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|004] The disclosed embodiments relate generally to the field of solar modules. In

particular, the disclosed embodiments relate to interconnected solar modules and a

system for interconnecting solar modules.

BACKGROUND

|00S] Modules for converting solar energy into useful forms of energy such as heat and
electricity have been in existence for many years. Because of the sun’s low energy
intensity and the moderate conversion efficiency of solar modules, a large array of solar
modules is often required to service the end-use of the energy. Array areas from several
dozen square feet to several thousand square feet are common. A thermal solar module
may consist of a glazing surface and an absorber below the glazing surface. A perimeter
frame 1s usually used to fix the glazing surface and absorber in relation to one another
and to serve as a structural element for the thermal module. Moreover, the variety of
surfaces on which the modules may be mounted requires a wide range of flexibility and
adaptability in the methods of interconnecting the solar modules to form an array.

[006] Another example of a solar module is a solar photovoltaic (PV) module, which
consists of a series of PV cells connected in a series and parallel combination to yield a
specific current and voltage output. Due to the fragility of the cells and the harsh
environmental conditions they are often exposed to, the assembly of cells 1s often
encapsulated into a rigid laminate. Most PV laminates are fabricated from a glass cover,
an active layer containing the PV cells, and a back cover. While PV laminates can be
directly attached to a mounting structure, it is more common for them to be framed before
mounting. PV laminate frames typically consist of aluminum extrusions with an upper
cavity that receives the laminate when assembled. The frame serves the purpose of
increasing the rigidity of the laminate and to protect the fragile glass edge of the laminate
from cracking. Frames for PV modules often include a lower flange with pre-drilled
holes for affixing them to mounting structures.

[007] Because PV modules must be electrically interconnected, they are often mounted
in strings where the modules are assembled end to end to form a row of modules. Due to
the fact that most mounting surfaces such as roofs are square or rectangular in nature,

most PV module installations consist of multiple rows assembled in close proximity to
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match the general footprint of the surface on which they are mounted. Such
arrangements of multiple rows of modules are generally referred to as an array.

[008] Solar PV modules are typically constructed of a simple metal frame surrounding
the PV laminate sheet that encapsulates the active solar cells. The electrical connections
representing the positive and negative module outputs are often provided in the form of
quick disconnect connections such as those manufactured by Multi-Contact of Santa
Rosa California. These quick-disconnect fittings are usually provided on the ends of lead
wires 2-4’ in length to allow two adjacent PV modules to be connected together.

[009] The assembly of loose connections results in wasted time during the assembly of
the solar PV modules into a larger array as the fittings must be found, connected, and any
slack 1n the lead wires must be coiled and secured to prevent possible abrasion and
shorting against the underlying mounting surface. Additionally, to prevent the quick-
connects from coming undone in the field, some variants employ locking features at
additional cost and complexity of installation.

0010] In addition to connecting the voltage outputs of each solar PV module, most
some electrical codes require that the module frames themselves be electrically grounded.
This is often achieved by fixing a bare copper conductor to each module frame by means
of a screw and washer. The grounding of module frames can be as time consuming as the
wiring of the voltage outputs.

[0011] When installing the modules outlined above into a racking system, a specific
order of assembly is often performed. When installing multiple modules, one often
places the new solar PV module on the rack a few feet from the previously installed solar
PV module. Then one must step between the two modules and reach underneath the
previously installed module to acquire the free lead wire from the back of the module and
then reach underneath the new module and acquire the wire of the desired polarity from
the back of the new module and connect these two wires. The connectors are usually of
the quick-disconnect type described above and require two free hands to connect, which
can be problematic if a spare hand is necessary to hold tooling or an unsecured module on
a sloped roof. The loose wire on both modules should be neatly coiled up and tied with

twist ties or zip ties. The wires also should be prevented from touching or resting on the
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roof. Over time, wind will brush the wires across the roof surface and abrade the
Insulation causing exposure of the conductor and possible shorting.

[0012] Keeping to some electrical codes, all modules must be grounded to an
acceptable ground source. Therefore the new module must be grounded to the entire
array by connecting it to a separate bare grounding wire that is running through the array.
The grounding wire would be attached to the previously installed module and the loose
end must be brought close to the mounting position on the new module. A wire clamp
must be attached to the frame of the new module with a screw. Then the wire must be
looped through the wire clamp on the new module and then fastened into the clamp.
[0013] In the last step, one must step away from the gap between the two modules and

the new module is pushed up against the previous module and mounted to the racking

structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[014] FIG. 1A is a simplified illustration of solar panels together with associated frame
members assembled into an array and constructed under one or more embodiments of the
Invention.

[015] FIG. 1B 1illustrates an implementation of an embodiment shown by FIG. 1A.
[016] FIG. 1C illustrates an assembly for securing a solar module array to an
underlying surface, under an embodiment of the invention.

[017] FIG. 2 1s a side view of array 100, as mounted on an underlying surface 210,

according to one or more embodiments of the invention.

[018] FIG. 3 1llustrates path flows of water from rain flow, when array is mounted to an
inclined surface, under an embodiment of the invention.

019] FIG. 4 is a top view of a frame assembly formed from a set of frame members
and constructed to support a solar panel, according to an embodiment of the invention.
[020] FIG. 5A 1s a side-cross sectional view of a first pair of adjoining interior frame

members 1n an assembly for a solar module array, according to an embodiment of the

Invention.
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021] FIG. 5B 1s a side-cross sectional view of a second pair of adjoining interior frame
members in an assembly for a solar module array, according to an embodiment of the
Invention.

[022] FIG. 6 1s an 1sometric view of an embodiment such as shown by FIG. 5A and
FIG. 5B, without inclusion of solar panels.

[023] FIG. 7 illustrates an alternative embodiment in which an additional component or
member 1s provided to seal or provide flashing between adjoining frame members,
according to one or more embodiments of the invention.

024] FIG. 8 illustrates an alternative embodiment in which a gasket or similar
component is fitted or applied into a gap between the horizontal frame members of
adjacent solar modules, according to one or more embodiments.

[025] FIG. 9 illustrates an embodiment in which flashing and other structures are used
to guide water over the solar modules.

[026] FIG. 10 1s a side view of adjacent solar modules having integrated electrical
connectivity extending therebetween, under an embodiment of the invention.

|027] FIG. 11 1s an isometric view of an embodiment of FIG. 10.

DETAILED DESCRIPTION

[028] Embodiments described herein provide a solar module assembly, and primary

support structures for supporting solar modules in an assembly, that prevent or hinder
intrusion of water or debris within a gap that is formed by adjacent solar modules.

[029] An embodiment includes a frame assembly for a solar module. The frame
assembly includes a plurality of frame members that are structured to collectively support
and hold a first solar panel. At least one of the plurality of frame members is structured to
adjoin a frame member of a second solar module in forming a joining with the frame
member of the second solar module over a length where the frame member of the first
and second solar module adjoin.

[030] According to another embodiment, a frame assembly for a solar module includes
a plurality of frame members that are structured to collectively support and hold a first

solar panel. The plurality of frame members includes a first frame member that provides

an overlap frame thickness a distance outward from the first frame member. The overlap
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frame thickness is extended outward in a lengthwise direction of the first frame member.
The plurality of frame members includes a second frame member that includes a
perimeter recessed platform that 1s extended in a lengthwise direction of the second
member, wherein the recessed platform is provided against an exterior surface of the
second tframe member to define a depth distance between the recessed platform and the
exterior surface.

[031] In another embodiment, a solar module assembly includes a plurality of solar
modules, primary support structures, and a sealing feature. The frame assembly includes
a plurality of frame members, including multiple sets of frame members. Each set of
frame members may combine to support a corresponding solar panel in position. The
plurality of frame members include a pair of adjoining frame members. The pair of
adjoining frame members include a frame member of a first set of frame members that
adjoins a frame member of a second frame member. The sealing feature provided for the
pair of adjoining frame members to substantially preclude intrusion of at least one of
external air or water into a space underlying a solar module of the first set or of the
second set.

[032] As used herein, the term “solar module” means the combination of a solar
collective panel (e.g. photovoltaic laminate containing solar cells, glazed component, or
other absorber/generating elements) and frame members that retain the panel. A solar

module may utilize solar energy for any purpose, including generating electricity (i.e.

Solar PV) and thermal energy.
[033] OVERVIEW

[034] FIG. 1A 1s a simplified illustration of a solar panel assembly constructed under
one or more embodiments of the invention. In an embodiment, an array 100 includes a
plurality of frame members that assemble to support and hold a collection of solar
modules 110 in position over an underlying surface. An embodiment of FIG. 1A
tHlustrates use of four solar modules 110 in a rectangular arrangement, although more or
fewer solar modules may be used, and in different configurations. As described, the
underlying surface may correspond to a rooftop or other similar surface. Though not

required to be mounted on an inclined surface, one or more embodiments contemplate

use of an inclined underlying surface for the mounting of the array of solar modules.
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[035] FIG. 1A may be described in reference to a vertical and horizontal direction. The
designation of horizontal and vertical directions may be arbitrary, but for purpose of an
implementation such as described with FIG. 1A, the vertical direction also coincide with
the direction of support structures for the array as a whole. In one embodiment, the array
100 includes rails 135 or other primary support structures that are vertically aligned. With
this reference and configuration, the frame members include vertical frame members 105
which extend co-linearly with the rails 135, and horizontal frame members 106 which
span between the vertical frame members 105. In one embodiment, vertical frame
members 105 are extended, integrated or coupled with rails 135 or other support
structures. As mentioned, the rails 135 may form a primary securement of the array 100
against an underlying surface. The horizontal frame members 106 extend between
vertical frame members 105. In an embodiment, each column of the array 100 is
separated by a rail 1335, from which one or more vertical frame members 105 are
provided.

[036] Within each column, rows comprising individual solar panels 110 adjoin one
another via horizontal frame members 106. In an embodiment, adjoining horizontal frame
members within a column are individually or pair-wise structured, or otherwise
configured (e.g. through provision of structural or additional features), to form a joining
120. Such adjoining horizontal frame members 106 are also interior frame members. As
described with one or more embodiments, the joining 120 may abut the horizontal frame
members 106 in a manner that provides a seal or weather-proofing.

037]  The array 100 may be defined by a perimeter or boundary that includes a top
side 102, a pair of lateral sides 104, and a bottom side 106. According to an embodiment,
at least some of the frame members 105, 106 include or are combined with structures
and/or teatures that seal or weather protect portions of the perimeter to the underlying
surface. In one embodiment, the frame members 105, 106 include and/or are combined
with tlashing and counter-flash structures that are supported on the underlying surface.
Portions of the perimeter that may be sealed include the top side 102, as well as the
lateral sides 104. As will be described, the perimeter sealing may form one facet in a
design in which water may be directed or moved over or around the solar modules 110

while maintaining weather proofing for the assembly as a whole. The water may result
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from precipitation, or through the accumulation of water, ice or snow. Additionally, dirt
or other unwanted debris may be included in the water.

[038] Accordingly, horizontal frame members 106 that serve to support adjoining solar
modules 110 may be constructed or combined so as to create the individual joinings 120
along an edge of each adjoining solar modules 110. With reference to an embodiment of
FIG. 1A, the joinings 120 provided by the combination of horizontal frame members 106
extending horizontally. The joinings 120 in each column of array 100 may seal or
weatherproof the solar modules 110 against the environment, without need for glazing or
glass layers or other additive thicknesses that are applied over the modules or the array
100 as a whole.

[039] In an embodiment, the joinings 120 are structural features that create flashing and
counter-flashing edges between adjacent interior frames. In another embodiment, the
joinings include or are otherwise provided by additional members and/or features for
sealing or flashing. Examples of such additional members and/or features include
gaskets, applied sealants such as silicone, or joint members.

[040] While an embodiment of FIG. 1A shows use of joinings in only one direction
(horizontally or spanning between rails 135) one or more variations provide for use of
joinings 120 of adjacent frame members in both horizontal and vertical directions. For
example, one or more embodiments provide that adjacent columns of array 100 may be
adjoined and formed from frame members that include features for forming joinings
between solar modules of adjacent columns.

[041] In an embodiment, the vertical frame member 105 that supports each column may
be compressed or otherwise retain each solar module within the larger array so that it 1s
sealed. For example, some or all of the vertical frame members 105 may coincide in
position with a corresponding one of the rails 135. Each rail 135 may cause the
corresponding vertical frame member to compress the solar module from the edge against
the rail 135, so as to seal that edge of the solar module into the array as a whole.

[042] Alternatively, one or more embodiments provide for one or more of the vertical
frame members 105 to use structural or additive features for sealing or weather-guarding

individual solar modules in retention.
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[043] Any of the joinings 120 may provide seals that preclude entrance of water, air, or
other elements of the environment. Alternatively, some or all of the joinings 120 may
provide flashing by directing fluid without sealing the exterior formed by the solar
modules.

[044] In addition to joinings 120, one or more embodiments provide for the use of
integrated electrical connectors (IEC) 130, 130 that extend electrical connectivity from
one module to another. The IEC 130 includes electrical connectors embedded or
otherwise integrated with vertical frame members 105 and/or horizontal frame members
106. The IEC 130 may serve to provide multiple polarities, including ground, and/or
carry charge or current produced from any of the solar modules 110.

[045] FIG. 1B illustrates an implementation of an embodiment shown by FIG. 1A. In
FIG. 1B, array 100 comprises both solar photovoltaic modules 152 which use solar
energy to generate electricity, and thermal modules 154 which use solar energy to
generate heat. The combination may thus enable electricity generation, heating,
applications of heating, cboling, and applications of cooling. A combination such as
shown by an embodiment of FIG. 1B may be combined and used with features and
structures described with an embodiment of FIG. 1A. A mixed configuration such as
illustrated by FIG. 1B may be used with any of the embodiments described herein. The
actual placement and arrangement of solar thermal modules 154 and solar photovoltaic
modules 152 within the array may vary.

[046] In an embodiment of FIG. 1B, the IEC 130 may serve to connect adjacent
photovoltaic modules 152 and pass underneath thermal modules 154 without electrical
connectivity. Plenums (not shown) for carrying heat or air may pass underneath thermal
modules 154 for effect, while also underlying photovoltaic modules 152 as air is passed
or pushed under the array 100.

[047] FIG. IC illustrates an assembly for securing a solar module array to an
underlying surface, under an embodiment of the invention. In an embodiment, a primary
support structure 170 includes a plurality of support structure members. The support
structure members include rails 175, which secure one or more solar modules 110 to the

underlying surface. The rails 175 may correspond or be equivalent to rails 135 such as
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shown in FIG. 1A. As such, the rails 175 may be referenced as aligning vertically, so as
to define vertical seams in a solar panel array.

[048] Each solar panel module 110 may include frame members 188 that support and
retain individual panels 192 (e.g. PV laminate) from the edge or boundary of the panel. In
the horizontal and vertical reference provided, frame members 188 may extend
horizontally between rails 175 and vertically so as to be co-linear with rails.

[049] The primary support structure 170 may be configured to support both incline and
flat mountings. With incline mountings, an embodiment of FIG. 1C may be combined
with one or more other embodiments described herein to promote or facilitate the
movement of water over the solar modules 110. With flat mountings, an embodiment of
FIG. 1C may be combined with other embodiments to inhibit intrusion of water and
debris into an interior space between the underlying surface and the solar module array.
[050] In an embodiment, each rail 175 includes a base member 180 and a compression
member 182. The compression member 182 may secure to an edge of a corresponding
solar module 110. Bolts 184 or other mechanisms may be used to compress the member
182 against the base member, thereby securing the corresponding solar module 110 at
one edge to the base member 180. The base member itself may be secured directly or
indirectly to the underlying surface. In one embodiment, struts 190 may mount
horizontally (to the vertical direction of the rails 175) to the underlying surface, and the
rails 175 may mount to the struts 190.

[051] The solar module array may be sealed or weather-prooted at the following
locations: (i) between the primary support structure 170 and the underlying surface; (11)
between the vertical frame members 188 and the solar module 110; and (i11) between
adjacent solar modules in the horizontal direction.

[052] In order to seal or weather-proof the support structure 170, the rails 175 may be
provided with flashing and/or a seal to the underlying surface, along a length of the
rails175. With reference to an embodiment of FIG. 1A, a length of the rails 175 may
correspond to the lateral sides 104, 104 of the array 100. The primary support structure
170 may also include one or more additional perimeter support member 177 that span
horizontally between the rails 175. With reference to FIG. 1A, the additional perimeter

support member 177 may form the top side 102 and may also be flashed or sealed against

Page 10



CA 02654764 2014-01-28

WO 2007/137199 PCT/US2007/069304

the underlying surface. In addition, corner elements 179 may be provided that join the
spanning perimeter support member 177 and the rails 175. The corner elements 179 may
also include corner flashing or sealing against the underlying surface. U.S. Patent
Application No. 11/332,000 for example, provides various techniques for weather-
proofing and flashing the primary support structure 170 in a manner described.

[0S3] According to an embodiment, application of the compression member 182 to the
base member 180 while gripping or retaining an edge of solar module 110 may be used to
provide sealing or weather-proofing of the vertical seam formed between the vertical
frame member 188 of the solar module 110 and the rail 175 of the primary support
structure. However, one or more variations are contemplated, where gaskets or structures
are used to enhance or create a seal or weather-proofing between the primary support
structure 170 and the solar module 110.

[054] In order to seal or weather-guard the solar modules along the horizontal seams,
one or more embodiments provide that the frame members 188 are provided features or
structural configurations for effectuating flashing, shingling or sealing. Accordingly, the
horizontal frame members 188 (and/or the manner in which the horizontal frame
members adjoin one another) may be constructed according to any of the embodiments
described below and elsewhere in this application.

[055] With reference to embodiments of FIG. 10 and FIG. 11, FI1G. 1C also illustrates
the passage of electrical connectors 195 from one solar module 120 to another. The
manner in which the electrical connectors 195 may be combined or integrated with the
frame members 188 of the solar modules 120 i1s described below.

[056] FIG. 2 is a side view of array 100, as mounted on an underlying surface 210,
according to one or more embodiments of the invention. Embodiments described herein
enable solar modules 110 to be mounted to either weather-guard or seal interior spaces
220 against intrusions of air, water or other undesirable environmental elements. When
the underlying surface 210 is inclined, the manner in which water (e.g. from rain flow) is
handled with the presence of a solar array is of concern. In order to weather-proof or seal
the interior spaces 220 from the environment, one or more embodiments provide that

water flow (e.g. from rain) is directed from the top side 102 downward so as to cascade
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across the surface of the solar modules 110. Embodiments allow for the passage of water
over the solar modules by including jomings 120 that preclude substantial intrusion of
water into the interior space 220. As such, the array 100 may be weather-guarded or
sealed by a combination of (i) the joining 120 between solar modules 110, (i1) the force
provided by the rails 135 or other support structures through the vertical frame members
105 (which are co-linear with the rails) to effect a seal between them, and (iii) the
flashing or sealing of the rails 135 and other perimeter members to the underlying
surface,

[057] FIG. 3 illustrates path flows of water from rain flow, when array 100 is mounted
to an inclined surface, under an embodiment of the invention. In FIG. 3, one path of
water flow is across solar module 110, As mentioned, the joinings 120 preclude or inhibit
water from entering (substantially or completely) the interior spaces 220 (FIG. 2). One or
more embodiments also facilitate and/or protect water flow around the array 100. As
described below, vertical frame members 105 that are co-linear with lateral sides 104,
104 of array 100 may be flashed or sealed against the underlying surface 210 to protect
water seepage into the perimeter of the underlying space 220.

[058] STRUCTURING OF FRAME MEMBERS FOR FLASHING EFFECT

[059] FIG. 4 is a top view of a frame assembly formed from a set of frame members and
constructed to support a solar panel, according to an embodiment of the invention. A
frame assembly 400 may be rectangular, so as to include frame members that are
referenced as horizontal members 412 and vertical members 414, Reference to a
horizontal and vertical direction is arbitrary, but for purpose of an implementation being
described, the vertical direction may reflect a direction of water flow as a resuit of
gravity. To this end, the frame assembly 400 may be assumed to be mounted or for
mounting on an incline surface, although ncline mounting is not necessary. In one
implementation, vertical members 414 are aligned and coupled to support rails 135 (FIG.
). The rails 135 (see FIG. 1A) may employ compression to retain the solar modules in
place. For example, U.S. Patent Application No. 11/332,000 describes a rail construction
that uses compression to retain a solar module. As vertical members 414 may form a part

of the rails and thus compress the
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solar modules, the vertical members may inherently weather-guard or seal edges where
the solar modules are held.

[060] In an embodiment, individual horizontal members 412 include one or more
sealing features that serve to weather-guard the solar module to solar module transition in
the vertical direction. The sealing features may include or correspond to a structural
feature that is integrated into the frame member 412. In one embodiment, each horizontal
frame member 412 includes one of an overlap frame thickness 422 (e.g. protrusion) or a
recess platform 424 for receiving an overlap protrusion. As described in an embodiment
of FIG. 5A and FIG. 6, frame assembly 400 may be configured to position the recess
platform 424 adjacent and downhill (in the vertical direction) from an overlap frame
thickness of an adjacent frame member that is part of another uphill set of frame
members. Likewise, frame assembly 400 may be configured to position the overlap frame
thickness 422 uphill from a recess platform of an adjacent set of frame members.

[061] FIG. 5A is a side-cross sectional view of a first pair of adjoining interior frame
members in an assembly for a solar module array, according to an embodiment of the
invention. The pair of adjoining interior frame members include a first interior frame
member 510 and a second interior frame member 560. When mounted on an incline,
second interior frame member 560 is uphill from the first interior frame member 510, as
shown by an Arrow A. Each interior frame member 510, 560 is structured to hold and
support a corresponding solar collective panel 520. The panel 520 may correspond to, for
example, laminate for photovoltaic panels, or a glazing element for thermal modules.
[062] The various members of the first interior frame member 510 form an opening 515
that receives the corresponding solar panel 520. The opening 515 may be formed by an
underside 513 of an exterior segment 514, as positioned over a base segment 517. A first
height segment 519 may extend from base segment 517 partially towards exterior
segment 514. The first wall (or height segment) 519 may join a platform segment 521,
which may extend parallel or substantially parallel to the base segment 517. A second
wall 523 may extend from the platform segment 521 to the exterior segment 514.

[063] The space defined by the distance between the platform segment 521 and the base
segment 517 may define an opening 518 which is smaller than a dimension of the cross

section of the solar panels 520. In this regard, the opening 518 serves as a buffer space to
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enable the use of a recess platform surface 525 of the platform segment 521 to receive an
extension member from the second interior frame member. Furthermore, each interior
frame member 510, 560 may extend to and couple to other orthogonally aligned frame
members (See FIG. 4), and therefore leverage support from one of the corresponding rails
135 to support the solar module.

[064] A depth distance (d1) of the recess platform surface 525 may be measured as
corresponding to a height of the second wall 523 (and a distance to an exterior surface
511 provided by the exterior segment 514). The depth distance d1 may be greater than or
substantially equivalent to a thickness dimension of an extension provided by the second
interior frame segment 560.

[065] The second interior frame member 560 includes an opening 568 having an
extended exterior segment 562, a wall segment 563, and a base segment 565. A space
between the base segment 565 and the extended segment member 562 detines the
opening 568 where the corresponding solar panel 520 is received and supported. In an
embodiment, the wall segment 563 extends sufficiently from the base segment 565 so
that the extended exterior segment 562 is positioned above the raised platform surface
535 of the adjacent first interior frame segment 510. In an embodiment, a thickness (d2)
of the extended exterior segment 562 is dimensioned to be less than the depth distance
(d1) provided by the recess platform surface 525. In this way, the extended exterior
segment 562 may be accommodated over the recessed platform surface 525. Moreover,
the dimension of the depth distance (d1) and the thickness (d2) of the extended exterior
segment 562 may be such that the exterior surface 511 of the exterior segment 514 of the
first interior frame member 510 is substantially flush with the exterior surface 561 of the
extended exterior segment 562 of the second interior frame member 560.

[066] When mounted on an incline, the combination of the first and second horizontal
frame members result in a shingle-like or flashing effect in which water is passed over
the exterior of the combined structure (with solar modules). Water may pass downhill (as
shown by directional Arrow A). When mounted at an incline, water may pass from the
second solar module 520 to the first solar module, and any water that falls in a gap 5735
formed by the joining of the first and second horizontal frame members will not be

inclined to travel uphill on the recessed platform surface 525. An interior space 577 may
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thus be substantially protected from intrusion of water, even when water cascades over
the combined surfaces formed by the solar panels 520 and frame members.

[067] FIG. 5B 1s a side-cross sectional view of a second pair of adjoining interior frame
members in an assembly for a solar module array, according to an embodiment of the
invention. FIG. 5B may substantially duplicate an embodiment such as shown by FIG.
SA, but illustrate a point that the frame assembly of any one solar panel 520 may include
both the recessed platform surface 525 and the extended exterior segment 562 which
provides a thickness that is received on a recessed platform surface on the frame
assembly of a neighboring solar panel. In an embodiment of FIG. 5B, the solar panel
("B”) of the second interior frame member is shown having the receiving platform
surface 525 (as shown and described with FIG. SA for the first interior frame member
510). Thus, any given solar panel 520 may include the recess platform surface 525 on one
frame member that is uphill on an inclined array, and the extended exterior segment 562
at the other diametric frame member positioned downhill on the inclined array.

[068] FIG. 6 1s an isometric view of an embodiment such as shown by FIG. SA and
FIG. 5B, without inclusion of solar panels 520. The interior frame members 510, 560
may form a joining through structures formed on each respective frame member. The first
frame 510 includes an exterior segment 514, base segment 517, first wall 519 which
raises to platform segment 521. The recessed platform surface 525 may be formed on the
plattorm segment 521. The second wall 523 may extend form the recessed platform
surface 525 to the exterior segment 514. The second interior frame member 560 includes
extended exterior segment 562 that overlaps onto the recessed platform surface 525. The
opening 568 (FIG. 5SA) may be defined by a portion of the extended exterior segment 562
and the base 563.

[069] In an embodiment such as shown by FIG. 6, the extended exterior segment 562 of
the second interior segment 560, and the manner in which the exterior segment 562 is
accommodated onto the recessed platform 525 of the first interior segment 510, provides
one form of an overlap frame thickness from which a shingle or flashing affect may be
provided. Still further, gaskets or other materials may be used to further seal the joining
formed with the overlap frame thickness. With loose fitting, some water may enter the

gap 575 (see FI1G. 5A), but the water may be precluded or inhibited from traveling across
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recessed platform surface 525, particularly when an incline mount is used. With tight
fitting, gaskets or other structures, seal may be formed that substantially precludes water

from entering the sealed portion within the gap 575 even when the arrays are mounted

level instead of on an inclined surface.

[070) ALTERNATIVES TO STRUCTURING OF FRAME MEMBERS

[071] FIG. 7 illustrates an alternative embodiment in which an additional component or
member is provided to seal or provide flashing between adjoining frame members,
according to one or more embodiments of the invention. Rather than include
flash/counter-flash structures with frame members (e.g. recess and overlap), an
embodiment of FIG. 7 provides for use of a gap member 710 that extends between rail
members or other supports (not shown in FIG. 7) that support adjacent solar modules. In
an embodiment, the gap member may include a T-shape cross section, so that a length of
the member fits within a gap formed by adjacent horizontal frame members. In contrast
to, for example, embodiments of FIG. 5A, FIG. 5B, and FIG. 6, the surfaces of adjoining
interior members may be relatively smooth to receive and retain a length segment 712 of
gap member 710. A flange 714 may extend between the pair of adjacent interior members
to block the entrance of water into the gap 720. Additional weatherproofing may be
achieved by placing a gasket between segment 712 or flange 714 and the mating frame
members

[072] FIG. 8 illustrates an alternative embodiment in which a gasket or similar
component is fitted or applied into a gap between the horizontal frame members ot
adjacent solar modules, according to one or more embodiments. In contrast to, for
example, embodiments of FIG. 5A, FIG. 5B, and FIG. 6, the surfaces of adjoining
interior members may be relatively smooth to form a gap 820. The gap 820 may receive a
gasket component 810, filler or other form of deformable material. The effect is to seal
the gap 820, thereby enabling water to pass from one solar module to another without
entering an interior space of the array beneath the solar modules. The gasket component
810 may flange or spread over adjoining frame members to provide a seal.

[073] UPHILL FLASHING AND WATER GUIDE

[074] With reference to FIG. 2, solar module arrays are often mounted on inclines. In

such cases, rain water and precipitation can collect on a top surface. A perimeter flashing
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or seal (such as described in U.S. Patent Application No. 11/332,000) may be used to
preclude or inhibit rain water from entering the interior of the solar module array from a
perimeter surface. But water may pool at the top end of the array, and on structures such
as rooftops, the pooling may have undesirable consequences.

[075] According to an embodiment, the effects of pooling may be mitigated or even
eliminated by enabling water to cascade downhill over the array of solar modules. With
reference to an embodiment of FIG. 2, water may flow along a directional arrow B. As
described herein, embodiments such as described with FIG. 4-7. The use of flashing or
sealing between frame members that support solar panel modules enables the water to
pass over the adjoining solar modules without intrusion of water into the interior space of
the array beneath the solar module.

[076] FIG. 9 illustrates an embodiment in which flashing and other structures are used
to guide water over the solar modules. A flashing component 930 may be installed under
a roof covering 905 and extended to overlay the solar module array 900. This results in
water running down the roof to be conveyed from the roof covering 905 up onto the array
900. In one embodiment, the flashing component may include two sections (i.e. flashing
and counter-flashing). One benefit provided by flashing component 930 is that it
eliminates the pooling of water, snow, ice, or other debris behind (1.e. adjacent top side
102) the solar module array 900.

[077] ELECTRICAL CONNECTIVITY

[078] One or more embodiments provide interlocking solar modules that electrically
connect during the assembly of individual modules into the racking structure for a given
solar array. Such embodiments may eliminate a secondary step of having to hand-
connect the wiring (both module potential and grounding) after the modules are
physically placed

[079] According to one or more embodiments, the electrical connectors are embedded
in the frames of the modules, such that when two modules are slid together during
assembly, the electrical interconnections between adjacent modules are simultaneously
formed.

FIG. 1A illustrates one alignment of electrical wiring or lines for an array of solar

modules. In one embodiment, the electrical line may extend in a direction of the rail 135
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or other support structure. As described, each solar module includes electrical connectors
for extending electrical connectivity to an adjacent solar panel.

[080] FIG. 10 is a side view of adjacent solar modules having integrated electrical
connectivity extending therebetween, under an embodiment of the invention. A first solar
module 1010 may include a panel 1012 and a frame member 1014. Likewise, a second
solar module 1060 may include a panel 1062 and a frame member 1064. Each of the solar
modules 1010 and 1060 may include a respective integrated electrical connector 1020,
1070. The electrical connectors 1020, 1070 may provide respective electrical leads or
wiring. The connectors 1020, 1070 (as well as conduits for the leads) are integrated
through holes 1013, 1065 formed in the respective frame members 1014, 1064. The
connectors 1020, 1070 may each be secured by a locking nut on the opposite side of the
respective frame member 1014, 1064 to hold them captive. In alternate configurations,
the connectors may be press fit, snapped, or otherwise secured into the module frames or
the solar panels themselves.

[081] FIG. 11 1s an i1sometric view of an embodiment of FIG. 10, illustrating use of the
integrated electrical connectors 1020, 1070 (not visible in FIG. 11)formed in frame
members 1014, 1064. Each frame member 1014, 1064 may include an inward extension
1034, 1064 in which the holes 1015, 1065 may be formed for receiving and retaining the
respective electrical connectors 1020, 1070. An embodiment such as shown and
described with FIG. 10 and FIG. 11 may incorporate features or components ot other
embodiments described herein. In particular, the electrical connectors 1020, 1070 may be
integrated into frame members 1014, 1064 that include structures of an overlap frame
thickness 1080 and a recessed platform 1090 for receiving the overlap thickness. As
described with or similar to, for example, an embodiment of FIG. 4, FIG. 5A and FIG.
5B, overlap frame thickness 1080 and recessed platform 1090 may seal or hinder
intrusion of water or other environmental factors.

[082] While an embodiment shown with FIG. 10 and FIG. 11 assumes that the
connections are made during lateral assembly of the modules, alternate configurations are
possible. One such configuration may have the connectors oriented in a vertical
arrangement requiring the modules to be laid in from a vertical direction on their

common edge as opposed to laterally sliding the modules together. In such an
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arrangement, connectors are oriented to line up with connectors on adjoining modules so
that lower modules connect to modules above them.

[083] Only one set of connectors between modules are required for powering the
system 1t the modules are series connected as is typical, but a second set can be used as a

grounding loop. Alternately, a single multi-pole connector could be used to provide

multiple electrical connections at a single location.
[084] CONCLUSION
[085] Although the descriptions above contain many specifics, these should not be

construed as limiting the scope of the invention but as merely providing illustrations of

some embodiments.
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CLAIMS

1. A frame assembly for a solar panel, the frame comprising: a plurality of frame members

that are structured to collectively support and hold a first solar module;

wherein at least one of the plurality of frame members is structured to adjoin a frame member of
a second solar module in forming a joining with the frame member of the second solar module
over a length where the frame member of the first and second solar module adjoin wherein at

least one of the plurality of frame members includes an embedded electrical connector for

connecting to a frame member that supports and holds the second solar module;

wherein the at least one of the plurality of frame members is shaped to receive an overlap frame

thickness that extends from the frame member of the second solar module in forming the joining;

and wherein the at least one of the plurality of frame members is shaped to extend an overlap

frame thickness to the frame member of the second solar module in forming the joining with the

frame member of the second solar module.

2. The frame assembly of claim 1, wherein the joining formed by the at least one of the

frame members and the frame member of the second solar module substantially precludes

intrusion of at least one of external air or water into a space underlying the first module and the

second module at the length where the frame member of the first and second solar module

adjoin.

3. The frame assembly of claim 1, wherein the at least one of the plurality of frame
members includes a perimeter recessed platform that extends lengthwise on the at least one of-
the frame members, wherein the recess platform is dimensioned to receive the overlap thickness

extending from the frame member of the second solar module.

4, The frame assembly of claim 3, wherein the recessed platform is provided against an

exterior surface of the at least one frame member, the exterior surface extending lengthwise on
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the at least one of the frame members, and wherein a depth distance between the recessed

platform and the exterior surface is substantially equivalent or less than a dimension of the

overlap frame thickness.

5. A frame assembly for a solar panel, the frame comprising: a plurality of frame members

that are structured to collectively support and hold a first solar module;

wherein at least one of the plurality of frame members is structured to adjoin a frame member of
a second solar module in forming a joining with the frame member of the second solar module
over a length where the frame member of the first and second solar module adjoin wherein the at

least one of the plurality of frame members is shaped to receive an overlap frame thickness that

extends from the frame member of the second solar module in forming the joining;

wherein the at least one of the plurality of frame members includes a perimeter recessed platform
that extends lengthwise on the at least one of the frame members, wherein the recess platform is

dimensioned to receive the overlap frame thickness extending from the frame member of the

second solar module;

wherein another of the plurality of frame members is structured to adjoin a frame member of a
third solar module in forming a joining with the frame member of the third solar module over a

length where the frame member of the first and third solar module adjoin.

6. The frame assembly of claim 5, wherein the another of the plurality of frame members 1s
shaped to extend an overlap frame thickness to the frame member of the third solar module in

forming the joining with the frame member of the third solar module.

7. The frame assembly of claim 6, wherein one or more of the frame members includes an

integrated electrical connector.

8. A frame assembly for a solar panel, the frame comprising: a plurality of frame members

that are structured to collectively support and hold a first solar module;
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wherein the plurality of frame members includes a first frame member that provides an overlap
frame thickness a distance outward from the first frame member, wherein the overlap frame

thickness is extended outward 1n a lengthwise direction of the first frame member;

wherein the plurality of frame members includes a second frame member that includes a
perimeter recessed platform that is extended in a lengthwise direction of the second member,
wherein the recessed platform is provided against an exterior surface of the second frame
member to define a depth distance between the recessed platform and the exterior surface and

wherein a dimension of the overlap frame thickness is substantially equivalent to the depth

distance.

0. The frame assembly of claim 8, wherein the first frame member and the second frame

member are provided on opposite sides of a rectangular support frame formed by the plurality ot

frame members.

10.  The frame assembly of claim 8, wherein one or more of the frame members includes an

integrated electrical connector.

11.  The frame assembly of claim 8, further comprising a primary support structure, wherein

the primary support structure support a plurality of solar modules in a raised and inclined

position over an underlying body.
12. A solar module assembly comprising: a plurality of solar modules;

a frame assembly comprising a plurality of frame members, the plurality of frame members
including multiple sets of frame members, wherein each set of frame members combines to

support a corresponding solar module in position;
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wherein the plurality of frame members include a pair of adjoining frame members, the pair of

adjoining frame members include a frame member of a first set of frame members that adjoins a

frame member of a second frame member;

a sealing teature provided for the pair of adjoining frame members to substantially preclude

intrusion of at least one of external air or water into a space underlying a solar module of the first

set or of the second set;

and wherein the sealing feature comprises a perimeter flashing structure that flashes the frame

assembly with an underlying structure.

13.  The solar assembly of claim 12, wherein the sealing feature includes a gasket provided

between the frame member of the first set of frame members and the frame member of the

second set of frame members.

14.  The solar assembly of claim 12, wherein the sealing feature includes a sealing member

that is separate from the pair of adjoining frame members.

15.  The solar assembly of claim 14, wherein the sealing member extends lengthwise between
the pair of adjoining frame members and extends a length at least partially into a gap formed

between the pair of adjoining frame members.
16. The solar assembly of claim 15, wherein the sealing member has a T-shape cross-section.
17.  The solar assembly of claim 12, wherein the sealing feature comprises:

an overlap frame thickness extending from one of the pair of adjoining frame members, the
overlap frame thickness extending outward and along a lengthwise direction of that one of the

pair of adjoining frame members;
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a recessed platform provided on a perimeter of the other one of the pair of adjoining frame
members, the recessed platform extending in a lengthwise direction of the other one of the pair
of adjoining frame members, wherein the recessed platform is provided against an exterior

surface of the other one of the pair of adjoining frame members, and wherein the recessed

platform is dimensioned to receive the overlap frame thickness.

18.  The solar assembly of claim 17, wherein a depth distance between the recessed platform

and the exterior surface is substantially equivalent to or less than a dimension of the overlap

frame thickness.

19.  The solar assembly of claim 12, further compnsing a primary support structure that
secures the plurality of frame members to an underlying body, and wherein the primary support

structure and the plurality of frame members combine to support a plurality of solar modules in a

raised and inclined position over the underlying body.
20. A solar module assembly compnising: a plurality of solar modules;

a frame assembly comprising a plurality of frame members, the plurality of frame members

including multiple sets of frame members, wherein each set of frame members combines to

support a corresponding solar module in position;

wherein the plurality of frame members include a pair of adjoining frame members, the pair of
adjoining frame members include a frame member of a first set of frame members that adjoins a

frame member of a second frame member;

a sealing feature provided for the pair of adjoining frame members to substantially preclude

intrusion of at least one of external air or water into a space underlying a solar module of the first
set or of the second set further comprising a primary support structure that secures the plurality
of frame members to an underlying body, and wherein the primary support structure and the
plurality of frame members combine to support a plurality of solar modules in a raised and

inclined position over the underlying body;
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and wherein the primary support structure includes one or more rails in compression to secure at

least a portion of a corresponding solar module to the underlying body.

21.  The solar assembly of claim 20, wherein the primary support structure forms at least a
portion of a perimeter that includes one or more of a lateral side, a top side, or a bottom side, and
wherein anyone of the individual frame members that form the pair of lateral sides, the top side

or the bottom side are provided with one or more features that form a seal with the underlying
body.

22.  The solar assembly of claim 21, wherein the primary support structure includes one or
more cormer frame components that individually connect a support structure member that forms

at least a portion of the top side with a support structure member that forms at least a portion of

one of the pair of lateral sides.

23.  The solar assembly of claim 22, wherein the one or more corner elements are provided

with one or more features to seal each of the one or more corner elements to the underlying
body.

24. The solar assembly of claim 21, wherein the primary support structure is structured or

provided flashing to facilitate flow of water from the top side downward over one or more of the

solar modules.

25.  The solar assembly of claim 12, wherein one or more of the plurality of frame members
each include or are coupled to an integrated electrical component that is positioned to mate with

an integrated electrical component of an adjacent frame member.

26.  The solar assembly of claim 25, wherein a frame member of a first set of frame members
includes or is coupled to a first integrated electrical connector, and wherein a frame member of a
second set of frame members includes or is coupled to a second integrated electrical connector,

wherein a solar module of the first set of frame members is positioned adjacent to a solar module
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of the second set of frame members, and wherein the first integrated electrical connector 1s
positioned to mate with the second integrated electrical connector with assembly of the first set

of frame members and the second set of frame members.

27.  The solar assembly of claim 12, wherein the plurality of solar modules include at least

one or more thermal modules.
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FIG. 1C
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