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FLAT CABLE

TECHNICAL FIELD

longitudinally extending electrical conductors arranged

to be made between pieces of electrical equipment. The
flat orientation of the conductors allows individual
conductors to be readily identified when connections are
being made or when end connectors are being attached.
Conventionally, flat cables are made by extruding the
insulating material onto the parallel conductors.
Conventional extrusion suffers from a number of
disadvantages, particularly where high performance
insulation is required, €.g. in the defence industry.
Firstly, extruded flat cables are very resistant to
bending in a direction parallel to the plane of the

cable. This makes it difficult to form conventional flat

that the flat cable must be routed in situ. It would be
desirable to be able to produce a flat cable construction

which could be bent in any direction, such as to allow the
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production of "drop-in" pre-configured wiring harnesses,
particularly where it is difficult to route cables in situ
due to restricted access or space limitations.

A second disadvantage is that such extruded
insulation material does not necessarily give the best
mechanical and electrical insulation properties. Also in
order to safeguard the integrity of the insulation, the
thickness of extruded insulation tends to be greater than,
for example, that of tape-wound insulation. Insulating
tapes can be processed, such as by pre-stretching in order
to provide the desired mechanical and electrical
properties.

It would therefore be desirable to provide a flat
cable'construction which mitigates some or all of these
disadvantages. )

US-A-3 582 537 discloses a woven ribbon cable wherein
a woven lattice structure holds a plurality of insulated
conductor wires in a given spaced parallel relationship
and has its warp and weft members bonded to each other at
the intersections thereof.

WO91/17551 discloses an electrical insulating
composite material comprising an intimate admixture of a
thermoplastic copolymer of tetrafluorocethylene and
perfluoro (propyl vinyl ether) and coagulated dispersion
type polytetrafluoroethylene (PTFE), or ofJEBrOus expanded
PTFE. Tape made from the composite matérfgi may ber -

wrapped around a conductor and sintered to fuse the -
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overlapping areas of the tape together.
US-A-3 654 381 discloses a flat cable woven with a

warp consisting solely of conductors. The weft threads

are woven directly into the conductors to form the final

woven cable.

SUMMARY OF THE INVENTION
The present invention provides a flat cable which

comprises a series of parallel longitudinally extending

electrical conductors arranged side-by-side, each
conductor having an electrically insulating covering, the
parallel conductors being held together by braiding
comprising at least one filament interwoven between the
conductors, wherein the braiding is thermoplastic and is
heat-bonded to the insulating covering on the conductors.

As used herein, the term "conductor" relates to a
single conductor or wire or a group of two or more
conductors or wires twisted together.

Whilst the electrically insulating covering can be
extruded onto each conductor, where thin high performance
insulations are required it is preferred to wrap one or
more léygrs of an insulating tape in a spiral manner
around the conductor. Preferably, the spirally wound
turns of tape overlap by-up to 50% of the width of the
tape in order to maintain integrity of the insulation.
Typically; from 1 t5 5, usually 2 or 3 layers of t;ge are

applied. The tape is preferably formed from a mixEure of
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polYtetrafluoroethylene (PTFE) and PFA copolymer of
tetrafluorcethylene (TFE) and perfluoro(propylvinylether)
(PPVE) as disclosed in our international application
PCT/GB91/00661. 1In particular, it is preferred that the
insulation shall be formed of alternating layers of porous
expanded material and non-porous material. Such tape wrap
constructions show good abrasion and cut-through
resistance and good electrical insulation properties,
whilst being of relatively low thickness, and thué
allowing compact cable constructions.

In an alternative embodiment, the insulating tape may
be a polyester film, such as Mylar (trademark), Melenex
(trademark), Hostaphan (trademark) or Milene (trademark).
Such films include a polyester base film with a heat
sealable thermoplastic polyester resin coating thereon
which may be fused at relatively low temperatureéhe.gu
200-210°C. The insulation is formed as before by
tape-wrapping the conductor and heating to adhere the tape

layers.
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Typically, the cable comprises 2 to 12, typically 6,

conductors. The conductors may comprise twisted pairs.

configuration. Usually, the braiding will comprise a
plurality of filaments, for example 2 to 25 filaments,
preferably 6 to 16 filaments. Typical braiding machines

apply 13 filaments.

particular, the braiding may be formed of the same or

electrical insulation) around the conductors. Thus, when

the insulating covering around the conductors 1s formed of

application, then the braiding is formed of the same or
similar adherable materijial. The material may be bonded to

itself by heating to a sintering temperature.
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In order to provide a braiding material of high
tensile strength, an expanded porous material of the type
disclosed in the international patent application
PCT/GB91/00661 may be used. Such porous expanded
materials may have a matrix tensile strength of up to
3515 kg/cmé (50,000 pounds per square inch), and are
preferably drawn down to form flat fibres. The matrix
tensile strength is defined as the tensile strength
divided by the porosity of the expanded porous material.

Analogously, if a polyester insulating material is
used on the conductors, the braiding is preférably formed
of the same material or a similar material which can be
adhered thereto under the effect of heat.

In this way, the flat cable may be bent into the
desired three-dimensional configuration, and théﬁ heat-set
by heating to a sintering or fusing temperature.

The braiding filaments are preferably in the form of
slit tapes of width 1 to 4 mm, and thickness 5 to 20
microns.

Alternatively, the braiding filaments may be in the
form of fibres or round monofilaments (such as nylon or
polyester).

- Preferably, the filaments are interwoven by passing a
filament over one conductor and under the adjacent
conductor. Altgrnatively,'groups of conductors, for
example 2 to 4 conductors twisted togethef:mmay be .,
interconnected by passing the filament over one group and

under the adjacent group.
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Thus, the present invention allows the production of
a flat cable which can be bent in any direction in three
dimensions so as to allow the pre-fabrication of a routed
wiring harness. The harness configuration may then be
heat-set. The flat cable construction allows both flat
and round terminal connectors to be used. The flat cable
is simply rolled up in a transverse direction if a
circular connector terminal is to be attached. A reduced
thickness of insulation may be used, leading to increased

signal density and reduced cable weight.

PREFERRED EMBODIMENT

An embodiment of the present invention will now be
described by way of example only in conjunction with the
drawing wherein:

Figure 1 shows a flat braided cable construction.

The figure shows a flat cable comprising six parallel
insulated conductors 1 to 6 which lie side-by-side in a
single plane, and which are held together by thirteen
strips of braiding 10 to 22 interwoven between the
conductors.
Each filament of braiding is woven over one conductor and
under the adjacent conductor.

Each conductor has an electrically insulating
covering 30 around it. Typically, the insulated covering
comprises a first layer of a spirally wound porous

expanded tape; a second layer of a non-porous spirally
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wound tape; and a third outer layer of a pPorous expanded
spirally wound tape. The tapes are wound in overlapping
(and possibly counter-rotatory) overlapping turns. The
porous and non-porous tapes are typically formed of a
composite material as disclosed in PCT/GB91/00661
(WO91/17551). The non porous material typically comprises
an intimate admixture ©f 5 to 40 wt.% of a thermoplastic
copolymer of tetrafluoroethylene and
perfluoro(propylvinylether) and 60 to 95 wt.% of
coagulated dispersion type polytetrafluorcethylene, the
composite material having been extruded and calendered to
form a tape. The porous expanded composite material
typically is formed of an intimate admixture of 50 to
S0 wt.% of a thermoplastic copolymer 6f
tetrafluorcethylene and perfluoro(propylvinyletﬁér) and 90
to 5 wt.% of polytetrafluoroethylene. Usually, the porous
expanded materlal comprises 50 to 95 wt.% of copolymer.

The filaments of braiding are formedlof'the same
porous expanded tape and have a width 2 mm and thickness
12 microns. The matrix tensile strength is 5624 to 7030
kg/cmz_(éo to 100,000 pounds per square inch). The

material is typically formed as Example 3 of W091/17551.

The flat cable as shown in Figure 1 may then be bent to -

shape in any direction. Due to the fact that the
conductors are held together by braiding, the conductors
gay move along side each other, thereby enabling the cable
to be bent in a direction parallel to the plane of .the -

flat cable. As shown in

- 454
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Filgure 1, in so doing the ends of the conductors become

displaced longitudinally relative to one another. Once

the cable has been formed into the desired configuration,
it may be heat-set by sintering, typically by heat

treating in air at 350°C for about 31 minute.

ln an alternative embodiment six twisted pairs of

insulated conductors are braided into a flat cable. The

conductor insulation is a heat-sealable polyester film and

the braiding is formed of the same polyester material,

which is heat-settable at about 200-210°c.

Other heat-settable insulating materials may be used

for the insulation and braiding, and the present invention

1s not limited to any particular material.



CLAIMS

1. A flat cable which comprises a series of parallel
longitudinally extending electrical conductors (1-6)
arranged side-by-side, each conductor having an
electrically insulating covering (30), the parallel
conductors being held together by braiding comprising at
least one filament (10-22) interwoven between the
conductors, wherein the braiding is thermoplastic and is

heat-bonded to the insulating covering on the conductors.

2. A cable according to claim 1 wherein the electrically

insulating covering is in the form of spirally wound

o .

overlappling tape.

3. A cable according to claim 2 wherein the insulating
covering comprises a mixture of polytetrafluoroethylene

(PTFE) and a copolymer of tetrafluoroethylene (TFE) and

perfluoro(propylvinylether) (PPVE).

4. A .cable according to claim 3 wherein the insulating

coverling comprises porous and non-porous tape formed from

said mixture.

—

5. A cable according to any preceding ciéim'whergﬁn the

braiding filament is in the form of a tape. s
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X




6. A cable according to any of claims 1 to 4 wherein the
braiding filament is in the form of a fibre or

monofilament.

7. A cable according to claim 6 wherein the braiding
filament is in the form of a PTFE fiber of substantially
round cross-section which has been formed from a
continuous sheet of PTFE which has been helically rolled

and adhered to itself.

8. A cable according to any preceding claim comprising a
plurality of conductors and a plurality of braiding
filaments, each filament passing over one conductor and

under an adjacent conductor.
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