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Description
FIELD
[0001] The present disclosure is directed to a wire as-

sembly and in particular to a wire assembly that includes
a contact welded to an inner conductor of the wire as-
sembly.

BACKGROUND

[0002] Wire connector assemblies - for example, co-
axial cable connector assemblies - have been used for
numerous automotive applications, such as navigation
systems, infotainmentsystems, airbag systems, and oth-
er data transmission systems. A typical wire may include
an inner conductor surrounded by a jacket. A typical co-
axial cable includes an outer shield conductor, an inner
center conductor, a dielectric, and an insulation jacket.
The outer conductor and the inner conductor of the co-
axial cable often electrically interface with a mating co-
axial cable through a coaxial connector assembly. Radio
Frequency (RF) connectors most often referred to simply
as RF connectors are often used to connect coaxial ca-
bles while providing a certain degree of shielding. The
use of RF connectors for coaxial cable has greatly in-
creased in automotive applications as devices requiring
high speed data communication continue to proliferate.
[0003] Typically, contacts connected to the inner con-
ductor of a coaxial cable are mechanically adhered to
the cable via crimping or soldering of the inner conductor
to the contact. For example, a contact may comprise sev-
eral wings that are wrapped around the inner conductor
and crimped onto the conductor to ensure an electrical
and mechanical connection between the contact and the
inner conductor. The contact may include a pin or termi-
nal configured to interface with a terminal assembly to
provide electrical contact between the inner conductor
of the coaxial cable and the terminal assembly. The con-
tacts are often non-rigid and compliant and require ori-
entation with respect to the coaxial cable during the
crimping (or soldering) operation. It would be beneficial
to develop a contact that does not utilize crimping and/or
soldering between the contact and the inner conductor
of the coaxial cable while being capable of interfacing
with a terminal assembly.

SUMMARY OF THE INVENTION

[0004] According to one aspect, a wire assembly in-
cludes an insulated wire and a contact. The cable in-
cludes atleastaninner conductor and aninsulating jacket
surrounding the inner conductor, wherein atip ofthe inner
conductor is exposed at a first end. The contactis welded
to the tip of the inner conductor at the first end.

[0005] According to another aspect, a coaxial connec-
tion assembly includes a coaxial cable and a terminal
assembly. The coaxial cable includes an inner conductor,
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a dielectric insulator, an outer conductor and a jacket,
wherein the outer conductor and the jacket are stripped
from a first end, wherein at least a tip of the inner con-
ductor is exposed at the first end. A contact is welded to
the tip of the inner conductor at the first end. The outer
terminal assembly includes a first opening for receiving
the first end of the coaxial cable assembly, wherein the
outer terminal includes a first insulator located within the
outer terminal assembly configured to receive the welded
contact of the coaxial cable assembly.

DESCRIPTION OF THE DRAWINGS

[0006] Figure 1A is a side view of a coaxial cable as-
sembly and welded contact according to some embodi-
ments; Figure 1B is a side view of a center core of the
coaxial cable assembly welded to the contact according
to some embodiments.

[0007] Figure 2A is a side view of an outer terminal
assembly and a coaxial cable assembly having a welded
contact according to some embodiments; Figure 2B is a
side view of the outer terminal assembly mated with the
coaxial cable assembly and a magnified cross-sectional
view illustrating seating of the welded contact within the
outer terminal assembly according to some embodi-
ments; Figure 2C is a side view of the outer terminal
assembly mated with the coaxial cable assembly and a
magnified cross-sectional view illustrating the terminal
associated with the outer terminal assembly being moved
from a stage position to a seated position in contact with
the welded contact according to some embodiments; and
Figure 2D is a side view illustrating crimping of coaxial
cable assembly to the outer terminal assembly according
to some embodiments.

[0008] Figure 3A is a cross-sectional view of the outer
terminal assembly thatillustrates a a terminal associated
with the outer terminal assembly in a stage position ac-
cording to some embodiments; and Figure 3B is a cross-
sectional view of the outer terminal assembly that illus-
trates the terminal associated with the outer terminal as-
sembly in a seated position in contact with the welded
contact according to some embodiments.

DETAILED DESCIRPTION

[0009] The presentdisclosure is directed to a wire as-
sembly and in particular to a wire assembly that includes
a contact welded to an inner conductor of the wire as-
sembly. A wire assembly includes at least an inner con-
ductor surrounded by an insulating jacket. In some em-
bodiments, a first end of the wire is cut to expose a tip
portion of the inner conductor, wherein the contact is
welded to the tip portion of the inner conductor. In some
embodiments, the tip portion is non-oriented, meaning
thatthe contact does not need to be oriented during weld-
ing of the contact to the tip portion of the inner conductor.
In some embodiments, the wire assembly is a coaxial
wire assembly.
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[0010] Figure 1A and 1B are side views of a coaxial
cable assembly 100 and welded contact 112 according
to some embodiment. In some embodiments, coaxial ca-
ble assembly 100 includes an inner conductor 102, die-
lectric insulator 104, foil shield 106, outer conductor 108
and jacket 110. Contact 112 is a conductive contact con-
figured to be welded to the inner conductor 102. Although
a coaxial cable assembly is shown in Figure 1A and 1B,
the discussion is applicable to a simple wire assembly
that includes only an inner conductor and an insulating
jacket. In addition, the embodiment shown in Figures 1A
and 1B illustrate a coaxial cable assembly having, for
example, a foil shield. In some embodiments, a coaxial
cable assembly does not require a separate foil shield.

[0011] In some embodiments, a portion of dielectric
insulator 104 (as well a portion of the foil shield 106, if
included, outer conductor 108, and jacket 110) is cut or
stripped to expose a tip portion 103 of the inner conductor
102. In some embodiments, the tip portion is in a plane
substantially perpendicular to the longitudinal axis of the
wire or coaxial cable. In some embodiments, only the tip
portion 103 of the inner conductor 102 is exposed (i.e.,
no circumferential surface of the inner conductor 102).
Contact 112 is then welded to the tip portion 103 of the
inner conductor 102, with no portion of the contact 112
contacting the outer circumference of the inner conductor
102. In other embodiments, a portion of the dielectric
insulator 104 is stripped from the inner conductor, expos-
ing a length of the inner conductor 102. In some embod-
iments, the length of dielectric insulator 104 stripped from
the inner conductor 102 is represented by the length d1
as shown in Figure 1A. Contact 112 is welded to the tip
portion 103 of the inner conductor 102 as shown in Figure
1B. In some embodiments, the contact 112 again is only
in contact with the tip portion 103 of the inner conductor
102, although atleast a portion of the outer circumference
of the inner conductor 102 may be exposed.

[0012] As compared with typical crimping operation -
which require a longer length of the dielectric insulator
to be stripped from the inner conductor for receiving the
contact - the embodiment shown in Figures 1A and 1B
allows for a very short length of dielectric insulator 104
to be stripped. For example, in some embodiments the
length d7 is equal to or less than 1.0 millimeters (mm).
In some embodiments, the length d7 is equal to or less
than 0.7 mm. In some embodiments, the dielectric insu-
lator 104 and inner conductor 102 are cut to the same
length, which results in the length d7 being equal to zero.
In some embodiments, the distance d7 between the end
or stripped portion of the dielectric insulator 104 and the
end of the inner conductor 102 is based on the geometry
of the terminal assembly with which the coaxial cable
assembly 100 interacts. Decreasing the length d7 im-
proves the performance of the coaxial connection. In par-
ticular, impedance mismatches introduced by the rela-
tively long interface associated with the inner conductor
and a crimped contact are reduced as a result of the
relatively short interface made possible by the welded
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contact 112. The reduction in impedance mismatches
improves the RF performance of the interface between
the coaxial assembly and the outer terminal assembly
(shown in Figures 2A-2D).

[0013] In some embodiments, the welded contact 112
comprises a material that is rigid and/or non-compliant.
In some embodiments, at least the surface of the welded
contact 112 is conductive. For example, in some embod-
iments the welded contact 112 is arigid, gold-plated con-
tact. In other embodiments, other types of conductors
may be utilized, either with respect to the entire contact
112 or the surface of the welded contact 112.

[0014] In some embodiments, the welded contact 112
is a non-oriented contact (i.e., does not need to be ori-
ented with respect to the coaxial cable assembly 100 or
inner conductor 102). For example, in the embodiment
shown in Figures 1A and 1B the welded contact 112 is
spherical in shape and can be welded to the inner con-
ductor 102 in any orientation. In other embodiments, the
welded contact 112 may be symmetrical about an axis
or plane. For example, welded contact 112 may be con-
ical in shape, wherein the base is placed in contact with
the inner conductor 102. In this embodiment, the welded
contact 112 may require orientation along one axis or
plane (e.g., to place the base of the cone in contact with
the inner conductor 102) but does not require orientation
along the other axes or planes due to the symmetry of
the contact along that axis or plane. In other embodi-
ments, the welded contact 112 may have a geometry or
shape that requires orientation with the coaxial cable as-
sembly 100 (for example, contact 112 may have a non-
symmetrical shape that requires orientation along all ax-
es or planes relative to the coaxial cable assembly 100).
[0015] In embodiments in which the welded contact
112 is non-oriented (e.g., spherical), the diameter of the
welded contact 112 may be selected based on the ap-
plication. In some embodiments, the diameter of the
welded contact 112 is smaller than the diameter of the
inner conductor 102 to which it is welded. In other em-
bodiments, the diameter of the welded contact 112 is
greater than the diameter of the inner conductor 102, but
smaller than the diameter of the dielectric insulator 104.
In other embodiments, the diameter of the welded contact
112 is greater than the diameter of both the inner con-
ductor 102 and the dielectric insulator 104. In some em-
bodiments, the diameter of the welded contact 112 is
based on the geometry of the terminal assembly that
seats the welded contact 112 during operation. In some
embodiments, percussion welding is utilized to weld the
inner conductor 102 to the contact 112. One of the ben-
efits of percussion welding is the manufacturability of per-
cussion welded elements and corresponding low cost
associated with percussion welding. For example, the
contact 112 may be welded to the inner conductor 102
via an automated process. However, in other embodi-
ments, other forms of welding may be utilized to mechan-
ically secure the inner conductor 102 to the contact 112.
In some embodiments, welding of the inner conductor
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102 to contact 112 provides a joint greater in strength
than that associated with inner conductor 102.

[0016] Figures 2A-2C are side views illustrating instal-
lation of the coaxial cable assembly 100 within an outer
terminal assembly 200. The outer terminal assembly 200
includes an inner ferrule 202 and a contact assembly
204. In the embodiment shown in Figures 2A-2C, the
outer terminal assembly 200 is a two-piece assembly,
including a contact assembly 204 separate from the inner
ferrule 202. In other embodiments these components
may be unitary (e.g., one-piece). As discussed with re-
spect to Figures 1A and 1B, coaxial cable assembly 100
includes an inner conductor 102, a dielectric insulator
104, afoil shield 106, an outer conductor 108 and a jacket
110. In the embodiment shown in Figures 2A and 2B, the
contact 112 (in this case, a spherical contact) has already
been welded onto the inner conductor 102.

[0017] During installation, the welded contact 112, the
inner conductor 102, the dielectric insulator 104 and the
foil shield 106 are inserted within the inner ferrule 202.
The outer conductor 108 - having been previously flared
as shown in Figure 2A - is located around the outer sur-
face of the inner ferrule 202.

[0018] With respect to Figure 2B, a magnified cross-
sectional view of the outer terminal assembly 200 is
shown that illustrates the seating of the welded contact
112 within the outer terminal assembly 200. In the cross-
sectional view shown in Figure 2B, an insulator 206 is
located within the outer terminal assembly 200 and is
configured to receive the welded contact 112. In some
embodiments, the insulator 206 has a geometry config-
ured to receive the geometry of the welded contact 112.
For example, if the welded contact 112 is spherical in
shape having a first diameter, then the geometry of in-
sulator 206 is configured to have a diameter large enough
to receive the welded contact 112. In some embodi-
ments, the insulator 206 may have a feature configured
to provide tactile feedback to an operator regarding the
seating of the welded contact 112 within the insulator
206. For example, in the embodiment shown in Figure
2B an insulator lock edge 210 is configured to protrude
slightly within the space configured to receive the welded
contact 112. The insulator lock edge 210 acts as a detent
capable of flexing in response to the contact 112 being
inserted within the insulator 206 and then snap back into
place, wherein this action provide a tactile response that
can be felt by an operator. In the embodiment shown in
Figure 2B, only the welded contact 112 and a portion of
the inner conductor 102 extent into the insulator 206, as
indicated by the distance d1.

[0019] In addition, Figures 2B and 2C illustrate the
seating of a terminal 208 configured to contact and form
an electrical connection with the welded contact 112. Fig-
ure 2B illustrates the terminal 208 in a stage position -
not yet in contact with the welded contact 112. Figure 2C
illustrates the terminal 208 in a seated position in which
the terminal 208 has been moved into contact with the
welded contact 112, thereby providing an electrical con-
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nection between the inner conductor 102 and the terminal
208. In some embodiments the terminal 208 has a ge-
ometry selected based on the geometry of the welded
contact 112. For example, in the embodiment shown in
Figures 2B and 2C the terminal 208 has a geometry con-
figure to place the terminal 208 in contact with the welded
contact 112 but without interfering with the inner conduc-
tor 102. For example, the terminal 208 may include a
groove 212 located on the bottom of the terminal 208 to
prevent contact between the terminal 208 and the inner
conductor 102. That is, in this embodiment the inner sur-
face of the terminal 208 contacts the welded contact 112
along the sides of the spherical conductor. In other em-
bodiments, other types of terminals may be utilized to
provide an electrical connection between the welded con-
tact 112 and the terminal 208.

[0020] Having seated the coaxial cable assembly 100
within the outer terminal assembly 200, the outer con-
ductor is crimped onto the inner ferrule 202 of the outer
terminal assembly 200 via outer ferrule 220. In the em-
bodiment shown in Figure 2D, outer ferrule 220 includes
a first crimp portion 224 and a second crimp portion 226.
The first crimp portion 224 is wrapped around the outer
conductor 108 and crimped to form a mechanical and
electrical bond between the outer conductor 108 and the
inner ferrule 202. The second crimp portion 226 is
wrapped around the jacket 110 and crimped to further
secure the coaxial cable assembly 100 to the outer ter-
minal assembly 200.

[0021] Figures 3A and 3B are cross-sectional views of
the coaxial cable assembly 100 seated and crimped with-
in the outer terminal assembly 200 according to some
embodiments. In particular, Figure 3Aillustrates the outer
conductor 108 crimped onto the inner ferrule 202 by outer
ferrule 220. In addition, the outer ferrule 220 is also
crimped onto the jacket 108, providing additional me-
chanical force securing the coaxial cable assembly to the
outer terminal assembly 200.

[0022] Inthe embodiment shown in Figure 3A, the out-
er terminal assembly 200 includes firstinsulator 206 and
second insulator 222. In some embodiments, second in-
sulator 222 at least partially overlaps the first insulator
206 and surrounds at least a portion of the terminal 208.
In the embodiment shown in Figure 3A, the terminal 208
is in the stage position (i.e., notin contact with the contact
112. Movement of the second insulator 222 in the direc-
tion towards the contact 112 causes the terminal 208 to
move from the stage position to the seated position in
which the terminal 208 is in contact with the contact 112.
The embodiment shown in Figures 3A and 3B illustrates
a "tulip" arrangement with respect to the first and second
insulators 206 and 222 and terminal 208, wherein sliding
movement of the second insulator 222 causes sliding
engagement of the terminal 208 with the contact. In some
embodiments, one or more features may be utilized to
urge engagement between the terminal 208 and the con-
tact 112.

[0023] While the invention has been described with ref-
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erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, itis intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Discussion of Possible Embodiments

[0024] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0025] According to one aspect, a wire assembly at
least an inner conductor and an insulating jacket sur-
rounding the inner conductor, wherein a tip of the inner
conductor is exposed at a first end. A contact is welded
to the tip of the inner conductor at the first end.

[0026] The wire assembly of the preceding paragraph
can optionally include, additionally and/or alternatively
any, one or more of the following features, configurations
and/or additional components.

[0027] For example, the contact may be rigid and in-
clude a conductive surface.

[0028] In some embodiments, the contact may be per-
cussion welded to the inner conductor.

[0029] Insomeembodiments, the contactmay be sym-
metric about an axis, wherein the contact is oriented rel-
ative to the coaxial cable for welding to the inner conduc-
tor

[0030] In some embodiments, the contact may be a
spherical, non-oriented contact.

[0031] Insomeembodiments, adiameterofthe contact
may be greater than or equal to a diameter of the inner
conductor.

[0032] Insomeembodiments, the cable assembly may
be a coaxial cable assembly that further includes a die-
lectric insulator surrounding the inner conductor, and an
outer conductor surrounding dielectric insulator, wherein
the insulating jacket surrounds the outer conductor,
wherein the outer conductor and the insulating jacket are
stripped to expose the dielectric insulator at the first end.
[0033] In some embodiments, the outer dielectric in-
sulator may be stripped from the inner conductor to ex-
pose a length of the inner conductor.

[0034] In some embodiments, the length of the ex-
posed inner conductor may be less than or equal to
0.7mm.

[0035] Insome embodiments, the diameter of the con-
tact may be less than or equal to a diameter of the die-
lectric insulator.

[0036] According to another aspect, a coaxial connec-
tion assembly includes a coaxial cable and a terminal
assembly. The coaxial cable includes an inner conductor,
a dielectric insulator, a foil shield, an outer conductor and
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a jacket, wherein the foil shield, the outer conductor and
the jacket are stripped from a first end, wherein at least
a tip of the inner conductor is exposed at the first end. A
contact is welded to the tip of the inner conductor at the
first end. The outer terminal assembly includes a first
opening for receiving the first end of the coaxial cable
assembly, wherein the outer terminal includes a first in-
sulator located within the outer terminal assembly con-
figured to receive the welded contact of the coaxial cable
assembly.

[0037] The coaxial connection assembly of the preced-
ing paragraph can optionally include, additionally and/or
alternatively any, one or more of the following features,
configurations and/or additional components.

[0038] For example, the first insulator may include an
insulator lock edge that detents in response to the welded
contact being seated within the first insulator.

[0039] In some embodiments, the outer terminal as-
sembly may further includes a terminal, wherein the ter-
minal is movable between a stage position and a seated
position in which the terminal is in contact with the welded
contact.

[0040] In some embodiments, the outer terminal as-
sembly further includes a second insulator at least par-
tially surrounding the terminal, wherein the second insu-
lator is movable with the terminal between the stage po-
sition and the seated position.

[0041] In some embodiments, the outer terminal as-
sembly may further include an inner ferrule, wherein at
least the welded contact, the inner conductor and the
dielectric insulator are received within the inner ferrule,
and wherein the outer conductor is placed over the outer
ferrule, wherein an outer ferrule is crimped to the outer
conductor and the inner ferrule to secure the coaxial ca-
ble assembly to the outer terminal assembly.

[0042] Insome embodiments, the welded contact may
be rigid and include a conductive surface, and wherein
the welded contactis percussion welded to the inner con-
ductor.

[0043] In some embodiments, the dielectric insulator
may be stripped at the first end to expose a length of the
inner conductor and wherein the length of the exposed
inner conductor is less than or equal to 0.7 mm.

[0044] Insome embodiments, the welded contact may
be symmetric about an axis, wherein the welded contact
is oriented relative to the coaxial cable for welding to the
inner conductor.

[0045] Insome embodiments, the welded contact may
be a spherical, non-oriented contact.

[0046] Insomeembodiments, adiameterofthe welded
contact may be greater than or equal to a diameter of the
inner conductor.

[0047] Insomeembodiments, adiameterofthe welded
contact may be less than or equal to a diameter of the
dielectric insulator.
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Claims

1.

10.

1.

A wire assembly comprising:

an inner conductor and an insulating jacket sur-
rounding the inner conductor, wherein a tip of
the inner conductor is exposed at a first end; and
acontact welded to the tip of the inner conductor
at the first end.

The wire cable assembly of claim 1, wherein the con-
tact is rigid and includes a conductive surface.

The wire assembly of claim 1, wherein the contact
is percussion welded to the inner conductor.

The wire assembly of claim 1, wherein the contact
is symmetric about an axis, wherein the contact is
oriented relative to the coaxial cable for welding to
the inner conductor

The wire assembly of claim 1, wherein the contact
is a spherical, non-oriented contact.

The wire assembly of claim 1, wherein a diameter of
the contact is greater than or equal to a diameter of
the inner conductor.

The wire assembly of claim 1, wherein the cable as-
sembly is a coaxial cable assembly that further in-
cludes a dielectric insulator surrounding the inner
conductor, and an outer conductor surrounding die-
lectric insulator, wherein the insulating jacket sur-
rounds the outer conductor, wherein the outer con-
ductor and the insulating jacket are stripped to ex-
pose the dielectric insulator at the first end.

The wire assembly of claim 7, wherein outer dielec-
tric insulator is stripped from the inner conductor to
expose a length of the inner conductor.

The wire assembly of claim 8, wherein the length of
the exposed inner conductor is less than or equal to
0.7mm.

The wire assembly of claim 7, wherein the diameter
of the contact is less than or equal to a diameter of
the dielectric insulator.

A coaxial connection assembly comprising:

a coaxial cable assembly comprising a contact,
an inner conductor, a dielectric insulator, an out-
erconductor and ajacket, wherein the outer con-
ductor and the jacket are stripped from a first
end, wherein at least a tip of the inner conductor
is exposed at the first end wherein the contact
is welded to the tip of the inner conductor at the
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12.

13.

14.

15.

16.

17.

18.

19.

20.

10

first end; and

an outer terminal assembly having a first open-
ing for receiving the first end of the coaxial cable
assembly, wherein the outer terminal includes
a first insulator located within the outer terminal
assembly configured to receive the welded con-
tact of the coaxial cable assembly.

The coaxial connection assembly of claim 11, where-
in the first insulator includes an insulator lock edge
that detents in response to the welded contact being
seated within the first insulator.

The coaxial connection assembly of claim 11, where-
in the outer terminal assembly further includes a ter-
minal, wherein the terminal is movable between a
stage position and a seated position in which the
terminal is in contact with the welded contact.

The coaxial connection assembly of claim 13, where-
in the outer terminal assembly further includes a sec-
ond insulator at least partially surrounding the termi-
nal, wherein the second insulator is movable with
the terminal between the stage position and the seat-
ed position.

The coaxial connection assembly of claim 11, where-
in the outer terminal assembly further includes an
inner ferrule, wherein at least the welded contact,
the inner conductor and the dielectric insulator are
received within the inner ferrule, and wherein the out-
er conductor is placed over the outer ferrule, wherein
an outer ferrule is crimped to the outer conductor
and the inner ferrule to secure the coaxial cable as-
sembly to the outer terminal assembly.

The coaxial connection assembly of claim 11, where-
in the welded contactis rigid and includes a conduc-
tive surface, and wherein the welded contact is per-
cussion welded to the inner conductor.

The coaxial connection assembly of claim 11, where-
in the dielectric insulator is stripped at the first end
to expose a length of the inner conductor and where-
in the length of the exposed inner conductor is less
than or equal to 0.7 mm.

The coaxial connection assembly of claim 11, where-
in the welded contact is symmetric about an axis,
wherein the welded contact is oriented relative to the
coaxial cable for welding to the inner conductor.

The coaxial connection assembly of claim 11, where-
in the welded contact is a spherical, non-oriented
contact.

The coaxial connection assembly of claim 11, where-
in a diameter of the welded contact is greater than
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or equal to a diameter of the inner conductor.

The coaxial connection assembly of claim 20, where-
in the diameter of the welded contact is less than or
equal to a diameter of the dielectric insulator.
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