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(57) Abstract: Continuously transposed conductor
("CTC") cables arc described. A CTC cable may in-
clude a plurality of electrically insulated strands con-
nected in parallel at their ends. Additionally, each
strand fhay include one or more conductors and an ex-
truded insulation layer formed at least partially around
the one or more conductors.
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CONTINUOUSLY TRANSPOSED CONDUCTOR

TECHNICAL FIELD

[8601] Hmbodiments of the disclosure relate gencrally to continuously transposed

conductors and, more particularly, to continuously transpesed conduciors formed with

exiruded insulation materials.

BACKGROUND

{60921 Continuously transposed conductors (“CTCs™) or CTC cables inclhude a number of
multiple paraliel strands that are individoally insulated and formed into an assembly.
Typicatly, the strands of a CTC cable are formed into two Interposed stacks, and each strand
is transposed in turn to each position within the cable. Each strand may successively and
repeatedly take on each possible position within a cross-section of the CTC cable. CTC
cables are typically used to form windings in electrical devices, such as electrical

transformers,

[6663] The individual strands of a CTC cable are typically formed by applying one or
more insulating enamel coatings onto an elongated conductor. The traditional insulation for
cach strand is polyviny! acetate (“"PVA”), and the PV A is applied in successive {ayers as the
strand makes multiple passes through an enameling oven. EHach pass through the oven
facilitates cvaporation of solvents and curing of the PVA layer, and multiple passes are

required to achieve a desired gnamel film thickness and desired enamel properties.

{6004] The traditional method of emamelng individual strands for a CTC cable is
problematic for several reasons, Fisst, the cname] typically only contains between 15% and
23% solids by volume at the thme of application. In other words, 76% to 85% of the applied

material typically consists of solvent that is present only for the purpose of hiquefaction and
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transportation of the enamel. Conventional solvents are typically highly volatile materialy
that must be handled with care and disposed of in a mauner that satisfics environmental
repulations, The formed enamels are also often subject to environmental rogulations, which
contributes 1o higher disposal costs. Additionally, daring formation of an enamel layer,
significant heating energy is required to drive off the solvents from the enamel and to
crosslink the enamel to provide desired fival properties. Typically, only about 10% t0 13%
of the applied heat is actually used in the enamel curing process, resuliing in a relatively
energy inefficient process. The heat and time required to optimize the cvaporation rate
required to drive off the solvents from the enamel also imipairs wire line speed and the
resulting throughput of the enameling oven. Accordingly, there is an opportunity for

improved CTC cables.

BRIEF DESCRIPTION OF THE DRAWINGS

{6665 The detailed description is set forth with reference fo the. accompanying figures.
in the figures, the lefi-most digit(s) of a reference number identifies the figure in which the
reference number first appears, The use of the same reference numbers in different figures
indicates similar or identical items: however, various embodiments may utilize elements
and/or components other than those iltustrated in the figures. Additionally, the drawings are
provided to {llustrate example embodiments described herein and are not intended to limit the

scope of the disclosure.

{0006} FIG. 1 is a perspective view of an example CTC cable, according to an ilustrative

embodiment of the disclosure,

{6007] FIG. 24 is a cross-sectional view of an example CTC cable strand that includes

extruded insulation, according to an itlustrative embodiment of the disclosure.

[0668] FIG. 2B is a cross-sectional view of an example CTC cable strand that includes
extruded insulation formed over a base fayer, according to an illustrative embodiment of the

disclosure.
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106091 FIG. 2C is 3 cross-sectional view of an example CTC cable sirand that includes a
bond laver formed on extruded insulation, according to an illustrative embodiment of the

disclosure.

[8010] FIGS, 3A-3B illustrate example cross-sectional shapes of CTC strands that
inciude a plurality of joined conductors, according to various iflustrative embodiments of the

disclosure.

{6611 FIG. 4 illusirates a flow chart of an example method for forming a strand of a

CTC cable, in accordance with an Hiustrative embodiment of the disclosure.

10012} FIG. 5 iliustrates a flow chart of an example method for forming a C'TC cable, in

accordance with an illustrative embodiment of the disclosure.

DETAILED DESCRIFITON

(6613} Various embodiments of the present disclosure are directed to contitmously
transposed conductors (“CTCs™) and/or CTC cables in which one or more individually
insulated conductors or strands include an extruded insulation material. For example. a
strand may be formed with an extruded polymeric insufation, such as an extruded
thermoplastic material or another suitable extruded resin watevial. Fxtruded insulation
material(s) may be applied substantially free of solvents, thereby eliminating or reducing
environmental concerns associated with the use of solvents. Additionaily, it may not be
necessary fo heat cure certain extruded insulation material(s) to achieve cross linking or other
desired propertics. A desired thickness or build of extruded insulation materials can also be
achieved in fewer passes than conventional enamel insulation materials. For example, a
desived thickness may be achigved in a single pass. As a resuit, the energy required to form a
CTC strand may be lower than that required to produce a conventional enameled strand.

Additionally, CTC strands may be produced at a relatively higher production rate.

{80141 Embodiments of the disclosure now will be described more fully hereinafler with

reference 10 the accompanying drawings, ln which certain embodiments of the disclosuie are
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shown. This invention may, however, be embodied in many different forms and should not
be construed as Hmited 1o the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the imvention to.those skilled in the art. Like mumbers refer to like elemenis

throughout.

{0615] With reference to FIG. 1, a perspective view of an example CTC cable 100 is
illustrated in accordatce with an embodiment of the disclosure. The CTC cable 100 (also
referred to as a multiple parallel conductor cable) may be formed from a plurality of strands
105. In certain embodiments, the strands may be referred to as partial conductors for an
overall CTC structure.  Additionally, in certain embodiments, each strand may include a
single individually insulated conductor. In other embodiments, onc or more strands may
include a plurality of individuaily insulated conductors that have been bonded together. The
CTC cable 100 may be formed with any suitable namber of strands 105 as desired in various
embodiments. For example, the CTC cable may be formed with between approximately [ive

(5) and approximately eighty-five (83) strands.

[8016] As shown in FIG. 1, the strands 105 may be arranged into two stacks, such as
side-by-side stacks 110A, 110B. At least a portion of the strands 105 may then be fnterposed
between the two stacks 110A, 110B. For example, the strands 105 may be interposed such
that each strand successively and repeatedly takes on each possible position within a cross-
section of the CTC cable 100, Additionally, in certain embodiments, the plurality of strands
105 may be connected in parallel at their cnds. Optionally, a suitable separator 115 may be
positioned between the two stacks 116A, 110B. For example, a paper sirip may be positioned

between the fwo stacks 110A, 110B.

{6617] Bach strand (hereinafter referred o individually as strand {05) may include one or
more insulated conductors. The conductors may include any desired cross-sectional shape,
such as the illustrated approximately rectangular shapes. Additionally, according to an aspect
of the disclosure, at least a portion of the strands 105 may include an extruded insulation
material. In certain embodiments, a bond layer or bond coating may additionally be formed

ot a porsion or ail of the strands 1035, The bond layer(s) may facilitate future thermosetting of
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the strands 105, for example, when the CTC cable 100 is incorporated into an electrical

device.

[0613] The CTC cable 100 iljustrated in FIG. 1 may be suitable for incorporation into a
wide vartety of suitable ¢lectrical devices. For example, the CTC cable 100 may be suitable
for incorporation into an electrical transformer, an electric motor, an ¢lectric generator,
and/or any other rotating electric machine. Additionally, the CTC cable 100 described above
with referenice to FIG. 1 is provided by way of exanuple only. A wide variety of alternatives
could be made to the illustrated cable 100 as desived in various embodiments. For example, a
different number of strands, ditferent types of strands, and/or a ditferent strand configuration
may be formed. The present disclosure envisions various CTC cable strand constructions that

can be incorporated into a wide variety of different CTC cables.

[991%] FIGS. 2A-2C illustrate cross-sectional views of example CTC cable strands that
may be incorporated into CTC cables, such as the CTC cable 100 illusirated in FIG. 1. Each
of the example strands ilfustrated in FIGS. 2A-2C incorporate extruded insulation malcrial.
FIG. 2A ilustrates an example strand 200 in which an extruded insulation material is formed
directly on a conductor. FIG. 2B illustrates an example strand 228 in which one or more base
layers of insulating material are formed on a conductor, and an extruded insulation material is
formed over the ome or more base fayers. FIG. 2C illustrates an example strand 230 in which
an extruded insulation material is formed op a conductor, and a bond layer is formed on the
extruded insulation material. Fach of the example strands 200, 220, 250 are discussed in
greater detail below; however, it will be appreciated that other strand configurations may be

formed in addition to those.iliustrated in FIGS. 2A-2C.

169246 Turning first to FIG. 24, a cross-sectional view of a first example CTC cable
strand 200 is ilostrated.  The sirand 200 may include a conductor 205, and extruded
insulation material 210 may be formed arcund the conductor 205, The conductor 205 may be
formed from a wide variety of suilable materials and or combinations of materials. For
example, the conductor 205 may be formed from copper, aluminum, annealed copper,
oxygen-free copper, silver-plated copper, silver, gold, a conductive alloy, or any other
suitable elecirically conductive material.  Additionally, the conductor 205 may be formed

with any suitable dimensions and/or cross-sectional shapes. As shown, the conductor 203
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may have an approximately rectanguiar cross-sectional shape. However, the conductor 205
may be formed with a wide varicty of other cross-sectional shapes, such as a rectangular
shape (i, a rectangle with sharp rather than rounded comers), a square shape, an
approximately square shape, an elliptical or oval shape, etc. Additionally, as desired, the
conductor 205 may have comers that are rounded, sharp, smoothed, curved, angled,

truncated, or otherwise formed.

{0021}  In addition, the conductor 205 may be formed with any suitable dimensions. For
the illustrated rectangular conductor 205, the longer sides may be between approximately
0.05 inches (1,270 wm) and approximately 1.0 inches (25,400 um), and the shorter sides may
be between approximately 0.03 inches (762 pm) and approximately 0.50 inches {12,700 um).

ther suitable dimensions may be uvtilized as desired, and the described dimensions are

provided by way of example only.

[0022] A wide variety of suitable methods and/or techniques may he wtilized to form,
produce, or otherwise provide a conductor 205. In various embodiments, a conductor 205
may be formed via one or more drawing, rolling, and/or continuous extrusion processes. For
example, a conductor 205 may be formed by drawing an input material (e.g., a larger
conductor, rod stock, ete.} with one or more dies in order to reduce the size of the input
material to desired dimensions. As desired, one or more flatteners and/or rollers may be used
to modify the cross-sectional shape of the input material before and/or after drawing the input
material through any of the dies, In certain embodiments, a suitable rod mill or rod
breakdown machine may draw stock through one or more dies in order o reduce the
dimensions of the rod stock. As desired, one or more flatteners and/or rollers may be utilized
to flatten desired surfaces of the drawn material, As another example, a continuous extrusion
or conform machine may receive input material and process and/or manipulate the put
material 1o produce a desired conductor via extrusion. In other embodiments, a preformed
conductor may be obtained from an external source. As desired, one or more suitable
methods of work hardening may be applied to achieve desired tensile properiics of a
conductor. These methods may include, for example work hardening by bending a conductor

b3

aronad rollers, ¢ig.
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16623} in certain embodiments, the conductor 205 may be formed in tandem with the
application of insulation material onto the conductor. In other words, conductor formation
and application of insulation material (e.g., extruded insulation material, etc) may be
conducted in tandem. The processing and/or line speeds of the conductor formation devices
and the devices that apply insulation material(s) may be synchronized in order o facilitate the
tandem processing. As desived, this synchronization may assist in maintalning a desired
thickness of the insulation material(s); controlling the temperature of the conductor prior to,
during, and/or after application {(e.g., exirusion, c¢tc.) of the insulation material(s); and/or
achieving other desired characteristics associated with the strand 200, In other embodiments,
a conductor 2035 with desired dimensions may be preformed or obtained from an external
sowrce. Insulation material may then be applied or otherwise formed on the conductor 203 in

an off-line manner,

{3024] With continued reference to FIG. 2A, extruded insulation material 210 may be
formed around the conductor 205. An extrusion process may resuit in the formation of an
insulation layer from approximately 100% solid material. In other words, an extruded
insulation layer may be substantially free of any solvents. As a result, the application of an
extruded layer maj-* be less energy infensive than the application of conventional enamel
layers as there is no need to evaporate solvents. In certain embodiments, the extruded
insulation material 210 may be formed as a single layer. In other words, a single extrusion
step may he performed during formation of the extruded insulation material 210. In other
embodiments, the exiruded insulation material 210 may be formed via a plurality of extrasion
steps to include a plurality of layers. Auy number of layers may be utilized as desired, such
as two, three, four, or more layers. As desired, each layer may be formed from the same
material or, alternatively, af least two layers may be formed from different materials.
Additionally, as desired in certain embodiments, one or more other suitable materials may be
positioned between layers of extruded materials, such as adhesives, other insulation materials,

ete.

{0025} The extruded insalation material 210 included in an extruded layer may be formed
from a wide variety of suilable materials and/or combination of materials. In certain
embodiments, extruded insulation material 210 may be formed from one or more suitable

polymeric materials, thermoplastic resins or materials, and/or other suitable materdals. For
Y s
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example, the extruded insulation materjal 210 may be formed from and/or include at least one
of polvsul{one, polyphyenylsuifone (“PPSUY), polysulfide, polyphenylene suifide (“PPS™),
polyetherketone (“PEK”), polyether-ether-ketone (“PEEK?”), polvaryletherketone (“PAEK™),
polyamide etherketone, thermoplastic polyimide, aromatic polyamide, exinsded polyester,
extraded polyketone, eic. In certain embodiments, the extruded insulation material 210 may
be formed from or include a suitable fluoropolymer material, such as fluorinated ethylene
propylene (“FEP™), polvietrafluorosthylene (“PTFE” such as Teflon®, etc.), perfluoroatkoxy
alkane (“PFA™), and/or ethylene tetrafluoroethylene (“ETFE”).  In certain embodiments, the
extruded material may contain one or more thermoplastic resin materials {e.g., PEEK, PAEK,
glc) in combination with polytetrafluoroethylene (“PTPFE”) or another suitable
fluoropolymer. In various embodiments, the extruded insnlation material 216 may be formed
as a single material, a co-polymer, a blend of materials, or as any other suitable combination

of materiais.

{00261  The exiruded insulation material 210, or any given layer of the extruded insulation
material 210, may be formed with any suitable thickness as desired in various embodiments.
For example, a layer of extruded insulation material 210 may be formed with a thickness
between approximately 0.001 inches (25um) and approximately 0.090 inches (2286um). In
certain embodiments, a layer of extruded insulation material 210 may have a thickuess
between approximately 0.001 inches (25um) end approximately 0.030 inches (762umy).
Other thicknesses may be utilized as desired.  Additionally, in certain embodiments, the
extruded insulation material 210 may be formed to have a cross-sectional shape that is similar
to that of the underlying conductor 205. For example, if the conductor 205 has an
approximately rectangular cross-sectional shape, the extruded insulation material 210 may be
formed 1o have an approximately rectangular cross-sectional shape. In other embodiments,
the extruded insulation material 210 may be formed with & cross-sectional shape that varies
from that of the underlving conductor 205. As one non-limiting example, the conductor 205
may be formed with an elliptical cross~sectional shape while the extruded insulation material
210 is formed with an approximately rectangular cross-sectional shape. A wide variety of

other suitable configurations will be apprecigted.

16027) Int certain embodiments, extruded insulation material may be formed completely

around a sirand 200. In other embodiments, extruded insulation material may be formed
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partially around a strand 200. For cxample, extruded insulation material may be formed on
edges or surfaces of a sirand that may contact one or more adjacent strands when the strands

are incarporaied into a C'1'C cable or multiple paralic! conductor.

100628] Additionally, the strand 200 and/or a CTC cable that incorporates the strand 200
way bave a relatively high thermal index rating. In other words, the strand 200 or CTC cable
may be suitable for refatively continuous use at elevated temperatures without the insulation
breaking down. In cerfain cmbodiments, the strand 200 may have a thermal index rating of at
least approximatcly 2007 C, and therefore, be suitable for relatively comtinuous use at
temperatures up to approximately 2007 C without degradation of the insulation. in other.

mbodiments, the strand 200 may bave a thermal index rating of at least approximately 220°
C, approximately 230° C. approximately 240° C, or higher. Other suitable thermal index
ratings may be achieved with extruded insulation, such as a thermal index rating of at least
approximately 105° C, approximately 120° C, approximately 1506° C, approximately 175° C,
ete, Additionally, the terms relatively contimious use may refer 1o a suitable time period that
may be used totest the integrity of the strand 200, such as a time period of 1,000 hours, 5,000
iovrs, 20,000 hours or a time period determined from an applicable standard (e.g., ASTM
2307, etc.y. In an example test procedure, the strand 200 may be subjected fo an clevated
operating temperature for a given time period and, following the time period, the integrity of
the insulation {e.g., dielectric strength, partial discharge inception voltage, etc.) may be

tested.

[0029) Additionally, in certain embodiments, the extrusion process may be controlied
such that the extruded insualation material 210 has a relatively uniform thickness along a
longitudinal length of the strand 200. In other words, the extruded insulation material 210
may be formed with a concentricity that is approximately close 0 1.0, The concentricity of
the extruded insulation material 210 is the ratio of the thickness of the material to the thinness
of the material at any given cross-sectional along a Jongitudinal length of the strand 200. in
certain embodiments the extruded insulation material 210 may be formed with a concentricity
between approximately 1.1 and approximately 1.8. For example, the extruded insulation
material 218 may be formed with a concentricity between approximately 1.1 and

approximately 1.5 or a concentricity between approximately 1.1 and 1.3.
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[8838] Tni certain cmbodiments, the extruded insalation material 210 may be formed
directly on the conductor 205, In other words, the extruded insulation material 210 may be
formed on the underlving condactor 205 without the use of a bouding agent, adhesion
promoter, or adhesive layer. As desired, the temperature of the conductor 205 muy be
controlied prior to the application of the extruded insulation material 210 {o eliminate the
need for an adhesive layer. As a result, the extruded insulation material 210 may be bonded
to the conductor 205 without use of a separate adhesive. In other embodiments, one or more
other materials may be positioned between the extruded insulation material 210 and the
conductor 205. For example, an adhesive fayer, one or more base layers of iﬁsuia‘don
material, a semi-conductive layer, and/or another suitable {ayer may be positioned between

the conductor 205 and the extruded jnsulation material 210,

[6031] As discussed in greater detail below with reference to FiG. 2C, in certain
embodiments, a bond layer or bonding layer may be formed at least partially around the
extruded insulstion material 210. The bond layer may include any suitable material and/or
combipation of materials that facilitates thermosetting of the strand 200, Additionaily, as
discussed In greater detail below with reference to FIG. 2B, in certain embodiments, one or
more base layers of insulation material may be formed under the extruded insulation material
210. Indeed, a wide variety of suitable modifications may be made to the strand 200

Hustrated in FIG. 2.

{00323 Turning to FIG. 2B, anather exaraple CTC cable strand 220 is illustrated. In the
strand 220 of FIG. 2B, one or more base lavers of material 230 may be formed on a
conductor 225, and an extruded insulation material 235 may be formed over the one or more
base layers 230. The conductor 225 and the extraded insalation material 235 may be simifar
to those discussed above with reference to F1G. 2A. The base layer(s) 230 may include any
number of layers of suitable material, such as one or more layers of adhesive material, one or

more layers of polymeric insulation material, oue or more semi-conductive layers, sfc.

{68331 1n the event that the base layer(s) 230 include insulation material, a wide variety
of different types of non-extruded insulation materials and/or combinations of materials may
be utilized. Additionaily, any number of layers of insulation material may be utilized. In the

event that multiple layers are utilized, the tayers may be formed from the same material (or
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combination of materials) or, alternatively, at least two layers may be formed from different

materials.

{3034 In ceriain embodiments, the base layer(s) 230 wmay include one or more layers of
enamel. In other words, the strand 220 may include one or more layers of enamel formed on
the conductor 2235, and extruded insulation material 235 may be formed over the enamel.
However, even if enamel is utilized, in certain embodiments, the amount of enamel may be
fess than that atilized in conventional CTC cable strands. An enamel laver is typically
formed by applying a polymeric varaish to the conductor 225 and then baking the conductor
225 in a suitable enameling oven or furnace. Typically, the polymeric varnish includes
between approximately 12% and zipp.roximateﬁy 30% solid material {although other
percentages can be used) mixed with one or more solvents, Once the polymeric varnish is
applicd, the solvents are typically evaporated by an enameling oven. As desired, multiple
layers of enamel may be applied to the conductor 223 until a desired number of enamel coats

have been applied and/or until a desired enamel thickness or build has been achieved.

[G035] A wide variety of different types of polymeric materials may be utilized as desired
to {orm an enamel layer. - Bxamples of suitsble matevials include, but are not limited to,
polyvinyl  acetal-phenolic,  polyimide, polyamideimide, amideimide, polyester,
polyesterimide, polysulfone, polyphenylenesulfore, polysulfide, polyphenrylenesulfide,
polyetherimide, polvamide, etc. In certain embodiments, a polyimide-based waterial (e.g.,
polyimide, polvamideimide, etc.) may be utilized, as these materials typically have relatively
high heat resistance. Additionally, in certain embodiments, an ename! layer may be formed
as a mixture of two of more materials. Further, in certain embodiments, different enamcl

lavers may be formed from the same material(s) or from different materials.

{6636} in other embodiments, the base layer(s) 230 may include a suitable wrap or tape,
vk g ~ 1 St x aieh v . = 16y atl atorialce Y,

such as a polymeric fape, such as g pelyimide tape. As, additional materials or additives
{e.g., another polymeric material, etc.} may be incorporated into, embedded into, or adhered
to & tape. For example, a polyimide tape may include a fluorinated ethylenc propylene (FEP)
polymer layer (or FEP material) formed on one or both sides of the tape. Additionally, a tape
may include a wide variety of suitable dimiensions, such as sny suitable thickness andfor

widih,

11
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{0037} In yet other embodiments, the base layer(s) 230 may include one or mote semi-
conductive iayers.‘ Alternatively, semi~conductive material may be incorporated into an
extruded insulation fayer or formed on top of an extruded insulation layer. A semi-
conductive layer may be formed from a wide variety of suitable materials and/or
combinations of materials. In certain embodiments, a semi-conductive layer may be formed
from & material that combines one or more suitable filler materials with one or more base
materials. For exampie, semi-conductive and/or conductive filler material may be combined
with one or more suitable base materials. Examples of suitable filler materials include, but
are not Himited to, suitable inorganic materials such as metaliic materials and/or metal oxides
(e.g., 7inc, copper, aluminum, nickel, tin oxide, chromium, potassium titanate, etc.), and/or
carbon black: suitable organic materials such as polyaniline, polyacetylene, polyphenylene,
polypyrrate, other clectrically conductive particles; and/or any suitable combination of
materials. The paticles of the filler material may have any suitable dimensions, such as any
suitable diameters. In certain embodiments, the filler material may include nanoparticles.
Examples of suitable base materials may inchude, but are not limited to, polyvinyl acctal-
phenolic, polyimide, polyamideimide, amideimide, polyester, polyesterimide, polysuifone,
polyphienylenesutfone, polysulfide, polyphenylenesulfide, polyetherimide, polyamide, or any
other suitably stable high teraperature thermoplastic or other material.  Further, any suitable
hiend or mixture ratio between filler material and base material may be wtilized. For
example, the semi-conductive layer may include between approximately 3 percent and
approximately 20 percent filler material(s) by weight, although other concentrations may be
used (e.z., between approximately 5 percent and approximately 50 percent, between

approximately 7 percent and approximately 40 percent, ete.).

{0038 Additionally, a semi~conductive fayer may have any suitable thickness. In certain
embodiments, ong or more senii-conductive layers may be formed In a similar manner as an
enamel fayer. For example, a varnish including semi-conductive material may be applied,
and the varnish may be heated by one or more suitable heating devices, such as an enarmeling
oven. In other embodiments, one or more semi-conductive layers may be extruded. As a
resalt of incorporating a semi-conductive layer into a strand 220, it may be possible to
improve the performance of the strand 220. A semi-conductive laver may assist in equalizing
voltage stresses in the insulation and/or dissipating corona discharges at or near the conductor

225. This dissipation or bleeding off of corona discharges and/or cloctrical stresses may

s
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imiprove dielectric performance and/or increase the partial discharge inception voltage
(“PDIV*™) of the strand 220.

16835} Sinilar io-the extruded insulation material, application of one or more base layers
230 (e.g., an enamel layer, a semi-conductive layer, etc.) may be controfled to result in a
desired concentricity. For example, any base layer may have a concentricity between
approximately 1.1 and approximately 1.8, such as a concentricity between approximately 1.1
and approximately 1.5 or a concentricity between approximately 1.1 and 1.3. Additionally,
the combined layers formed on a strand may have a concentricity between approximatéiy [
and approximately 1.8, such as a concentricity between approximately 1.1 and approximately

1.5 or a concentricity between approximately 1.1 and 1.3.

{06846} Other embodiments may include any suitable combipation of cnamel, semi-
conductive layers, and/or tapes. Indecd, 2 wide variety of different base layer configurations
may be incorporated into CTC strands. Alternatively, as set forth above with reference to
FIG. 24, a strand may be formed without any base layers. Additionally, as desired, a suitable

bond layer may be formed at feast partially around a strand.

{0041} FIG, 2C illustrates yet another example CTC cable strand 250. In the strand 250
of FIG. 2C, extruded insulation material 260 may be formed around a conductor 235, and one
or more bond layers 265 may be formed on the extruded insulation material 260. As desired,
one or more base fayers {not shown)} could optionally be positioned between the extruded
insulation material 260 and the conductor 255, as discussed above with reference to FiG. 2B,
Additionally, the conductor 255 and the extruded insulation material 260 may be simiar to

those discussed above with reference to FIG. 2A.

{0642]  The bond layer(s) 2635 may inclade one or more layers of a suitable material that
facilitates thcnnosaiﬁng of a CTC strand 250, In any given CTC, approximately ninety
percent (90%) or morc of the strands may include a bond layer. A bond layer 265 may be
formed at least partially around a CTC strand 250. Additionally, a bond layer 265 may be
formed from a material that has a fower melt temperature than the primary insulation (e.g.,

the extruded insulation material) of the strand 250. In this regard, once a winding or other

wwva
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desired structure is formed from the CTC cable, the cable may be heated in such a manne

that the bond layer 265 is activated to assist in maintaining a desired structural shape.

[0043] A bond layer 263 may be formed from a wide variety of spitable materials and/or
combination of materials, It certain embodiments, the bond layer 268 may be formed ffom
an epoxy coating, hot melt adhesive, or any other suitable thermosetting material. Examples
of suitable materials that may be utilized to form a bond layer 265 include, but are not Himited
to, penoxy resin, cross-linking phenoxy, phenoxy associates, polysulfone, and/or similar
malerials.  Additionally, & bond layer 265 may be formed with any suitable thickness as
desired. For example, a bond layer may be formed with a thickness between approximately
0.0003 inches (13mm) and approximately 0.010 inches (254um). Other thicknesses may be

wtitized as destred.

[GB44] The strands 200, 220, 250 described above with reference to FIGS. 2A-2C are
provided by way of example only. A wide variety of alternatives could be made 1o the
Hustrated strands as desired in various embodiments. For example, as explained in greater
detail below with reference to FIGS. 3A-3B, a strand may be formed to include a pluratity of
conductors, Indeed, the present disclosure envisions a wide variety of suitable magnet wire

constructions.

EHIERY As a result of forming a CTC strand with extruded insulation material, ap amount
of solvent utifized in the construction of the strand may be reduced refative o conventional
enameled strands. In cerfain embodiments, the use of solvents may be substantiaily
eliminated. The reduction or elimination of solvents may minimize environmental impact, as
there is less need to dispose of solvent waste. Additionally, an amount of energy required to
form a strand may be reduced. As set forth above, traditional enameling processes are
relatively inefficient and require significant enerygy for heat curing. By contrast, an extrusion
process is more energy efficient, and therefore, potentially more cost effective. Thus, the
reduction or climination of enamel utitized to form a strand leads {o a more energy efficient

ProCess,

{0046} Additionaily, the use of extruded insulation yaterial may result in a CTC strand

]

and/or CTC cable that has relatively higher mechanical andfor electrical performance than
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conventional cnamcled sirands.  In certain embodiments, the use of extruded insulation
material may result in a strand having a relatively higher dielectric strenpth and/or partial
discharge inception veltage (“PDIV™).  Additionally, in certain embodiments, the use of
extruded insulation material may result in a strand that is celatively more durable
mechanically andfor relatively more resistant to mechanical stresses. I certain
embodiments, the use of extruded insulation materials may also result in a strand with a
thermal index rating that is relatively higher than conventional strands. Certain extruded
insulation materials may also be more resistant to ultraviolet (“UV?) light damage than

conventional enamel materials.

[0647] Additionally, in certain embodiments, strands that utilize extruded insulation may
be hydrolytically stable and resistant to oils and/or liquids {(e.g., transformer oil, cooling oils,
mineral oifs, etc). The strands may be capable of satisfying a wide variety of oil resistance
tests, such as the oi! bomb test set forth in the American Society for Testing and Materials
(“ASTM”) D1676-03 standard cntitled “Resistance to Insulating Liquids and Hydrolytic
Stability of Fitm-Insulated Magnet Wire” Under the test, a sirand is exposed to oil or
another Hauid at an elevated temperature {e.g., a temperatare of 150° C for approximately
2000 hours, etc.) in order 1o simulate actual use conditions and/or accelerated aging of the
strand.  After completion of the test, the strand is again tested for dielectric breakdown,

PDIV, and a visual inspection for cracking may be performed.

{0048} A strand with extruded insulation material may aiso be relatively flexible while
maintaining adhesion of the insulation layer(s}, thereby permitting the strand to be bent or
formed into relatively tight coils without the insulation cracking and/or scparating. The
strand ymay be capable of satisfying & wide variety of suitable flexibility test procedures, such
as the test procedure 3.3.6 set forth in the National Electrical Manufacturers Association
{(NEMA") MW 1000-2012 standard, Tn one example test, a specimen of a strand (e.g., a one
meter long sample, etc.) may be elongated by approximately 25%. The sample may then be
bent at ledst approximaﬁeijx 90° around a mandrel having a diameler of approximately 4.0
mm. After the bending, the sample may be inspected for cracks in the insulation.
Additionally, the sample may be tested for diclectric breakdown, PDIV, andfor other desired

performance characteristics.  Other mandrel diameters may be utilized as desired, such as
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other mandrel diameters specified by the MW 1000-2012 standard and/or any other relevant

standards.

[0345] A strand and/or CTC cable formed in accordance with embodiments of the
disclosure may be suitable for a wide variety of applications. For example, the strand may be
sutiable for use in transformers, motors, gencrators, and/or any other suitable electrical

devices that incorporate CTC windings.

{0050} Although the example strands 200, 220, 250 illustrated in FIGS. 2A-2C
incorporate a single conductor, in certain embodiments, a strand may include a plurality of
individually insulated conductors that are bonded together. FIGS, 3A-3B illustrate example
cross-sectional shapes of CTC strands that include a plurality of joined conductors, according
1o various illustrative embodiments of the disclosure. Turning first to FIG. 3A, a first
example CTC strand 300 is illustrated. The illustrated strand 300 includes two conductors
3054, 305B, and each conductor may be electrically isolated from the other conductor.

Additionally, the two conductors 305A, 305B may be bonded fogether.

{6651} As shown, respective insulation material may be formed around each of the two
conductors 305A, 305B. For example, first insulation material 310A may be formed around
the fivst conductor 305A, and second insulation material 3108 may be formed around the
sccond conductor 310B.  According to an aspect of the disclosure, the insulation material
may include extruded insulation material, although other materials (e.g., enamels. tapes,
semi-conductive materials, etc.) may also be incorporated into the insulation as desired.
Onee insulation has been formed around each conductor 3054, 3058, the two conductors
305A, 3058 may be joined together side by side with a suiitabiejoimng coating 315. A wide
variety of suitable materials and/or combination of materials may be utilized to form a joining
coating 315, These materials include, but are not limited to, epoxy materials, thermoplastic

resins, extruded materials, and/or adhesive materials.

{60521 In certain embodiments, the joining coating 315 may be formed between and/or
around the two conductors 305A, 305B. As shown, in other embodiments, the joining
coating 315 may be formed between and partially around (e.g., at least partially along the flat

sarfaces) the two conductors 3054, 3058, In yet other embodiments, the joining coating 315
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may be formed between the two conductors 305A, 305B. In yet other embodiments, a
separate joining coating may not be utifized. For example, when extruded insulation material
is formed; the extruded material may be formed between and around the conductors 303A,

305B in order to both individually inselate and join the conductors 3054, 305B.

{8053} F1G. 3B illustrates a second example CTC strand 320 that includes a plurality of
joined conductors. The strand 320 of FIG, 3B may be similar to that of FIG. 3A; however, in
the strand 320 of FIG. 3B, the two conductors 3254, 3258 may be positioned flat by flat
(e.¢., the conductors arc joined along the longer or flat edges) rather than side by side.
Similar to the strand 300 of FIG. 34, each conductor 3254, 3ZSB may include respective
insulation material 3304, 330B. Additionally, the two conductors may be joined together via
a suitable joiniug coating 335, Ag shown, the joining coating 335 may be positioned between
and around the two conductors; however, as set forth above, different joining coating
configurations may be utilized. In other embodiments, the two conductors 325A, 3258 may

be joined together without a separate joining coating.

{0854} Although the example strands 300, 320 fHustrated in FIGS. 3A and 3B depict two
conductor strands, in other embodiments, any desired number of conductors way be
incorporated into a strand. As a result of incorporating & plurality of conductors into a strand,
it may be possible to produce a CTC cable with a higher number of total conductors without

adding significant additional cost or requiring improved stranding equipment.

[0055] A wide variety of suitable methods and/or techniques may be utilized as desired to
produce a swand and/or a CTC cable in accordance with various embodiments. In
conjunciion with these manufacturing technigues, & wide variety of suitable equipment,
systems, machines, and/or devices may be utilized, FIG. 4 illustrates an example method 400
for forming 2 strand for use in a CTC cable. FIG. 5 illustrates an example method 300 for
forming a cable from a plurality of strands, such as a plurality of strands formed in
accordance with the method 400 illustrated in FIG. 4. Each of the methods 400, 500 are

discussed in greater detail below.

{0856} Turning to FIG. 4, the method 400 for forming a CTC strand may begin at block

405. At block 403, ong or more conductors may be provided for incorporation into a CTC
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strand. A wide variety of suitable techniques and/or a wide variety of suitable wire formation
systems may be utilized to provide the condactor(s). For example, at block 41 0, a eonductor
may be drawn from 2 suitable input material {(e.g., rod stock, a larger diameter conductor,
etc.). As desired, a rod mill, rod breakdown machine, wire drawing system, or other suitable
systern may be utilized to draw a conductor. Tn certain embodiments, the system may
receiving input material from a payoff or other suitable source and draw the input material
through one or more dies in order to reduce the size of the input material to desired
dimensions. Additionally, in certain embodinents, one or more flatteners and/or rollers may
be used to modify the cross-sectional shape of the input material before and/or after drawing
the input material through any of the dies. For example, rollers may be used to flatten one or

more sides of input material in order to form a rectangnlar wire.

6657} A wire drawing system may process either a singie conduactor or, alternatively,
multiple conductors utilizing paraliel wire lings. In certain embodiments, a wire drawing
systems may include any number of suitable capstans, dancers, and/or other devices that puil
the input material through the dies and/or rollers. As desired, any number of motors may be
utitized to power capstans, dancers, and/or other devices that exhibit a drawing force on the
input material and/or the conductor output by the wire formatjon system. Additionally, the
maotlors may be controlled by any number of suitable controllers and, as desired, synchronized
with other components of a CTC strand formation system {e.g,, components or systems that

form insulation material, etc.).

[B6058} As another example of providing a conductor, at block 415, a conductor may be
provided via a suitable contingous extrusion or conforn machine. For example, a conform
machine may receive rod stock {or ofher suitable inpat material) from a payoff or other
source, and the conform machine may process and/or manipulate the rod stock to produce a
desired couductor via extrusion. As desired, operation of the conform machine may be
synchronized with other components of a CIC strand formation system (e.g., insulation
forming components, ¢tc.) via one or more suitable controllers. Additionally, as desired, one
or more methods or techniques of work hardening may be applied to achicve desired tensile
properties of the conductof. For example, work hardening may be performed by bending a

conductor around rotiers and/or by applying similar techniques.
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[0835] As yet another example of providing a conductor, at block 420, a preformed
conducior may be provided or received from a suitable payoff or source. In other words, a
conductor may be preformed in an offline process or obtained from an external supplier.
Thus, it may not be necessary to provide a wire formation sysiem. The conductor may have

any suitable dimensions as specified for a desired magnet wire product.

0681 At block 425, which myay be optional in cerfain embodiments, one or more base
layers of matevial may be formed around the conductor. A wide variety of suitable types of
base layers may be formed as desired in various embodiments, such as one or more semi-
conductive layers, one or more tape layers, and/or one or move ename! layers. For example,
one or more {ayers of enamel may be formed on the conductor. In the event that one or more
base enamel layers are formed, a conductor may be passed through one or more enameling
ovens. In certain embodiments, one or more dies may be incorporated into the enameling
oven or provided prior to a canductor entering the oven, and varnish may be applied to the
conductor as it is passed through the die(s). In other embodiments, varnish may be dripped
onto the conductor either prior to or after the conductor enters the enameling oven. Afler
application of the vamish, the enaroeling oven may heat cure the varish and/or evaporate
any solvents mixed or blended with the varnish in order to complete the formation of an
ename! fayer. The process for applying an enamel Jayer to the conductor may be repeated as

many times as desired in order to obtain a desired enamel build thickness.

{8061} As another exaﬁpie of forming a base layer, one or more semi-conductive layers
that include semi-conductive and/or conductive material may be formed on the conductor. In
certain embodiments, a semi~conductive layer may be formed in a similar manner to an
enamel fayer, In other embodiments, a semi~conductive layer may be extruded onto the
conductor. As yet another exampie of forming a base layer, at least one tape ot wrap may be

formed around the conductor via a suitable tape applicaior.

[6062] In certain embodiments, once a conductor is provided {e.g., provided via a wire
formation system, provided via a conform process, etc.), the conductor may be passed
through any number of other components prior to reaching a downstream system that forms
insulation {e.g., a system that forms a base layer, an extrusion system, etc.). For example, the

conductor may be passed through one or more cleaning apparatus and/or an anncaler. The
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cleaning apparatus may wipe or otherwise remove restdual pasticles from the conductor
following the drawing or conform process. The annealer may soften the conductor by heat

treatment in order to achieve desired tensile strength, elongation, and/or spring back.

16663} According to an aspect of the disclosure, at feast one layer of extruded material
may be formed on a conductor, At block 430, the temperature of the conductor may be
controlled prior to the extrusion process. For example, the conductor may be passed through
one or more heating devices in order to attaln g desired temperature prior to the extrusion
process. The heating devices may nclude any suitable devices configured 1o increase ot raise
the temperature of the conductor, such as one or more heating coils, heaters, ovens, ete. As
necessary, oné or more cooling devices may also be ufilized. The temperaturc of the
conductor may be adjusted or controlled to achieve a wide variely of suitable values prior to
extrusion. For exampie, in certain embodiments, the ttmperamré may be controfled to
approximately 200° C or greater prior to exirusion. As another example, tempcerature may be
controlled to approximately 380° C or greater prior to extrusion. Controlling or maintaining
the temperature at this level may facilitate adhesion between the extruded material and the
undetling conductor or base layer(s). In this regard, the use of a separate adhesive layer may

be avoided.

{0064} Polymeric material may be extruded onto the conductor at block 435, As desired,
a single extruded layer or maltiple extruded layvers may be formed. A wide variety of suitable
extrusion devices may be configured to extrude polymeric insulation material. These devices
may include any number of suitable extrusion heads and/or other devices configured to apply
a desired amount of material. As desired, the flow rates of the extruded material may be
conirolicd in order to obtain a desired thickness. Additionally, in certain embodiments, one
or more extrusion dies may be utilized to control the thickness and/or shape of the extruded
insulation. In embodiments in which a CTC strand includes a plurality of conductors,
exiruded material may be either separately formed on each of the conductors or, alternatively,

extruded between and at feast partially around the phurality of conductors.

[B§165] At block 449, the temperature of the conductor and associated extruded insulation
may be controlled following the extrusion process. in cerfain embodiments, the extruded

insulation may be heated following extrusion. This heating may maintain a desired post-
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extrusion tewmperature gnd/or assist in attaining a desired crystailinity. Additionally, in
certaln embodiments, the process of cooling the extruded insulation prior to taking up the
finished strand may be controlled, for example, with a lquid bath. As desired, the
temperaiure of the lguid in a liguid bath may be controlled via recycling liquid.
Additionaliy, the cooling rate may be controlied as a function of controliing the lquid
temperature and/or establishing a desiréd iength of the guencher. Conﬁrolfing the cooling rate
of the extruded insulation may also assist n achieving desirable characteristics, such as a

desired crystaliinity.

18066} At block 445, a bond layer may optionally be formed on the strand. For example,
one or more digs may be utilized to apply a hond material to the conductor. In certain
embodiments, the bond material may be applied in a Hquid form, and the strand may be
cooled int order to solidify the bond material. In this regard, the strand may later be heated in

ordet to-activate the bond material. The wmethod 400 may then end following block 445.

{0067} As desired in various embodiments, a plurality of the operations involved in
forming 2 strand may be pecformied in a tandem or continuous manner. For example, a
conductor may be drawn or otherwise provided, and one or more fayers of insulation {e.g., a
base layer, an extruded layer, etc.) may be formed in a tandem manner, Alternatively, a
conductor may be taken up between one or more operations of the strand formation process.
To the extent that operations are formed ¥n a tandem manger, one or more synchronization
devices may be utilized, such as capstans, dancers, flyers, load cells, and/or various
combinations thercof. Additionally, as desired In various embodiments, the synchronization
device(s) may be controlied by one or more suitable controllers (e.g., programmable fogic
controliers, computers, microcontroliers, servers, other computing devices, ete.) in order (o

match or approximately match an operational speed of the tandem processes and/or devices.

{6668) Turning now to FIG. 5, an cxample method 500 for forming a CTC cable from a
plurality of strands is itlustrated. The method 500 may begin at block 505, At block 305, a
plurality of strands may be provided. In certain cmbodiments, each of the strands may
include extruded insulation waterial formed on one or more associated conductors.  For

example, cach of the strands may be formed in accordance with the method 400 of FIG. 4.
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{8069) At block 510, the provided strands may be arranged into two stacks, and at least a
portion of the strands may be interposed between the two stacks in order to form a CTC
cable. Optionally, a suitable separator,. such as a paper strip, may be positioned between the
two stacks. For example, the strands may be interposed such that each strand successively
and repeatedly takes on each possible position within a cross-section of the CTC cable.
Additionally, in certain embodiments, the plurality of strands may be connected in parailel at
their ends. A wide variety of suitable CTC stranding devices and/or systems may be utifized
to form the CTC cable from the strands. For example, a wide variety of commercially

available stranding devices may be utilized.

{6070} Additionally, in certain embodiments, the formation of a plurality of strands and
the formation of a CTC cable from the strands may be formed in 2 tandem process. In other
embodiments, the formation of the strands and the CTC cable may be formed in separate
offline processes. For example, formed strands may be accumulated and taken up, and the

strands may subsequently be provided to a CTC stranding device to form a CTC cable.

{0071} At block 515, a wide variety of suitable configurations may be formed utilizing
the CTC cable or the interposed strands. For example, a suitable winding may be formed for
a transformer, motor, or generator. Typically, the winding is formed in an offline manner
subsequent to the formation of the CTC cable. For example, a CTC manufacturer tmay form
the CTC cable, and the cable may be shipped to a transformer or motor manufacturer that
subsequently forms a suitable winding. Optionally, once the winding is formed, the CTC
cable may be beated in order to activate the bond layers incorporated into the CTC cable.

The method 500 may end following block 515.

{0072} The operations described and shown in the methods 500, 600 of FIGS. 5 and 6
may be carricd out or performed in any suitable order as desired in various embodiments.
Additionally, in certain embodiments, at {oast a portion of the operations may be carried ouwt
in paraliel. Furthermore, in certain embodiments, fess than or more than the operations

described in FIGS. § and 6 may be performed.

{6873} Conditional language, such as, among others, “can,” “could,” “might,” or *may,”

unless specifically stated otherwise, or otherwise understood within the context as used, i3

)
-]



CA 02946381 2016-10-19

WO 2015/164557 PCT/US2015/027207

generally intended 10 convey that certain embodiments could include, while other
embodiments do not include, certain features, elements, and/or operations. Thus, such
conditional language IS not generally intended to imply that features, elements, and/or
operations are in any way requited for one or more embodimonts or that one or more
embodiments necessarify inchude logic for deciding, with or without user iput or prompting,
whether these features, clements, and/or operations are included or are to be performed i any

particular embodiment.

{6074}  Many modifications and other embodiments of the disclosure set forth herein will
be apparent having the benefit of the teachings presented in the foregoing descriptions and
the associated drawings. Therefore, it is to be understood that the disclosure is not to be
timited 1o the specific cmbodiments disclosed and that modifications and other cmbodiments
are intended 1o be included within the scope of the appended claims. Aithough specific ferms
are employed herein, they are used in a generic and descriptive sense oaly and not for

purposes of limitation,

]
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CLAIMS
That which is claimed:
1. A continuously transposed conductor (CTC) cable comprising:

a plurality of electrically insulated strands connected in parallel at their ends, each strand
comprising:

a conductor;

and an extruded insulation layer formed at least partially around the conductor, wherein
the extruded insulation layer is substantially free of solvents.

2. The cable of Claim 1, further comprising a bond layer formed on the extruded insulation layer,
the bond layer having a lower melt temperature than the extruded insulation layer.

3. The cable of Claim 2, wherein the bond layer is formed at least partially around the
conductor.

4. The cable of Claim 1, wherein the plurality of electrically insulated strands are formed into two
interposed stacks, each strand successively and repeatedly taking on each possible position
within a cross-section of the CTC cable.

5. The cable of Claim 1, wherein the extruded insulation layer is extruded directly on the
conductor.

6. The cable of Claim 1, wherein the extruded insulation layer comprises one or more polymeric
insulation materials.

7. The cable of Claim 1, wherein the extruded insulation layer comprises at least one of (i)
polysulfone, (i) polyphenylsulfone, (iii) polysulfide, (iv) polyphenylenesulfide, (v)
polyetherketone, (vi) polyaryletherketone, or (vii) polyamide etherketone.

8. The cable of Claim 1, wherein the extruded insulation layer is resistant to oil.

9. The cable of Claim 1, wherein the extruded insulation layer has thermal index rating of at
least 105°C.
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10. The cable of Claim 1, wherein the extruded insulation layer has thermal index rating of at
least 200°C.

11. The cable of Claim 1, wherein the extruded insulation layer is between 0.001 inches and
0.030 inches thick.

12. The cable of Claim 2, wherein the bond layer is between 0.0005 inches and 0.010 inches
thick.

13. The cable of Claim 2, wherein the bond layer comprises one of (i) phenoxy resin, (ii) cross-
linking phenoxy, (iii) phenoxy associates, or (iv) polysulfone.

14. The cable of Claim 1, wherein the plurality of electrically insulated strands comprises
between 5 and 85 strands.

15. The cable of Claim 1, wherein at least one of the plurality of electrically insulated strands
comprises a plurality of conductors.

16. The cable of Claim 1, wherein each conductor comprises a substantially rectangular cross-
section.

17. A method for forming a continuously transposed conductor (CTC) cable, the method
comprising:

forming a plurality of electrically insulated strands, wherein each strand is formed by:
providing a conductor; and

extruding an insulation layer at least partially around the conductor, wherein the
extruded insulation layer is substantially free of solvents; and

arranging the plurality of strands into two interposed stacks such that each strand
successively takes on each possible position within a cross-section of the CTC.

18. The method of Claim 17, wherein forming the plurality of electrically insulated strands further
comprises forming a bond layer on the extruded insulation layer of each conductor, the bond
layer having a lower melt temperature than the extruded insulation layer.
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19. The method of Claim 18, wherein forming the bond layer comprises forming the bond layer
comprising at least one of (i) phenoxy resin, (ii) cross-linking phenoxy, (iii) phenoxy associates,
or (iv) polysulfone.

20. The method of Claim 17, wherein extruding the insulation layer comprises extruding one or
more polymeric insulation layers.

21. The method of Claim 17, wherein extruding the insulation layer comprises extruding at least
one of (i) polysulfone, (ii) polyphenylsulfone, (iii) polysulfide, (iv) polyphenylenesulfide, (v)
polyetherketone, (vi) polyaryletherketone, or (vii) polyamide etherketone.

22. The method of Claim 17, wherein extruding the insulation layer comprises extruding the
insulation layer between 0.001 inches and 0.030 inches thick.

23. The method of Claim 18, wherein forming the bond layer comprises forming the bond layer
between 0.0005 inches and 0.010 inches thick.

24. The method of Claim 17, wherein forming the plurality of strands comprises forming
between 5 and 85 strands.

25. An electrical device comprising:

at least one winding of a multiple parallel conductor cable, the multiple parallel conductor cable
comprising:

a plurality of electrically insulated strands connected in parallel at their ends, each strand
comprising:

(i) a conductor, and

(i) an extruded insulation layer formed at least partially around the conductor, wherein
the extruded insulation layer is substantially free of solvents.

26. The electrical device of Claim 25, wherein at least one strand further comprises an epoxy
layer formed on the extruded insulation layer, the epoxy layer having a lower melt temperature
than the extruded insulation layer.
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27. The electrical device of Claim 25, wherein the electrical device comprises an electrical
transformer.

28. The electrical device of Claim 25, wherein the electrical device comprises an electric motor
or generator.

29. A continuously transposed conductor cable comprising:

a plurality of electrically insulated strands arranged in two stacks with the plurality of
strands successively transposed between the two stacks, each strand comprising:

an electrically conductive core; and

an extruded insulation layer substantially free of solvents formed directly on and at least
partially around the conductive core.

30. The cable of claim 29, further comprising:

a bond layer formed on the extruded insulation layer of at least one strand, the bond
layer having a lower melt temperature than the extruded insulation layer.

31. The cable of claim 30, wherein the bond layer is formed at least partially around the
extruded insulation layer.

32. The cable of claim 29, wherein the extruded insulation layer comprises one or more
polymeric insulation materials.

33. The cable of claim 29, wherein the extruded insulation layer comprises at least one of (i)
polysulfone, (i) polyphenylsulfone, (iii) polysulfide, (iv) polyphenylenesulfide, (v)
polyetherketone, (vi) polyaryletherketone, or (vii) polyamide etherketone.

34. The cable of claim 29, wherein the extruded insulation layer is resistant to oil.

35. The cable of claim 29, wherein the extruded insulation layer has thermal index rating of at
least 105° C.

36. The cable of claim 29, wherein the extruded insulation layer has thermal index rating of at
least 200° C.
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37. The cable of claim 29, wherein the extruded insulation layer is between 0.001 inches and
0.030 inches thick.

38. The cable of claim 30, wherein the bond layer is between 0.0005 inches and 0.010 inches
thick.

39. The cable of claim 30, wherein the bond layer comprises one of (i) phenoxy resin, (ii) cross-
linking phenoxy, (iii) phenoxy associates, or (iv) polysulfone.

40. The cable of claim 29, wherein the plurality of electrically insulated strands comprises
between 5 and 85 strands.

41. The cable of claim 29, wherein at least one of the plurality of electrically insulated strands
comprises a plurality of electrically conductive cores.

42. The cable of claim 29, wherein each electrically conductive core comprises a substantially
rectangular cross-section.
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