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TITLE
PHOTOVOLTAIC MOUNTING SYSTEM WITH LOCKING CONNECTORS,
ADJUSTABLE RAIL HEIGHT AND HINGE LOCK

BACKGROUND OF THE INVENTION
Field Of The Invention

[0001] This invention relates generally to the mounting of photovoltaic panels on
rooftops and other structures, and more particularly to hardware to facilitate the mounting

of the panels.

DESCRIPTION OF THE RELATED ART

[0002] Photovoltaic (herein, “PV”’) mounting grids are commonly used to mount
PV panel arrays to building structures, ground mounted systems and a large variety of
alternate configurations. In one common configuration, a rail and a cleat are mounted, for
example to a rooftop of a home, and the panel arrays are mounted thereto.

[0003] In general the PV industry is accustomed to mounting each rail and cleat
individually using various mechanical fasteners such as nuts, bolts and washers. Each
connection point is carefully measured and set in place and manually tightened, typically
using common tools such as wrenches, sockets, ratchets and screwdrivers. The
conventional methods of installation generally consume many man-hours of installation
labor and must be placed in precise locations to accommodate the specific PV panels
supplied for the installation. This is a project that requires significant skill and precision.
[0004] If it becomes desirable or economical to replace the existing PV panels
with a more technologically advanced system, the existing grid mount must, in general,
be removed. This is either done in part or in whole to accommodate the newer panels.
This operation in general will take as long as or longer than the original installation when
conventional mounting systems are used. The need exists for an improved PV mounting

system.

BRIEF SUMMARY OF THE INVENTION
[0005] The apparatuses and methods disclosed herein are more cost-effective

means and method of installing PV panel arrays. The present invention includes a cam-
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actuated connector to fasten perpendicular mounting components used to install PV
panels, and a PV panel mounting rail that allows slide-in or drop-in installation and
equalized clamping action for securing the PV panels in place. A parallel grid formed by
the mounting rails and cam connectors in turn allows the PV panels to be slid or dropped
into position while being electrically connected as they are installed.

[0006] In the absence of bolts, nuts and other standard fasteners, the cam-actuated
device is inserted in two crossing frame members during installation of a photovoltaic
system. The photovoltaic mounting system in general consists of an extruded beam
member mounted in line with the roof, ground support member and/or rafter. The system
also includes an extruded perpendicular crossing member, but could be mounted at
various angles other than perpendicular. The crossing joint is locked in tension using the
cam-actuated connector. Multiple crossing extrusions and connectors make up a
complete mounting grid. The mounting grid in turn supports a plurality of photovoltaic
panels, which are conventional and widely known.

[0007] The apparatus provides quick and secure connections that, during the
process of connecting the mounting grid components, allow the installer to expedite the
assembly of the PV panel mounting structure. The cam connector allows the installer the
flexibility to position and reposition the grid as needed to achieve the final mounting
configuration quickly. When the frame is determined to be in the proper position, the
cam connector is easily turned to lock it in the final tensioned position. This and other
unique design features of the cam-actuated connector and equalized clamping action rail
member system are estimated to reduce installation time by up to 60 percent over
conventional practices. The invention also provides a self-locking feature that, while
being tightened into its working condition, allows the split inner barrel of the cam
actuator to tighten in a manner that forces the cam surfaces into opposite direction,
thereby firmly locking the device in position.

[0008] The time saving aspects of the invention are many. Primary among them
is the ability for individual connectors to be attached in a series of chained connectors
using a common tightening device such as a tensioning jack or cam arm. In addition, the
ability of the cam connector to be removed, repositioned and reconnected many times
over the life of the photovoltaic system uniquely suits the system for future PV
enhancements. With advancements in photovoltaic efficiency, this capability allows

panels to be replaced with new panels that may or may not be of the same physical size.
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The cam-actuated fasteners are easily loosened, repositioned and retightened in
accordance with the requirements of the new photovoltaic array. There is no limit to the
number of this type of system change.

[0009] This invention is generally intended for use with sloped roof mount and
ground-mounted photovoltaic systems, but it may also be applied to any other form of PV
installation including, but not limited to, pole mount, wall mount, flat roof and automatic
sun tracking systems. The cam-actuated attachment device may be used with several
versions of commercially available extrusions as well as proprietary extruded sections.
The cam-actuated fastener may also be used with fabricated frameworks.

[0010] A further understanding of the unique mounting system can be gained by
envisioning the extruded, equalized clamping-action mounting rail as a system of
generally parallel elevated channels. The channels include an extruded assembly with
multiple components linked in a manner that allows for uniform clamping across the
entire PV array. The lower extrusion comprises the basic mounting support for the PV
panel frames. Extrusions may be of various sizes and shapes but in general provide a
ledge for the panel frame to rest, one panel frame on each side, with one ledge providing
the lower support for one row of panels while the opposite ledge provides support for the
adjacent row, if present.

[0011] An upper clamping cap component is maintained in a parallel fashion to
the lower ledge base extrusion. The parallel orientation of the cap member is maintained
by an integral linkage mechanism, which may be a set of links or cam members. The
movement of the parallel linkage thereby pivots the clamping cap to allow a wider space
between the cap and ledge base member or to provide a closer proximity between the cap
and ledge. The linkage preferably works in synchronous order to impose uniform
clamping action along the entire row of PV panels. The cap member is a loose piece with
a single or multiple tracks that engage with the mating cap mounting section that has
multiple tracks to hold the cap member at various distances with respect to the mounting
ledge. The cap member may be removed by sliding in a parallel (horizontal) relation to
the mounting rail to allow the PV modules to be placed in position from above the rail.
After the PV modules are installed, the cap member is moved back into position at the
desired gap spacing.

[0012] A single actuator located near the end of each of the mounting rails

generates the required force to pull the clamping cap and linkage into the desired clamped
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position once the PV panels have been installed. The single actuator is referred to as a
“jack” because it applies a longitudinal force. The jack is preferably a threaded
mechanism that will be actuated with a tool such as a wrench or ratchet/socket
combination. In various arrangements the jack may also be moved into position by hand
using a lever or a handle. The jack mechanism may also be a cam-type lever that pulls
the cap and linkage into its clamped position.

[0013] A departure from the above-mentioned mounting rail is an alternative rail
mounting extrusion designed to create a removable hinged connection between the rail
and the mating extrusion that is affixed to, or extruded into, the PV module frame. The
male/female connection allows the PV module to be inserted into the mounting rail track
in a near perpendicular position allowing the wire leads affixed to the backs of each PV
module to be interconnected. This then allows the modules to be lowered into their
working position. Once the PV modules are lowered into their working position they are
locked into position with a fastener such as a screw or another extrusion that slides into
the mounting rail for positively locking the entire row of PV modules in position.

[0014] It is to be noted that the mounting rail assemblies mentioned in this
disclosure have been described as being made of extruded members, preferably
aluminum. Each can equally be made from fabricated members of various materials,
including, but not limited to, stainless steel, plastics, composite and other suitable
materials. Similarly, the mounting rail assemblies can be extruded, but could also be
formed using other forming processes, including, but not limited to, pultrusion, casting
and drawing.

[0015] The described fastening mounting rails and clamping PV panels forms a
mounting system that when used as a complete system allows for a cost-effective and

labor-reducing installation package.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0016] Fig. 1 is a schematic view in perspective illustrating an example of a prior
art roof-mounted photovoltaic installation grid application following the current industry
standard.

[0017] Fig. 2 is a schematic view in perspective illustrating an embodiment of the

present invention in an operable configuration.
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[0018] Fig. 3 is a view in perspective illustrating a grid connector in accordance
with the present invention mounted between grid crossing members.

[0019] Fig. 4 is a view in perspective illustrating one embodiment of a grid
connector utilizing threaded connections to facilitate a cam tightening actuation.

[0020] Fig. 5a is a view in perspective illustrating another embodiment of a grid
connector utilizing a slotted support body to provide the desired cam clamping action.
[0021] Fig. 5b is a side view in section through the embodiment of Fig. Sa.

[0022] Fig. 6 is a view in perspective illustrating another embodiment of a grid
connector having a multiple part cam actuator with dual cams that are forced outward
using a rotating barrel.

[0023] Fig. 7 is a view in perspective illustrating another embodiment of a grid
connector having a multiple part cam actuator with a single cam that is forced outward
using a rotating barrel.

[0024] Fig. 8 is a view in perspective illustrating an alternative embodiment in
which the tightening rotation is forced around the horizontal axis.

[0025] Fig. 9 is a view in perspective illustrating an alternative grid connector
having a spiral cam action between the main support body and the outer body to create a
clamping force with relation to a center pin.

[0026] Fig. 10a is a side view in section illustrating the embodiment of Fig. 9 in a
loosened configuration.

[0027] Fig. 10b is a side view in section illustrating the embodiment of Fig. 9 in a
tightened configuration.

[0028] Fig. 11ais an end view illustrating a preferred mounting rail assembly in a
first position due to a first panel thickness.

[0029] Fig. 11b is an end view illustrating a preferred mounting rail assembly in a
second position due to second, thicker panel thickness.

[0030] Fig. 11c is an end view illustrating a preferred mounting rail assembly in a

third position due to a third, still thicker panel thickness.

[0031] Fig. 12a is a bottom view illustrating a unique clamping cap.
[0032] Fig. 12b’ is an end view illustrating the clamping cap of Fig. 12a.
[0033] Fig. 12b” is a side view in section illustrating the clamping cap of Fig. 12a

in which connecting links control the parallel motion and clamping force of the cap.
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[0034] Fig. 12c is a side view in section illustrating a magnified view of the
embodiment shown in Fig. 12b”.
[0035] Fig. 12d is an end view in section of the embodiment shown in Fig. 12c.
[0036] Fig. 13ais a bottom view illustrating the clamping cap of Fig. 12a.
[0037] Fig. 13b is a side view in section illustrating the embodiment of Fig. 13a in

which the unique clamping cap is controlled by use of cam slots and cam follower devices
to control the parallel motion and clamping force.
[0038] Fig. 14a is a side view in section illustrating a device for joining sections

of clamp cap.

[0039] Fig. 14b is a bottom view illustrating the embodiment of Fig. 14a.
[0040] Fig. 14c is a magnified side view of the illustration of Fig. 14a.
[0041] Fig. 14d is a magnified side view of the illustration of Fig 14a showing an

alternative tensioning joint connector assembly to that illustrated in Fig. 14c.

[0042] Fig. 15 is a side view illustrating a top cap rail of the embodiment of Figs.
11a-11c being slidingly inserted into the mating cap retainer.

[0043] Fig. 16a is a view in perspective illustrating a prior art photovoltaic panel
encased on all four sides with an aluminum extruded frame.

[0044] Fig. 16b is an end view in section illustrating the embodiment of Fig. 16a.
[0045] Fig. 17 is an end view in section illustrating a photovoltaic module with an
improved exterior extrusion that includes an extruded attachment lip to assist in
mounting.

[0046] Fig. 18a is a view in perspective illustrating an alternative mounting of a
PV module using an attachment lip as shown in Fig. 17.

[0047] Fig. 18b is a schematic end view illustrating the attachment lip as shown in
Fig. 18a in the initial insertion stage with the PV module inserted into the mating
mounting rail.

[0048] Fig. 19 is an end view in section illustrating a PV module in the working
position and locked into position after insertion into the embodiment shown in Fig. 18a
and 18b.

[0049] Fig. 20 is an end view in section illustrating a photovoltaic module with an
alternative exterior extrusion that includes an extruded attachment lip to assist in

mounting.
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[0050] Fig. 21 is an end view in section illustrating a photovoltaic module with an
alternative exterior extrusion that includes an extruded attachment lip to assist in
mounting.

[0051] Fig. 22 is an end view in section illustrating a photovoltaic module with an
alternative exterior extrusion that includes an extruded attachment lip to assist in
mounting.

[0052] In describing the preferred embodiment of the invention which is
illustrated in the drawings, specific terminology will be resorted to for the sake of clarity.
However, it is not intended that the invention be limited to the specific term so selected
and it is to be understood that each specific term includes all technical equivalents which
operate in a similar manner to accomplish a similar purpose. For example, the word
connected or terms similar thereto are often used. They are not limited to direct
connection, but include connection through other elements where such connection is

recognized as being equivalent by those skilled in the art.

DETAILED DESCRIPTION OF THE INVENTION

[0053] Referring to Fig. 1, a portion of a conventional residential roof structure 1
is shown, and presents a common mounting medium for which the present invention is
particularly suited. The portion shown in Fig. 1 is typical of a residential roof structure,
having support beams over which one or more weatherproof sheets is attached, such as
plywood and shingles. Of course, the roof structure 1 is merely one example of a
structure to which the present invention can be mounted, as will be understood by the
person having ordinary skill in the design and installation of photovoltaic electrical
systems. The residential roof structure 1 is described herein, but it will be understood by
the person of ordinary skill that other structures can be substituted for the structure 1,
including without limitation a commercial, institutional or agricultural roof structure, a
planar structure built specifically to support a PV array, a wall or ground-mounted area,
or any other stable, fixed structure.

[0054] The drawing of Fig. 1 illustrates a conventional PV array using the
fastening means conventionally known. The roof structure 1 has several layers, which
include support structures and sealing materials such as lumber, tarpaper and shingles or
metal sheeting or other roofing materials, which are conventional and not critical for the

operation of the invention. Trusses or rafters 2, which are common in residential
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construction, provide structural support to the roof structure 1. The rafters 2 are the
primary attachment member to which a typical conventional PV array is mounted, and the
invention is no exception.

[0055] A conventional installation on the roof structure 1 utilizes mounting
brackets, such as the L-shaped “angles™ 3, the mounting channels 4, or both, to attach to
the roof structure 1 and present an interface to which other portions of the mounting
apparatus attach. The angles 3 and channels 4 are preferably attached to the rafters using
a combination of lag screws and washers, the combination given reference numeral 5 in
Fig. 1. As will be understood from the description, other fasteners, such as nails, rivets
and/or adhesives, can be used instead of, or in addition to, the lag screws and washers 5.
[0056] The angles 3 and channels 4 are located on the upwardly facing surface of
the roof and, if the roof is angled from horizontal, preferably extend along the roof
structure 1 aligned with the vertical component of the slanted roof. Each of the angles 3
and channels 4 is preferably aligned parallel to, and directly above, a corresponding one
of the rafters 2. During installation, the angles 3 and channels 4 are preferably attached to
the roof structure 1 in aligned rows using the lag screw assemblies 5, and the rows are
spaced apart to accommodate the width and/or length of the PV panel 10 (described
below). A plurality of the angles 3 and channels 4 are spaced along the roof structure 1 as
required to support the specified PV array. In a preferred embodiment, holes are drilled in
a conventional manner through the roof structure 1, as needed, and the bolts are inserted
therein in a conventional manner. The penetrations through the roof structure 1 are
preferably sealed from leakage with a conventional and suitable sealing caulk, either prior
to, or after, insertion of the bolts.

[0057] With the roof mounting hardware (the angles 3 and channels 4) in place on
the roof, the base support members 7 are then attached to the mounting angles 3 using a
hardware assembly 6, which is a combination mounting bolt, nut and washer. Each
hardware assembly 6 is individually inserted and tightened so as to rigidly fasten the base
support members 7 to the angles 3. The base support members 7, which are preferably
extruded aluminum beams, are aligned transverse, and preferably perpendicular, to the
channels 4. Once all the mounting bases 7 are fastened to the mounting angles 3, the PV
panels 10 are individually placed in position and wired electrically to a known,
conventional electrical system (not illustrated) for a PV array. Once each row of PV

panels 10 is installed, a top securing member § is attached to the upper edge of the base
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support members 7 using a plurality of bolt and washer assemblies 9. Each sequential
row of PV panels 10 is installed in a similar manner.

[0058] Fig. 2 shows an embodiment of the present invention that demonstrates the
unique ability of the inventive mounting system to simplify and expedite mounting of a
PV array. The Fig. 2 structure is shown mounted to the same roof structure 1 as depicted
in the prior art system of Fig. 1. In the preferred embodiment, attachment to the rafters 2
is made by aligning a full length mounting channel 18, or multiple shorter mounting
channels, aligned with a corresponding rafter 2 and attaching to the rafter 2 using a
plurality of lag screw assemblies 5, or any known substitute as in the prior art described in
relation to Fig. 1. A plurality of the mounting channels 18 are spaced across the roof
structure 1 according to the required load calculations in much the same manner as the
channels 4 of the Fig. 1 structure. In most applications, this will require fewer
attachments than the conventional means, because weight (load) is generally spread in a
more even manner with the mounting channels 18. The mounting channels 18 are
preferably aluminum extrusions having a lip (see Fig. 3) extending laterally from one side
of the structure through which a lag bolt can be extended after a hole is drilled.
Additionally, an upwardly facing groove is formed between two uprights with inwardly
extending lips that form a shape that is advantageous for attachment of grid connectors
20. The inwardly extending lips resist the upward withdrawal of clamp bases (described
below) inserted into the end of the channel.

[0059] After the mounting channels 18 are mounted to the roof, a plurality of grid
connectors 20 are inserted into the upwardly facing grooves in the mounting channels 18.
The quantity of connectors 20 matches the number of connecting joints created by the
crossing mounting rail assemblies 19, which are described below. A similar, downwardly
facing groove in the mounting rail assembly 19 is next slid onto the grid connectors 20
across the roof structure 1, preferably substantially perpendicular to the mounting
channels 18 as shown in Fig. 2. The interaction between the grid connectors 20 and the
mounting channels 18 and the mounting rail assembly 19 is described in greater detail
below. In summary, the channels 18 mount to the roofing structure 1, and the mounting
rail assemblies 19 mount to the PV array, and the connectors 20 mount the channels 18
and 19 together.

[0060] Once the mounting rail assemblies 19 are in the proper location relative to

the mounting channels 18, the grid connectors 20 are locked in position by rotating the
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main bodies of each about their rotational axes 21 as described in more detail below. This
locks the grid connectors 20 to both the mounting channels 18 and the mounting rail
assemblies 19. With the PV panels 10 assembled in position as shown in Fig. 2, the
installer tightens the mounting rail assembly 19 to the PV panels as explained later in this
description, and electrically connects the panels to an electrical management system that
is conventional.

[0061] Fig. 3 shows a closer view of the grid connector 20 as it appears in its
installed and locked condition. The mounting channel 18 and mounting rail assembly 19,
shown in simplified form (and with only a short section of each), are situated in a
substantially perpendicular relationship with one another as shown. With slight variations
to the preferred embodiment of the invention, the mounting channel 18 and mounting rail
assembly 19 can be located in any degree of rotational relation about the axis of the grid
connector to accommodate PV panels of various shapes. This will become apparent from
the more complete description of the invention below.

[0062] Fig. 4 shows an embodiment of the inventive grid connector 20 in more
detail. In this embodiment, the grid connector 20 has a rotating body 11 with a slotted
notch 11a within the rotating body 11. The right-hand threaded stud 12 and the left-hand
threaded stud 13 are rigidly mounted to the rotating body 11, preferably by welding,
friction fit (press fit) or by machining the body 11 and studs 12 and 13 from a single piece
of material, such as aluminum or stainless steel. The studs 12 and 13 preferably have
oppositely-directed threads (not shown), as indicated by the names of the studs 12 and 13,
formed in the sidewalls thereof. The threads permit the corresponding right hand
threaded clamp base 14 and left hand threaded clamp base 15 to be mounted to the studs
12 and 13, respectively, by inserting the studs 12 and 13 into collinear, cooperatively
threaded bores formed in the ends of the clamp bases 14 and 15 and rotating the clamp
bases 14 and 15 in the manner of a nut on a bolt shaft. The clamp bases 14 and 15 thus
have the ability to rotate in a tightening or loosening direction as the rotating body 11, and
thus the attached studs 12 and 13, are rotated about the rotational axis 21 relative to the
clamp bases 14 and 15.

[0063] During installation, the clamp bases 14 and 15 are mounted to the studs 12
and 13, as shown in Fig. 4, and are inserted into corresponding slots or grooves in the roof
mounting channel 18 and the mounting rail assembly 19 as described in relation to Fig. 2

above. The slots are preferably slightly wider than the sides of the clamp bases 14 and
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15, and thereby prevent rotation of the clamp bases 14 and 15 in the slots. The slots also
have inwardly facing lips (described above) that prevent withdrawal of the clamp bases
14 and 15 other than through the ends of the slots or grooves. During initial insertion, the
clamp bases 14 and 15 are spaced far enough from the facing surfaces of the rotating
body 11 that there is a gap in which the inwardly facing lips slide. Thus, no substantial
resistance to movement of the connector 20 is encountered during insertion into the
channel 18 and assembly 19. The channel 18 and assembly 19 are inserted in these gaps
between the body 11 and the clamp bases 14 and 15, which gaps are slightly larger than
necessary to permit movement of the clamp bases 14 and 15.

[0064] Once in position on the channel 18 and the assembly 19, the connectors 20
are clamped to the channel 18 and assembly 19 by rotation of the body 11. The clamping
action can be accomplished in a first method by separately rotating the body 11 of each
connector 20 about the rotational axis 21 using a tool, such as a wrench. During rotation,
the axis 21 remains essentially immobile while the clamp bases 14 and 15 are maintained
in the channel 18 and the perpendicular assembly 19. During rotation of the body 11 in
one direction, the bases 14 and 15 are displaced toward the body 11 along the studs 12
and 13 by the interaction of the oppositely-directed threads of the studs 12 and 13 and the
bases 14 and 15. During rotation in the opposite direction, the clamp bases 14 and 15 are
displaced away from the body 11. When the bases 14 and 15 are displaced sufficiently
toward the body 11, the gaps formed between the bases 14 and 15 and the body 11
become small enough that the inwardly facing lips of the channel 18 and assembly 19 are
tightly clamped in the gaps. In the first method, each connector 20 has its body 11 rotated
sufficiently to reduce the gaps to form a tight engagement.

[0065] The second method of tightening is accomplished similarly by rotating the
body 11, but instead of each body 11 being rotated separately, a linkage 16, such as a rod,
connects multiple grid connectors 20 in series so that they can be rotated simultaneously
by movement of the linkage 16. The linkage 16 is mounted in the notch 11a of the
rotating body 11 and pivotably mounts to a connecting pin 17 that is rigidly mounted into
the sidewalls on opposite sides of the notch 11a. The grid connector 20 is thus driven
during the second method into the tightened condition (described above in association
with the first method) by applying a longitudinal force to at least one end of the linkage
16. This force displaces the linkage 16 longitudinally, and thereby causes the body 11,
and the connected threaded studs 12 and 13, to rotate within the clamp bases 14 and 15
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around the rotational axis 21 as with the first method. This rotation causes the grid
connector 20 to tighten due to the oppositely-directed threads at opposite ends of the body
11, effectively drawing the clamp bases 14 and 15 toward the rotating body 11
simultaneously into a clamping configuration.

[0066] Fig. 5a shows an alternative embodiment of the grid connector assembly
20. In this embodiment, the grid connector 20 is made up of a cam barrel 22 with cam
slots 22a and 22b that face in opposite directions from the outer surface of the barrel 22,
and have slot-defining sidewalls that are angled oppositely to one another, in the manner
of oppositely-directed threads. Thus, the slot 22a has an angle from the axis 21 of a left-
hand thread, and the slot 22b has an angle from the axis 21 of a right-hand thread. The
cam slots 22a and 22b are thus angled slightly from perpendicular to the axis 21, but are
transverse to one another. The cam slots 22a and 22b can be located on the same side of
the rotating barrel 22, as will be understood from the description herein, but for practical
reasons preferably oppose one another.

[0067] The clamping mechanism of Fig. 5a, which is shown in more detail in Fig.
5b as located in the center of the rotating barrel 22, includes dual draw pins 23b and 23c
that are slidably and rotatably mounted in the circular cylindrical bore of the barrel 22,
which bore and pins are coaxial with the axis 21. The draw bases 24b and 24c are rigidly
mounted to the ends of the draw pins 23b and 23c, respectively.

[0068] Each of the draw pins 23b and 23c has a circular cylindrical, radially
outwardly facing surface and, at the end closest to the other pin, a flat surface that is
preferably aligned along the axis 21 (both flat surfaces are shown abutting one another at
the interface 23a in the section view of Fig. 5b). The flat surfaces prevent rotation of one
pin relative to the other pin. Each flat surface is preferably formed by removing
substantially one half of the diameter of the pin along a fraction of the length of that pin.
Thus, the flat surface of one pin abuts the flat surface of the other pin to prevent rotation
of the pins relative to one another, while still permitting sliding movement of one pin
relative to the other by sliding movement of the flat surfaces as the pins move along the
axis 21. Of course, a larger portion of the diameter of one pin portion and a
correspondingly smaller portion of the diameter of the other pin portion could be removed
while accomplishing the same purpose.

[0069] As best shown in Fig. 5a, a cam lever 25b extends from the draw pin 23b

into the cam slot 22a, and an identical cam lever 25¢ extends from the draw pin 23c into
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the cam slot 22b. The cam levers 25b and 25c preferably extend substantially
perpendicularly from the draw pins into the cam slots 22a and 22b, and have a diameter
slightly less than the width of the cam slots 22a and 22b so the cam levers 25b and 25¢
can slide freely in the cam slots. Rotation of the draw pins relative to the barrel 22 causes
the cam levers to follow the sidewalls defining the cam slots 22a and 22b, thereby moving
the draw pins 23b and 23c longitudinally relative to the barrel 22.

[0070] When the connector 20 of Figs. 5a and 5b is installed within the mounting
slots of the mounting channel 18 and mounting rail assembly 19, as described above in
relation to the description of Figs. 2 and 3, the barrel 22 can be rotated, such as with a
wrench or with the rotation lever 26. During rotation of the barrel 22 about the axis 21,
the draw pins 23b and 23c, and their attached draw bases 24b and 24c, remain fixed in
position relative to the channel 18 and assembly 19 due to the rectangular faces of the
draw bases 24b and 24c abutting against the inner surfaces of the channel 18 and
assembly 19 (as with the draw bases 14 and 15 of the embodiment of Fig. 4). The barrel
22, along with its cam slots 22a and 22b, rotates relative to the draw pins and their
extending cam levers 25b and 25c. The cam levers 25b and 25¢ follow the cam slots 22a
and 22b during rotation of the barrel 22, thereby displacing the draw pins 23b and 23c
longitudinally along the bore of the barrel 22 due to the oppositely directed angles of the
sidewalls defining the cam slots 22a and 22b and the force each of the sidewalls applies to
the cam levers during rotation. The connector 20 is shown in Fig. 5b with the draw pins
23b and 23c at almost their extreme longitudinally inward location, in which the inwardly
facing lips of the channel 18 and assembly 19 (not shown in Fig. 5b) are clamped between
the draw bases 24b and 24c and the ends of the barrel 22. By rotating the barrel 22 from
the position shown in Fig. 5b, the draw pins 23b and 23c are driven away from one
another to increase the gaps and thereby release the channel 18 and assembly 19.

[0071] The rotation lever 26 extends from the cam barrel 22 to enable a person to
turn the cam barrel 22 about its rotational axis 21 without a separate wrench as would
otherwise be needed to apply sufficient torque thereto. The rotation lever 26 may also be
used to connect adjacent grid connectors 20 in series for single point tightening as
described above in relation to the Fig. 4 embodiment. The grid connector 20 of Figs. Sa
and 5b can also be used without the rotating lever 26 and can be turned into a tightened

condition with common tools such as a wrench or pliers.
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[0072] Fig. 6 shows another alternative embodiment of the grid connector 20.
Dual cam bodies 27¢ and 27d having an annular configuration with a central orifice. The
opposite ends of a clamp pin 28 are inserted into the central orifices of the cam bodies 27c¢
and 27d, and the axis 21 of the pin 28 is coaxial with the axes of the central orifices of the
cam bodies 27c and 27d.

[0073] The connector pin 31 extends through the cam body 27d and into a
longitudinal slot 31a formed in the clamp pin 28. An identical connector pin (not shown)
extends through the cam body 27c and into an identical longitudinal slot in the opposite
end of the clamp pin 28. The relationships between the central apertures of the cam
bodies 27c and 27d, the clamp pin 28 and the connector pins 31 (and its identical twin,
not shown) prevents rotational and/or radial movement of the cam bodies 27c and 27d
relative to the clamp pin 28. This relationship also limits relative axial movement of the
cam bodies 27c¢ and 27d relative to the clamp pin 28, while permitting sufficient axial
movement to clamp and unclamp the channel 18 and assembly 19 into which the ends of
the pin 28 are inserted. The clamp pin 28 has perpendicular faces 28a and 28b to form a
head that is wider at the ends of the pin 28 than at the perpendicular faces 28a and 28b.
The faces 28a and 28b are inserted into the slots of the mounting channel 18 and
mounting rail assembly 19 between the inwardly facing lips as described above in relation
the embodiments of Figs. 2 and 3. The thickness of the pin at the faces 28a and 28b is
slightly smaller than the distance between the inwardly facing lips. The heads on the ends
of the pin 28 define a gap between the heads and the axially outwardly facing surfaces of
the cam bodies 27c and 27d.

[0074] An actuating lever 30 is rigidly mounted to the barrel 29 that is interposed
between the cam bodies 27c and 27d. The barrel 29 is slidably mounted against the
downwardly facing, angled cam faces 27a and 27b, as well as the upwardly facing, angled
cam faces 27e and 27f, as shown in Fig. 6. When turned about the rotational axis 21
relative to the pin 28 and the cam bodies 27c and 27d, the lever 30 drives the barrel from
the deepest region of the angled faces 27a, 27b, 27e and 27f (in the position shown in Fig.
6) to a less deep region, thereby sliding, and exerting opposite longitudinal forces, against
the cam faces 27a, 27b, 27e and 27f. These forces in turn displace the cam bodies 27c¢
and 27d toward the opposite ends of the pin 28, and thereby decrease the gaps in which

the inwardly facing lips of the channel 18 and assembly 19 are interposed. This provides
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the locking force for the grid connector 20 to clamp to both the channel 18 and the
assembly 19.

[0075] The grid connector 20 of Fig. 6 is held in the locked position with a lock
pin 32 that contacts, and prevents rotation of, the barrel 29, or another means of
preventing rotation. The actuating lever 30 is provided for rotating the actuating barrel 29
individually, or to connect grid connectors 20 in series and rotate them simultaneously.
[0076] Fig. 7 shows an alternative embodiment of the grid connector 20 that is
very similar to the embodiment illustrated in Fig. 6. The Fig. 7 embodiment has a single
cam body 33 used in conjunction with a flat disk 34 as the opposing face for the barrel 29,
and the cam body 33 has steeper cam surfaces 33a than in the Fig. 6 embodiment. The
steeper cam surfaces 33a provide for similar longitudinal movement of the cam body 33
and the flat disk 34, but accomplishes this with sloped surfaces on only one of the two
moving structures.

[0077] Fig. 8 shows another alternative embodiment that demonstrates the ability
of the invention to be altered as to the manner by which the tightening cam is rotated to
achieve a locking condition. In the Fig. § embodiment, the grid connector 20 has an
oblong or oval-shaped cam barrel 52 with a slot 52a formed through its mid-section
through which the clamp pin 28 is inserted. The cam barrel 52 is rotatably mounted to the
clamp pin 28 by an axle 53 that extends longitudinally through the barrel 52 and
transversely through the pin 28. The flat, annular disks 34 are positioned with the
opposite ends of the clamp pin 28 inserted in the central orifices of the disks 34. The
disks 34 are prohibited from moving radially or rotationally, and are limited to moving
axially along a predetermined, limited path, relative to the pin 28 by the connector pins
31. As with the cam bodies 27¢ and 27d of the Fig. 6 embodiment, the flat disks 34 have
enough axial movement to clamp and unclamp the channel 18 and assembly 19. The
clamp pin 28 is provided with perpendicular faces 28a and 28b that engage the slots of the
mounting channel 18 and mounting rail assembly 19, respectively, as in the embodiment
described in relation to Fig. 6.

[0078] The tightening force applied to the connector 20 can be applied with a tool,
such as a wrench or socket and ratchet, applied across the hexagonal flats 54 that turn the
barrel 52 about the rotational axis 21. The flats 54 are formed on the end of the axle 53
and fixed to the cam barrel 52. Therefore, when the axle 53 is rotated, the cam barrel 52

rotates, thereby displacing the disks 34 either both toward or both away from the ends of
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the pin 28, thereby loosening or tightening, respectively. When the cam barrel 52 is in the
tightened configuration, the oblong cam barrel 52 goes past its centerline. This locks the
unit in position, because a rotational force is required to rotate the cam barrel 52 to the
loosened configuration.

[0079] Fig. 9 shows another alternative embodiment of the cam locking grid
connector 20 with a body 57 that rotates about a rotational axis 21 relative to the fixed
inner bodies 56a and 56b (see Figs. 10a and 10b). The inner bodies 56a and 56b are two
separate halves of a body having a circular cylindrical, outwardly-facing, threaded surface
that threadingly engages the circular cylindrical, inwardly-facing, threaded surface of the
body 57. The pin 55 extends slidably through the central bore defined by the inner bodies
56a and 56b.

[0080] The inner bodies 56a and 56b are similar in configuration, but with slightly
offset threaded surfaces relative to their ends, which has little effect when the halves are
loose, as in Fig. 10a. However, the offset threaded surfaces become a locking feature
when the associated halves are tightened in their working configuration, because the
offset in the threads relative to their ends causes one of the inner bodies to seat against the
lower portion of the threads of the body 57 and the other inner body to seat against the
upper portion of the threads of the body 57 as shown in Fig. 10b. The locking action
occurs when the cam (thread) surfaces are forced in opposing directions when the ends of
the inner bodies 56a and 56b seat against the inwardly facing lips of the channel 18 (and
similarly with the lips of the assembly 19), thereby creating an internal force within the
grid connector 20 with one inner body pushing in one longitudinal direction and the other
inner body pushing in the opposite longitudinal direction. The internal locking force
limits the outer body 57 from being loosened from its tightened condition unless a
significant rotational force is applied to the outer body 57. When used in conjunction
with the mounting rails as described in relation to the embodiments of Figs. 2 and 3, and
using the cam (thread) surfaces formed between the two inner bodies to create the force to
compress the channels 18 and assemblies 19 between the heads of the inner pin 55 and
the ends of the inner bodies 56a and 56b, the locking force required to restrain the
mounting grid in the desired working position is attained.

[0081] Figs. 10a and 10b are provided to further illustrate the internal locking
feature of the grid connector 20. There are preferably two inner body parts 56a and 56b,

but there could be three, four, five, six or more inner body parts, that create an offset.
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While in the loosened condition, the inner body parts 56a and 56b offer little to no
resistance to the rotation of the outer body 57 relative to the inner body parts S6a and 56b.
However, once tightened against the inwardly facing lips of the mounting rails 18 and 19,
the inner bodies 56a and 56b are forced into opposing directions by seating at their ends
against a flat surface, thereby locking the cam surfaces of the inner bodies 56a and 56b
into the inner cam surface 54 of the outer body 57.

[0082] The embodiments of Figs. 4-10b illustrate various means for connecting
the channels 18, which are mounted to a roof structure, to the assemblies 19, to which PV
panels are mounted. The combination of the channels 19, connectors 20 and assemblies
19 form a foundation to which PV panels are mounted. According to the description and
illustrations above, once the foundation is in place, the PV panels are mounted to the
assemblies 19. Figs. 11a through 15 illustrate advantageous structures for mounting PV
panels to a foundation that is similar to that illustrated and described above, but which has
some advantages over the assembly 19.

[0083] Figs. 11a, 11b and 11c show an end view of a horizontal mounting rail 35
that is preferably used in place of the conventional assembly 19, and illustrates the ability
of the new rail 35 to clamp firmly onto different thicknesses of PV panels 10. The
mounting rail 35 mounts to the connectors 20, and thereby the mounting rail 18 described
above, to form a foundation for the PV panels. This attachment occurs using the groove
at the bottom of the rail 35, in the orientation of Fig. 11a, into which is inserted an end of
a grid connector 20, such as one of the grid connectors shown in Figs. 4-10b, and
tightened as described above in relation to the assembly 19.

[0084] One feature of the Figs. 11a-11c design is a common horizontal mounting
rail 35 that is usable among a wide range of PV panel 10 thicknesses. Prior art designs
require different fasteners or assemblies for different thicknesses. The design shown in
Figs. 11a-11c, however, can be used with various thickness PV panels with the same parts
as are shown, due to its features described below.

[0085] The horizontal mounting rail 35 has an adjustable clamping member 36
that inserts into a channel in the U-shaped base and is adjustably mounted to the base by
pivot links as described below in association with Figs. 12a-12d. The adjustable top cap
42 mounts into the clamping member 36 when laterally extending ribs on a lower edge
are inserted into slots formed on opposite sides of a groove formed in the clamping

member 36. The ribs are designed to retain the top cap 42 in the clamping member 36 to
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form a gap into which the edge of the PV panel is mounted as shown. The top cap 42 can
be positioned and repositioned in one or more positions within the slotted adjustable
clamping member 36, by simply removing the top cap 42 and inserting its ribs in the
desired slots. Each position forms a different size gap between the downwardly facing
surfaces of the top cap 42 (in the orientation of Fig. 11a, b and c) and the upwardly facing
surfaces of the mounting ledges 35b. It is typical that the PV panel is not the exact size of
the gap between the mounting ledges 35b and the top cap 42. Any additional space is
reduced by the mechanism described in relation to Figs. 12a-12d below.

[0086] Figs. 1la-11c show three pairs of opposing slots 36a in the slotted
adjustable clamping member 36, but a person of ordinary skill will understand from this
description that the member 36 can have one, two, four, five or even more such slots to
vary the number of discrete gap sizes of the PV panel prior to adjustment. Additionally,
although two laterally extending ribs are shown, it is contemplated to use only one such
rib.  Similarly, it is contemplated that a different structure can be used to mount the top
cap to the clamping member 36, including hooks, pins that insert into holes and others in
order to provide attachment at discrete points.

[0087] Fig. 12a is a view from the bottom of the mounting rail assembly 35 with
the section view of Fig. 12b” ‘cut’ along the longitudinal centerline A-A of Fig. 12a to
reveal the inner workings of this portion of the invention. As noted in the description of
Figs. 11a-11c, the alternative mounting rail assembly 35 includes a mounting base into
which an adjustable clamping member 36 is inserted and into which a top cap 42 is
mounted. As noted, the assembly 35 includes multiple pivot links, which are given the
reference numerals 37a, 37b and 37c in the drawings, that are pivotably mounted with
linkage pins 41 to both the mounting base and the clamping member 36. The pivot link
37ais active, and the pivot links 37b and 37c are passive, and the latter two are preferably
spaced substantially equally along the length of the mounting base 35, and are preferably
parallel to one another. The pivot links 37a-37c draw the clamping member 36 toward
the base to reduce any remaining gap formed between the cap 42 and the ledges 35b
caused by the difference in thickness between the gap formed by the insertion of the top
cap 42 in one of the discretely spaced slots 36a of the clamping member 36 and the
thickness of the PV panel.

[0088] The pivot links 37 provide a parallel and uniform clamping force across

the assembly’s 35 entire length. The clamping force is applied with the following
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structure. A jack bolt 38 and jack block 39, along with a jack bolt retainer 40 and jack
bolt stop collar 105, are disposed at one end of the assembly 35. The pivot link 37a is
pivotably mounted with the link pins 41 to the clamping member 36 at the upper end, and
the jack block 39 at the lower end. The jack block 39 is slidably mounted in a groove
formed in the base, and is threaded to receive the jack bolt 38. The jack bolt 38 is
rotatably mounted in the jack bolt retainer 40, and is restrained by the jack bolt stop collar
105. Rotation of the jack bolt 38 applies a linear force to the jack block 39, thereby
displacing the jack block 39 in the slot. This displaces the connected lower left end of the
pivot link 37a in the same direction along a line. Movement of the left end of the pivot
link 37a displaces the clamping member 36 along an arcuate path as the member 36
rotates about the pivot links 37b and 37c at the same rate along its entire length. For
example, tightening rotation of the jack bolt 38 forces the clamping member 36 to tighten
toward the base over its given permitted range. Reverse rotation of the jack bolt 38
causes a reverse movement. During tightening, a linear force is applied to the active pivot
link 37a, which is directed parallel to the length of the base. This draws the clamping
member 36, and its attached top cap 42, toward the base and the integral ledges 35b on
which the PV panel rests.

[0089] With a PV panel 10 resting on the ledges 35b formed in the base (as shown
in Figs. 11a-11c), the clamping action of the clamping member 36 causes the attached top
cap 42 to seat against the PV panel 10 in order to retain the PV panel firmly in place in
the now smaller gap between the top cap 42 and the ledges 35b. It is contemplated that
the spaces between the slots 36a and the amount of take-up of the pivot links 37a-37c are
designed with enough overlap in each that the assembly 35 provides a parallel and
evenly-distributed force that clamps the PV module 10 to the mounting surface 35b for
any thickness PV panel within a given range.

[0090] Figs. 13a and 13b show two views of another alternative embodiment of
the mounting rail assembly 19. In this embodiment, a similar jack mechanism is used, but
the cam slots 50 (formed in the base) and cam followers 49 (pins inserted through the
clamping member 36 into the cam slots 50) are used instead of the pivot links 37 to
provide a parallel force on the clamping member 36 against the installed PV panels 10.
This example is provided to show alternate means of accomplishing the same results
while still following the original concept of the invention as illustrated in Figs. 12a

through 12d.
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[0091] If a longer assembly 35 is desired, there are connection points 35a formed
in at least one end of the assembly 35 to permit the extension of the mounting rail
assembly’s length to accommodate longer installations. Figs. 14a, 14b and 14c illustrate
the ability of this invention to be extended to accommodate longer installations by
allowing additional mounting rail assemblies 35 to be joined to form a single functioning
unit. The assemblies are attached in series by connector bars 142 and connection
fasteners 43 at the base and a tensioning joint connector assembly 51 attached to the
clamping member 36. One feature of this embodiment is the ability to operate multiple
sections using a single jack bolt 38 to operate the entire length of the joined mounting rail
assemblies 19.

[0092] Another feature of this embodiment is the tensioning connector 51 (see
Fig. 14c) that includes two “floating” connectors 44 and 45 attached to the clamping
member 36 using tension joint fasteners 46. Elongated slots in the connectors 44 and 45
permit vertical (in the configuration of Fig. 14c) movement. The tension joint assembly
51 includes a slide bolt 48 and tensioning component, which is preferably a spring 47.
The adjoining assemblies 35 are machined to create a stepped arrangement, which is
realized in a clamping member 36 offset that also extends to the top cap 42 that seats
against the PV panel. This offset in the adjoining clamping members 36 allows the
clamping member 36 that is farthest from the jack bolt 38 to tighten against the PV panels
10 within its length, thereby compressing the spring 47 to be tightened prior to the
adjoining section while allowing the adjacent section to continue tightening to the PV
panels 10 over its length. This stair step arrangement continues across the entire width of
the PV panel 10 array until all the connected sections of mounting rail assemblies 35 are
uniformly tightened.

[0093] Fig. 14d shows an alternative to the tensioning connector 51 that has
multiple members forming a pivotal linkage in place of the floating arrangement
described in relation to Fig. 14c. The tensioning connector 51 of Fig. 14d is connected to
the clamping member 36 using tension joint fasteners 46. The tension base block 80 is
fixed to the clamping member 36 and the opposing tension attachment end 81 has a slot
that surrounds, and is thereby attached to, the other tension joint fastener 46. The
attachment end 81 pulls into position in the slot, and locks against the ball detent 82 or
similar locking device to prevent unintentional removal. As in the illustration of Fig. 14c,

the tension joint assembly 51 includes a slide bolt 48 and a tensioning component, which
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is preferably the spring 47. The slide bolt 48 extends through the spring 47 and through a
hole formed in the left end (in the configuration shown in Fig. 14d) of the tension
attachment end 81 and is affixed to the tension base block 80, preferably using a threaded
connection. The described joint thus allows the tension base block 80 and the tension
attachment end 81 to separate under tension load in a linear fashion, thereby applying
even forces to the clamping member 36 and top cap 42 in relation to the PV modules 10
disposed along the length of the PV array.

[0094] Fig. 15 shows a side view of the horizontal mounting rail assembly 35 with
the adjustable top cap 42 being inserted into position inside the slotted adjustable
clamping member 36. The cap 42 slides in from either end, but with slight modification
could snap in place using downward force. For example, if the laterally extending ribs
are formed of compressible material or spring-loaded cogs, one can insert the ribs into the
slots 36a.

[0095] A conventional PV module made of a glass-covered PV panel encased on
all four sides with an extruded aluminum frame is illustrated in Figs. 16a and 16b. The
extruded aluminum encasement is primarily provided to protect the PV panel
mechanically and is used to mount the panel to a roof structure in its usable orientation.
The exterior surfaces are generally smooth and provide no method of direct attachment
other than clamping across the extrusion or bolting through the lower leg created by the
extrusion. It is a common practice to secure the PV module in various ways, such as
clamping, bolting and mechanical rail systems as described in relation to the description
of Fig. 1.

[0096] Fig. 17 shows an improvement to the conventional extruded encasement
for PV modules. The frame 100 is conventional in its configuration except for the
attachment lips 110 and 112 added thereto, such as by forming openings in the extrusion
mold to form the lips 110 and 112 integral with the frame 100. The attachment lips 110
and 112 are formed on all four sides of the PV module when encasement of the sort
shown in Fig. 17 is used on all four sides. The attachment lip used in conjunction with an
improved mounting rail described below forms a hinged-style mounting attachment that
makes mounting to the foundation (mounted to the roof structure, for example) much
quicker than conventional systems.

[0097] Figs. 18a and 18b illustrate the unique ability of the inventive mounting

structure shown in Fig. 17 to simplify and expedite the mounting of the common PV
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array. The same roof structure 1 is shown in Fig. 18a as is depicted in Figs. 1 and 2, and
in the preferred application the attachment to the rafters 2 is made by locating a full
length mounting channel 18 in line with a rafter 2 and attaching to the rafter 2 using a
plurality of lag screw assemblies 5. A plurality of mounting channels 18 are spaced
across the roof structure 1 per the required load calculations. The grid connector 20 of
this invention is slid into the mounting channel 18 in quantities to match the connecting
joints created by the crossing grid. Once the grid connectors 20 are in place, the
mounting rail 75 (see Fig. 18b) is attached longitudinally across the roof structure 1 (in
place of the assembly 19 described above).

[0098] In the embodiments of Figs. 2-15, there are upper and lower mounting rails
18 and 19 at each edge of each row of PV panels 10. In the case of PV panels at the edge
of the array, there is one panel inserted on one side of a mounting rail assembly 19. In the
case of PV panels between the edges, the adjacent PV panels will share a common
mounting rail assembly 19. As in the case of the apparatus of Figs. 11a-15, an adjustable
top cap 42 is inserted into the other assembly components to retain the PV panels in the
assembly. The mounting rail assemblies 19 and 35 are spaced at a distance suited to
receive the PV panels 10. With the invention illustrated in Figs. 17-22, there is a
modification to how the PV panels in the array are mounted to the foundation.

[0099] As discussed in relation to Fig. 17 above, edges of each PV module 111
have lips 110 and 112. The PV module 111 has a standard, commercially available PV
panel affixed with special lips 110 and 112 that create a “hinge half” along one or many
of its edges. The PV module 111 may also be of a custom nature that has the hinge half
built into its frame as shown in Fig. 17, or it can be attached after manufacture as shown
in the embodiments of Figs. 20-22. As shown in detail in Fig. 18b, the lip 110 is inserted
into the hinge slot 126 formed in the hinged mounting rail 75a when the PV module is
held at an angle to the final position the module 111 will assume in the useable
orientation (as shown in Fig. 18a). The PV module 111 is then pivoted along the arc
shown in Fig. 18b until its opposing lip 112 rests upon the second mounting rail 75b, and
the module 111 is thus lowered into its working position.

[00100] The opposite lip 112 of the PV module 111 may be affixed with a similar
hinge bracket or a fastener of an alternate configuration that supports the PV module 111.
However, it is preferred that the lip 112 of the PV module be fixed to the rail 75b using

conventional fasteners or, most preferably, a locking retainer cap 124 as shown in Fig. 19.
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It is apparent that the retainer cap 124 secures both the attachment lip 110 of the PV panel
111, and the opposing attachment lip 112 that is not inserted under a rigid rib on the rail
75a or 75b. The PV module 111 may hinge from either end or side, and lock from either
end or side, and it is preferred that a retainer cap 124 be used on both rails 75a and 75b to
lock the PV panel 111 securely to the foundation.

[00101] Referring to Fig. 19, the PV module 111 has been rotated to its working
and locked position. The PV module 111 is locked in position using the locking retainer
cap 124 that prevents the PV module 111 from coming out of its working position. The
PV module 111 may also be locked into position using various fastener methods that
would remain true to the purpose of the current invention.

[00102] Fig. 20 shows a unique encasement that forms an improved PV module
frame. The added channels formed on the exterior of the frame allow for the PV module
to be mounted by present practices, but also permit the frame to mate with the module
attachments 120 and 122 as shown. The mating shapes formed on the module
attachments 120 and 122 allows the module attachments 120 and 122 to mate and slide
onto the frame exterior. The use of two opposing and parallel module attachments 120
and 122 provides the hinged mounting effect described above in association with Figs.
17-19, but provides this feature as an option to be attached to a frame that can otherwise
be used in a conventional manner. The unique attachment allows the PV modules to be
mounted in either a portrait orientation or a landscape orientation as related to the
mounting surface by sliding the module attachment extrusion on the short sides or the
long sides of the PV module.

[00103] The Fig. 20 embodiment utilizes a slide-on attachment. In Figs. 21 and 22,
alternative embodiments of making the attachment to the module are shown. Both
embodiments shown in Figs. 21 and 22 have a snap-on variation. The inverted depression
defined by the pair of opposing walls formed in the exterior profile of the Fig. 21
embodiment allows for the module to be mounted by present practices but primarily is
disposed to be used as the mating section to an add on the module attachments. The
unique profile provided by the module attachment allows the two profiles to mate and
snap together in the manner shown on the right side of the Fig. 21 embodiment due to the
engaging barbs on the cooperating legs of the module attachments. The use of two
opposing and parallel module attachment extrusions provides the hinged mounting feature

described in relation to the embodiments illustrated in Figs. 17-20. The unique attachment



10

15

20

25

30

WO 2009/143162 PCT/US2009/044532

24

method allows the PV modules to be mounted in either a portrait orientation or a
landscape orientation, as related to the mounting surface, by snapping the module
attachment extrusion on the short sides or the long sides of the PV module.

[00104] In Fig. 22 a slight depression is shown formed in the exterior profile to
allow the module to be mounted by present practices but primarily to be used as the
mating section to an add-on module attachment. The unique profile provided by the
module attachment allows the two profiles to mate and snap together. The use of two
opposing and parallel module attachment extrusions provides the hinged feature described
above. The unique attachment method allows the PV modules to be mounted in either a
portrait orientation or a landscape orientation as related to the mounting surface by
snapping the module attachment extrusion on the short sides or the long sides of the PV
module.

[00105] It should be noted that the complete system as demonstrated herein can be
used in applications unrelated to the demonstrated roof mounting with the roof mounting
channels 18 being substituted with various alternative configurations. For example, if
mounted to a wall or to the ground, other substitute foundation fixtures should be used for
installation.

[00106] It should also be noted that this system is adaptable for future changes
within a PV array. If the PV panels are changed to a larger or smaller configuration, the
uniqueness of the mounting system described herein allows easy removal of the PV
module 10 or 111 by loosening the mounting rail assemblies 19, 35 or 75. The grid
connectors 20 are then loosened, which allows the mounting rail assemblies to be
repositioned on the roof or other structure to suit the size and shape of the new PV panels
to be installed. Once the mounting rail assemblies are repositioned, the grid connectors
may be retightened. The mounting rail assemblies are then retightened against the PV
panels. The mounting channels 18 do not require alteration in most contemplated
situations. The repositioning process may be repeated whenever needed in the future.
[00107] This detailed description in connection with the drawings is intended
principally as a description of the presently preferred embodiments of the invention, and
is not intended to represent the only form in which the present invention may be
constructed or utilized. The description sets forth the designs, functions, means, and
methods of implementing the invention in connection with the illustrated embodiments. It

is to be understood, however, that the same or equivalent functions and features may be
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accomplished by different embodiments that are also intended to be encompassed within
the spirit and scope of the invention and that various modifications may be adopted

without departing from the invention or scope of the following claims.
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CLAIMS
1. A connector for mounting a first component at a spaced distance from a second
component, the connector comprising:

(a) an elongated pin having a first head and a second head spaced from the first head,
the first head being wider than at least an adjacent cooperating portion of the pin
and the second head being wider than at least an adjacent cooperating portion of
the pin; and

(b) a first body interposed between the first and second heads having a first surface
spaced from the first head to define a first gap therebetween into which the first
component can be interposed, the first body having a second surface spaced from
the second head to define a second gap therebetween into which the second

component can be interposed.

2. The connector in accordance with claim 1, wherein the first body is mounted rotatably.

3. The connector in accordance with claim 2, wherein the first body has first and second
opposing ends defining the first and second surfaces, respectively, the elongated pin
further comprises a first threaded rod extending from the first end and a second threaded
rod extending from the second end, and the first and second heads are threadingly

mounted to the first and second rods, respectively.

4. The connector in accordance with claim 3, further comprising a linkage pivotably
mounted to the first body and extending therefrom and configured to be mounted to at

least one similar connector.

5. The connector in accordance with claim 2, wherein the pin comprises a first pin
portion and a second pin portion mounted in an elongated bore formed in the first body,
the first and second pin portions having mating faces that permit relative longitudinal
sliding of the pin portions in the bore, but prevent relative rotation of the pins, and the
first pin portion has a first cam lever that extends transversely from the first pin portion
into a first slot on the first body and the second pin portion has a second cam lever that

extends transversely from the second pin portion into a second slot on the first body.
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6. The connector in accordance with claim 5, further comprising an arm extending
transversely from the first body configured to have a force applied thereto in order to

rotate the first body relative to the pin portions.

7. The connector in accordance with claim 2, wherein the pin further comprises an
elongated rod around which at least two inner bodies are slidably mounted, said at least
two inner bodies having a threaded, circular cylindrical, outwardly facing surface
threadingly engaging a circular cylindrical inwardly facing surface on the first body, said
at least two inner bodies having a central bore through which the elongated rod extends

slidably.

8. The connector in accordance with claim 1, wherein the pin further comprises an
elongated rod around which the first body is mounted and is longitudinally moveable, and
further comprising a second body spaced from the first body to form a central gap, the
second body being mounted on the pin to be longitudinally moveable, and a rotatable

body mounted on the pin in the central gap.

9. The connector in accordance with claim 8§, wherein at least the first body has an angled
surface facing toward the rotatable body, and the rotatable body is rotatably mounted on

the pin.

10. The connector in accordance with claim 9, wherein the second body has an angled

surface facing toward the rotatable body.

11. The connector in accordance with claim 8, wherein the rotatable body has a curved
outer surface interfacing with the first and second bodies that has an increasing radius

from an axis of rotation of the rotatable body, thereby forming a cam surface.

12. A connector attaching a first attachment structure in a photovoltaic panel mounting
foundation at a spaced distance from a second attachment structure in the photovoltaic

panel mounting foundation, the connector comprising:
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(a) an elongated pin having a first head and a second head spaced from the first head,
the first head being wider than at least an adjacent cooperating portion of the pin
and the second head being wider than at least an adjacent cooperating portion of
the pin; and

(b) a first body interposed between the first and second heads having a first surface
spaced from the first head to define a first gap therebetween into which the first
attachment structure is interposed, the first body having a second surface spaced
from the second head to define a second gap therebetween into which the second

attachment structure is interposed.

13. The connector in accordance with claim 12, wherein the first body is mounted
rotatably relative to the heads, the first body has first and second opposing ends defining
the first and second surfaces, respectively, the elongated pin further comprises a first
threaded rod extending from the first end and a second threaded rod extending from the
second end, and the first and second heads are threadingly mounted to the first and second

rods, respectively.

14. The connector in accordance with claim 12, wherein the first body is mounted
rotatably relative to the heads, the pin comprises a first pin portion and a second pin
portion mounted in an elongated bore formed in the first body, the first and second pin
portions having mating faces that permit relative longitudinal sliding of the pin portions in
the bore, but prevent relative rotation of the pins, and the first pin portion has a first cam
lever that extends transversely from the first pin portion into a first slot on the first body
and the second pin portion has a second cam lever that extends transversely from the

second pin portion into a second slot on the first body.

15. The connector in accordance with claim 12, wherein the first body is mounted
rotatably relative to the heads, the pin further comprises an elongated rod around which at
least two inner bodies are slidably mounted, said at least two inner bodies having a
threaded, circular cylindrical, outwardly facing surface threadingly engaging a circular
cylindrical inwardly facing surface on the first body, said at least two inner bodies having

a central bore through which the elongated rod extends slidably.
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16. An adjustable panel-clamping apparatus, comprising:

(a) a base having a first channel defined by a floor and opposing sidewalls, the base
having at least one ledge extending therefrom;

(b) a clamping member disposed in the first channel and movably mounted to the
base, the clamping member having a second channel defined by a floor and
opposing first and second sidewalls, at least one of the sidewalls of the clamping
member having at least two spaced slots;

(c) a cap with a leg inserted in the second channel, the leg having at least one rib
inserted into one of said at least two slots of the clamping member, the cap also
having at least one leg extending therefrom, said at least one leg spaced from said
at least one ledge to form a gap therebetween that is configured to receive a panel
edge for clamping the panel edge; and

(d) means for applying opposing longitudinal forces to the clamping member and the
base to displace the clamping member relative to the base and thereby alter the

gap’s size.

17. The adjustable panel-clamping apparatus in accordance with claim 16, wherein the
clamping member is movably mounted to the base by at least two links pivotably
mounted in the first channel to the base floor at spaced positions and pivotably mounted

to the clamping member at spaced locations.

18. The adjustable panel-clamping apparatus in accordance with claim 17, wherein said
at least one rib comprises ribs on opposing sides of the cap leg, and said at least two slots
comprises at least a first pair of opposing slots formed on the clamping member sidewalls
and a second pair of opposing slots formed on the clamping member sidewalls spaced

from, and substantially parallel to, the first pair of opposing slots.

19. An apparatus for attaching an encasement frame mounted to a planar panel to a stable
structure, the apparatus comprising:

(a) a first attachment lip extending from a first side of the encasement frame;

(b) a second attachment lip extending from an opposing, second side of the

encasement frame;
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(c) a first rail having first and second slots, at least one of which complementarily
receives the first attachment lip, the first rail mounted to the stable structure;

(d) a second rail having third and fourth slots, at least one of which complementarily
receives the second attachment lip, the second rail mounted to the stable structure
spaced from the first rail;

(e) a first cap mounted to the first rail over the first and second slots; and

(f) a second cap mounted to the second rail over the third and fourth slots.

20. The apparatus in accordance with claim 19, wherein the first and second attachment

lips are integral with the encasement frame.

21. The apparatus in accordance with claim 19, wherein the first and second attachment

lips are removably mounted to the encasement frame.

22. A combination of a connector mounting an adjustable panel-clamping apparatus at a
spaced distance from a second component, the combination comprising:

(a) an elongated pin having a first head and a second head spaced from the first head,
the first head being wider than at least an adjacent cooperating portion of the pin
and the second head being wider than at least an adjacent cooperating portion of
the pin; and

(b) a first body interposed between the first and second heads having a first surface
spaced from the first head to define a first gap therebetween into which the
adjustable panel-clamping apparatus is interposed, the first body having a second
surface spaced from the second head to define a second gap therebetween into
which the second component is interposed, the adjustable panel-clamping
apparatus comprising:

(1) a base having a first channel defined by a floor and opposing sidewalls,
the base having at least one ledge extending therefrom;

(1) a clamping member disposed in the first channel and movably mounted
to the base, the clamping member having a second channel defined by
a floor and opposing first and second sidewalls, at least one of the

sidewalls of the clamping member having at least two spaced slots;
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(ii1) a cap with a leg inserted in the second channel, the leg having at least
one rib inserted into one of said at least two slots of the clamping
member, the cap also having at least one leg extending therefrom, said
at least one leg spaced from said at least one ledge to form a gap
therebetween that is configured to receive a panel edge for clamping
the panel edge; and

(iv) means for applying opposing longitudinal forces to the clamping
member and the base to displace the clamping member relative to the

base and thereby alter the gap’s size.

23. A method of mounting a first attachment structure in a photovoltaic panel mounting
foundation at a spaced distance from a second attachment structure in the photovoltaic
panel mounting foundation, the method comprising:

(a) inserting into a groove formed in the first attachment structure a first head of an
elongated pin, the first head being wider than at least an adjacent cooperating
portion of the pin;

(b) inserting into a groove formed in the second attachment structure a second head of
the elongated pin that is spaced from the first head and is wider than at least an
adjacent cooperating portion of the pin;

(c) interposing a first body between the first and second heads, the first body having a
first surface spaced from the first head to define a first gap therebetween into
which the first attachment structure is interposed, the first body having a second
surface spaced from the second head to define a second gap therebetween into
which the second attachment structure is interposed; and

(d) rotating the first body, thereby displacing the first and second surfaces relative to

the first and second heads, respectively.

24. A method of mounting a panel to a stable structure, the method comprising:
(a) rigidly mounting a base to the stable structure, the base having a first channel
defined by a floor and opposing sidewalls, the base having at least one ledge

extending therefrom;
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(b) movably mounting a clamping member in the first channel to the base, the
clamping member having a second channel defined by a floor and opposing first
and second sidewalls, at least one of the sidewalls of the clamping member having
at least two spaced slots;

(c) inserting into the second channel a cap with a leg, the leg having at least one rib
inserted into one of said at least two slots of the clamping member, the cap also
having at least one leg extending therefrom;

(d) spacing said at least one leg from said at least one ledge to form a gap
therebetween;

(e) inserting a panel edge in the gap; and

(e) applying opposing longitudinal forces to the clamping member and the base to
displace the clamping member relative to the base, thereby altering the gap’s size

and clamping the panel’s edge.
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