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Description

Reference to Related Application

[0001] This is a Continuation-In-Part of U.S. Patent Ap-
plication Number 09/822,550, filed March 30, 2001.

Field of the Invention

[0002] This invention relates to multiple wire cables,
and more particularly to small gauge coaxial wiring.

Background and Summary of the Invention

[0003] Certain demanding applications require minia-
turized multi-wire cable assemblies. To avoid undesira-
bly bulky cables when substantial numbers of conductors
are required, very fine conductors are used. To limit elec-
trical noise and interference, coaxial wires having shield-
ing are used for the conductors. A dielectric sheath sur-
rounds a central conductor, and electrically separates it
from the conductive shielding. A bundle of such wires is
surrounded by a conductive braided shield, and an outer
protective sheath.
[0004] Some applications requiring many different
conductors prefer that a cable be very flexible, supple,
or "floppy." In an application such as a cable for connec-
tion to a medical ultrasound transducer, a stiff cable with
even moderate resistance to flexing can make ultrasound
imaging difficult. However, with conventional approaches
to protectively sheathing cables, the bundle of wires may
be undesirably rigid.
[0005] In addition, cable assemblies having a multitude
of conductors may be time-consuming and expensive to
assemble with other components. When individual wires
are used in a bundle, one can not readily identify which
wire end corresponds to a selected wire at the other end
of the bundle, requiring tedious continuity testing. Nor-
mally, the wire ends at one end of the cable are connected
to a component such as a connector or printed circuit
board, and the connector or board is connected to a test
facility that energizes each wire, one-at-a-time, so that
an assembler can connect the identified wire end to the
appropriate connection on a second connector or board.
[0006] A ribbon cable in which the wires are in a se-
quence that is preserved from one end of the cable to
the other may address this particular problem. However,
with all the wires of the ribbon welded together, they resist
bending, creating an undesirably stiff cable. Moreover, a
ribbon folded along multiple longitudinal fold lines may
tend not to generate a compact cross section, undesira-
bly increasing bulk, and may not provide a circular cross
section desired in many applications. EP 0 136 040 A2
describes an arrangement in which a ribbon cable is fold-
ed and surrounded by an insulating jacket. EP 0 734 096
A2 discloses a heat-shrinkable shielded tube in which an
electromagnetic wave shielding material is inserted into
a heat-shrinkable tube. Electrical wires to be shielded

are inserted into the tube and upon heating, the tube
tightly engages the wires and provides electrical shield-
ing. WO 02/080198 A1 published after the present priority
date describes a flexible interconnect cable with ribbon-
ized ends as shown in Figure 1
[0007] The present invention provides a method of
manufacturing a cable assembly according to claim 1.
Preferred aspects of the invention are provided according
to the dependent claims.

Brief Description of the Drawings

[0008]

Figure 1 is a perspective view of a cable assembly.
Figure 2 is a perspective view of wiring components
according to the assembly of Figure 1.
Figure 3 is an enlarged sectional view of an end por-
tion of a wiring component according to the assembly
of Figure 1.
Figure 4 is an enlarged sectional view of the cable
assembly according to the assembly of Figure 1.
Figure 5 is an enlarged sectional view of the cable
assembly in a flexed condition according to the as-
sembly of Figure 1.
Figure 6 is a simplified side view of a first process in
a method of manufacturing a cable assembly.
Figures 7A and 7B are cross sectional views of a
cable sheath component.
Figure 8 is a side view of a cable assembly in a se-
lected stage of manufacturing.
Figure 9 is a side view of a cable assembly in a se-
lected stage of manufacturing.
Figure 10 is a side view of a cable assembly in a
selected stage of manufacturing.
Figure 11 is a side view of a cable assembly after
manufacturing.

Detailed Description of a Preferred Embodiment

[0009] Figure 1 shows a cable assembly 10 having a
connector end 12, a transducer end 14, and a connecting
flexible cable 16. The connector end and transducer ends
are shown as examples of components that can be con-
nected to the cable 16. In this example, the connector
end includes a circuit board 20 with a connector 22 for
connection to an electronic instrument such as an ultra-
sound imaging machine. The connector end includes a
connector housing 24, and strain relief 26 that surrounds
the end of the cable. On the opposite end, an ultrasound
transducer 30 is connected to the cable.
[0010] The cable 16 includes a multitude of fine coax-
ially shielded wires 32. As also shown in Figure 2, the
wires are arranged into groups 33, with each group hav-
ing a ribbonized ribbon portion 34 at each end, and an
elongated loose portion 36 between the ribbon portions
and extending almost the entire length of the cable. Each
ribbon portion includes a single layer of wires arranged
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side-by-side, adhered to each other, and trimmed to ex-
pose a shielding layer and center conductor for each wire.
In the loose portion, the wires are unconnected to each
other except at their ends.
[0011] The shielding and conductor of each wire are
connected to the circuit board, or to any electronic com-
ponent or connector by any conventional means, as dic-
tated by the needs of the application for which the cable
is used. The loose portions 36 of the wires extend the
entire length of the cable between the strain reliefs,
through the strain reliefs, and into the housing where the
ribbon portions are laid out and connected.
[0012] The ribbon portions 34 are each marked with
unique indicia to enable assemblers to correlate the op-
posite ribbon portions of a given group, and to correlate
the ends of particular wires in each group. A group iden-
tifier 40 is imprinted on the ribbon portion, and a first wire
identifier 42 on each ribbon portion assures that the first
wire in the sequence of each ribbon is identified on each
end. It is important that each group have a one-to-one
correspondence in the sequence of wires in each ribbon
portion. Consequently, an assembler can identify the nth
wire from the identified first end wire of a given group "A"
as corresponding to the nth wire at the opposite end rib-
bon portion, without the need for trial-and-error continuity
testing to find the proper wire. This correspondence is
ensured, even if the loose intermediate portions 36 of
each group are allowed to move with respect to each
other, or with the intermediate portions of other groups
in the cable.
[0013] Figure 3 shows a cross section of a represent-
ative end portion, with the wires connected together at
their outer sheathing layers 44 at weld joints 46, while
the conductive shielding 50 of each of the wires remains
electrically isolated from the others, and the inner dielec-
tric 52 and central conductors 54 remain intact and iso-
lated. In alternative embodiments, the ribbon portions
may be secured by the use of adhesive between abutting
sheathing layers 44, by adhesion of each sheathing layer
to a common strip or sheet, or by a mechanical clip.
[0014] Figure 4 shows the cable cross section through-
out most of the length of the cable, away from the ribbon
portions, reflecting the intermediate portion. The wires
are loosely contained within a flexible cylindrical cable
sheath 60. As also shown in Figure 1, a conductive braid-
ed shield 62 surrounds all the wires, and resides at the
interior surface of the sheath to define a bore 64. Return-
ing to Figure 4, the bore diameter is selected to be some-
what larger than required to closely accommodate all the
wires. This provides the ability for the cable to flex with
minimal resistance to a tight bend, as shown in Figure 5,
as the wires are free to slide to a flattened configuration
in which the bore cross section is reduced from the cir-
cular cross section it has when held straight, as in Figure
4.
[0015] In the preferred embodiment, there are 8 groups
of 16 wires each, although either of these numbers may
vary substantially, and some embodiments may use all

the wires in a single group. The wires preferably have an
exterior diameter of .016 inch, although this and other
dimensions may range to any size, depending on the
application. The cable has an overall exterior diameter
of the jacket portion 60 of .330 inch and the sheath has
a bore diameter of .270 inch. As the loose wires tend to
pack to a cross-sectional area only slightly greater than
the sum of their areas, there is significant extra space in
the bore in normal conditions. This allows the wires to
slide about each other for flexibility, and minimizes wire-
to-wire surface friction that would occur if the wires were
tightly wrapped together, such as by conventional prac-
tices in which a wire shield is wrapped about a wire bun-
dle. In the preferred embodiment, a bend radius of .75
inch , or about 2 times the cable diameter, is provided
with minimal bending force, such as if the cable is folded
between two fingers and allowed to bend to a natural
radius. Essentially, the bend radius, and the supple lack
of resistance to bending is limited by little more than the
total bending resistance of each of the components. Be-
cause each wire is so thin, and has minimal resistance
to bending at the radiuses on the scale of the cable di-
ameter, the sum of the wire’s resistances adds little to
the bending resistance of the sheath and shield, which
thus establish the total bending resistance.

METHOD OF MANUFACTURING

[0016] Figure 6 shows a sheath manufacturing facility
70 including a shield braiding or weaving machine 72 and
an extruder 74. A nylon core tube 76 with a smooth ex-
terior surface with a diameter of 0.250 inch has a bore
diameter of 0.200 inch. The core tube may be of any of
a wide range of alternative materials, and may have a
solid core. The tube is fed into the braiding machine,
which wraps fine conductive metal strands 80 about the
tube to form the shield 62. Thus wrapped, the shielded
core is fed into the extruder 74, which extrudes the sheath
60 about the shielded core tube to form a resulting sheath
component 82, which is shown in cross section in Figures
7A and 7B. In the preferred embodiment, the sheath ma-
terial is flexible PVC, with alternative materials including
thermoplastic elastomer, or polyurethane. The shield is
extruded at a limited low temperature so that the sheath
material maintains viscosity, does not excessively pen-
etrate the pores or gaps between shield wires, and does
not appreciably contact the core, except as minimally
shown in Figure 7B. This avoids adhesion that would
make core tube extraction difficult. The sheath material
partly encapsulates some of the shield wires, by at least
partly encompassing them, and in selected embodi-
ments, penetrating through interstices between the wires
to contact or approach the surface of the core.
[0017] Nonetheless, the sheath material at least partly
encapsulates the shield wires, generating adhesion that
helps to maintain the shield and sheath interior in contact
with each other throughout the length, without detaching
during manufacture, assembly, or use of the cable. Con-
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sequently, the shield wires do not fall away from the
sheath, but remain adhered along the entire length. This
provides elastic resistance to tension, and facilitates res-
toration of its original length when tension is removed.
The shield wires provide an elongation limit as they fully
compress about the wires within to resist increasing ten-
sion, after which the elasticity of the sheath returns the
shield to its original length and diameter about the wires
within to provide the desired flexibility as discussed
above. In some applications, these functions and benefits
may be achieved if the shield detaches from the sheath,
as long as the sheath is loose with respect to the cable
wires, and remains attached to the sheath at each end.
[0018] Figure 8 shows the sheath segment 82 (which
includes the core, shield, and sheath) cut to provide an
end 86. An opposed end (not shown) is similarly cut. The
sheath layer is cut on lines 90 for removal of an end por-
tion 92 comprising about 6 inches of the segment on each
end, while leaving the shield wires and core intact. As
shown in Figure 9, the end portion is removed, and the
shield wires 62 are folded back into a cylindrical shape
against the exterior of the sheath 60, and secured at the
end by a band of adhesive tape 94. At this stage, the
ends of the shield may optionally be secured to the sheath
by attachment of a strain relief element 96. The strain
relief element may be an over-molded elastomer that
covers the folded back portion of the shield wires, or may
be a rigid clamping type device that pinches the shield
and sheath end in an annular gap or nip. Even without
the strain relief element, the folded-back shield end re-
sists dislodgment from the sheath by axial tension forces
from the opposite end.
[0019] As shown in Figure 10, the cable ribbons 33 are
connected at their ends to an end of the core 76 by a
woven sheath 100 that collapses about its contents as
tension is applied. Alternative embodiment such as clips,
tape, or other hooks may be employed, as long as they
are slim enough to readily pass through the bore of the
sheath, and to protect the ribbonized ends of the wires
as the pass through the sheath, all without damaging the
shielding in the sheath. The core 76 is pulled from the
end opposite the connected ribbons 33, until an approx-
imately equal length of cable is exposed at each end of
the sheath, and the core is detached from the ribbons,
as shown in Figure 11, which shows the resulting cable
component. The cable component has ribbonized ends
exposed at each end, and indicia identifying each group
at each end, and the first wire in each group for subse-
quent operations. The wires are laser stripped to expose
the central conductors and shielding in each wire, ena-
bling connection to connectors of circuit elements as dis-
cussed above.
[0020] In alternative embodiments, the strain reliefs
may be added after ribbon insertion, and the folded back
shield wires may be trimmed. In some embodiments, the
shield wires may be effectively adhered to the sheath
interior during the sheath extrusion, so that folding back
and end taping is not needed to prevent the shield from

slipping out or necking down during ribbon insertion. In
other embodiments, the shield may be loose or readily
separable from the sheath interior, necessitating the il-
lustrated folding back of the shield ends.

Claims

1. A method of manufacturing a cable assembly com-
prising:

providing a core (76);
wrapping a conductive shield element (80)
about the core;
forming a sheath (60) by applying an insulating
sheath layer to encompass the shield element;
removing the core from the sheath;
and inserting a multi-wire cable component (33)
into the sheath, characterized in that said cable
component comprises a plurality of wires having
intermediate portions between first and second
ends unconnected to each other except at their
ends and said shield loosely encompasses all
the wires.

2. The method of claim 1 wherein the core is a smooth
plastic cylinder.

3. The method of claim 1 wherein wrapping a conduc-
tive shield includes wrapping a plurality of wires
about the core.

4. The method of claim 1 wherein forming the sheath
includes extruding the sheath layer about the shield.

5. The method of claim 1 including the step of attaching
the cable component to the core before removing
the core from the sheath.

6. The method of claim 1 including removing an end
portion of the sheath layer and folding an exposed
end portion of the shield back upon the remaining
sheath layer before removing the core.

7. The method of claim 1 including attaching a strain
relief element to an end portion of the sheath before
removing the core.

8. The method of claim 1 wherein the plurality of wires
of the cable component are ribbonized at their ends.

Patentansprüche

1. Verfahren zur Herstellung einer Kabelzusammen-
stellung, umfassend:

Bereitstellen eines Kerns (76);
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Wickeln eines leitenden Abschirmelements (80)
um den Kern;
Ausbilden einer Ummantelung (60) durch Auf-
bringen einer isolierenden Mantelschicht zum
Einschließen des Abschirmelements;
Entfernen des Kerns aus der Ummantelung;
und Einsetzen einer Mehrdraht-Kabelkompo-
nente (33) in die Ummantelung, dadurch ge-
kennzeichnet, dass die Kabelkomponente ei-
ne Vielzahl von Drähten umfasst, die zwischen
ersten und zweiten Enden Zwischenabschnitte
aufweisen, die außer an deren Enden nicht mit-
einander verbunden sind, und die Abschirmung
alle Drähte locker einschließt.

2. Verfahren nach Anspruch 1, wobei der Kern ein glat-
ter Kunststoffzylinder ist.

3. Verfahren nach Anspruch 1, wobei Umwickeln einer
leitenden Abschirmung Wickeln einer Vielzahl von
Drähten um den Kern beinhaltet.

4. Verfahren nach Anspruch 1, wobei Ausbilden der
Ummantelung Extrudieren der Mantelschicht um die
Abschirmung herum beinhaltet.

5. Verfahren nach Anspruch 1, aufweisend den Schritt
des Anbringens der Kabelkomponente an dem Kern
vor dem Entfernen des Kerns aus der Ummantelung.

6. Verfahren nach Anspruch 1, aufweisend das Entfer-
nen eines Endabschnitts der Mantelschicht und
Rückfalten eines freiliegenden Endabschnitts der
Abschirmung auf die verbleibende Mantelschicht vor
dem Entfernen des Kerns.

7. Verfahren nach Anspruch 1, aufweisend das Anbrin-
gen eines Zugentlastungselements an einem En-
dabschnitt der Ummantelung vor dem Entfernen des
Kerns.

8. Verfahren nach Anspruch 1, wobei die Vielzahl von
Drähten der Kabelkomponente an deren Enden in
eine Flachbandkabelanordnung gebracht wird.

Revendications

1. Procédé de fabrication d’un ensemble de câble,
comprenant :

fournir une âme (76) ;
envelopper un élément de blindage conducteur
(80) autour de l’âme ;
former une gaine (60) en appliquant une couche
de gaine isolante pour envelopper l’élément de
blindage ;
enlever l’âme de la gaine ;

et insérer un composant de câble multifilaire (33)
dans la gaine,
caractérisé en ce que ledit composant de câble
comprend une pluralité de câbles ayant des por-
tions intermédiaires entre des premières et
deuxièmes extrémités, qui ne sont pas connec-
tées les unes aux autres sauf au niveau de leurs
extrémités et ledit blindage entoure lâchement
tous les fils.

2. Procédé selon la revendication 1, dans lequel l’âme
est un cylindre en plastique lisse.

3. Procédé selon la revendication 1, dans lequel l’en-
veloppement d’un blindage conducteur inclut l’enve-
loppement d’une pluralité de fils autour de l’âme.

4. Procédé selon la revendication 1, dans lequel la for-
mation de la gaine inclut l’extrusion de la couche de
gaine autour du blindage.

5. Procédé selon la revendication 1, comprenant l’éta-
pe de fixation du composant de câble à l’âme avant
d’enlever l’âme de la gaine.

6. Procédé selon la revendication 1, comprenant l’en-
lèvement d’une portion d’extrémité de la couche de
gaine et le repliement d’une portion d’extrémité ex-
posée du blindage par-dessus le reste de la couche
de gaine avant d’enlever l’âme.

7. Procédé selon la revendication 1, comprenant la
fixation d’un élément de détente des contraintes à
une portion d’extrémité de la gaine avant d’enlever
l’âme.

8. Procédé selon la revendication 1, dans lequel la plu-
ralité de fils du composant de câble sont rubanisés
au niveau de leurs extrémités.
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