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(57) Abstract: A backshell (60) for an electrical assembly (50) is provided. The backshell includes a shield termination body
(114) having a connector end (116) and a relief end (118). The connector end is configured to join to a cable end (56) of an elec-
trical connector (52). A face (117) of the connector end is oriented at an angle with respect to a face (121) of the relief end. A
strain relief (124) is provided having a shield end (128) and a cable clamp end (126). A face (129) of the shield end is oriented at
an angle with respect to a face (125) of the cable clamp end. The shield end is rotatably coupled to the reliet end of the shield ter-
mination body. The shield end of the strain relief is rotatable with respect to the relief end of the shield termination body so that
the face of the cable clamp end of the strain relief is positionable at variable angles with respect to the face of the connector end of
the shield termination body.
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ROTATIONALLY CONFIGURABLE BACKSHELL
FOR AN ELECTRICAL CONNECTOR

BACKGROUND

[0001] The subject matter described herein relates generally to a backshell for an
electrical connector and, more particularly, to a rotationally configurable backshell for an

electrical connector.

[0002] Electrical connectors generally include loose cables and/or wire bundles that
extend from a cable end of the connectors. The cables are configured to engage an electrical
component. However, the cables typically are not secured and may be subject to forces that
disengage the cables from the electrical component and/or the electrical connector. The
cables may be protected by a backshell. The backshell is secured to the cable end of the
connector and includes a strain relief mechanism to secure the cables. The backshell is
commonly arranged in one of three orientations with respect to the electrical connector. The
backshell may be oriented in-line, i.e. 0 degrees with respect to the connector, or the
backshell may be oriented at a 45 degree or 90 degree angle with respect to the connector.

These angular configurations accommodate most applications of the electrical connector.

[0003] However, most backshells are not interchangeable to accommodate different
configurations. Instead, different backshells are often required to be utilized to accommodate
each angle. Accordingly, as the application of an electrical connector changes, a new
backshell must be coupled to the electrical connector. Some backshells are configured to
accommodate different angles. However, these backshells generally include a pair of arms
that rotate independently with respect to the electrical connector and the body of the
backshell. Accordingly, it is difficult to properly align the arm at the desired angle.
Additionally, the arms are retained using multiple screws. Each screw must be manipulated
to adjust the angle of the backshell and requires separate operations. As such, these

backshells tend to be clumsy and require significant time and work to adjust.

[0004] Accordingly, there is a need for an adjustable rotationally configurable backshell
that can be adjusted with little effort.

SUMMARY OF THE INVENTION

[0005] In one embodiment, a rotationally configurable backshell to be joined to an

electrical connector is provided. The rotationally configurable backshell includes a connector
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body having a connector interface and a shield interface. The connector interface is
configured to engage and form an electrical connection with the electrical connector. A
shield termination body is provided having a connector end and a relief end. The connector
end is joined to the connector interface of the connector body. The connector end is oriented
at an angle with respect to the relief end. The shield termination body is configured to shield
a cable extending from the electrical connector. A strain relief is provided having a shield
end and a cable clamp end. The shield end is oriented at an angle with respect to the cable
clamp end. The shield end is rotatably joined to the relief end of the shield termination body.
The shield end of the strain relief is rotatable with respect to the relief end of the shield
termination body so that the cable clamp end of the strain relief is positionable at variable
angles with respect to the connector end of the shield termination body. The cable clamp end

of the strain relief is configured to secure the cable extending from the electrical connector.

[0006] In another embodiment, a backshell for an electrical assembly is provided. The
backshell includes a shield termination body having a connector end and a relief end. The
connector end is configured to join to a cable end of an electrical connector. A face of the
connector end is oriented at an angle with respect to a face of the relief end. A strain relief is
provided having a shield end and a cable clamp end. A face of the shield end is oriented at an
angle with respect to a face of the cable clamp end. The shield end is rotatably coupled to the
relief end of the shield termination body. The shield end of the strain relief is rotatable with
respect to the relief end of the shield termination body so that the face of the cable clamp end
of the strain relief is positionable at variable angles with respect to the face of the connector

end of the shield termination body.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 is an exploded view of an electrical assembly.

[0008] Figure 2 is a perspective view of a backshell formed in accordance with an

embodiment and that may be used with the electrical assembly shown in Figure 1.

[0009] Figure 3 is a cross-sectional view of the backshell shown in Figure 2 taken along
line 3-3.

[0010] Figure 4 is an expanded view of the coupling nut of the embodiment shown in

Figure 2.
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[0011] Figure 5 is an expanded view of an alternative coupling nut formed in accordance

with an embodiment and that may be used with the backshell shown in Figure 2.

[0012] Figure 6 is an expanded view of the cable clamp of the embodiment shown in
Figure 2.

[0013] Figure 7 is an expanded view of a portion of the shield termination body of the
embodiment shown in Figure 2.

[0014] Figure 8 is a front view of the band of the embodiment shown in Figure 2.

[0015] Figure 9 illustrates the backshell of the embodiment shown in Figure 2 in various
positions.

[0016] Figure 10 is an exploded view of a backshell formed in accordance with an

embodiment and that may be used with the electrical assembly shown in Figure 1.

[0017] Figure 11 is a perspective view of a strain relief formed in accordance with an
embodiment and that may be used with the backshell shown in Figure 2 and/or the backshell

shown in Figure 10.

[0018] Figure 12 is a perspective view of a strain relief formed in accordance with an
embodiment and that may be used with the backshell shown in Figure 2 and/or the backshell

shown in Figure 10.

[0019] Figure 13 is a perspective view of a strain relief and shield termination body

formed in accordance with an alternative embodiment.

[0020] Figure 14A is a perspective view of the strain relief and shield termination body

shown in Figure 13 and in a first entry position.

[0021] Figure 14B is a perspective view of the strain relief and shield termination body

shown in Figure 14A and rotated to a 45 degree position.

[0022] Figure 14C is a perspective view of the strain relief and shield termination body

shown in Figure 14A and rotated to a 90 degree position.

[0023] Figure 15A is a perspective view of the strain relief and shield termination body

shown in Figure 13 and in a second entry position.
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[0024] Figure 15B is a perspective view of the strain relief and shield termination body

shown in Figure 15A and rotated to a 0 degree position.

[0025] Figure 15C is a perspective view of the strain relief and shield termination body

shown in Figure 15A and rotated to a 45 degree position.
DETAILED DESCRIPTION OF THE DRAWINGS

[0026] The foregoing summary, as well as the following detailed description of certain
embodiments will be better understood when read in conjunction with the appended
drawings. As used herein, an element or step recited in the singular and proceeded with the
word "a" or "an" should be understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, references to "one embodiment" are
not intended to be interpreted as excluding the existence of additional embodiments that also
incorporate the recited features. Moreover, unless explicitly stated to the contrary,
embodiments "comprising” or "having" an element or a plurality of elements having a

particular property may include additional such elements not having that property.

[0027] Figure 1 is an exploded view of an electrical assembly 50. The electrical
assembly 50 includes an electrical connector 52. The electrical connector 52 may be any
suitable connector for use in the aerospace and automotive industries or the like.
Alternatively, the electrical connector 52 may be suitable for any electrical application. The
electrical connector 52 includes a body 53 with a mating end 54 and a cable end 56. The
mating end 54 is configured to couple to a corresponding connector. The cable end 56
includes a cable bundle 58 extending therefrom. Alternatively, multiple cables and/or loose
wires may extend from the cable end 56. The cable bundle 58 is configured to join an
electrical component (not shown). The electrical connector 52 transmits power and/or data
signals from the electrical component to another electrical component coupled to a
corresponding connector. Alternatively, the electrical connector 52 may transmit optical
signals or any other suitable signal to a corresponding connector. The cable bundle 58 may
extend from the electrical connector 52 at an angle to accommodate a designated wire harness
path and/or a channel. The cable bundle 58 has a longitudinal axis 59 and the electrical
connector 52 has a longitudinal axis 55. The cable bundle 58 may extend from the electrical
connector 52 so that the longitudinal axis 59 of the cable bundle 58 is oriented at an angle
with respect to the longitudinal axis 55 of the electrical connector 52. The axes 59 and 55
may be oriented at any angle. In one embodiment, the axes 59 and 55 may be oriented at any

angle between 0 and 180 degrees.
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[0028] A backshell 60 is configured to secure to a threaded area 59 of the cable end 56 of
the electrical connector 52. Optionally, the backshell 60 may be snapped onto the cable end
56 of the electrical connector 52. The backshell 60 is configured to receive the cable bundle
58. The backshell 60 secures the cable bundle 58 and protects the cable bundle 58 from
forces that may be imposed on the cable bundle 58 and/or the electrical connector 52. The
backshell 60 also prevents the cable bundle 58 from being disengaged from the electrical
connector 52 and/or the corresponding electrical component. The backshell 60 may also
provide electromagnetic shielding for the cable bundle 58. The backshell 60 includes a
connector end 62 and a cable clamp end 64. The cable bundle 58 is inserted into the
connector end 62. The connector end 62 may include a cable shield termination body 114
(shown in Figure 2) to terminate a shield of the cable bundle 58. The cable shield termination
body may include a corrosion-resisting steel termination band or the like. The cable bundle
58 extends through the backshell 60 and is secured at the cable clamp end 64. The cable
clamp end 64 may include a cable tie, a saddle clamp, a cable bundling string, and/or a heat-
recoverable, e.g. heat-shrinkable boot, e.g. a heat-shrinkable molded boot. Alternatively, the
cable clamp end 64 may be fabricated from radially expanded elastomeric material in a

similar shape as described herein as heat-recoverable component.

[0029] Figure 2 is a perspective view of a backshell 100 formed in accordance with an
embodiment that may be used with the electrical assembly 50 in place of the backshell 60.
Figure 3 is a cross-sectional view of the backshell 100 taken along line 3-3. The backshell
100 includes a strain relief end 102 and a connector end 104. The connector end 104 includes
a connector body 105 having a connector interface 106 and a shield interface 107 (shown in
Figure 3). A coupling nut 108 is joined to the connector interface 106. The coupling nut 108
is configured to couple to the electrical connector 52. For example, the coupling nut 108 may
engage a rear accessory thread 59 of the electrical connector 52. The connector body 105
provides an electrical connection to the electrical connector 52 to protect the backshell 100
from electromagnetic interference generated by the cable bundle 58. The connector body 105
includes teeth 117 that are configured to engage the electrical connector 52 to prevent the
backshell 100 from rotating with respect to the electrical connector 52. The coupling nut 108
engages the connector interface 106 to secure the connector body 105 to the electrical
connector 52. Referring to Figure 3, an outer surface 110 of the connector body 105 engages
an inner surface 112 of the coupling nut 108 so that the connector body 105 is positioned

within the coupling nut 108.
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[0030] Referring back to Figure 2, a shield termination body 114 is joined to the shield
interface 107 of the connector body 105. The shield termination body 114 is configured to
provide electromagnetic shielding to achieve a predetermined electromagnetic compatibility.
For example, the shield termination body 114 may be configured to optimize electromagnetic
compatibility of the backshell 100. The shield termination body 114 may include a shield
termination device, for example, a corrosion resistant shield termination band or the like.

The shield termination body 114 includes a connector end 116 and a relief end 118. The
connector end 116 has a longitudinal axis 115 and a face 117 that defines a plane. The relief
end 118 has a longitudinal axis 119 and a face 121 that defines a plane. The face 117 of the
connector end 116 is oriented at an angle A with respect to the face 121 of the relief end 118.
In an example embodiment, the face 117 is oriented approximately 45 degrees with respect to
the face 121. Alternatively, the face 117 may be oriented at any angle with respect to the face
121. The longitudinal axes 115 and 119 are also oriented at an angle with respect to one
another. In one embodiment, the longitudinal axes 115 and 119 may be oriented at an angle

between 0 and 180 degrees.

[0031] The shield interface 107 of the connector body 105 includes tabs 122 (illustrated
in Figure 3). The shield interface 107 is inserted into the connector end 116 of the shield
termination body 114 so that the tabs 122 secure the shield termination body 114 to the
connector body 105. The shield termination body 114 also includes a spring 115. The spring
115 is configured to engage teeth 117 on the coupling nut 108. The spring 115 engages the
teeth 117 to limit rotation of the coupling nut 108 with respect to the shield termination body
114. The spring 115 allows the coupling nut 108 to rotate both clockwise and counter-
clockwise so that the nut can be secured to, and disengaged from, the shield termination body
114. Alternatively, the spring 115 may only allow the coupling nut 108 to rotate in a single
direction to secure the coupling nut 108 to the shield termination body 114. In such an
embodiment, the spring 115 must be disengaged from the teeth 117 to disengage the coupling
nut 108 from the shield termination body 114.

[0032] Figure 4 illustrates an expanded view of a portion of the coupling nut 108. The
coupling nut 108 has teeth 220 that enable the coupling nut 108 to rotate in two directions
228 and 230. Each tooth 220 is formed by surfaces 222 that extend outward from an end 224
of the coupling nut 108 and join at a peak 226. The surfaces 222 extend at a non-orthogonal
angle with respect to a plane 223 formed by the end 224 of the coupling nut 108. The spring
115 1s configured to rest within a tooth 220 to retain the coupling nut 108 on the shield
termination body 114. The spring 115 can be disengaged from the tooth 220 by rotating the
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coupling nut 108 in either direction 228 or 230. When the coupling nut 108 is rotated, the
spring 115 slides along the surface 222 to ratchet along the teeth 220 until the coupling nut

108 is in a desired position.

[0033] Figure 5 illustrates an alternative coupling nut 241 formed in accordance with an
embodiment and that may be used with the backshell 100. The coupling nut 241 has teeth
240 that enable the coupling nut 241 to rotate in a single direction 242. The teeth 240 lock
the coupling nut 241 in position and prevent rotation of the coupling nut 241 in the direction
244. Each tooth 240 is formed from a pair of surfaces 246 and 248. The surface 246 extends
at a 90 degree angle with respect to a plane 241 formed by an end 243 of the coupling nut
241. Alternatively, the surface 246 may extend at any angle less than 90 degrees that locks
the spring 115 within the tooth 240. The surface 248 extends from the end 243 of the
coupling nut 241 at an angle that is greater than 90 degrees. Alternatively, the horizontal side
of the spring 115 and coupling nut 241 can be increased between horizontal to 45 degrees as

in Figure 4 to achieve a desirable disengaging force.

[0034] The surface 248 enables the coupling nut 241 to rotate in the direction 242. When
the coupling nut 241 is rotated in the direction 242, the spring 115 slides along the surface
248 and ratchets along the teeth 240 until the coupling nut 241 is in a desired position. The
spring 115 locks within the teeth 240 so that the spring engages the surface 246. The spring
115 is prevented from sliding along the surface 246 and prevents the coupling nut 241 from
being rotated in the direction 244. To rotate the coupling nut 241 in the direction 244, the
spring 115 must first be manually disengaged from the teeth 240 of the coupling nut 241.

[0035] Referring back to Figure 2, a strain relief 124 is joined to the relief end 118 of the
shield termination body 114. The strain relief 124 includes a cable clamp end 126 and a
shield end 128. The shield end 128 is joined to the relief end 118 of the shield termination
body 114. The shield end 128 includes a band 130 that wraps around the relief end 118 of the
shield termination body 114. The band 130 is secured to the shield termination body 114
with a locking pin 132. In an example embodiment, the locking pin 132 does not require
tools to be secured to and/or removed from the band 130. The locking pin 132 enables the
band 130 to be disengaged from the shield termination body 114 so that the strain relief 124

can rotate with respect to the shield termination body 114.

[0036] The cable clamp end 126 of the strain relief 124 includes a cable clamp 134. In
the illustrated embodiment, the cable clamp 134 includes a saddle clamp 135. In alternative

embodiments, the cable clamp 134 may include a heat-recoverable component, e.g. a heat-
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shrinkable molded boot. The cable clamp 134 includes a cable tie-down bar 136. The cable
tie-down bar 136 is configured for tying down the cable bundle 58 with an attachment
mechanism, for example, a cable tie and/or a cable bundling string. The saddle clamp 135
rotates about a cable clamp anchor 138 so that the cable bundle 58 is positionable between
the saddle clamp 135 and the cable tie down bar 136.

[0037] Figure 6 illustrates the cable clamp 134. The saddle clamp 135 is secured to the
cable tie-down bar 136 with a tool-less locking pins 140 and 142. The tool-less locking pin
140 is inserted through aperture 141 in the cable clamp 134 and the cable tie-down bar 136 to
secure the cable clamp 134 to the cable tie-down bar 136. The tool-less locking pin 142 is
received in an aperture 143 and engage the tool-less locking pin 140 to secure the tool-less
locking pin 140 to the cable tie-down bar 136.

[0038] Referring back to Figure 2, the cable clamp end 126 of the strain relief 124
includes a longitudinal axis 123 and a face 125 that defines a plane. The shield end 128 of
the strain relief 124 includes a longitudinal axis 127 and a face 129 that defines a plane. The
face 125 of the cable clamp end 126 is oriented at an angle B with respect to the face 129 of
the shield end 128. In the illustrated embodiment, the angle B is approximately 45 degrees.
Alternatively, the angle B may be any angle. Optionally, the longitudinal axes 123 and 127
may be oriented at an angle. The angles A and B are configured to position the face 129 of
the cable clamp end 126 of the strain relief 124 at an angle C with respect to the face 117 of
the connector end 116 of the shield termination body 114. The angle C may be any angle. In
one embodiment, the angle C is any angle between 0 and 180 degrees. The strain relief 124
is configured to rotate about the shield termination body 114 to position the face 117 of the
shield termination body 114 at the angle C with respect to the face 129 of the strain relief
124. Figure 2 and 3 show the faces 117 and 129 in parallel at an angle C of 0 degrees.
Optionally, the strain relief 124 may be rotated about the shield termination body 114 to
adjust an angle between the longitudinal axis 115 of the shield termination body 114 and the
longitudinal axis 127 of the strain relief 124.

[0039] Figure 7 illustrates an expanded view of a portion of the relief end 118 of the
shield termination body 114. Figure 8 illustrates a front view of the band 130 of the strain
relief 124. The relief end 118 of the shield termination body 114 includes a groove 144
(illustrated in Figure 7) that extends around a circumference of the relief end 118. The band
130 1s configured to position with in the groove 144 so that the band 130 rotates within the
groove 144. The strain relief 124 rotates about the shield termination body 114 so that the

face 129 of the cable clamp end 126 is positionable at various angles C with respect to the
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face 117 of the connector end 116 of the shield termination body 114. In one embodiment,
the face 129 of the strain relief 124 is configured to position a 0, 45, and 90 degrees with
respect to the face 117 of the shield termination body 114. Optionally, the faces 117 and 129

may be oriented at any angle C.

[0040] In one embodiment, the groove 144 includes protrusions 146 (illustrated in Figure
7). Protrusions 146 are positioned at 180 degree increments around the groove 144.
Alternatively, the groove 144 may include four protrusions 146 positioned at 90 degree
increments around the groove 144. In another embodiment, the groove 144 may include any
number of protrusions 146. The band 130 includes corresponding notches 148 (illustrated in
Figure 8). The notches 148 are positioned at 90 degree increments around the band 130.
Alternatively, the band 130 may include any number of notches 148 that corresponds to the
number of protrusions 146. The notches 148 are configured to receive the protrusions 146 so
that the band 130 locks into a position with respect to the groove 144. In one embodiment,
the notches 148 and protrusions 146 are oriented so that the strain relief 124 locks into
positions having the face 129 of the strain relief 124 oriented at 0, 45, and 90 degrees with
respect to the face 117 of the shield termination body 114. Alternatively, the backshell 100
may not include the protrusions 146 and notches 148. In such an embodiment, the band 130
may rotate freely with groove 144 so that the face 129 of the strain relief 124 can be oriented
at any angle C with respect to the face 117 of the shield termination body 114. Alternatively,
strain-relief 124 may be fitted through one or more openings and matching tabs on body 114
to assemble the body 114 and strain-relief 124 together during installation. Protrusion or
protrusions 144 located around the groove 362 may be placed at one or more locations to stop

the rotation of the strain-relief 124 at a desired angle - 00, 45 or 90 degree.

[0041] Figure 9 illustrates the backshell 100 in various positions. At position 200, the
faces 117 and 129 of the backshell 100 are oriented at an angle C having 0 degrees. At
position 202, the faces 117 and 129 of the backshell 100 are positioned at an angle C having
45 degrees. At position 204, the faces 117 and 129 of the backshell 100 are oriented at an
angle C having 90 degrees. The strain relief 124 of the backshell 100 rotates about the shield
termination body 114 to position the backshell 100 in any one of positions 200, 202, and 204.
The angle B of the strain relief 124 and the angle A of the shield termination body 114 create
the angle C between the face 117 of the shield termination body 114 and the face 129 of the

strain relief 124.

[0042] The angle C accommodates different applications of the backshell 100. The
backshell 100 is adaptable for use at any angle 0, 45, and 90 degrees. In one embodiment, the
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protrusions 146 and the notches 148 lock the backshell into position at any one of 0, 45, and
90 degrees. Optionally, the strain relief 124 may rotate freely about the shield termination
body 114 to position the faces 117 and 129 of the backshell 100 at any angle. The locking
pin 132 enables the band 130 of the strain relief 124 to be disengaged from the groove 144 of
the shield termination body 114. In one embodiment, the locking pin 132 is operated without
tools to disengage the band 130 from the groove 144. Disengaging the band 130 from the
groove 144 allows the strain relief 124 to rotate with respect to the shield termination body
114. The strain relief 124 is rotated to position the backshell 100 in any one of positions 200,
202, and 204. In another embodiment, the strain relief 124 may be rotated to position the
faces 117 and 129 of the backshell 100 at any angle.

[0043] Figure 10 illustrates a backshell 300 formed in accordance with an embodiment
and that may be used with the electrical assembly 50. The backshell 300 has a strain relief
end 302 and a connector end 304. The connector end 304 includes a backshell body 306 and
a coupling nut 308. The backshell body 306 includes a connector interface 305 and a shield
interface 307. The coupling nut 308 is configured to be joined to a rear accessory thread 59
of the electrical connector 52 to couple the backshell 300 and the electrical connector 52.
The backshell body 306 joins a body of the electrical connector 52 to protect the backshell
300 from electromagnetic interference generated by the cable bundle 58. The backshell body
306 may also include teeth 310 to limit the backshell 300 from rotating with respect to the
electrical connector 52. The coupling nut 308 screws onto the connector interface 305 of the
backshell body 306 to join the backshell body 306 to the electrical connector 52.

[0044] The backshell body 306 includes at least one spring 312 that is configured to
engage teeth 314 that are provided on the coupling nut 308. The spring 312 engages the teeth
314 to limit a rotation of the coupling nut 308 with respect to the backshell body 306. In the
illustrated embodiment, the teeth 314 enable the coupling nut 308 to rotate in a two directions
316 and 318. Each tooth 314 includes surfaces 320 that extend at an angle greater than 90
degrees from an end 322 of the coupling nut 308. The spring 312 is configured to rest within
a tooth 314 to retain the coupling nut 308 on the backshell body 306. When the coupling nut
308 is rotated in either direction 316 or 318, the spring 312 ratchets within the teeth 314 until
the coupling nut 308 is in a desired position. One of the directions 316, 318 tightens the
coupling nut 308 onto the backshell body 306. The other direction 316, 318 disengages the
coupling nut 308 from the backshell body 306. In an alternative embodiment, the teeth 314
of the coupling nut 308 may be configured to allow rotation of the coupling nut 308 in only

one of the directions 316, 318. In such an embodiment, the spring 312 must be manually



ALw0 2012/061072 PCT/US2011/057503

11

disengaged from the teeth 314 to disengage the coupling nut 308 from the backshell body
306.

[0045] A shield termination body 324 is joined to the backshell body 306 via a reducer
326. The shield termination body 324 provides electromagnetic shielding to achieve a pre-
determined electromagnetic capability of the backshell 300. The shield termination body 324
may include a shield termination device, for example, a corrosion resistant shield termination
band or the like. The shield termination body 324 includes a connector end 328 and a relief
end 330. The reducer 326 is configured to be positioned on the connector end 328 of the
shield termination body 324. The reducer 326 includes an outer diameter 332 and an inner
diameter 334. The inner diameter 334 of the reducer 326 is sized to correspond to an outer
diameter 336 of the connector end 328 of the shield termination body 324. The outer
diameter 332 of the reducer 326 is sized to correspond to an inner diameter 338 of the shield
interface 307 of the backshell body 306.

[0046] The inner diameter 334 and the outer diameter 332 of the reducer 326 may be
sized for any sized shield termination body 324 and backshell body 306. The reducer 326
enables shield termination bodies 324 and connector interfaces 306 having differing sizes to
be joined without manipulating the shield termination body 324 and/or the backshell body
306. The reducer also eliminates a need to replace the shield termination body 324 and/or the
backshell body 306 if the shield termination body 324 and the backshell body 306 do not
have corresponding sizes. The reducer 326 can be sized and shaped for any sized and/or
shaped shield termination body 324 and backshell body 306.

[0047] The connector end 328 of the shield termination body 324 includes a face 323 that
is oriented at an angle X with respect to a face 331 of the relief end 330 of the shield
termination body 324. In an example embodiment, a plane defined by the face 323 is
oriented 45 degrees with respect to a plane defined by the face 331. Alternatively, the face
323 may be oriented at any angle with respect to the face 331.

[0048] A strain relief 340 is joined to the relief end 330 of the shield termination body
324. The strain relief 340 includes a cable clamp end 342 and a shield end 344. The shield
end 344 is joined to the relief end 330 of the shield termination body 324. The shield end 344
includes a band 346 that wraps around the relief end 330 of the shield termination body 324.
The band 346 is secured to the shield termination body 324 with a pair of locking pins 348,
349. In an example embodiment, the locking pins 348, 349 do not require tools to be secured
to and/or removed from the band 346. The locking pins 348, 349 enable the band 346 to be
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disengaged from the shield termination body 324 so that the strain relief 340 can rotate with
respect to the shield termination body 324.

[0049] The cable clamp end 342 of the strain relief 340 includes a cable clamp 350. In
the illustrated embodiment, the cable clamp 350 includes a saddle clamp 351. The cable
clamp 350 includes a cable tie down bar 352 for tying down the cable bundle 58 with an
attachment mechanism. The cable clamp 350 rotates about a cable clamp anchor 354 so that
the cable bundle 58 is positionable between the cable clamp 350 and the cable tie down bar
352. The cable clamp 350 is secured to the cable tie down bar 352 with a screw 356 and a
washer 358. Alternatively, the cable clamp 350 may be secured with tool-less locking pins, a

latch, a snap, or the like.

[0050] The cable clamp end 342 of the strain relief 340 includes a face 341 that is
oriented at an angle Y with respect to a face 343 of the shield end 344 of the strain relief 340.
In the illustrated embodiment, the angle Y is approximately 45 degrees. Alternatively, the
angle Y may be any angle. The angles Y and X are configured to position a plane defined by
the face 341 of the strain relief 340 at an angle Z with respect to a plane defined by the face
323 of the shield termination body 324. The angle Z may be any angle. The strain relief 340
is configured to slidably rotate about the shield termination body 324 to position the face 341
of the strain relief 340 at the angle Z with respect to the face 323 of the shield termination
body 324.

[0051] The relief end 330 of the shield termination body 324 includes a groove 360 that
extends around a circumference of the relief end 330. The band 346 is configured to position
with in the groove 360 so that the band 346 slidably rotates within the groove 360. The strain
relief 340 rotates about the shield termination body 324 so that the cable clamp end 342 is
positionable at various angles Z with respect to the connector end 328 of the shield
termination body 324. In one embodiment, the face 341 of the cable clamp end 342 is
configured to position a 0, 45, and 90 degrees with respect to the face 323 of the shield
termination body 324. Alternatively, the faces 323 and 341 may be positionable at any angle
Z.

[0052] The groove 360 includes protrusions 362 and the band 346 includes notches (not
shown). The notches are oriented around the band 346 to correspond to the protrusions 362
of the groove 360. The notches are configured to engage the protrusions 362 to secure the
strain relief 340 with respect to the shield termination body 324. The notches and the

protrusions 362 are oriented so that the strain relief 340 locks into positions having the faces



ALw0 2012/061072 PCT/US2011/057503

13

323 and 341 oriented at 0, 45, and 90 degrees. Alternatively, the backshell 300 may not
include the protrusions 362 and notches. In such an embodiment, the band 346 may rotate
freely within groove 360 so that the cable clamp end 342 of the faces 323 and 341 can be
oriented at any angle Z. The shape conversion flange and groove (on the strain-relief) 363
convert a pair of oval shape openings 364 which is not practically rotatable to each other to

rotatable against each other.

[0053] The angle Z accommodates different applications of the backshell 300. The
backshell 300 is adaptable for use at any angle. In one embodiment, the backshell is
adaptable for use in any angle of 0, 45, and 90 degrees. In one embodiment, the protrusions
362 and the notches lock the backshell 300 into position. Optionally, the strain relief 340
may rotate freely about the shield termination body 324 to position the backshell 300 at any
angle. The band 346 is releasable from the groove 360 to allow the strain relief 340 to rotate
with respect to the shield termination body 324. The strain relief 340 may be rotated to
position the strain relief end 302 of backshell 300 at an angle with respect to the connector
end 304 of the backshell 300.

[0054] Figure 11 is perspective view of a strain relief 400 formed in accordance with an
embodiment and oriented in positions 402, 404, and 406. The strain relief 400 may be used
with the backshell 100 and/or the backshell 300. The strain relief 400 is fabricated from a
heat-recoverable component, e.g. heat-shrinkable molded boot or heat-shrinkable tubing.
Alternatively, the strain relief may be fabricated from radially expanded elastomeric material
in a similar shape as described herein as heat-recoverable component. The boot or tubing
may be made of various materials suitable for different environments and service conditions.
The strain relief 400 couples to a backshell body 408 having a coupling nut 410, a connector
interface 412, and a shield termination body 414. The backshell body 408 includes a mating
end 401 for engaging an electrical connector (not shown). The strain relief 400 couples to a
strain relief end 416 of the shield termination body 414. The strain relief 400 includes a
shield end 418 and a cable end 420. The shield end 418 is joined to the shield termination
body 414. The shield end 418 has a diameter 422 that is less than a diameter 424 of the cable
end 420. Alternatively, the diameter 422 of the shield end 418 may be similar to the diameter
424 of the cable end 420. The shield end of the boot may have pre-installed or user installed
adhesive to promote sealing at the interface. The adhesive materials may vary to

accommodate different environmental, chemical, and other conditions.

[0055] A face 417 of the shield end 418 is oriented at an angle L with respect to a face
419 of the cable end 420. In the illustrated embodiment, the angle L is approximately 45
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degrees. Alternatively, the angle L. may be any angle between 0 and 90 degrees. The strain
relief 400 rotates about the shield termination body 414 so that the face 419 of the cable end
420 is positioned at an angle M with respect to a face 403 of the mating end 401 of the
backshell body 408. Position 402 illustrates the faces 403 and 419 at an angle M of 45
degrees. Position 404 illustrates the faces 403 and 419 at an angle M of 90 degrees. Position
406 illustrates the faces 403 and 419 at an angle M of 0 degrees.

[0056] The strain relief 400 is positioned with respect to the backshell body 408 to
provide a desired angle M. A cable bundle (not shown) of the electrical connector extends
through the strain relief 400. The strain relief 400 may be heated to conform to the strain
relief 400 to the cable bundle. Alternatively, the strain relief 400 may be crimped and/or
otherwise coupled to the cable bundle. The strain relief 400 prevents the cable bundle from

being disengaged from the electrical connector and/or the backshell body 408.

[0057] Figure 12 is perspective view of a strain relief 450 formed in accordance with an
embodiment and oriented in positions 452, 454, and 456. The strain relief 450 may be used
with the backshell 100 and/or the backshell 300. The strain relief 450 is fabricated from a
heat-shrinkable molded part, e.g. in the form of a boot. The strain relief 450 is configured to
couple to the backshell body 408. The strain relief 450 includes a shield end 468 and a cable
end 470. The shield end 468 has a diameter 472 that is greater than a diameter 474 of the
cable end 470. Alternatively, the diameter 472 of the shield end 468 may be similar to the
diameter 474 of the cable end 470.

[0058] A face 467 of the shield end 468 is oriented at an angle R with respect to a face
469 of the cable end 470. In the illustrated embodiment, the angle R is approximately 45
degrees. Alternatively, the angle R may be any angle. The strain relief 450 rotates about the
shield termination body 414 so that the face 469 of the cable end 470 is positioned at an angle
S with respect to the face 403 of the mating end 401 of the backshell body 408. Position 452
illustrates the faces 403 and 469 at an angle S of 45 degrees. Position 454 illustrates the faces
403 and 469 at an angle S of 90 degrees. Position 456 illustrates the faces 403 and 469 at an
angle S of 0 degrees.

[0059] The strain relief 450 is positioned with respect to the backshell body 408 to
provide a desired angle S. A cable bundle (not shown) of the electrical connector extends
through the strain relief 450. The strain relief 450 may be heated to conform to the strain
relief 450 to the cable bundle. Alternatively, the strain relief 450 may be crimped to and/or
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otherwise secured to the cable bundle. The strain relief 450 prevents the cable bundle from

being disengaged from the electrical connector and/or the backshell body 408.

[0060] Figure 13 illustrates a strain relief 500 formed in accordance with an alternative
embodiment. The strain relief 500 is configured to be coupled to a shield termination body
502. The shield termination body 502 includes a relief end 504 and a connector end 506.
face 508The relief end 504 includes a face 508 face 510and the connector end 506 includes a
face 510. The face 508 is oriented at an approximately 45 degree angle with respect to the
face 510. A mating member 512 is positioned at the relief end 504 of the shield termination
body 502. The mating member 512 is generally circular and includes an outer surface 514.
A first tab 516 extends radially outward from the surface 514. A first lip 518 is formed in the
shield termination body 502 adjacent to the mating member 512. The first lip 518 is aligned
with the first tab 516 so that a space 520 is defined between the first lip 518 and the first tab
516. A second tab 522 (shown in Figures 14A-15C) extends radially outward from the
surface 514. The second tab 522 is positioned approximately 180 degrees from the first tab
516. A second lip 524 is formed in the shield termination body 502 adjacent to the mating
member 512. The second lip 524 is aligned with the second tab 522 so that a space 526 is
formed between the second lip 524 and the second tab 522.

[0061] The strain relief 500 includes a shield end 530 and a cable clamp end 532. In the
illustrated embodiment, the cable clamp end 532 includes a saddle clamp 533. The shield
end 530 is configured to mate with the relief end 504 of the shield termination body 502. The
relief end 504 of the shield termination body 502 is configured to be received within the
shield end 530 of the strain relief 504. The shield end 530 of the strain relief 504 includes a
mating member 534. The mating member 512 of the shield termination body 502 is sized to

be received in the mating member 534 of the strain relief 500.

[0062] The mating member 534 of the shield end 530 is generally circular and includes
an inner surface 536. A flange 538 extends circumferentially about the inner surface 536.
The flange 538 includes a first opening 540 and a second opening 542 (shown in Figures 14A
and 15A). The first opening 540 is positioned approximately 180 degrees from the second
opening 542. The first opening 540 and the second opening 542 are sized to receive either
the first tab 516 of the second tab 522 of the shield termination body 502. The first opening
540 is configured to receive one of the first tab 516 or the second tab 522. The second
opening 542 is configured to receive the other of the first tab 516 and the second tab 522.
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[0063] A first protrusion 544 and a second protrusion 546 extend from the flange 538.
The first protrusion 544 is positioned proximate to the first opening 540. The second
protrusion 546 is positioned proximate to the second opening 542. The first protrusion 544 is
positioned between the first opening 540 and the second protrusion 546. The second

protrusion 546 is positioned between the second opening 542 and the first protrusion 544.

[0064] The mating member 534 includes a lock 548. The lock 548 is configured to
receive a locking pin (not shown). The lock 548 is configured to secure the mating member
534 to the mating member 512. The lock 548 prohibits rotation of the mating member 512
within the mating member 534. The locking pin can be removed from the lock 548 to allow

rotation of the mating member 512 within the mating member 534.

[0065] The shield end 530 of the strain relief 500 includes a face 550. The cable clamp
end 532 of the strain relief 500 includes a face 552. The face 550 is oriented at
approximately a 45 degree angle with respect to the face 552.

[0066] Figure 14A is a perspective view of the shield termination body 502 inserted into
the strain relief 500 in a first entry position 560. In the first entry position 560, the mating
member 512 of the shield termination body 502 is inserted into the mating member 534 of the
strain relief 500. The first tab 516 is inserted through the first opening 540. The second tab
522 is inserted into the second opening 542. The mating member 512 is permitted to rotate

within the mating member 534.

[0067] Figure 14B is a perspective view of the strain relief 500 rotated to a first 45 degree
position 562. The strain relief 500 is rotated in the direction of arrow 564. The strain relief
500 rotates with respect to the shield termination body 502. The flange 538 rotates within the
spaces 520 and 526 of the shield termination body 502. The flange 538 is positioned between
the first tab 516 and the first lip 518 to prevent the shield termination body 502 from
separating from the strain relief 500. The flange 538 is also positioned between the second
tab 522 and the second lip 524 to prevent the shield termination body 502 from separating
from the strain relief 500. The flange 538 engages the first tab 516 and the second tab 522 to

secure the strain relief 500 to the shield termination body 502.

[0068] In the first 45 degree position 562 the first tab 516 is rotated toward the first
protrusion 544. The first tab 516 abuts the first protrusion 544. The first protrusion 544
prevents further rotation of the strain relief 500 in the direction of arrow 564. In the first 45

degree position 562 the face 552 formed by the cable clamp end 532 of the strain relief 500 is
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oriented approximately 45 degrees with respect to the face 510 formed by the connector end
506 of the shield termination body 502. The lock 548 is secured to retain the shield
termination body 502 and the strain relief 500 at the 45 degree position.

[0069] The strain relief 500 may be rotated to any intermediate position between the first
entry position 560 and the first 45 degree position 562 so that the face 552 may be oriented
with respect to the face 510 at intermittent angles. The lock 548 is secured to prevent rotation
of the strain relief 500 with respect to the shield termination body 502. The lock 548 secures
the strain relief 500 to the shield termination body 502 at the intermediate positions between

the first entry position 560 and the first 45 degree position 562.

[0070] Figure 14C is a perspective view of the strain relief 500 rotated to a 90 degree
position 566. The strain relief 500 is rotated in the direction of arrow 568. The direction of
arrow 568 is opposite to the direction of arrow 564. In the 90 degree position 566 the second
tab 522 is rotated toward the second protrusion 546. The second tab 522 abuts the second
protrusion 546. The second protrusion 546 prevents further rotation of the strain relief 500 in
the direction of arrow 568. In the 90 degree position 566 the face 552 formed by the cable
clamp end 532 of the strain relief 500 is oriented approximately 90 degrees with respect to
the face 510 formed by the connector end 506 of the shield termination body 502.

[0071] The strain relief 500 may be rotated to any intermediate position between the first
entry position 560 and the 90 degree position 566 so that the face 552 may be oriented with
respect to the face 510 at intermittent angles. The lock 548 is secured to prevent rotation of
the strain relief 500 with respect to the shield termination body 502. The lock 548 secures the
strain relief 500 to the shield termination body 502 at the intermediate positions between the

first entry position 560 and the 90 degree position 566.

[0072] Figure 15A is a perspective view of the strain relief 500 coupled to the shield
termination body 502 a second entry position 570. In the second entry position 570, the
strain relief 500 is oriented approximately 180 degrees with respect to orientation of the strain
relief 500 in the first entry position 560. The first tab 516 is inserted through the second
opening 542. The second tab 522 is inserted into the first opening 540. The mating member

512 is permitted to rotate within the mating member 534.

[0073] Figure 15B is a perspective view of the strain relief 500 rotated to a 0 degree
position 572. The strain relief 500 is rotated in the direction of arrow 574. In the O degree
position 572, the first tab 516 abuts the second protrusion 546. The second protrusion 546
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prevents further rotation of the strain relief 500 in the direction of arrow 574. In the O degree
position 572 the face 552 formed by the cable clamp end 532 of the strain relief 500 is
oriented approximately 0 degrees with respect to the face 510 formed by the connector end
506 of the shield termination body 502.

[0074] The strain relief 500 may be rotated to any intermediate position between the
second entry position 570 and the 0 degree position 572 so that the face 552 may be oriented
with respect to the face 510 at intermittent angles. The lock 548 is secured to prevent rotation
of the strain relief 500 with respect to the shield termination body 502. The lock 548 secures
the strain relief 500 to the shield termination body 502 at the intermediate positions between

the second entry position 570 and the 0 degree position 572.

[0075] Figure 15C is a perspective view of the strain relief 500 rotated to a second 45
degree position 576. The strain relief 500 is rotated in the direction of arrow 578. In the
second 45 degree position 576, the second tab 522 abuts the first protrusion 544. The first
protrusion 544 prevents further rotation of the strain relief 500 in the direction of arrow 578.
In the second 45 degree position 576, the face 552 formed by the cable clamp end 532 of the
strain relief 500 is oriented approximately 45 degrees with respect to the face 510 formed by
the connector end 506 of the shield termination body 502.

[0076] The strain relief 500 may be rotated to any intermediate position between the
second entry position 570 and the second 45 degree position 576 so that the face 552 may be
oriented with respect to the face 510 at intermittent angles. The lock 548 is secured to
prevent rotation of the strain relief 500 with respect to the shield termination body 502. The
lock 548 secures the strain relief 500 to the shield termination body 502 at the intermediate

positions between the second entry position 570 and the second 45 degree position 576.

[0077] It is to be understood that the above description is intended to be illustrative, and
not restrictive. 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
adapt a particular situation or material to the teachings of the various embodiments of the
invention without departing from their scope. While the dimensions and types of materials
described herein are intended to define the parameters of the various embodiments of the
invention, the embodiments are by no means limiting and are exemplary embodiments.
Many other embodiments will be apparent to those of skill in the art upon reviewing the

above description. The scope of the various embodiments of the invention should, therefore,
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be determined with reference to the appended claims, along with the full scope of equivalents

to which such claims are entitled.
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What is claimed is:

1. A rotationally configurable backshell to be joined to an electrical connector, the

rotationally configurable backshell comprising:

a connector body having a connector interface and a shield interface, the connector
interface configured to engage and form an electrical connection with the electrical

connector;

a shield termination body having a connector end and a relief end; the connector end
joined to the connector interface of the connector body, a face of the connector end oriented
at an angle with respect to a face of the relief end, the shield termination body configured to

shield a cable extending from the electrical connector; and

a strain relief having a shield end and a cable clamp end; a face of the shield end
oriented at an angle with respect to a face of the cable clamp end, the shield end rotatably
joined to the relief end of the shield termination body, the shield end of the strain relief
rotatable with respect to the relief end of the shield termination body so that the face of the
cable clamp end of the strain relief is positionable at variable angles with respect to the face
of the connector end of the shield termination body, the cable clamp end of the strain relief

configured to secure the cable extending from the electrical connector.

2. The rotationally configurable backshell of claim 1, wherein the face of the cable
clamp end of the strain relief is positionable at an angle between 0 degrees and 90 degrees

with respect to the face of the connector end of the shield termination body.

3. The rotationally configurable backshell of claim 1, wherein the face of the connector
end of the shield termination body is oriented at a 45 degree angle with respect to the face of

the relief end of the shield termination body.

4, The rotationally configurable backshell of claim 1, wherein the face of the shield end
of the strain relief is oriented at a 45 degree angle with respect to the face of the cable clamp

end of the strain relief.

S. The rotationally configurable backshell of claim 1, wherein the relief end of the shield
termination body includes protrusions and the shield end of the strain relief includes notches,
the notches of the strain relief configured to receive the protrusions of the shield termination

body to limit rotation of the strain relief with respect to the shield termination body.
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6. The rotationally configurable backshell of claim 1, wherein the shield end of the strain
relief includes a band that is rotatably engaged with a groove formed in the relief end of the

shield termination body.

7. The rotationally configurable backshell of claim 1, wherein the connector interface
includes teeth that engage the body of the electrical connector to prevent rotation of the

backshell with respect to the electrical connector.

8. The rotationally configurable backshell of claim 1, further comprising a coupling nut

to secure the connector interface to the body of the electrical connector.

0. The rotationally configurable backshell of claim 1 further comprising a reducer disc
coupled between the shield termination body and the connector interface, the reducer disc

configured to join connector interfaces having varying sizes to the shield termination body.

10. The rotationally configurable backshell of claim 1, further comprising a tool-less lock
configured to secure the shield end of the strain relief to the relief end of the shield

termination body or to secure the cable clamp end of the strain relief around the cable.
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