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DEC 2003 resistance at elevated temperatures. Most polyimides are not thermoplastic, and they therefore

cannot readily be applied to a conductor by melt extrusion. Typically. they are formed into a
tape, and the conductor is wrapped with that tape in an overlapping fashion. However, the
polyimide 1apes are not self-sealing. It has been known to coat a core laver of a polyimide with a
fluoropolymer on one or, sometimes, both sides, thereby forming a laminated tape structure,
which can be heated after wrapping to fuse the wrapped tape to itself. Tapes prepared from these
laminates, and the insulating of electrical conductors by wrapping with such tapes, are known.
For a description of prior art wire constructions see, for example, U.S. Patents Nos. 3,616,177,
4,628,003; 5,106,673, 5,220,133; 5.238,748; and 5,399.434. The disclosures of these and other

patents, patent applications. and publications discussed in this application are incorporated herein

by reference.
polymers, wires insulated

Because currently used polyimides are aromatic condensation
with such polyimides frequently show poor resistance to both hydrolysis and arc tracking.
Hydrolysis is a chemical reaction which although occurring in the presence of water, is often
promoted by other chemical species, and which generally reduces 2 polymer’s mechanical

ing i i ing 1 ic fai b resence
strength by reducing its molecular weight. Arc tracking 1s a catastrophic failure in the p



of an electrical arc when a short circuit occurs between the conductor and
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crystalline poly(ethylene-co-tetrafluoroethylene), is described in U.S. Patent No. 5,059,483,
While these materials and constructions are more resisiant to arc-tracking and hydrolysis than
polyimide based insulations, they are thermally stzble 10 only about 200°C and exhibit inferior
cut-through performance at 1emperatures greater than about 150°C. Cut-through performance,

also referred to as “pinch™. is measured as the force required for a blunt blade or edge 10

penetrale a wire insulation at a specified temperature.

Characteristics that are particularly desired in a high- performance (espec;ally aiiframe)

wire and cable are light weight and smali diameter, good cut-through. arc-track and abrasion
resistance and thermal stabiliry, low flammability, insensitiviry 1o water and common solvents,
and 2 smooth outer surface contour. None of the currently available polymers including

fluoropolymers either alone of in combination with other materials. for example polvimides,



and a snmooth outer surface contour. None of the currently avail able
polymers including fluoropolyners either alone or in conbination with
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improve cut-through at elevated temperatures. In both cases, cut-through resisiance drops to

unacceptable levels as the polymer softens on heating. This is true even for polymers loaded

with up to 30 volume perClCnl of reinforcing fillers such as fumed silica. glass fiber or mica.

Furthermore, filler loadings of 30 volume percent or sometimes even less may be impractical if

they result in materials with melt viscosities so great that they cannot be conveniently extrusion

processed. or afford tapes having insufficient tensile and/or elongation properties for tape-

wrapping.

In the search for a wire insulation system possessing the necessary cut-through resisiance

at elevated temperatures along with the other required physical. chemical and electrical

properties, wire copstructions comprising continuous fibers have alsc been explored. Fiber can

be incorporated in wire constructions by a number of methods, for exampie spiral wrapping

continuous fibers directlv. wrapping 12pe comprising densely packed fibers imbedded in a



wapping In the search for a wire insulation system possessing the
necessary cut-through resistance at elevated tenperatures along wth the
ot her required physical. chem cal and electrical properties, wre 2 DEC 2003
constructions conprising continuous fibers have al so been expl ored. Fiber
can be incorporated in wire constructions by a nunber of nethods, for
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conprising densely packed fibers inbedded in a 2 DEC 2003 4 suitable
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conductor) at practical processing speeds.

As a result, the tapes of the prior art are suboptimal especially for use in demanding
environments such as aerospace and marine applications. We have now found, quite
unexpectedly, that many of these prior art mica tape limitations are substantially overcome by
using the methods of fabrication and constructions of the present invention as hereinafter set
forth. _

Furthermore. we have found that when the mica tapes of the present invention are

employed in the wire constructions of the present invention. even as thin lavers so as to provide



conductor) at practical processing speeds. As a result, the tapes of the
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conposi t i QBSingMesRaY Nt Bbiff e iRtk RE BRI dnEss A thevBilid@iowe 3plitYinto thin sheets. Mica
exists in nature in a variety of compositions. Muscovite and phlogopite are two naturally
occurring micas of commercial importance. Fluorophlogopite is a widely used synthetic mica.
Both natural and synthetic mica are suitable for use in the practice of the current invention as are
a variety of other related aluminum silicates including smectites and related 2:1-laver minerals
including montmorillonite, beidellite, hectorite, saponite. vermiculite, talc, and various chlories
and illites. The term “mica” as used in the present invention is intended to encompass all such so
called “average negative charge” aluminum silicates. See for example, U.S. Patent No. 4.707.298
for a description of many of such aluminum silicates. Mica is used for many industnal
applications, particularly in the electrical and electronic industries because of its high dielectric
strength. uniform dielectric constant, low power loss (high power factor), high electrical
resistivity, and low temperature coefficient of expansion. Mica also resists temperatures of at
least 600°C. In addition, mica is nonflammable, does not give off smoke or other fumes. and is a

poor conductor of heat, especially perpendicular to its strata. Mica has good resistance 10 are
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normal |'y @k&Oayer structure: a mica paper layer impregnated with a polymer. a reinforcement layer, and
an adhesive layer interposed between the impregnated paper and the reinforcement layer. The
impregnation polymer and the adhesive layer may be the same or different materials, applied in
one or in separate steps. Mica paper impregnation is necessary to prevent water absorption and
delamination of the mica particles; impregnation materials are typically thermoset materials such
as epoxies or silicones. In order 10 impregnate the mica paper, the layer may be the same or
different materials, appiied in one or in separate steps. Mica paper impregnation is necessary 10
prevent water absorption and dissociation of the mica particles; impregnanon materials are
typically thermoset materials such as epoxies, silicones, or polyimides. In order to impregnate
the mica paper, the impregnation is generally applied as a relatively non-viscous mixture such as
a solution of polymer or polymer precursor in a relatively non-polar organic solvent which does
not cause delamination of the mica paper. Reinforcement layers include can comprise glass

fabric. continuous glass fibers. and a wide varietv of polymer films such as polyolefins,



penetrates the glass fabric. In these constructions, the inpregnation
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10 overlapplng fibers in its construction. Glass fabric has the further disadvantage of providing a

very rough or otherwise non-uniform exterior surface when the mica layer is wrapped adjacent 10
the conductor as is recommended (wrapping the prior art tapes with the mica layer facing
outward causes the mica to break or flake off of the tapes). Thus when using glass fabric, 10
obtain a smooth wire insulation surface, as is always preferred. one must apply a particularly
thick polymer over-layer by extrusion or tape-wrapping in order to smooth over the irregular
mica tape texture, thereby defeating the objective of providing a small diameter, low weight wire
insulation. Another method to provide more flexible mica tapes is to employ silicone polymers
for both paper impregnation and as the adhesive layer. Silicone polvmers are characierized by
the repeating groups

-Si(R})(R2)0- and -Si(R1)O7-. the latter group serving to provide crosslinks and therefore
insolubility in solvents, where R} and R are alkyl and/or aryl groups. preferably methyl or

phenyl groups so as 1o obtain maximum thermal and oxidative stabilitv. While silicone resins



sheets and tapes is that they are stiff. In wire and cable applications.
stiff tapes will not conform to small gauge conductor (e.g. 0.50 MR is
equival ent to 20 Anerican Wre Gauge (20 AW3)) even when hi gh tensi @i (003
enpl oyed during tape-w apping. To decrease stiffness, or increase
flexibility, one would normally considegr the fabrication of thinner tapes.
As di scussed above, however, this is not possible feasible using known
constructions and nethods. G ass fabric is frequently used as mca tape
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reinforcing layer. The mica paper is not impregnated in this construction in order 1o avoid
excessively increasing its modulus, but the silicone resin adhesive is again interposed between
the mica paper and the fabric to bond the two layers together. European Patent Application No.
059,866 teaches an insulating sheet which comprises mica paper containing up to 9 weight% of a
polymer fibril which is melt-bonded 1o a polymer film or a porous polymer sheet and then
impregnated with a resin in a prepreg form to provide the necessary bond berween the mica paper
and reinforcement layers.

In all of these prior art constructions, an adhesive layer is interposed between the mica
paper and a reinforcement layer (e.g.. the a polymer film or glass fabric). This layer may be
thin, but it nonetheiess adds significantly to the total weight and thickness of the tape,
particularly when one is trying to fabricate very thin tapes. This adhesive layer also increases

tape stiffness. especiallv because it is nearly alwavs cured. Furthermore, since nearly all
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These curing [ npreghants ant tles in.th brication of
the priof é?qlf“c’f‘éﬁé Jaa%r@“g#' F§P1%§@gﬁg§ @gl(llggue Jur li‘f:é?vl%ﬁ&héc 1¥%ent - based
systems degtel babas Sestsmnt hﬁijelédlhfct tredk dpers endauheanugh bozdd ép coning heorspvier wtlment  or

wast e ?%t W’aﬂ cr%¥§ ur O eaﬁnggétuasr ngﬁ%ﬂ}%ﬂ)@% ifr 1?‘%%%%8%%&[1? In

evapor at e Ents: teaches the
use of f [thipppphiatisd ﬂpyohrymrsatrﬁamesaﬁﬁm @dwmqooetnﬁocca ippebrimids H-SyPYeB%- | i qui d

whi ch 1S 34303851eEHe! VieGHESR Shsuldliy SAB VdlREINBRBiSRE MRS flakes individually
surrounded by high performance polymer. European Patent Application No. 155,191 teaches a
method of forming electrically insulating material in sheet or strip form which comprises the
steps of forming a sturry of mica flakes in a hardenable liquid resin, forming a Jayer of the slurry
of a thickness such that there is an overlapping of the mica flakes, and then pressure
consolidating the layer so formed. Such composites will be stiff and/or provide insufficient cut-
through or other mechanical properties which are necessary for high performance wire and cable
due to their inclusion of insufficient quantities of mica since the packing density of mica paper is.
much greater than that achieved by forming tapes from mixtures of mica and binder.

European Publication No. 770.259, published May 2, 1997, teaches low overlap mica

tape wrapped were using multiple layers of glass-cloth backed mica 1ape. U.S. Patent 3,500.70]
teaches a cable with multiple layers of insulation including at least two layers of dielectric

material consisting of mica 1apes made from mica sheets impregnated with siloxane polymers.



as a reinforcing coating on thin structures of mca or as an adhesive for a
mui tilaver of such structures. The polyurethane is a viscous liquid vﬂ ch
does not lend itself to the formation of very thin |ayers, for examgl (1 2063
to 5 mthick. Al so. such viscous materials will not substantially

penetrate and bond to the mca paper |Hyer, particularly in the absence of
good solvents for the polyurethane. Additionally, the time to cure the

pol yurethane is quite long (for exanple I hour at 150"C), and utilizing
such a oot Pdug iNe. §.88T &f Dleechendtuble dohnctansumiringw Bathiraallcomyconree.tai e

d t t t t] th
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t eaches @ﬁfﬂ.ﬂbﬁJdoﬁﬁAer'oﬂﬁHJa@-ﬁdt RErSRERE tH¥adedceads leanptifsthrgemtteathkl hkes

i ndividually surroun h r f or mance u

Appl i cat ["6HORGY 5Bt ""‘EE’ EH%%%ES%?‘H”@O Forér/?fnﬁganng E\WS TLI,-{D\%&%

i nsul at i Ebg;ld’ﬂ’atlﬁt‘rlfaﬂm bie @heet obthe strrfurparﬁC@rsmrwanthdGr?mfP@e@“t’ﬂ@ fos‘ﬂ“éps of

form ng a Sr A ¥ apes wch%h tl‘n% rﬁul‘al@d@v J@?&@%@QL@tliliﬁqq"hgpﬁ@rsahr}mci Qbéﬂaﬂg a
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mechani cal properties which gre necess or rfar n

cabl e  dumess& el (UTHEET Y& TN P! ﬁ%ﬂfd?qr é‘iag'hfmrm ag’ %Fﬂg‘ls{:]%??\sge t he
packi ng dﬁbrnﬁﬁnyregfxo pcgidic papere. fragile wwum]ag:peaﬁédmptrpe\lm tﬂwhmpesezerm wvedigy
formng t ape ?alwhlégl ﬂllhandgﬁ %@8&%0@0?9]0%95: BipRE&Ton OE'JEr?Q}ﬂﬁmlglﬁUbéllgEtablk@n No.

770. 259, *PubTY’'s teaches |ow gverl g m c% ape V\%?Q(Ped wer e
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| east two | ayers of diel ectr|§ rTEt eri 1 CONSI S talm f%%lgeq 8?Oqg§mque from
m ca she&PSSURMNEGAICEROWAE ATHTIFY afﬁ’é’mgotl Jheps "2 §3 107U S Pat ent
No. 3.82%hmn&E5%id @acHES cdathab) for ﬁ@ms[erputfhmmpob'mm!lush\ propoanieteleerop iy ane
conductor Cﬁhsﬂ'l t(;ﬂ'ldf LISt %eaa l%nﬁja{e% I%(CQ%TES %{ﬁér)@ylré\l\ﬂ%ﬁuogfma&ﬁals pod.gani c

el ectricat™ 7G> sur rouads t he
conduct orcxtradqdairyapenvrh;ayérouwat@rmm MVW kopd SFRVEhBE M TS EPAFAP PEE | ayer, a

second f| rgﬁ‘nJr%y@lzsqgmcegsggrtg%mv%elﬂ@ﬁ kri8Kk1id g2 ¥ieibp4t8e, @nd st canitajyepughtwich

surround the il polymér "|aver and finally a second pol yner overl ayer.
British A@EICP‘&&MS@H*'% 2170646 teaches

Wires fabricated with current types of mica tape are rypically constructed with the mica
tape layer or layers wrapped adjacent 1o the conductor, followed by the application of an outer
polymer layer by either extrusion or tape-wrapping. The conductors employed are generally
medium to large, 0.50 mm2 (20 AWG) to 8.0 mm2 (8 AWG) as cited for example in U.S. Patent
No. 4,079,191 (‘Roberlsbn) because the mica tapes of the prior art are relatively stff and therefore
cannot easily conform 1o smalter conductors. Robertson reaches the use of tapes comprising 75
10 130 pm (0.003 to 0.005 inch) thick mica layers having 1he conventional construction described
above (commercial tape from General Electric); this being the mica thickness believed to be
necessary in order to obtain the necessary fire-resistance properties. A wire COmprising

i in" ; in ki i ] ' ibed in Hartley,
“exceptionally thin” glass-mica tape for use 1n light weight construclions is descr A

"™ Intermational Wire

et al. “New Silicone Technologies for Fiame Retardant Wire Constructions



mul ti conductor cable spirally wapped with mca-silicone resin tapes. U.S.
Patent No. 4.031.286 teaches an aqueous coating conposition conprising a
f1 uorocarbon pol ymer, colloidal silica and mica particles. U S. PateniE(\s(3
4.079.191 teaches a nmulti-laver wire insulation system conprising a

m caceous insulating |layer surrounding the conductor and a separately
applied |l ayer of fluoropolyner outer jacket surrounding the m caceous

| aver.. It further teaches that the fluoropolynmer outer |aver may be
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degr ade d(?lrn;arggl 4 g éen at fairl ALY ﬁ F{)n\‘eeratures to provide a
brittle, Tragile \'/(nr?”e wr‘n APRAETIERS "RERE YRR 2 18 YEBs tend to be thick
and rel atlvely stiff, and therefore do not allow the fabrication of very
thin, light-weight wire ins i , oA} on smal |l dianeter
conductors. Finally the net h§3§5"3ﬁ8% inzcrhlrEaﬁWEﬁjrrlrL% for reinforcing the
mca tapes for wire and cable insulation using the prior art nethods and

constructions nas RQAIIRIENEAEeh S Helsk Gie8 el frnSMBOhBrac b f:iBs foRBD G5re AVINEh are
appropriate reinforcenent n%aterl al s or surface coatings, for exanple
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by the appFiaats best sipbiliny. eirthspuehpetisianse. abrgion SHPE TOhER! TEXsANF8i A9 Which

t ape- vvrapmnﬁyglseémeteﬁgwméhefesemkibymiuI?r lgﬁmea}cl%ckmdlnwauhen laavige, 0.50
m2 (20 AWG anQ g E\G as cited for. ex%nﬁ . Pakent No.

4, 079 191 “UROIP $6H ¢ Hel056 8 “Pﬁéﬁsﬁf'&?’é’“lﬁﬁ‘e §nit e é“%?’ F“’YaFlf"réi

reI ativel yasmbusdrftsargﬂlytdaeraefeore cannot easily conformto snaller
conductors h S Om
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const r uct fa@ncaieecvh'%ezde thitiberve re(de@ﬁmegimaaﬂ STF%\W@”T ReyfhiGenerfarm Blaereyef, this

bei ng t hesfHs¢aed Riskfy sndedidiBuEdyile, ﬁ?&.a@%&#&é@wnﬂmperdiﬁancreqegat ain the
necessary fire-resistance properties. A w conpri sing exceptional ly

thin" gl adgamin@yon %egfwswséa fl°|'1"ep‘isghflea\héf‘€1ﬁi" béé??é'ﬁ‘Efb‘ﬁ"tﬁr@f”Fs described in
Hartley, e@tiroamentallNewndiy Iproeeslae Ttemﬂmklagbe\saldaek i praviee Mehakdan ks e
Constructi on

ernatianal Wr D E C 20
Pr oceed: gt PLGE KRBT gBRTon SariGigTufte i R FafAc R L TP P e
are 73 pr horfdingd§f3h¢ mehjapbdrociemselnes andnps vaenacf2Bepmukivlcémpipyed ihayer and 50
pm gl ass fapy hgn 35 cxample to a tape-wrapped or extruded outer polvmer layer. in order to meet a

variety of important handling and performance requirements.

This invention provides an insulated electrical conductor comprising an elongate
electrical conductor: an electrical insulation surrounding the conductor, said insulation
comprising: an inner, electrically insulating layer that surrounds and is in direct physical contact
with the conductor. the inner layer comprising a wrapped. coated mica tape layer as hereinafter
described; and an extruded or tape-wrapped polymeric. outer electrically insulating layer that
surrounds and is in direct physical contact with the inner micaceous layer. Multiple layer
constructions of the aforementioned type are also contemplated by 1he present invention.

Therefore. in a first aspect, the invention provides an insulated electrical conductor COmprising:



reinforcenent. Silicone resin inpregnation material inpregnates and bonds
the mca paper to the reinforcenent. Again this wre suffers fromthe
shortcom ngs described for other prior art wires and cables. Even thfzﬁgc 200
"super-thin" "super-thin" tapes are unsuitable for use in the nobst

demanding airframe wre applications requiring thin walls . and | ow wei ght.

SUMVARY OF THE INVENTION | | is readilylapparenr that the desired
performance characteristic for a wire insulation are to a certain extent
inconflict. for exanple, light weight and | ow thickness tend to be

i nconpati bl e Wkt h hinghorget <tebwriodlghnduesir.shdnce. Thus. there is a need for a
wire and cable construction which conprises nultiple insulating |layers and
which is uniquely superior to current wre constructions in a nunber of
performance char acteedusdai osulatian sp:awndwltmconrirncwrssatdveSUdJ%]OéG?mBFf'S'”& he
present invention to provide a unique wire construction having good
strippability, flame resistance, heat siability, cut- throu9h resi st ance,
abrasi on strength, (bl ventostedgiict @pciancrdets Wi SHOURSHSrO8RE GaPErPEFS whi ch
are resistant to both hyﬂ;ﬁc%'t%%'ﬁm%ﬂgga{o?n $Ho§pkﬂorﬁ90ul|30u@CMi bdrEdhy ot fiktr €
construction providing these advantages w thout g EI’I ng a a_ thick and/or
heavy layer of insulati mh”FSfIH‘P&HPV"(?@%P?‘%F‘@M‘H‘? FEeS QTSSO hEr need for
uni que mca sheet and tap&yaédtibheh espodin MEt hogsd tnperfibrecf alsecéralpoloat.i on

whi ch are thinner to reduce weight and size, nore flexible to conformto a
variety of substrates (é‘?pem ally small dianeter wire), provide inproved
thermal performance, resist delamnation during exposure to solvents or
heat, and can be Tabni calod sl 00, I0N& G I QRIRNLA Ik LbloGRellie BEeg esses.
I't would al so be val'llabl &P¢ provi de m ca sheets “or tapes and nethods for
their fabrication conpri siigegaprdt@r.i al s which are sel f-sealing or otherw se
allow bonding of the mca tapes to thenselves and to a variety of other
materials enployed in wire insulation, for exa d or
ext ruded outer Té?)l“y?i’é&o” If‘é{V‘é‘rCOW%'SWWERCBE%B‘EC%&E\/Q ‘F%etarl‘gg Cor\ﬁ%gs%gnt
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in direct c%é(éée??kov%%msé of M43t RGBSR 1apk Iﬂﬁnclenﬁerusicﬁyeea’m clenprn si ng
a wapped, coated mca tape |ayer as hereinafter %mﬂmﬁ%hhe

extruded GimrregselehmAFaRE %é‘l“-‘ﬁhﬁf"ﬁ*@ 10 Hﬁt”@Preé’i’aé“(EjtrP‘ic?:BTpleS/p”% f%ﬁl ng | ayer
that suryapadien affhed §oilyme:dhfeechﬁp+h3p§nmbn ebmtsaaotymm tajert the murmsépet fit ‘é@fteous

| ayer, ple |layer .con ans of . tlaned. e al so
cont enpl atozﬂ‘el?{/“frﬁé“’ﬁ?‘é‘g‘e‘ﬁﬁtbl f AVER |“(°)ra1S 0 ﬁ *ggkgegpclﬂrﬁég g?ri%lﬂgéﬁict t he

i nvention dﬁll’p%iodesaua. cimistdppliegido eilﬂem:'or b@hb!dﬁcﬂﬁﬁl}cmﬁﬁgﬁ%‘?ﬁp‘ﬂ% bt 31982003
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated by the drawings in which Figure 1 is a cross-section of a first

embodiment of the insulated electrical conductor of this invention;

Figure 2 is a second embodiment of the insulated electrical conductor of this inventon

having a polymer layer interposed berween the coated mica tape layer and the conductor.

Figure 3 is a third embodiment of the insulated electrical conducior of this invention

comprising a polymer layer interposed berween two layers of coated mica tape;

Eigure 4 is a first embodiment of the coated mica sheet or lape of the invention having @

polymer layer coating applied 1o one side enly of the impregnated mica paper,



(b) electrical insulation surrounding the conductor, said insulation
conprising (i) a coated mca tape inner |aver that surrounds the conductor,
said coated mnica tape containing fromabout 2 to about 30 wei ght peZdHft2003
of a first polynmer inpregnant_ and being coated on at |east one side with
a polymer laver deposited froma |iquid?dispersion of a second polyner: and
(ii) a polyneric outer electrically insulating |aver that surrounds the
coated mca tape laver. The invention further conprises a novel coated

m ca sheet or tape article conprising a mca paper core containing 2 to
S0% by wei ght Qfurds b LorBQAUYEBHchBIDRAIAR midUkePoiGRUIGhe RODYIPT 1 ayer
directly deposited froma liquid dispersion of the second pol yner,

pr ef er ablogmghsingig pRlvne c@pigygandiodrihe ©a apd bereasturietre okhelangeenelse mitipr egnat ed
M ca papefperd N addition. the invention conprises a novel method of
fabricating this mca sheet or tape article. As used herein, the term
"inpregnated mca tape or sheet" refers to the inpregnated m ca paper prior
to applicati orFigire b e thilé &RBIEEH O obPP bl iRl W¥eror kay ef the Afvkmionappl i cati on

of this polymer laver. the mc hee r tape .of the present invention
Will be ROMEPF BN (s Sahiehen s eat o 4 kper Al R opBIGe

di sper si antomabifags cfahe bgprapped edeatpopedi t her or bot h sides of the

i npregnated m ca sheet or tape. This coated tape or sheet is then

cal endered to achi eve the desired snmooth surface. BRI EF DESCRI PTI ON OF THE
DRAW NGS The i hgenfiionfoish érmbadonerapbdie bsaiadieicalshaoliongpee phihahicednt myvgiice 1 i s

a Cross- S:%G'Ipirigirﬂg %frceapof)in{eﬂayerg T ngjn{mtdjfgfrent B@yz‘nm %p@i%@d} ALIeGHadCFlhe
conductor. of this invéntion; Figure 2 is a second enbodi nent of the

i nsul at ed™@FEEIFY RigR PeRsAdA€t or of this invention having a pol ymer |ayer
i nt erposed between the coated mca tape | ayer and the conductor. Figure 3
is athird enb.din%nt om t he insula}sd elgctri a“ c%nd&gkohvgmoghis
invention conpEl &Ry R ST VA I A0HPe R e e B Re N " o1V er s of
coat ed mo@mprapea ykinjayeeinkmosedbevees twepdpderm®ants. of t he coated m ca sheet
or tape of the invention having a polyner |aver coating applied to one
side only of the inpregnated m ca paper; 2 DEC 2003_&3 Figure 5 is a second
enbodi ment of the coat e@Eﬁﬁﬂeﬁ%ﬁﬁ‘é‘g TIQM S HE PHENHESht ion  conprising a
pol yner coating on both the top and bottom surfaces of the inpregnated mca
paper: Figure 6 is a third enbodi nent of ghe cgjﬁé?$lﬁ ca ,sheet or tape of

C

the invention REBHPEISPREENES HEre ke matreeng 2 BERE S e or

di f f er ent leapp t@dudier diatidintéiioh NGaNd a flzat-tiewcsus-feag@stholugh the insnipreégnat ed

M €A PAPEL}; crical conductor of a first embodiment of this invention. The insulated wire 20 COMPrises an
elongated electrical conductor 10, shown as strands of metal wire 12 each with a metai plating
14. Electrical conductor |0 may alternatively be a solid wire rather than the stranded wire
shown, but stranded wire is generatly preferred in applications where vibration is a factor. such
as in aerospace applications. Both solid and stranded wire of various metals may suitably be
insulated using the coated mica tape of the present invention.

The electrical conductor 10 is typically of copper, but may be of copper alloy, aluminum,
or other conductive metals. 1f the metal wire is of copper or a copper alloy, it is typically plated
with a metal plating 14 to protect the copper from oxidation effects, and 1o improve the
solderability of the conductor. although unplated copper or copper alloy wire is also suitable for
use as the electrical conductor of this invention. Typical metal platings 14 are of tin. silver.
nickel. or other commonly employed plating metals. Such platings are typically produced by
electroplating a uniform thickness of high purity metal to the individual wires comprising the
strand.

Stranded copper wire is available in several configurations. The wire may have a unilay

construction, where a central core is surrounded by one or more layers of helicallv wound sirands

in the same lay direction and same lay length: may be consiructed with concentnc stranding



Figure 7 is a fourth enbodi nrent of the coated m ca sheet or tape of the
present invention conprising three polyner |ayers (the sane or diffeyent
pol yrmer) applied to each surface of the inpregnated nm ca paper: and ?ﬂ@ﬁmmu
8 is anot her enbodi nent of the coated mi ca sheet or tape of the invention
conprising a yarn |ayer interposed betyeen two polymer |avers. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Referring to the Figures, where |ike nunerals
denote like elenents of the insulated electrical conductor of this
inventio - I d
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of metal Wik, lf%ex%aacclam\MlthreQS TRLAldeRbAbhdG mdré ayEls 8¢ hdiict@) wodRdt&idor 10 may
alternatively be a solid wire rather than the stranded wite shown, but

st r anded™wistree [3y dgestionand {pejsreredey Edetn appl i cations where vibrationis a
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vari ous netal s nﬁ/ sulta
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i nvention tings 14 are of tin, silver, nickel, or other
conmonl y Ad¥p] swyiédogriearirag netal s. Such platings are typl cally produced by
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techniques of using these or like machines to wrap an electrical conductor with an insulating tape

are well known.

The inner layer 22 may consist of one or a plurality of layers of coated mica tape. To
provide a single tape layer. the tape is wrapped with approximately 0% overlay, i.e. “butt-
wrapped”. In butt-wrapping, however, small gaps between adjacent wraps of tape are inevitable
in a production manufacturing environment. Jtis thus preferred to provide at least two coated
mica tape layers which can be obtained using an overlap of approximately 50%, or alternatively,
by applying two tapes, each of which is butt-wrapped. In the case of rwo layers of bunt-wrapped
1apes, the second butt-wrapped tape laver should be wrapped such that it largely covers the small
gaps which may occur between the adjacent wraps of the innermost first tape layer. The two-
layer bum-wrapped construction will provide a smoother finished wire surface contour,
particularly in conjunction with an extruded outer layer, but the extent of overlap is not a critical
feature of this invention. 1f desired. further layers of coated mica tape can also be applied to

provide improved mechanical strength to the wire. e.g. greater cut-through resistance.
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t enper at ure | hesivé an bond
or sel f- tracking, lhe use of highly aromatic polymers such as polyesters (e.g. poly(ethylene-co-

terepthalate) (PET), poly(butylene-co-terepthalate) (PBT) and poly{ethylene-co-napthalate)
(PEN)), and polyimides. is not preferred for aerospace wire and cable. but is appropriate for some
applications. In terms of providing a wire which is particularly advantageous for use in
aerospace applications the most preferred polymers for use in outer laver 24 are PFA. MFA, or
ETFE. especially radiation cross-linked ETFE.

The materials of the outer layer 24 have been described by reference to their primary
polymeric constituents. and it should be appreciated that they may also contain other constituents
such as are conventional in the polymer formulation art: for example. antioxidants. UV
stabilizers, pigments or other coloring or opacifying agents (such as titanium dioxide), prorads
(radiation enhancing agents) lo promote radiation crosslinking, flame retardants, additives to
promote marking. and the like. Quter layer 24 may zlso comprise more than one laver, for

example 2 thin outermost polvmer laver which contains additives to promote marking or provide



seal to an adjacent |aver, for exanple another mca tape |layer or to the
outer extruded or tape- wapped | ayer 24. To obtain satisfactory bondi ng
between two coated mica tape lavers, the tapes should have a rel ativeDy 2003
snooth surface and be in intimate contact. This is readily achieved by
enpl oying sufficient tension during the tape-wapping step. It may also be
useful to heat the inner laver 22 inméfliately prior to application of the
outer layer 24. as an in-line process. Any suitable furnace which wll
provide the necessary tenperature to the bond area will do (e.g. an
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Other embodiments of the invention comprising multiple mica coated tape and/or

polymer layers are of course conceivable, and are included within the scope of the present
invention.

The coated mica tape per se, and also its method of fabrication, used in Jayer 22 as shown
in the illustrative embodiments of the present invention, are both novel. This coated mica paper
sheet is fabricated as follows: mica paper is first impregnated with an oligomer (polymer
precursor) or polymer solution, the soivent is evaporated and the oligomer impregnant is cured (o
provide sufficient structural integrity to permit further processing. The impregnated paper is then
coated with a solvent dispersion of a polymer or mixture of polymers as hereinafter described.
Commercial mica paper having a thickness of up to 75 pm, preferably less than 50 um, most
preferably less than 35 pum, is suitable. Suitable paper. for example. is sold under the trade name

Cogemica™ by Cogebi. of Belgium. The paper may be formed from any of the known naturally



The coated mca tape and outer layers, |ayers 22 and 24. respectively,

whi ch together conprise the wire insulation nay be applied in one or
separate operations depending upon the relative |ine speeds suitablezfé)}-rcm3
each. If the outer laver 24 is tape-wapped. then a one-step operation to
apply both layers 22 and 24 is feasiblq If the outer |layer is applied by
extrusion, which typically runs at 10 go 100-fold the line speeds of

t ape-wrappi ng. then separate processing steps for applying layers 22 and

24 is generah%z preLerred A seca nd enbg iment of the inventjon is shown in
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1o complete the crosslinking reaction and obtain optimal mechanical strength. Using

dimethylsilicone polymer impregnant as an example, from 2 to 30% by weight of impregnant

may be applied to the mica paper (as percent initial mica paper weight) to provide the required

dimensional stability and strength to the impregnated paper to prepare it for the subsequent step

of coating. More preferably the mica paper is impregnated with from 3 to 15% by weight of

dimethylsilicone polymer containing functional groups suitable for catalytic and/or heat initiated

cross-linking. Relatively low levels of impregnation polymer are surprisingly effective at

providing the mica paper with the solvent resistance necessary for the subsequent step of coating

with liquid (preferably aqueous) palymer dispersions. The use of lower levels of polymer

impregnation provides several advantages. First. the resultant impregnated mica tape is less

prone to stiffening due 1o oxidation of the impregnant when exposed lo high use lemperatures;

hence it is less prone to fraying or cracking. which may expose the conductor. Second. the

reduced level of impregnant affords a mica tape that. although solvent stable, is still sufficiently



17 occurring or synthetic mcas as heretofore described. enploying

equi pnent and techniques known to those skilled in the art. The m ca paper
is inpregnated with a nononer, oligoner or polynmer normally in a non- ZE%EZMJ
aqueous solvent to provide a paper which is dinensionally stable, can be
handl ed i n subsequent processing stepsgw thout tearing. and has the

requi red perfornmance characteristics, especially noisture resistance. The
polymers currently used for mca paper inpregnation are suitable, as are
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water based dispersions are common and most environmentally friendly. other dispersions, for

example alcohol dispersions, are also suitable for the present invention. The polymer dispersion

may be applied to the impregnated mica paper by methods similar to those used for applying the

impregnation polymer. Care must be taken to provide films obtained from polymer dispersions

of uniform thickness on the mica paper surface during casting, however, in order 10 obtain

uniform polymer coating thicknesses after drying and sintering. This can be achieved by

drawing the mica paper sheet vertically during and immediately after applying the dispersion

until the dispersing liquid has been substantially removed and material flow thus prevented. The

dispersing liquid is normally removed at a temperature greater than its boiling point. and the

deposited polymer is sintered above its melting temperature t0 fuse the individual particles into a

contiguous, substantially non-porous film. The steps of applying the dispersion. drying. and
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casting, however,
and on polymer layer 56 is cast a layer S0 of greater thickness than polymer layer 40. Finally,

additional thin layers 44 and 54 are cast on top of layers 40 and 50. Layers 46 and 56 may. for
example, promote adhesion between mica layer 30 and layers 40 and 50. A variety of other
embodiments are possible. all of which are included within the scope of the present invention, for
example a seven-layer construction with layers 40 and 50 being of equal thickness.

Fillers. additives and reinforcements may be included in one or more of the polymer
layers. Fillers include infusible polvmer particles and/or inorganic particles such as clays, glass
spheres, glass fibers, and fumed silica, among others. Additives which may be present in the
polymer layers include antioxidants, UV stabilizers, pigments or other coloring or opacifying
agents (such as titanium dioxide), prorads {additives to promote radiation crosslinking), and
flame retardants, One may also include in one or more of the polymer layers continuous fibers,

for example glass fibers or vamns. oriented polvmer fibers. or glass fabrics.



uni form pol ymer coating thicknesses after drying and sintering. This can be
achi eved by drawi ng the m ca paper sheet vertically during and i nmedi ately
after applying the dispersion until the dispersing liquid has been 7 DEC 2003
substantially renoved and material flow thus prevented. The dispersing
liquid is normally renoved at a tenpergpure greater than its boiling point.
and the deposited polyner is sintered above Its nelting tenperature to
fuse the individual partlcles into a contlguous substantlally non- por ous

film The ste f . ap di spersi.on C 2003 19

si ntering the@;ﬁ%lqaysr’?%‘rvpa%’”fﬂ m%ﬂ%%a{nit‘@d"?ﬁ" %{”g)r(\”é“é“% d‘éb‘*ﬁ At ently done
in a singbseyjonee brivemuewsluprapobssr la@as oﬁﬂonmnleetpoll'yd’mEss.ISaL\/ﬁesrs may be applied
sequentially to the inpregnated mca paper. In FIG 4 is shown a first
enbodi ment of the coated mica sheet or tape 28 of the present invention
consisting of two layers: an inpregndtE®Liiica paper 30 and a single polyner
coating 40 obtained by the application of a polyner dispersion. Polyner
coating 40 may be obtained in a si ngle coating ste or frommultiple
steps using t lremasaldnispearsi Grosemisa Zvorasbidridckd hiski Wem wisthyandr 0¢wmat i ng 40

(sonet i MesgiheifAIHaidg bR inkSal tdNHIACHRAGKS 'of 2.3 N/crh sva@erapre {e@ Wi elithdFlaldihdigy
t hi ckness of thg1 gggl ied filmto .from about qQut 25 um ( the act ual

maxi mum PHRIERNEEEY b iana S gqiots OHE Bdpiteedbah Sfﬁmfpé?*gﬁ*%g 2 PYEeEEd: pol yner
concent r &tacker !e)ndhpahycrmrohgdsméﬂkembsqowrs bNipd bylkiskScdafing @ RAe deSsMBSmRa

D L e B O B PP SR PL AP 0 BB T e e

pr esent ed/aae\@egmmd aekﬂ@o@ﬁﬂmntondn‘ M)aataed indotes golymepzation. Tla:peelﬂﬁpommm sting
of threeJayel SiviieBlEgnat fd; Ea pier Q! %1 ol n one side
of the msc'a paf%eyr e?geg’ a Ieconqnadg&]aﬁa% : ger 9d¥( ¢ héé grit ng"gl de of the
paper . PéltwmrK%aqiptms M iaf@b d%yms@armd *@F}@“%‘Erﬁﬁew@ﬁﬁém@f di fferent,
and may b&oﬁmhlcﬁﬂadxa.sa&efm §Qadal {ehpids PRpRYed hﬁnmotdlﬂ%r&t$&r&9ﬁrau&1stdmb61‘ﬂ

enbodi ne {*)ﬂtﬁs coat IH\ca sheet or ive- llaver construction

ta S
illustra ghengmef FRee %‘@“%{ﬁ‘)'%ﬂrt fdha J]‘:Ph‘lh‘ﬁ‘ P gAYt Yat i ng 44
and 54 | smapxpl rleﬁﬁllrﬁmcgnpﬁxbryBEhnlleaye%SnyMtgmﬁbr S@mple 8sippet vurglggod Wokry mer
| ayers 4 n ra tlu i.ll ates viftha V! ly, by
chom cal Teed bl B\ R ER s bRAPLAKERy o AP i EGRRSEANE
al t er nat W@I‘yﬁlﬁn Aafdh@smeonaaymd S\Hmf@mp?s@lhﬁtt@gﬂadfﬂfe@i? marepeetipgeatilct wo sheet s
or tapes .suyfgth Fo?nﬁﬂ?égngﬁﬁ n'rmat;?a?)k:azlt afl WL CRidenBicseRTzoREr hARGIY. Fof O De

bonded. A fourth enbodi ment present. sheet or tape invention is
pr esent eaxw*w&y 4% dmgthy sifigong §%ﬂﬂ€ﬁ3l RIg¥es 2B Afpid iR sesniniBIY PREEBhi n

pol ymer |Iﬁc§éﬁ’séd ﬁﬁs.la@@kf@& ;s}a&aesch rﬁEQpr wmh eant hﬁeiz\mﬁble fbawﬁ:paf altghl‘teter |

i mpr egnat ed. mi a cast a t hi ol ymer
| ver a0 nsighy T BBFORismpRyaY s pEkERE Vrpfing Bptesh et topPEe b RaRCi noss
t han pol ywierprémwés swkd.as Firipdbricy and 1aptdiape mihediont hi n | ayers 44 and 54 are cast
on top of layers 40 and 50. Layers 46 and 56 may. for

Table |

Sample §{ Silicone Type Silicone Measured Tensile Water

solution silicone in Strength Absorption

concentration impregnated {(N/cm)
paper

1 n.a. no treatment n.a. 2.3 disintegration
2 dimethyi 25% 15% 24.0 0.4%
3 dimethyl 10% 4% 19.0 1.2%
4 methylpheny! 15% 20% 18.7 -
5 methyiphenyl 6% 8% 13.8 -




exanpl e, pronote adhesi on between mca |layer 30 and | ayers 40 and 50. A
variety of other enbodinents are possible. a]Jl of which are included
within the scope of the present invention, for exanple a seven-layer ZDEC 2003
construction with layers 40 and 50 being of equal thickness. Fillers,
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i nportant and surpr|S|ng result 1s the remark3ble increase in tensile

strength for inpregnated m ca paper at all |oadings using silicone oligoner
materials. For exanple, only 4% di grialwLesi | i cone (Sanple 3) provides an
8-fold increase in this property. Increased tensile strength provides a

m ca tape which can, for exanple, be wapped at greater tensions. Tape
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that in FIG. 7, but having similar polymer thicknesses on each side of the coated mica paper.
The two layers bonded directly to the two surfaces of mica paper were cast in one dip coating
step from the 1:1 PTFE 30B/FEP 120A mixture used in Example 2. each of these coatings was 2
um thick. This was followed by application of 3 um of PTFE 30B (with Zonyl FSN dispersant)
to each surface in two separate steps. Finally, 2 pm thick topcoats were cast from the 1:1 PTFE
30B/FEP 120A mixture to provide a finished coated mica tape having a total thickness of 28 pm

and a tensile strength of 11 N/cm.
EXAMPLE 4

Mica sheets reinforced with glass yamn, 30 cm wide and 100 m long. were prepared as
illustrated in Figure 8 from commercial mica papers with two thicknesses: 15 pm and 20 pm.
The mica papers were impregnated as for Sample 3 in Example I. then coated on each surface
with 2 pm of a 1:] mixture of PTFE 30B/FEP 120A. Glass yam (Owens-Coming; D1800 1/0
1.0Z 620-1 7636) was applied to one surface of mica sheets during the application of 2 10 um



Measured Tensile SanpleSilicone Typesolution silicone In Strength Water
concentrationi npregnated (N cnm Absorption paper In.a.no

treat nent n. a. 2. 3di si ntegration 2di net hyl 25945%4. 00. 4% 2 DEC 2003
3di et hyl 10949%49. 01. 2% 4net hyl phenyl : 159209%8. 7- - - 5net hyl phenyl 698 %43.8 2
DEC 2003 21 EXAMPLE 2 Pol ynmer was cast from aqueous di spersions directly
onto the inpregnated mica paper of Samdle 2 in Exanple | to provide the
five-I ayered construction of coated mca tape 28 as illustrated in FIG 6:
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condi tions. The finished flve Iayered coat ed mca tape had a total

t hi ckness of 42 pmand a tensile streggth of 29 Ncm EXAMPLE 3 The

O L PP T o P i e T A e, T T et Y
thickness (um) (1m) (N/cm)
Example 3 0 15 28 1
Example 4a ] 15 44 33
Example 4b 2 15 44 67
Example 4c ] 20 50 27
Example 4d 2 20 50 7
Qasis™ Tape n.a. 16 (polyimide) 30 54
EXAMPLE 5

A mica tape was constructed using the prior art method of fabrication involving the
lamination of a thin polymer film to a silicone impregnated mica paper. This allowed a
comparison of the solvent and thermal aging characteristics of thin tapes prepared using prior art
constructions and methods 1o the properties obtained with the coated mica tape constructions and
methods of the present invention. One side of the impregnated mica paper prepared as for
Sample 2 of Example 1 (20 pm thick after impregnation) was kiss-coated with a 5 pm thick layer
of 1:1 PTFE 30B/FEP 120A aqueous dispersion mixture. The other side of the paper was kiss
coated with 2 5 um thick layer of phenyimethyl silicone resin (25% solution in toluene) which
was then dried at 150°C/30 sec to provide a tacky surface. To this was laminated a 19 pm thick
PTFE film (DF1700 film: Chemfab Corporation) using a two-roll calender. followed by an oven
heat cure (300°C/ 2 min). The PTFE surface of this DF1700 film in comact with the silicone
layer on the impregnated mica paper was coated with i pm FEP which promotes adhesion.

The performance of this Example 3 tape, prepared by the prior art lamination method,
was compared 10 a coated mica tape of the present invention (as described in Example 3) for both

resistance to Skydrol® 500B (Monsanto: a cormmmon aerospace hydraulic fluid) at 22°C and for



several different aqueous polyner dispersions to provide a seven-|ayered
construction simlar to that in FIG 7. but having sim/lar polyner
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Sample Tape Afier Skvdrol After 2 days/ After 5 davs/
Thickness S00B (3 m‘_’g 1?;()3_(;
{um) days/22°C)
Present 28 4.9% wt gain; no change no change
Invention intact (stiver color,
(Example 3) flexible)
Prior Arnt 49 11.0% wt gain; | light brown color; | delamination of
lLaminate delamination brittle PTFE film
(Example 4)
EXAMPLE 6

Wire samples (0.35 mm< (20 AWG). nickel plated 19-strand copper conductor) were
prepared for measurement of mechanical properties and comparison to the performance of other
wires used for airframe wire. In Table 4 are summarized the wire constructions prepared.
Samples 1-5 are constructed with a 50% overlap layer of mica tape adjacent to the conductor.
The outer layer for these five samples is either three layers of 50% overlapped PTFE tape
(Garlock™ tape: NEO-LP-white 3579; 1.5 mil thick, % inch width. unsintered, laser markable
tape: Coltec Industries) or extruded PFA 450 (Dupont Corporation). The inner mica tape was

heated at 25 fmin in an oven set at 700°C 10 seal 10 itself prior to the application of the outer



A mca tape was constructed using the prior art nethod of fabrication
involving the lamnation of a thin polyner filmto a silicone inpregnated
m ca paper. This allowed a conparison of the solvent and thermal agi 8§EC 2003
characteristics of thin tapes prepared using prior art constructions and
met hods to the properties obtained with,the coated mca tape constructions
and nethods of the present i nvention. “tne side of the i npregnated m ca
paper prepared as for Sanple 2 of Exanple 1 (20 pmthick after
inpregnation) was kgﬁs-%ﬁgted with a 5 ptmthick layer of 1.1 PTFE 30B/ FEP
120A aquistiaidl '8 JPpRTHE Pt avpeoWtHeNT Yrdenierd e thabet tadavels ss

coat ed Wiwefe erappeligyina fidtitbdehir@anat aphic @Ry s srethylis SkdohRORRI LS L (R0

sol utiongi.n tal e) .. Whi s then ied at 150C/ 30 sec to provide a
t acky sur“?“é"cae”fa (yfggt%ﬁ%ﬁz‘?ﬁﬁi% & ‘gI Ci@ggﬁfﬂi Rtk Thsmempesilet (DE2700 fil m
Chenf ab Gonpercad pod)ctiSinagiie EMO13-6011/1ca)) @rgekd frbldneved dvyriapeduan heat
cure (30%% afd {TVF})E taTQ(g tF’r‘I;gEﬂsurface of this DF1700 filmin contact with
the silicone ayer &t He ¥n’pregnat ed m ca paper was coated with 1 pin FEP
whi ch pr onot ed hadiselsngal peTeangree POh G @s Gfcotripared ExBajd 4fob citapeugtpepar ed
by the pg4 1 { B m._ca _t.ape of
r%r.na@fﬁpérﬁmeﬂﬁfﬂ £ 8B Ch@)gr Boen‘épéyg‘l%@g'{a%%ﬁ%g?éb%\?ﬁtl ?%10 usin aT)

the present invention (as described | resrstance to
Skvdr ol (! B8HEEbleAB Y ERPHe BrasempenB S IdHacrd Fyapeatsting (5 milrafjusdtade? C and
for 2 DEEm260Re Rigth./00IstTBkesAUhREG). AV ird2HplesRas 8lcbmpdiy BE 83&NERajePaiTabl e 3.
First. note.#&atl desngl te e}rj’ryl c% ng thin mca paper and thin go'l ymer film
as start PRy Ifelt @19 YImore FHangrgibioreE At R{ spyarareipittehfidot sk BaPind

const r ucteroonspring wedaige dfapea fvavingopertyhisokinelysfodfhe X @mic2bpwirk hi cker

t han t he 1.C tape of the.present inv ion as conpared i hi s
exanpl o FRALE hefuf oot s el I BLDE bt B I b0 Rafar iGN Sy~ prre
rei nf or ciPh@ 450 land Frecrfdtwiprsampies aThebediaus @rgehion théy prbpdrim is §0 Ns ubsitreatisoal | y
mor € EXPENSHY Carifel el G the PPANSO R vt b B ARG dnati Rshng. and
tearing. . Second, the excellent resistance of tff]e coated mca tape of the
present PRRAEHOT BiFa tape SRR drcrasnly 7- 1 8nield then thamagajtenei in ymployeda & inalipethe

pr epar ed imyrob&Rend i RFapad dsidgaiicNapé RRYobEIoRAEL IehiSn@Vded BRtn £ EMPakiltd fodbigsent

inventions |lo i ght. gai n _and resi St ang. | ami nation. This ver

oo 1 abi SBERAY Ko SRS atalse o frb et ods A SrGRPEIE T Bils of
t he coat édl smiapes weapgoadr whdndtiF Eohpet i epipyedis the sw@ndyeosadiplendiscrapglwaye an
adhesi ve g L§g interposed between the polyner reinforcenent |ayer and
the inpregnated mica paper. Third. the coated mica tape of the present

i nventi on does not degrade after heat aging 5 days at 320C, while the
prior art tape discolors, enbrittles, and finally delamnates in the oven.
The di scoloration, enbrittlenment and del am nation of the prior art tape
area direct result of the thermal degradation of the silicone adhesive,
Tabl e 3 Sanpl eTapeAfter Skvdrol After 2 days/After 5 days/ Thi ckness500E
(3320cC320-"C



t ndavs/ 22.
I nventioni ntact(silver color,
gai n;light brown col or; del am nati on of Lam natedel am nationbrittl ePT
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In Table 4 are sunmarized the wire constructions prepared.

Sanples 1-5 are constructed with a 50% overlap | ayer of m ca tape adjacent

to the conductor.

The out er |ayer fo[rabtemese five sanples is elther three

| ayer s ¢f—58%overtappedtPTFEtrape—(Gartock—Tfivitape—NES+P—whi-tje—3579;
1.5 m| |thi¥ke 1A |M¢Qﬁ wi deser ynsiod ened Col-aser nibkabl e Wigddre Qobarans
| ndust ritesy, o eXt rygded PRA4SQ (fuipont 4Gardorat ingdhkh The[g@@' m ca tape
was heate 2% fTTmnjinan|oven set_at /00C to seal| to 1tself| priorjto
the appl|i cation df 2m@eolt er 2 |DEEM2O( sulk llayer. The |PTFE tfape
used as|an outer |l ayer was sintlered afiterrthe [firsbchywd | avers were
wr apped [andafter the thiTd_wag appl 1 ed. Spec B5TH W T|E 1S nTer ci a
wire (Raycheln Wi|ries2mml cablfd 55%&)213-2 29) corrp‘? sed 6 0868@ |nked
ETFE. The conposijte wire|is a {conmergial product (Tensol ite,
13-60-1/[T-20) prépared fno 50% oVerl apped 0as).s PTFE tiape
out er Iayer.:}The AR (aﬁ%g fo?/ nge @Qt helse V\%QT es @gﬁg%‘?ed in Table
4 for cyt-through fosce rogm tenperature (|RT) and 260C (per Boeing
Mat eri al[ Speci f1dafion -160,,us1|ng m | di uls W fe- W re
abr asi on (pe Bl\/E;algl'\ff-rr%J I\/Eﬂﬁscrgme tlesti'nig (b m Saradl us ogﬁ%%joe 5§6%crr
stroke llength. 30 st4tokeg/ m nutle). Wrle sanples | to 5 lconprising the mca
tape |ayer all pgreyide. 3-fpelad jor sppre cuigyt hrpughsd or ce ataddoecompagsed| t o
t he PFA[450 wire |sanpl'e, dem)nstratir|g the val ue of nigca for thils
property, Simlarily. 4 or [t e8e |five mijca tape Wire sanples, the
cut-thrqugh torce Wed paty 2A60Ggyay t ergsf ol d orggor e| gs ead.go0 t han4 of
both thg PFA 450 and Spgc 55 \+re sanpl es. The industrly target fpr thig
property is 50 NI A rm;ridégn of wirle sanples 4 and 5l with the PEA 450
sanple i|n pig gsowilre abragion-furthes ill lusgrates thhe benebbodf M ga t ape
cycl es increase by 7- 10-fot d wWhen e mca . tapg 1 n_enplpyed [ the
i?’/rpr ovenenfPirisc crapss uding-nilca pe i s~ Jnng tQ é’*g&_ yg OOﬁEd X‘wf bm a
conpar i spQomPésitdd  €0a§ANY| eSFB 0235 and t e coppodliste W r&,Ea9p0 e. Wi h| PFA
450 as tlhe outer | ayer (sar’g)l es| 4 and

pe

EXAMPLE 7

The 28 pm thick coated mica tape of Example 3 was compared for performance in a dry

arc-tracking test to a 30 um thick commercial polyimide tape jacket in a thin-wall wire

construction. Nickel-plated, 0.50 mmZ2 (20 AWG) 19-strand conductor was wrapped with the

coated mica tape of Example 3 and the 30 pm thick, 6 mm wide polyimide tape (Oasis™ tape;

DuPont Corporation). The overlap for both constructions was 50%. The Qasis tape comprises

16 um polyimide coated on one side with 4 um PTFE and FEP, and on the other side with 10 pm
PTFE and FEP. Over the coated mica tape and the Qasis tape samples was wrapped one layer of
38 um thick. 6 mm wide unsintered PTFE tape (PTFE T613; Coltec Industries) with 50%
overlap. Each sample was heated in a furnace at 850°C for 30 sec to sinter the PTFE 1ape and

fuse all of the tapes together: this provided two wire samples each having an insutation wall

thickness of 57 pm. Both samples were tested for dry arc-tracking resistance using the procedure

described in Boeing Standard BMS 13-60. and the results are summarized in Table 5. The thin

covering of PTFE tape emptoyed in these two constructions. thinner than is generally emploved

in commercial wire constructions. renders both the mica tape and Oasis 1ape somewhat more



5), scrapes were good: when PTFE tape was enployed as the outer |ayer
(sample 3), scrapes were very good. 2 DEC 2003 25 Table 4

WreM caCQuter Total Cut-Cut-Wre-Wrescrape Sanpl eTape LaverWal | throgolt( 2003
t hrough cycl es Sanpl eunforceForce LEDL _L60 ClI Exanpl e
PTFE22512349>4. 000. 000 3 2Exanpl e PTFE22513462>4, 000. 000 4a 3Exanpl e
PTFE22515275>4, 000, 000860 4b 4Exanpl e PPA 300164501, 400, 000166 4c450
5Exanpl e PFA 300186802, 100. 000114 4d450 PFA 450------ 200365200. 00075 Spec
55------ 20020772. 300. 000140 Conposi teCasi SPTFE 225156152>4, 000, 000175 t ape

susceptible 10 arc-tracking. This accentuates the differences berween the two tape constructions.
and simulates the condition. for example. in which the outer polymer laver of a wire insulation

has been torn or womn away by damage or wear. The wire constructed with Qasis tape performs
significantly more poorly in this 1est because pelyimide is inherently susceptible to arc-tracking,

while mica is not.

Table 5
Sample Wires Passed / Wires Tested
Mica Tape/PTFE Sample 46 Pass/ 50 Total
Oasis Tape/PTFE Sample 25 Pass/ 50 Total




EXAMPLE 7 The 28 mthick coated mca tape of Exanple 3 was conpared for
performance in a dry arc-tracking test to a 30 rn thick comrerci al
polyi m de tape jacket in a thin-wall wire construction. Nickel-plat%ggtzmn
0,50 m2 (20 AWG) 19-strand conductor was wapped with the coated nmca
tape of Exanple 3 and the 30 pmthick, 6 nmw de polyimde tape (Qasis"

tape; DuPont Corporation). The overlap7for both constructions was 50% The

Qasis tape conprises 16 m polyim de cbated on one side with 4 m PTFE and
FEP, and on the other side with 10 um PTFE and FEP. Over the coated mca
tape and the Qasis tape sanples was w apped one layer of 38 lamthick. 6
mm wi de™D#<st HRBISE8dS PTFE t ape (PTFE T613: Colter Industries) with 50%
overlap. Each sanple was heated in a furnace at 850C for 30 sec to sinter

t he PTFF tapg and EuEe.aHl q{ t he taFes.together: this provided two wire
sanpl es'-each*RAVPRYI &I TS FPATCGR UBRISNE hi ckness of 57 m Both sanpl es
were tested for dry arc-tracking resistance using the procedure described
i n Boei ng Sta dargngh§ #%%ggkaﬁﬂgdﬁmﬁ L‘sults are summari zed in Table 5.
The thin coVering of ape enployed in these two constructions,
thinner than is generally enployed in commercial wire constructions.
renders bot h,the 0 i : 2003 26
suscepti bl e 93 argk??&%aﬁﬁga&%ﬁﬁ§§%§%%ﬁ€§§?§§§f gIﬂgE%E?éﬂﬁgﬁgﬁgtmeen t he
two tape constructions. and sinulates the condition. for exanple, in which
the outer polymner ¢ayes coftedmh tBe idheiih@dr iANsurdSdsIREIINEQEM, Qld WREN WAy by
damage or wear. The wire construiyed mﬁgh q%§i§ t ape perforn§
significantly nore poofiP§PH3IPIRE Fomabputizde AbRuL Y ypieimerrsn o 2T BPIXMET y
suscepti bl e to arc-traakpraghant. whd thetngmoaad bisatnekt onfaidk evith aJalypleeMitres Passed
| Wres Tested M ca Tape/ PTEE. Sanpl e44. Pa 50 Tat 1si s Tape/ PTFE
Sanpl e25 Pass / 50 Tot g?poﬁ;[i‘i‘é@"ggg%L’lgg'sW%?n éfsa Sg oglgﬁg‘{y"}gﬁfn An insul ated
el ectrical conductor conprising: (a) an elongate electrical conductor, and
(b) electrical 'n%@l at 'ageayﬁmmQM&del&aiJah@;ngam%qwmmss«'ahquaaawlcas[wmica
conprising a coated mca tape inner |ayer that "surrounds the conductor,
said coated nica tape'ad6MY4i-ning from about 2 to about 30 wei ght percent
of a first polymer inpregnant. and being coated on at |east one side with

I rol r .
a po ymf. a}Aelape comprnising:
(2) a mica paper core, the mica paper having been impregnated with from 2 to 30 weight

% based on the pre-impregnation weight of the paper of a polymer impregnant, and

(b) a polymer directly deposited from a liquid dispersion on at least one side of the

impregnated mica paper.

3. The insulated electrical conductor of Claim 1 or the tape of Claim 2 wherein the polymer
impregnant is a silicone polymer comprising linear segments represented by the formula -
Si(R1}R2)-0-.

4, The insulated electrical conductor or the tape of Claim 3 wherein R and R are methyi or

phenyl groups.

5. The insulated electrical conductor of Claim 1 or the 1ape of Claim 2 wherein the mica tape or

the mica paper is coated on both sides with a liguid dispersion deposited polymer.

6. The insulated electrical conductor of Claim 1 or the tape of Claim 2 wherein said polymer

which is deposited from the liquid dispersion is a fluoropolymer.



deposited froma liquid dispersion of a second polynmer. and (ii) a
polyneric outer electrically insulating |ayer that surrounds the coated
mca tape layer. 2. A tape conprising: (a) a mica paper core, the nf@ag 2003
paper having been inpregnated with from2 to 30 weight % based on the pre-
i npregnation wei ght of the paper of a pg%yner i npregnant, and (b) a pol yner

directly deposited froma liquid disper§ton on at |east one side of the

i npregnated m ca paper. 3. The insulated electrical conductor of daiml or
the tape of Claim2 wherein the polymer inpregriant. is a silicone polyner
conprising |inear segnments represented by the formula Si(RI )(R2)-O 4.
The insul at edTmlumuaﬁddcea&mmn%emércﬁﬁhetd@;ﬂ: JraREmA wikerah me%ls\ﬁf&%roﬁ'd &idd and
R-) are rn eth henyl groups, 5. The insul ated el ectrical conductor of
Caiml Q?V’T%é?/ %%@U%&O@ BS7 I Gh B BrpRP PTHInE&pROIBE i ugeoeriviae paper i s
coat ed qmmmhnsdrd@spmrteh:oacetlrafm,urdé:hgi1e5@ebcay(@aﬂd@riap@bylemv@mew@r 6. The

|nsulated ectri cond cto of Claim 2 wherein
sai d pol yHEM° f%’#@ﬂ%ﬂ RepaEsD Cﬁ"‘f‘}%ﬂ\ PHL? herafo%ra@v%?fé'wé'inahar%maﬁurfs

fl uoropohgresr. 2 DEC 2003 28 7. The insulated el ectrical conductor or the
tape of Claim6 wherein the dispersion deposited polyner is a

perf | uorgpol erm te%Ctleec% JaT %}jﬁcﬁ@r 't?aLiIrR ] oqnl'ﬁ: t?;;elor}%!alm 2 l{lr h]gclh Iqeu (§/f|[ Be) |

polytetrafluoroet ene exa Iuoropropy ene-co-te
poIy(perﬂWﬂb?ﬁﬁﬁﬁwy$vﬁﬁVIether co- tetrafluoroethylene), and

pol y(perfl uoronet hyl vi nyl et her-co-tetrafl uoroethyl ene), and m xtures
thereof. 8. The insulated electrical conductor of CQaiml| or the tape of
Caim23n whiteineied sigriica! gndvqier of Claymi Iovsredn e P ifer of spigaurer layer appahe

i nsul at edispetsemtdepssabd SR iOLit o adddatsMel bonl @hed ReatcBen B IRIL dchS@led oOut er
| ayer and the dispersion deposited polyner will form an adhesi ve bond when
heated in contact with each other. 10. The insulated el ectrical conductor
of C ai M0l whBreghsulsadi aeduimaeconiayarof Kisma witrak seidmnoflayebbiswaeinkaoeft 15
and 100 &%m%ﬁamlﬁ?s Ebghgd el ectrical conductor of Claim1 wherein said
outer layer has a t ss of between about 50 and 300 rn. 12. The

i nsul ated el ectri cal conductor of Claim1l wherein said outer |ayer

conprises.a w.muwm&krym&onml&@roTh%,ﬂnnweaé.@éa.@J;.ﬁ&tlﬁyeeaAs LfRdust g of

iml wher r | r ri -
da betv?ee%a out bgndo3u(}oepm ayer conprises a tape

12. The insulated electrical conductor of Claim 1 wherein said outer layer comprises a

perfluoropolymer.

13. The insulated etectrical conductor of Claim | wherein said outer layer comprises a tape-

wrapped polymer film.

14, The tape of Claim 2 having a thickness of no greater than about 75 um.

15, The tape of Claim 2 wherein the thickness of the dispersion deposited polymer layer is no
greater than 30 pm.

16. The 1ape of Claim 2 having a tensile strength of at least 5 N/cm.

17. The tape of Claim 2 wherein said solvent deposited dispersion polymer layer comprises

fabric or continuous fiber.



wr apped polymer film 14. The tape of Claim2 having a thickness of no
greater than about 75 jim 15. The tape of Claim2 wherein the thi ckrfiﬁeﬁ&)
t he di spersion deposited polymer layer is no greater than 30 gm 16.

tape of Claim2 having a tensile strength of at least 5 Ncm 17. The tape
of Claim2 wherein said solvent deposited di spersion polyner |ayer
conprises fabric or continuous fiber. 290 EE 2003 29 | 8_ The tape of Caim
2 wherein said solvent deposited dispersion polymner |aver conprises at

| east 3 wt% of an inorganic filler, preferably wherein the inorganic filler
is a fibeg. flhakgpobsthaho wakEhacs sé‘lfaéﬁ‘d§ﬁds|t€dadi5pl%ion§'8|_\'nﬂ$‘I'!al_v@rtc%qj pL&GE ri cal
conductor conprising: (a) an elongate electrical conductor, corrp|P| sing a

st r anded'ep a8t & Eppeeamc [ enpiaFablxivhews e tniotgangifdiseis afibpeflokset highout 300
and 3000 pmke #048siiy el ectrical insulation surrounding the conductor and
conprising (i) a wapped tape inner electrically insulating |ayer that
surrounds the conductor, the tape conprising a mca tape core |ayer coated
on both s$9.des Anvhsulndtreiaaitendssdudics panprisiy: deposi t ed perfl uoropol ymer, the
core layer having a thickness between about 15 and 100 pm and (ii) an
uncrosslinked outer electrically insulating |ayer conprising at |east 80
wei ght % per f | (r opeh yhregald Hettrigleandumatscamgtising aisiraied eitedghyer edk heond act
with the inner mc ol havi a thickness of

bet ween about 50 gﬂ%agggla%%gmagﬁaﬁg&tggﬂgg%ﬁ{oo#gn,ta e inner layer. 20. The
i nsul ated el ectrical conductor of Claim1l or Caim19 wherein there is
interposed befween dRRaGRIMEH Yrcdhding e cFldudof ARG oY Ghg @ separately
applied polyner layer. 21. A tape conprising a nmca paper core inpregnated
with 2 to 30 weight% of a silicone polynmer, said inpregnated core being
directly coated fra@m an sagugedsapdinsped|&itGdalioimsbiatify Syt filet @stoundstthe a

perfl uoropol yrmer | ayer a<‘:tcm u%%?tthezlaﬁengot hirig'ljl%' a%‘lzlc':a lA erE:Etr hlgder%fo xioaQana?haEiEe'Eg a
coated mca tape or sheet comprising ke sFeps of ? (an) {7eat ng m ca paper
with from2 to 30 wei ghtWihodn aguqee$ §ismersiémgepegiad perfluempolybyr, theavicdtyent | east
one surface of the inpragpal ethidiaeR vRARES attut 15 A4NGb yiAELI Spersion. 23,
The nmethod of Claim 22 wherein both surfaces of the mca paper are

di spersion-coated with polynmer. 20EC2003

() an uncrosslinked outer electrically insulating layer comprising at least 80
weight% perfluoropolymer that surrounds and is in direct physical contact
with the inner mica tape layer, the outer layer having a thickness of between

about 50 and 300 um and being adherent to the inner layer.

20. The insulated electrical conductor of Claim | or Claim 19 wherein there is interposed

between the conductor and the mica tape layer, a separzately applied potymer layer.

21. A tape comprising a mica paper core impregnated with 2 to 30 weight% of a silicone
polymer, said impregnated core being directly coated from an aquecous dispersion on both surfaces

with a perfluoropolymer layer at least 2 um thick.

22. A method of fabricating a coated mica tape or sheet comprising the steps of:

(a) treating mica paper with from 2 to 30 weight% of a polymer impregnant, and

{b) coating at least ane surface of the impregnated mica paper with a p.olymer dispersion.
23. The method of Claim 22 wherein both surfaces of the mica paper are dispersion-coated with

polymer.



30 24, The nmethod of Caim 22 wherein said dispersion conprises a nedium
which is water. 25. The nethod of O aim 22 wherein said polyner inpriqﬂiqh
is a silicone polyner conprising |inear segnents represented by the 03
formula -Si (R 1) (R2)-O wherein R and R2 are nethyl or phenyl groups. 26.
The met hod of Cl aim 22 wherein said polyner dispersion is applied in

mul tiple steps.

30
24. The method of Claim 22 wherein said dispersion comprises a medium which is water.
25. The method of Claim 22 wherein said polymer impregnant is a silicone polymer comprising
linear segments represented by the formula -Si(R XR2)-O- wherein R| and R2 are methyl or phenyl

groups.

26. The method of Claim 22 wherein said polymer dispersion is applied in multiple steps.



