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CROSS REFERENCES

[1] This application claims the benefit of the filing date of U.S. Provisional Patent Application

Serial No. 61/421,621, filed 12/09/2010; and U.S. Provisional Patent Application Serial No.

61/51 1,295, filed 07/25/201 1. The foregoing applications are incorporated by reference in their

entirety as if fully set forth herein.

BACKGROUND

[2] Photovoltaic (PV) arrays are formed by mechanically linking together PV modules into an

array. Most PV module coupling systems require the time-consuming use of multiple small

fasteners. High part count and slow installation time is a major barrier to reducing PV system

costs and adoption. Some attempts have been made to reduce fastener usage by developing

press-fit and hook-type connections. However, these systems suffer from a number of

drawbacks.

[3] First, neither of these methods can adequately account for variations in the dimensions of

PV modules and couplings due to manufacturing tolerances. PV modules typically vary by



approximately ±0.10" along the length and/or width dimension. When multiple modules are

formed into columns in the north-south direction of the PV array, it is critical that any

dimensional variations from one module in the column not carry forward to the next module in

the column, as the dimensional variations will add up over the length of the column and result in

significant dimensional differences from one column to the next. Likewise, the same problem

exists with east-west rows of PV modules. This problem, frequently referred to as tolerance take-

up, is solved in rail-based systems by spacing the modules in a column more or less from each

other on top of mounting rails so that the next module in the column is properly positioned

and/or by only linking modules to the rails along one axis, either east-west or north-south.

However, in rail-free systems, a PV module is structurally connected to the next module in both

the north-south direction and the east-west direction. Thus, if the seams between adjacent east-

west modules do not line up because of compounded north-south dimensional variations, then it

may be impossible to complete the installation of an array. In other systems compounded east-

west variations may cause problems along the north-south axis. Press-fit and hook-type

connections do not adequately address or solve the problem of tolerance variations.

[4] Second, press-fit and hook-type connections do not provide a reliable electrical ground

bond between adjacent PV modules. Hook-type connections are inherently loose-fitting and thus

incapable of providing a consistent, low-resistance ground bond that will withstand weather

conditions over time. Similarly, a press-fit connection does not provide a reliable ground bond

unless the materials are deformed enough in the connection. In practice, too much force is

required to achieve such deformation with standard PV module frame materials such as

aluminum, thereby eliminating any time and cost savings that might have occurred since a

heavy-duty tool would be required to deliver the force needed for the deformation.



[5] Third, press-fit and hook-type systems cannot reliably provide a strong, durable

connection between mating male and female parts. In order to facilitate a quick and easy

connection, the female receiving portion in the connection is made wider than the male

connecting portion. This results in a loose or unstable connection, which is vulnerable to

loosening over time as the PV modules experience mechanical stress due to wind and snow

loads.

[6] It is also important to note that PV mounting systems require a design that works with a

wide tolerance band. The reason is that production of tight tolerance PV modules and couplings

is very expensive. In order to accelerate the adoption of solar power, it is necessary to reduce the

cost of solar arrays, thus increased costs for tight tolerance parts is not a viable option in the

market.

[7] The foregoing examples of the related art and limitations related therewith are intended to

be illustrative and not exclusive. Other limitations of the related art will become apparent to

those of skill in the art upon a reading of the specification and a study of the figures.

SUMMARY OF THE INVENTION

[8] Disclosed herein is a system and method for quickly and easily assembling PV modules

into a PV array in a sturdy and durable manner. The following embodiments and aspects thereof

are described and illustrated in conjunction with systems, tools, and methods which are meant to

be exemplary and illustrative, not limiting in scope. In various embodiments, one or more of the

above-described problems have been reduced or eliminated, while other embodiments are

directed to other advantages or improvements.

[9] In some embodiments, the PV modules may have a grooved frame where the groove is

angled into the frame with respect to the planar surface of the modules. Various components



may engage within the angled groove to assemble the PV modules into the PV array using what

may be referred to as a pivot-fit connection between the components and angled groove. One

type of component is a leveling foot which in some embodiments includes a foot mounted to a

support surface and a coupling affixed to the foot. The coupling of the leveling foot may have a

male component such as a tongue for coupling within the groove. In order to mount a PV module

to the leveling foot, the module is seated on the tongue and rotated down until the angle of the

groove substantially aligns with the axis of the tongue. The groove may then seat at least

partially over the tongue. To complete the pivot-fit connection, the PV module is simply pivoted

down to its final angular orientation in the PV array. This final rotation causes bearing portions

in the groove to bear against the tongue to restrain the PV module against upward or downward

movement. The coupling may still allow for adjustment of the PV module position in the plane

of the PV array to account for tolerance variations.

[10] Another type of coupling is an interlock having an interlock plate and a pair of couplings,

each having a key supported on a shaft. The interlock may be affixed into the groove of a pair of

adjacent modules with the angle of the key and shaft substantially matching the angle of the

groove. Thereafter, rotation of the key and shaft pivots the interlock into the grooves of the

adjacent PV modules, thereby affixing the adjacent modules together. This final rotation causes

bearing portions in the groove to bear against the interlock plate to resist upward or downward

movement of the coupled PV modules. The coupling may still allow for adjustment of the PV

module position in the plane of the PV array to account for tolerance variations.

[ 1 1] Further embodiments of the present technology may operate with PV modules having

frames without the angled grooves. For such embodiments, wraparound brackets are used which

engage the upper and lower surfaces of the module frame, or the PV laminate itself in some



embodiments where the frame is omitted. In such embodiments, the wraparound component

may have frame-engaging or laminate-engaging couplings provided at an angle as in the angled

groove of the above embodiments. The PV modules may initially engage with the wraparound

components substantially at the angle of the couplings, and thereafter be pivoted down to their

final position relative to the coupling. As in the grooved frame embodiments, this final rotation

causes bearing portions in the wraparound coupling to bear against the PV module frame to

restrain the PV module in position in the array.

[12] An embodiment of the present technology relates to an array of photovoltaic modules

connected together by couplings. The first coupling of said couplings includes: a first engaging

portion adapted to engage a first photovoltaic module; and a second engaging portion adapted to

pivotally engage a second photovoltaic module along a length of a side of said second

photovoltaic module, said length being substantially parallel with a plane of a laminate of said

second photovoltaic module; wherein said second engaging portion is adapted to allow variable

positioning of said second photovoltaic module relative to said first coupling in a direction

substantially parallel with said plane and perpendicular to said length.

[13] Another embodiment relates to a coupling for connecting a photovoltaic module to an

adjacent photovoltaic module in a photovoltaic array. The adjacent photovoltaic module

comprising a frame, the coupling includes: a first engaging portion adapted to engage said

photovoltaic module; and a second engaging portion adapted to engage said adjacent

photovoltaic module at an insertion angle greater than 2 degrees relative to a plane of said

photovoltaic module, wherein at least one of said second engaging portion and said frame is

adapted to flex open as at least one of said coupling and said frame is rotated from said insertion

angle to a position substantially parallel with said plane.



[14] In addition to the exemplary aspects and embodiments described above, further aspects

and embodiments will become apparent by reference to the figures and by study of the following

detailed descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[15] Demonstrative embodiments are illustrated in referenced figures and drawings. It is

intended that the embodiments and figures disclosed herein are to be considered illustrative

rather than restrictive.

[ 16 ] FIGURE 1 is a perspective view of a PV array mounted on a roof.

[ 1 ] FIGURE 2 is a perspective view of a PV module used in the PV array of Fig. 1.

[ 18 ] FIGURE 3 is a cross-sectional view through line 3-3 of Fig. 2 .

[ 19 ] FIGURE 4 is a cross-sectional view showing a groove in the frame of the PV module.

[20] FIGURE 4A illustrates the geometries defined by the sloped surfaces of the groove

formed in the frame of the PV module according to an embodiment of the present technology.

[2 1] FIGURE 5 is a cross-sectional view of the frame showing a groove configuration

according to an alternative embodiment of the present technology.

[22] FIGURE 6 is a cross-sectional view of the frame showing a groove configuration

according to a further alternative embodiment of the present technology.

[23] FIGURES 6A and 6 B are front and cross-sectional views of the frame showing a bearing

surface configuration according to a further alternative embodiment of the present technology.

[24] FIGURE 7 illustrates the PV array of Fig. 1 during fabrication.

[25] FIGURE 8 is a first perspective view of a leveling foot according to an embodiment of

the present technology.



[26] FIGURE 9 is a second perspective view of a leveling foot according to an embodiment of

the present technology.

[27] FIGURE 10 is a side view of a leveling foot according to an embodiment of the present

technology.

[28] FIGURES 10A and 10B are perspective view of a leveling foot according to an

alternative embodiment of the present technology.

[29] FIGURE 11 is a side view of a PV module and mounting feet being mounted to the

support surface according to an embodiment of the present technology.

[30] FIGURE 12 is an enlarged side view showing the PV module frame groove sliding over

the leveling foot tongue at an insertion angle according to an embodiment of the present

technology.

[31] FIGURE 13 is an enlarged side view showing the final coupling of a PV module frame

groove to a leveling foot tongue according to an embodiment of the present technology.

[32] FIGURE 13A is a further enlarged side view showing the bearing portions bearing

against a connecting component.

[33] FIGURE 14 is a perspective view as in Fig. 1 showing the array during fabrication on the

support surface.

[34] FIGURE 15 is an exploded perspective view of a first side of an interlock according to an

embodiment of the present technology.

[35] FIGURE 16 is a perspective view of an interlock coupling according to an embodiment

of the present technology.

[36] FIGURE 1 is a perspective view of the first side of an interlock assembled together

according to an embodiment of the present technology.



[37] FIGURE 18 is a perspective view of a second side of an interlock according to an

embodiment of the present technology.

[38] FIGURE 19 is a cross-sectional side view of an interlock showing a key in a first

position.

[39] FIGURE 20 is a cross-sectional side view of an interlock showing the key rotated 90°

from that shown in Fig. 19.

[40] FIGURE 2 1 is a cross-sectional side view of a PV module receiving an interlock

according to an embodiment of the present technology.

[41] FIGURE 22 is an enlarged cross-sectional side view showing the coupling of the

interlock shown in Fig. 2 1 partially rotated.

[42] FIGURE 23 is an enlarged cross-sectional side view showing an interlock fully rotated

and locked in position within the module frame groove according to an embodiment of the

present technology.

[43] FIGURE 24 is a perspective view of a pair of panels joined together by an interlock and a

leveling foot supporting the panels according to an embodiment of the present technology.

[44] FIGURE 24A is a plan view showing four PV modules affixed by an interlock where at

least some of the PV modules are misaligned.

[45] FIGURE 25 is a perspective view of a combined leveling foot and interlock coupling

according to an embodiment of the present technology.

[46] FIGURE 26 is a perspective view of a grounding coupling used for grounding the PV

array according to an embodiment of the present technology.

[47] FIGURE 27 is a perspective view of an accessory coupling used for affixing additional

components to a PV array according to an embodiment of the present technology.



[48] FIGURE 28 is a perspective view of the coupling of Fig. 27 coupling a component to a

PV array according to an embodiment of the present technology.

[49] FIGURE 29 is a perspective view of a leveling foot for receiving a frame of a PV module

that does not include a groove according to an embodiment of the present technology.

[50] FIGURE 30 is a cross-sectional side view of the leveling foot of Fig. 29.

[51] FIGURE 30A is a perspective view of a leveling foot for receiving a frame of a PV

module that does not include a groove according to a further embodiment of the present

technology.

[52] FIGURE 31 is an alternative embodiment of an interlock for mounting PV modules

which do not have a groove in the frame according to an embodiment of the present technology.

[53] FIGURE 32 is a cross-sectional side view of the interlock of Fig. 31.

[54] FIGURES 32A and 32B are a further alternative embodiment of an interlock for

mounting PV modules which do not have a groove in the frame according to an embodiment of

the present technology.

[55] FIGURE 32C is a leveling foot formed with the alternative embodiment shown in Figs.

32A and 32B according to an embodiment of the present technology.

[56] FIGURE 32D is an interlock for mounting PV modules which do not have a groove in the

frame according to an alternative embodiment of the present technology.

[57] FIGURE 33 is a perspective view of at least a portion of a PV array formed with the

couplings of Figs. 29 through 32.

[58] FIGURE 34 is a cross-sectional side view of a further embodiment of an interlock

coupling for coupling together PV laminates that do not include a frame.

[59] FIGURE 35 is a cross-sectional end view of a rail for supporting the interlock coupling of



Fig. 34.

[60] FIGURE 36 is a plan view of at least a portion of an array formed with the interlock

coupling of Fig. 34.

[61] FIGURE 37 is a perspective view of a further embodiment of a coupling for working

with grooved-frame PV modules on a flat roof according to an embodiment of the present

technology.

[62] FIGURE 38 is a cross-sectional side view of the coupling of Fig. 37.

[63] FIGURE 39 is a cross-sectional side view of a coupling for operating with PV module

frames which do not have a groove and which are adapted to be mounted on a flat roof according

to an embodiment of the present technology.

[64] FIGURE 40 is a plan view of at least a portion of an array formed with the couplings of

Figs. 38 or 39.

[65] FIGURE 4 1 is a perspective view of a further embodiment of couplings for assembling a

PV module into an array while the PV module is inclined about both the X-axis and Y-axis.

[66] FIGURE 42 is an edge view of a double-key coupling having a pair of opposed keys

according to an embodiment of the present technology.

[67] FIGURE 43 is a perspective of the double-key coupling as shown in Fig. 42 as may be

used in a PV array.

[68] FIGURES 44-45 show perspective and front views of a front tilt foot according to

embodiments of the present technology.

[69] FIGURE 46 shows a perspective view of a rear tilt foot according to embodiments of the

present technology.

[70] FIGURE 47 is a side view of the front and rear tilt feet supporting a PV module



according to embodiments of the present technology.

[71] FIGURE 48 is a perspective view of the front and rear tilt feet supporting PV modules

according to embodiments of the present technology.

[72] FIGURES 49 and 50 are side and perspective views of mid-support coupling supporting

PV modules according to embodiments of the present technology.

[73] FIGURES 51 and 52 are perspective and side views of a double-tongue leveling foot

according to embodiments of the present technology.

[74] FIGURE 52A is a perspective view of a double-tongue leveling foot according to an

alternative embodiment of the present technology.

[75] FIGURES 53 and 54 are perspective views of a stamped interlock with and without

interlock couplings according to embodiments of the present technology.

[76] FIGURES 55 and 56 are perspective and side views of a hybrid press-fit coupling

according to embodiments of the present technology.

[77] FIGURES 57 and 58 are front and rear perspective views of a modular coupling

according to embodiments of the present technology.

[78] FIGURE 59 is a perspective view of a pair of modular accessory couplings affixed to a

PV module according to embodiments of the present technology.

[79] FIGURES 60 and 6 1 are perspective and side views of a hybrid foot bracket supporting

PV modules according to embodiments of the present technology.

[80] FIGURE 62 is a side view of a key slot-engaging coupling according to embodiments of

the present technology.

[81] FIGURES 63-69 show one example of a combined leveling foot and interlock or hybrid

interlock.



[82] FIGURES 70-71 illustrate another embodiment of a hybrid interlock.

[83] FIGURES 72-75 illustrate a further embodiment of a hybrid interlock.

[84] FIGURE 76 shows a hybrid interlock connected to a leveling foot.

DETAILED DESCRIPTION OF THE INVENTION

[85] Referring now to Fig. 1, there is shown a perspective view of a PV array 100 including a

plurality of PV modules 102 laid out in an x-y reference plane on a support structure 103.

Mounting structure 103 is herein shown as including a planar surface, however it may be a

structure with thickness, width, depth, and other dimension(s); in reference to any mounting

structure, such as mounting structure 103, the height adjustment of a coupling described

hereinafter is considered relative to any essential surface or essential plane, such as a top surface.

The y-direction corresponds to the north-south dimension of the array, and the x-direction

corresponds to the east-west direction. In the embodiment of Fig. 1, the reference plane is

defined as being coextensive with a surface of the PV modules, when the PV modules are

positioned in their final installed positions. However, in further embodiments, some of which

are illustrated below, the reference plane may be above an upper surface of the PV modules 102,

or below the lower surfaces of the PV modules 102. The PV array 100 may be assembled

together and attached to the support structure 103 by means of leveling feet, wraparound leveling

feet, double-tongue feet, key coupling feet, brackets, feet, tilt feet, or T-feet, such as leveling feet

104, and interlocks, wraparound interlocks, series coupling rails, series/parallel couplings, male

coupling members, splices, parallel couplings, double-key couplings, or key couplings, such as

interlocks 106, the structure and operation of which are explained below. Other components

may be coupled to array 100 such as for example a grounding coupling and accessory coupling,



also explained below. The PV array 100 of Fig. 1 is shown by way of example only. It is

understood that array 100 may have more or less modules 102 in the x and/or y direction. In the

embodiment shown, the support structure 103 may be a roof, such as a slanted roof of a

residential dwelling or the like. However, it is understood that the PV array 100 may be

supported on a wide variety of other support surfaces, such as for example a flat roof, a ground-

mounted structure or, in some embodiments, a vertical support structure. The defined x-y

reference plane of the PV array is substantially parallel to support structure 103, and may be

oriented in any of a wide variety of angles from horizontal to vertical.

[86] Fig. 2 is a perspective view of a PV module 102 used in the array 100. A PV module,

such as PV module 102, without a groove according to the present technology, is generally

disclosed in U.S. Patent No. 7,592,537, entitled "Method and Apparatus for Mounting

Photovoltaic Modules," which patent is incorporated by reference herein in its entirety. In some

embodiments, module 102 may include a PV laminate 110 surrounded and supported on two or

four sides by a frame 112. PV laminate 110 may include any of various photovoltaic materials

for converting solar radiation to electric current. Frame 112 may be formed of any of various

rigid or semi-rigid materials, including for example extruded aluminum with an anodized

coating. Other materials, plastics, and coatings are contemplated.

[87] Frame 112 may include a hollow portion for connecting the corners together with corner

keys, as is well-known in the art, or it may include screw receptacles for attaching the corners

together with screws, as is also well-known. Frame 112 may include a connection portion such

as groove 114 in accordance with the present technology provided on one, two, three or all four

exterior facing portions of the frame 112, usually with an external surface 113. Fig. 3 illustrates

a cross-sectional side view through line 3-3 of Fig. 2 showing further detail of groove 114. In



some embodiments, groove 114 may have the same cross-sectional configuration around the

entire periphery of frame 112, though different sides may have different configurations in further

embodiments. Fig. 4 is a partial cross-sectional view showing a single side of the frame 112. As

seen in Fig. 4, a groove 114 may in general be divided into three vertical regions (from the

perspective of Fig. 4). A proximal region 116 adjacent to an external surface 113 of frame 112, a

distal region 120 defining a back wall of groove 114 and located farthest from the external

surface 113 of frame 112, and a medial region 118 between the proximal and distal regions.

[88]Proximal region 116 may be defined by a pair of sloped surfaces - upper sloped surface 122

and lower sloped surface 126. Sloped surfaces 122 and 126 may in general be parallel to each

other and sloped at an angle of 15° with respect to a planar surface of module 102 (such as, a

plane in which a surface of PV laminate 110 resides). It is understood that sloped surfaces 122

and 126 need not be parallel to each other, and may form other oblique angles with respect to the

planar surface of the module 102 that are less than or greater than 15° in further embodiments.

The angle of sloped surfaces 122 and 126 with respect to the planar surface of module 102

defines an angle, referred to herein as the insertion angle, which is explained in greater detail

below. Further examples of the insertion angle include but are not limited to 2° or greater, 5° or

greater, 10° or greater and 20° or greater.

[89] Upper surface 122 includes a bearing portion 124, which represents the bottommost

portion of upper surface 122 from the perspective of Fig. 4 . Bearing portion 124 may be a line

along the groove 114 where the sloped surface 122 and the adjacent interior groove wall come

together. The bearing portion 124 may have a sharp profile, or the bearing portion may instead

have a rounded or flattened profile in further embodiments. Similarly, lower sloped surface 126

may include a bearing portion 128, which represents the uppermost portion of lower surface 126



from the perspective of Fig. 3 . Bearing portion 128 may be a line along the groove 114 where

sloped surface 126 and the adjacent interior wall come together. The bearing portion 128 may

have a sharp profile, or the bearing portion may instead have a rounded or flattened profile in

further embodiments. Bearing portions 124 and 128 may be offset from each other horizontally;

that is, bearing portion 128 may be located at the external surface 113 of frame 112 and bearing

portion 124 may be located distally of the external surface 113 in the horizontal direction.

[90] Particular geometries defined by sloped surfaces 122 and 126 are explained in greater

detail now with respect to Fig. 4A. As noted above, sloped surfaces 122 and 126 may be parallel

to each other in some embodiments of the present technology. In such an embodiment, a

distance, m, represents the perpendicular distance between the two sloped surfaces 122 and 126.

Fig. 4A also shows planes p and q (into the page), which are planes through bearing portions 124

and 128, respectively, and which planes are substantially parallel to the planar surface of module

102. A distance, n, is the perpendicular distance between planes p and q . In some

embodiments, the distance m may be greater than the distance n . The significance of this is

explained in greater detail below. In some embodiments, the distance m may for example be

0.51" and the distance n may for example be 0.50". These dimensions are by way of example

only and may vary together or disproportionately in further embodiments.

[91] Medial region 118 includes an upper recess 130a in an upper portion of groove 114 and a

lower recess 130b in a lower portion of groove 114 (from the perspective of Fig. 4). Recesses

130a and 130b together define a key slot 130 in the medial portion of groove 114 for receiving a

key of various couplings as described hereinafter. The length from upper recess 130a to lower

recess 130b may be longer than the distance between the sloped surfaces 122, 126. Distal region

120 is defined between the distal most portion of key slot 130 and a back wall 132 of groove



114.

[92] In the embodiment described above, bearing portions 124, 128 are provided in sloped

surfaces 122, 126, respectively. It is understood that bearing portions 124 and/or 128 may be

provided in other shaped surfaces of frame 112 in other embodiments. As one such example,

Fig. 5 shows a bearing portion 128 in a sloped surface as described above. However, bearing

portion 124 may be a protrusion from an otherwise essentially flat surface parallel to the planar

surface of the module 102. Bearing portion 128 may be formed as a protrusion on an otherwise

flat surface in addition to, or instead of, the bearing portion 124 in further embodiments. Given

this disclosure and the disclosure that follows, those of skill in the art will appreciate other

possible configurations of the surfaces including bearing portions 124, 128, with the provision

that bearing portions 124 and 128 are spaced from each other vertically and offset from each

other horizontally. The distance m of Fig. 4A is found in Fig. 5 in a manner similar to Fig. 4A.

In Fig. 5 as shown, a first plane r may be defined which is tangential to bearing projection 124

and the proximal (outer) edge of the upper sloped surface 122. A second plane s may be defined

which is tangential to bearing projection 128 and the distal (inner) edge of the lower sloped

surface 126. The distance m may be defined by the perpendicular distance between the two

defined planes.

[93] In addition to variations in proximal region 116 as described above, regions 118 and/or

120 may have other configurations in further embodiments. For example, Fig. 6 shows a cross-

sectional side view as in Fig. 4, but key slot 130 is omitted. In some embodiments, frame 112

may have four sides, with a first side having a configuration as shown in Fig. 4, and an opposed

side having a configuration as shown in Fig. 6, or other configurations as may be apparent to

those with skill in the art. In other embodiments, frame 112 may have two sides with grooves



114 and two sides with no groove.

[94] As explained below, the present technology includes couplings with male components

that mate within female components, such as the groove 114, at the insertion angle. In another

embodiment it is contemplated that one or more of the respective positions of the male

components and/or female components may be reversed, so that the frame includes or forms

protruding male components, and the couplings include female components receiving the male

components of the frame at the insertion angle.

[95] Figs. 6A and 6B show a further embodiment of the frame 112, where Fig. 6A is a front

view of a frame 112, and Fig. 6B is a cross-sectional view through line A-A of Fig. 6A. In this

embodiment, frame 112 does not have an angled groove 114 with bearing surfaces 124, 128 as

described above, and the structure of frame 112 defining the proximal section 116, medial

section 118 and distal section 120 may be omitted. In this embodiment, the bearing surface 128

may be defined by a hole 127 formed through a front surface 113 of the frame 112. The bearing

surface 124 may be defined by a hole 129 formed through a rear surface 115 of the frame 112

opposite the front surface 113. The holes 127, 129 may be circular with a variety of diameters,

and formed by drilling through the front and rear surfaces 113, 115. However, the holes may be

square, rectangular, oval or other shapes and formed by methods other than drilling in further

embodiments. The bearing surface 128 may be on a bottom portion of the hole 127 and the

bearing surface 124 may be on a top portion of hole 129.

[96] As seen in Fig. 6A, the holes 127, 129 may be aligned with each other horizontally from

the perspective of Fig. 6A, but the hole 127 defining bearing surface 128 may be vertically

higher than the hole 129 defining bearing surface 124. As explained hereinafter, various

couplings are provided having a male portion, such as for example a tongue 148 shown in Figs.



8-10. These male portions may be inserted between bearing portions 128 and 124 shown in Fig.

4 at an insertion angle parallel to the upper and lower surfaces 122 and 126 of frame 112.

Thereafter, the male portion or frame 112 may be rotated so that the mail portion engages the

bearing portions 128 and 124 to restrain relative movement between the male portion and

bearing surfaces in a vertical direction. This feature of the present technology is explained in

greater detail below.

[97] Referring again to Figs. 6A and 6B, the male couplings described hereinafter may have a

diameter and length to fit within both holes 127 and 129. Where frame 112 is formed with holes

127 and 129 according to this embodiment, a male coupling may be inserted through hole 127

and then through hole 129. The coupling may be inserted at an insertion angle defined by an

axis passing holes 127 and 129. As the holes are vertically offset from each other, this insertion

angle may be greater than 0°, and may for example be 15°. Thereafter, the male portion or frame

112 may be rotated so that the mail portion engages the bearing surfaces 128 and 124 to restrain

relative movement between the male portion and the bearing surfaces 128, 124 in a vertical

direction. Again, this engagement is explained in greater detail hereinafter.

[98] Fig. 7 is a perspective view, similar to Fig. 1, of an array-to-be during fabrication of the

PV array 100. The present technology relates to a system of connecting components for a PV

array which lies in a reference plane. In general, the system connects together first and second

connecting components. As explained below, the first and/or second connecting components

may be any of PV laminates, PV modules, PV module frames, coupling members, and brackets.

One of the connecting members includes a first, or upper, bearing portion and a second, or lower,

bearing portion. These bearing portions may be the bearing portions 124 and 128 described

above within groove 114. As explained below, the bearing portions may be formed on other



connecting components in further embodiments.

[99] As is also explained below, the bearing portions may be offset from each other in a

direction substantially parallel to the reference plane. For example, in Fig. 4, a reference plane

may be defined by the laminate 110 of module 102. Bearing portion 124 is more distal than

bearing portion 128 from the perspective of Fig. 4 in a direction substantially parallel to the

laminate 110 and the reference plane defined by laminate 110.

[100] The first component may engage with the bearing portions in a way that allows the first

component to insert between the bearing portions. Thereafter, the first component may be

pivoted to a position between the bearing portions where the bearing portions resist relative

movement of the connecting components in a direction substantially perpendicular to the

reference plane, while permitting relative movement of said connecting components in a

direction substantially parallel with the reference plane. These features are explained below.

[101] Fig. 7 shows a first row of leveling feet 104 affixed to support structure 103. As

indicated above, support structure 103 may be a roof, such as of a residential dwelling. Such

roofs typically include rafters or joists (105 in Fig. 14) beneath the roof surface. In some

embodiments, the positions of the leveling feet 104 along the x axis may correspond to the

positions of the rafters or joists below such a roof, so that the leveling feet 104 bolt directly to the

rafters or joists to ensure the array 100 is properly supported. One skilled in the art will

recognize that the leveling foot may be oriented 90° from the position shown if the rafters run

east-west. As explained below, the couplings according to the present technology may be used

for PV arrays on other types of surfaces, in which case bolting leveling feet 104 to joists or

rafters may not be a consideration. In such embodiments, the leveling feet 104 may be

positioned as desired, and may be combined with interlocks (not shown), which may be similar



to interlock 106 shown in Fig. 1, into an integrated coupling, such as at seams between modules

(not labeled), which may be similar to modules 102 shown in Fig. 1, as explained below.

[102] Details relating to the configuration of an example leveling foot 104 will now be

described with reference to Figs. 8 through 10. This disclosure shows a mechanism for leveling

photovoltaic arrays. Contrasting the instant mechanism is the use of a slot. Such slot may reside

in a vertical portion of a bracket which may further comprise a bolt for variably tightening at

different positions in the slot, such a device is not considered a mechanism since it is simply a

fastener and a slot. The apparatus shown herein may include a mechanism for leveling. In

general, leveling foot 104 includes a base 134 that may be mounted to a support structure (not

shown), which may be similar to support structure 103 shown in Fig. 1, via a bolt or other

fastener (not shown) fitting through a mounting hole 136 adapted to expose a portion of the

support surface. In some embodiments base 134 is fastened to a separate structural member, rail,

attachment device, or flashed attachment device, such as a flashed post, instead of being attached

directly to support structure 103. A further threaded hole 137 is provided in base 134 for

receiving a first end of double threaded stud 140.

[103] Leveling foot 104 further includes a foot coupling 138 for coupling the leveling foot to a

PV module, such as module 102. Coupling 138 is threaded onto a second end of double threaded

stud 140 through a hole 136 in foot coupling 138. The threads of the coupling hole 136 may be

reversed with respect to the threads in hole 137 in base 134. The double threaded stud 140

includes a tool-receiving recess 144 for receiving a tool which may be used for rotating the

double threaded stud 140. Upon rotation of stud 140 in a first direction, the foot coupling 138

moves away from the base 134 to raise an attached PV module (not shown) away from a support

structure, such as support structure 103 shown in Fig. 7 . Rotation of stud 140 in the opposite



direction moves the foot coupling 138 and attached PV module (not shown) closer to the support

structure. It may happen that such support structure may not be flat but rather may include local

or global large and/or small peaks and valleys, which peaks and valleys are emphasized by the

high reflective properties of the laminates. Mounting the foot coupling 138 for quick and easy

translation allows for correction of these peaks and valleys and ensures a more effective planarity

of the finished array, such as array 100 as shown in Fig. 1, in the x-y reference plane.

[104] A height adjustment mechanism, such as stud 140, allows adjustment of the height of

leveling foot 104 even after leveling foot 104 has been connected to PV module 102. Thus,

height adjustment of leveling foot 104 may be independent from the operation of engaging

leveling foot 104 with a PV module 102 and/or support structure 103. Such an arrangement, as

shown in Fig. 8, greatly simplifies the process of leveling a PV array, such as array 100, since an

installer can still adjust the height of leveling foot 104 even after it has been installed. One

skilled in the art will recognize that height adjustment after leveling foot 104 has been connected

to module 102 and attached to support structure 103 means that an installer can easily see the

planar relationship between adjacent PV modules (since the PV laminate very clearly defines a

plane due to its glass surface) when making the final height adjustment, thereby substantially

speeding up the process of bringing each of the modules 102 in array 100 into approximately the

same plane. Adjusting the height of various leveling feet 104 in array 100 after at least two PV

modules 102 are in place is much easier because PV modules 102 make it easier to see the planar

relationship between adjacent modules. Additionally, recess 144 may be positioned to allow

rotation of stud 140 from the top even after substantially all of the PV modules 102 in an array

100 have been installed. This arrangement provides additional benefits during the process of

leveling PV array 100 since it is easiest to see the overall plane of PV array 100 once the bulk of



modules 102 have been installed; thereby enabling, for example, an installer to go back out to a

leveling foot located in the middle of the array and quickly adjust its height to fine tune the

planarity of array 100.

[105] It is contemplated that some or all components of leveling foot 104 may be manufactured

from corrosion-resistant materials or may comprise corrosion-resistant coatings to prevent

galvanic and/or moisture-induced corrosion. Since foot coupling 138 may provide a ground

bonding connection between adjacent PV modules, such corrosion resistance may help to

prevent a loss of ground continuity over time.

[106] Those of skill in the art will appreciate a wide variety of other height adjustment

mechanisms which may be used in addition to, or instead of, the components described above.

Moreover, base 134 may be modified or replaced depending on the support structure on which

the array is mounted. For example, base 134 may be replaced with a foot base adapted for

attaching to seams or corrugations of metal roofs or a flash mount foot base that incorporates a

roof flashing into base 134. In a further embodiment, base 134 may be adapted for tile roofs,

both of flat and undulating design. In still other embodiments base 134 may be adapted to attach

to structural members such as strut, round or square tube steel, I-beam, etc. Those with skill in

the art will appreciate that base 134 may be adapted to seat properly on a variety of other support

structures or surfaces as well.

[107] Foot coupling 138 of leveling foot 104 further includes a center portion or flange 146, a

tongue 148 extending from one side of flange 146, and a key 150 provided on a shaft 152

extending from the opposite side of flange 146. A PV module may be mounted to a support

structure by two leveling feet on opposed sides of the module along the y-axis direction, as

generally shown in Fig. 1, with the tongue 148 of the first leveling foot fitting within a groove,



such as groove 114 shown in Figs. 3, 5 and 6, on the first side, and the key 150 of the second

leveling foot fitting within a groove, such as groove 114, on the opposite side. This aspect of the

present technology will be explained below with reference to the perspective view of Fig. 7 and

the side views of Figs. 11 through 13. The first row can be mounted either with all keys in or

one side key in and other side tongues in.

[108] Figs. 10A and 10B show an alternative embodiment of the leveling foot 104. This

embodiment may include a base 134 and a foot coupling 138 as described above. However, in

this embodiment, the foot coupling 138 may be affixed to the base 134 via a foot stud 143. Foot

stud 143 may be mounted to the base 134 for example via retention pins 141 . In this

embodiment, a top portion of the stud 143 may be threaded, and fit within the threaded hold 142

in flange 146 of foot coupling 138. In this embodiment, height of the foot coupling 138 may be

adjusted relative to the base 134 by rotating the coupling 138 on the stud 143 prior to coupling

the leveling foot 104 to modules 102.

[109] In some embodiments, a first leveling foot (104a in Figs. 7, 11, 12 and 13) may be

mounted to a support surface. On a slanted roof, this may be the leveling foot on the downhill

side of the module 102 to be mounted. The leveling foot 104a may be fastened to the support

surface 103 so that the tongue 148 of leveling foot 104a is facing toward the side where module

102 is to be affixed.

[ 110] Module 102 may then be brought into contact with, and supported on, mounted leveling

foot 104a so that portions of the upper sloped surface 122 of groove 114 rest on the tongue 148

of the mounted leveling foot 104a. Thereafter, the module 102 can be rotated downward in the

direction of the arrow shown in Figs. 7 and 11. As discussed above, the upper and lower sloped

surfaces 122, 126 may be provided at some insertion angle, for example 15°, with respect to the



planar surface of module 102. Fig. 12 shows the module 102 having been rotated to the point

where the angle of the module 102 with respect to the x-y reference plane is essentially equal and

opposite to the insertion angle of the sloped surfaces 122, 126. At this point, the sloped surfaces

122, 126 will be essentially parallel to the upper and lower surfaces of the tongue 148, and the

groove 114 may then slide over the tongue 148 to seat the tongue 148 within groove 114 and to

seat the module 102 on leveling foot 104a. It is understood that the groove 114 may slide over

the tongue 148 when there is a few degrees difference between the two in various embodiments.

One skilled in the art will recognize that the normal variation in the final dimensions of mating

parts may result in some cases where the groove 114 may be slightly narrower than tongue 148

even when positioned as shown in Fig. 12, yet groove 114 may still slide over tongue 148.

Chamfer 147 on tongue 148 may help to start the insertion process and grounding teeth 149 may

then cut their way as it is slid into position.

[I l l ] Fig. 13 shows the module 102 upon further rotation to the finished position of the module

102 where the planar surface of the module 102 is generally parallel to the x-y reference plane.

In this and other embodiments described herein, the reference plane may be at or above the upper

surface of the PV laminate 110 (as indicated by dashed line 155a in Fig. 13), in between the

upper and lower surfaces of the PV laminate 110, at the lower surface of PV laminate 110 (for

example as indicated by dashed line 155b in Fig. 13) or below the PV laminate 110 (as indicated

by the dashed line 155c in Fig. 13).

[ 112] When the groove 114 slides over the tongue 148 in Fig. 12, the space in between the

upper and lower sloped surfaces 122, 126 engaged by the tongue is the distance m described

above in Fig. 4A. However, once the module is rotated to the position shown in Fig. 13, the

spacing between the surfaces 122, 126 engaged by the tongue is the smaller distance n . In some



embodiments, taking into account dimensional variations in the surfaces 122, 126 and tongue

148, the height of the tongue may be slightly smaller than or equal to the distance m, and slightly

larger than or equal to the distance n . For example, the height of the tongue along a dimension

between the surfaces 122 and 126 may be 0.010" smaller than the distance m, and 0.010" greater

than the distance n . Thus, in embodiments, the tongue 148 and surfaces 122. 126 of groove 114

may have a cumulative tolerance range for mating parts of -0.010" to +0.010". One skilled in the

art will recognize that the difference between m and n provides a range for vertical (z-axis)

tolerance takeup. In the previous example, even a tongue that is .010" undersized at the insertion

angle may result in a tight fit that flexes the frame open (in the direction of arrows 151) and

thereby deforms the materials by 0.010" in the final 0° position. The size of the tongue 148

relative to the distances m, n may vary from these dimensions in various embodiments. For

example, the height of tongue 148 may be greater than both m and n, so long as n is smaller than

m.

[ 113] The coupling, or connection, of the tongue 148 with the groove 114 discussed above

helps to point some of the benefits of the pivot-fit connection. Such an arrangement allows for

easy insertion of parts, yet solid connections in the final position without having to rely on

cumbersome press-fits (which are difficult given the materials, tolerances, and dimensions of

typical PV modules) or mechanical fasteners. Also, the fact that the insertion angle is different

than the final angle may mean that the surface area of material in contact is lower (than if the

groove 114 had straight lips), thereby enabling a low friction, easy adjustment of alignment even

in the final 0° position. Furthermore, the pivot- fit connection system may also help to increase

the amount of horizontal tolerance takeup.

[ 114] As a result, after easily sliding over tongue 148 at the insertion angle, the module 102



may be rotated to the position shown in Fig. 13 to provide a pivot-fit connection of the groove

114 to the tongue 148. This disclosure may also refer to such a connection by saying that the

tongue 148 pivotally engages the groove 114 or the groove 114 pivotally receives the tongue

148. In particular, the bearing portion 124 in the upper sloped surface 122 bears against, and

exerts a force downward on, the tongue 148 (such as in a z-direction perpendicular to the x-y

reference plane). In the position of Fig. 13, the bearing portion 128 in the lower sloped surface

126 similarly bears against, and exerts a force upward on, the tongue 148 in the z-direction.

[ 115] The PV module 102 provides a lever arm, and the moment force allows the PV module to

pivot about bearing portion 124 from the position of Fig. 12 to the position of Fig. 13 usually

under the weight of module 102. This results in tongue 148 bearing against bearing portions

124, 128 of surfaces 122, 126, which elastically deforms the frame 112 around tongue 148 via a

flexing open of the frame. One skilled in the art will recognize that the generally C-shaped

connection portion 114 of frame 112 may naturally flex open when loaded at the bearing

portions 124, 128. The bearing of the tongue against the surfaces 122, 126 takes up any

variability in the z-axis dimensions of the tongue 148 and the groove 114. This provides a tight

coupling and prevents any relative movement between the leveling foot 104a and the portion of

the coupled frame 112 along the z-axis. Those skilled in the art will recognize that even if the

height of the tongue 148 is greater than m, thereby requiring the tongue 148 to open the groove

114 slightly during insertion at the insertion angle, a rotation to the final angle of Fig. 13

increases the forces between the bearing portions 124, 128 and the tongue 148, thereby creating a

final tight fit that is much tighter than it may have been when rotated as shown in Fig. 12.

[ 116] While constrained in the z-direction, the coupled frame portion 112 and module 102 are

able to move in a direction of arrow 154 in Fig. 13 along the surface of the tongue 148. This



allows the y-position of the module 102 to be quickly and easily adjusted after the pivot-fit

connection is established between the module and leveling foot 104a, for example, in order to

account for any tolerance variations in the y-dimension of the module 102. As explained in the

Background section, this variable positioning feature prevents or ameliorates dimensional

variations from adding up along the length of a column of modules in the y-direction. As shown

in Fig. 8, the tongue may include a catch 156 to prevent disengagement of the groove 114 from

the tongue 148 while adjusting in the y-direction. One skilled in the art will also recognize that

the variable positioning feature 154 of the pivot- fit connection may cause the pivot point, such as

bearing portion 124 in the above example, to slide somewhat as the parts are being pivoted into

position. In some embodiments bearing portions 128, 128 comprise non-concave shapes such as

convex, faceted, ribbed, etc., thereby ensuring an easy horizontal adjustability.

[ 117] Fig. 13A shows a further enlarged view of the forces exerted by bearing portion 124

down on the tongue 148, and bearing portion 128 up on tongue 148. In some embodiments,

bearing portions may be formed so that there is an interface area 125 between the bearing portion

124 and tongue 148 where the two components lie in contact with each other. The same

interface area 125 may exist between bearing portion 128 and tongue 148. The size of the

interface area may be determined by the shape of the bearing portions 124, 128 and the degree of

deformation of bearing portions 124, 128 and/or tongue 148.

[ 118] Forces, F, are exerted by the bearing portion 124 down onto tongue 148. These forces

are vector quantities with direction and magnitude, and may sum together into a resultant force

vector FV1. Similarly, forces, F, are exerted by the bearing portion 128 up onto tongue 148.

These forces are vector quantities with direction and magnitude, and may sum together into a

resultant force vector FV2. In embodiments, the coupling described above between the tongue



148 and the bearing surfaces 124, 128 of groove 114 may result in equal and opposite force

vectors FV1 and FV2. The contact areas 125 and resultant equal and opposite force vectors FV1

and FV2 may result from any of the couplings described below of a connecting component

connecting with bearing portions. In further embodiments, the resultant force vectors FV1 and

FV2 at bearing surfaces of a coupling need not be equal or opposite.

[ 119] With the above described pivot- fit connection, the present technology provides an

extremely fast and simple way to attach a PV module to a coupling such as a leveling foot.

Through the simple act of sliding a groove in the module frame over a coupling at an insertion

angle, and then letting the module down to its final angular orientation, the module is engaged in

place and secured with respect to z-axis movement, while still being adjustable to account for

dimensional differences in the size of a module. The tolerance take-up mechanisms as described

above also take-up dimensional variations in the size of mating components as well as slight

variations in the length of a row or column of modules due to other factors such as misalignment

of mating parts and the unevenness of the mounting structure.

[120] The tongue 148 may include an electrical ground tooth 149 (one of which is shown in

Figs. 8 and 9), in the form of an inverse v-shaped protrusion extending from the upper surface of

the tongue 148 along the y-dimension when oriented as shown in Fig. 7 . It may alternatively be

a v-shaped protrusion extending from the lower surface of the tongue 148 along the y-dimension.

Other shapes of teeth or other configurations for electrical grounding are explicitly contemplated

herein but hereafter generally described as a cutting tooth or teeth. When the module 102 is

pivoted to its final position so that there is a tight fit of the tongue 148 between the upper and

lower surfaces 122, 126, the ground tooth may bite through the anodized layer and into electrical

contact with the metal underneath to establish an electrical ground contact with the connection



portion 114 of module 102. The key 150 (see Figs. 8, 9, 10 and 11) on the opposite side of

leveling foot 104 may also include one or more cutting teeth as explained below for establishing

a ground connection to the connection portion 114 of the module it couples with. Thus, the

leveling foot may provide a grounding bond between modules along the y-dimension or x-

dimension when oriented with the tongue facing east-west. One skilled in the art will recognize

that the connection portion of PV module frame 112 may be adapted to create a reliable

grounding bond between frame 112 and coupling 138. As explained below, mechanisms such as

a grounding coupling may be used to electrically connect the array 100 to a grounded component

on support structure 103 or directly to the earth.

[121] Prior to the module 102 being affixed to the mounted leveling foot 104a as described

above, a free-standing (not mounted to the support surface) leveling foot 104b may be engaged

with the groove 114 at the opposite side of the module 102. The free-standing leveling foot 104b

may be coupled to the opposite side of the module by locking the key 150 of the foot 104b into

the key slot 130 in groove 114. This is accomplished by simply holding leveling foot 104b at an

angle of approximately 90° from its final upright position, passing key 150 through the opening

of groove 114, then rotating back 90° to engage the key with key slots 130a, 130b. Key 150 may

be shaped to allow it to pass through the opening of groove 114 when held at 90° from its final

upright position, yet engage behind the lips of groove 114 when rotated to its final upright

position. This manner of coupling is similar to the coupling of an interlock 106 to modules 102,

as explained in greater detail below, since both interlock coupling 164 and foot coupling 138

comprise a key 150, 178 (see discussion below).

[122] After a module 102 is coupled to a tongue 148 of a mounted leveling foot 104a, and the

y-position of the module is adjusted for tolerances, the leveling foot 104b coupled to the opposite



side of the module 102 may then be fastened to the support structure 103. Once the module is

rotated down to its final orientation, the leveling foot 104b now rests on the support structure

103. The base 134 of leveling foot 104b may simply be rotated about the z-axis until it aligns

with the joist or rafter beneath the support structure 103, and then bolted down to provide a

quick, easy and accurate attachment of the leveling foot 104b. The tongue 148 of leveling foot

104b is oriented along the y-axis and ready to accept the next panel in the y-direction. The

above-described process may then be repeated.

[123] One skilled in the art will recognize that the arrangement of mounting a PV module 102

by means of a tongue connection on one side and a key connection on an opposite side, as shown

in Figs. 11-14, effectively utilizes the rigidity of support surface 103 to help create a rigidly

interlocked array 100. If, for example, the leveling feet 104 of array 100 were not attached to

support surface 103, then the tongues could easily slide back out of grooves 114 if picked up to

approximately the 15° insertion angle as discussed above. This technique significantly reduces

the total materials required for an installation when compared to conventional rail-based systems

(which add rails for rigidity) or other interlocking systems which incorporate rigid coupling

systems. Furthermore, the pivot-fit action as described in this disclosure provides a rapid "drop-

in" method for PV modules which is much faster than prior art systems that rely on press-fit

connections and/or conventional fasteners.

[124] In the embodiments described above, the key 150 of a free-standing leveling foot (104b)

is engaged with groove 114, and the tongue 148 of a mounted leveling foot (104a) is engaged

with groove 114. It is contemplated in further embodiments that this arrangement be reversed.

That is, a key 150 of a mounted leveling foot may be engaged with groove 114 and a tongue 148

of a free-standing leveling foot may be engaged with groove 114. Moreover, in either



embodiment, the key 150 may be coupled within the groove 114 before the tongue 148 on the

opposite side, or visa-versa. In still other embodiments, PV modules 102 of a first row of array

100 may each be mounted by engaging the key 150 with groove 114 on both the lower side and

upper side in the orientation shown in Fig. 14, then subsequently attaching each of these upper

and lower side leveling feet 104 to support surface 103. Subsequent rows may then include the

above method of including a tongue engagement on the lower side and a key engagement on the

upper side.

[125] In some embodiments, the couplings between connecting components such as tongue 148

and the bearing portions 124, 128 are made without a press-fit and not by friction forces to hold

the respective components together. The rigidity of the final array in many embodiments is

ultimately derived from the roof or support structure, not the coupling.

[126] Fig. 14 shows a first row of PV modules 102 assembled together on support structure

103. As seen in Fig. 14, in addition to leveling feet 104, the present technology may employ

interlocks 106 for affixing adjacent modules 102 together along the x-axis. The structure of

interlock 106 will now be described in respect of the various views of Figs. 15 through 20.

Interlock 106 in general includes an interlock plate 162 including a pair of openings 166

receiving a pair of interlock couplings 164, which may be held in openings 166 via an

interference fit. As seen for example in a perspective view of Fig. 15, interlock 106 includes a

first surface 168 having a pair of ribs 170 spanning a substantial portion of the length of interlock

106. In some embodiments Ribs 170 may also be shown on tongue side of plate thereby

increasing the structural properties of interlock 106.

[127] An upper surface of the top rib 170 and a lower surface of the bottom rib 170 are spaced

from each other so that the ribs together fit properly within groove 114 as explained below.



Instead of multiple separate ribs, element 170 may instead comprise a single rib, or lug, having a

top surface matching the top surface of upper rib 170 and a bottom surface matching the bottom

surface of lower rib 170. A lower portion of interlock plate 162 may include a lip 172 which is

positioned beneath a lower surface of frames 112 of a pair of adjacent modules 102 once

interlock 106 is affixed to PV modules 102. Lip 172 may enhance the structural performance of

interlock 106 and may be omitted in further embodiments.

[128] Each interlock coupling 164 may be identical to each other, and may include a nut

portion or flange, such as flange 174, a tongue 176 extending in a first direction from the flange

174, and a key 178 affixed to a shaft 180 extending in the opposite direction from flange 174.

Tongue 176 may be shaped like other tongues described in this disclosure such as the tongue of

Fig. 8. The structure and operation of key 178 will now be described. It is understood that the

key 150 on leveling foot 104 (referenced above with respect to leveling foot 104b) may be

structurally and operationally identical to key 178 on interlock coupling 164, and the following

description applies to the keys 178 and 150 on both the interlock coupling 164 and foot coupling

138, respectively.

[129] Key 178 rotates between a first, horizontal position to allow insertion of the key into

groove 114 and a second, vertical position for locking the key within the key slot 130 of the

medial portion 118 of groove 114. The reference to horizontal and vertical in the description

apply when the interlock 106 is horizontal with respect to the x-y plane. If the interlock were

tilted, for example about the y-axis, the "horizontal" and "vertical" position of the key 178 would

be adjusted accordingly.

[130] The horizontal position of key 178 is shown by the interlock coupling 164 on the right in

Fig. 15, and in the cross-sectional side view of Fig. 19. A key 178 in a vertical position is shown



by the interlock coupling 164 on the left side of Fig. 15, the interlock coupling of Fig. 16 and the

cross-sectional side view of Fig. 20. The interlock couplings 164 of Fig. 15 are shown in

different orientations for illustration purposes only, and it is understood that the left side

interlock coupling 164 would be in a horizontal position for insertion of the interlock 106 into

grooves 114 of adjacent modules 102 as explained below.

[131] In general, with the keys 178 of both interlock couplings in the horizontal position, an

interlock 106 is engaged with the grooves 114 of modules 102 adjacent to each other in the x-

direction, with one interlock coupling 164 being inserted into each of the adjacent grooves 114.

The interlock 106 may be engaged with the ribs 170 at an angle that matches the insertion angle

of upper and lower sloped surfaces 122 and 126. A chamfer 182 may be provided at the bottom

of lower rib 170 to make it easier for ribs 170 to be inserted into the groove 114.

[132] While completion of the pivot- fit connection of the groove 114 and tongue 148 of

leveling foot 104 is facilitated by the moment force generated by the weight of the module 102 at

the coupling, no such moment force exists to facilitate coupling of the interlock 106 to frame

112. Accordingly, the flange 174 and/or tongue 176 may be engaged by a tool 183 (a portion of

which is shown in Figs. 19 and 20) which rotates the interlock coupling 164 from the horizontal

to vertical position. As the key 178 rotates (about the y-axis), it engages within the key slot 130

to pivot the ribs 170 (about the x-axis). The ribs pivot from their insertion position (parallel to

the upper and lower sloped surfaces 122, 124) to their final, coupled position (where the ribs 170

are substantially parallel to the planar surface of the module 102 and the x-y reference plane).

[133]A lead-in bevel 184 is defined by a gradually increasing thickness of the key 178 from

narrow to full width. This lead-in bevel allows the interlock coupling 164 to gradually pivot

about the x-axis from the angle of the groove 114 to zero degrees relative to the x-y reference



plane. This pivoting occurs as a result of the interlock coupling 164 being rotated from its

horizontal position to its vertical position along the axis of shaft 180.

[134] A set of cutting teeth 188 are provided on the upper and lower portions of the key 178 of

each interlock coupling 164 in an interlock 106. As the key 178 is rotated from horizontal to

vertical, the cutting teeth 188 cut through the anodized layer in the groove 114 and make solid

electrical grounding contact with the aluminum or other metal of the PV module frame 112.

Both of the interlock couplings 164 on an interlock 106 may include these sets of cutting teeth

188. Thus, in addition to locking adjacent modules 102 together, rotation of the interlock

couplings 164 also electrically couples the two electrical modules together. The grounding

coupling explained below may connect the array to a ground state.

[135] A chip gap 186 on each end of key 178 allows the teeth 188 to cut into surfaces of the

frame within the key slot 130 more effectively, and provides a place for metal shavings from the

cut to reside. A bump 187 at the end of the key 178 also helps align the key by abutting against

back wall 132 of the distal region.

[136] Flange 174 may include a detent 190 for being engaged by the tool 183 to allow quick

and easy rotation of the interlock coupling 164 from its horizontal to vertical position. The

detent 190 may be located on an underside of the interlock coupling 164 upon final rotation.

This location, as well as the custom shape of the detent 190, makes it difficult to dismantle the

interlock 106 from modules 102 without the proper tool to improve the security aspects of the

system.

[137] It is contemplated that some or all components of interlock 106 may be manufactured

from corrosion-resistant materials or may comprise corrosion-resistant coatings to prevent

galvanic and/or moisture-induced corrosion. Since foot coupling 138 may provide a ground



bonding connection between adjacent PV modules, such corrosion resistance may help to

prevent a loss of ground continuity over time.

[138] Figs. 2 1 through 23 show various side views of an interlock 106 being affixed to a pair of

adjacent modules (one such module being visible in the side view). Fig. 2 1 shows the ribs 170 of

an interlock coupling 164 being inserted between the upper and lower sloped surfaces 122, 126

of frame 112. The ribs 170 may be inserted at the insertion angle of the upper and lower sloped

surfaces 122, 126 to provide maximum clearance for the ribs 170 to enter into groove 114 (i.e.,

distance m, Fig. 4A). The width of the upper and lower ribs 170 together may be slightly less

than or equal to the distance m. As indicated above, chamfer 182 on a bottom surface of the

lower rib may further aid in the initial insertion of the ribs 170 into groove 114. Upon initial

insertion of the ribs 170 into groove 114, the key 178 is in the horizontal position and as such

does not interfere with the insertion of the ribs between the upper and lower sloped surfaces 122,

126.

[139] Once ribs 170 are manually inserted as far as they will go between the upper and lower

sloped surfaces 122, 126, tool 183 may then be used to rotate the interlock coupling from

horizontal to vertical. Fig. 22 shows the interlock coupling upon partial rotation of the key 178,

the ends of which are becoming more visible in the side view of Fig. 22. The lead-in bevel 184

pulls the key 178 into the key slot 130 behind the sloped surfaces 122, 126. Thus, as the

coupling 164 is rotated, the coupling is pulled into the groove 114 and pivots from the initial

position shown in Fig. 2 1 to a final position where the key 178 is fully engaged within key slot

130. This final position is shown in Fig. 23.

[140] As indicated above, when the interlock 106 is first inserted into groove 114, the space in

between the upper and lower sloped surfaces 122, 126 as seen by the ribs 170 and shaft 180 may



be the distance m described above in Fig. 4A. As the key 178 is pulled into the groove by

rotation of the coupling 164, the ribs 170 and shaft 180 pivot from the insertion angle to a final

position parallel to the x-y reference plane as shown in Fig. 23. In this position, the spacing

between the surfaces 122, 126 as seen by the ribs 170 and shaft 180 is the smaller distance n . In

some embodiments, taking into account tolerance variations, the outer diameter of the ribs

(together) and shaft may be slightly larger than or equal to the distance n . For example, the

diameter of the ribs and shaft along this dimension may be 0.005" smaller than the distance m,

and 0.005" greater than the distance n . The size of the ribs 170 and/or shaft 180 relative to the

distances m, n may vary from this in further embodiments.

[141] Pivoting of the interlock coupling 164 from the position of Fig. 2 1 to the position of Fig.

23 results in a pivot-fit connection between the interlock 106 and groove 114. In particular, the

ribs 170 and/or shaft 180 bear against, and exert a force upward on, the bearing portion 124 in

the upper sloped surface 122 in the z-direction, and the ribs 170 and/or shaft 180 bear against,

and exert a force down on, the bearing portion 128 in the lower sloped surface 126 in the z-

direction. These forces elastically deform the frame 112 around the groove 114 (in the direction

of arrows 15 1 in Fig. 23) so as to take up any variability in the z-axis dimensions of the rails

and/or shaft in the groove 114. This provides a solid connection with respect to the z-axis and

prevents any relative vertical movement between the interlock 106 and the corners of the

adjacent modules in which the couplings of the interlock 106 are engaged. The key 178 bearing

against the top and bottom slots 130a, 130b of the key slot 130 may additionally or alternatively

prevent relative movement of the corners of the adjacent modules relative to the interlock 106

and each other. Once key 178 enters groove 114, interlock plate 168 may begin to pivot

primarily about bearing portion 124 as interlock 106 rotates into its final position.



[142] In one embodiment, in order to secure an interlock 106 to adjacent modules 102, the

interlock coupling 164 in the first module 102 may be partially rotated to partially engage the

key 178 of that coupling 164 within the key slot 130 of the first module. The second coupling

164 of the interlock may then be fully rotated from horizontal to vertical to fully engage the

second coupling within key slot 130 of the second module 102. The rotation of the first coupling

may then be completed to finish the installation of the interlock 106. It is understood that the

installation of an interlock may be performed by other methods, such as for example fully

inserting a first interlock coupling 164, and then fully inserting the second interlock coupling 164

or by fully rotating each interlock coupling 164 immediately after insertion into groove 114.

[143]As indicated above, the key 150 in leveling foot 104 may affix within the groove 114 in the

same manner as described above with respect to key 178 of the interlock 106. Thus, revisiting

Figs. 6 and 10, prior to seating a module 102 onto the tongue 148 of a leveling foot 104a, the

leveling foot 104b may be affixed within the groove 114 at the opposite side of the module 102

by inserting the key 150 into groove 114 and rotating it by hand or with a tool as described above

to engage the key 150 into key slot 130.

[144] Fig. 24 is a perspective view showing a pair of adjacent modules 102 connected with an

interlock 106 as described above. Fig. 24 further shows a leveling foot 104 supporting the

modules 102. Fig. 24 shows the tongue 148 of leveling foot 104 engaged within the groove 114,

and no module engaging the key 150. In some embodiments tongues for interlock couplings

comprise catches as described elsewhere in this disclosure. The leveling foot 104 shown in Fig.

24 may for example be coupled at the very front of the array 100 (e.g., one of the leveling feet

104 shown in Fig. 5). In alternative embodiments, leveling feet 104 at the front of the array may

have a different configuration where key 150 is inserted instead of tongue 148 or omitted.



Modules 102 may be disassembled from an array 100 by performing the reverse operations to

those set forth above for mounting the modules 102 to the array 100.

[145] In some embodiments, a PV module 102 may align with each adjacent module 102 in the

x-direction. However, the interlock 106 may operate even where the modules 102 do not fully

align in the x-direction. Fig. 24A shows a plan view of four modules 102a, 102b, 102c and

102d. The modules 102a and 102b are adjacent to each other in the x-direction, but do not

completely align. Nevertheless, the interlock 106 may couple the modules 102a and 102b

together as described above. Interlock plate 162 can slide in and out on interlock coupling shaft

180 thereby enabling ribs 170 to properly contact bearing portions 124, 128 of groove 114 even

under misalignment conditions as shown. The shafts 180 and ribs 170 of the interlock couplings

164 on interlock 106 are long enough so that the key 178 on one side of the interlock 106 may

engage within the groove of the module 102a, and the key 178 on the other side of the interlock

106 may also engage within the groove of the module 102b, even though the interlock plate 162

is not parallel to the front edge of either module 102a or 102b.

[146] Any misalignment of modules 102a and 102b may be taken-up by the interlock 106, and

not transferred to the next row of modules 102c and 102d. In particular, the modules 102c and

102d may seat over the tongues 176 of respective interlock couplings 164 on the back side of the

interlock 106. As noted above, in the coupled position, the tongue still allows for movement of a

module with respect to the tongue in a direction parallel to the reference plane. Thus, the

modules 102c and 102d may be aligned with each other on the tongues 176, and any

misalignment of modules 102a and 102b does not transfer to the next row.

[147] As noted above, where the array 100 is provided on a roof of a residential dwelling, the

position of the leveling feet 104 along the x-dimension of a module 102 may be determined by



the location of a rafter or joist beneath the roof. This typically will not align neatly over the

seams between adjacent modules (since PV modules are not typically the same length as the

standard spacing between rafters). Thus, leveling feet 104 may be used to support the array on

the rafters or joists, and interlocks 106 may be used to couple together modules at the seams.

However, in further embodiments, it may be desirable to slide some rows of modules further to

the east or west than others; such as with a hip roof where array 100 fits better if it follows the

angle of the hip. In some embodiments it may be desirable to orient some rows of modules 102

in landscape orientation and others in portrait orientation. In these cases, interlock 106 may

reside at the seams and/or at any point along the side of PV module 102.

[148] In still further embodiments, array 100 is provided on a support structure 103 that is

specifically provided to support the array (such as for example in a ground-mounted array). In

such embodiments, an installer is free to choose the position of the supports in the structure 103,

and may choose to line those supports up with the seams between modules in the array. For such

embodiments, a combined leveling foot and interlock may be used.

[149] One embodiment of a combined leveling foot and interlock 191 is shown in Fig. 25.

While such a component may have a variety of configurations, in one example, the component

191 may include a foot 192 including a pair of double threaded studs 140 as described above

with respect to the leveling foot 104. A pair of foot couplings 138 may be affixed to the foot

192, spaced apart from each other on the studs 140 so that they can engage in the corners of first

and second pairs of modules. The first coupling 138 may be affixed to the corners of the first

pair of adjacent modules in the y-direction as described above. Likewise, the second coupling

138 in the span may be coupled to the corners of the second pair of adjacent modules in the y-

direction as described above. Thus, a single component may be used to fix together the corners



of four adjacent modules, support those modules at a desired height above a support surface, and

electrically ground those modules together.

[150] The present technology may include additional couplings that mount within groove 114

in further embodiments. In some embodiments, a common element for all these additional

couplings may be a key as described above (for example with respect to key 178) that engages

with the groove 114 to make a mechanical and electrical connection to the PV module frame

112. In other embodiments a common element may be a tongue such as described above (for

example with respect to tongue 148) or any male protrusion capable of engaging with groove

114.

[151] As noted above, one such coupling may be a grounding coupling 194 as shown in Fig.

26. The grounding coupling 194 is used to connect a grounding wire (not shown) to one or more

PV module 102 of the array 100. The grounding wire is passed through a lay-in- lug channel 195

and then a terminal screw 196 may be turned until a secure ground is made with the grounding

wire. The grounding coupling 194 may further include other features of the above-described

couplings, such as threaded hole 197 for receiving a double threaded stud that allows the

grounding coupling to be supported on the support structure 103 via a base 134 described above

with respect to the leveling foot 104. The grounding coupling may further include a key 178 as

described above for locking within a key slot 130 in a groove 114 to couple the grounding

coupling 194 to a module 102 of the array 100.

[152] It may happen that other accessories need to be affixed to modules 102 of the array 100.

Fig. 27 shows a further coupling, referred to as an accessory coupling 198, for affixing such

accessories to modules of the array. The accessory coupling 198 has a key 178 as described

above for locking within a key slot 130 in a groove 114 to attach the accessory coupling 198 to a



module 102 of the array 100. The accessory coupling may include a flange 174, a shaft 180

between the key 178 and flange 174, and a detent 190. Each of these components may be

structurally and operationally the same as the like components described above for interlock

coupling 164.

[153] The flange 174 may be used to actively hold any type of component against the PV

module frame 112 once the accessory coupling 198 is turned from its horizontal insertion

position to its vertical locked position. Referring to Fig. 28, the accessory coupling 198 may for

example hold a component 199 for PV module inverters, or any other type of electronic device

that may be mounted and, possibly, grounded to the PV module frame 112. In the embodiment of

Fig. 28, the component 199 may be held under the PV module 102. The accessory coupling 198

could also mount and ground wire junction boxes or wire management systems. The present

application covers any device that can be mounted to the PV module frame 112 with a coupling

device as described above and/or below.

[154] In the above-described embodiments, PV modules 102 include a frame 112 having a

novel groove design for engaging with the tongue and/or key and shaft of different couplings.

However, those skilled in the art will recognize that generally female parts can be switched for

generally male parts and vice versa, therefore further embodiments of the present technology

may operate with PV modules 102 not having a groove 114. For example, Figs. 29 and 30 show

a wraparound leveling foot 204 where a coupling or bracket of the leveling foot 204 wraps

around the upper and lower surfaces of a pair of PV modules 202 (not having a groove 114)

adjacent along the y-axis. It is further understood that wraparound leveling foot 204 may be

used with a module 102 having groove 114 in further embodiments.

[155] Wraparound leveling foot 204 may include a base 206, and a coupling 208 attached to the



base 206 by double threaded stud 210. The base 206 and stud 210 may be identical to

embodiments of the base 134 and stud 140 described above with respect to leveling foot 104. In

other embodiments, stud 210 is eliminated and base 206 is an integral part of base 214. Foot

coupling 208 may include a hole 209 for receiving stud 210, and rotation of the stud 210, for

example by a tool within a tool receiving recess 212 in the stud 210, may raise and lower the

coupling 208 with respect to the foot.

[156] Coupling 208 includes a base 214 having a channel 216 and a threaded hole 218. Base

214 includes a first side 220 on a first side of channel 216 and a second side 222 on the opposite

side of channel 216. A horizontal portion of the base 214 on the first side 220 may have a

uniform vertical thickness, t . A horizontal portion of the base 214 on the second side 222 has a

first thickness, v, that is less than the thickness t , and a second thickness, t , which is the same as

the thickness t on the first side 220. A sloped surface 223 may be provided connecting the

section of side 222 with thickness v to the section of side 222 with the thickness t . The sloped

surface 223 peaks at a bearing portion 237, which bears against a module 202 once the module is

pivoted down to its final position.

[157] The coupling 208 further includes a top cap 224 and a top cap screw 226. The top cap

224 may seat within the channel 216, and a top cap screw 226 may fit down through the top cap,

and into threaded hole 218 in the base 214. As indicated above, a hole 209 is formed through the

coupling 208 (including through base 214 and top cap 224) for receiving double threaded stud

210. The hole 209 may be threaded through the base 214, but may be larger in the top cap 224

so that the stud 210 engages the base but not the top cap. Thus, rotation of the stud 210 will raise

and lower the base 214, and the top cap supported on the base, but will not independently act on

the top cap.



[158] Top cap 224 further includes a second hole 228, countersunk to receive top cap screw

226. Top cap 224 includes a cap section 230 and a shaft section 232. The shaft section 232 fits

snuggly within channel 216 and the screw 226 fits through hole 228 in cap 230 and shaft 232

into the tapped hole 218 in the base 214 to mount the top cap to the base. A retaining ring may

optionally be provided on top cap screw 226 beneath the shaft 232.

[159] In order to secure a pair of modules 202 to the leveling foot 204 and each other along the

y-axis, a first module 202a is inserted in the x-y reference plane between the top cap 224 and the

base 214 at the first side 220. The top cap 224 may be loosely affixed to the base 214 at this

point, or affixed to the base after module 202a is engaged with side 220 of the base. Once the

module 202a is positioned on base 214, top cap screw 226 may be tightened to firmly secure

module 202a to wraparound leveling foot 204 between the top cap 224 and the base 214 at the

first side 220. An underside of the cap section 230 of top cap 224 may include ridges 236 to

ensure a good grip of the top cap 224 against the module 202a when the top cap is tightened

down.

[160] Base 214 may include one or more electrical grounding teeth 238, for example in the

shape of an inverted v, for cutting through the anodized layer of the module 202a. When the top

cap 224 is tightened down against module 202a, the teeth 238 bite through the anodized layer to

engage the aluminum or metal layer of the module 202a to provide electrical grounding for the

module 202a. In further embodiments, the ridges formed in the underside of the capped section

230 may alternatively or additionally cut into and through the anodized layer to engage the

aluminum or other metal layer beneath the anodized layer to provide electrical grounding of the

module 202a.

[161] Once the first module 202a is affixed and the top cap 224 is in position, the second



module 202b may be inserted at an angle between capped section 230 and slope 223. The sloped

surface 223 may be provided at an angle as in the insertion angle described above with respect to

groove 114. The insertion angle of slope 223 allows the module 200b to be easily inserted at an

angle matching the insertion angle, and then pivoted down on pivot points into the x-y reference

plane to engage the module 202b between the base 214 and the top cap 224 (which is fixed in

place around the first module 202a).

[162] The distance between the outer edge of cap section 230 and slope 223 is at least as great

as the thickness of modules 202 in a direction perpendicular to the slope 223. Once inserted as

far as it will go at the insertion angle, the module 202b is pivoted downward to reside in the x-y

reference plane of the array, thereby creating a pivot-fit connection similar to that described

above. One skilled in the art will recognize that the pivot-fit connection of Fig. 30 still allows

for take-up of dimensional variations since module 202b is not significantly constrained in the y-

axis once it has been pivoted into position, yet it is substantially constrained in the z-axis by top

cap 224 and base 134. Portions of the second side 222, such as for example slope 223, may

include one or more electrical ground teeth 238 as described with respect to first side 220. Teeth

238 may still maintain reliable electrical contact even with small variations in module 202b

position along the y-axis. Wraparound leveling foot 204 allows PV modules having no groove to

be coupled and electrically grounded together and supported on a support surface. Moreover

having top cap 224 which screws down onto the modules allows the wraparound leveling foot

204 to be used with modules of different thicknesses. In further embodiments, the top cap screw

226 may be omitted and the top cap 224 may be integrally formed with, or otherwise

permanently affixed to, base 214. Such an embodiment may be used with modules 202 having a

single uniform thickness.



[163] Fig. 30A shows an alternative embodiment of a wraparound leveling foot 600.

Wraparound leveling foot 600 is similar to wraparound leveling foot 204, but wraparound

leveling foot 600 may be formed of a unitary construction without any movable components. In

particular, wraparound leveling foot 600 may include a bracket 602 including a horizontal base

portion 602a, and a vertical portion 602b. Base portion 602a may include an opening 604 for

mounting the leveling foot 600 to a support structure 103. In embodiments, the height of

wraparound leveling foot 600 is not adjustable, so that leveling foot 600 may be best suited to

connection to a straight surface such as a rail 256 described below, for example with respect to

Fig. 38. However, the leveling foot 600 may be connected to the support structure 103 by other

methods in further embodiments.

[164] The vertical portion 602b includes upper flanges 606 and 608 extending from opposite

sides of vertical portion 602b, and lower flanges 610 and 612 extending from opposite sides of

vertical portion 602b. The lower flanges may be angled upward from their connection point with

vertical portion 602b at some angle, for example the above-described insertion angle.

[165] As described above with respect to Fig. 29, a first PV module (not shown in Fig. 30A)

may be inserted at an angle between upper flange 606 and lower flange 610. The angle may be

the insertion angle of lower flange 610, and may for example be 15°, though it may be other

angles in further embodiments. Once inserted so that the PV module abuts against the vertical

portion 602b, the PV module may be pivoted down into the x-y reference plane until the module

bears against a bearing portion 616 in the upper flange 606 and a bearing portion 618 in the

lower flange 610. At this point, the PV module may be secured to the wraparound foot coupling

600 and constrained against movement in the vertical direction. It may still be adjusted in the

reference plane. A second PV module may be affixed to the wrap around foot coupling 600 on



the opposite side of the vertical portion 602 in the same manner. The wraparound module 600

may further include grounding teeth, such as the grounding teeth 238 described above with

respect to Fig. 29.

[166] Figs. 31 and 32 are perspective and side views of a wraparound interlock 240 according

to embodiments of the present technology. Wraparound interlock 240 is structurally and

operationally similar to wraparound leveling foot 204, and components in Figs. 29 through 32

having the same reference numbers have like functionality. One difference is that while

wraparound leveling foot 204 is provided to couple a single pair of modules adjacent to each

other in the y direction, wraparound interlock 240 is provided to couple two pair of modules

adjacent each other in the x and y directions. Accordingly, the base 214 of wraparound interlock

240 is similar to base 214 for wraparound leveling foot 204, but the base 214 of interlock 240 is

longer in order to span the corners of four modules adjacent in the x-direction and y-direction.

[167]A second difference may be that the base 206 and stud 210 of the wraparound leveling foot

204 may be omitted from the interlock 240. Thus, the wraparound interlock 240 in some

embodiments can couple together four corners of adjacent modules, but does not support those

modules on the support structure 103. In further embodiments, the wraparound leveling foot 204

and wraparound interlock 240 may be combined so that the base 206 and stud 210 of the

wraparound leveling foot may be added to the structure of wraparound interlock 240. The

resulting coupling would couple together the corners of four adjacent modules, and support those

modules at an adjustable height on the support surface.

[168] In accordance with the above, the wraparound interlock 240 shown in Figs. 31 and 32

may include a pair of top caps 224 provided within channel 216. Alternatively, wraparound

interlock 240 may include a single top caps 224 which spans the entire length of the base 214. In



such an embodiment, top cap 224 may have a single top cap screw 226 for tightening the top cap

down onto the four corners of adjacent PV modules, or a pair of top cap screws through a pair of

top cap screw holes for tightening the top cap 224 down onto the four corners of adjacent

modules. Once a first pair of modules 202a is inserted into the first side 220 of base 214, the top

cap or caps 224 may be tightened down. Thereafter, a pair of second modules may be inserted

into the second side 222 of base 214 at the insertion angle, and pivoted down to the final coupled

position (shown in Fig. 32) to create a pivot-fit connection similar to that described above. As

above, the screw-down top cap may be omitted in favor of an integrally formed top cap for

working with modules of a single, uniform thickness.

[169] Figs. 32A through 32C show a further embodiment of a wraparound coupling 400. The

coupling 400 of this embodiment may include a base plate 402 and a screw 404. While a single

screw 404 is shown in Fig. 32A, the wraparound coupling 400 may include a second screw for

engaging a second pair of modules as explained below. The screw 404 may have a head 406.

The wraparound coupling 400 may further include grounding teeth 412 on a first side of the base

plate 402, and grounding teeth 410 on a second side of the base plate 402.

[170] Fig. 32B shows a side view of the wraparound coupling 400 connecting together a pair of

modules 202a and 202b in the y-direction via the screw 404. A second screw 404 (not seen in

the side view of Fig. 32B) would similarly connect together a second pair of modules (not seen

in the side view of Fig. 32B) adjacent to modules 202a and 202b in the x-direction. In operation,

the first module 202a is brought against a first side of the wraparound coupling 400 and the

screw 404 is tightened down until the module 202a is held by head 406. Thereafter, a second

module 202b may be brought in, for example at the insertion angle shown in phantom in Fig.

32B, until contact with a stop 416 formed on the base plate 402. The second module 202b may



then be pivoted downward as explained above to couple the second module 202b to the

wraparound coupling 104. The grounding teeth 412 may engage metal within the first module

202a when the screw 404 is tightened down, and the grounding teeth 410 may engage metal

within the second module 202b when the module 202b is pivoted down to its final position.

[171] Fig. 32C shows an embodiment of a wraparound coupling 420. Coupling 420 is similar

to coupling 400 shown in Figs. 32A and 32B, but in Fig. 32C, the wraparound coupling 420 is

adapted to be supported on a support structure as in support structure 103 described above. For

this purpose, wraparound coupling 420 includes a base 422 for being supported on a support

structure as in support structure 103, and a stud 424, which may be any of the studs described

above for mounting a coupling on a base. The modules 202a and 202b may be affixed to

wraparound coupling 420 as described above with respect to wraparound coupling 400.

[172] Fig. 32D shows an alternative embodiment of a wraparound interlock 620. Wraparound

interlock 620 is similar to wraparound interlock 240 of Fig. 31, but wraparound interlock 620

may be formed of a unitary construction without any movable components. In particular,

wraparound interlock 620 may include a vertical portion 622, upper flanges 626 and 628

extending from opposite sides of vertical portion 622, and lower flanges 630 and 632 extending

from opposite sides of vertical portion 622. The lower flanges may be angled upward from their

connection point with vertical portion 622 at some angle, for example the above-described

insertion angle.

[173] As described above with respect to Fig. 31, the wraparound interlock 620 may be inserted

over a first PV module (not shown in Fig. 32D) at an angle with upper flange 626 and lower

flange 630 fitting over the upper and lower edges of the frame. The angle may be the insertion

angle of lower flange 630, and may for example be 15°, though it may be other angles in further



embodiments. Once inserted so that the PV module abuts against the vertical portion 622, the

interlock 620 may be pivoted down the PV module bears against a bearing portion 636 in the

upper flange 626 and a bearing portion 638 in the lower flange 630. At this point, the

wraparound interlock 620 may be secured to the PV module. A second PV module may be

affixed to the wraparound interlock 620 on the opposite side of the vertical portion 622. The

wraparound interlock 620 may further include ground teeth, such as the ground teeth 238

described above with respect to Fig. 31.

[174] Fig. 33 shows a perspective view of a PV array 200 assembled together using

wraparound leveling feet 204 and wraparound interlocks 240. As seen, wraparound leveling feet

204 located between adjacent modules 202 in the y-direction are used to couple those modules

together and support the array 200 on a support structure 103. Wraparound interlocks 240

located between adjacent modules in the x-direction and adjacent modules in the y-direction may

be used to couple together the corners of four adjacent modules. While the embodiment of Fig.

33 shows foot bases 206 on interlocks 240, other embodiments contemplate use of interlock 240

as shown in Fig. 31 instead. In an alternative embodiment, either the first side 220 or the second

side 222 may be omitted from wraparound interlock 240 so that it connects only adjacent

modules in the x-direction and not the y-direction. Given the above disclosure, those of skill will

appreciate that other couplings, such as an electrical ground coupling and an accessory coupling,

may be configured as wraparound couplings in further embodiments.

[175] To this point, the PV modules have been described as a laminate 110 within a frame 112.

However, it may happen that a solar array is comprised of PV laminates 110 without a frame

112. Figs. 34 through 36 show a further embodiment of a coupling for coupling together

laminates 110 having no frame. Laminates 110 are still sometimes referred to as PV modules



110 since they comprises electrical connections. Frameless interconnect 250 may be used to

couple together a pair of frameless laminates in the y-direction, a pair of laminates in the x-

direction, or at the corners of four laminates adjacent in both the x-direction and y-direction.

[176] Frameless interconnect 250 in general includes a coupling 252 affixed to a mounting

screw 254. The mounting screw 254 is in turn affixed within a rail 256 of a system of rails laid

down on the support structure 103. Coupling 252 may include a first side having a first groove

258 formed into the coupling along the side of the coupling and angled downward from the

exterior surface inward. The angle may for example be the insertion angle of 15°, but may vary

in further embodiments of the invention. Coupling 252 may similarly include a second, opposed

side having a second groove 262 configured as the mirror image of the first groove 258, i.e.,

along the side of the coupling and angled downward into the coupling at for example an angle of,

for example, 15°.

[177] The grooves 258 and 262 receive a bare laminate, and the grooves may include a pliant

lining 264 of, for example, rubber, to prevent fracturing of the laminate edges received within the

grooves. In order to mount a PV laminate within the first or second grooves 258, 262, the

laminate is inserted at an angle matching the insertion angle of the groove, and thereafter pivoted

downward to create a pivot-fit connection. The coupling 250 includes bearing portions 259,

which bear against a PV laminate 110 on first and second sides of the coupling once the laminate

is pivoted down to its final position.

[178] The coupling 252 may be affixed to support structure 103 via mounting screw 254 and

rails 256. The coupling 252 may be supported on mounting screw 254 in a number of ways. In a

first embodiment, coupling 252 may have threads engaging with threads of mounting screw 254

so that rotation of the mounting screw 254 relative to the coupling 252 results in movement of



the coupling up or down along the mounting screw. In a second embodiment (shown in Fig. 34),

once the screw 254 is mounted within the rail 256 as explained below, the space between a head

254a of mounting screw 254 and the rails 256 may be approximately equal to the height of the

coupling 252. In such an embodiment, the position of the coupling 252 is then fixed when the

screw 254 is mounted in the track. A further embodiment may be similar to that described above

and shown in Fig. 34, but a spring-biased mechanism may be positioned on the mounting screw.

The spring-biased mechanism may have a first end biased against a lower surface of coupling

252 and a second end biased against an upper surface of rail 256. Thus, the coupling 252 is

pressed upward against the head 254a and the portions of the mounting screw fitting within the

rail (explained below) are biased against an interior, upper surface of the rail.

[179] In some embodiments, the frameless interconnect 250 mounts within rails 256, which

may be affixed to the support surface along the x-axis and/or y-axis. The rails 256 may be

positioned at locations which correspond to the seams between adjacent PV laminates 110, but

need not correspond to both axes in some embodiments. As seen in Fig. 35, a rail 256 may have

a substantially C-shaped cross-section. The rail 256 may include opposed surfaces 260 and 262

and wider than a key slot 264 accessible through opposed surfaces 260 and 262.

[180] In one embodiment, mounting screw 254 may include a key 268 at its base having a

length greater than its width. When the width dimension of key 268 (visible in Fig. 34) is

aligned between opposing surfaces 260 and 262, the width dimension may fit between the

opposed surfaces 260, 262 to allow insertion of the mounting screw into the key slot 264.

Thereafter, the mounting screw may be rotated 90° so that the length dimension of key 268 locks

within key slot 264. The length dimension of key slot 264 is visible in the cross-sectional view

of Fig. 35. Those skilled in the art will appreciate a variety of other mechanisms for supporting



the coupling 252 on a support surface. In a further embodiment, a foot and double threaded stud,

as for example described above with respect to leveling foot 104, may be provided and coupling

252 mounted on the stud. In such an embodiment, rails 256 may be omitted.

[181] Fig. 36 shows a plan view of an array which can be formed using the frameless

interconnect 250. It shows a number of frameless interconnects, each connecting together four

adjacent PV laminates 110 at their corners. Fig. 36 further shows rails 256 oriented in the y-

direction. The rails 256 may be oriented in the x-direction in further embodiments. In further

embodiments, the frameless interconnect 250 may be halved along the y-axis so as to join only

two adjacent modules along the y-axis, or the frameless interconnect 250 may be halved along

the x-axis so as to join only two adjacent modules along the x-axis.

[182] The PV array described above for example with respect to Fig. 1 may lie in a flat x-y

reference plane on an inclined support structure 103, such as for example the roof of a residential

dwelling. It is understood that a PV array may also be provided on a flat surface, such as for

example a commercial roof or a ground-mounted array. Figs. 37 through 39 illustrate a tilt

interlock 280 which may be used for example to mount PV modules on a flat surface, where each

module is provided at an inclined angle with respect to the support surface and x-y reference

plane in order to optimize the angle of incidence of solar radiation. It is understood that the PV

array in the x-y reference plane of Fig. 1 may be mounted on a flat surface, and it is understood

that the PV array described with respect to Figs. 37 through 39 may be mounted on an inclined

surface.

[183] The tilt interlock 280 may be configured to operate with modules having an angled

groove 114 (as shown in Figs. 37 and 38) or modules not having an angled groove (as shown in

Fig. 39). Referring initially to Figs. 37 and 38, there is shown an interlock 280 including a first



upright 282 spaced from, and generally parallel to, a second upright 284. The first and second

uprights may be integrally formed with, or otherwise connected to, a base plate 286. First

upright 282 extends a greater distance away from the base plate 286 in the z-direction than the

second upright 284. The tilt interlock 280 may be formed for example of extruded or rolled

aluminum or some other metal such as rolled steel.

[184] The first upright 282 may include a pair of holes 288 for receiving a first set of couplings

290. The second upright 284 may include a pair of holes 292 for receiving a second set of

couplings 294. And the base plate 286 may include a mounting hole 296 for receiving a base

plate coupling 298. Base plate 286 may further include a pair of alignment tongues 300 stamped

from the base plate and extending downward to align the tilt interlock with a rail as explained

hereinafter. The length of the base plate between the first and second uprights may be selected to

prevent the first upright 282 from casting a shadow on the PV module mounted to the second

upright 284.

[185] A first pair of PV modules adjacent to each other in the x-direction (one of which visible

in Fig. 38) may be affixed to the first upright 282 via a first set of couplings 290. The opposite

end of the first pair of PV modules (not shown) is supported on a second upright 284 of the next

tilt interlock 280. Thus, the PV modules are mounted at an angle which is a function of the

difference in height of the first and second uprights 282, 284 and the length of the PV modules.

In some embodiments, this angle may vary between 1° and 30° and may for example be 10°

(note that this angle is independent of the insertion angle discussed above and hereinafter with

respect to a pivot-fit connection which may be related to a final plane of a PV array or a row of

PV modules). In some embodiments, the first pair of PV modules may form a right angle on the

first upright 282 when coupled thereto. As the PV modules are angled as discussed above, the



first upright 282 may also be angled with respect to vertical at the same angle that the PV

modules form with horizontal.

[186] As indicated, upright 282 includes a first set of couplings 290, which in some

embodiments, may each comprise an accessory coupling as described above with respect to Fig.

27. As described above, such couplings may be mounted through holes 288 with a key engaging

a groove 114 of the first pair of modules, and a flange braced against a surface of upright 282. In

some embodiments upright 282 further comprises ribs 170 as described above.

[187] A second pair of PV modules adjacent to each other in the x-direction (one of which

visible in Fig. 38) may be affixed to the second upright 284 via a second set of couplings 294.

The opposite end of the second pair of PV modules (not shown) is supported on a first upright

282 of the next tilt interlock 280, thus mounting the second pair of PV modules at the same angle

as the first pair of PV modules. The second upright 284 may also be tilted at the same tilt angle,

e.g. 10°, so that the finished coupling between the second upright 284 and second pair of

modules is at a right angle.

[188] The second upright 284 may include a pair of couplings 294 having a tongue such as for

example tongue 148 described above with respect to leveling foot 104. In order to mount the

second pair of PV modules 102b on the respective tongues of the second set of couplings 294,

the modules are inserted over the tongues at an angle equal to the tilt angle plus the insertion

angle. Where the tilt angle is 10° and the insertion angle is 15°, the PV modules 102b may be

inserted at an angle of 25° with respect to horizontal. Again, these angles are by way of example

only. At such an angle, the upper and lower sloped surfaces 122, 126 in the groove 114 of PV

modules 102b are parallel to and aligned with the tongues 148 of the respective couplings 294.

Once engaged over the tongues of the second couplings 294, the PV modules 102b may be



pivoted downward to the final tilt angle to provide the above-described pivot-fit connection of

the second pair of modules 102b with the tilt coupling 280. The tongues on couplings 294 may

comprise grounding teeth as described for tongues 148; other embodiments contemplate no

grounding teeth on the tongues of couplings 294.

[189] The tilt interlock 280 may be mounted to a variety of support surfaces by a variety of

fastening mechanisms. In the embodiment shown, the tilt interlock 280 is mounted to a support

structure 103 via rails 256 such as described above with respect to Fig. 35. In such an

embodiment, the base plate coupling 298 may include a key 302 which may be fit within a key

slot and then rotated to engage the key within the rail 256. A pair of alignment tongues 300 may

also fit down within the channel defined between opposed surfaces 260, 262 in the rail 256 to

align and maintain the tilt interlock 280 in the proper orientation with respect to rail 256.

[190] The rails 256 in any of the above described embodiments may be mounted directly to the

support surface, which may for example be a flat roof or a ground-mounted support system.

Alternatively, the rails may be supported on support blocks so as to be spaced from the support

surface. Those skilled in the art will appreciate a wide variety of other methods for mounting tilt

interlock 280 to a support surface. In one further embodiment, tilt interlock 280 may include a

foot and double threaded stud such as for example those described above with respect to leveling

foot 104. In such an embodiment, base plate 286 may include a threaded hole for receiving the

double threaded stud. In this instance, the base plate coupling 298 and rails 256 may be omitted.

In other embodiments, tilt interlock 280 is held down via ballast material and/or pans with ballast

material in them.

[191] Fig. 39 shows a wraparound tilt interlock 310, which may be structurally and

operationally similar to tilt interlock 280, except that it is designed for pivot-fit connections at



both ends of each PV module 102. Interlock 310 may be configured to operate with PV module

frames not including a groove 114 or with frameless laminates. Instead of the first and second

set of couplings 290, 294, the wraparound tilt interlock 310 may include a first set of gripping

arms 312 in the first upright 282 and a second set of gripping arms 314 in the second upright

284. At least the bottom arm of the first and second set of gripping arms 312, 314 may be angled

upward by the insertion angle as described above, which may for example be 15°. The insertion

angle here is with respect to the first and second uprights 282, 284, which as explained above are

provided at a tilt angle with respect to vertical such as for example 10°.

[192] In order to install a first pair of PV modules positioned side by side with each other along

the x-direction (one such module visible from the side view of Fig. 39) on upright 282, the

modules are brought in at an approach angle matching the insertion angle minus the tilt angle of

the first set of gripping arms 312. Where for example insertion angle is 15° and the tilt angle is

10°, this net angle will be 5° from horizontal. It is understood these angles are provided by way

of example only and may vary in further embodiments. Once the PV module(s) are inserted

between the first set of gripping arms 312, they may be pivoted downward to their final

orientation at the tilt angle to provide the pivot- fit connection. The first set of gripping arms 312

may include bearing portions 316, 319 which bear against the PV module(s) when rotated to

their final position to secure the PV modules between the gripping arms 312. In some

embodiments, these bearing portions may include cutting teeth to provide an electrical ground

connection between the modules in the first pair of modules. In some embodiments interlock 310

is pivoted into position onto module 102 when making the upper connection, whereas the

module 102 is dropped into the lower connection and pivoted down, thereby enabling a rapid

succession of such operations in the north-south direction.



[193] In order to install a second pair of PV modules positioned side by side with each other

along the x-direction (one such module visible from the side view of Fig. 39) on upright 284, the

modules are brought in at an approach angle matching the insertion angle plus the tilt angle of

the second set of gripping arms 314. Where for example insertion angle is 15° and the tilt angle

is 10°, this net angle will be 25° from horizontal. It is understood these angles are provided by

way of example only and may vary in further embodiments. Once the PV module(s) are inserted

between the second set of gripping arms 314, they may be rotated downward to their final

orientation at the tilt angle. The second set of gripping arms 314 may include bearing portions

318, 319 which bear against the PV module(s) when rotated to their final position to secure the

PV modules between the gripping arms 314. In some embodiments, these bearing portions may

include cutting teeth to provide an electrical ground connection between the modules in the first

pair of modules.

[194] Fig. 40 shows a plan view of an array of PV modules assembled together using either the

tilt interlock 280 or the wraparound tilt interlock 310. In some embodiments using a grooved

frame and tilt interlocks 280, a first row of the tilt interlocks may be mounted to rails 256, with

the tongues of the interlocks pointing inward toward the array. Thereafter, a pair of PV modules

102 may be dropped onto the tongues of a second set of couplings 294 in the first row of tilt

interlocks 280. The PV modules 102 may be pivoted downward to their final tilt position. At

that point, a second row of tilt interlocks 280 may then have the keys of the first set of couplings

290 inserted into the adjacent grooves in the PV module frame. The second row of tilt interlocks

may then be fastened to the rails 256. The process may then be repeated for the remaining PV

modules in the y-direction.

[195] As seen in Fig. 40 and described above, the tilt interlock 280 may be used to join the



corners of four PV modules adjacent along the x-axis and y-axis. In further embodiments, the tilt

interlock 280 may be halved along the y-axis so as to join only two adjacent modules along the

y-axis, or the tilt interlock 280 may be halved along the x-axis so as to join only two adjacent

modules along the x-axis.

[196] In some embodiments described above, certain couplings have been described as

coupling along either the y-axis or the x-axis. However, it is understood that in further

embodiments, any of the couplings may be used to couple along the y-axis and/or the x-axis.

Embodiments of these couplings include a tongue, key or bracket used in any of a leveling foot

104, interlock 106, wraparound leveling foot 204, wraparound interlock 240, frameless

interconnect 250, tilt interlock 280 and wrap around tilt interlock 310. Fig. 4 1 shows one such

example. In the embodiments described above, a tongue has been used for connections along the

y-axis. In the embodiment of Fig. 41, first and second tilt couplings 326 and 328 each include a

tongue 320 for connecting a PV module in the x-direction.

[197] In the embodiment of Fig. 41, the PV modules 102 are inclined at an angle in their final

positions, as described above with respect to Figs. 37 through 40. Thus, the first and second tilt

couplings 326 and 329 may be oriented along the y-direction, and the first tilt 326 coupling may

extend a shorter distance away from the support surface than the second tilt coupling 328. The

tilt couplings may be affixed to the support surface by any of the attachment systems described

above.

[198] In order to mount a next module 102 onto the tongues 320 of the first and second tilt

couplings 326 and 328, the module may be brought to the tilt couplings tilted about both the x-

axis and y-axis. That is, as explained above, in order to seat over tongues 320, a PV module is

angled at the insertion angle, which may for example be 15°. As the tongues 320 with which the



PV module are to couple lie along the y-axis, the module 102 may be angled at 15° about the y-

axis so that the sloped surfaces 122, 126 of the groove 114 of module 102 align over the tongues

320 in the first and second tilt couplings.

[199] If the modules 102 lay flat (i.e., in the x-y reference plane), this would be the only angle

applied to PV module 102 to couple it to the tongues 320 of the couplings 326, 328. However, in

this embodiment, there is also a tilt angle applied to the modules (the first tilt coupling 326 is

shorter than the second tilt coupling 328). Thus, the module must also be tilted at the tilt angle to

mate with the tongues 320. The tilt angle is about the x-axis and may for example be 10°. Thus,

with these angles in this example, the module may be angled 15° about the y-axis and 10° about

the x-axis in order to properly orient the module for mating over the tongues 320. After mating

on the tongues 320, the module 102 may then be tilted down around the y-axis to a zero degree

angle with respect to the y-axis to provide the module in the final, coupled position, tilted about

the x-axis at the tilt angle.

[200] In some embodiments described above, opposite facing portions of a coupling include

either a tongue or a key, but not both. In further embodiments of the present technology, a single

coupling may include a pair of keys or a pair of tongues. Such an embodiment is shown for

example in Fig. 42. In the embodiment of Fig. 42, a double-key coupling 322 is shown having a

flange 324. A first key 327 and shaft 329 extend from a first side of flange 324, and a second

key 330 and shaft 332 extend from a second side of flange 324. Each of keys 327 and 330 may

be as described above, for example with respect to key 178.

[201] Fig. 43 shows one example for installing an array 100 using the double-key coupling 322,

which is shown here further comprising an extension 336 to flange 324. Once a pair of modules

102 are provided adjacent each other, either in the x-direction or the y-direction, the double-key



coupling 322 may be slid in between the modules so that the keys 327, 330 seat within the

grooves 114 of respective adjacent modules 102. The keys may be slid in between the modules

102 and into the grooves 114 of the respective modules while in the horizontal insertion position.

Thereafter, extension 336 may be used to help rotate the coupling 322 such that the keys 327,

330 rotate to the vertical position and engage in their respective grooves 114, coupling the

modules 102 together.

[202] In a further embodiment, instead of sliding the double-key coupling 322 into adjacent

modules 102, the coupling 322 may be positioned with a first key 327 within the groove 114 of a

first module 102. Thereafter, a second module may be moved into position to insert the second

key 330 into the groove 114 of the second module. Extension 336 may then be used to engage

the keys in the vertical position as described above. A coupling having a pair of oppositely

facing tongues may also be provided.

[203] Figs. 44-48 show a further support coupling in the form of a front tilt foot 440 (Figs. 44

and 45) and a rear tilt foot 450 (Fig. 46). The front tilt foot 440 and rear tilt foot 450 may be

identical to each other with the exception that a bracket 442 used in both feet 440, 450 may have

an upwardly extending portion 442a that is longer in the rear tilt foot 450 than in the front tilt

foot 440. The bracket 442 may for example be formed of 1/8 inch sheet steel, bent to form the

upwardly extending portion 442a and a horizontal portion 442b. The bracket 442 may be formed

of different materials and to different thicknesses in further embodiments.

[204] The upwardly extending portion 442a on both feet 440 and 450 may include an opening

for receiving a coupling 444 having a tongue 446 and a key 448 extending from opposite sides of

a flange 452. The tongue 446 may be of the same type and construction as tongue 148 described

above, and key 448 may be of the same type and construction as key 150 described above. The



flange 452 as shown has a hexagonal shape that matches the shape of the opening in the

upwardly extending portion 442a of feet 440, 450. The flange 452 may for example be swaged

into the opening to provide a tight and permanent fit of the coupling 444 to the bracket 442. The

flange 452 and opening may have other, corresponding shapes in further embodiments.

[205] As shown in Figs. 47 and 48, the front and rear tilt feet 440, 450 may be adapted to be

connected to PV modules 102 together side-by-side along the x-axis. As also seen in those

figures, the PV modules may be tilted relative to the support structure 103, for example at 10°, as

explained above for example with reference to Figs. 37-40. As the couplings enter between

modules along the x-axis, and as the modules are tilted about the x-axis, the couplings 444 may

similarly be tilted about an axial center of the coupling 444. This feature is shown for example

in Fig. 45, which shows the coupling tilted for use in the embodiment of Fig. 47 an angle of 10°.

The tilt angle of the coupling 444 may be provided to match the tilt angle of the PV module 102.

[206] The tilt in the PV module 102 may be provided by the different lengths of the upwardly

extending portions 442a of the front and rear feet 440, 450, as seen for example in Figs. 47 and

48. In order to insert the feet 440, 450, they may be oriented generally parallel to the groove 114

in the frame 112 so that the key 448 is oriented in the insertion position as described above, for

example with respect to Fig. 2 1. This initial insertion position is shown in dashed lines for feet

440 and 450 in Fig. 47. Thereafter, the feet may be rotated 90° to engage the key 448 within the

groove 114 as described above, for example with respect to Figs. 22 and 23. Once a pair of front

and rear feet 440, 450 are locked onto a first PV module, another PV module adjacent in the x-

direction may be dropped onto the tongues 446 of the front and rear feet as described above, for

example with respect to Fig. 4 1.

[207] In order to remove a foot 440 or 450, the foot may be rotated 90° back to the initial



insertion position shown in dashed lines in Fig. 47, and pulled outward from the groove 114.

Where modules are mounted adjacent to each other along the x-direction as shown in Fig. 48, it

may not be possible to pull a foot straight outward from the groove 114. In such instances, in

order to remove a foot 440, 450, the foot may be rotated back toward the initial insertion

position. The horizontal portion 442b may contact the next adjacent module as the foot is rotated

back toward the initial insertion position so that the foot is not able to rotate back 90° to the

initial insertion position. However, the foot may be rotated sufficiently to free the key 448 from

the groove, and allow the foot 440 and/or 450 to then be slid out of the end of the groove 114

(along y-axis).

[208] In the embodiments including PV modules lying flat and parallel to each other (such as

for example shown in Fig. 1), a single reference plane may be defined for the entire array 100.

However, where the array 100 includes a tilted array (such as for example shown in Fig. 48),

each PV module 102, or row of PV modules 102 along the x-axis, may have its own reference

plane. In tilted row embodiments, the reference plane may be parallel to the surface of the tilted

PV arrays in a given row, and may be located at or above an upper surfaces of the PV laminates

110 in that row, or at or below the lower surfaces of the PV laminates 110 in that row.

[209] In the embodiments described above, the various support couplings were supported on

the support structure 103 either by fasteners into the support structure 103 or on rails, such as

rails 256 in Fig. 38. In a further embodiment, a leveling foot or other support coupling according

to any of the above-described embodiments may alternatively include a ballast tray and ballast.

One example of this is shown in Fig. 48. In this embodiment, the horizontal portion 442b of

bracket 442 acts as a ballast tray for supporting ballast 458. Ballast 458 may be any of a variety

of relatively heavy objects, such as a paver, brick, concrete, sand bag, metal block, etc. In the



embodiment shown, ballast 458 is a block extending between and onto a pair of adjacent front

and rear feet 440, 450 (as shown for example by ballast 458a in Fig. 48), though the ballast may

be supported on a single foot or across more than two feet in further embodiments. The

horizontal portion 442b may include an upwardly extending tab 454 for preventing the ballast

458 from sliding off of the horizontal portion 442b. The embodiments of Figs. 47 and 48 may

alternatively be bolted to the support surface 103, either directly or to rails such as rails 256

described above.

[210] Figs. 49 and 50 show side and perspective views of a mid-support coupling 460 which

may be used to support a pair of tilted PV modules along the y-axis, and may engage the pair of

adjacent PV modules with couplings as described for example with respect to any of the

embodiments of Figs. 37-40. In the embodiment shown in Figs. 49 and 50, the support coupling

460 may be situated along an x-axis side of a PV module 102, in between the ends of the module

as shown, and an interlock 106 may be used to join a pair of modules 102 together along the x-

axis.

[21 1] As described above with respect to Figs. 37-40, the mid-support coupling 460 may

include a first upwardly extending support 466 for supporting an end of a first PV module at a

first height above the support structure 103, and a second upwardly extending support 468 for

supporting an end of a second PV module at a second height above the support structure 103.

The differing heights of supports 466 and 468 provide the tilt of the PV modules 102 with

respect to the support structure 103.

[212] In the embodiment shown, a central portion 462 between the upwardly extending

supports 466 and 468 provides a ballast tray for supporting ballast 464 as described above. The

mid-support coupling 460 may alternatively be mounted to the support surface 103 directly, or



mounted to a rail, such as rail 256 of Fig. 38, extending in the y-direction.

[213] Figs. 51 and 52 show perspective and side views of a double-tongue leveling foot 470.

The foot 470 includes a base 472 which, in embodiments, may be larger and/or bulkier than the

foot 134 described above, for example with respect to Fig. 8. A double-tongue coupling 474

may be affixed to the base 472 via a screw 484. In embodiments, screw 484 may have threads

only along a top portion of the screw (the portion of the screw engaged by coupling 474). The

bottom portion of the screw 484 may have no threads, but may be fixed to the base 472 via a pair

of pins 486. The pins may for example engage within notches (not shown) in a portion of the

screw 484 within base 472 to allow rotation but not translation of the screw 484 relative to the

base 472. Rotation of the screw 484 while preventing rotation of the double-tongue coupling

474 translates the coupling 474 along the screw 484 to a desired height above base 472.

[214] The double-tongue coupling 474 may include a pair of tongues 476 and 478. The

tongues 476 and 478 are oppositely facing to each other for engaging within grooves 114 of PV

modules 102 adjacent to each other in the y-direction and/or x-direction. The tongues have a

thickness along the z-direction as described above for engaging within a groove at the insertion

angle and thereafter rotated down to final engagement angle within a groove 114. The tongues

476 and 478 are shown with a width which may be wider than for example tongue 148 described

above, though the width need not be greater in further embodiments. A pair of stops 480 are

shown on the coupling 474 to provide a hard stop as each tongue 476, 478 is inserted into its

respective groove 114. In general, the double-tongue coupling 474 may provide a higher

strength than leveling foot 104 and a simpler no-tool installation method.

[215] Fig. 52A shows a perspective view of a double-tongue coupling 471 which is similar to

the double-tongue coupling 470 of Figs. 5 1 and 52 with the exception that the double-tongue



coupling 471 in Fig. 52A is integrally formed with, or otherwise fixedly mounted to, a bracket

488. The bracket 488 includes a base 488a and an upwardly extending portion 488b. The

double-tongue coupling 474 may be formed on top of the upwardly extending portion 488b. The

coupling 474 in Fig. 52A may be structurally and operationally as described above in Figs. 51

and 52. In embodiments, the height of double-tongue coupling 471 in Fig. 52A is not adjustable,

so that double-tongue coupling 471 may be best suited to connection to a straight surface such as

a rail 256 described above. However, it is understood that double-tongue coupling 471 may be

fastened directly to a support structure such as a roof via a fastener or ballast in further

embodiments.

[216] Figs. 53 and 54 show perspective views of a stamped interlock 490. Figs. 53 and 54 are

identical to each other with the exception that Fig. 54 shows the interlock 490 with a pair of

interlock couplings 164, where the couplings 164 are omitted from Fig. 53. Interlock couplings

164 may be structurally and operationally identical to the interlock couplings 164 described

above, for example with respect to Figs. 15-24. The stamped interlock 490 may further include

an interlock plate 491, formed for example of a single piece of 1/8 inch sheet steel. Interlock

plate 491 may be formed of other material and to other thicknesses in further embodiments. The

interlock plate 491 may be stamped to produce a number of tabs 492 bent out of the plane of

interlock plate 491. The tabs 492 are operationally analogous to the ribs 170 described above

with respect to Figs. 15-23. In particular, the tabs 492 fit within a groove 114 at an insertion

angle, and then may engage top and bottom bearing portions 124, 128 of the groove 114 as the

plate 491 pivots downward upon the keys 178 being rotated from their insertion position to their

locked position within the key slot 130 within groove 114.

[217] Interlock plate 491 may be stamped in such a way so as to define leaf springs 494 and



496 as shown within a interior open portion of the plate 491 . These leaf springs 494, 496 may

elastically deflect downward from the perspective of Fig. 53 to allow insertion and fastening of

the couplings 164 to the plate 491. The plate 491 may further include a lip 172 as described

above for example with respect to Fig. 15. In any of the above described embodiments of the

interlock 106 and/or stamped interlock 490, the lip 172 may be omitted. Alternatively, for any

such embodiments, a second lip (not shown) may be provided on a top portion of the interlock

plate 162/491 so as to be positioned over a top edge of the frame 112 upon affixation of the

interlock.

[218] Figs. 55 and 56 show perspective and side views of a hybrid, press-fit coupling 500

including a support plate 502 and a press-fit leg 506. The coupling 500 may be used to mount

PV modules in the reference plane parallel to the support structure, or may be used to mount PV

modules tilted at an angle. Where tilted at an angle as in Figs. 55 and 56, the base 502 includes a

low side 508 with a pair of couplings 294 such as described above with respect to Fig. 37. One

coupling 294 is visible in Fig. 53, while the other coupling 294 has its tongue 148 engaged

within the groove 114 of PV module 102 and is hidden from view.

[219] The base 502 further includes a high side defined by leg 506 which snaps onto base 502.

In particular, the leg 506 includes a notch 516 capable of snapping over a protrusion 510 formed

in a portion of the base 502 in a press-fit relationship. The leg 506 shown in Figs. 55 and 56 may

be a plastic component including structural ribs 514 for adding rigidity to the leg 506. Leg 506

may be formed of other materials such as aluminum or steel in further embodiments, and ribs

514 may be omitted.

[220] An upper portion of leg 506 includes a double ended coupling 518 for engaging a pair of

PV modules 102 adjacent to each other in the x-direction in the embodiment shown. The double



ended coupling 518 may include a pair of keys extending in opposite directions for engaging

within respective grooves 114 of the adjacent modules 102. Such a coupling is shown above as

double-key coupling 422 in Fig. 42. Alternatively, the coupling 518 may have a pair of tongues

for engaging within respective grooves 114 of the adjacent modules 102. Such a coupling is

shown above as double-tongue coupling 470 in Figs. 51 and 52. The coupling 518 may further

include one key and one tongue extending in opposite directions from each other off of the

coupling 518 to engage within respective grooves 114 of adjacent PV modules.

[221] The leg 506 also includes a handle 512 for easy insertion of the coupling 518 and

removal of the coupling 518. In order to insert the leg 506, the double-ended coupling 518 is

inserted in between adjacent modules 102 and rotated 90° downward until the notch 516 press-

fits over the protrusion 510 and the opposite ends of the double ended coupling 518 engage

within the respective grooves 102 of adjacent PV modules.

[222] The base 502 may be supported on the support structure 103 by fasteners through the

base and into the support structure 103, by being mounted to rails such as rails 256, or by serving

as a ballast tray and having ballast provided thereon.

[223] Figs. 57 and 58 show front and rear perspective views of a modular coupling 520. The

modular coupling 520 may include a plate 522 formed for example of 1/8 inch sheet steel,

though it may be other materials and thicknesses in further embodiments. The plate 522 may be

bent into right angle sections 522a and 522b. Section 522a may formed to include a central

opening for receiving an accessory coupling 174, for example as described above with respect to

Figs. 27 and 28. The section 522a is further formed with two pair of opposed tabs 526 bent out

of the plane of section 522a. The tabs 526 serve dual functions as explained below. The section

522b may be bent at a right angle with respect to section 522a, and may include a hole 528



allowing components to be bolted to the modular coupling 520 as explained below.

[224] Fig. 59 is a perspective view of a PV module 102 having a pair of modular couplings 520

affixed thereto. In embodiments, the section 522a has a square shape with a length and width

approximately equal to a height of a frame 112. The modular coupling 520 may be affixed to the

frame 112 in one of four orientations: a first where the section 522b is oriented perpendicular to

the reference plane of module 102 and to the right of the modular coupling (coupling 520a in

Fig. 59); a second where the section 522b is oriented perpendicular to the reference plane of

module 102 and to the left of the modular coupling; a third where the section 522b is oriented

parallel to the reference plane of module 102 and at the bottom of the modular coupling

(coupling 520b in Fig. 59); and a fourth where the section 522b is oriented parallel to the

reference plane of module 102 and at the top of the modular coupling.

[225] In the first and second orientations, a first pair of opposed tabs 526 are received within

groove 114, and the second pair of opposed tabs 526 are positioned over the upper and lower

edges of frame 112. In the third and fourth orientations, the second pair of opposed tabs 526 are

received within groove 114, and the first pair of opposed tabs 526 are positioned over the upper

and lower edges of frame 112.

[226] As described above, the accessory coupling 174 includes a key 178. In order to affix the

modular coupling 520a in Fig. 59, the key 178 is positioned for insertion within the groove 114

at the insertion angle while the section 522b is perpendicular to the reference plane. Thereafter,

the key 178 is rotated as explained above to engage the modular coupling 520a with the frame

112. In order to affix the modular coupling 520b in Fig. 59, the key 178 is positioned for

insertion within the groove 114 at the insertion angle while the section 522b is parallel to the

reference plane. Thereafter, the key 178 is rotated as explained above to engage the modular



coupling 520b with the frame 112.

[227] The tabs 526 are structurally and operationally similar to tabs 492 described above with

respect to Figs. 53 and 54. In particular, the tabs 526 which fit within the groove 114 are

inserted at the insertion angle, and then they may engage top and bottom bearing portions 124,

128 of the groove 114 as the modular coupling 520 pivots downward upon the key 178 being

rotated from its insertion position to its locked position within the key slot 130 within groove

114.

[228] Once the modular coupling 170 is affixed to the frame 112, various components may be

affixed to the section 522b via a bolt in hole 528. For example, Fig. 59 shows a component 530

affixed to the modular coupling 520a via a bolt 532. Other connections may be made to the

modular coupling in any orientation, such as for example for connecting a module 102 to various

types of surfaces as well as connecting a tilt-up leg or ground-mount rack.

[229] Figs. 60 and 6 1 show perspective and side views of a foot bracket 540 which connects to

a PV module 102 with a pivot action similar to interlock 106 described above. The foot bracket

540 includes a base 542 with a hole 546 for receiving a fastener (not shown) for affixing the foot

bracket 540 to a support structure 103. In embodiments, the height of foot bracket 540 is not

adjustable, so that foot bracket 540 may be best suited to connection to a straight surface such as

a rail 256 described above. However, it is understood that foot bracket 540 may be fastened

directly to a support structure such as a roof via a fastener or ballast in further embodiments.

[230] The foot bracket 540 further includes an upright section 544 including ribs 170 and an

interlock coupling 164 which are structurally and operationally the same as described above with

respect to Figs. 15-23. The coupling 164 includes a key 178 (Fig. 61). The key is positioned

parallel to the ribs 170, and the key and ribs are inserted into the groove 114 at the insertion



angle. Thereafter, the key 178 is rotated to pivot the foot bracket 540 down to engage the ribs

170 and key 178 within the groove 114, completing the fastening of foot bracket 540 to the

frame 112 of module 102.

[23 1] In the embodiments described above, the coupling engaging within the groove 114 often

engaged the upper bearing portion 124 and the lower bearing portion 128. The coupling may

engage other surfaces within the groove 114 in further embodiments. Fig. 62 is a side view of

one such embodiment showing a key slot-engaging coupling 550. The coupling 550 may be

formed of 1/8 inch sheet steel, though it may be formed of other materials and other thicknesses,

and need not be formed of a sheet of such material, in further embodiments. The coupling 550

includes a base 552 supported on the support structure 103. The base 552 is shown folded into

two layers in Fig. 62, though it may be a single layer or more than two layers of folded material

in further embodiments. A first upwardly extending portion 554 extends from base 552. The

length of first upwardly extending portion 554 determines the height of the connected PV

modules above the support structure 103.

[232] The coupling 550 may for example be two inches wide (into the page of Fig. 62), though

it may be wider or narrower than that in further embodiments. At a top of first upwardly

extending portion 554, the coupling may split along its width dimension, with a first horizontal

section 556 extending in the direction of the first PV module 102a, and a second horizontal

section 558 extending in the direction of the first PV module 102b. Section 556 has a second

upwardly extending portion 560, and section 558 has a third upwardly extending portion 562. In

embodiments, the second and third portions 560 and 562 may be same length, to provide a PV

array parallel to the support structure 103. In further embodiments, one of the second and third

portions 560 and 562 may be longer than the other, to provide PV modules which are tilted, as



shown for example in Fig. 48.

[233] In order to assemble PV module 102a onto the coupling 550, the PV module 102a may be

inserted over the second upwardly extending portion 560 at an insertion angle as described above

until a top of the second upwardly extending portion 560 engages within the key slot 130 of the

frame 112 of the PV module 102a. Once the second upwardly extending portion 560 is engaged

within the key slot, the PV module 102a may be rotated downward until the lower bearing

portion 128 of frame 112 engages the first horizontal section 556 of the coupling 550. At this

point, the PV module 102a is secured on the coupling 550.

[234] In order to assemble PV module 102b onto the coupling 550, the PV module 102b may

be inserted over the third upwardly extending portion 562 at an insertion angle as described

above until a top of the third upwardly extending portion 562 engages within the key slot 130 of

the frame 112 of the PV module 102b. Once the third upwardly extending portion 562 is

engaged within the key slot, the PV module 102b may be rotated downward until the lower

bearing portion 128 of frame 112 engages the second horizontal section 558 of the coupling 550.

At this point, the PV module 102b is secured on the coupling 550, adjacent the first PV module

102a. Other configurations are contemplated where a coupling engages bearing portions other

than bearing portions 124 and/or 128 in further embodiments.

[235] Terms

[236] While various terms may have their ordinary meaning or particular meaning in the art, for

ease of understanding there is provided herein, both below and at other locations in this

specification, a non-limiting explanation as to the minimum scope intended for understanding of

the present specification. Terms may be in singular or plural or any tense while retaining the

same general meaning.



[237] Couple refers to joining, linking, connecting or mating two or more objects or items

together. For example, two skirts may be coupled together, as exemplified at Point C in Figure

68, and its descriptions.

[238] Coupling refers to an object, item, apparatus, combination, feature, link or the like that

joins or connects two things together. For example, two skirts may be coupled together by a

coupling device, as exemplified at interlock 791 in Figure 63, and its descriptions.

[239] Height adjustably refers to change or adapt to bring items or components into a proper,

desired or preferred relationship of a distance or elevation above a recognized level, such as the

ground or a support surface. . Some height adjustable devices are exemplified at Area H in

Figure 75 and at Area Q in Figure 69, and its descriptions.

[240] PV array refers to s plurality of photovoltaic modules connected together often in a

pattern of rows and columns with module sides placed close to or touching other modules. An

example PV array is exemplified at Area A in Figure 68, and its descriptions.

[241] PV module refers to a photovoltaic module (sometimes referred to as a solar panel or

photovoltaic panel) is a packaged interconnected assembly of solar cells, also known as

photovoltaic cells, frequently, but not always, laminated with glass and other materials and

sometimes surrounded by a frame. A plurality of PV modules are commonly used to form a

larger photovoltaic system referred to as a PV array, to provide electricity for commercial,

industrial and residential applications. An example PV module is exemplified at module 102 in

Figure 68, and its descriptions.

[242] Support surface refers to a structure, such as a roof, table or the ground which may

provide a base for securing PV modules to form a PV array. Some support surfaces are

exemplified at Area S in Figure 75, and its descriptions.



[243] Vertical height adjustment refers to change or adapt to bring items or components into

a proper, desired or preferred relationship of a distance or elevation above a recognized level,

such as the ground or a support surface. . Some vertical height adjustment devices are

exemplified at Area H in Figure 75 and at Area A in Figure 68, and its descriptions.

[244] Further embodiments contemplate a combined leveling foot and interlock, as discussed

above in reference to Fig. 25, yet incorporating more features as shown for Interlock 106. Figs.

63-69 show one example of a combined leveling foot and interlock or hybrid interlock 791 of

this type. As noted above, additional ribs 170 may also be shown on the tongue side of interlock

plate 162 for increasing the structural properties. This embodiment comprises a tongue-side rib

770 and further adds a slidable upper rib 772. Slidable upper rib 772 may comprise a first

position, or engaged position (as shown in Fig. 64), and a second position, or disengaged

position (as shown in Fig. 65). Rib 772 may typically be set at the engaged position before,

during, and after installation. While in the engaged position, an upper surface of slidable rib 772

is positioned at a substantially similar position to upper surface of upper rib 170 of Fig. 17. In the

disengaged position slidable rib 772 is positioned such that it is substantially disengaged from

PV module 102 by virtue of being substantially in the gap between adjacent PV modules 102.

Thus, slidable upper rib 772 may be capable of sliding back and forth substantially horizontally

in order to engage or disengage with groove 114 of PV module 102.

[245] One skilled in the art will recognize that this ability to engage or disengage with groove

114 may simplify the process of removing a module 102 from a formed PV array 100. For

example, the addition of tongue-side ribs to interlock 791 may prevent easy rotation from zero to

15° of interlock 791 if interlock 791 is already installed in array 100. As discussed above, an

angle of approximately 15° may be required for interlock 791 to freely slide in groove 114 due to



the pivot-fit action as described above. Therefore a simple method via sliding a rib out of

engagement with groove 114 may allow rotation of interlock 791 from 0° to 15°, and then a

sliding removal of entire interlock 791 (in a direction parallel with the long dimension of grove

114) so that module 102 may be removed from array 100.

[246] Slidable upper rib 772 may further comprise a spring clip 774 as shown in the exploded

perspective view of Fig. 63. Spring clip 774 may reside (in the fully assembled state) beneath

slidable rib 772 and it may serve to retain slidable rib 772 via a tab 776 that must be depressed in

order to slide rib 772 from the engaged position to the disengaged position. Spring clip 774,

which may be made from spring steel or similar spring stock, and slidable rib 772 may be pre-

assembled prior to deployment on a roof. Slidable rib may be manufactured with a suitable metal

or plastic.

[247] As shown in Fig. 63 hybrid interlock 791 may comprise or include a series of hash marks

757 to aid in alignment. Hash marks 757 may reduce the need for separate measuring tools while

installing array 100.

[248] Hybrid interlock 791 may comprise 1-4 threaded holes 780 for receiving a stud such as

foot stud 484 and associated foot base 472 as shown in Fig. 69. Fig. 67 shows how interlock 791

may be engaged with two PV modules via keys 178 of couplings 164 as discussed above.

Interlock 791 may also receive PV modules via a pivot-fit installation method as discussed

above. These figures also reveals how, when upper rib is in the engaged position, tongues 176

on couplings 164 may be substantially lined up with rib 770 and upper rib 772 such that tongues

176, rib 770, and upper rib 772 function in a similar way to ribs 170 and tongues 176 during the

pivot- fit connection of a PV module 102 as described above.

[249] One skilled in the art will note that hybrid interlock 791 may also provide a simple way



to resolve conflicts that may occur during installation between interlocks 106 and leveling feet

104, 470. For example, as discussed above one may variably position leveling foot 104, 470

along groove 114 in order to line up leveling foot 104, 470 with a roof rafter or other structural

member. However, the rafter could happen to fall directly beneath the location required for

interlock 106 (since it is installed near the corners of modules 102). This conflict may, however,

be easily resolved by removing coupling 138, 474 and threading stud 140, 484 into threaded hole

780. Thus, leveling foot 104, 470 may now be secured to a rafter that is positioned beneath

interlock 106 by using the combination of leveling foot 104 or 470 along with hybrid interlock

791.

[250] Other embodiments contemplate a hybrid interlock with a movable tongue-side upper rib

that moves substantially vertically as opposed to substantially horizontally like interlock 791

above. Fig. 70 shows a hybrid interlock 891. Hybrid interlock 891 is substantially similar to

hybrid interlock 791 except that slidable rib 772 is replaced by vertically movable rib 872 and

spring clip 774 is replaced by screw 873. Rib 872 may be moved into and out of engagement

with groove 114 via rotation of screw 873, thereby providing similar benefits as discussed above

for hybrid interlock 791. The arrow in Fig. 7 1 shows the direction of movement of rib 872 when

screw 873 is turned.

[251] Still other embodiments contemplate a hybrid interlock 991 such as is illustrated in Fig.

72 that comprises two couplings 974, a joining bar 908, and two set screws 909. Each coupling

974 may be secured to opposite ends of joiner bar 908 with a set screw 909. As is shown in FIGs.

73 and 74, hybrid interlock 991 may be used to connect substantially coplanar PV modules 102

and substantially collinear array skirts 910 (see below). Other components comprising a groove

similar to groove 114 may also be connected with hybrid interlock 991 .



[252] Couplings 974 may be substantially similar to couplings 474 except that a portion may be

hollow, thereby enabling insertion of protrusion 920 (which protrudes from joiner bar 908) into

hollow portion of coupling 974, and tongue 978 has a slightly different shape that tongue 478.

Specifically, tongue 978 may comprise a curved portion 970 instead of a straight chamfer as

shown in Figs. 51 and 52 for coupling 474. Curved portion 970 may further provide an upward

portion of curve 971 that may enable coupling 974 to be at least partially held in a "home"

position once it has been pivoted into groove 114. One of skill in the art will recognize that

coupling 974 may also be used to replace couplings 474 on leveling foot 470 and other devices

that connect to groove 114.

[253] PV array 100 may comprise an array skirt 910 to provide screening for aesthetics and to

reduce problems associated with animals, debris buildup, and spreading flames in a building fire.

Array skirt 910 may be located along a perimeter of array 100 and may be connected to adjacent

array skirts 910 via interlocks and hybrid interlocks. In some embodiments array skirt 910 may

be connected to both a second array skirt 910 and a PV module 102 via an interlock or hybrid

interlock. Figs 74 and 75 provide examples of array skirt 910 being connected to adjacent skirt

910 and module 102.

[254] Threaded holes 990 function the same as threaded holes 780 discussed above. Since

tongues 976 provide a similar function to tongue-side ribs 770, 772 discussed above, the removal

of hybrid interlock from between two installed PV modules may also require disengagement of

the tongue-side in order to slide hybrid interlock 991 . Instead of sliding a moving a rib as

discussed above, hybrid interlock 991 allows rotation of coupling 974 relative to joiner bar 908.

Loosening of set screws 909 allows twisting of joiner bar 908 and then sliding of joiner bar in a

direction parallel with the long dimension of groove 114, effectively disengaging joiner bar 908



from coupling 974. As above, this technique allows reduction of time required to remove

modules 102 for repair.

[255] Fig. 76 shows hybrid interlock 991 connected to the stud 484 and base 472 of leveling

foot 470. One skilled in the art will recognize that stud 484 may be threaded into any one of the

holes 980 depending on exactly where the rafter or structural member is located. Base 472 may

also be rotated around the axis of stud 484 for alignment purposes.

[256] Other embodiments are similar to hybrid interlock 991 except that the double tongue

features of two separate couplings 974 may be combined into a single double tongue mechanism

that runs substantially the length of hybrid interlock 1091. In such embodiments the tongue-side

disengaging function described above may be provided by a wedge, cam, or single, double, or

triple start threaded member that rotates to expand and contract portions or all of double tongue

mechanism. For example, some embodiments contemplate a double tongue mechanism split

lengthwise with cams or threaded members between the two halves for expanding and

contracting the tongues into and out of engagement with groove 114. Other embodiments

contemplate four pieces that are separately expandable. Full engagement results from expansion

and disengagement results from contracting the double tongue mechanism.

[257] Still other embodiments comprise lower cost ways to add threads to hybrid interlock. As

discussed above hybrid interlock 791 may comprise threads 780 for engaging with a mounting

foot stud 484. In some embodiments threads 780 are formed by casting and/or tapping operations

whereas in others a nut may be inserted into a slot or channel in hybrid interlock 791 .

[258] Still other embodiments combine features as set forth above in hybrid interlocks 791,

891, and 991 with wrap-around interlocks as described herein.



[259] While a number of exemplary aspects and embodiments have been discussed above,

those of skill in the art will recognize certain modifications, permutations, additions and sub

combinations thereof. It is therefore intended that the following appended claims and claims

hereafter introduced be interpreted to include all such modifications, permutations, additions, and

sub-combinations as are within their true spirit and scope.



CLAIMS

What is claimed as invention is:

1. A coupling for connecting four PV modules together, said PV modules each

comprising a frame, said coupling comprising:

a body;

a first engaging portion adapted for engagement with a first and second PV

modules of said four PV modules; and

a second engaging portion adapted for engagement with a third and fourth PV

modules of said four PV modules; wherein said first engaging portion comprises an upper

portion and a lower portion, said upper portion movable relative to said lower portion to

disengage said first engaging portion from said third PV module.

2 . The coupling of claim 1 wherein said upper portion slides relative to said lower

portion.

3 . The coupling of claim 1 wherein said upper portion is adapted for vertical height

adjustment relative to said lower portion.

4 . A coupling for connecting four PV modules together, said PV modules each

comprising a frame, said coupling comprising:

a body adapted to height adjustably connect to a foot;

a first engaging portion adapted for engagement with a first and second PV

modules of said four PV modules; and



a second engaging portion adapted for engagement with a third and fourth PV

modules of said four PV modules; wherein said foot is adapted to connect to a support surface.

5 . A coupling for connecting four PV modules together, said PV modules each

comprising a frame, said coupling comprising:

a body adapted to connect to a foot;

a first engaging portion adapted for engagement with a first and second PV

modules of said four PV modules; and

a second engaging portion adapted for engagement with a third and fourth PV

modules of said four PV modules; wherein said coupling is removable when said foot is attached

to a support structure.
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