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Description

This invention relates to electrical ribbon cable and
toa method of its production. Such ribbon cables are well
known and consist of a plurality of substantially parallel
electrical conductors disposed in a common plane and
insulated from each other by an insulating material.

Ribbon cables are used for a variety of applications
including, particularly, the interconnection of compo-
nents in electrical and electronic systems and subsys-
tems. Ribbon cables have significant advantages over
cables of circular cross-section having a plurality of indi-
vidually insulated electrical conductors housed in an an-
nular outer insulating sheath. For example, ribbon cables
take up less space, have greater flexibility and tend to
have improved electrical characteristics as compared
with similar cables of circular cross-section.

It has previously been proposed to manufacture rib-
bon cables by various techniques. In one previously pro-
posed method a thermoplastic insulant is extruded over
a plurality of electrical conductors as they are fed through
a profiled die. This method is only effective when resins
are used which are truly thermoplastic and can be proc-
essed through conventional thermoplastic processing
equipment. Such resins include, for example, polyvinyl
chloride, polyethylene and polyvinylfluoride.

In many applications, however, polytetra-fluoroeth-
ylene (PTFE) polymer is the desirable insulant for such
ribbon cable due to its ability to withstand high tempera-
tures, its low dielectric constant and its flexibility. PTFE,
however, cannot be processed by conventional thermo-
plastic techniques. One method used to make PTFE rib-
bon cable is described in our US Patent No. 3,082,292
and consists of laminating a number of electrical conduc-
tors, insulated or uninsulated, between two or more lay-
ers of unsintered PTFE tape. The lamination is effected
by passing the conductors and their associated PTFE
layers through a nip formed by a pair of profiled rolls. The
profiled rolls cause portions of the PTFE tapes on op-
posing sides of the conductors to be brought into contact
with each other at locations intermediate the conductors
in order to form webs therebetween. The product is sub-
sequently heat treated at a temperature above 327°C to
sinter the PTFE to coalesce at the webs. This process
has disadvantages in that, due to the necessity of form-
ing webs of significant extent between individual conduc-
tors, a ribbon cable cannot be produced which is as nar-
row in width as a ribbon cable produced by the above-de-
scribed process of thermoplastic extrusion. An additional
disadvantage of PTFE insulated cable as produced by
the method described in US Patent No. 3,082,292 is that
due to the intermediate webs, the cable cannot be
formed easily into bends in the plane of its width. This
formability is desirable to allow routing of the cable within
confined spaces.

EP-A- 0 257 855 discloses cable structure in round
or flat form characterized by a corrugated septum dis-
posed intermediate an inner and an outer sheath. The
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septum contacts the sheaths to define tubular envelopes
extending axially along the length of the cable. Each of
the envelopes is able to receive a predetermined number
of conductors. The sheaths and the septum are electri-
cally connectable to a ground potential so as to totally
electromagnetically isolate the conductors entirely along
their axial lengths.

An object of the present invention is to provide a
PTFE insulated ribbon cable in which the aforesaid dis-
advantages are obviated or mitigated.

The cable is formed by thermally bonding an array
of conductors separated by one or more layers of PTFE
containing insulating material. The insulating layers may
be of various configurations such that adjacent conduc-
tors may be separated by one, two or three layers of in-
sulating material.

According to the present invention there is provided
a method of producing an electrical ribbon cable, com-
prising the steps of:

providing a plurality of elongated electrical conduc-
tors;

arranging the conductors in side-by-side array;
arranging at least one sheet of insulating material
containing PTFE and a thermoplastic material to
pass between and separate said conductors; and
heating the insulating material to a level sufficient for
the thermoplastic material to melt sufficiently for
adjacent portions of said at least one sheet of insu-
lating material to coalesce to form at least one insu-
lating layer contiguous with and electrically insulat-
ing each conductor from an adjacent conductor.

Preferably, the insulating material is arranged be-
tween the conductors to space each conductor from an
adjacent conductor by a distance not greater than sub-
stantially three times the thickness of the sheet of insu-
lating material.

The sheet of insulating material may be threaded be-
tween adjacent conductors or groups thereof or each
conductor may be individually wrapped. Further sheets
of insulating material may be located on the faces of the
array of conductors.

By the term "PTFE-containing" as used herein in re-
lation to insulation is meant polytetrafluoroethylene mod-
ified by a thermoplastic inclusion. An example of such a
suitable material is described in our co-pending Interna-
tional Patent Application No. PCT/GB91/00661 filed 26
April 1991. Said insulating material comprises an admix-
ture of a thermoplastic copolymer of tetrafluoroethylene
and perfluoro (propyl vinyl ether) together with poly-
tetrafluoroethylene.

Embodiments of the present invention will now be
described, by way of example, with reference to the ac-
companying drawings, in which:-

Fig. 1 is a fragmentary perspective view of a first
embodiment of ribbon cable in accordance with the
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present invention prior to thermal treatment;

Fig. 2 is a diagrammatic cross-sectional view of the
ribbon cable of Fig. 1 being fed through the nip of
laminating rolls prior to heat treatment;

Fig. 3 is a cross-sectional view of a section of the
finished ribbon cable shown in Figs. 1 and 2;

Figs. 4 to 6 are diagrammatic illustrations of sections
of alternative embodiments of the present invention;
and

Fig. 7 is diagrammatic view of a configuration
assumed by ribbon cable according to the invention
after a moulding operation.

Referring to Figs. 1 to 3, a ribbon cable comprises
an array consisting of a plurality of elongated electrical
conductors 11, each conductor 11 consisting of seven
ropes of twenty four strands of 0.051 mm diameter bare
copper wire. Each conductor 11 is individually insulated
by insulation 12 from an adjacent conductor by being
wrapped in PTFE-containing insulating tape of 0.23 mm
thickness. The individually insulated conductors 11 are
then heat treated by passing them through a 3-metre
heated oven at a temperature of about 400°C and a
speed of 2.5 metres per minute to allow the insulation 12
to form a homogeneous layer contiguous with and close-
ly surrounding each conductor 11.

After cooling, the insulated conductors are then
combined with first and second carrier layers or sheets
13,14 of PTFE containing insulating tape. The layers 13,
14 are of substantially the same thickness as the insula-
tion 12. As can be seen from Fig. 1, the layer 13 is planar
and is located across the lower face of the array of con-
ductors 11. The layer 14 on the other hand is interwoven
in serpentine manner between adjacent conductors 11.
The combination of insulated conductors 11 and carrier
tapes 13,14 is then passed in tension through the nip of
co-operating upper and lower pressure rolls 15 and 16
which serve to laminate together the insulated conduc-
tors 11 and the tapes 13,14. As can be seen from Fig. 2
the surface of the upper roll 15 is smooth whereas the
surface of the lower roll 16 is profiled by the formation of
circumferential grooves each adapted to receive an in-
sulated conductor 11 in order to facilitate traction of the
assembly through the rolls.

After passing through the laminating rolls 15,16 and
while still being held in tension, the cable is heated to a
temperature in excess of 320°C which allows the ther-
moplastic phase in the PTFE-containing tape to melt suf-
ficiently to permit bonding between the carrier tapes
13,14 and the insulated conductors 11.

A section of the finished ribbon cable is illustrated in
Fig. 3and it willbe seen that each conductor 11 is spaced
from an adjacent conductor by a distance equivalent to
the thickness of the insulating layer 12 around each of
the conductors 11 together with the thickness of the in-
terwoven serpentine layer 14 i.e. substantially three
times the thickness of the insulating layer 12 around
each conductor
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After emerging from the rolls 15,16 the ribbon cable
assembly is passed through a 0.5 metre molten salt bath
at a temperature of 400°C and a line speed of 6 metres
per minute. The line tension is 2 pounds per square inch
(0.017 Nmm=2). The ribbon cable thus formed is then
cooled and washed in a water bath to remove excess
salt.

A ribbon cable produced as described above was
electrically tested and withstood 2.0 kV (AC) between
conductors and 2.0 kV (AC) between the conductors and
an electrode in contact with the outside of the cable.

The PTFE containing insulating layers described in
the above embodiment may or may not be sintered prior
to incorporation in the cable.

Fig. 4 illustrates a second embodiment of the
present invention and is similar in product and process
to that described in the first embodiment of Figs. 1 to 3
except that the planar layer or carrier tape 14 of that em-
bodiment is omitted. The cable comprises individually in-
sulated conductors 30 each having a surrounding indi-
vidual insulating layer 31. Between the insulated conduc-
tors 30 is interwoven a serpentine insulating layer 32.

Fig. 5 illustrates a third embodiment identical in
product and process to that of Figs. 1 to 3 except that a
serpentine insulating layer 40 is interwoven between
every second conductor 41 having individual insulating
layers 42. The conductors are thereby divided into
groups of two. A planar insulating layer 43 is provided
on the lower face of the assembly.

Fig. 6 illustrates a fourth embodiment in which an
array of non-insulated copper conductors 50 described
in relation to the embodiment of Figs. 1 to 3 are provided
with an interwoven serpentine insulating layer 51. Planar
insulating layers 52,53 are then applied to both the upper
and lower faces of the array of conductors 50. Otherwise
the product and process are similar to that described in
relation to the embodiment of Figs. 1 to 3.

It will be noted that in the embodiment of Fig. 7, each
electrical conductor 50 is spaced from its adjacent con-
ductor by a distance substantially equivalent to the thick-
ness of the serpentine insulating layer 51.

Fig. 7 illustrates one form of pre-set shape into which
ribbon cables according to the present invention can be
formed. A ribbon tape 70 produced in accordance with
the embodiment of Figs. 1 to 3 was laid in a channel of
the shape illustrated in Fig. 7 formed in a metal block.
Another metal block was laid on top of the cable to hold
it in the channel. The whole assembly was heated to
350°C in a hydraulic press and maintained at that tem-
perature for 5 minutes. After 5 minutes the assembly was
removed from the press and cooled under water. After
removal of the cable from the channel the cable re-
mained in its moulded shape.

It will be clear to those of skill in the art that the
above-described embodiments are merely exemplary of
the present invention, and that various modifications and
improvements may be made without departing from the
scope of the present invention; for example, by introduc-
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ing different strengths of carrier tapes as above de-
scribed, the ease of separation of the conductors may
be altered. Further, by introducing sections of higher
strength tapes at different points along the cable then a
cable can be made which has low strength and high
strength sections along its length which will be useful
when handling and terminating the cable.

Claims

1. A method of producing an electrical ribbon cable,
comprising the steps of:

providing a plurality of elongated electrical con-
ductors;

arranging the conductors in side-by-side array;
arranging at least one sheet of insulating mate-
rial containing PTFE and a thermoplastic mate-
rial to pass between and separate said conduc-
tors;

heating the insulating material to a level suffi-
cient for the thermoplastic material to melt suf-
ficiently for adjacent portions of said at least one
sheet of insulating material to coalesce to form
at least one insulating layer contiguous with and
electrically insulating each conductor from an
adjacent conductor.

2. The method of claim 1, wherein the insulating mate-
rial is arranged between the conductors to space
each conductor from an adjacent conductor by a dis-
tance not greater than substantially three times the
thickness of the sheet of insulating material.

3. The method of claim 1 or 2, wherein each individual
conductor is individually wrapped in PTFE contain-
ing insulating tape and is then heated sufficiently for
the tape to form a homogeneous layer around the
conductor.

4. The method of claim 1, 2 or 3, wherein the insulating
material is provided in the form of a first sheet and
the sheet is located between the conductors in a ser-
pentine arrangement interwoven between adjacent
conductors or groups thereof.

5. The method of claim 1, 2, 3 or 4, wherein the insu-
lating material is further provided in the form of a sec-
ond sheet and the second sheet is located on a face
of the array of conductors.

6. The method of claim 5, wherein the insulating layer
is further provided in the form of a third sheet and
the third sheet is located on the other face of the
array of conductors.

7. Themethod of any one of claims 1 to 6 wherein, prior
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to heating the insulating material, the insulating
material and the array of conductors are passed in
tension through the nip of co-operating pressure
rolls.

The method of any one of claims 1 to 7, wherein dur-
ing the heating of the insulating material the insulat-
ing material and the array of conductors are in ten-
sion.

The method of any one of the claims 1 to 8 and fur-
ther comprising the steps of:

arranging the cable in a configuration with at
least one bend in the plane of the width of the
array of conductors; and

heating the cable sufficiently for the thermoplas-
tic material to melt sufficiently for the insulating
material to flow and assume said configuration.

Patentanspriiche

Verfahren zum Herstellen eines elektrischen Band-
kabels, umfassend die Schritte:

Bereitstellen einer Mehrzahl von langgestreck-
ten elektrischen Leitern;

Anordnen der Leiter in einem Feld Seite an
Seite;

Anordnen mindestens eines Isoliermaterial-
blatts, welches PTFE und einen thermoplasti-
schen Stoff enthalt, in der Weise, daB es zwi-
schen den Leitern hindurchlauft und diese
trennt;

Erwarmen des Isoliermaterials auf einen Pegel,
der ausreicht, um den thermoplastischen Stoff
soweit anzuschmelzen, daB benachbarte
Abschnitte von dem mindestens einen Blatt aus
Isoliermaterial zusammenflieBen, um minde-
stens eine durchgehende Isolierschicht mit
einem benachbarten Leiter zu bilden, die auch
jeden Leiter von einem benachbarten Leiter
trennt.

Verfahren nach Anspruch 1, bei dem das Isolierma-
terial zwischen den Leitern derart angeordnet ist,
daf jeder Leiter von einem benachbarten Leiter mit
einem Abstand benachbart ist, der nicht gréBer als
etwa das Dreifache der Dicke des Isoliermate-
rial-Blatts ist.

Verfahren nach Anspruch 1 oder 2, bei dem jeder
individuelle Leiter einzeln mit einem PTFE-haltigen
Isolierband umwickelt und dann soweit erhitzt wird,
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daf das Band eine homogene Schicht um den Leiter
herum bildet.

Verfahren nach Anspruch 1, 2 oder 3, bei dem das
Isoliermaterial in der Form eines ersten Blatts vor-
liegt und das Blatt zwischen den Leitern in einer Ser-
pentinenanordnung gelegen ist, die zwischen
benachbarte Leiter oder Gruppen von Leitern einge-
webt ist.

Verfahren nach Anspruch 1, 2, 3 oder 4, beidem das
Isoliermaterial auf3erdem in der Form eines zweiten
Blatts vorgesehen ist, und das zweite Blatt sich auf
einer Seite des Leiterfeldes befindet.

Verfahren nach Anspruch 5, bei dem die Isolier-
schicht zusatzlich in Form eines dritten Blatts vorge-
sehen ist und das dritte Blatt sich auf der anderen
Seite des Leiterfeldes befindet.

Verfahren nach einem der Anspriiche 1 bis 6, bei
dem vor dem Erhitzen des Isoliermaterials letzteres
sowie das Leiterfeld unter Spannung durch den
Spalt von zusammenwirkenden Druckwalzen
gefiihrt werden.

Verfahren nach einem der Anspriiche 1 bis 7, bei
demwahrend des Erhitzens des Isoliermaterials das
Isoliermaterial und das Leiterfeld unter Spannung
gehalten werden.

Verfahren nach einem der Anspriche 1 bis 8,
gekennzeichnet durch die zusatzlichen Schritte:

Anordnen des Kabels in einer Konfiguration, in
der sich inder Ebene der Breite des Leiterfeldes
mindestens eine Biegung befindet; und

Erhitzen des Kabels soweit, daB es zum derart
starken Anschmelzen des thermoplastischen
Stoffs fuhrt, daB das Isoliermaterial flieBt und
die genannte Konfiguration annimmit.

Revendications

Procédé de production d'un céble électrique plat
comprenant les phases consistant a :

* préparer une pluralité de conducteurs électri-
ques allongés ;

» disposer les conducteurs en une rangée céte
acote ;

* disposer au moins une feuille d'une matiére
isolante contenant du PTFE et une matiére ther-
moplastique de maniére qu'elle passe entre les-
dits conducteurs et qu'elle les sépare ;

» chauffer la matiére isolante a un niveau suffi-
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sant pour que la matiére thermoplastique fonde
suffisamment pour que les parties adjacentes
de ladite au moins une feuille de matiére iso-
lante fusionnent pour former au moins une cou-
che isolante contigué a chaque conducteur et
qui isole électriquement chaque conducteur
d'un conducteur adjacent.

Procédé selon la revendication 1, dans lequel la
matiére isolante est disposée entre les conducteurs
de maniére & espacer chaque conducteur d'un con-
ducteur adjacent d'une distance non supérieure a
sensiblement trois fois I'épaisseur de la feuille de
matiére isolante.

Procédé selon la revendication 1 ou 2, dans lequel
chaque conducteur individuel est enveloppé indivi-
duellement dans un ruban isolant contenant du
PTFE et est ensuite chauffé suffisamment pour que
le ruban forme une couche homogéne autour du
conducteur.

Procédé selon larevendication 1, 2 ou 3, dans lequel
la matiére isolante est préparée sous la forme d'une
premiére feuille et la feuille est disposée entre les
conducteurs dans une disposition sinueuse intertis-
sée entre les conducteurs adjacents ou entre les
groupes de tels conducteurs.

Procédé selon la revendication 1, 2, 3 ou 4, dans
lequel lamatiére isolante est en outre préparée sous
la forme d'une deuxiéme feuille et la deuxiéme
feuille est placée sur une face de la rangée de con-
ducteurs.

Procédé selon la revendication 5, dans lequel la
couche d'isolant est en outre préparée sous laforme
d'une troisieme feuille et la troisieme feuille est pla-
cée sur l'autre face de la rangée de conducteurs.

Procédé selon I'une quelconque des revendications
1 a6, dans lequel, avant le chauffage de la matiére
isolante, on fait passer la matiére isolante et de la
rangée de conducteurs sous tension dans la zone
de serrage de rouleaux de pression coopérant entre
eux.

Procédé selon I'une quelconque des revendications
1 a 7, dans lequel, pendant le chauffage de la
matiére isolante, la matiére isolante et la rangée de
conducteurs sont en tension.

Procédé selon I'une quelconque des revendications
1 & 8 et comprenant en outre les phases consistant

a.

» disposer le cable dans une configuration pré-
sentant au moins un courbure dans le plan de
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la largeur de la rangée de conducteurs ; et

» chauffer le cable suffisamment pour que la
matiére thermoplastique fonde suffisamment
pour que lamatiére isolante flue et prenne ladite
configuration.
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