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cal inner ferrule (222) formed of an elastic dielectric ma-
terial i.e. a material that recovers after stress is removed,
having a plurality of circumferential grooves (238) defined
in an outer surface (226) thereof. At least a portion of the
inner ferrule (222) is disposed within the outer ferrule
(32). A portion of the outer conductor (18) is disposed
intermediate the inner ferrule (22) and the outer ferrule
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a terminal assembly for
an electrically shielded wire cable, particularly a terminal
assembly having a resiliently compressible inner ferrule.

BACKGROUND OF THE INVENTION

[0002] Braided shields of shielded cables are currently
terminated by placing the braids of the shield between a
metal inner and outer ferrule before crimping. An exam-
ple of a terminal assembly using these ferrules is shown
in Figs 1A - ID. The outer insulation of the cable 112 is
first removed to expose the braided shield 118 and the
braids of the shield are then flared and a metallic tubular
inner ferrule 122 is placed between the braids 118 and
the inner insulation 114 of the shielded cable 112 (see
Fig. 1A). A metallic tubular outer ferrule 132 is placed
over the braided shield 118 and inner ferrule 122 (see
Fig. 1B) and then crimped 136 to secure the outer ferrule
132 to shielded cable 112 (see Figs. 1C and ID).
[0003] The difference between the inner diameter of
the outer ferrule 132 and the outer diameter of the inner
ferrule 122 is typically about 1 millimeter. Thick inner fer-
rules can degrade the strength of the crimp possibly re-
ducing pull off force and increasing shield to outer ferrule
electrical resistance. Thin inner ferrules can rupture dur-
ing crimping. Rupture of the inner ferrule 122 could cause
undesirable electrical contact and shorting of the inner
conductor 114 and the braided shield 118. Therefore, the
inner and outer ferrule diameters must be carefully
matched and different cable sizes and applications re-
quire different sized inner and outer ferrules. The inner
and outer ferrules are formed by either deep draw stamp-
ing or machining; both of these manufacturing methods
are relatively expensive. These inner and outer ferrule
sizes may differ only slightly for different shielded cables
which may make it difficult to visually distinguish between
different sized inner or outer ferrules. Applying markings,
such as color coding, may be used to help identify differ-
ent ferrules. However, applying these markings is an ad-
ditional manufacturing process that undesirably increas-
es ferrule manufacturing time and cost. Therefore, a re-
liable ferrule assembly that can easily accommodate dif-
ferent cable sizes remains desired.

[0004] The subject matterdiscussed inthe background
section should not be assumed to be prior art merely as
a result of its mention in the background section. Simi-
larly, a problem mentioned in the background section or
associated with the subject matter of the background sec-
tion should not be assumed to have been previously rec-
ognized in the prior art. The subject matter in the back-
ground section merely represents different approaches,
which in and of themselves may also be inventions.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0005] The presentinvention will now be described, by
way of example with reference to the accompanying
drawings, in which:

Figs. 1A - 1D are perspective side views illustrating
a method of forming a terminal assembly having a
metallic inner and outer ferrule according to the prior
art;

Figs. 2 - 6 are perspective side views illustrating a
method of forming a terminal assembly having a me-
tallic outer ferrule and aresilientinner ferrule accord-
ing to an embodiment of the invention;

Fig. 7 is a perspective side view of an inner ferrule
of the terminal assembly of Figs. 2-6 according to an
embodiment of the invention;

Fig. 8 is a cross section view of terminal assembly
of Figs. 1A-1D according to the prior art;

Fig. 9 is a cross section view of terminal assembly
of Figs. 2 - 6 according to an embodiment of the
invention;

Fig. 10 is a perspective side view of an inner ferrule
of the terminal assembly of Figs. 2-6 having a plu-
rality of circumferential grooves defined in an outer
surface accordingto an embodiment ofthe invention;
Fig. 11 is a perspective side view of an inner ferrule
of the terminal assembly of Figs. 2-6 having a plu-
rality of circumferential grooves and circumferential
ridges defined in an outer surface according to an
embodiment of the invention;

Fig. 12 is a perspective side view of an inner ferrule
of the terminal assembly of Figs. 2-6 having a plu-
rality of circumferential grooves and circumferential
ridges defined in an outer surface according to an
embodiment of the invention;

Fig. 13A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferential ridges de-
finedin an outer surface according toan embodiment
of the invention;

Fig. 13B is a cross section view of the inner ferrule
of Fig. 13A according to an embodiment of the in-
vention;

Fig. 14A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferential ridges de-
finedin an outer surface according to an embodiment
of the invention;

Fig. 14B is a cross section view of the inner ferrule
of Fig. 14A according to an embodiment of the in-
vention;

Fig. 15A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferential ridges de-
finedin an outer surface according toan embodiment
of the invention;
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Fig. 15B is a cross section view of the inner ferrule
of Fig. 15A according to an embodiment of the in-
vention;

Fig. 16A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferential ridges de-
finedin an outer surface according to an embodiment
of the invention;

Fig. 16B is a cross section view of the inner ferrule
of Fig. 16A according to an embodiment of the in-
vention;

Fig. 17A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferential ridges de-
finedin an outer surface according to an embodiment
of the invention;

Fig. 17B is a cross section view of the inner ferrule
of Fig. 17A according to an embodiment of the in-
vention;

Fig. 18A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferential ridges de-
finedin an outer surface according to an embodiment
of the invention;

Fig. 18B is a cross section view of the inner ferrule
of Fig. 18A according to an embodiment of the in-
vention;

Fig. 19A is a side view of an inner ferrule of the ter-
minal assembly of Figs. 2-6 having a plurality of cir-
cumferential grooves and circumferentially arranged
projections defined in an outer surface according to
an embodiment of the invention; and

Fig. 19B is a cross section view of the inner ferrule
of Fig. 19A according to an embodiment of the in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

[0006] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings. In the following detailed description,
numerous specific details are set forth in order to provide
a thorough understanding of the various described em-
bodiments. However, it will be apparent to one of ordinary
skill in the art that the various described embodiments
may be practiced without these specific details. In other
instances, well-known methods, procedures, compo-
nents, circuits, and networks have not been described in
detail so as not to unnecessarily obscure aspects of the
embodiments.

[0007] Presentedhereinis aterminal assembly includ-
ing features configured to terminate a shield of a shielded
cable having an inner conductor, an inner insulator sur-
rounding the inner conductor, an outer conductor sur-
rounding the inner insulator, and an outer insulator sur-
rounding the outer conductor. The terminal assembly in-
cludes a generally cylindrical outer ferrule that is formed
of aplastic conductive material and a generally cylindrical
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inner ferrule that is formed of an elastic dielectric material.
As used herein, plastic means that the shape of the ma-
terial is permanently deformed after an applied stress is
removed and elastic means that the material is capable
of recovering original size and shape after an applied
stress is removed. The inner ferrule is placed over an
end portion of the shielded cable. A portion of the outer
insulator is removed and an exposed portion of the outer
conductor is placed over the inner ferrule and the outer
ferrule is then placed over the inner ferrule. The outer
ferrule is then crimped to retain the terminal assembly to
the shielded cable, plastically deforming the outer ferrule
and elastically deforming the inner ferrule. The exposed
portion of the outer conductor is disposed intermediate
the inner and outer ferrules and is in intimate contact
therewith.

[0008] Reference numbers for similar features in the
drawings and the description of the prior art and the var-
ious embodiments of the invention share the last two dig-
its.

[0009] By referring now to the drawings, embodiments
of the invention will be explained below. It will be appre-
ciated that the terminal assemblies shown in Figs. 1A-
1D and Fig. 8 do not fall within the scope of the claims
but are provided here as they clarify the scope of the
invention.

[0010] Figs. 2 - 7 illustrate an example of a terminal
assembly 10 configured to terminate a shield of a shield-
ed cable 12 and a method of forming such a terminal
assembly 10. As shown in Fig. 2, the shielded cable 12
includes an inner conductor 14 comprising metallic core
wires, a first or inner insulator 16 surrounding the inner
conductor 14, an outer conductor 18 formed of braided
metallic wires which sheathe the inner insulator 16, and
a second or outer insulator 20 that covers the outer con-
ductor 18. Asleeve-like body or generally cylindricalinner
ferrule 22 having an inner diameter sufficient to receive
the shielded cable 12 is slid over an end portion of the
shielded cable 12 in a direction shown by arrow 24.
[0011] As shown in Fig. 7, the outer surface 26 of the
inner ferule 22 has a generally uniform outer diameter.
Leading and trailing edges 28, 30 of the inner ferrule 22
may be beveled. The inner ferrule 22 is formed of a re-
silient compressible dielectric material. The resilient
compressible dielectric material is an elastomeric mate-
rial having a Shore A durometer hardness between 50
and 80, such as silicone-based material. The inner ferrule
22 merely serves to support the outer conductor 18 and
does not need to electrically communicate with the outer
conductor 18. The inner ferrule 22 may be formed by an
injection molding process.

[0012] Although the inner ferrule 22 is formed into a
complete cylindrical body in the embodiment shown in
Figs. 2-7, the inner ferrule may alternatively comprise a
pair of half parts divided axially or may be provided with
a slit extending axially since the inner ferrule could be
brought into a complete cylinder when it is assembled on
the shielded cable and may simplify the step of mounting
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the inner ferrule to the shielded cable.

[0013] Looking now at Fig. 3, the shielded cable 12 is
stripped at one end so that at least a portion of the outer
insulator 20 is removed exposing the braided wires of
the outer conductor 18. Then, as shown in Fig. 4, the
braided wires of the outer conductor 18 are flared and
pulled back over the inner ferrule 22 covering at least a
portion of the outer surface 26 of the inner ferrule 22.
[0014] Next, as shown in Fig. 5, another sleeve-like
body or generally cylindrical outer ferrule 32 having an
inner diameter sufficient to receive the inner ferrule 22
and braided wires of the outer conductor 18 coving the
inner ferrule 22 is slid over at least a portion of the inner
ferrule 22 in the direction shown by arrow 24. The outer
ferrule 32 is formed of a conductive metallic material,
such as a tin plated copper alloy. The outer ferrule 32
may be formed by a deep draw stamping process or a
machining process. At least one open end 34 of the outer
ferrule 32 has an opening as large as the inner diameter
of the outer ferrule 32.

[0015] Finally, as shown in Fig. 6, the outer ferrule 32
is crimped, i.e. indentations 36 are formed in the outer
ferrule 32, thereby plastically deforming the outer ferrule
32 and elastically deforming the inner ferrule 22 in order
to retain the terminal assembly 10 to the shielded cable
12 and putting the outer ferrule 32 and inner ferrule 22
in intimate contact with the outer conductor 18 therebe-
tween. The outer ferrule 32 may then be electrically con-
nected to an electrical ground (not shown) such as a con-
ductive casing.

[0016] Fig. 8 illustrates an example of a cross section
of a crimped terminal assembly 110 having a metallic
outer ferrule 132 and a metallic inner ferrule 122 accord-
ing to the prior art. The outer ferrule 132 and the inner
ferrule 122 are both plastically deformed during the
crimping process. As can be seen, there are voids 125
between inner ferrule 122 and the outer ferrule 132 that
may reduce the pull off force needed to pull the terminal
assembly 110 off of the shielded cable and could allow
water and other contaminants to enter the terminal as-
sembly 110 causing corrosion that could increase elec-
trical resistance between the outer conductor 118 and
the outer ferrule 132 and further reduce pull off force. In
addition, there are a number of the strands of the braided
wires of the outer conductor 118 that are not in contact
with the outer ferrule 132 which may further increase
electrical resistance between the outer conductor 118
and the outer ferrule 132.

[0017] Fig. 9 illustrates a cross section of the terminal
assembly 10 shown in Figs. 2-7 and described above. In
contrast to the terminal assembly 10 shown in Fig. 8, the
number and size of voids is greatly reduced. Further,
there are fewer strands of the strands of the braided wires
of the outer conductor 18 that are not in contact with the
outer ferrule 32.

[0018] Through testing, the terminal assembly 110 of
Fig. 8 has been found to have a pull off force of about
560 newtons while the terminal assembly 10 of Fig. 9
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has been found to have a pull off force of about 690 new-
tons, an improvement in pull off force performance of
about 23%. Without subscribing to any particular theory
of operation, the elastic deformation of the inner ferrule
22 provides the reduction of voids between the inner and
outer ferrule 32 and may contribute to improved pull off
force performance compared with the prior art terminal
assembly 110. In addition, testing by the inventors has
found that the resistance between the outer conductor
18 and the outer ferrule 32 of the terminal assembly 10
is comparable to the terminal assembly 110.

[0019] It may be appreciated that the terminal assem-
bly 10 has a reduced likelihood of short circuit between
the outer ferrule 32 or outer conductor 18 and the inner
conductor 14 since the inner ferrule 22 is also an insu-
lating body rather than a conductive body as seen in prior
art terminal assembilies, e.g. Fig. 8.

[0020] In addition, it may be recognized that an outer
ferrule 32 having one specificinner diameter may be used
with multiple shielded cable 12 diameters by merely var-
ying the inner and outer diameter of the resilient inner
ferrule 22, since it is no longer necessary to maintain a
difference between the inner diameter of the outer ferrule
32 and the outer diameter of a metallic inner ferrule 22
of about 1 millimeter to avoid issues of thick inner ferrules
can degrade the strength of the crimp and thin inner fer-
rules can rupture during crimping described in the BACK-
GROUND OF THE INVENTION section above. This will
reduce the number of different outer ferrule designs and
part numbers required to accommodate different cable
sizes. The inner ferrule 22 can easily be color coded to
identify different inner ferrule 22 sizes by adding a color-
ant to the elastomeric material prior to molding the inner
ferrule 22.

[0021] Fig. 10 illustrates a non-limiting example of an
inner ferrule 222 that includes a plurality of grooves 238
in the outer surface 226 of the inner ferrule 222 extending
circumferentially around the inner ferrule 222. The inven-
tors have discovered that the definition of the grooves
238 in the outer surface 226 of the inner ferrule 222 im-
proves retention of the outer ferrule 32 to the inner ferrule
222 and thereby increasing the pull off force that the ter-
minal assembly 10 can withstand before separating from
the shielded cable 12.

[0022] Fig. 11 illustrates a non-limiting example of an
inner ferrule 322 that includes a plurality of ridges 340
protruding from the outer surface 326 of the inner ferrule
322 extending circumferentially around the inner ferrule
322 in addition to a plurality of grooves 338 similar to
those shown in shown in Fig. 11. The ridges 340 are
arranged so that at least one of the ridges 340 are inter-
mediate two adjoining grooves 338. As shown in Fig. 11,
each ridge 340 is adjacent each groove 338. The inven-
tors have discovered that the addition of ridges 340 to
the grooves 338 in the outer surface 326 of the inner
ferrule 322 may further improve retention of the outer
ferrule 32 to the inner ferrule 322 and thereby increasing
the pull off force that the terminal assembly 10 can with-
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stand before separating from the shielded cable 12.
[0023] Figs. 12 through 18B illustrated other non-lim-
iting alternative examples of inner ferrules 422, 522, 622,
722,822,922, 1022 having a plurality of circumferential
grooves 438, 538, 638, 738, 838, 938, 1038 and ridges
440, 540, 640, 740, 840, 940, 1040. As can be seen in
Figs. 12-18B, the profile shapes of the grooves and ridges
may vary and may provide benefits of improved pull off
force or reduced electrical resistance between the outer
ferrule and the outer conductor.

[0024] Figs. 19A and 19B illustrate a non-limiting alter-
native example of an inner ferrule 1122 having a plurality
of circumferential grooves 1138 and a series of projec-
tions 1142 circumferentially arranged on the outer sur-
face of the inner ferrule. As can be best seen in Fig. 19B,
the projections 1142 are a series of hemispherical
bumps. These grooves 1138 and projections 1142 and
may also provide benefits of improved pull off force or
reduced electrical resistance between the outer ferrule
and the outer conductor.

[0025] While the examples of the terminal assembly
presented above illustrate a shielded cable having a
braided outer conductor, other embodiments of the in-
vention may be envision that are used with a shielded
cable having foil or conductive film outer conductors.
[0026] Accordingly a terminal assembly 10 having an
inner ferrule 22 formed of a resilient compressible die-
lectric material is provided. The terminal assembly 10
provides a cost advantage over prior art terminal assem-
blies 110 by replacing deep drawn or machined inner
ferrules with a molded inner ferrule that can be produced
inexpensively. One size inner ferrule may be molded to
match required cable size which eliminates the need for
multiple sizes of inner ferrules. The terminal assembly
10 may also allow some applications to use one outer
ferrule size for multiple cable sizes. The inner ferrule 22
may be common to multiple applications. The inner fer-
rule 22 may be colored to provide visual differentiation
between various sizes. The inner ferrule 22 provides in-
creased insulation protection for the inner conductor and
decreases the risk of piercing through the insulation of
the core conductor. The inner ferrules 122-822 incorpo-
rate grooves or grooves and projections that improve the
retention of the outer ferrule to the outer conductor and
inner ferrule in order to meet or exceed the pull off force
compared to the prior art terminal assembly 110.
[0027] While this invention has been described in
terms of the preferred embodiments thereof, it is not in-
tended to be so limited, but rather only to the extent set
forth in the claims that follow. For example, the above-
described embodiments (and/or aspects thereof) may be
used in combination with each other. In addition, many
modifications may be made to configure a particular sit-
uation or material to the teachings of the invention without
departing from its scope. Dimensions, types of materials,
orientations of the various components, and the number
and positions of the various components described here-
in are intended to define parameters of certain embodi-
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ments, and are by no means limiting and are merely pro-
totypical embodiments.

[0028] As used herein, 'one or more’ includes a func-
tion being performed by one element, a function being
performed by more than one element, e.g., in a distrib-
uted fashion, several functions being performed by one
element, several functions being performed by several
elements, or any combination of the above.

[0029] It will also be understood that, although the
terms first, second, etc. are, in some instances, used
herein to describe various elements, these elements
should not be limited by these terms. These terms are
only used to distinguish one element from another. For
example, a first contact could be termed a second con-
tact, and, similarly, a second contact could be termed a
first contact, without departing from the scope of the var-
ious described embodiments. The first contact and the
second contact are both contacts, but they are not the
same contact.

[0030] The terminology used in the description of the
various described embodiments herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting. As used in the description of the
various described embodiments and the appended
claims, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will also be understood that
the term "and/or" as used herein refers to and encom-
passes any and all possible combinations of one or more
of the associated listed items. It will be further understood
thatthe terms "includes," "including," "comprises," and/or
"comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or
groups thereof.

[0031] As used herein, the term "if’ is, optionally, con-
strued to mean "when" or "upon" or "in response to
determining” or "in response to detecting," dependingon
the context. Similarly, the phrase "ifitis determined" or "if
[a stated condition or event] is detected" is, optionally,
construed to mean "upon determining" or "in response
to determining" or "upon detecting [the stated condition
or event]" or "in response to detecting [the stated condi-
tion or event]," depending on the context.

[0032] Additionally, while terms of ordinance or orien-
tation may be used herein these elements should not be
limited by these terms. All terms of ordinance or orienta-
tion, unless stated otherwise, are used for purposes dis-
tinguishing one element from another, and do not denote
any particular order, order of operations, direction or ori-
entation unless stated otherwise.

Claims

1. A terminal assembly (10) configured to terminate a
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shielded cable (12) having an inner conductor (14),
aninner insulator (16) surrounding the inner conduc-
tor (14), an outer conductor (18) surrounding the in-
ner insulator (16), and an outer insulator (20) sur-
rounding the outer conductor (18), said terminal as-
sembly (10) comprising:

a generally cylindrical outer ferrule (32) formed
of a plastic conductive material; and

a generally cylindrical inner ferrule (222) formed
of an elastic dielectric material having a plurality
of circumferential grooves (238) defined in an
outer surface (226) thereof, wherein the at least
a portion of the inner ferrule (222) is disposed
within the outer ferrule (32) and wherein a por-
tion of the outer conductor (18) is disposed in-
termediate the inner ferrule (222) and the outer
ferrule (32) and is in intimate contact therewith.

The terminal assembly (10) according to claim 1,
wherein the inner ferrule (222) further defines a plu-
rality of circumferential projections (242) projecting
from the outer surface (226).

The terminal assembly (10) according to claim 2,
wherein the plurality of circumferential projections
(242) is a plurality of circumferential ribs (340).

The terminal assembly (10) according to claim 3,
wherein one circumferential rib (340) of the plurality
of circumferential ribs (340) is intermediate two cir-
cumferential grooves (338) of the plurality of circum-
ferential grooves (338).

The terminal assembly (10) according to claim 4,
wherein the one circumferential rib (340) is adjacent
one of the two circumferential grooves (338) of the
plurality of circumferential grooves (338) and is sep-
arated from the other of the two circumferential
grooves (338) of the plurality of circumferential
grooves (338).

The terminal assembly (10) according to claim 4,
wherein the one circumferential rib (840) is adjacent
the two circumferential grooves (838) of the plurality
of circumferential grooves (838).

The terminal assembly (10) according to any of
claims 3-6, wherein the plurality of circumferential
ribs (840) define a convex rounded surface and
wherein a floor of the plurality of circumferential
grooves (738) defines a concave rounded surface.

The terminal assembly (10) according to claim 2,
wherein the plurality of circumferential projections
(242) is a plurality of bumps (1142), each defining a
convex rounded surface, circumferentially distribut-
ed about the inner ferrule (1122).
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9.

10.

1.

12.

13.

14.

15.

The terminal assembly (10) according to any pre-
ceding claim, wherein a floor of the plurality of cir-
cumferential grooves (538) is generally orthogonal
to side walls of the plurality of circumferential
grooves (538).

The terminal assembly (10) according to any of
claims 1-8, wherein a floor of the plurality of circum-
ferential grooves (938) forms an obtuse angle rela-
tive to afirst side wall of the plurality of circumferential
grooves (938).

The terminal assembly (10) according to claim 10,
wherein a floor of the plurality of circumferential
grooves (638) forms an acute angle relative to a sec-
ond side wall of the plurality of circumferential
grooves (638).

The terminal assembly (10) according to claim 10,
wherein a floor of the plurality of circumferential
grooves (1038) is generally orthogonal to a second
side wall of the plurality of circumferential grooves
(1038).

The terminal assembly (10) according to any pre-
ceding claim, wherein the elastic dielectric material
is a silicone-based material.

The terminal assembly (10) according to any pre-
ceding claim, wherein the elastic dielectric material
has a Shore A durometer hardness between 50 and
80.

The terminal assembly (10) according to any pre-
ceding claim, wherein the outer ferrule (32) is plas-
tically deformed and wherein the inner ferrule (222)
is elastically deformed by the outer ferrule (32).
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