portion 24. First and second
sheet porBréef DesSepipbion of the dawindsne another al ong a seam 26

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;



35 positioned in spaced relation to the reverse fold 20 and extendi ng

| engt hwi the sl eeve 18. Together, the first and t

-porti onsﬁg)ngﬁcsjg‘éA the reverse fold420 and the WD 03/ 8?3@5@2/%}%
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sheet 10 A&VEREALM 0=B9ch 5 other and joining themtogether, preferably by
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12 on each sheet,; iQn,22_a 4 er. Jhe |, ds 36, are .ef fect]vel
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formed befweuretRBe felt layer 12 in a region 10 adjacent to each edge 32
and 34. The strength of the ultrasonic weld is proportional to the density
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hence, a @It%t" | PeserdRtarnsehnthfan woul d be formed by wel ding | ower
density f : I s—preferred because it welds 15 readily
toitself to fo tron nd. The. wel ds _are formed by feedi t he edges
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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



Fl anmability testing of the sleeve according to the SAE J369 standard

I ndicates that it is self-extinguishing. 20 Emssivity testing of the

‘sl eeve aWOIBHIIBZ4t 0 ASTM E-408, Method B, is expected toPEHAKROEIHTEIN SSivVity
of about 0.14. Em ssivity may be con8idered the conpl enent of refl ectance
for practical purposes, and an emissivity of 0.14 indicates that .
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decreased tear strength and 1 nconplete thermal protection associated with

previ ous insul ative sl eeving. WO 03/013834 8 CLAIMS What is clained is:
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Claim 3, erejn said reinforcing, l'ayer conpri'ses Wl ar.

sheet accBFRFhEY t BEI BPHT 2utPrettive SRRLiGabdons vi& |abriit dofprauneesy prad t

mat eri al . 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



6. A conposite sheet according to Claim5, wherein said felt material is a
thernopl astic. 7. A conposite sheet according to Caim6, wherein said felt
-mat er i al Wios039i3s3€n from anong the group consi sting of polrgaatsez247edt,

pol ypropyl ene felt, acrylic felt andénylon felt. WO 03/013834 _
PCT/ US02/ 24793 9 8. A conposite sheet according to Gaimb5, wherein said
felt matePPAP RAsdghineca| cepbral SRACHA8\char arariviiigy amoeslompmtedjuar e

yard to ababstr¥até, ovaERSaPeyisin@earidsk F. A conposite sheet according
to Cdaimb5, wherein said felt nmaterial has an areal density of about 4.5

ounces per square yard. 10. A conposite sheet according to Claim1l, further
conprising: sailsshest dwowy SulEligumed | ieanf i765ti Nt arRGesl s fined by

ti , f igd figrst, and i d, second ,sheet
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formed between said first and second sheet portions and attachi'ng t hem

t oget her , 8GR gSRe&H BRI RPD 32 (3Wh et HHFRFRSE o Sheetve s are el ation to
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with one another 1 n overlyi rel ati onshji p.” 12. A conposite sheet accordi ng
to C ai m T2 HRNBPET MR ?’ai/?ﬂg‘?ﬁ’dfq e gkt age ey and stheire sécond sheet
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A conposi t or dj | erein sai amis farme
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i ndB8I at i vEeadiby b9 ibselfctonfpyiora ishirony bonds| eeve for providing thermal
insulation to el ongated substrates, said sleeve conpri sing: WO 03/013834

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,



PCT/ US02/ 24793 | U portion; a nmulti-layer sheet having a first and a second
sheet a reverse fold forned between and defining said first and second
-sheet poMO @438 as to bring said first sheet portion i PCa/useE24793 Ng
relation with said second sheet portion; a seam forned between said first
and second_sheet portions and attaching themtogether, said seam being
posi ti oned@liPwhngstrt Bhght rabes i ohsprodugtaben. r slherenis o Sartheev@rse no

fol 0, sai deblr sbragdcaachibostiss SO ilimaik Skl U R Lol dopnd sai d

seam defining a central ce adapted to recelve said ed substrates;
and wher e?ﬁsgﬁf‘ﬁrﬁul ??‘nF%y EHnirrnRed b%tmlml@nerm athiche arger
form ng aalpeadmrahyihbegngl Spmf‘aO@f ofthes adltedt s st and second sheet
portions; a reinforcing |layer conprising a flexible, tearresistant materi al
posi ti oned between said central space and said reflective | ayer and

att &hed t her et Bhe aplieeye i I uthus vﬁaormg@rpmqﬁésitmamaﬂi hprmtse ctnionvaian a

meter i al bakkBgaePssialen h Nk (& &é/%{% £SPAFAY W1ocking

i ncreased ity, sai |ns tive elng p

nsul ati ve_ca
bet ween s%hj pedes aPfsh g%% Brn=gey. r The &%ﬁ#@:#%row bea¥Yer a6 dekaaks
thereto. #adidnt| ER¥EMALCOREEGN, twh {310i 18 ]élmgﬂm&rﬂ: St ddB{d Brd 1y higyer

and sald ay are a si vel ttached to said reipnforcin

| ayer. tg‘iﬂgfé{é‘:{/ge%ccg?%? nJgnf W {%ﬂ: vvffb\feéﬁ' rfl?s'aﬁﬁV iRV iging 4ty er
corlﬁr i seslaSﬂéatlnm btayer of 7ain ttapped atidtrih the d:'dlta,l rbnc&;kswhmtm n said
felt nmategbabecOIVEi SRS é‘oﬁ&@éf’m gﬁéae tﬂafhsf%xsl@& d0 g I m
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edges, thereby formng sald seam eeve acc ng to
wherein s3fd seamis formed by uItrasonlcaIIy wel ding said insulative | ayer
on said first sheet portion to sald i nsul ative | ayer on said second sheet
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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.



24. A sleeve according to Caim14, wherein an elongated substrate is
positioned within said central space. 25. A sleeve according to Caim 24,
-wher ei n W& §/08383hgat ed substrate conprises a w ring har n®€3/UsB524793 sl eeve
for providing thermal insulation to elgngated substrates, said sleeve
conprising: a reinforcing layer conprising a flexible, tearresistant

mat eri al having oppositely facing syifsaggs; a reflective netallic coating
positioned on one of said surfaces; an insulative |layer conprising a

fi brous, non-woven nmaterial having a predeterm ned thickness providing air
spaces Whert iisccdaseedi dsul ati ve capability being attached to the other of
said surfaces; a reverse fold fornmed in said reinforcing |ayer dividing
said reinforcing layer into first and second portions, said reverse fold
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portio i,0k.N r . rebetvween for_receiylng, said elongated
substrg?ggglf9¥ %agfgggé gg%g?gﬁﬁég?gyc?%f%f%b?gmﬁ%f iﬁeggfgtig?n}6¥ﬁan

| ayer @dfpat&ashpyl] fherego; Aanfleeve according to Caim 27, wherein said
reflective netall g Qggﬁlggiggnpéyéfscgﬁgyyglg§g95fiﬁg?@éunhgyg%oggn A

sl eeve_a condhng tQ CLalnézg, MhifEln sal d 1 nsul ative [ayer conprises a
felt mBPEPrARL, 35318 iPERIATLINGIAYRY RAVENG; &) BYedeRerBined athickness
mat er i @rovidiobyedtresphebs. foRaiAoredued AbnyulPeti voledpability, said

. A@h. Af; . {AL+~4: . 0p! . . . . .
<~~ysnhc §&?§}§fc%%¥8g?gg taptd 14 ULy 199, 22 X R ARERESINY YRR AU ca
U] craUpdgdupeang] atserhad] therete} cal] cal c: a] c: a] caU] ca+

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.
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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.

1l1. 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 seam.

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.

1l4. A sleeve for providing thermal insulation to elongated
substrates, said sleeve comprising:
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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:

a metallic reflective layer forming an outwardly
facing surface of said first and second sheet portions;

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,
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21. A sleeve according to Claim 20, wherein said seam is
formed by ultrasonically welding said insulative layer on said
first sheet portion to said insulative layer on said second sheet
portion.

22. A sleeve according to Claim 16, wherein said felt has
an areal density 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
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reinforcing layer comprises Mylar.

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.



