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ELECTRIC VEHICLE SHIELDED POWER CABLE CONNECTOR

Field of the Invention

[0001] This invention is directed generally to a connection device for a

flexible power cable and, in particular, to a shielded cable connector assembly

for electrically terminating, grounding, and mechanically securing a shielded

cable. More specifically, the invention is directed to a device and method for

providing very low electrical resistance grounding and secure mechanical

connection between a termination point and a shielded power cable used to

transmit power in an electric or hybrid-electric vehicle.

Background of the Invention

[0002] As a result of the widespread development of electric powered and

hybrid/electric powered vehicles, there is a need for a mechanical and

electrical means for terminating shielded power transmission cables at

connection points within a vehicle. Electric powered vehicles have been

developed to use DC and multiple phase AC electric power systems capable of

providing desired levels of electric power to wheel drive motors and powered

accessories mounted on vehicles. The connectors must be capable of

transmitting the continuous electric current and peak current of the cable.

200-500 amperes is typical for electric vehicle power demands. The

conductive core in a shielded power cable is typically composed of stranded

and twisted copper or aluminum wire having a total cross-sectional area up to

approximately 100 mm'. The outer conductive layer in a shielded power cable

is typically a braided metal sheath. The electrical insulation layers need to be

mechanically, chemically and thermally robust and stable under harsh

conditions.

[0003] The connection from the braided sheath to ground in a high power

shielded cable must have adequate current carrying capacity. Excessive

electrical resistance in the connection will cause resistive heating. Any



electric power expended in the form of heat generation due to resistive heating

will reduce the efficiency of the electric system, which must be avoided in an

electric powered vehicle. In addition, excessive heat generated in the

connector can cause corrosion of conductors, melt insulators, deteriorate

materials from which the connector is constructed, cause damage to adjacent

parts and increase a risk of fire.

[0004] Another significant consideration in designing connectors used in

electric vehicles is protection of electric/electronic components within the

vehicle from electromagnetic interference radiating from power transmission

cables. Such protection is provided around the power cable by the conductive

braided sheath surrounding the conductive core. For maximum protection,

the outer conductor must continue, uninterrupted, around the entire

circumference of the conductive core for the entire length of the cable,

including at the electrical/mechanical connection points. Gaps or

inconsistencies in the outer conductor (braided sheath) at the connector will

reduce the shielding capability of the connector. Since electromagnetic

interference can induce soft errors in a vehicle's electronic systems, poor

protection against such interference in an electric or hybrid/electric vehicle

could potentially damage the electronics and computer systems controlling the

vehicle and affect the safe operation of the vehicle, putting passengers and

others at risk of harm.

[0005] To provide a low resistance connection between the connector body

and the flexible braided sheath, contact surface area must be maximized in the

connector body. Maintaining a high level of shielding against emission of

electromagnetic radiation also requires the flexible braided sheath to be

distributed as evenly as possible around the circumference of the connection.

The surface contacts in the interior of the connector body are of high

importance in a connector meeting the above requirements.

[0006] Many connectors manufactured by prior art methods (e.g.,

stamping) have seams that can cause gaps in F shielding of the transmission



path. In addition, the internal surfaces of many connectors made by prior art

methods provide inferior quality electrical contact to the braided sheath and a

higher resistance electrical path to ground. As a result, connectors of the prior

art can produce excessive interference and provide inferior grounding.

[0007] In addition to electrical considerations, connectors used inside a

vehicle will be subjected to vibrations and other mechanical stresses during

vehicle operation. Therefore, a shielded cable connector assembly is needed

that can provide sufficient power transmission for the drive motors and

accessories of an electric vehicle, provide a secure mechanical connection

from the cable to a termination point, protect electrical components from

electromagnetic interference generated within the cable, and provide a low

resistance connection to ground. The present invention addresses these

deficiencies in the prior art.

Summary of the Invention

[0008] According to a first aspect of the invention, there is provided a

shielded cable connector assembly for an electric vehicle, comprising: (a) a

shielded cable comprising an electrically conductive core, a core insulator

layer comprising a flexible tubular dielectric layer covering and in contact

with the outer surface of the conductive core, a flexible sheath layer

comprising braided electrically conductive wire covering and in contact with

the outer surface of the core insulator, and an outer insulator layer comprising

a flexible tubular- dielectric layer covering and in contact with the outer

surface of the flexible sheath layer; (b) a connector comprising (i) a

substantially tubular body formed of electrically conductive metal, the body

having a first end and a second end, an interior surface of the body defining an

axially oriented frustoconical space, a sealing ring region, a sealing flange and

an open region, wherein the frustoconical space extends from a first interior

diameter of the interior surface at the first end of the body to a second interior

diameter of the interior surface at the sealing ring region, the second interior

diameter being smaller than the first interior diameter such that the interior



surface defining the frustoconical space is at a first angle relative to an axis of

the connector, wherein the sealing ring region is adjacent to the frustoconical

space and has the second diameter, wherein the sealing flange extends from

the second diameter at the sealing ring region in a direction peipendicular to

the axis of the connector, to form a flange having an inner diameter smaller

than the second diameter and larger than the outer diameter of the core

insulator layer of the shielded cable, wherein the open region extends from the

sealing flange to the second end of the body, and wherein the connector is

capable of connecting to an electrical connection in the electric vehicle; (ii) a

tapered compression ring comprising a first planar face and a second planar

face, each of the first and second planar faces being peipendicular to an axis of

the tapered compression ring, a frustoconical exterior surface extending from

the first planar face to the second planar face, a diameter of the frustoconical

exterior surface at the first planar face being smaller than a diameter of the

frustoconical exterior surface at the second planar face, the frustoconical

exterior surface being at the first angle relative to the axis of the tapered

compression ring, a center hole from the first planar face to the second planar

face oriented along the axis of the tapered compression ring and having a

diameter larger than the outer diameter of the outer insulator layer of the

flexible braided sheath, wherein the tapered compression ring is positioned

internal to and axially aligned with the connector body between the first end

of the body and the sealing ring region, wherein the tapered compression ring

is under compression inside the connector body, and (iii) a sealing ring

positioned inside and axially aligned with the connector body adjacent to the

sealing flange to provide a first seal between the outer diameter of the sealing

ring and the interior surface of the connector body in the sealing ring region,

and comprising a center hole having an inside diameter set to provide a second

seal against the exterior of the core insulator layer on a section of the shielded

cable with the outer insulator layer and the flexible braided sheath layer

removed; and (c) a flexible boot comprised of a substantially tubular shape



with a first boot end diameter set to provide a seal around the outside surface

of the first end of the connector body and a second boot end diameter set to

provide a seal around the exterior surface of the outer insulator of the shielded

cable, wherein the shielded cable is positioned within the connector body such

that an end of the cable extends a length outside the second end of the

connector body, the outer insulator layer and the flexible braided sheath layer

removed from the entire extended length and the core insulator layer removed

from the conductive core for a portion of the extended length, the portion

including the end of the conductive core, wherein the outer insulator layer is

further removed from the cable internal to the connector body to a point

proximate to the first end of the connector body, wherein the shielded cable

having the outer insulator layer removed, extends through the center hole of

the tapered compression ring, wherein a section of the flexible braided sheath

layer is separated from the core insulator between the first planar face and the

cable end, flared radially outward from the cable and evenly distributed over

the first planar face and the frustoconical outer surface of the tapered

compression ring to the second planar face, and wherein a portion of the flared

flexible braided sheath layer spread over the frustoconical outer surface is

pressed between the frustoconical outer surface of the tapered compression

ring and the interior surface of the frustoconical space of the connector body.

[0009] In some embodiments, the connector body provides a low resistance

electrical connection between the flexible braided sheath and the connector

body. In some embodiments, the low resistance electrical connection has a

resistance of less than 2 milliohms. In some embodiments, the shielded cable

and connector assembly is capable of conducting high levels of continuous

power in the range of from about 200 amperes to about 500 amperes and

higher. In some embodiments, the electromagnetic interference emitted at the

connector assembly is no greater than the interference emitted by the shielded

cable.



[0010] In some embodiments, an adhesive provided in a least a portion of

the interstitial areas where the flexible braided sheath layer is pressed between

the interior surface of the frustoconical space of the connector body and the

frustoconical outer surface of the tapered compression ring . In some

embodiments, the adhesive comprises an epoxy resin. In some embodiments,

the adhesive provides protection against galvanic corrosion of the connector

assembly.

[0011] In some embodiments, an adhesive sealer is provided in at least a

portion of the frustoconical space inside the connector body. In some

embodiments, the adhesive sealer comprises a bonding filler, epoxy resin or

silicon resin. In some embodiments, the adhesive sealer resists penetration of

fluids and particles into the frustoconical space in the connector body. In

some embodiments, the adhesive sealer provides protection against galvanic

corrosion of the connector assembly. In some embodiments, the adhesive

sealer increases the reliability of the connector assembly by eliminating

electrical shorts caused by vibrational flexing and breakage of the flexible

braided sheath.

[0012] In some embodiments, the tapered compression ring and the

connector body are mechanically connected by a self-locking taper. In some

embodiments, the first angle is between 2 degrees and 8 degrees.

[0013] In some embodiments, the connector body further comprises a

mounting feature for mechanically and electrically for connecting the

connector body to a termination point.

[0014] In some embodiments, the sealing ring resists penetration of fluids

into the frustoconical space in the connector body at the sealing ring region.

[0015] In some embodiments, the connector body includes an exterior

surface ridge around the perimeter at the connector body first end and the

flexible boot includes an interior lip at the flexible boot first end, such that the

interior lip and the exterior ridge engage to inhibit the flexible boot slipping

off the connector body.



[0016] According to a second aspect of the invention, there is provided a

shielded cable connector assembly, comprising: (a) a shielded cable

comprising an electrically conductive core, a core insulator layer comprising a

flexible tubular dielectric layer covering and in contact with the outer surface

of the conductive core, a flexible sheath layer comprising braided electrically

conductive wire covering and in contact with the outer surface of the core

insulator, and an outer insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the flexible sheath

layer; (b) a connector comprising (i) a substantially tubular body formed of

electrically conductive metal, the body having a first end and a second end, an

interior surface of the body defining an axially oriented frustoconical space, a

sealing ring region, a sealing flange and an open region, wherein the

frustoconical space extends from a first interior diameter of the interior

surface at the first end of the body to a second interior diameter of the interior

surface at the sealing ring region, the second interior diameter being smaller

than the first interior diameter such that the interior surface defining the

frustoconical space is at a first angle relative to an axis of the connector,

wherein the sealing ring region is adjacent to the frustoconical space and has

the second diameter, wherein the sealing flange extends from the second

diameter at the sealing ring region in a direction perpendicular to the axis of

the connector, to form a flange having an inner diameter smaller than the

second diameter and larger than the outer diameter of the core insulator layer

of the shielded cable, and wherein the open region extends from the sealing

flange to the second end of the body; (ii) a tapered compression ring

comprising a first planar face and a second planar face, each of the first and

second planar faces being peipendicular to an axis of the tapered compression

ring, a frustoconical exterior surface extending from the first planar face to the

second planar face, a diameter of the frustoconical exterior surface at the first

planar face being smaller than a diameter of the frustoconical exterior surface

at the second planar face, the frustoconical exterior surface being at the first



angle relative to the axis of the tapered compression ring, a center hole from

the first planar face to the second planar face oriented along the axis of the

tapered compression ring and having a diameter larger than the outer diameter

of the outer insulator layer of the flexible braided sheath, wherein the tapered

compression ring is positioned internal to and axially aligned with the

connector body between the first end of the body and the sealing ring region,

wherein the tapered compression ring is under compression inside the

connector body, and (iii) a sealing ring positioned inside and axially aligned

with the connector body adjacent to the sealing flange to provide a first seal

between the outer diameter of the sealing ring and the interior surface of the

connector body in the sealing ring region, and comprising a center hole having

an inside diameter set to provide a second seal against the exterior of the core

insulator layer on a section of the shielded cable with the outer insulator layer

and the flexible braided sheath layer removed; and (c) a flexible boot

comprised of a substantially tubular shape with a first boot end diameter set to

provide a seal around the outside surface of the first end of the connector body

and a second boot end diameter set to provide a seal around the exterior

surface of the outer insulator of the shielded cable, wherein the shielded cable

is positioned within the connector body such that an end of the cable extends a

length outside the second end of the connector body, the outer insulator layer

and the flexible braided sheath layer removed from the entire extended length

and the core insulator layer removed from the conductive core for a portion of

the extended length, the portion including the end of the conductive core,

wherein the outer insulator layer is further removed from the cable internal to

the connector body to a point proximate to the first end of the connector body,

wherein the shielded cable having the outer insulator layer removed, extends

through the center hole of the tapered compression ring, wherein a section of

the flexible braided sheath layer is separated from the core insulator between

the first planar face and the cable end, flared radially outward from the cable

and evenly distributed over the first planar face and the frustoconical outer



surface of the tapered compression ring to the second planar face, and wherein

a portion of the flared flexible braided sheath layer spread over the

frustoconical outer surface is pressed between the frustoconical outer surface

of the tapered compression ring and the interior surface of the frustoconical

space of the connector body.

[0017] According to a third aspect of the invention, there is provided a

shielded cable connector assembly, comprising: (a) a shielded cable

comprising an electrically conductive core, a core insulator layer comprising a

flexible tubular dielectric layer covering and in contact with the outer surface

of the conductive core, a flexible sheath layer comprising braided electrically

conductive wire covering and in contact with the outer surface of the core

insulator, and an outer insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the flexible sheath

layer; (b) a connector comprising (i) a substantially tubular body formed of

electrically conductive metal, the body having a first end and a second end, an

interior surface of the body defining an axially oriented frustoconical space, a

sealing ring region, a sealing flange and an open region, wherein the

frustoconical space extends from a first interior diameter of the interior

surface at the first end of the body to a second interior diameter of the interior

surface at the sealing ring region, the second interior diameter being smaller

than the first interior diameter such that the interior surface defining the

frustoconical space is at a first angle relative to an axis of the connector,

wherein the sealing ring region is adjacent to the frustoconical space and has

the second diameter, wherein the sealing flange extends from the second

diameter at the sealing ring region in a direction perpendicular to the axis of

the connector, to form a flange having an inner diameter smaller than the

second diameter and larger than the outer diameter of the core insulator layer

of the shielded cable, and wherein the open region extends from the sealing

flange to the second end of the body; (ii) a tapered compression ring

comprising a first planar face and a second planar face, each of the first and



second planar faces being perpendicular to an axis of the tapered compression

ring, a frustoconical exterior surface extending from the first planar face to the

second planar face, a diameter of the frustoconical exterior surface at the first

planar face being smaller than a diameter of the frustoconical exterior surface

at the second planar face, the frustoconical exterior surface being at the first

angle relative to the axis of the tapered compression ring, a center hole from

the first planar face to the second planar face oriented along the axis of the

tapered compression ring and having a diameter larger than the outer diameter

of the outer insulator layer of the flexible braided sheath, wherein the tapered

compression ring is positioned internal to and axially aligned with the

connector body between the first end of the body and the sealing ring region,

wherein the tapered compression ring is under compression inside the

connector body, and (iii) a sealing ring positioned inside and axially aligned

with the connector body adjacent to the sealing flange to provide a first seal

between the outer diameter of the sealing ring and the interior surface of the

connector body in the sealing ring region, and comprising a center hole having

an inside diameter set to provide a second seal against the exterior of the core

insulator layer on a section of the shielded cable with the outer insulator layer

and the flexible braided sheath layer removed; and wherein the shielded cable

is positioned within the connector body such that an end of the cable extends a

length outside the second end of the connector body, the outer insulator layer

and the flexible braided sheath layer removed from the entire extended length

and the core insulator layer removed from the conductive core for a portion of

the extended length, the portion including the end of the conductive core,

wherein the outer insulator layer is further removed from the cable internal to

the connector body to a point proximate to the first end of the connector body,

wherein the shielded cable having the outer insulator layer removed, extends

through the center hole of the tapered compression ring, wherein a section of

the flexible braided sheath layer is separated from the core insulator between

the first planar face and the cable end, flared radially outward from the cable



and evenly distributed over the first planar face and the frustoconical outer

surface of the tapered compression ring to the second planar face, and wherein

a portion of the flared flexible braided sheath layer spread over the

imstoconical outer surface is pressed between the frustoconical outer surface

of the tapered compression ring and the interior surface of the frustoconical

space of the connector body.

Brief Description of the Drawings

[0018] For a fuller understanding of the nature and objects of the invention,

reference should be made to the following detailed description of a preferred

mode of practicing the invention, read in connection with the accompanying

drawings in which:

[0019] Fig. 1 is an illustration of a first embodiment of the present

invention in the form of a connector attached to a shielded cable;

[0020] Fig. 2 is an illustration of a cross-sectional view of the first

embodiment of the present invention;

[0021] Fig. 3 is an illustration of a detailed view of the cross-sectional view

of the first embodiment of the present invention;

[0022] Fig. 4 is an illustration of a second embodiment of the present

invention; and

[0023] Fig. 5 is an illustration of a third embodiment of the present

invention.

Detailed Description of the Invention

[0024] Fig. 1 illustrates a shielded cable having a connection end prepared

for connection to a termination point and a first embodiment of the connector

of the present invention assembled therewith. Connector body 150 includes

mounting feature 160 for mechanically attaching the connection end of the

connector to a termination point. The connector in Fig. 1 further comprises

flexible boot 165 positioned over a cable end of connector body 150.



[0025] Flexible boot 165 extends from the cable end of connector body 150

onto the shielded cable outer insulator 125. The flexible boot 165 includes

constrictive ridges on both ends to provide an environmental seal to the

external surfaces of the cable end of connector body 150 and the outer

insulator 125. The exterior of flexible boot 165 tapers from a diameter large

enough to snugly fit over the cable end of connector body 150 to a smaller

diameter providing a seal around the outer insulator 125. Flexible boot 165 is

optionally but preferably provided to prevent fluid and particulate

contaminants from penetrating into the connector from the cable end.

Contaminants that enter a connector can penetrate the electrical termination

point to which the connector is connected. Additionally, fluid contaminants

may seep into the interstitial spaces between the wires of the braided sheath on

one end of the power cable, travel the entire length of the cable and eventually

contaminate the connection on the other end of the cable.

[0026] Flexible boot 165 is comprised of a flexible, elastic material.

Preferably, the elastic material will be resistant to high temperature.

Typically, the elastic material is rubber. In an exemplary embodiment, the

elastic material is silicone rubber.

[0027] From the connection end of the connector body 150 in Fig. 1, an

end section of conductive core 110 extends with the other layers removed so

the conductive core may be connected to a termination point. Starting from a

short distance outside the connection end the connector body 150 and

continuing through the connector, the conductive core 1 0 is covered by core

insulator 115 to avoid an electrical short between conductive core 10 and

connector body 150.

[0028] Fig. 2 illustrates a cross-sectional view of the shielded connector

and shielded cable of Fig. 1 from the perspective of a vertical plane through

the approximately aligned axes of the hollow center of connector body 50

and the shielded cable positioned therein. Fig. 2 illustrates that a shielded

cable comprises, in concentric layers proceeding outwardly from the center,



conductive core 110, core insulator 15, sheath 120 and outer insulator 125.

Based on the desired length of the bare conductor 110 needed at the

connection end, the portion of conductive core 110 that remains protected by

core insulator 1 5 and the length of the connector body 150 itself, a section of

outer insulator 125 has been removed from the end of the shielded cable. As

shown in the illustration of the cable connector assembly in Fig. 2, the outer

insulator 125 is typically terminated inside the cable end of the connector

body 150.

[0029] The hollow interior of connector body 150 includes a conical

section that tapers, at a low angle to the axis of the connector, from a larger

inner diameter at the cable end of the connector body to a smaller inner

diameter section, an interior sealing flange 175 and a connection end interior.

The interior sealing flange 175 has a cable side and a connection side. The

smaller inner diameter section is adjacent to the cable side of interior sealing

flange 175. The interior diameter of sealing flange 175 is smaller than the

smaller inner diameter section of the hollow interior of the connector body

150 and larger than the exterior diameter of core insulator 115. The

connection end interior is on the connection side of the sealing flange 175.

The dimensions and shape of the connection end interior depends on the

particular embodiment of the connector needed for the mechanical interface to

an electrical termination point. In an exemplary embodiment, the connection

end of connector body 150 has mounting features which are optimized to suit

specific application requirements (e.g. threaded, flange mounted, or other

mechanical coupling types).

[0030] To seal the interior of the connector from the environment on the

connection end, sealing ring 170 is installed in the smaller inner diameter

section against the cable side of sealing flange 175. The diameter of a hole

through the center of sealing ring 170 is set to provide a snug fit to the exterior

of core insulator 15 in the connector assembly. Installing the sealing ring

170 is done in two steps. Initially, with the diameter of a hole through the



center of sealing ring 170 sufficiently sized, the sealing ring 170 is easily

slipped over the exposed outer surface of core insulator 15. As a second

step, the sealing ring 170 is compressed into its installed position in the

smaller inner diameter area of the hollow interior of the connector body 150

against the cable side of sealing flange 175. Sealing ring 170 is made of a

compliant material such as PTFE, or another well-known material suitable for

this purpose. The outside diameter of sealing ring 170 is compressed as it is

pressed along the interior conical surface of connector body 50 and into

position against sealing flange 175. As the outside diameter of sealing ring

170 is compressed, its inner diameter reduces in size such that its inner

diameter provides a seal against the outer surface of core insulator 15. Thus,

contaminants, such as water, cannot easily penetrate the fmstoconical space of

the connector interior from the connection end.

[0031] The tapered compression ring 155 has a fmstoconical exterior

surface and a hollow cylindrical core that are axially aligned. The

fmstoconical exterior surface of the tapered compression ring tapers, at a low

angle to the axis of the compression ring 155, between a larger outer diameter

at a first planar face and a smaller outer diameter at a second planar face, the

planar faces being approximately parallel to each other and perpendicular to

the axis of the tapered compression ring.

[0032] When assembling the connector on an end of a shielded cable, the

desired section of the outer insulator 125 is removed, as shown in Fig. 2.

First, the flexible boot 165 is slipped over the cable end and pushed past the

end of outer insulator 125. Next, tapered compression ring 155 is slipped over

the cable end, oriented such that the smaller planar face faces the connection

end of the cable, and positioned over sheath 120, adjacent to the terminus of

the outer insulator 125 where sheath 120 remains exposed.

[0033] Due to the flexibility of the braided wires in sheath 120, the

exposed, terminated end of sheath 120 may be peeled away from core

insulator 115, folded across the smaller planar face of tapered compression



ring 155 and distributed evenly around the tapered exterior surface of tapered

compression ring 155.

[0034] The low angle at which the exterior surface of the tapered

compression ring tapers is set is about the same low angle at which the hollow

conical interior section of connector body 150 tapers. The tapered

compression ring is formed of metal or other material and sized such that it

can be compressed to a range of outer diameters (from the diameter at the

smaller planar face to the diameter at the larger planar face) that is entirely

within the range from the smaller inner diameter to the larger inner diameter

of the hollow conical interior section of the connector body 150.

[0035] The connector body 150 is situated over the shielded cable, as

shown in Fig. 2, such that outer insulator 125 terminates just inside the cable

end of the connector body 150. When the conical interior section of connector

body 150 is axially aligned with the tapered compression ring 155 (over which

the braided sheath is evenly distributed), the tapered compression ring 155 is

forced into the hollow conical interior section of the connector body 150,

thereby compressing the tapered compression ring 155 into a position within

the hollow conical interior section such that the flexible braided sheath 120,

which is distributed around the exterior frustoconical surface of the tapered

compression ring, is compressed between the tapered compression ring and

the conical interior surface of the connector body. A mechanical connection is

created, known as a self-locking taper, by the respective low angled surfaces

of the tapered compression ring 155 exterior and the connector body 150

hollow conical interior with the braided sheath 120 compressed therebetween.

The low angles of the self-locking tapered surfaces may be in the range of

from approximately 2 degrees to approximately 8 degrees, with a preferred

low angle being approximately 5 degrees.

[0036] The diameter of the hollow cylindrical core of the tapered

compression ring is set so that, when in a compressed position in the

connector assembly, a gap exists between the inner surface of the cylindrical



core and the entire circumference of the exterior of core insulator 115, with

the gap being partially occupied by the flexible braided sheath (see Fig. 3).

[0037] The cable end of connector body 0 is sealed from the

environment when flexible boot 165 is positioned on the cable end of the

connector body 150, as shown in Fig. 2.

[0038] Features of the connection between the connector and the shielded

cable are illustrated in more detail in Fig. 3. n a fully assembled connector

according to the first embodiment, cavity 190 comprises the combined

unoccupied spaces within the hollow interior of connector body 150 including:

space between sealing ring 70 and the smaller planar face of the compression

ring 155; the gap between the cylindrical core of the compression ring 155 and

the exterior surface of core insulator 115, including the interstitial spaces

among the braided shield wires of the braided sheath 120, from the smaller

planar face to the larger planar face of the tapered compression ring; and space

between the larger planar face of compression ring 155 and the cable end of

connector body 150.

[0039] As previously indicated, to protect the electrical connection and the

exposed sheath 120 from environmental contaminants, the flexible boot 165 is

positioned over the cable end of connector body 150 and also over outer

insulator 125 to seal the connector body 50 on the cable end. Previously

installed sealing ring 170, having been inserted in the interior of connector

body 150 against the sealing flange provided on the interior at the smaller

inner diameter end of the hollow conical interior, provides an environmental

seal from contaminants on the connection end of connector body 150.

[0040] In an illustration of a second embodiment of the present invention,

Fig. 4 shows that an adhesive 200 may be provided where the flexible braided

shield sheath 120 is compressed between the tapered compression ring 155

and the hollow interior surface of the connector body 150. This embodiment

of the present invention increases the mechanical strength (i.e., ruggedizes) of

the connector assembly created by the self-locking tapered surfaces of the



connector body 150 and tapered compression ring 5. The adhesive 200

used in this embodiment may be an epoxy or other strong securing medium.

In an exemplary embodiment, the adhesive 200 is capable of exposure to high

heat when set and is of a low viscosity when applied such that there is

capillary penetration to fill, partially or completely, the interstitial spaces

between the braided shield wires of sheath 120 in the region where they are

compressed. The adhesive 200 may be provided to some or all of the

compressed area of sheath 120.

[0041] Fig. 5 provides an illustration of a third embodiment of the present

invention, in which cavity 190 is filled with an adhesive sealer 310. The

cavity 190 may be filled partially or completely with the adhesive sealer 310,

before flexible boot 165 is positioned over the cable end of connector body

150, from the open cable end of the connector. Like the adhesive 200 in the

second embodiment, the adhesive sealer 310 is of a low viscosity when

applied such that there is capillary penetration to into the interstitial spaces

between and through the braided shield wires of sheath 120, allowing the

adhesive sealer 310 to penetrate throughout cavity 190. The adhesive sealer

3 0 is capable of exposure to high heat when set. In addition to increasing the

mechanical strength of the connector assembly, like the embodiment disclosed

in Fig. 4, the embodiment including the adhesive sealer 3 0 provides greater

protection of the connection and the flexible braided shield from the

environment than can be provided by the first embodiment, which relies on

the flexible boot 65 and sealing ring 170 alone.

[0042] A benefit of the adhesive 200 applied to the braided sheath 120, in

Fig. 4, is protection against galvanic corrosion due to the electrochemical

potential between the dissimilar metals of the braided sheath and the

connector body. With the addition of the adhesive 200, it can be seen that the

critical junction between the cable shield 120 and the connector body is

encapsulated in a protective resin in embodiment 3. This prevents any

corrosion that can be precipitated by the presence of dissimilar metals in



contact with one another in an embodiment that includes both the adhesive

200 of Fig. 4 and the adhesive sealer 310 of Fig. 5, the adhesive sealer 310

further protects the metals at the junction from harsh environmental conditions

that would promote corrosion.

[0043] A further benefit that the sealing adhesive 310 provides is an

improvement over prior art connectors in which shield wires harden from

vibration, break free, and can then migrate to some point where a short circuit

can occur. The sealing adhesive 310 hermetically isolates shield wires from

vibrational flexing that leads to hardening and cracking of shield wires and it

encapsulates the wires such that they cannot be freed to migrate.

[0044] The increased seal against water penetration provided by the third

embodiment can easily withstand high pressure spray with hot water at 1200

psi and 50 degrees C to the outside surfaces of outer insulator 125, flexible

boot 165, and connector body 150.

[0045] The proper addition of adhesive sealer 310 described by the third

embodiment ensures the cable retention force of the connector will exceed the

tensile strength of the braided cable shield.

[0046] Connectors manufactured by this method are characterized by the

strength of solid metal housings and features created by precision machining.

The securing forces of self-locking tapered surfaces, which act to retain the

cable shield, are directly controlled by the precision of the machining and the

high level of assembly forces that the materials afford. The higher impact

strength of the connector bodies are attributable to the characteristics of

metals, such as aluminum, when compared to the molded plastics used for

much of the prior art. It is not required that tapered compression ring 155 be

made of an electrically conductive material.

[0047] It is recognized that a high precision turning process can easily

create surfaces that provide the self-locking taper used to secure sheath 120.

However, other forming methods such as casting, metal injection molding,



stamping, progressive tooling, and deep drawing can also create these types of

desired surfaces in electrically conductive materials.

[0048] The low resistance of the connection between the braided shield of

the cable and the connector body is an essential trait of this device. In

embodiments of the present invention, a resistance of 2 milliohms or less can

be measured through the connector with a 40 ampere load passing along the

braided cable shield and into the connector body. As used herein, the term

"low resistance" indicates an electrical resistance of less than 10 milliohms,

depending on tightness between the cable shield wires.

[0049] Embodiments of the connector assembly described herein provide

the features of high power capability, low electrical resistance, low levels of

emitted electromagnetic interference, mechanical strength and protection from

environmental contaminants that are needed in connectors on power cables in

electric and hybrid- electric vehicles.

[0050] As used herein, the terms "electric vehicle" and "hybrid-electric

vehicle" include vehicles capable of transporting human and non-human loads

using an electrically powered drive system.

[0051] As used herein, the term "evenly distributed" with regard to the

flexible braided sheath layer indicates substantially uniform separation of the

respective wires from which the braided sheath layer is composed.

[0052] While the present invention has been particularly shown and

described with reference to the preferred mode as illustrated in the drawing\s,

it will be understood by one skilled in the art that various changes in detail

may be effected therein without departing from the spirit and scope of the

invention as defined by the claims.



List of Reference Numerals

110 conductive core

115 core insulator

120 braided sheath

125 outer insulator

150 connector body

155 tapered compression ring

160 mounting feature

165 flexible boot

170 sealing ring

175 sealing flange

190 cavity

200 adhesive

310 adhesive sealer



What is claimed:

. A shielded cable connector assembly for an electric vehicle,

comprising:

(a) a shielded cable comprising

an electrically conductive core,

a core insulator layer comprising a flexible tubular- dielectric

layer covering and in contact with the outer surface of the conductive

core,

a flexible sheath layer comprising braided electrically conductive

wire covering and in contact with the outer surface of the core

insulator, and

an outer insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the flexible

sheath layer;

(b) a connector comprising

(i) a substantially tubular body formed of electrically conductive

metal, the body having a first end and a second end, an interior surface

of the body defining an axially oriented frustoconical space, a sealing

ring region, a sealing flange and an open region,

wherein the frustoconical space extends from a first

interior diameter of the interior surface at the first end of the body to a

second interior diameter of the interior surface at the sealing ring

region, the second interior diameter being smaller than the first interior

diameter such that the interior surface defining the frustoconical space

is at a first angle relative to an axis of the connector,

wherein the sealing ring region is adjacent to the

frustoconical space and has the second diameter,

wherein the sealing flange extends from the second

diameter at the sealing ring region in a direction perpendicular to the

axis of the connector, to form a flange having an inner diameter smaller



than the second diameter and larger than the outer diameter of the core

insulator layer of the shielded cable,

wherein the open region extends from the sealing flange

econd end of the body, and

wherein the connector is capable of connecting to an

electrical connection in the electric vehicle;

(ii) a tapered compression ring comprising

a first planar face and a second planar face, each of the

first and second planar faces being perpendicular to an axis of

the tapered compression ring,

a frustoconical exterior surface extending from the first

planar face to the second planar face, a diameter of the

frustoconical exterior surface at the first planar face being

smaller than a diameter of the frustoconical exterior surface at

the second planar face,

the frustoconical exterior surface being at the first angle

relative to the axis of the tapered compression ring,

a center hole from the first planar face to the second

planar face oriented along the axis of the tapered compression

ring and having a diameter larger than the outer diameter of the

outer insulator layer of the flexible braided sheath,

wherein the tapered compression ring is positioned

internal to and axially aligned with the connector body between

the first end of the body and the sealing ring region,

wherein the tapered compression ring is under

compression inside the connector body, and

(iii) a sealing ring positioned inside and axially aligned with the

connector body adjacent to the sealing flange to provide a first seal

between the outer diameter of the sealing ring and the interior surface

of the connector body in the sealing ring region, and comprising a



center hole having an inside diameter set to provide a second seal

against the exterior of the core insulator layer on a section of the

shielded cable with the outer insulator layer and the flexible braided

sheath layer removed; and

(c) a flexible boot comprised of a substantially tubular shape with a

first boot end diameter set to provide a seal around the outside surface of the

first end of the connector body and a second boot end diameter set to provide

a seal around the exterior surface of the outer insulator of the shielded cable,

wherein the shielded cable is positioned within the connector body such

that an end of the cable extends a length outside the second end of the

connector body, the outer insulator layer and the flexible braided sheath layer

removed from the entire extended length and the core insulator layer removed

from the conductive core for a portion of the extended length, the portion

including the end of the conductive core,

wherein the outer insulator layer is further removed from the cable

internal to the connector body to a point proximate to the first end of the

connector body,

wherein the shielded cable having the outer insulator layer removed,

extends through the center hole of the tapered compression ring,

wherein a section of the flexible braided sheath layer is separated from

the core insulator between the first planar face and the cable end, flared

radially outward from the cable and evenly distributed over the first planar

face and the frustoconical outer surface of the tapered compression ring to the

second planar face, and

wherein a portion of the flared flexible braided sheath layer spread over

the fmstoconical outer surface is pressed between the frustoconical outer

surface of the tapered compression ring and the interior surface of the

frustoconical space of the connector body.



2. The shielded cable connector assembly of claim 1, wherein the

connector body provides a low resistance electrical connection between the

flexible braided sheath and the connector body.

3. The shielded cable connector assembly of claim 2, wherein the low

resistance electrical connection has a resistance of less than 2 milliohms.

4 . The shielded cable connector assembly of claim 1, wherein the shielded

cable and connector assembly is capable of conducting high levels of

continuous power in the range of from about 200 amperes to about 500

amperes and higher.

5. The shielded cable connector assembly of claim 1, wherein the

electromagnetic interference emitted at the connector assembly is no greater

than the interference emitted by the shielded cable.

6. The shielded cable connector assembly of claim 1, wherein the tapered

compression ring and the connector body are mechanically connected by a

self-locking taper.

7 . The shielded cable connector assembly of claim 1, wherein the first

angle is between 2 degrees and 8 degrees.

8 . The shielded cable connector assembly of claim 1, wherein an adhesive

provided in a least a portion of the interstitial areas where the flexible braided

sheath layer is pressed between the interior surface of the fmstoconical space

of the connector body and the fmstoconical outer surface of the tapered

compression ring .

9. The shielded cable connector assembly of claim 8, wherein the

adhesive comprises an epoxy resin.



10. The shielded cable connector assembly of claim 8, wherein the

adhesive provides protection against galvanic corrosion of the connector

assembly.

1 . The shielded cable connector assembly of claim , wherein an adhesive

sealer is provided in at least a portion of the frustoconical space inside the

connector body.

12. The shielded cable connector assembly of claim 1, wherein the

adhesive sealer comprises a bonding filler, epoxy resin or silicon resin.

13. The shielded cable connector assembly of claim 1, wherein the

adhesive sealer resists penetration of fluids and particles into the frustoconical

space in the connector body.

14. The shielded cable connector assembly of claim 1, wherein the

adhesive sealer provides protection against galvanic corrosion of the

connector assembly.

15. The shielded cable connector assembly of claim 1, wherein the

adhesive sealer increases the reliability of the connector assembly by

eliminating electrical shorts caused by vibrational flexing and breakage of the

flexible braided sheath.

16. The shielded cable connector assembly of claim 1, wherein the

connector body further comprises a mounting feature for mechanically and

electrically for connecting the connector body to a termination point.

17. The shielded cable connector assembly of claim 1, wherein the sealing

ring resists penetration of fluids into the frustoconical space in the connector

body at the sealing ring region.

18. The shielded cable connector assembly of claim 1, wherein the

connector body includes an exterior surface ridge around the perimeter at



connector body first end and the flexible boot includes an interior lip at the

flexible boot first end, such that the interior lip and the exterior ridge engage

to inhibit the flexible boot slipping off the connector body.

19. A shielded cable connector assembly, comprising:

(a) a shielded cable comprising

an electrically conductive core,

a core insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the conductive

core,

a flexible sheath layer comprising braided electrically conductive

wire covering and in contact with the outer surface of the core

insulator, and

an outer insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the flexible

sheath layer;

(b) a connector comprising

(i) a substantially tubular body formed of electrically conductive

metal, the body having a first end and a second end, an interior surface

of the body defining an axially oriented frastoconical space, a sealing

ring region, a sealing flange and an open region,

wherein the frastoconical space extends from a first

interior diameter of the interior surface at the first end of the body to a

second interior diameter of the interior surface at the sealing ring

region, the second interior diameter being smaller than the first interior

diameter such that the interior surface defining the frastoconical space

is at a first angle relative to an axis of the connector,

wherein the sealing ring region is adjacent to the

frastoconical space and has the second diameter,

wherein the sealing flange extends from the second

diameter at the sealing ring region in a direction perpendicular to the



axis of the connector, to form a flange having an inner diameter smaller

than the second diameter and larger than the outer diameter of the core

insulator layer of the shielded cable, and

wherein the open region extends from the sealing flange

the second end of the body;

(ii) a tapered compression ring comprising

a first planar face and a second planar face, each of the

first and second planar faces being perpendicular to an axis of

the tapered compression ring,

a frustoconical exterior surface extending from the first

planar face to the second planar face, a diameter of the

frustoconical exterior surface at the first planar face being

smaller than a diameter of the frustoconical exterior surface at

the second planar face,

the frustoconical exterior surface being at the first angle

relative to the axis of the tapered compression ring,

a center hole from the first planar face to the second

planar face oriented along the axis of the tapered compression

ring and having a diameter larger than the outer diameter of the

outer insulator layer of the flexible braided sheath,

wherein the tapered compression ring is positioned

internal to and axially aligned with the connector body between

the first end of the body and the sealing ring region,

wherein the tapered compression ring is under

compression inside the connector body, and

(iii) a sealing ring positioned inside and axially aligned with the

connector body adjacent to the sealing flange to provide a first seal

between the outer diameter of the sealing ring and the interior surface

of the connector body in the sealing ring region, and comprising a

center hole having an inside diameter set to provide a second seal



against the exterior of the core insulator layer on a section of the

shielded cable with the outer insulator layer and the flexible braided

sheath layer removed; and

(c) a flexible boot comprised of a substantially tubular shape with a

first boot end diameter set to provide a seal around the outside surface of the

first end of the connector body and a second boot end diameter set to provide

a seal around the exterior surface of the outer insulator of the shielded cable,

wherein the shielded cable is positioned within the connector body such

that an end of the cable extends a length outside the second end of the

connector body, the outer insulator layer and the flexible braided sheath layer

removed from the entire extended length and the core insulator layer removed

from the conductive core for a portion of the extended length, the portion

including the end of the conductive core,

wherein the outer insulator layer is further removed from the cable

internal to the connector body to a point proximate to the first end of the

connector body,

wherein the shielded cable having the outer insulator layer removed,

extends through the center hole of the tapered compression ring,

wherein a section of the flexible braided sheath layer is separated from

the core insulator between the first planar face and the cable end, flared

radially outward from the cable and evenly distributed over the first planar

face and the frustoconical outer surface of the tapered compression ring to the

second planar face, and

wherein a portion of the flared flexible braided sheath layer spread over

the frustoconical outer surface is pressed between the frustoconical outer

surface of the tapered compression ring and the interior surface of the

frustoconical space of the connector body.

20. A shielded cable connector assembly, comprising:

(a) a shielded cable comprising

an electrically conductive core,



a core insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the conductive

core,

a flexible sheath layer comprising braided electrically conductive

wire covering and in contact with the outer surface of the core

insulator, and

an outer insulator layer comprising a flexible tubular dielectric

layer covering and in contact with the outer surface of the flexible

sheath layer;

(b) a connector comprising

(i) a substantially tubular body formed of electrically conductive

metal, the body having a first end and a second end, an interior surface

of the body defining an axially oriented frustoconical space, a sealing

ring region, a sealing flange and an open region,

wherein the frustoconical space extends from a first

interior diameter of the interior surface at the first end of the body to a

second interior diameter of the interior surface at the sealing ring

region, the second interior diameter being smaller than the first interior

diameter such that the interior surface defining the frustoconical space

is at a first angle relative to an axis of the connector,

wherein the sealing ring region is adjacent to the

frustoconical space and has the second diameter,

wherein the sealing flange extends from the second

diameter at the sealing ring region in a direction perpendicular to the

axis of the connector, to form a flange having an inner diameter smaller

than the second diameter and larger than the outer diameter of the core

insulator layer of the shielded cable, and

wherein the open region extends from the sealing flange

the second end of the body;

(ii) a tapered compression ring comprising



a first planar face and a second planar face, each of the

first and second planar faces being perpendicular to an axis of

the tapered compression ring,

a fmstoconical exterior surface extending from the first

planar face to the second planar face, a diameter of the

fmstoconical exterior surface at the first planar face being

smaller than a diameter of the fmstoconical exterior surface at

the second planar face,

the fmstoconical exterior surface being at the first angle

relative to the axis of the tapered compression ring,

a center hole from the first planar face to the second

planar face oriented along the axis of the tapered compression

ring and having a diameter larger than the outer diameter of the

outer insulator layer of the flexible braided sheath,

wherein the tapered compression ring is positioned

internal to and axially aligned with the connector body between

the first end of the body and the sealing ring region,

wherein the tapered compression ring is under

compression inside the connector body, and

(iii) a sealing ring positioned inside and axially aligned with the

connector body adjacent to the sealing flange to provide a first seal

between the outer diameter of the sealing ring and the interior surface

of the connector body in the sealing ring region, and comprising a

center hole having an inside diameter set to provide a second seal

against the exterior of the core insulator layer on a section of the

shielded cable with the outer insulator layer and the flexible braided

sheath layer removed; and

wherein the shielded cable is positioned within the connector body such

that an end of the cable extends a length outside the second end of the

connector body, the outer insulator layer and the flexible braided sheath layer



removed from the entire extended length and the core insulator layer removed

from the conductive core for a portion of the extended length, the portion

including the end of the conductive core,

wherein the outer insulator layer is further removed from the cable

internal to the connector body to a point proximate to the first end of the

connector body,

wherein the shielded cable having the outer insulator layer removed,

extends through the center hole of the tapered compression ring,

wherein a section of the flexible braided sheath layer is separated from

the core insulator between the first planar face and the cable end, flared

radially outward from the cable and evenly distributed over the first planar

face and the frustoconical outer surface of the tapered compression ring to the

second planar face, and

wherein a portion of the flared flexible braided sheath layer spread over

the frustoconical outer surface is pressed between the frustoconical outer

surface of the tapered compression ring and the interior surface of the

frustoconical space of the connector body.













INTERNATIONAL SEARCH REPORT International application No.

PCT/US2014/047821

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - H01 R 13/6592 (2014.01 )
CPC - H01 R 13/6592 (2014.1 0)

According to International Patent Classification (IPC) or to both national classification a d IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - H01 9/03, 9/05, 13/00, 13/52, 13/56, 13/627, 13/629, 13/648, 13/658, 13/6592, 43/00 (2014.01 )
CPC - H01 R 9/038, 9/0518, 13/5202, 13/5205, 13/5208, 13/5219, 13/5221 , 13/62955, 13/648, 13/6592 (2014.10) (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 174/359; 439/352, 578, 584, 585

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, Orbit, Google Patent, Google
Search terms used: coax, cable, core, electric, vehicle, shield, insulation, flex, layer, sheath, metal, seal, ring, axis, connector

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

CN 102598427 A (CASSES e t al) 18 July 2012 (18.07.2012) see machine translation 1-20

US 2006/0166552 A 1 (BENCE et al) 27 July 2006 (27.07.2006) entire document 1-20

WO 2013/002396 A 1 (SUZUKI et al) 03 January 2013 (03.01 .2013) see machine translation 1-20

I I Further documents are listed in the continuation of Box C . | |

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot bespecial reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than '&" document member of the same patent family

Date o f the actual completion o f the international search Date of mailing o f the international search report

2 1 October 2014 NOV 2014
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCTOSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

