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ABSTRACT

A fairing for a vehicle load bar includes an elongate blade and a connection assembly to
couple the blade to the load bar. The connection assembly includes a joint having a ball disposed in a
socket such that the ball can rotate within the socket. The connection assembly can include a pivot
bracket coupled to the blade, the pivot bracket including the ball, and a pivot arm including the

socket such that the ball of the pivot bracket is disposed in the socket.
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FAIRING FOR VEHICLE LOAD BAR

BACKGROUND

Field

Embodiments of the present invention relate to fairings for load bars of vehicles. More
specifically, embodiments of the present invention relate to fairings with a connection

assembly having a ball and socket joint for connecting the fairing blade to the load bar.

Background

Load bars are useful for mounting equipment onto a vehicle. However, load bars can reduce
the aerodynamic profile of a vehicle, causing drag. A fairing attached to the load bar can
deflect wind over the load bar, thereby making a smoother air path and improving the

aerodynamics.

BRIEF SUMMARY

In certain embodiments, a fairing for a vehicle load bar includes an elongate blade and a
connection assembly to couple the blade to the load bar. In certain embodiments, the
connection assembly can include a joint having a ball disposed in a socket such that the ball
can rotate within the socket. In certain embodiments, the connection assembly can have a
pivot bracket coupled to the blade. In certain embodiments, the pivot bracket can include the
ball. In certain embodiments, the connection assembly can have a pivot arm that includes the
socket where the ball of the pivot bracket can be disposed.

In certain embodiments, the pivot arm can include a first arm having a first socket and a
second arm having a second socket. In certain embodiments, the second arm can be
connected to the first arm by an elbow portion. In certain embodiments, the first arm, the

second arm, and the elbow portion can be integrally formed.
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In certain embodiments, the pivot bracket can include a head portion that can be coupled to
the blade and a tail portion extending from the head portion. In certain embodiments, the ball
can be disposed at an end of the tail portion. In certain embodiments, the head portion can
include a first plate and a second plate. In certain embodiments, an upper edge of the blade
can be disposed in a slot between the first plate and the second plate.

In certain embodiments, the ball can include a ridge defining a first hemisphere and a second
hemisphere of the ball. In certain embodiments, a portion of the first hemisphere can be
disposed in the first socket and a portion of the second hemisphere can be disposed in the
second socket. The ridge can be configured to limit a range of motion of the ball with the
first and second sockets.

In certain embodiments, the connection assembly can include a load bar clip. In certain
embodiments, the load bar clip can include a load bar attachment portion and a pivot arm
attachment portion. In certain embodiments, the pivot arm attachment portion of the load bar
clip can include a first extension, a second extension generally parallel to the first extension,
and a rod connecting the first extension and the second extension. In certain embodiments,
when a fastener of the pivot arm is unfastened, an elbow portion of the pivot arm can rotate
about the rod of the pivot arm attachment portion. In certain embodiments, when the fastener
is fastened, the elbow portion of the pivot arm can be fixed about the rod of the pivot arm
attachment portion while the ball is free to rotate in the socket. In certain embodiments, the
load bar attachment portion can include a hook having an interior surface configured to
contact a lower surface and trailing edge of a load bar. In certain embodiments, the load bar
attachment portion can include at least one prong configured to engage a groove in an upper
surface of the load bar.

In certain embodiments, the fairing can include a foot disposed at a lower edge of the blade
to engage the roof of a vehicle. In certain embodiments, the foot can include a heel, a first
leg, a second leg spaced from the first leg, a bar connecting the first leg and the second leg, a
convex lower surface, and a pad disposed on the convex lower surface. In certain
embodiments, a notch in the lower edge of the blade can be configured to couple to the bar to

secure the foot to the blade.
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In certain embodiments, a system for attaching a fairing to a load bar can include a pivot
bracket, a pivot arm, and a load bar clip. In certain embodiments, the pivot bracket can
include a head portion having a first plate and a second plate spaced from the first plate, and
a tail portion having a ball. In certain embodiments, the pivot arm can include a first arm
having a first socket and a second arm having a second socket. In certain embodiments, the
second arm can be integrally connected to the first arm by an elbow portion. In certain
embodiments, the ball of the pivot bracket can be disposed in the first socket and the second
socket and rotate in the first and second sockets. In certain embodiments, the load bar clip
can include a load bar attachment portion and a pivot arm attachment portion having a rod. In
certain embodiments, the elbow portion of the pivot arm can be selectively rotatable about
the rod.

In certain embodiments, the ball can include a ridge defining a first hemisphere and a second
hemisphere. In certain embodiments, a portion of the first hemisphere can be disposed in the
first socket and a portion of the second hemisphere can be disposed in the second socket. In
certain embodiments, the ridge can limit a range of motion of the ball within the first and
second sockets.

In certain embodiments, the load bar attachment portion can include a hook having an
interior surface configured to follow a contour of a lower surface and a trailing edge of the
load bar. In certain embodiments, the load bar attachment portion can include at least one
prong that curves around a leading edge of the load bar and engages a groove in an upper
surface of the load bar.

In certain embodiments, a bar adapter can be disposed within the load bar attachment portion
of the load bar clip. In certain embodiments, the bar adapter can include a cutout sized to
surround and contact an exterior surface of the load bar. In certain embodiments, the bar
adapter can include a latch disposed between the prong and the hook configured to secure the
bar adapter about the load bar.

In certain embodiments, a fairing for a vehicle load bar can include an elongate blade, an end
cap, and a first pivot arm. In certain embodiments, the end cap can include a front face, a rear
face, and an attachment element extending from the rear face of the end cap. In certain

embodiments, the attachment element can include a first ball. In certain embodiments, the



[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]

first pivot arm can include a first arm having a first socket and a second arm having a
second socket. In certain embodiments, the second arm can be connected to the first arm
by a first elbow portion. In certain embodiments, the first ball can be disposed in the first
socket and the second socket.

In certain embodiments, the fairing can also include a pivot bracket and a second pivot
arm. In certain embodiments, the pivot bracket can include a head portion coupled to the
blade and a tail portion having a second ball. In certain embodiments, the second pivot arm
can include a third arm having a third socket and a fourth arm having a fourth socket. In
certain embodiments, the third arm can be connected to the fourth arm by a second elbow
portion. In certain embodiments, the second ball can be disposed in the third socket and

the fourth socket.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing together with the description, further serve to explain the
principles of the embodiments and to enable a person skilled in the relevant art(s) to make
and use the embodiments.

FIG. 1 illustrates a front perspective view of a fairing attached to a load bar on a vehicle
roof according to an embodiment.

FIG. 2 illustrates a side perspective view of a fairing attached to a load bar according to
an embodiment.

FIG. 3 illustrates a perspective view of a connection assembly of a fairing according to an
embodiment.

FIG. 4 illustrates a perspective view of a pivot bracket according to an embodiment.

FIG. 5 illustrates a side view of a pivot bracket according to an embodiment.

FIG. 6 illustrates a rear perspective view of a pivot bracket according to an embodiment.
FIG. 7 illustrates a perspective view of a pivot arm according to an embodiment.

FIG. 8 illustrates a side perspective view of a pivot arm according to an embodiment.
FIG. 9 illustrates a perspective view of a pivot arm with a fastener according to an

embodiment.

Date Regue/Date Received 2021-08-05
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FIG. 10 illustrates a perspective view of a load bar clip according to an embodiment.

FIG. 11 illustrates a perspective view of a load bar clip having a bar adapter according to an
embodiment.

FIG. 12 illustrates a side view of the load bar clip and bar adapter shown in F1G. 11.

FIG. 13 illustrates a perspective view of a foot for a fairing according to an embodiment.
FIG. 14 illustrates a side view of a foot according to an embodiment.

FIG. 15 illustrates a front perspective view of a fairing blade according to an embodiment.
FIG. 16 illustrates a perspective view of a load bar according to an embodiment.

FIG. 17 illustrates a front perspective view of an end cap according to an embodiment.

FIG. 18 illustrates a side perspective view of an end cap according to an embodiment.

FIG. 19 illustrates a joint of a connection assembly according to an embodiment.

FIG. 20 illustrates a cross-section of a connection assembly according to an embodiment.
The features and advantages of the embodiments will become more apparent from the
detailed description set forth below when taken in conjunction with the drawings, in which
like reference characters identify corresponding elements throughout. In the drawings, like
reference numbers generally indicate identical, functionally similar, and/or structurally

similar elements.

DETAILED DESCRIPTION

The present invention will now be described in detail with reference to embodiments thereof
as illustrated in the accompanying drawings. References to “one embodiment,” “an
embodiment,” “some embodiments,” “certain embodiments,” etc., indicate that the
embodiment(s) described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases are not necessarily referring to the same embodiment.
Further, when a particular feature, structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowledge of one skilled in the art to

affect such feature, structure, or characteristic in connection with other embodiments whether

or not explicitly described.
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The term “invention™ or “present invention” as used herein is a non-limiting term and is not
intended to refer to any single embodiment of the particular invention but encompasses all
possible embodiments as described in the application.

In general, fairings are designed to improve the aerodynamics of a vehicle, especially at high
speeds. In order to achieve maximum aerodynamic benefit, it is important that the fairing
contact the roof of the vehicle as closely as possible along a bottom edge of the fairing blade.
This can be difficult given the curved nature of some roofs. The fairings disclosed herein
have a pivotable connection assembly to better fit the various curvatures of different vehicle
roofs, thereby reducing drag and improving the aerodynamics. In particular, the fairings
described herein improve the aerodynamics and acoustics of a vehicle having one or more
load bars mounted on a roof. Because vehicle roofs have different shapes, sizes, and
curvatures, it can be difficult to fit a single fairing to various roofs and still achieve the
maximum aerodynamic benefit in each case. An important part of efficient aerodynamic
performance of fairings is to have the bottom edge of the fairing blade fit closely to the roof.
Features of the fairings disclosed herein may improve the fit between the fairing blade and
the roof of the vehicle. For example, the connection assemblies disclosed herein allow the
blade to curve and flex along its length to conform to the curvature of the roof. Having
multiple connection assemblies along the length of the blade can allow different portions of
the blade to flex more or less independently, as necessary, to fit a particular roof. In certain
embodiments, the connection assembly can have a ball and socket joint between the blade
and the load bar. Such a joint can allow the fairing blade to pivot or rotate in multiple
directions while fitting it to the roof. In certain embodiments, a foot or feet attached to a
lower edge of the fairing blade can be curved to allow the fairing blade to rock on the surface
of the roof, reducing vibrations and noise. A foot can also be attached to the fairing blade at a
keyhole notch in the lower surface of the fairing blade, allowing the fairing blade to rotate
with respect to the foot, which can also reduce vibration and noise.

Not only do the fairings improve the aerodynamics, but the beiter fit to the roof decreases the
vibration on the roof, making for a quieter ride in an interior of the vehicle cabin. These and
other features of the fairings disclosed herein are described in detail below with respect to the

Figures.
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FIG. 1 illustrates fairing 100 mounted on a roof 800 of a vehicle, according to an
embodiment. Fairing 100 can be mounted to roof 800 via a load bar 700. Load bar 700 can be
attached to a rail 810 of a roof rack on the vehicle using a mounting foot 720. In other
embodiments, load bar 700 can be attached to the vehicle via a channel disposed in or
mounted to the vehicle roof, a fixpoint, or in another suitable manner. Fairing blade 110 can
be coupled to load bar 700 by one or more connection assembly 120. In certain
embodiments, connection assembly 120 can include pivot bracket 200, pivot arm 300, and
load bar clip 400. In certain embodiments, blade 110 can have an end cap 130 disposed at
either or both ends of blade 110. End cap 130 can also be designed to reduce drag near edges
of fairing blade 110. In certain embodiments, end caps 130 can be part of connection
assembly 120. In certain embodiments, one or more foot 600 can be disposed along a lower
edge of fairing blade 110 between fairing blade 110 and roof 800 to minimize vibration and
scratching.

FIG. 2 illustrates fairing 100 attached to load bar 700, according to an embodiment. As
shown in FIG. 2, in certain embodiments, blade 110 can have one or more feet 600 disposed
along lower edge 118 of blade 110. In certain embodiments, blade 110 can be made of
flexible plastic. This can allow blade 110 to flex or bow along its length to fit the curvature
of a roof. In certain embodiments, blade 110 can be bowed when attached to load bar 700
and disposed on the roof of a vehicle. Each end of blade 110 can have an end cap 130. In
certain embodiments, end cap 130 can be attached to blade 110 by one or more fasteners 101.
As referred to herein, the term “fastener” includes, but is not limited to, bolts, screws, rivets,
clips, adhesives, etc. that are configured to secure elements together. In certain embodiments,
end cap 130 can be made of plastic.

In certain embodiments, one or more pivot brackets 200 can be coupled to upper edge 116 of
blade 110. In certain embodiments, two pivot brackets 200 can be coupled to blade 110. For
example, two pivot brackets 200 can be spaced evenly on either side of a midpoint along
upper edge 116 of blade 110. Fewer or more pivot brackets can also be used. For example, a
single pivot bracket 200 can be disposed at a midpoint of upper edge 116 in certain
embodiments. Three, four, or five pivot brackets can also be spaced evenly or unevenly along

blade 110. The pivot brackets 200 can have the same or different lengths.



(45}

[46]

[47]

(48]

CA 02923544 2016-03-11

-8-

In certain embodiments, head portion 210 of pivot bracket 200 can be attached to blade 110
by one or more fasteners 101. In certain embodiments, tail portion 220 of pivot bracket 200
can extend from head portion 210 and couple with pivot arm 300, which is described in more
detail below. In certain embodiments, fastener 340 can tighten pivot arm 300 to couple pivot
arm 300 with tail portion 220 of pivot bracket 200.

In certain embodiments, an opposite end of pivot arm 300 can couple with load bar clip 400.
In certain embodiments, load bar clip 400 can have a pivot arm attachment portion 420 that
couples with pivot arm 300. In certain embodiments, load bar clip 400 can have a load bar
attachment portion 410 that couples load bar clip 400, and thus connection assembly 120, to
load bar 700. In certain embodiments, prongs 416 of load bar clip 400 can couple into a
groove 710 in an upper surface 706 of load bar 700. In certain embodiments, a hook 412 of
load bar clip 400 can extend under a lower surface 708 and around a trailing edge 704 of load
bar 700 to couple load bar clip 400 to load bar 700.

FIG. 3 illustrates connection assembly 120, according to an embodiment. FIG. 3 illustrates
the general features of connection assembly 120. More specific details are described with
respect to the Figures for each element. In certain embodiments, connection assembly 120
can include pivot bracket 200, pivot arm 300, and load bar clip 400. The elements of
connection assembly 120 can be made of various materials, including, but not limited to
plastic, metal, rubber, etc. In certain embodiments, each component of connection assembly
120 can be formed from a single piece of material, for example, by injection molding.
Connection assembly 120 can couple blade 110 to load bar 700 in a manner that improves the
fit of fairing 100 onto the vehicle. For example, the components of connection assembly 120
can tilt, rotate, pivot, and/or lock with respect to each other. This can allow the blade 110 to
fit better on the roof. For example, this can allow the bottom edge of blade 110 to fit more
closely to the contour of the roof surface along a portion or the entire length of the blade 110.
When more than one connection assembly 120 is used to couple fairing blade 110 to load bar
700, each connection assembly 120 can separately adjust to customize the fit of fairing blade
110 to the roof. For example, each connection assembly 120 can be attached to a load bar
700 and then pushed into contact with the roof, allowing the elements of the connection

assembly 120 to rotate and move as necessary for the best fit. A fastener of connection
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assembly 120 can then be tightened to lock the connection assembly 120 in place. This
process can be repeated for each connection assembly 120 along the fairing to improve the
fit. In certain embodiments, the elements of connection assembly 120, and thus the
connection assembly itself, can be different lengths. This can allow the fairing blade 110 to
bow, if necessary, along the vehicle roof.

As shown in FIG. 3, in certain embodiments, pivot bracket 200 includes head portion 210
and tail portion 220. One or more through holes 202 can extend through head portion 210 of
pivot bracket 200. Fasteners 101 can extend through these through holes 202 in order to
couple head portion 210 with fairing blade 110.

In certain embodiments, connection assembly 120 includes a joint 122, Joint 122 is an
important feature because it allows connection assembly 120 to move, rotate, and pivot to
facilitate fitting of fairing blade 110 to the contour of the vehicle roof surface and/or the load
bar 700. In certain embodiments, joint 122 comprises a ball and socket joint permitting
rotation of tail portion 220 within pivot arm 300. A ball and socket joint can allow for
rotational movement in multiple directions. Other types of joints permitting desired
adjustment can also be used, including, for example, a hinge joint. However, a ball and
socket joint can allow for more degrees of freedom, and therefore a more customized fit of
fairing blade 110 to the vehicle roof.

In certain embodiments, tail portion 220 of pivot bracket 200 can be coupled with pivot arm
300 at joint 122. In certain embodiments, joint 122 comprises a ball and socket joint
permitting rotation of tail portion 220 within pivot arm 300. More specifically, in certain
embodiments, pivot arm 300 can include a first arm 310 and a second arm 320. Tail portion
220 of pivot bracket 200 can be disposed between first arm 310 and second arm 320 to form
joint 122. In certain embodiments, elbow portion 330 can connect first arm 310 and second
arm 320.

FIG. 19 illustrates pivot bracket 200 connected to pivot arm 300, according to an
embodiment. Pivot arm 300 is shown in phantom view so that the connection between pivot
bracket 200 and pivot arm 300 at joint 122 can be seen. In certain embodiments, arms 310,
320 of pivot arm 300 can each have a socket 312, 322, respectively. The sockets 312, 322

can be configured to receive a ball 224, which in certain embodiments can extend from a
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flange 223 of tail portion 220 of pivot bracket 200. In certain embodiments, ball 224 can
have a ridge 226 defining a first hemisphere 228A and a second hemisphere 228B. Each of
these elements is described in further detail below. Although the embodiments shown in the
Figures include ball 224 as part of pivot bracket 200, in other embodiments, ball 224 can be
part of another component of connection assembly 120, for example, pivot arm 300, and
pivot bracket 200 can include sockets.

Referring back to FIG. 3, in certain embodiments, pivot arm 300 can be coupled to load bar
clip 400. For example, pivot arm 300 can be coupled with pivot arm attachment portion 420
of load bar clip 400. In certain embodiments, load bar clip 400 can include load bar
attachment portion 410. Load bar attachment portion 410 can include a hook 412 having an
interior surface 414 configured to contact a lower surface 708 of load bar 700. Hook 412 can
extend around a trailing edge 704 of a load bar 700 to couple load bar clip 400 to load bar
700. In certain embodiments, load bar clip 400 can also include prongs 416 to couple load
bar clip 400 to load bar 700. In certain embodiments, prongs 416 can have one or more teeth
417 extending therefrom to further facilitate coupling prongs 416 into a groove 710 along
load bar 700 (see FIG. 2).

FIGS. 4-6 illustrate pivot bracket 200 according to an embodiment. FIG. 4 illustrates a
perspective view of pivot bracket 200. Head portion 210 of pivot bracket 200 can be
configured to couple pivot bracket 200 with fairing blade 110. In certain embodiments, head
portion 210 can include first plate 212 and second plate 214, forming a slot 216
therebetween. In certain embodiments, fairing blade 110 can be disposed within slot 216
between first plate 212 and second plate 214. In certain embodiments, one or more through
holes 202 can extend through first plate 212 and second plate 214 of head portion 210.
Through holes 202 can facilitate coupling head portion 210 to fairing blade 110 by having
fasteners 101 extending therethrough. Other ways of coupling pivot bracket 200 with fairing
blade 110 are also contemplated, for example, by friction fit or using adhesive. In certain
embodiments, pivot bracket 200 can be integrally formed with fairing blade 110. In certain
embodiments, a single plate can form head portion 210 of pivot bracket 200 and attach to

front surface 112 or rear surface 114 of fairing blade 110.
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In certain embodiments, pivot bracket 200 can include tail portion 220, which can extend
from head portion 210. In certain embodiments, tail portion 220 can include ball 224. In
certain embodiments, ball 224 can be disposed at an end of tail portion 220. In certain
embodiments, a flange 223 can couple ball 224 with tail portion 220. Ball 224 can be the ball
portion of a ball and socket joint, for example, joint 122 of connection assembly 120. In
certain embodiments, ball 224 can be spherical in shape to facilitate movement of ball 224 in
all directions within joint 122.

In certain embodiments, for example, as shown in FIG. 4, a ridge 226 can extend around ball
224. In certain embodiments, ridge 226 can extend entirely around ball 224, defining a first
hemisphere 228A and a second hemisphere 228B of ball 224. As such, in certain
embodiments, ridge 226 can extend about an equator of ball 224. In certain embodiments,
ridge 226 can be disposcd around ball 224 such that hemispheres 228A, 228B are
asymmetrical. In certain embodiments, ridge 226 can extend only around a portion of ball
224. In certain embodiments, ball 224 can have more than one ridge.

Ridge 226 can be configured to limit movement of ball 224 within joint 122 by preventing
entirely free rotation of ball 224 within joint 122. For example, a spherical ball would be able
to rotate 360 degrees in certain directions. However, ridge 226 can act as a mechanical stop
that engages, for example, arms 310, 320 of pivot arm 300 to limit the movement of ball 224
within joint 122. Other surface irregularities, for example protrusions, on ball 224 can have a
similar effect as ridge 226.

FIG. 5 illustrates a side view of pivot bracket 200, according to an embodiment. As shown in
FIG. 5, in certain embodiments, slot 216 can extend entirely through head portion 210,
defining a space or slot 216 between first plate 212 and second plate 214 of head portion 210.
Slot 216 can be sized to frictionally fit fairing blade 110 between the plates 212, 214. In
certain embodiments, first plate 212 and second plate 214 can be generally parallel to each
other. Plates 212, 214 can be disposed at various angles with respect to tail portion 220 so
that an angle of fairing blade 110 achieves the best acrodynamic properties when on the roof
of a vehicle. As shown in FIG. 5, in certain embodiments, flange 223 can be part of ridge

226.
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FIG. 6 shows a rear perspective view of pivot bracket 200. As shown in FIG. 6, in certain
embodiments, holes 202 can extend entirely through first plate 212 and second plate 214 of
head portion 210. In certain embodiments, tail portion 220 can have a cutout 222 such that
tail portion 220 has a hollow interior space. This can reduce the weight of pivot bracket 200.
In certain embodiments, tail portion 220 can be solid for increased strength of pivot bracket
200.

FIGS. 7-9 illustrate pivot arm 300, according to an embodiment. In certain embodiments,
pivot arm 300 can include first arm 310 and second arm 320. In certain embodiments, first
arm 310 and second arm 320 can be coupled by elbow portion 330. In certain embodiments,
first arm 310, second arm 320, and elbow portion 330 can be integrally formed from the
same material. It is understood that features of pivot arm 300 described with respect to first
arm 310 can similarly be included instead or in addition as part of second arm 320, and vice
versa.

As shown in FIGS. 7 and 8, in certain embodiments, first arm 310 can include a first socket
312, which can be disposed near end 318 of first arm 310. Similarly, second arm 320 can
include second socket 322 near end 328 of second arm 320. In certain embodiments, first
socket 312 and/or second socket 322 can be formed as a depression in the respective arm
310, 320. That is, first socket 312 and second socket 322 can be a concavity in an interior
surface 316, 326 of first arm 310 and second arm 320, respectively. The shape and size of
sockets 312, 322 can correspond to the exterior surface of ball 224. Thus, the sockets 312,
322 can allow ball 224 of pivot bracket 200 to rotate within the sockets. This facilitates
adjustment of pivot bracket 200 with respect to pivot arm 300 in multiple directions.

In certain embodiments, holes 302 can extend through first arm 310 and second arm 320 at
the sockets 312, 322. This can decrease the amount of surface area that creates friction on
ball 224. In certain embodiments, a hole 302 can extend through first arm 310 and second
arm 320 at a location between ends 318 and 328, respectively, and elbow portion 330. As
shown in FIG. 9, in certain embodiments, a fastener 340 can extend through holes 302. In
certain embodiments, a cavity 315 in exterior surface 314 of first arm 310 can be configured
to fit a screw 342. Screw 342 can have exterior threading 343 which can mate with interior

threading on a head 344 of fastener 340. Other types of fasteners can be used that apply force
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to move the arms together. When fastener 340 is tightened, pivot arm 300 can be clamped
about load bar clip 400 and pivot bracket 200. In certain embodiments, ball 224 of pivot
bracket 200 can still rotate within sockets 312, 322 of pivot arm 300 even when fastener 340
is tightened. This can be achieved by locating holes 302 closer to elbow portion 330 than the
ends 318, 328 of the arms 310, 320. As such, when fastener 340 is tightened, more force is
applied near elbow portion 330 than at the free ends 318, 328 of arms 310, 320.

As shown in FIG. 8, in certain embodiments, a protrusion 317 can extend from an interior
surface 316 of first arm 310. Protrusion 317 can be opposite cavity 315 in exterior surface
314 of first arm 310. Protrusion 317 can incréase stability and strength of first arm 310 in the
area where cavity 315 removes material from first arm 310. In certain embodiments, elbow
portion 330 of pivot arm 300 can include one or more grooves 332. Grooves 332 can
facilitate gripping a rod 426 of pivot arm attachment portion 420 of load bar clip 400, as
discussed in more detail below.

FIG. 10 illustrates load bar clip 400, according to an embodiment. In certain embodiments,
load bar clip 400 can include pivot arm attachment portion 420, which can facilitate coupling
load bar clip 400 with pivot arm 300. In certain embodiments, pivot arm attachment portion
420 can include a first extension 422 and a second extension 424. In certain embodiments,
first extension 422 and second extension 424 can be spaced from each other and connected
by a rod 426. In certain embodiments, in order to couple pivot arm 300 with load bar clip
400, the first arm 310 and second arm 320 can be spread apart and placed on either side of
rod 426 so that rod 426 is between first arm 310 and second arm 320. Rod 426 can fit within
elbow portion 330 of pivot arm 300. As such, elbow portion 330 of pivot arm 300 can be
rotatably disposed about rod 426 when connection assembly 120 is assembled. In certain
embodiments, first extension 422 and second extension 424 can have one or more cutouts
423. In certain embodiments, hole 427 can extend through rod 426. Cutouts 423 and hole 427
can decrease the weight of load bar clip 400. In certain embodiments, there can be a space
428 between proximal ends of the extensions 422, 424 and rod 426. Generally, space 428 can
be large enough so that second arm 320 6r first arm 310 of pivot arm 300 can fit between rod
426 and the proximal ends of extensions 422, 424 where they extend from load bar clip 400.
This allows pivot arm 300 to couple with load bar clip 400.
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In certain embodiments, load bar clip 400 can include load bar attachment portion 410. In
certain embodiments, load bar attachment portion can include hook 412 having an interior
surface 414. Interior surface 414 can be configured to follow a contour of a lower surface
708 of a specific load bar 700. In certain embodiments, hook 412 can extend around a trailing
edge 704 of load bar 700 to hook load bar clip 400 onto the load bar 700. In certain
embodiments, load bar clip 400 can include one or more prongs 416 which can extend
around a leading edge 702 and upper surface 706 of load bar 700. In certain embodiments,
prongs 416 can include one or more teeth 417, which can hook into a groove 710 in load bar
700, to secure load bar clip 400 onto load bar 700. In certain embodiments, hook 412 can
follow a contour of an upper surface of load bar 700 and prongs 416 can extend below a
lower surface of load bar 700.

FIGS. 11 and 12 illustrate load bar clip 400 with a bar adapter 500 disposed within load bar
attachment portion 410, according to an embodiment. Bar adapter 500 can allow load bar clip
400 to be used with various types of load bars without entirely different load bar clips. In
certain embodiments, bar adapter 500 can be configured to fit tightly within hook 412 of load
bar attachment portion 410. Bar adapter 500 can have one or more cutout 502 extending
through bar adapter 500. Generally, a cutout 502 in bar adapter 500 is sized and shaped to fit
tightly about a particular load bar. For example, bar adapter 500 can have a cutout 502 sized
and shaped to fit around a square load bar.

In certain embodiments, bar adapter 500 can include a latch 504 to secure bar adapter 500
within load bar clip 400 and about the load bar. In certain embodiments, latch 504 can
include a tongue 506 and a groove 508. It is contemplated that other attachment mechanisms,
for example but not limited to a snap fit connection, can be used for latch 504. In certain
embodiments, bar adapter 500 can be a single solid piece of material having one cutout 502
for a load bar, where the piece of material is sized to fit tightly within load bar attachment
portion 410 of load bar clip 400.

FIG. 20 illustrates a cross-sectional view of connection assembly 120, according to an
embodiment. FIG. 20 illustrates connections between pivot bracket 200, pivot arm 300, and
load bar clip 400. In certain embodiments, pivot bracket 200 can include head portion 210

having first plate 212 and second plate 214 forming slot 216 therebetween. One or more
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holes 202 can extend through first plate 212 and second plate 214 so that pivot bracket 200
can be coupled fairing blade 110. In certain embodiments, tail portion 220 can extend from
head portion 210. Tail portion 220 can have ball 224 disposed at an end. In certain
embodiments, a flange 223 can couple ball 224 to tail portion 220. In certain embodiments,
ball 224 can have ridge 226 defining first and second hemispheres 228A and 228B.

Ball 224 of pivot bracket 200 can be coupled with pivot arm 300 at joint 122 in the manner
of a ball and socket joint. Pivot arm 300 can include first arm 310 and second arm 320. Each
arm can have a socket 312, 322 configured to receive ball 224 so that ball 224 can rotate in
multiple directions within the sockets 312, 322. First arm 310 and second arm 320 can be
coupled by elbow portion 330. In certain embodiments, first arm 310 can include cavity 315
and second arm 320 can include hole 302 for receiving part of a fastener, for example, a bolt.
In certain embodiments, protrusion 317 can extend from an interior surface of first arm 310,
opposite cavity 315.

Load bar clip 400 can include a pivot arm attachment portion 420. In certain embodiments,
elbow portion 330 of pivot arm 300 can be rotatably coupled about rod 426 of pivot arm
attachment portion 410. In certain embodiments, rod 426 can be disposed at an end of second
extension 424 of pivot arm attachment portion 410. Second extension 424 can have a cutout
423, As shown in FIG. 20, there can be a space 428 between elbow portion 330 of pivot arm
300 and a proximal end of pivot arm attachment portion 420. This space can allow arms 310,
320 to be spread and placed around rod 426 to couple pivot arm 300 with load bar clip 400.
In certain embodiments, load bar clip an also include load bar attachment portion 410. Hook
412 of load bar attachment portion 410 can have an interior surface configured to be disposed
along a bottom of a load bar and around a trailing edge of the load bar. At an opposite end,
load bar attachment portion 410 can have one or more prongs 416 having an interior surface
418 configured to contact a leading edge of a load bar. One or more teeth 417 can cxtend
from prongs 416 to couple with a groove in the upper surface of the load bar.

FIGS. 13 and 14 illustrate foot 600, according to an embodiment. One or more feet 600 can
be disposed along a lower edge 118 of fairing blade 110. For example, 1, 2, 3, 4,5, 6, 7, or

more feet can be used. In certain embodiments, four feet 600 can be disposed along the lower
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edge 118 of fairing blade 110. In certain embodiments, three feet 600 can be disposed along
the lower edge 118 of fairing blade 110.

Foot 600 can facilitate engagement of fairing blade 110 with roof 800 of a vehicle and also
prevent blade 110 from scratching roof 800. For example, in certain embodiments, foot 600
can have a lower surface 602 on which a pad 606 can be disposed. Pad 606 can be made from
a cushioning material, for example, but not limited to foam, rubber, polymers, etc. In certain
embodiments, lower surface 602 and pad 606 can be convex. This can allow foot 600 to rock
along roof 800 of the vehicle and therefore provide consistent engagement between foot 600
and roof 800 while also reducing noise produced from vibration of fairing 100 on roof 800.

In certain embodiments, foot 600 can include first leg 610, second leg 620, and heel 604. In
certain embodiments, first leg 610 can have an exterior surface 612, an interior surface 614,
and an end 616. Second leg 620 can also have an exterior surface 622, an interior surface
624, and an end 626. In certain embodiments, bar 608 can be disposed between first leg 610
and second leg 620 to connect first leg 610 and second leg 620, while at the same time
providing a space between first leg 610 and second leg 620. In certain embodiments, bar 608
of foot 600 can be configured to mate with a notch 119 in the lower edge 118 of fairing blade
110. Notch 119 to rotate about bar 608, which can improve the fit of fairing blade 110 along
roof 800.

FIG. 15 illustrates a front perspective view of fairing blade 110, according to an embodiment.
As previously discussed, in certain embodiments, fairing blade 110 can include front surface
112, upper edge 116, and lower edge 118. In certain embodiments, holes 113 can extend
through fairing blade 110 at various locations. Holes 113 can facilitate the attachment of
various components of fairing 100 to fairing blade 110, for example, end cap(s) 130 and
pivot bracket(s) 200.

In certain embodiments, notches 119 in lower edge 118 of fairing blade 110 can be
configured to receive bar 608 of foot 600. Any number of notches 119 can be disposed along
lower edge 118 of fairing blade 110. For example, in certain embodiments, four notches 119
can be disposed along lower edge 118 of blade 110. In certain embodiments, notches 119 are
symmetrical about a midline of blade 110. In certain embodiments, notches 119 can be

shaped like a key hole, having a curved upper portion and straight sides extending away from
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each other towards lower edge 118. The wider lower portion can make it easier to couple
notch 119 with bar 608 of foot 600. In certain embodiments, bar 608 can snap fit into the
upper portion of notch 119. Other shapes and sizes of notches 119 are contemplated and can
correspond with a shape and size of bar 608 of foot 600.

FIG. 16 illustrates load bar 700, according to an embodiment. Load bar 700 can facilitate
coupling fairing 100 to roof 800 of a vehicle. In certain embodiments, connection assembly
120 can couple fairing blade 110 to load bar 700. More specifically, in certain embodiments,
load bar attachment portion 410 of load bar clip 400 of connection assembly 120 can couple
with load bar 700. As discussed herein, in certain embodiments, load bar 700 can include
leading edge 702, trailing edge 704, upper surface 706, and lower surface 708. In certain
embodiments, leading edge 702 and trailing edge 704 can be aerodynamically designed to
reduce wind resistance of load bar 700. In certain embodiments, upper surface 706 can
include groove 710. Groove 710 can facilitate attachment of load bar clip 400 to load bar 700
by providing a place to hook into. In certain embodiments, one or more interior brace 707
can increase the strength and rigidity of load bar 700.

FIGS. 17 and 18 illustrate end cap 130, according to an embodiment. In certain
embodiments, end cap 130 can include front face 132, rear face 134, and outer edge 136. In
certain embodiments, holes 133 can extend through front face 132 and rear face 134 so that
fasteners 101 can couple end cap 130 with fairing blade 110. In certain embodiments, fairing
blade 110 can fit within a slot (not shown) between front face 132 and rear face 134 of end
cap 130.

As shown in FIG. 18, in certain embodiments, tail 140 can extend from rear face 134 of end
cap 130. Tail 140 of end cap 130 can be similar to tail portion 220 of pivot bracket 200, as
described above. Tail 140 of end cap 130 can allow end cap 130 to couple directly with pivot
arm 300 of connection assembly 120. Thus, tail 140 of end cap 130 can be part of joint 122
of connection assembly 120. In certain embodiments, tail 140 can include ball 144. In certain
embodiments, ball 144 can include ridge 146, which can define a first hemisphere 148A and
a second hemisphere 148B of ball 144. Ball 144 can interface with pivot arm 300 in the same

manner as described above with respect to tail portion 220 of pivot bracket 200.
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[80] The present invention has been described above with the aid of functional building blocks
illustrating the implementation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.

[81] The foregoing description of the specific embodiments will so fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such specific embodiments, without
undue experimentation, without departing from the general concept of the present
invention. Therefore, such adaptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed embodiments, based on the teaching and
guidance presented herein. It is to be understood that the phraseology or terminology herein
is for the purpose of description and not of limitation, such that the terminology or
phraseology of the present specification is to be interpreted by the skilled artisan in light
of the teachings and guidance.

[82] The breadth and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents.
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CLAIMS:

1. A fairing for a vehicle load bar, comprising:

an elongate blade; and

a connection assembly configured to couple the elongate blade to the load bar, the

connection assembly comprising:

a joint comprising a pivot arm comprising a socket and a pivot bracket coupled to
the elongate blade, the pivot bracket comprising a ball, wherein the ball is disposed in the
socket of the pivot arm, and wherein the ball is configured to rotate within the socket of

the pivot arm, and

a load bar clip comprising a load bar attachment portion for attaching to the load
bar and a pivot arm attachment portion for attaching to the pivot arm of the connection

assembly.

2. The fairing of claim 1, wherein the pivot arm comprises a first arm having a first socket
and a second arm having a second socket, wherein the second arm is connected to the first arm

by an elbow portion.

3. The fairing of claim 2, wherein the first arm, the second arm, and the elbow portion are

integrally formed.

4, The fairing of claim 1, wherein the pivot bracket comprises a head portion coupled to the
elongate blade and a tail portion extending from the head portion, wherein the ball is disposed at

an end of the tail portion.

5. The fairing of claim 4, wherein the head portion comprises a first plate and a second
plate, and wherein an upper edge of the elongate blade is disposed in a slot between the first

plate and the second plate.

6. The fairing of claim 2, wherein the ball comprises a ridge defining a first hemisphere and

a second hemisphere, and wherein a portion of the first hemisphere is disposed in the first socket

Date regue / Date received 2021-12-10



-20 -

and a portion of the second hemisphere is disposed in the second socket.

7. The fairing of claim 6, wherein the ridge is configured to limit a range of motion of the

ball within the first and second sockets.

8. The fairing of claim 1, wherein the pivot arm attachment portion of the load bar clip

comprises:
a first extension;
a second extension generally parallel to the first extension; and
a rod connecting the first extension and the second extension.

9. The fairing of claim 8, wherein when a fastener of the pivot arm is unfastened, an elbow
portion of the pivot arm is rotatable about the rod of the pivot arm attachment portion, and
wherein when the fastener is fastened, the elbow portion of the pivot arm is fixed about the rod

of the pivot arm attachment portion and the ball is free to rotate in the socket.
10. The fairing of claim 1, wherein the load bar clip comprises:

a hook having an interior surface configured to contact a lower surface and trailing edge

of the load bar; and
at least one prong configured to engage a groove in an upper surface of the load bar.
11.  The fairing of any one of claims 1 to 10, further comprising:

a foot disposed at a lower edge of the elongate blade and configured to engage a roof of a
vehicle, wherein the foot comprises: a heel, a first leg, a second leg spaced from the first leg, and

bar connecting the first leg and the second leg,

wherein a lower edge of the elongate blade is configured to couple to the load bar to

secure the foot to the elongate blade.

12. The fairing of claim 11, wherein the foot further comprises:
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a convex lower surface, and
a pad disposed on the convex lower surface,

wherein a notch in the lower edge of the blade is configured to couple to the bar to secure

the foot to the blade.
13. A system for attaching a fairing to a load bar, comprising:

a connection assembly configured to couple the fairing to the load bar, the connection

assembly comprising:
a pivot bracket comprising:

a head portion having a first plate and a second plate spaced from the first

plate, and
a tail portion comprising a ball;
a pivot arm comprising:
a first arm having a first socket, and

a second arm having a second socket, wherein the second arm is integrally
connected to the first arm by an elbow portion, wherein the ball of the pivot
bracket is disposed in the first socket and the second socket and configured to

rotate in the first and second sockets; and
a load bar clip, comprising:
a load bar attachment portion for attaching to the load bar, and

a pivot arm attachment portion for attaching to the pivot arm, the pivot
arm attachment portion having a rod, wherein the elbow portion of the pivot arm

is selectively rotatable about the rod.

14.  The system of claim 13, wherein the ball comprises a ridge defining a first hemisphere
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and a second hemisphere, wherein a portion of the first hemisphere is disposed in the first socket
and a portion of the second hemisphere is disposed in the second socket, and wherein the ridge is

configured to limit a range of motion of the ball with the first and second sockets.
15. The system of claim 13, wherein the load bar clip comprises:

a hook having an interior surface configured to follow a contour of a lower surface and a

trailing edge of the load bar; and

at least one prong configured to curve around a leading edge of the load bar and engage a

groove in an upper surface of the load bar.

16. The system of claim 13, further comprising a bar adapter disposed within the load bar
attachment portion of the load bar clip, wherein the bar adapter includes a cutout sized to

surround and contact an exterior surface of the load bar.

17. The system of claim 16, wherein the bar adapter further comprises a latch disposed

between the prong and the hook configured to secure the bar adapter about the load bar.
18. A fairing for a vehicle load bar, comprising:

an elongate blade;

an end cap comprising:

a front face, and a rear face defining a slot configured to enclose an end of the

elongate blade, and

an attachment element extending from the rear face of the end cap, the attachment

element comprising a first ball; and
a first pivot arm comprising:
a first arm having a first socket, and

a second arm having a second socket, wherein the second arm is connected to the
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first arm by a first elbow portion, wherein the first ball of the attachment element is
disposed in the first socket of the first arm of the first pivot arm and the second socket of

the second arm of the first pivot arm.
19. The fairing of claim 18, further comprising:
a pivot bracket comprising:
a head portion coupled to the elongate blade, and
a tail portion comprising a second ball; and
a second pivot arm comprising:
a third arm having a third socket, and

a fourth arm having a fourth socket, wherein the third arm is connected to the
fourth arm by a second elbow portion, wherein the second ball is disposed in the third

socket and the fourth socket.
20. A fairing for a vehicle load bar, comprising:
an elongate blade; and

a connection assembly configured to couple the blade to the elongate load bar, the

connection assembly comprising:

a joint comprising a pivot arm comprising a socket and a pivot bracket coupled to
the elongate blade, the pivot bracket comprising a ball, wherein the ball is disposed in the
socket, wherein the ball is configured to rotate within the socket, wherein the pivot arm
comprises a first arm having a first socket portion and a second arm having a second
socket portion, wherein the first arm is connected to the second arm by an elbow portion,

and wherein the first arm, the second arm, and the elbow portion are integrally formed.
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21.  The fairing of any one of claims 18 to 20, further comprising:

a foot disposed at a lower edge of the elongate blade and configured to engage a roof of a
vehicle, wherein the foot comprises: a heel, a first leg, a second leg spaced from the first leg, and

bar connecting the first leg and the second leg,

wherein a lower edge of the elongate blade is configured to couple to the load bar to

secure the foot to the elongate blade.

22. The fairing of claim 21, wherein the foot further comprises:
a convex lower surface, and
a pad disposed on the convex lower surface,

wherein a notch in the lower edge of the blade is configured to couple to the bar to secure

the foot to the blade.
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