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Tool-Less Spring Attachment to C-Channel and Method of Using Same

CROSS REFERENCE TO RELATED APPLICATIONS

This patent application claims the benefit of priority under 35 U.S.C. Section 119(e)
from U.S. Provisional Application Serial No. 62/294, 119, filed on February 11, 2016 and
titled ““Attachment Mechanisms For Extrusions And C-Channel Grooves,” which is hereby

incorporated by reference as if set forth in its entirety herein.

FIELD OF THE INVENTION
[0001] The present invention generally relates to attachment systems and methods, and more
particularly, spring-like systems and methods to attach and detach materials onto a c-channel

groove without any tools.

BACKGROUND OF THE INVENTION

[0002] Solar panels are a green alternative to generating electric power. Large scale power
generation can include arrays of solar panels located in outdoor environments for conversion
of solar energy into electrical energy. However, solar panels located in outdoor environments
are exposed to sand, dust, dirt and other debris that can collect on the surfaces of the solar
panels and reduce the ability of the panels to absorb light and convert it into electricity. This
problem is magnified when panels are located in arid environments, such as deserts which
receive high levels of solar radiation and few overcast days because these environments tend
to have high levels of dust and wind leading to high deposition rates on the surface of the

panels.

[0003] Robots or other cleaning vehicles can be used to assist in the cleaning of solar panels.
For example, Saudi Aramco has developed a Robotic Dust Mitigation robot. Certain robots
or cleaning vehicles utilize brushes with c-channels that hold the brush flaps in place. A

cleaning brush, for instance, can include any combination of cleaning components, such as
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filaments, bristles, flaps of cloth-like material and the like, each of which is attached to the
extrusion at the channel grooves. Over time and after extended use, the brush flaps must be
replaced. Because of the shape of a c-channel, prior methods of replacing brush flaps
required access to the ends of the brush core aluminum extension or c-channel so that the
brush flaps can be slid into place. Tools were necessary to disassemble the brush so that the
brush flaps could be replaced, adding to the operating and maintenance cost of the robot or
cleaning vehicle. This is the method used by NOMADD Desert Solar Solutions and
described in U.S. Patent No. 8,500,918. Typically, the ends of the c-channel grooves have
caps or hubs that need to be removed. If the brush that is to be replaced is in the middle of a
series, all of the series elements need to be removed before the replacement piece can be
added. Even after the brushes are inserted into the c-channel, they can slide along the

channel unless sufficiently secured.

[0004] Materials are connected to c-channels in a variety of other industries, including the
automotive industry. Car washes, for example, utilize c-channel brushes (e.g., Favagrossa or
Sonny’s, The Car Wash Factory). The brushes use a form of extruded material (often
aluminum) with c-channels and an element that fits into the channel and supports either brush
filaments or a cloth-like material. Similar to the robots and cleaning vehicles discussed
above, access to the ends of the c-channel groove is necessary to replace the connected
material for these brushes. Therefore, a tool-less solution to replacing materials in a c-

channel is desirable.

[0005] Post-assembly nuts or T-nuts sold by aluminum extrusion manufacturers (such as by
Minsumi, Minitec, and Rexroth Bosch) can be used to mount materials onto aluminum
extrusions without requiring access to the ends of the c-channel groove. Even though the end
of the c-channel does not need to be accessed, tools (e.g., screwdriver, screws) are still
required. These nuts are also not designed to hold cloth-like materials, such as those used in

certain types of brushes.

[0006] The present invention addresses the limitations associated with attaching and
detaching material to a c-channel by allowing for the material to be attached or detached at
any point along the c-channel. Because the material does not need to be slid into the c-
channel through the end of the channel, the need for tools is eliminated and replacement time

is minimized. The placement flexibility also allows for elements in the middle of a series to
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be easily replaced. For large scale markets, this potentially allows for significant cost

savings.

[0007] The present invention addresses these and other limitations associated with attaching

and detaching materials onto c-channel grooves.

SUMMARY OF THE INVENTION

[0008] According to a broad aspect of the invention, an innovative design for a coil-shaped
element and method which allows for the attachment and detachment of materials onto a c-
channel groove without requiring any tools and without requiring access to the ends of the
groove (i.e. the attachment and detachment can be done from anywhere along the groove) is
provided. The coil-shaped element can be used both in-line with the groove as well as
orthogonally. A twist, squeeze, or pull motion can be used to insert or remove the coil-

shaped element from the c-channel groove.

[0009] In accordance with the broad aspect of the invention, a flexible attachment for
attaching and detaching material to a c-channel groove of the type having an aperture of a
first dimension is provided. The attachment comprises a coil-shaped element with a second
dimension that is greater than the first dimension, and a material connected to the coil-shaped
element. The coil-shaped element is in a biased state such that it is navigable through the
aperture of the c-channel groove at a point along the c-channel groove and positionable such
that at least a portion of the biased coil-shaped element is in the c-channel groove in
response to applying a force to the coil-shaped element. The coil-shaped element restores
within the channel toward the second dimension so as to secure itself within the c-channel

groove.

[0010] In further aspects, the coil shaped element comprises a material that is resiliently

compressible in response to the applied force.

[0011] In accordance with a further aspect of the invention, the material connected to the
coil-shaped element comprises sheets of cloth-like material supportable when the flexible
attachment is attached to the c-channel groove to define a cleaning brush. In one
arrangement, the coil-shaped element and the material are connected in a threaded
connection. In one arrangement, the coil-shaped element includes a coating. In one

arrangement, the material is disposable, at least in part. Further arrangements combine
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disposable sheets of cloth-like material, threaded connections, and coatings in a single

implementation, while other implementations can combine fewer than all of these features.

[0012] In accordance with a further aspect of the invention, reinforcement is provided to
prevent ripping of the coil-shaped element. In one embodiment, the inner wall of the silicone
foam material that is punctured by the coil-shaped element is melted to reinforce it against
ripping. As such, reinforced accessory can be provided which combines the coil-shaped
element with a flexible element into a unified structure suitable for mounting and

dismounting at an arbitrary location along a c-channel groove.

[0013] In accordance with a further aspect of the invention, part of the coil-shaped element is
extended outside of the groove to serve as a grasp for imparting or otherwise applying a
pulling force during removal. In a further embodiment, the coil-shaped element, any material

attached to it, or both, are disposable upon removal.

[0014] In accordance with still further aspects of the invention, one embodiment comprises a
method of installing a flexible attachment within a c-channel groove of the type having an
aperture of a first dimension. The method comprises providing a resilient, coil-shaped
element having a second dimension that is greater than the first dimension, wherein the coil-
shaped element is in the second dimension when in a native, unbiased state; connecting a
material to the coil-shaped element; applying a force to the coil-shaped element such that it is
in a biased state that is less than or equal to the first dimension of the aperture; navigating the
biased coil-shaped element through the aperture of the c-channel groove at a point along the
c-channel groove; positioning the biased coil-shaped element such that at least a portion of
the biased coil-shaped element is in the c-channel groove; and restoring the biased coil-

shaped element to its second dimension.

[0015] In accordance with still further aspects of the invention, another embodiment
comprises a method of installing a flexible attachment within a c-channel groove of the type
having an aperture of a first dimension, with this method comprising providing a resilient,
coil-shaped element having a second dimension that is greater than the third dimension,
wherein the coil-shaped element is in the second dimension when in a native, unbiased state;
connecting a material to the coil-shaped element; applying a force to the coil-shaped element
such that it is in a biased state that is less than or equal to the first dimension of the aperture;
navigating the biased coil-shaped element through the aperture of the c-channel groove at a

point along the c-channel groove; positioning the biased coil-shaped element such that at
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least a portion of the biased coil-shaped element is in the c-channel groove; and restoring the
biased coil-shaped element toward the second dimension until it is frictionally seated against

the interior groove of the c-channel.

[0016] Further aspects of the foregoing methods can be included in one or more
embodiments. Thus, the method can include the further step of coating the coil-shaped
element prior to the connecting step. Alternatively or in addition, the method can include the
further step of reinforcing the material before or after the connecting step to prevent ripping
from the coil-shaped element. Alternatively or in addition, the method can include the further
step of sealing at least a portion of the coil-shaped element and material, such as at an
interface where the coil-shaped element and material meet. Alternatively or in addition, the
method can include the further step of extending a portion of the coil-shaped element outside
of the aperture. Alternatively or in addition, the method can include the further step of
removing the flexible attachment from the c-channel groove by pulling on the portion of the
coil-shaped element that is extended outside of the aperture. Alternatively or in addition, the
step of connecting can connect the coil-shaped element to the material by threading through
the material. In still further embodiments, alternatively or in addition, the method can

operate such that the force applied resiliently compresses the coil-shaped element.

[0017] These and other aspects, features, and steps can be more completely appreciated with
reference to the accompanying drawing figures and detailed description of certain

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 is a perspective view of the coil-shaped element threaded through a material in

accordance with at least one embodiment of the present invention.

[0019] FIG. 2A is a side view of the coil-shaped element according to one arrangement prior

to insertion into the groove of a c-channel.

[0020] FIG. 2B is a side view of the coil-shaped element according to a further arrangement

prior to insertion into the groove of a c-channel.

[0021] FIG. 3A is a side view of the biased coil-shaped element of Figure 2A prior to

insertion into the groove of a c-channel.
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[0022] FIG. 3B is a side view of the biased coil-shaped element of Figure 2B prior to

insertion into the groove of a c-channel.

[0023] FIG. 4A is a side view of the coil-shaped element of Figure 2A after insertion into the

groove of a c-channel.

[0024] FIG. 4B is a side view of the coil-shaped element of Figure 2B after insertion into the

groove of a c-channel.

[0025] FIG. 5A is a front view of the coil-shaped element of Figure 2A after insertion into

the groove of a c-channel.

[0026] FIG. 5B is a front view of the coil-shaped element of Figure 2B after insertion into the

groove of a c-channel.

[0027] FIG. 6 is a front view of the coil-shaped element being removed from the groove of a

c-channel in accordance with at least one embodiment of the present invention.

DETAILED DESCRIPTION CERTAIN OF EMBODIMENTS OF THE INVENTION

[0028] According to one or more embodiments, a coil-shaped element allows for the
attachment and detachment of material onto a c-channel groove without requiring any tools
and without requiring access to the ends of the groove. Attachment and detachment can be

done at any point along the groove.

[0029] In one embodiment, the coil-shaped element 100 is connected to the material 104 that
is to be attached or detached to the c-channel. The coil-shaped element can be made from a
variety of materials that are sufficiently durable and resiliently compressible in response to an
applied force. In certain embodiments, the coil-shaped element is a steel spring or a plastic
spring. In other embodiments, the coil-shaped element has a coating or is made from a
softer/flexible material to avoid having a sharp edge at each coil element along the pitch of

the coil.

[0030] In a particular embodiment, as shown in Figure 1, at least one relatively thin sheet of
material 104 is connected to the coil-shaped element 100. In certain embodiments, material
104 consists of filaments, bristles, or flaps of foam or cloth-like material. Certain materials,

such as flaps of foam or cloth-like material, may be used without any connection adapters or
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adhesives because the coil-shaped element 100 can be directly threaded through the material
104. One type of connector or adapter may be an additional layer or extension of material
that is sewn or otherwise attached to the material 104 that is to be connected. The coil-
shaped element is then connected to the additional layer or extension. In one embodiment,
the coil-shaped element is connected only to the additional layer or extension. Such a
configuration may be useful for strings of or individual bristles or filaments that cannot be
connected directly to the coil-shaped element easily. In another embodiment, the coil-shaped
element is connected to both the additional layer or extension and the material 104 itself. In
one embodiment, holes 103 are punctured in the material 104 so that the coil-shaped element
100 can be threaded through the material 104. In another embodiment, the coil-shaped
element 100 has a piercing tip with a compressive strength selected to be sufficient to
puncture a thin material without permanently deforming its coiled shape, including the
segment of the coil-shaped element that is just proximal to the piercing tip. The coil-shaped
element 100 can be threaded through the material by feeding end 102 through the holes 103
in the material 104. In another embodiment, an adhesive is used to attach the material 104 to
the coil-shaped element 100 so that the stress is distributed over a larger area, rather than just
at the contact points of the coil-shaped element 100 and the material 104. As discussed in
more detail below, a sealant can further be used to distribute stress over a larger area and
reinforce the connection of the coil-shaped element 100 and material 104. Other methods of

connecting the coil-shaped element to the material can be used.

[0031] In other embodiments, the coil-shaped element is used to mount sensors or to route
cables along or within the grooves of equipment built using aluminum extrusions, such as c-

channels.

[0032] In another aspect of the invention, the coil-shaped element 100, 110 has a native,
unbiased shape, as shown in Figure 2A and 2B. The interior of the c-channel groove 215 is
formed by walls 210, 211, and 212. It further has an interior dimension from wall 210 to 211,
and an aperture with a dimension that is less than the interior dimension from wall 210 to
211. In some embodiments, as shown in Figure 2A, the coil-shaped element 100 has a
dimension that is the same size as or wider than the aperture 201 of the c-channel 200, but
less than the width of the interior of the c-channel groove (from wall 210 to 211). This
enables the coil-shaped element 100 to be navigated through the aperture 201 and rest within
the c-channel groove 215 without falling out of the aperture. Such a configuration may be

used when the coil-shaped element 100 is the same as or close to the length of the c-channel
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200, such that the coil-shaped element 100 will not slide out of place. If the coil-shaped
element only covers parts of the c-channel groove, it is important to secure the coil-shaped
element so that it does not slide along the groove. Some uses of the coil-shaped element 100
and material 104 may create a secure connection between the coil-shaped element 100 and
the groove 215. A spinning rotation of the c-channel, for example, may create a centrifugal
force that holds the coil-shaped element 100 and material 104 in place. In other
embodiments, as shown in Figure 2B, the coil-shaped element 110 has a dimension that is
wider than both the aperture 201 and the interior of the c-channel groove (from wall 210 to
211). This enables the coil-shaped element to be frictionally seated against the inner walls
210, 211, 212 of the groove 215, which inhibits or impedes release of the coil-shaped element
from the channel and sliding therein. Inserting the coil-shaped element orthogonally can also

impede or prevent sliding.

[0033] A salient aspect of the invention is that the invention enables attachment-to and
detachment-from the c-channel groove without requiring tools and without needing to access
the end of the c-channel. Therefore, the material 104, whatever it may be, or the sensors or
cables and so on, need not be slid into the groove from the end of the c-channel. Having the
ability to attach or detach the material from anywhere along the length of the groove is
particularly advantageous in systems where only a portion of the c-channel may be
accessible. Inserting the material along the length of the groove instead of at the end also
eliminates the need for tools to be used to disassemble and reassemble the system. The coil-
shaped element can span the entire length of the c-channel groove or a portion of it such that

the material 104 is only supported at certain places.

[0034] In use, a coil-shaped element is connected to the desired material 104, which can be
achieved by threading or adhesive, among other means. As discussed above, the dimension
of the coil-shaped element in its unbiased state is greater than the dimension of the aperture
201 of the c-channel groove. In some embodiments, a coating is applied to the coil-shaped
element prior to connection to avoid it having a sharp or rough edge. In other embodiments,
as discussed in more detail below, reinforcement can be added to the material 104 before or
after it is connected to the coil-shaped element to prevent ripping. The coil-shaped element is
then attached or mounted to the c-channel groove by twisting (and thereby advancing into the
channel) or squeezing the coil-shaped element into a biased state. The application of another
force can be used to get the coil-shaped element into a biased state, such as a manually

applied force. The biased state results from resilient compression of the coil-shaped element
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along its length, not by compressing it end to end, as shown in Figures 3A and 3B. Enough
force must be applied to bias the coil-shaped element to a dimension that is less than or equal
to the dimension of the aperture 201. Figure 3A shows biased coil-shaped element 100°,
which is biased to the point where it can be navigated through the aperture 201 of the groove
215. The biased coil-shaped element 100’ is then positioned such that at least a portion of it
is in the c-channel groove 215, as shown in Figure 4A. The biased coil-shaped element 100’
can then be restored to its original dimension, which is less than the dimension of the interior

of the c-channel groove 215 but greater than the dimension of the aperture 201.

[0035] In another embodiment, as shown in Figure 3B, the biased coil-shaped element 110’
must be biased to the point where it can be navigated through the aperture 201 of the groove
215. That is, it must be biased to a dimension that is less than or equal to the dimension of
the aperture 201. The biased coil-shaped element 110’ is then positioned such that at least a
portion of it is in the c-channel groove 215, as shown in Figure 4B. The biased coil-shaped
element 110’ can then be restored so that it approaches its original dimension, which is larger
than both the aperture and the interior of the c-channel groove. The biased coil-shaped
element 110’ will expand until it is frictionally seated against at least one of the interior walls
210, 211, 212 of the c-channel groove. Depending on the size of the c-channel groove 215
and the coil-shaped element 110, the coil-shaped element 110 may expand to its original

dimension or some dimension less.

[0036] In other embodiments, at least the coil-shaped element and top portion of the material
104 that is connected to the coil-shaped element are sealed together. For instance, the sealant
can extend along an edge or flap of the material 104. In another embodiment, if an additional
layer is attached to the material 104, the sealant can extend along an edge or flap of that layer.
Types of sealants may include silicone, acrylic resins, adhesive, epoxy, wax, polyurethane, or
rubber. Methods of sealing may include dipping, painting or spraying, and each method can
result in sealing at least a portion of the coil-shaped element and material together, whether
continuously along an edge or flap of the material 104, or otherwise. The sealant serves as an
extra reinforcing layer and aids in distributing any stresses along a length of the material 104
or additional layer, as the case may be, rather than just at the points of contact between the
coil-shaped element and the material. This can further prevent or reduce ripping of the

material at the points of contact with the coil-shaped element.
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[0037] In some embodiments, when the material 104 is attached to the c-channel groove 200
using the coil-shaped element as shown in Figures SA or 5B, a cleaning brush is defined.
The coil-shaped element can be attached to the c-channel groove either in-line or

orthogonally.

[0038] The coil-shaped element can be removed in a similar fashion to its insertion, where
the coil-shaped element is biased so that it can be navigated out of the aperture 201 of the c-

channel groove.

[0039] Figures 4A, 4B, 5A and 5B show another aspect of the invention, wherein an end
portion of the coil-shaped element 101, 111 is extended outside of the aperture 201. The end
portion 101, 111 protrudes out of the c-channel groove so that it is easily accessible and
functions similar to a tab pull or as a pulling point. In use, this can be achieved by
positioning end portion 101, 111 at an angle prior to insertion or bending end portion 101,
111 after insertion so that it extends out of the c-channel groove. Figure 6 demonstrates that
the end portion 101 can be pulled out of the c-channel groove, thereby removing the coil-

shaped element 100 and the material 104 attached to it.

[0040] In other embodiments, the material 104 can be reinforced against ripping at the points
where the coil-shaped element runs through the material 104 or other weak points. When
polymer materials are used, such as closed-cell silicone foam sheets, the inner walls of the
holes 103 can be melted to prevent ripping. An alternative reinforcement can comprise a glue

seam (not shown) along the union of the material 104 and the coiled-shaped element 100.

[0041] Melting of the material after connection to the coil-shaped element can have other
advantages. When the material is threaded with the coil-shaped element, micro-tears can
occur. Melting of the material can aid in mending those tears and preventing further tearing

or ripping of the material by the coil-shaped element.

[0042] Another aspect of the invention is to use means to secure the material to the coil-
shaped element to prevent sliding or rotation around the coil-shaped element. One way to
accomplish this is by melting the material onto the coil-shaped element. Another way to
accomplish this is by gluing the material to the coil-shaped element at points of contact
between the material and the coil-shaped element. Depending on the materials used, glue can
be applied at some of the points of contact to achieve a secured connection. For example, a

spot of glue can be applied at one or both ends of the coil-shaped element where it meets the
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material, or only where the spring enters the material. These and all securing methods
described herein can be applied before, during or after the connection of the coil-shaped

element to the material, whether by threading or otherwise.

[0043] In another aspect of the invention, the coil-shaped element is used to facilitate the
replacement of worn out flaps on a brush with new ones. In such circumstances, the coil-
shaped element and/or material can be disposable so that it does not matter if they are

damaged during removal. When the element is removed, the material can also be removed.

[0044] While the invention has been described in connection with a certain embodiment
thereof, the invention is not limited to the described embodiments but rather is more broadly

defined by the recitations in the claims below and equivalents thereof.
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CLAIMS

1. A flexible attachment for attaching and detaching material to a c-channel groove of the

type having an aperture of a first dimension comprising:

a coil-shaped element with a second dimension that is greater than the first dimension;

and
a material connected to the coil-shaped element;

in which upon applying a force to the coil-shaped element, the coil-shaped element is in
a biased state such that it is navigable through the aperture of the c-channel groove at a
point along the c-channel groove and positionable such that at least a portion of the

biased coil-shaped element is in the c-channel groove; and

in which upon restoring the biased coil-shaped element toward the second dimension, it

is secured in the c-channel groove.

2. A flexible attachment according to Claim 1, in which the coil-shaped element comprises

a material that is resiliently compressible in response to the applied force.

3. A flexible attachment according to Claim 1, in which the coil-shaped element and the

material are connected in a threaded connection.

4. A flexible attachment according to Claim 1, in which the coil-shaped element further

comprises a coating.

5. A flexible attachment according to Claim 1, in which the coil-shaped element further

comprises material that is disposable, at least in part.

6. A flexible attachment according to Claim 1, in which the c-channel groove further
comprises an interior groove with a third dimension that is greater than the first dimension,

and in which the second dimension is greater than the third dimension.

7. A method of installing a flexible attachment within a c-channel groove of the type

having an aperture of a first dimension, comprising:

providing a resilient, coil-shaped element having a second dimension that is greater than
the first dimension, in which the coil-shaped element is in the second dimension when in

a native, unbiased state;
12
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connecting a material to the coil-shaped element;

applying a force to the coil-shaped element such that it is in a biased state that is less

than or equal to the first dimension of the aperture;

navigating the biased coil-shaped element through the aperture of the c-channel groove

at a point along the c-channel groove;

positioning the biased coil-shaped element such that at least a portion of the biased coil-

shaped element is within the c-channel groove; and

restoring the biased coil-shaped element to its second dimension within the c-channel

groove.

8. A method of installing according to Claim 7, further comprising coating the coil-shaped

element prior to connecting the material to the coil-shaped element.

9. A method of installing according to Claim 7, further comprising reinforcing the material
before or after connecting the material to the coil-shaped element to prevent ripping from the

coil-shaped element.

10. A method of installing according to Claim 7, in which the force applied resiliently

compresses the coil-shaped element.

11. A method of installing according to Claim 7, in which connecting the material to the
coil-shaped element connects the coil-shaped element to the material by threading through the

material.

12. A method of installing according to Claim 7, further comprising extending a portion of

the coil-shaped element outside of the aperture.

13. A method of installing according to Claim 12, further comprising removing the flexible
attachment from the c-channel groove by pulling on the portion of the coil-shaped element

that is extended outside of the aperture.

14. A method of installing according to Claim 7, further comprising sealing at least a

portion of the coil-shaped element and material together.
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15. A method of installing a flexible attachment within a c-channel groove of the type
having an aperture of a first dimension and an interior groove of a third dimension that is

greater than the first dimension, comprising:

providing a resilient, coil-shaped element having a second dimension that is greater than
the third dimension, in which the coil-shaped element is in the second dimension when

in a native, unbiased state;
connecting a material to the coil-shaped element;

applying a force to the coil-shaped element such that it is in a biased state that is less

than or equal to the first dimension of the aperture;

navigating the biased coil-shaped element through the aperture of the c-channel groove

at a point along the c-channel groove;

positioning the biased coil-shaped element such that at least a portion of the biased coil-

shaped element is within the c-channel groove; and

restoring the biased coil-shaped element toward the second dimension until it is

frictionally seated against the interior groove of the c-channel.

16. A method of installing according to Claim 15, further comprising coating the coil-

shaped element prior to connecting the material to the coil-shaped element.

17. A method of installing according to Claim 15, further comprising reinforcing the
material before or after connecting the material to the coil-shaped element to prevent ripping

from the coil-shaped element.

18. A method of installing according to Claim 15, in which the force applied resiliently

compresses the coil-shaped element.

19. A method of installing according to Claim 15, in which connecting the material to the
coil-shaped element connects the coil-shaped element to the material by threading through the

material.

20. A method of installing according to Claim 15, further comprising extending a portion of

the coil-shaped element outside of the aperture.

14



21. A method of installing according to Claim 20, further comprising removing the flexible
attachment from the c-channel groove by pulling on the portion of the coil-shaped element

that is extended outside of the aperture.

22. A method of installing according to Claim 15, further comprising sealing at least a

portion of the coil-shaped element and material together.
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