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A photovoltaic (PV) module framing and coupling system 
(21) Appl. No.: 14/880,789 enables the attachment of PV modules to a roof or other 

mounting Surface without requiring the use of separate struc 
tural Support members which attach directly to and span 

(22) Filed: Oct. 12, 2015 between multiple PV modules in a formed PV array. The 
apparatus provides a parallel coupling for securely interlock 
ing the outside Surfaces of parallel frame members togetherin 

Related U.S. Application Data a side to side arrangement to form an array with improved 
structural load distribution. The coupling may attach to a slot 

(63) Continuation of application No. 14/541,469, filed on in the frame at substantially any position along the length of 
Nov. 14, 2014, which is a continuation of application 
No. 13/489,680, filed on Jun. 6, 2012, which is a con 
tinuation of application No. 13/351,397, filed on Jan. 
17, 2012, now abandoned, which is a continuation of 
application No. 12/594.935, filed on Oct. 6, 2009, now 
Pat. No. 8,109,048. 

the frame thereby enabling the interconnection of adjacent 
PV modules along both an X and y axis. The apparatus may 
further provide a rotating portion and locking portion, mount 
ing brackets for direct connection to a mounting Surface, 
grounding teeth, and a twist-lock engagement means for 
interlocking and aligning PV modules in the array. 
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APPARATUS FOR FORMING AND 
MOUNTING A PHOTOVOLTACARRAY 

CROSS REFERENCES 

0001. The present application is a continuation of appli 
cation Ser. No. 14/541,469, filed Nov. 14, 2014, which is a 
continuation of application Ser. No. 13/489,680, filed Jun. 6, 
2012, which is a continuation of application Ser. No. 13/351, 
397, filed Jan. 17, 2012, which is a continuation of application 
Ser. No. 12/594,935 filed Oct. 6, 2009, now U.S. Pat. No. 
8,109,048, issued Feb. 7, 2012. The foregoing applications 
are incorporated by reference in their entirety as if fully set 
forth herein. 

BACKGROUND 

0002 Photovoltaic (PV) modules and related mounting 
hardware are well known and in widespread use. The most 
common mass-produced PV modules in use today include a 
laminated portion, or PV laminate, and a frame portion, and 
are designed specifically to convert light into electricity. The 
PV laminate portion is for encapsulating Solar cells in a Sub 
stantially flat, weather-tight envelope comprising a laminated 
construction of various layers including but not limited to 
glass, clear plastic, encapsulant material (like EVA), active 
photovoltaic material, interconnecting conductors between 
solar cells, and a protective backsheet (like PVF film or glass). 
Photovoltaic laminates are commonly manufactured today in 
rectilinear shapes like squares, rectangles, triangles, and trap 
eZoids and, due to their fragile nature, are usually completely 
enclosed by a permanent, Substantially rigid, glued-on frame 
portion which holds and protects the delicate edges of the PV 
laminate portion and provides a means of Supporting the PV 
laminate and attaching it to other objects without damaging 
the PV laminate. The combination of the PV laminate portion 
and the glued-on frame portion is referred to herein as a PV 
module or framed PV module. The present invention relates 
to integral frames for standard PV laminates, and to the asso 
ciated mounting hardware which attaches to the integral 
frames for the purpose of securing the PV module to a roof or 
Support structure. 
0003 U.S. Pat. No. 5,571,338 to Kadonome, et al. dis 
closes a photovoltaic module comprising a photovoltaic panel 
having a top edge and a bottom edge. An exterior frame 
structure attached to edges of the photovoltaic panel defines 
an upwardly open groove extending along at least the top and 
bottom edges of the panel to direct rain water away from the 
underside of the panel. 
0004 U.S. Pat. No. 7,406,800 to Cinnamon describes an 
integrated module frame and racking system for a solar panel. 
The Solar panel comprises a plurality of Solar modules and a 
plurality of series couplings or splices (in the form of series 
couplings) for coupling the plurality of Solar modules 
together. The plurality of splices provide a way to make the 
connected modules mechanically rigid both during transport 
to the roof and after mounting for the lifetime of the system, 
provide wiring connections between modules, provide an 
electrical grounding path for the modules, provide a way to 
add modules to the panel, and provide a way to remove or 
change a defective module. Connector Sockets are provided 
on the sides of the modules to simplify the electrical assembly 
of modules when the modules are connected together with 
splices. 
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0005 U.S. Patent Application 20070074755 by Eber 
spacher, et al. teaches a photovoltaic module with a rigidizing 
backplane. A Solar cell module includes one or more photo 
voltaic (PV) cells arranged in a substantially planar fashion. 
Each PV cell has a front side and a back side. The PV cells are 
adapted to produce an electric Voltage when light is incident 
upon the front side. A rigid back plane is attached to the PV 
cells such that the back plane provides structural Support from 
the back side. The rigid back plane includes a structural 
component having a plurality of Voids. 
0006. The foregoing examples of the related art and limi 
tations 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 

0007. The method and apparatus for forming and mount 
ing a photovoltaic (PV) array of this invention provides a PV 
module framing and coupling system which enables the 
attachment of 

0008 PV modules to a roof or other mounting surface 
without requiring the use of separate structural Support mem 
bers which attach directly to and span between multiple PV 
modules in a formed PV array. The following embodiments 
and aspects thereof are described and illustrated in conjunc 
tion with systems, apparatus, 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 improve 
mentS. 

0009. The inventive apparatus may provide a slidable par 
allel coupling for securely interlocking the outside surfaces of 
parallel frame members together in a side to side arrange 
ment, thereby enabling the formation of a PV array with 
improved structural load distribution. The inventive coupling 
member may attach to a slot in the frame at Substantially any 
position along the length of the frame thereby enabling the 
interconnection of adjacent PV modules along both an X and 
y axis. The inventive apparatus may further provide a rotating 
portion and locking portion for coupling to frame attachment, 
mounting brackets for direct connection to a mounting Sur 
face, grounding teeth for the automatic creation of a reliable 
two axis grounding matrix, and a rapid twist-lock engage 
ment means for reliably interlocking and aligning PV mod 
ules in the array. 
0010. In addition to the exemplary aspects and embodi 
ments 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 

0011 Demonstrative embodiments are illustrated in refer 
enced figures and drawings. It is intended that the embodi 
ments and figures disclosed herein are to be considered illus 
trative rather than restrictive. 

(0012 FIG. 1 is a perspective view of a PV module with a 
hybrid, strut-like frame; 
0013 FIG. 2 is a perspective view of a parallel coupling: 
0014 FIG. 3 is a cross-section cut through two adjacent 
PV modules: 
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0015 FIG. 4 is a perspective view of two adjacent PV 
modules coupled together; 
0016 FIG. 5 is a perspective view of a height adjustable 
bracket; 
0017 FIG. 6 is a cross-section cut through two adjacent 
PV modules: 
0018 FIG. 7 is a perspective view of building with a PV 
array attached to a roof 
0019 FIG. 8 is a side view of the PV array of FIG. 7 at a 
larger scale; 
0020 FIG.9 shows a typical prior art PV array: 
0021 FIG. 10 is a perspective view of the PV array of FIG. 
7 viewed from the back; 
0022 FIG. 11 is a cross-section cutthrough a PV array just 
above the couplings; 
0023 FIG. 12 is a simplified top view of two adjacent 
rectangular frames; 
0024 FIGS. 13-14 show generic PV arrays comprising 
four PV modules with adjacent frame members: 
0025 FIG. 15 shows a prior art strutless PV array: 
0026 FIG. 16 is a perspective view of a coupling: 
0027 FIGS. 17-18 are front and back side views respec 
tively of a coupling in a first position; 
0028 FIG. 19 is a perspective view of a coupling: 
0029 FIGS. 20-21 are front and back side views respec 
tively of a coupling in a second position; 
0030 FIG. 22 is a perspective view of a coupling: 
0031 FIGS. 23-24 are front and back side views respec 

tively of a coupling in third position; 
0032 FIGS. 25-31 depict a second embodiment of the 
present invention; 
0033 FIGS. 32-34 depict a third embodiment of the 
present invention; 
0034 FIGS. 35-38 depict a fourth embodiment of the 
present invention; 
0035 FIGS. 39-40 are a perspective view and a cross 
section cut between two interlocked PV modules; 
0.036 FIGS. 41-42 are a cross section cut between two 
interlocked PV modules and a perspective view of a coupling: 
0037 FIGS. 43-44 are a perspective view and a cross 
section cut between two interlocked PV modules; 
0038 FIGS. 45-46 are a perspective view and a cross 
section cut between two interlocked PV modules; 
0039 FIGS. 47-48 are a cross section cut between two 
interlocked PV modules and a perspective view respectively 
for an alternate embodiment; 
0040 FIGS. 49-50 depict a further alternate embodiment; 
004.1 FIGS. 51-52 depict a further alternate embodiment 
as installed on an open canopy structure; 
0042 FIGS. 53-54 show an alternate embodiment of a PV 
array with a Snap-in conduit box; and 
0043 FIG.55 depicts a perspective view of a further alter 
nate embodiment of a PV module. 

DETAILED DESCRIPTION OF THE INVENTION 

0044) Referring to FIGS. 1 through 55, wherein like ref 
erence numerals refer to like components in the various 
views, there is illustrated therein a new and improved framing 
and mounting system for photovoltaic arrays, generally 
denominated 10 herein. 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 explana 
tion as to the minimum scope intended for understanding of 
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the present specification. Terms may be in singular or plural 
or any tense while retaining the same general meaning Pho 
tovoltaic is abbreviated as “PV. PV laminate refers to an 
encapsulated group of Solar cells. Frame refers to a group of 
frame members (typically four for a rectangular-shaped PV 
module) which support and provide rigidity to a PV laminate. 
PV module refers to a single, one-piece, individually deploy 
able electricity generating device comprising a PV laminate, 
a frame, and at least two output wires. A PV array refers to a 
group of PV modules which are deployed together and are a 
part of the same electricity generating system. A mounting 
rail or strut is a structural member which connects to the 
bottom of a PV module via the use of a separate fastener(such 
as a coupling, bolt, etc.) and which serves to mechanically 
link two or more PV modules together, thereby providing 
structural Support for the modules and also providing a means 
for connection to a mounting Surface. 

First Embodiment—Structure 

004.5 FIGS. 1-24 depict a first embodiment of the present 
invention. FIG. 1 provides a perspective view of a photovol 
taic or PV module 11 with a hybrid, strut-like frame 12. Each 
PV module is made of substantially identical construction. As 
is typical in the art, frame 12 comprises four frame members 
13 which are assembled around PV laminate 20 and secured 
by optional adhesive between frame members 13 and lami 
nate 20 and frame screws 18U. 18L at the corners. The com 
plete PV module 11 is typically assembled in this way at a PV 
module manufacturing facility; then a plurality of one-piece 
PV module assemblies 11 are transported to a particular job 
site and mounted to a building or other structure to form a PV 
array 10. In other embodiments we contemplate the assembly 
of frames 12 around PV laminates 20 at the final installed 
location. Thus, the exact location of the manufacturing and 
assembly steps is non-critical with regards to proper imple 
mentation of the present invention. 
0046) Hybrid, strut-like frame 12 may include substan 

tially similar construction on all four sides of PV module 11. 
Top surface 14 of frame 12 is the surface which faces the same 
direction as the cells (not shown) in PV laminate 20. Frame 
outside Surface 16 comprises a multifunction female channel 
portion or slot 26 for the purpose of interlocking PV modules 
11 together and connecting to a roof or other mounting Sur 
face as will be discussed below. Frames 12 as shown here 
have the corners cut to allow for a typical butt joint. In other 
embodiments the frames are joined at the corners via a mitre 
joint. Furthermore, any of the typical methods for joining 
framing members at the corners is applicable and covered in 
the scope of the present invention. Corners may also be fash 
ioned to allow insertion of couplings from the corner and to 
allow Smaller couplings to slide around the corner in a formed 
array. PV module 11 further comprises positive 22pos and 
negative 22neg output cables with positive 24pos and nega 
tive 24neg plugs as are typical in the art. In other embodi 
ments multi-conductor cables are utilized. Output cables 
22pos, 22neg originate in a rear-mounted electrical box 21. 
0047 FIG. 2 depicts a perspective view of an interlocking 
device or parallel coupling 50a which may be utilized to 
interlock the outside surfaces 16 of two adjacent PV module 
frames 12 via a twist-lock action. This first embodiment con 
templates a one-piece parallel coupling 50a comprising a 
rotating portion 100 with shaft portions 102A, 102B protrud 
ing from each side. The end of shaft portion 102A comprises 
a first key or locking portion 104A, and the end of shaft 
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portion 102B comprises a second key or locking portion 
104B. Both locking portions 104A, 104B rotate with the shaft 
portions 102A, 102B upon rotation of rotating portion 100 
with a wrench. 
0048 Rotating portion 100 further comprises an optional 
top spring 106U and bottom spring 106L to help account for 
variations in material and assembly tolerances, to mitigate 
thermal expansion and contraction variance, and to provide a 
force which resists the unlocking of two interlocked PV mod 
ules 11. Bores 110U and 110L (not viewable here) in rotating 
portion 100 are provided to house and structurally support 
springs 106U, 106L respectively. Springs 106U, 106L are 
shown here as cylindrical springs and may be made from 
spring Steel or other suitable spring material. Other embodi 
ments contemplate springs of other types and shapes, and still 
other embodiments provide coupling 50a without springs 
since frame 12 under compression provides some spring 
force. For example, disc washers, wave washers, Starwashers, 
finger springs, spiral springs, polyurethane springs, and oth 
ers are all suitable for use with the present embodiment under 
discussion. Rotating portion 100 comprises four flat faces 116 
so that rotating portion 100 can be easily turned with a typical 
wrench from above. One skilled in the art will recognize that 
the number of flat faces could vary and rotating portion 100 
could be simply rounded, slotted, bored, or knurled depend 
ing on the type of wrench which is utilized. Shaft portions 
102A, 102B further comprise optional reduced diameter por 
tions 114A, 114B to help guide and hold a free PV module 11 
which is being moved into position for coupling. Rotating 
portion 100 (except for springs 106.U. 106L), shaft portions 
102A, 102B, and locking portions 104A, 104B may be 
machined from a single piece of Solid metal. Such as Steel or 
aluminum. In another embodiment rotating portion 100 may 
be made of a light-weight material Such as plastic. However, 
one skilled in the art will recognize that multiple components 
could be assembled together and various materials could be 
used to form the various portions of coupling 50a as described 
herein. 

0049 Expanding the discussion now to further include 
FIG. 3, which depicts a cross-section cut through two adja 
cent PV modules 11A, 11B which are coupled together with 
a coupling 50a, it can be seen that first locking portion 104A 
may be specially shaped to be the first of the two locking 
portions 104A, 104B which is inserted into a first slot 26A of 
PV module 11A. Locking portion 104A may be provided 
with curved surfaces 118U. 118L on opposite corners which 
allow locking portion 104A to be rotated in a clockwise 
manner inside of slot 26A until locking portion stops 120 AU, 
120AL contact upper 122AU and lower 122AL inside sur 
faces of slot 26A respectively. With reference to FIGS. 16-24, 
which will be discussed in more detail below, one skilled in 
the art will recognize that the width of locking portion 104A 
is slightly less than the height A of openings 27A, 27B in slots 
26A, 26B, while the length is approximately equal to the 
height B inside of slot 26A. Therefore locking portion 104A 
may be inserted when it is oriented in a first position 91 and 
captured behind male features or flanges 108AU, 108AL 
when it is rotated clockwise. After approximately 90 degrees 
of clockwise rotation, when locking portion stops 120 AU, 
120AL are reached coupling 50a is said to be in a third 
position 93 (see below for discussion of an intermediate sec 
ond position 92). 
0050. Accordingly, second locking portion 104B may be 
specially shaped to be the second of the two locking portions 
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104B, 104A to be inserted into a second slot 26B in PV 
module 11B. This first embodiment contemplates a shape for 
locking portion 104B which is capable of passing between 
male features or flanges 108BU and 108BL for approxi 
mately the first 45 degrees of clockwise rotation of coupling 
50a. Thus the intermediate position of approximately 45 
degrees of clockwise rotation is said to be the second position 
92. The shape of locking portion 104B is similar to locking 
portion 104A except that material has been removed in the 
clearance Zones 124U, 124L directly opposite curved sur 
faces 118U. 118L on locking portion 104A. Thus, orientation 
of coupling 50a in first position 91 and insertion of locking 
portion 104A into slot 26A followed by a rotation to second 
position 92 results in locking portion 104A being captured by 
slot 26A and locking portion 104B being correctly oriented 
for insertion into slot 26B. Furthermore, insertion of locking 
portion 104B into slot 26B followed by an additional rotation 
of approximately 45 degrees clockwise to third position 93 
results in locking portion 104B being captured by slot 26B. 
Rotation ceases when locking portion stops 120 AU, 120AL 
contact surfaces 122AU, 122AL inside slot 26A and locking 
portion stops 120BU, 120BL contact surfaces 122BU, 122BL 
inside slot 26B, and at this point the outside surfaces 16A and 
16B of PV modules 11A and 11B are said to be coupled or 
interlocked together (these two terms are used interchange 
ably throughout this document). Other embodiments contem 
plate a number of variations on the locking portions 104A, 
104B and the slots 26A, 26B, all of which are within the scope 
of the present invention. For example, Some embodiments 
may utilize locking portions 104A, 104B which are identical 
in shape but simply rotated at different angles from each other 
relative to shaft portions 102A, 102B. Such embodiments are 
still capable of providing a solid interlock but do not allow 
removal of a single module from the middle of a completely 
installed PV array 10 since first position 91 can only be 
reached when locking portion 104B is not inside slot 26B. 
Other embodiments include locking portions which are 
shaped for different angles of rotation other than 45 and 90 as 
discussed above, while others have locking portions which 
are shaped for counter-clockwise rotation. 
0051 Locking portions 104A,104B further comprise 
tapered surfaces 105AU, 105AL, 105BU, and 105BL to guide 
them into position as coupling 50a is rotated and raised teeth 
112AU, 112AL, 112BU, and 112BL for cutting into frame 12 
and ensuring Solid electrical ground contact between two 
adjacent PV modules 11 when they are coupled together. 
Teeth 112AU, 112AL, 112BU, 112BL also provide structural 
Support by counteracting forces which tend to slide coupling 
50a lengthwise in slots 26A, 26B. In other embodiments teeth 
112 are provided in different locations than those shown here, 
and in still other embodiments teeth 112 are replaced by a 
separate grounding washer, Such as a star washer, which is 
positioned between a portion of coupling 50a and frame 12. 
0052. As shown in FIG.3, slots 26A, 26B from two adja 
cent, interlocked modules 11A, 11B comprise openings 27A, 
27B which allow insertion of couplings 50a in a direction 
which may be substantially parallel with the plane of lami 
nates 20A, 20B and substantially perpendicular with outside 
surfaces 16A, 16B. Flanges 108AU, 108AL, 108BU, 108BL, 
which are located near openings 27A, 27B create (by virtue of 
their position) inside surfaces 109AU, 109AL, 109BU, 
109BL of slots 26A, 26B which are available for use by 
couplings 50a and brackets 132 (see below) as a bearing 
Surface. Inside Surfaces are shown here as being Substantially 
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perpendicular to PV laminate 20. However, other embodi 
ments provide sloped and curved surfaces 109AU, 109AL, 
109BU, 109BL. 
0053 FIG. 3 further reveals frame inside surfaces 17A, 
17B; frame bottom surfaces 15A, 15B; frame screw holes 
19 AU, 19AL, 19BU, 19BL for frame screws 18B, 18U; and 
frame recesses 126A, 126B for capturing PV laminates 20A, 
20B. This view also shows how substantially constant spac 
ing between PV modules 11 in an array 10 is automatically 
determined by the width of rotating portion 100, with minor 
material and assembly tolerance issues being allowed by 
variable compression amounts on springs 106U, 106L. For 
example, manufacturing of a perfectly square PV module 11 
is very difficult. Therefore it is common for PV modules to 
have widths and lengths that vary by up to /8". In prior art 
systems this variance is not accounted for. The springs 106U. 
106L as shown here provide a degree of compliance that helps 
to mitigate the compounding of tolerance errors and therefore 
major problems with proper alignment during installation. 
0054 FIG. 4 depicts a perspective view of two adjacent 
PV modules 11A, 11B which are coupled together with two 
couplings 50a. Since slots 26A, 26B may run substantially 
the whole length of frames 12A, 12B, couplings 50a may be 
located at Substantially any point along the length. Given the 
high strength connection provided, in practice one to three 
couplings per seam between two PV modules is typically 
adequate. At a corner 130 of each PV module 11 the flanges 
108AU, 108AL, 108BU, 108BL are cut off thus allowing 
coupling 50a to easily slide from the seam between one set of 
PV modules 11 over to the seam between an adjacent pair of 
PV modules 11 when coupling 50a is in first position 91 as 
discussed above. 

0055 Referring now to FIGS. 5-6, FIG. 5 depicts a per 
spective view of a height adjustable bracket 132 which is 
suitable for connection to a PV module 11 of the first embodi 
ment of the present invention, and FIG. 6 shows a cross 
section cut through two adjacent PV modules 11A, 11B 
which are coupled together with a coupling 50a (not picture 
here for clarity, see FIG. 3). An L-shaped bracket 132 com 
prises a Z-axis or vertical adjustment slot 140 and a y-axis 
adjustment slot 142 (coordinate system based on plane of 
mounting surface, see FIG. 7). A channel bolt 136 with bolt 
head 137, which is threaded into a channel nut 134, is utilized 
to attach bracket 132 to outside surface 16B of frame 12B. 
Channel nut 134 is shaped to fit inside slot 26B and to be 
captured behind flanges 108BU, 108BL. This embodiment 
contemplates a simple rectangular shape for channel nut 134 
with nut 134 being inserted at corner 130 and slid into posi 
tion. Threading bolt 136 into nut 134, sliding bracket 132 
between bolt head 137 and frame outside surface 16B, and 
then tightening bolt 136 serves to pull nut 134 solidly against 
flanges 108BU, 108BL thereby rigidly securing bracket 132 
to frame 12B. And since slot 26B runs substantially the whole 
length of frame 12B, bracket 132 can be attached to substan 
tially any point along the length, which will be referred to as 
the x-axis direction. Therefore, slot 26B along with slot 140 
and slot 142 allows for 3 dimensional adjustability of bracket 
132, enabling greatly simplified installation via much easier 
lining up of brackets 132 with rafters (which typically run in 
the y-axis direction) and much easier leveling and aligning of 
PV modules within array 10. Lag screw 138 provides a means 
of directly securing bracket 132, and therefore array 10, to a 
mounting Surface 144. Such as a roof without any other Sup 
port structure as is typical in prior art systems. 
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0056 Please note that while FIG. 6 shows a connection of 
bracket 132 to right frame 12B, it can be connected to any 
outside surface 16, and furthermore it can be reversed so that 
lag screw 138 is positioned beneath the PV module 11 to 
which it is connected. In other embodiments nut 134 com 
prises a rectangular shape with two opposing rounded cor 
ners, similar to locking portion 104B, so that it can be inserted 
into slot 26B from any point along frame 12B and then 
twisted 90 degrees to tuck behind flanges 108BU, 108BL. In 
still other embodiments nut 134 is a standard hexagonal 
shaped nut. 
0057. One alternate embodiment removes lower flanges 
108AL, 108BL from slots 26A, 26B and the lower portions of 
locking portions 104A, 104B resulting in a one-sided locking 
action instead two as with the first embodiment. 

First Embodiment Basic Operation 

0058 Referring to FIGS. 7-8 and FIGS. 10-11, a PV array 
10 according to the first embodiment of the present invention 
is shown installed on the roofofa building 146. FIG.7 depicts 
a perspective view of building 146 with PV array 10 shown 
attached to a roof 144R which serves as a suitable mounting 
surface 144. Roof rafters 148 are just beneath the top surface 
of the roof and are shown as dashed lines. Brackets 132 can be 
seen in this view along the front of PV array 10. Brackets 132 
are oriented such that lag screws 138 are hidden under PV 
modules. Brackets 132 can be seen attached to slots 26 on the 
outside surface 16 of the lowest row of three PV modules 11, 
one bracket 132 per PV module 11. Brackets 132 have been 
adjusted in their respective slots 26 in the x-axis direction 
such that each bracket 132 lines up with a rafter 148. Since 
lining up of brackets 132 with rafters 148 is only required 
with certain types of roofs and mounting Surfaces, other 
embodiments provide brackets 132 which are not lined up 
with rafters, but rather attach directly to the mounting surface 
at any desired point. In still other embodiments, brackets 132 
are adjusted in the X and y directions to line up with ground 
mounted structures, pier blocks, concrete posts, and special 
ized mounting hardware such as roof jacks, mounting posts, 
mounting jacks, tile brackets, specialized brackets, and stand 
offs. Since the inventive system provides three dimensional 
adjustability, it can be connected to almost any Suitable 
mounting Surface. 
0059 FIG. 8 shows a side view of the same PV array 10 
from FIG. 7 at a larger scale. This figure helps to clarify the 
fact that PV array 10 is connected to roof 144R without the 
use of strut or other supports. Brackets 132 connect frames 12 
directly to roof 144R, and couplings 50a interlock PV mod 
ules 11 together. In contrast, FIG. 9 shows a typical prior art 
PV array 10PA without the benefit of an interlocking system 
as disclosed herein. PV modules 11PA are first linked 
together by struts 131PA. Struts 131PA are then attached to a 
mounting surface (not shown) via brackets 132PA. As can be 
seen here strut 131PA is a device which is at least as wide as 
two PV modules 11PA and is designed to support the oppos 
ing sides of at least two PV modules 11PA. A coupling, on the 
other hand, only joins PV modules together at the seam 
between the two modules and therefore is not wider than a 
single module. The fact that struts 131PA are designed to span 
between modules 11PA means that a lot of extra material is 
required. The additional expense and installation time 
required to utilize strut 131PA is a significant drawback to 
prior art systems. 
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0060 FIG. 10 shows a perspective view of the same PV 
array 10 from FIG. 7 except that array 10 is being viewed from 
the back (exactly 180 degrees around from the FIG. 7 view) 
with building 146 removed to reveal the back side of PV array 
10. In this view it is now evident that a row of three brackets 
132 is located along every horizontal seam 150 between PV 
modules 11 and along the top 154 and bottom 156 edges of 
array 10. This method of relatively evenly distributing brack 
ets 132 across array 10 is not possible with prior art strutless 
systems which utilize series couplings (see discussion 
below). 
0061 FIG. 11 shows a cross-section cut through PV array 
10 (from FIG. 7) just above couplings 50a and looking per 
pendicular to array 10 thereby revealing the locations of cou 
plings 50a and brackets 132 (roofing material not shown 
beneath array 10 for clarity). Couplings 50a are shown inter 
locking all PV modules 11 in array 10 at all horizontal 150 
and vertical 152 seams between PV modules 11. In other 
embodiments couplings 50a are only utilized on either hori 
Zontal seams 150 or vertical seams 152. The arrangement of 
couplings as shown here creates a double structure or parallel 
interlock support system 160 for array10 along both thexand 
y-axes as will be discussed below. Each frame 12 is referred 
to as a hybrid, strut-like frame because, unlike most prior art 
systems, it performs the following basic functions which are 
normally shared between a PV frame and a strut or similar 
structural Support system: (a) holding and protecting the 
edges of PV laminate 20; (b) interconnecting modules 11 
together with a structural support system (in order to increase 
structural integrity and minimize the number of required con 
nection points to mounting Surface 144); and (c) providing a 
means for attaching array 10 to mounting Surface 144 via 
foot-type or bracket members. 

First Embodiment Series and Parallel Coupling 
Theory 

0062 FIG. 12 provides a simplified top view of two adja 
cent rectangular frames A and B. Lines C, C, C, and Ca 
represent places along the seam between the two frames A 
and B where couplings cantheoretically be placed. Couplings 
which connect at lines C and C are referred to as parallel 
couplings since a union of frames A and B at these points 
results in frames A and B being interlocked in parallel. It 
follows then that any point along the seam between A and B 
is theoretically capable of receiving aparallel coupling. How 
ever, the corner points K and K- are special cases since prior 
art slots in the outside surfaces of frames do not extendall the 
way to the corner on both sides of a pair of orthogonal frame 
members. This problem arises from the nature of the alumi 
num extrusion process (which is how most PV frames are 
manufactured) and prevents the sliding of parallel couplings 
all the way to the end on at least two sides of a rectangular PV 
module. The corners are also a special case for a second 
reason. The corners K and K- are the only places around the 
perimeter where a coupling can be inserted into the outside 
Surface of a first frame member B and continue through into 
a second frame member B which is around the corner from 
the point of insertion. Thus, lines C and C are shown extend 
ing from parallel frame members A, B into the orthogonal 
frame members B. B. and A. A. Since the ability to run a 
coupling into an orthogonal frame member clearly enhances 
the structural properties (Z-axis loads can be distributed over 
a larger area), prior art couplings fall into two basic catego 
ries: parallel couplings which are optimized to connect to the 
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side of a frame member Substantially anywhere along the 
whole length of the member and series couplings which are 
optimized for the special case of connecting to the ends of 
frame members at the corner points K. K. Series couplings 
are so named because they link two frame members, such as 
As and B, end to end. 
0063. In order to understand the operation of PV array 10 
of the first embodiment, it is important to first understand how 
the forces that are presented to PV array 10 are distributed 
across it. Forces can act over the entire Surface. Such a wind 
pressure, or forces can be highly localized, such as someone 
stepping on it. In either case, these forces must find their way 
to the roof 144R or mounting surface 144 via brackets 132 
that mount the PV system, and these brackets 132 may be 
Some distance away from the point or area of application of 
the force. In many cases the force must pass across PV mod 
ules and the transitions between them in order to make it to 
mounting Surface 144. A coupling device for interlocking 
frame members 13 provides an opportunity to further support 
frame members 13 by locking it to adjacent frame members 
13. For an individual PV module 11 each frame member 13 
acts as a separate structural entity which is supported by PV 
laminate 20 and connected to orthogonal frame members at 
the corner joints. Even in a hypothetical case of a framed PV 
laminate which comprises a frame constructed out of a single 
piece of material (no Such example exists to our knowledge), 
each side of the frame is still a separate structural entity since 
the sides are mostly separated by the laminate and only con 
nected by a small portion in the corners. Thus, it is important 
to discuss which frame member and where on the frame 
member a particular coupling is connected if one wants to 
understand the structural properties of the coupling. ASSum 
ing that PV module 11 comprises substantially straight frame 
members 13, then the possible shapes (in a top view) for 
flat-plate PV module 11 are a triangle, rectangle, pentagon, 
hexagon, etc. All Such shapes are Suitable for use with the 
present invention. 
0064 FIGS. 13-14 show generic PV arrays 10P and 10S, 
comprising four PV modules 11A, 11B, 11C, 11D with adja 
cent frame members 13A1, 13B1:13A2, 13C2; 13B2, 13D2: 
13C1, 13D1 respectively. These two figures demonstrate the 
two basic types of couplings which are possible in a rectan 
gular array: parallel couplings 50 and series couplings 62. 
When straight-sided PV modules 11A, 11B, 11C, 11D are 
assembled to form substantially rectangular PV arrays 10P 
and 10S, the result is a plurality of frame members 13 which 
are immediately adjacent to each other (within arrays 10P. 
10S) and a plurality of frame members 13 around the perim 
eter of arrays 10P 10S. FIG. 13 shows parallel couplings 50 
that each connect two adjacent and Substantially parallel 
frame members 13 side to side. FIG. 14 shows series cou 
plings 62 that each connect two Substantially collinear frame 
members 13 end to end. 

0065. As shown in FIG. 13, parallel couplings 50 allow a 
force F applied to PV module 11B to be distributed between 
the PV modules immediately adjacent to it, 11A and 11D, 
along paths P, P., P., as well as out to the more remote PV 
module 11C along paths P and Ps. This distribution of forces 
is enabled since parallel couplings 50 allow both the connec 
tion of frame members 13 end to end and side to side. For 
example, frame members 13B1 and 13A1 are interlocked in 
addition to the orthogonal pair of frame members 13B2 and 
13D2. This connection of orthogonal pairs of frame members 
13 enables the connection of each row of PV modules 11A, 
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11C, to the adjacent row 11B, 11D and allows force F1 to be 
distributed across all the PV modules in array 10P, thus 
strengthening the entire frame structure Supporting PV lami 
nates 20. However, series couplings 62, as shown in FIG. 14, 
will only allow forces to be distributed down the rows 11A, 
11C and 11B, 11D which are attached in this way. The same 
force F presented to module 11B in this case can only take 
paths Po and P, thus preventing the distribution of loads to 
PV modules 11A, 11C. 
0066 While series couplings 62, as are known in the prior 

art, are clearly less advantageous than parallel couplings, 
some embodiments of the present invention, as will be dis 
cussed below, provide a means for adding a series coupling 
portion to a parallel coupling thereby creating a series-paral 
lel coupling. There are distinct advantages to Such a hybrid 
coupling since in theory a series coupling may provide more 
opportunity for enhancing the Z-axis strength of frame 12 
(though Such potential is not realized in prior art couplings). 
0067 Parallel interlock support system 160 operates as 
follows. The specialized slot 26 allows couplings 50a to 
securely connect the sides of each immediately adjacent and 
parallel pair of frame members 13. It is common for installa 
tion technicians to step on a PV laminate 20 during installa 
tion. This action provides a localized load such as would 
generate force F. In prior art strutless systems, force F is 
translated to the frames which are nearest to the point of 
loading, and each frame member 13 is acting mostly indepen 
dently since there are no securely connected additional Sup 
porting members nearby. In the first embodiment of the 
present invention, however, force F presented to the top of 
PV laminate 20 is shared by frame 12 which surrounds PV 
laminate 20 as well as the four frame members 13 which are 
coupled to the loaded PV laminate 20. Thus, it can be seen that 
a Support grid is created by the simple and rapid connection of 
couplings 50a to adjacent frames 12. This grid is evenly 
distributed in the X and y directions throughout array 20, and 
the doubled support members run beneath the edges of each 
PV laminate 20. The result is a PV array 10 which can be 
mounted to a roof or other mounting surface 144 without the 
need for costly and heavy strut (or other structural members). 
Furthermore, the increased spanning capabilities provided by 
the parallel interlock support structure 160 significantly 
reduce the number of connection points (and therefore brack 
ets 132) for a given size array 10 on a given mounting Surface 
144 as compared to prior art strutless systems. 
0068 FIG. 15 shows a prior art strutless PV array 210PA 
with PV modules 211 PA, brackets 232PA, and series cou 
plings 250PA. As discussed above, series couplings must be 
connected at the corners and therefore they cannot be used to 
connect two adjacent rows together. Thus, brackets between 
rows must be doubled up (as shown) or specialized (and 
difficult to install) double brackets must be utilized. And, as 
mentioned above, the total number of brackets 232PA is also 
increased relative to the inventive device of the first embodi 
ment because spans between brackets 232A cannot be as 
long. 

First Embodiment Coupling Modes 

0069. The unique structure of the framing and coupling 
systems of the first embodiment enables three distinct modes 
of operation: positioning mode, locked mode, and sliding 
mode. In the first embodiment these different modes may be 
easily accessed via rotation of coupling 50a into one of the 
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three discrete positions 91, 92.93 as discussed above. Other 
embodiments access these modes via different means as will 
be discussed below. 
0070 Positioning mode is primarily utilized during instal 
lation and removal of PV modules 11 in PV array 10. Posi 
tioning mode secures coupling 50a to one PV module 11 of a 
pair of PV modules 11 to be interlocked. Since the positioning 
of PV modules can be difficult, particularly on sloped roofs, 
positioning mode insures that coupling 50a will stay in posi 
tion as the two modules are guided together. Thus, in posi 
tioning mode coupling 50a is either firmly secured or loosely 
attached to one PV module 11. 
0071 Locked mode is the mode that all couplings are left 
in once array 10 is fully installed. Locked mode securely 
interlocks two adjacent PV modules 11 together thereby 
forming a parallel interlock Support system 160 as discussed 
above. In locked mode coupling 50a is firmly secured to two 
adjacent PV modules. This mode also automatically grounds 
the two interlocked modules 11 to each other and forces them 
into proper alignment and spacing. The automatic grounding 
feature of the first embodiment of the present invention pro 
vides a Substantial improvement over prior art systems 
because PV modules are electrically grounded to each other 
both within rows of modules 11 and between rows. Thus a 
complete X-y grounding matrix results so that only one 
ground wire needs to be run from PV array 10 to the ground 
ing equipment for the site. 
0072 Sliding mode is primarily used during installation 
and removal of PV modules 11 in array 10. Sliding mode 
partially decouples two interlocked PV modules so that cou 
pling 50a may be repositioned or slid all the way down slot 26 
and over into slots 26 for an adjacent PV module pair in array 
10. This allows removal of an individual PV module 11 that is 
surrounded by adjacent PV modules 11 installed on all sides. 
Thus in sliding mode coupling 50a is loosely attached to two 
adjacent PV modules. Prior art systems do not teach or imply 
a PV array coupling and framing system capable of achieving 
all three of these coupling modes (positioning, sliding, and 
locked). 

First Embodiment Coupling Process 
(0073 FIGS. 16, 19, and 22 depict a perspective view of 
coupling 50a in each of its three discrete positions 91, 92.93 
respectively as it is utilized to interlock two adjacent frames 
12A, 12B together (only a portion of frames 12A, 12B are 
shown so that locking portions 104A, 104B are revealed). 
Please note that since coupling 50a may be installed in either 
frame first, FIGS. 16, 19, and 22 show frames 12A, and 12B 
in opposite positions than in FIG. 3. FIGS. 17-18 show front 
and back side views respectively of coupling 50a in first 
position 91. FIGS. 20-21 show front and back side views 
respectively of coupling 50a in second position 92. FIGS. 
23-24 show front and back side views respectively of cou 
pling 50a in third position 93. The following description also 
references FIGS. 2-3 since some parts are easier to see in 
closer views. 
0074 The process of interlocking two adjacent frames 
12A, 12B is as follows. First, coupling 50a is oriented in first 
position 91, which aligns the length of locking portion 104A 
with the length of slot 26A, then inserted at substantially any 
point along frame 12A into slot 26A. While inserting, the 
direction of travel is substantially parallel with the plane of 
laminate 20A and substantially perpendicular to the length of 
slot 26A. Coupling 50a is inserted until locking portion 104A 
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hits the back of slot 26A or rotating portion 100 contacts 
outside surface 16A of frame 12A. FIG. 16 shows coupling 
50a in first position 91 and fully inserted. For convenience, 
we contemplate alignment of rotating portion flat faces 116 at 
45 degrees to the plane of laminate 20 when in first position 
91: this way the corner point of rotating portion 100 is point 
ing straight up and is therefore easy to align by eye. Of course 
other orientations for flat faces 116 will work just as well. One 
skilled in the art will recognize that springs 106U, 106L are 
oriented such that they are not touching frames 12 in first 
position 91 (since they line up with opening 27A, 27B of slot 
26A, 26B). Therefore, a return to first position 91, even after 
the complete array 10 has been installed, will enable sliding 
mode since it is not locked onto either frame and since springs 
106U, 106L are not compressed. 
0075. The second step is to rotate coupling 50a into sec 
ond position 92 in order to enable positioning mode as is 
depicted in FIGS. 19-21. Thoughlighter duty springs may be 
used, we contemplate the use of relatively stiffsprings for 
springs 106U, 106L since movement of the modules 11 in 
array 10 may be undesirable once the installation is complete. 
Springs with a full deflection rating of 100 to 500 pounds may 
work well, but other spring rates are also suitable. Thus, in 
order to move coupling 50a from first position 91 to second 
position 92, a wrench is applied to rotating portion 100 to 
rotate it approximately 45 degrees clockwise. In this position 
locking portion 104A is locked onto frame 12A and springs 
106U, 106L are partially compressed. Please note that during 
the first part of the 45 degree rotation from first position 91 to 
second position 92, tapered surfaces 105AU, 105AL engage 
with flanges 108AU, 108AL to pull the locking portion fur 
ther into the slot. By guiding locking portion 104A into place, 
tapered surfaces 105AU, 105AL also enable an increased 
range of acceptance angles for initial alignment of locking 
portion 104A and therefore increase the flexibility and ease of 
use of coupling 50a since it doesn’t have to be “dead on in 
order to rotate. As coupling 50a is being rotated from first 91 
to second 92 position, teeth 112 AU, 112AL begin to bite into 
flanges 108AU, 108AL when the end of tapered surfaces 
105AU, 105AL is reached. From this point on through the rest 
of the full 90 degree throw, the surfaces of locking portion 
104A which are in contact with flanges 108AU, 108AL 
remain relatively parallel with flanges 108AU, 108AL. 
Therefore, the force applied by springs 106U, 106L effec 
tively squeezes coupling 50a about flanges 108AU, 108AL 
and it is held in a stable position if the wrench is removed from 
rotating portion 100. Thus, second position 92, as shown in 
FIG. 19, is a stable discrete position with coupling 50a 
attached only to frame 12A. The second frame 12B can now 
be moved into or out of position without knocking coupling 
50a out of position. Unlike some prior art systems which 
require both PV modules 11A, 11B to be in place and aligned 
before a coupling can be connected, the inventive device of 
the first embodimentallows free positioning of modules with 
coupling 50a connected to one of them in positioning mode. 
For example, in Some cases it may be advantageous to insert 
couplings into some PV modules 11 on the ground before 
taking them up to a roof to be mounted. In other cases cou 
plings 50a may be locked onto PV modules 11 at the factory 
prior to shipping. Also, when interlocking a free PV module 
to an already mounted PV module, coupling 50a may be 
attached to either the free PV module or the already mounted 
PV module. Positioning mode is enabled since locking por 
tion 104B is shaped such that it only begins to lock itself onto 
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frame 12B when coupling 50a is being rotated from second 
position 92 to third position 93. 
(0076 FIGS. 22-24 depict coupling 50a in third position 
93, securely attached to frames 12A, 12B in locked mode. The 
process of rotating from second position 92 to third position 
93 is basically the same as that from first 91 to second 92. A 
wrench is used to rotate rotating portion 100. Tapered sur 
faces 105BU, 105BL guide locking portion 104B into slot 
26B and teeth 112BU, 112BL begin to bite into flanges 
108BU, 108BL when the end of tapered surfaces 105BU, 
105BL is reached. Arrival at third position 93 is signaled by 
locking portion stops 120AU, 120AL contacting upper 
122AU and lower 122AL inside surfaces of slot 26A respec 
tively and 120BU, 120BL contacting upper 122BU and lower 
122BL inside surfaces of slot 26B respectively. Locking por 
tion stops 120AU, 120AL, 120BU, 120BL provide a solid, 
hard stop which prevents rotation of the wrench any further, 
therefore significantly simplifying the installation procedure 
and increasing the quality thereof by eliminating the possi 
bility of over or under-torqued bolts. 
0077. The above discussion of the coupling process 
clearly shows how a rotation of coupling 50a from first posi 
tion 91 to third position 93 causes locking portion 104A to 
bear against inside surfaces 109 AU, 109AL of slot 26A and 
rotating portion 100 via springs 106U, 106L to bear againstan 
opposing frame Surface, outside Surface 16A. Since springs 
106U, 106L act to transfer forces from rotating portion 100 to 
frames 12A, 12B, they are also referred to as force transfer 
portions. Likewise locking portion 104B bears against inside 
surfaces 109EU, 109BL of slot 26B and rotating portion 100 
via springs 106U. 106L bears against an opposing frame 
surface, outside surface 16B. Thus it is clear that coupling 50a 
securely interlocks PV modules 11A and 11B together by 
bearing against opposing Surfaces on each frame 12A, 12B 
upon rotation of rotating portion 100. 
0078 Please note that this method of interlocking is quite 
different from most prior art systems which interlock adja 
cent PV modules by means of a coupling that bears against the 
frame and a strut, a mounting rail, a bracket, or other struc 
tural member which is sandwiched between opposite ends of 
the coupling. This basic structural difference enables the 
forming and mounting of PV arrays 10 without requiring the 
use of separate structural Support members (such as strut, 
mounting rails, and the like) which attach directly to and span 
between multiple PV modules in a formed PV array 10. 

First Embodiment—Installation Methods 

(0079 Referring to FIGS. 7-8 and FIGS. 10-11, the basic 
steps involved in the forming and mounting of PV array 10 
according to the second embodiment of the present invention 
may be as follows: 
0080 Step 1: Secure a first PV module 11 to roof 144R 
with at least one bracket 132. 

I0081 Step 2: Interlock a second PV module 11 to the first 
PV module 11 with at least one parallel coupling 50a which 
interlocks the sides of two adjacent frame members 13 
together in parallel. 
I0082 Step 3: Attach second PV module 11 to roof 144R 
with at least one bracket 132. 
I0083 Step 4: Repeat steps 2 and 3 for all remaining PV 
modules 11 in PV array 10, successively interlocking each 
new PV module 11 to the side of a mounted PV module 11 and 
attaching at least one bracket 132 to each module. 
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0084. The details of Step 2 above may be as follows: insert 
coupling 50a into slot 26 of the mounted PV module 11, 
rotate rotating portion 100 to second position 92 with a 
wrench thereby enabling positioning mode, mate second PV 
module 11 with coupling 50a, rotate coupling 50a to third 
position 93 thereby enabling locked mode. The wrench is 
operated from above by sliding wrench between the two 
modules 11 (which may be as close as approximately /4" 
apart). Alternately coupling 50a may be placed on the free 
module 11 for positioning mode instead of the mounted mod 
ule 11. 

I0085. The details of Step 3 may be as follows: install 
bracket flashing or mounting plate, loosely install bracket 132 
on mounting plate, attach bracket 132 to PV module 11 at any 
point along the side where it lines up with required bracket 
placement, secure bracket 132 to mounting plate. Since there 
are many types of mounting Surfaces, there, of course numer 
ous ways that brackets 132 can be installed. Thus, the inven 
tive system of the first embodiment provides slot 26 and 
height adjustable bracket 132 in order to provide maximum 
flexibility in adapting to almost any mounting situation. 
I0086 Parallel couplings 50a may be used at substantially 
any point in any horizontal 150 or vertical 152 seam between 
adjacent PV modules. Each seam 150, 152 may include one, 
multiple, or no couplings 50a depending on the installation 
requirements. Substantially all brackets 132 may be attached 
by sliding channel nuts 134 into slots 26 from the end, align 
ing with bracket 132, and screwing bolt 136 into channel nut 
134 to capture bracket 132. 
0087 Final tightening of each coupling 50a and bracket 
132 connection is flexible and does not necessarily coincide 
with initial placement in array 10 of that module 11. This 
flexibility allows PV modules 11 to be temporarily positioned 
in the array while others are positioned or while wiring or 
other installation issues are handled. Since all couplings 50a 
are capable of being tightened from the top, PV modules 11 
can be moved into locked mode at any time. One skilled in the 
art will recognize that the 2-axis nature of the couplings in the 
embodiment under discussion means that PV modules 11 can 
be installed in any order and in substantially any shape for PV 
array 10 as long as each new PV module 11 is interlocked to 
a mounted PV module 11, and all new modules 11 are added 
to a mounted module which has a portion of a frame member 
13 free (not already interlocked to another PV module). It is 
possible, for example, to mount PV modules in a generally 
rectangular shape, but then leave out modules 11 in the 
middle to avoid vents or other obstructions. In another 
example, each row of PV modules 11 may be displaced by a 
specific amount for architectural reasons or to match a roof 
line. 

0088. If a module 11 needs to be removed from the middle 
of a formed array for servicing, the required steps may be as 
follows. First, move all couplings 50a which are connected to 
it back into first position 91 with a wrench from above thereby 
enabling sliding mode for each. Then slide all loosened cou 
plings 50a over to neighboring modules 11. In some cases a 
bracket 132 may prevent sliding in one direction but not both. 
Brackets 132 are typically installed with one per module, so 
there is normally at least one direction to slide. If two brackets 
132 are required, then couplings 50a are not used in between 
the two brackets 132. Next, loosen bolts 136 which connect 
brackets 132 to frames 12 on the effected module 11 and lift 
it straight up and out of array 10 (disconnecting wires before 
moving it too far). In this way an individual PV module 11 
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that is installed in the middle of array 10 may be removed 
without requiring the removal of the Surrounding modules 11, 
thereby Substantially saving time during troubleshooting and 
maintenance as compared to prior art systems. 
I0089. In another embodiment PV modules 11 comprise 
non-rectangular shapes such as triangular or hexagonal and 
the coupling system works in the same manner as described 
above. In another embodiment PV modules 11 are small 
enough to not require one bracket 132 per module. In this 
embodiment multiple modules are interlocked together and 
then one of the group is attached to roof 144R with bracket 
132. In yet another embodiment PV array 10 is mounted to a 
ground-mounted rack system instead of roof 144R with no 
change in the basic installation method outlined above except 
that brackets 132 are attached to the rack instead of roof 144R. 
In still another embodiment groups of standard-sized PV 
modules 11 are interlocked together via couplings 50a on the 
ground and then hoisted to a roof where brackets 132 are used 
to secure them in place. 

First Embodiment—Advantages 
0090 The first embodiment of the present invention pro 
vides numerous advantages over prior art systems. Inventive 
features of the presentapparatus include, but are not limited to 
the following: 
0091 Parallel coupling action parallel coupling is 
attachable to substantially the whole length of all four sides of 
a PV module and securely locks the outside surfaces of par 
allel frame members together in a side to side arrangement, 
thereby increasing the structural performance of the PV array. 
0092. Three mode design Parallel coupling is shiftable 
with a wrench into three modes of operation: positioning 
mode, sliding mode, and locked mode. A positive stop is 
provided when locked mode is reached. 
0093. Locking portion Parallel coupling provides two 
specially shaped locking portions which are insertable into 
slots on the outside Surfaces of adjacent frame members. 
Locking portions enable discrete positions of device and pro 
vide a positive stop for locked position. 
0094. Dual bearing action Parallel coupling interlocks 
adjacent frame members together by bearing against oppos 
ing Surfaces on each frame upon rotation of a rotating portion. 
Locking portion bears againstan inside Surface of the slot and 
the coupling bears against an opposing Surface. 
0.095 Twist-lock action Parallel coupling provides a 
rotating portion which shifts from an unlocked position to a 
locked position in approximately 90 degrees of rotation. 
0096 Top accessible Parallel coupling is accessible 
from the top even after PV array has been formed. Coupling 
can be rotated with a wrench from above to shift from locked 
mode to sliding mode so that coupling can be slid into the 
slots of neighboring PV modules. In this way a single PV 
module can be removed from the middle of a formed PV 
array. 
0097. One-piece Parallel coupling is deployable in the 
field as a one-piece unit. 
0098. Automatic alignment Parallel coupling forces 
interlocked PV modules into alignment along both the X and 
y axes of PV array. Spacing between modules and height of 
modules is automatically set upon rotation into locked mode. 
0099 Automatic grounding Rotation of parallel cou 
pling into locked mode causes integral teeth to bite into frame 
members thereby enabling reliable x-y matrix grounding for 
the whole PV array. Only one wire is required to ground the 
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whole PV array and the ground connection is uncompromised 
by the removal of a PV module from the PV array. 
0100 Tolerance compensation—Parallel coupling mini 
mizes alignment problems due to variable tolerances within 
PV array via an integral spring. Spring also resists unlocking 
of mechanism over time and helps to minimize grounding 
problems by maintaining a known amount of force on ground 
connection. 
0101 Multifunction frame—A frame is provided which 
supports PV laminates and eliminates the need for a strut 
system which links modules together in a PV array. Each 
frame member comprises a specially shaped slot which 
enables the connection of parallel couplings and mounting 
brackets to substantially the whole length of all four sides of 
a PV module. Furthermore each slot comprises flanges which 
enable high-strength interlocking and the connection of Snap 
on options such as cosmetic flashings and debris Screens. 
0102 The above features provide many useful benefits 
including, but not limited to: Strutless design, minimal attach 
ment points, accessible yet hidden wiring, flexible mounting 
options, three dimensional adjustability, rapid formation of 
PV array, betterload distribution, better airflow, more flexible 
wiring options, low part count, improved aesthetics due to 
lower profile and better alignment, and increased flexibility 
for orientation (landscape or portrait o.k.). 
0103) When removing the strut from a PV mounting sys 
tem, significant structural challenges are revealed. We will 
now discuss in more detail the structural advantages of the 
first embodiment relative to prior art strutless systems. 
0104 First, coupling 50a maximizes structural integrity 
relative to size by operating on frame 12 in a direction Sub 
stantially perpendicular to outside Surface 16 (instead of par 
allel to it). This fact enables the cost-effective creation of 
flanges 108AU, 108AL, 108BU, 108BL inframe 12 extrusion 
which provide a thick and very strong Surface that coupling 
50a utilizes as a wall for holding the ends of locking portions 
104A, 104B. This arrangement results in a very high pull-out 
strength as compared to the press-fit resistance provided by 
prior art systems. The flanges 108AU, 108AL, 108BU, 
108BL are described as cost-effective since they run longitu 
dinally in the same direction that an extrusion process would 
run in order to extrude frame members 13 in a typical manu 
facturing process. Creation of equivalent flanges running at 
90 degrees to flanges 108AU, 108AL, 108BU, 108BL as 
required by prior art systems requires additional machining 
operations. 
0105 Second, the major part of the coupling can be 
located in the gap between modules instead of inside the 
frame member, thereby reducing the required size for the 
frame. 
0106. Third, attaching coupling 50a to outside surface 16 
of frame 12 with locking portions that engage positively 
inside both the top and bottom frame member flanges 108AU 
and 108AL, allows coupling 50a to resist forces that would 
separate the opposing frame outside Surfaces 16, especially in 
comparison to prior art systems. Furthermore, because it is 
these separating forces that are the primary forces that we 
need to overcome with Such a coupling, and it intrinsically 
does this in an effective manner, it can be designed Smaller 
than prior art solutions, and will therefore involve lower mate 
rial costs. 

01.07 Fourth, teeth 112AU, 112AL, 112BU, 112BL 
enhance the longitudinal holding strength of coupling 50a 
since they are circular to facilitate biting into frame 12 as 
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rotating portion 100 is rotated to lock coupling 50a. These 
teeth therefore resist being dragged along the longitudinal 
aX1S. 

0108. In addition to the structural advantages discussed 
above, the grounding system provided by the first embodi 
ment of the present invention also has unique benefits. The 
system is more reliable than the prior art since the amount of 
force Supplied to the grounding means is dependant on the 
stiffness of springs 106U, 106L. Once the correct spring size 
is determined, all couplings will Supply a consistent amount 
of force to the ground connection and this force will not be 
dependant on how hard a technician tightens the coupling. 
0109. It follows from the above discussion that the first 
embodiment of the present invention provides significant 
advantages over prior art systems. Other objects and advan 
tages of the present invention will also be discussed. 

Second Embodiment—Structure 

0110 FIGS. 25-31 depict a second embodiment of the 
present invention. This embodiment is similar to the first 
embodiment described above except that it includes minor 
changes to the framing and coupling systems in order to lower 
manufacturing costs and simplify installation. 
0111 FIGS. 25-26 present a cross sectional view of two 
interlocked modules 211A, 211B and a perspective view of 
four interlocked PV modules 211A, 211B, 211C, 211D 
respectively. Slot 26A, 26B is removed from two opposing 
frame members 13 yielding a hybrid, strut-like frame 212 
with two un-slotted frame members 913 and two slotted 
frame members 213. Un-slotted frame members 913 may be 
smaller and lighter weight than slotted frame members 213. 
In another embodiment un-slotted frame members 913 are 
made from a lightweight plastic material and are primarily 
used to protect laminate 20 edges (instead of providing struc 
tural support). In another embodiment frame members 913 
are not used at all. 
0112 Frames 212A, 212B, 212C, 212D each comprise an 
outside surface 216A, 216B, 216C, 216D; an inside surface 
217A, 217B, 217C, 217D; a top surface 214A, 214B, 214C, 
214D; and a bottom surface 215A, 215B, 215C, 215D (not all 
surfaces viewable in these drawings). Four interlocked PV 
modules 211A, 211B, 211C, 211D are oriented such that slots 
226A, 226B with openings 227A, 227B parallel each other 
and slots 226C, 226D with openings 227C, 227D parallel 
each other. The two modules 211A, 211B comprise slot inside 
surfaces 209 AU, 209AL, 209BU, 209BL (modules 211B, 
211C comprising like surfaces which are not labeled). Thus, 
all slotted frame members 213, except those around the 
perimeter of array 10, may be located immediately adjacent to 
other slotted frame members 213, and all un-slotted frame 
members 913, except those around the perimeter of array 10, 
may be located immediately adjacent other un-slotted frames 
sides 913. The designation PV module 211 refers to any PV 
module in array 10 and the designation 212 refers to any PV 
module 211 frame in array 10. Likewise a slot 226 refers to 
any slot 226A, 226B, 226C, 226D within array 10. 
0113. In order to maintain structural linking in both the X 
and y directions, as is shown in the first embodiment 
described above, the second embodiment of the present 
invention replaces coupling 50a with a parallel coupling 50b 
in some locations. In other locations a parallel coupling 50i is 
utilized in place of coupling 50a. In locations where two 
frame members 13 have been changed to un-slotted frame 
members 913 there are no couplings since there is no slot 26 
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for coupling connection. Parallel coupling 50b is also referred 
to as a double coupling or series-parallel coupling 50b 
because it further comprises a series coupling portion 162 
which is utilized to provide a series coupling connection to a 
second pair of adjacent PV modules. Thus parallel coupling 
50b interlocks four PV modules 211A, 211B, 211C, 211D 
instead of two as is typical in prior art systems. A more 
detailed description of the layout of couplings 50b and 50i is 
provided below. All couplings 50i and 50b are shown here in 
horizontal seams 150, but other embodiments provide all 
couplings 50i and 50b in vertical seams 152. In still other 
embodiments frame members 13 are substantially similar on 
all four sides and therefore couplings 50i and 50b are located 
in both the horizontal 150 and vertical seams 152. 

0114 FIG. 27 depicts a perspective view of a generally 
rectangular-shaped parallel coupling 50b. Coupling 50bcom 
prises two parallel coupling portions 50bb and a series cou 
pling portion 162. Parallel coupling portions 50bb are similar 
to couplings 50i (described below) except that they may be 
shaped slightly differently in order to work well with series 
coupling portion 162. For example, in one embodiment par 
allel coupling portions 50bb are similar to couplings 50i 
except that they further comprise retainer portions which 
enable them to be movably secured to series coupling portion 
162, thereby allowing coupling 50b to be deployed as a one 
piece unit in the field. In the present embodiment under dis 
cussion coupling portions 50bb are the same as couplings 50i 
thus allowing coupling 50b to be a three piece unit comprising 
two parallel coupling portions 50bb and one series coupling 
portion 162. In another embodiment more than two coupling 
portions 50bb are utilized for additional strength. In still 
another embodiment series coupling portion 162 comprises 
retainer portions which enable parallel coupling portions 
50bb to be movably secured to series coupling portion 162, 
thereby resulting in a one-piece coupling 50b. 
0115 Referring to FIGS. 25-27, series coupling portion 
162 comprises a first side 164 adapted to mate with outside 
surfaces 216A, 216C of the four interlocked PV modules 
211A, 211B, 211C, 211D. First side 164 comprises three 
male protrusions which mate with frames 212A, 212C to 
increase the strength of frames 212A, 212C at the point of 
coupling. Male protrusion 165 is adapted for insertion into 
auxiliary slots 224A, 224C in frames 212A, 212C and may be 
tapered slightly to insure a Snug fit is maintained despite 
tolerance issues. Male protrusion 166 is adapted for insertion 
into slots 226A, 226C in frames 212A, 212C and comprises 
teeth 168U, 168L which bite into frames 212A, 212C to 
insure solid electrical ground contact and to enhance the 
structural connection between PV modules 211A, 211C. 
Male protrusion 166 may be tapered. Male protrusion 167 is 
adapted to slide just beneath frames 212A, 212C and may be 
tapered as well. In other embodiments male protrusions 165, 
166, 167 may not be tapered. Series coupling portion 162 
further comprises at least two slots or holes 170A, 170B 
which allow insertion of parallel coupling portions 50bb as 
discussed below and a second side 172 which faces away 
from PV modules 211A, 211C when series coupling portion 
162 is installed. In another embodiment teeth 168U, 168L are 
replaced by teeth on a different surface of series coupling 
portion 162 or a different portion of coupling 50b. In other 
embodiments series coupling portion 162 has various num 
bers of male protrusions. In still another embodiment there 
are no male protrusions on series coupling portion 162. We 
contemplate making series coupling portion 162 in a length of 
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approximately 3-12" and out of a rigid material Such as alu 
minum or steel, though other materials and lengths are pos 
sible. 
0116 FIG. 28 shows a perspective view of parallel cou 
pling 50i which comprises all of the same portions as cou 
pling 50a except the following. First, shaft portion 102A, 
designated here as 232A, has been extended by approxi 
mately the width of bracket 132. Second, rotating portion 100 
has been replaced by rotating portion 200 comprising four 
springs 236A, 236B, 236C,236D, (not all viewable here), two 
for each side of coupling 50i oriented approximately 180 
degrees apart. And third, spring bores 110U, 110L have been 
replaced by spring bores 240A, 240B, 240C, 240D to corre 
spond with new springs 236A, 236B, 236C, 236D. Coupling 
50i further comprises locking portions 204A, 204B which 
function the same as locking portions 104A, 104B. All 
remaining portions of coupling 50i are the same as coupling 
50a and are thus not specifically designated here. Parallel 
coupling portion 50bb in this second embodiment is the same 
as coupling 50i and thus also references the same designa 
tions. 
0117 FIG. 29 shows a perspective view of height adjust 
able bracket 132 and parallel coupling 50i. Another advan 
tage of the second embodiment of the present invention is that 
extended shaft portion 232A allows coupling 50i to perform 
a dual function of interlocking adjacent PV modules together 
as discussed above while also attaching bracket 132 to PV 
module 11. This feature substantially reduces installation 
time when compared to prior art systems that require the 
tightening of separate fasteners for couplings and brackets. 
One skilled in the art will also recognize that vertical adjust 
ment slot 140 in bracket 132 is approximately perpendicular 
to slot 26A, 26B, and that springs 236A, 236B, 236C, 236D 
are oriented so that in first position 91 all four springs are free 
and uncompressed in the same way as coupling 50a. Many 
other spring variations are possible within the scope of the 
present invention. 
0118 FIG. 30 provides a cross-section showing two adja 
cent PV modules 212A, 212B which are interconnected with 
coupling 50i. Coupling 50i is shown in first position 91 as 
discussed above. When rotated approximately 90 degrees, 
coupling 50i interlocks frames 212A and 212B together and 
simultaneously compresses bracket 132 against frame 212A. 
Thus, channel nut 134 and channel bolt 136 are no longer 
needed. 

Second Embodiment—Operation 

0119 FIG.31 is the same as FIG. 11 except that PV array 
10 utilizes the framing and coupling system of the second 
embodiment. Brackets 132 are shown in the same locations 
except now they are connected to frames 212A, 212B, 212C, 
212D via couplings 50i, thereby reducing total part count and 
installation time required for PV array 10. Series-parallel 
couplings 50b bridge the corner points where the four corners 
of PV modules 211A, 211B, 211C, 211D meet. For example, 
a coupling 50b is shown bridging a corner point 295 where 
four PV modules 211A, 211B, 211C, 211D meet. Parallel 
coupling portions 50bb interlock modules 211A, 211B and 
211C, 211D while series coupling portion 162 interlocks 
modules 211B, 211D and 211A, 211C. Please note that a 
second series coupling portion between 211A, 211C is pos 
sible but not required since parallel coupling portions 50bb 
lock frame 212A to frame 212B and frame 212C to frame 
212D along with series coupling portion 162. 
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0120 Thus, the two axis parallel interlock support system 
160 from the first embodiment is replaced by a single axis 
parallel interlock Support system 260 which may run along 
the X-axis or y-axis. As shown in FIG. 31, parallel coupling 
portions 50bb and parallel couplings 50i lock adjacent frame 
members 213 side to side in parallel which creates vertical 
rows of paired frame members 213 along the y-axis. Series 
coupling portions 162 interlock frame members 213 longitu 
dinally along the X-axis, thereby connecting the vertical rows 
and increasing the overall strength of the system. Series cou 
pling portion 162 is located between rotating portion 100 and 
outside Surface of frames 216. And since parallel coupling 
portion 50bb is rotatable relative to series coupling portion 
162, a rotation of rotating portion 100 firmly compresses 
series coupling portion 162 into frames 212A, 212C. This 
action serves to Substantially increase the strength of frames 
212A, 212C relative to a Z-axis load (such as wind) in the 
region of coupling 50b since Z-axis loads are distributed lon 
gitudinally down frames 212A, 212C. While some prior art 
couplings do also provide increased Z-axis strength due this 
same effect, series coupling portion 162 may be substantially 
stronger for the following reasons: (a) since series coupling 
portion 162 is not fully contained within a slot or internal 
cavity of frames 212A, 212C, it is able to be much taller in the 
Z-direction thereby increasing strength; (b) coupling portion 
162 is secured to frames 212A, 212C by a compressive force 
about a portion of frames 212A, 212C which increases 
strength instead of a tensile force which tends to deform the 
frame and decrease strength; (c) coupling portion 162 com 
prises upper 165 and lower 167 male protrusions which tend 
to prevent deformation of frames 212A, 212C under load 
since they prevent widening of opening 227A as seen in FIG. 
25; and (d) coupling portion 162 has no fixed center point and 
therefore may be slid in slots 226A, 226C to match up with 
high load areas. 
0121 Accordingly, a rotation of parallel coupling portion 
50bb from first position 91 to third position 93 causes locking 
portion 204A to bear against inside surfaces 209 AU, 209AL 
of slot 226A and rotating portion 200 via springs 236A, 236C 
to bear against series coupling portion 162 which in turn bears 
against an opposing frame Surface, outside Surface 216A. In 
this case the bearing action of rotating portion 200 is trans 
ferred through springs 236A, 23.6C and series coupling por 
tion 162 to frame 212A. Therefore springs 236A, 23.6C and 
series coupling portion 162 are also referred to as force trans 
fer portions. Since there is no series coupling portion 162 
between rotating portion 200 and frame 212B, this portion of 
the coupling process proceeds the same as discussed above 
for module 12B. That is, locking portion 204B bears against 
inside surfaces 209BU, 209BL of slot 226B and rotating 
portion 100 via springs 236B, 236D bears against an oppos 
ing frame surface, outside surface 216B. Thus, PV frames 
212A and 212B are locked to coupling 50b via rotation of 
rotating portion 200 from first position 91 to third position 93. 
The other half of coupling 50b operates in the same way to 
lock frames 212C and 212D to coupling 50b. Thus it is clear 
that coupling 50b securely interlocks PV modules 211A, 
211B, 211C, and 211D together by bearing against opposing 
surfaces on each frame 212A, 212B, 212C, 212D upon rota 
tion of rotating portions 200. In other embodiments devices 
which are removable from a mounted PV module 211 along 
with coupling 50b, such as washers, pressure distribution 
plates, and springs, are placed between coupling 50b and 
frame 212. In these cases such devices are sometimes referred 
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to as force transfer portions and are considered to be part of 
coupling 50b in the same way that series coupling portion is 
so incorporated. On the other hand, brackets and struts which 
span between PV modules 211 and/or are attached to a 
mounting Surface are not considered to be a part of coupling 
50b since they are not removable with coupling 50b. 
0.122. As shown in FIG.30, the second embodiment of the 
present invention provides a means for reducing parts and 
labor costs by combining the function of attaching bracket 
132 with the function of interlocking two adjacent PV mod 
ules 211A, 211B. Thus, the installation of PV array now has 
one less step. To our knowledge there are no prior art systems 
which teach a combined functionality coupling which can 
both couple the sides of two adjacent PV modules together in 
parallel and simultaneously secure a height adjustable 
bracket to the side of frame 212A. 
I0123. The basic steps involved in the forming and mount 
ing of PV array 10 according to the second embodiment of the 
present invention may be as follows: 
0.124 Step 1: Secure a first PV module 211 to a mounting 
surface 144 with at least one bracket 132. 
(0.125 Step 2: Interlock a second PV module 211 to the first 
PV module 211 with at least one parallel coupling 50b or 50i 
which interlocks the sides of two adjacent frame members 
together in parallel. 
0.126 Step 3: Attach second PV module 211 to mounting 
surface 144 with at least one bracket 132. 
I0127 Step 4: Repeat steps 2 and 3 for all remaining PV 
modules 211 in PV array 10, successively interlocking each 
new PV module 211 to the side of a mounted PV module 211 
and attaching at least one bracket 132 to each module. 
I0128 Parallel couplings 50b may be used at substantially 
all corner points 295 where four PV modules 211 meet. 
Substantially all brackets which are mounted in the seams 
between PV modules 211 may be attached via couplings 50i. 
Final tightening of each coupling 50b, 50i and bracket 132 
connection is flexible and does not necessarily coincide with 
initial placement in array 10 of that module 211. This flex 
ibility allows PV modules 211 to be temporarily positioned in 
the array while others are positioned or while wiring or other 
installation issues are handled. Since all couplings 50b and 
50i are capable of being tightened from the top, PV modules 
211 can be moved into locked mode at any time. One skilled 
in the art will recognize that the 2-axis nature of the couplings 
in the embodiment under discussion means that PV modules 
211 can be installed in any order and in Substantially any 
shape for PV array 10 as long as each new PV module 211 is 
interlocked to a mounted PV module 211, and all new mod 
ules 211 are added to a mounted module which has a portion 
of a frame member 213 free (not already interlocked to 
another PV module). Stepped arrays as discussed above are 
not possible when using couplings 50b. 
0129. In another embodiment which is similar to the first 
embodiment discussed above, couplings 50i replace cou 
plings 50a thereby enabling the capture of brackets 132 with 
couplings 50i, while also retaining the benefits of an all 
parallel coupling installation as discussed. 

Third Embodiment 

I0130 FIGS. 32-34 depict a third embodiment of the 
present invention. This embodiment is similar to the first 
embodiment described above except that the orientation of 
the coupling action of coupling 50a has been altered and a 
retaining element has been added. Instead of bearing against 
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Vertically oriented opposing Surfaces on frame 12, a parallel 
coupling 50c is provided to bear against horizontally oriented 
opposing Surfaces on frame 12. 
0131 FIG. 32 shows a perspective view of parallel cou 
pling 50c which has been installed into slots 26A, 26B of two 
adjacent PV modules 11A, 11B but not fully tightened down. 
Frames 12A, 12B have been cut away so that coupling 50c 
shows in this view. FIG.33 provides an exploded view of the 
two sides of a retainer portion 354L, 354R. FIG.34 provides 
a cross-section view cut through two adjacent PV modules 
11A, 11B which are coupled together with parallel coupling 
50c. The cross section is cut partially through coupling 50c as 
indicated. 

0132 Referring to FIGS. 32-34, coupling 50c comprises 
retainer portion 354 which holds a locking portion 304 and a 
nut portion 306 via position tabs 362. Locking portion 304 
may comprise a first side 304A for locking with frame 12A 
and a second side 304B for locking with frame 12B. Nut 
portion 306 may comprise a first side 306A for securing to 
frame 12A and a second side 306B for securing to frame 12B. 
Retainer portion 354 may comprise two substantially identi 
cal halves 356L, 356R which mate together via male and 
female arm pairs 358LM, 358RF and 358LF, 358RM. Two 
halves 356L, 356R capture locking portion 304 and nut por 
tion 306 and hold them in position as coupling 50c is inserted 
into slots 26A, 26B. During insertion, Snap-lock portions 
360LA, 360LB, 360RA, 360RB flex downward then snap 
back up into position once inserted past flanges 108AU, 
108BU. We contemplate making retainer portion 354 out of a 
plastic material, though many other semi-flexible materials 
are also suitable. A bolt or threaded rotating portion 300 
comprises ahead 352 which accepts a tool from above and is 
used to tighten and loosen coupling 50c about frames 12A, 
12B. Locking portion 304 comprises a hole for rotating por 
tion 300 which is larger than the outside diameter of rotating 
portion 300 and is not threaded. Nut portion 306 is drilled and 
tapped for the threads on rotating portion 300 and comprises 
teeth.364 forbiting into frames 12A, 12B when coupling 50c 
is tightened, thereby providing electrical ground continuity 
between modules 11A, 11B and enhancing the structural 
connection of coupling 50c. We contemplate making locking 
portion 304, and nut portion 306 out of a rigid material such 
as aluminum or steel, though other materials are also Suitable. 
0133) Operation of the apparatus of the third embodiment 

is similar to the first embodiment except for the operation of 
coupling 50c. Coupling 50c may be pre-assembled in a fac 
tory by mating halves 356L, 35.6R about locking portion 304 
and nut portion 306 so that coupling 50c may be deployed as 
a one-piece unit ready for installation in the field. To install, 
coupling 50c is inserted at Substantially any point along slot 
26A in PV module 11A. Coupling 50c is inserted with snap 
lock portions 360LA, 360RA pointing towards opening 27A 
in slot 26A and with a direction of travel which is substan 
tially parallel with the plane of laminate 20A and substan 
tially perpendicular to the length of slot 26A. Coupling 50c is 
inserted until snap-lock portions 360LA, 360RA clear flange 
108AU and snap into place. Coupling 50c is now in position 
ing mode and ready to be coupled to PV module 11B. With 
coupling 50c being held in place by retainer portion 354, PV 
modules 11A and 11B are free to be moved independently 
from each other. Thus, this embodiment provides the same 
independent movement capability in positioning mode as 
discussed above for the first embodiment, but coupling 50c is 
held in position during this phase by retainer portion 354 
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instead of locking portions 104A, 104B. To complete the 
coupling operation, coupling 50c is inserted into slot 26B 
until it snaps in place as described above. Then a driver is used 
to engage rotating portion head 352 and rotate rotating por 
tion 300 which pulls nut portion 306 toward slots 26A, 26B 
and pushes locking portion 304 away from slots 26A, 26B. 
0.134 More specifically, rotation of rotating portion 300 
causes locking portion 304 and nut portion 306 to move closer 
together which in turn causes locking portion 304 to bear 
against inside surfaces 309AL, 309BL of slots 26A, 26B and 
nut portion 306 to bear against opposing Surfaces, bottom 
surfaces 15A, 15B of frames 12A, 12B. Thus it is clear that 
coupling 50c securely interlocks PV modules 11A and 11B 
together by bearing against opposing Surfaces on each frame 
12A, 12B upon rotation of rotating portion 300. As locking 
portion 304 and nut portion 300 tighten about frames 12A, 
12B position tabs 362 bend or break since they are overpow 
ered by the force delivered by the driver to rotating portion 
300. Once rotating portion 300 is tight, coupling 50c is now in 
locked mode. Sliding mode can be accessed at any time by 
loosening rotating portion 300, which is still accessible from 
the top even after array 10 has been formed. As with the first 
embodiment, sliding mode allows sliding of coupling 50c 
over to a neighboring seam 150 or 152 so that a module can be 
removed from the middle of a formed PV array 10. 
0.135. In other embodiments a surface area of contact 
between locking portion 304 and frames 12A, 12B is 
increased by widening or removing altogether flanges 
108AL, 108BL. Another embodiment extends locking por 
tion 304 and nut portion 306 with series coupling portions so 
that they reach over to the next pair of modules, thereby 
creating a four module coupling similar the second embodi 
ment above. In another embodiment locking portion 304 
comprises a spring element for bearing against an inside 
surface of slot 226. In yet another embodiment retainer por 
tion 354 is shaped differently so that it comprises spring 
elements for the top and bottom flanges. 

Fourth Embodiment 

(0.136 FIGS. 35-38 depict a fourth embodiment of the 
present invention. This embodiment is similar to the second 
embodiment as described above except that locking portions 
204A, 204B and rotating portions 200 have been altered 
slightly. 
I0137 FIG. 35 depicts a perspective view of a parallel 
coupling 50d installed in two adjacent PV modules 211A, 
211 Band FIG.36 presents a perspective view of coupling 50d 
with a rotating portion 400CD which has been slid over to the 
right (see below for explanation). FIG. 37 provides a cross 
section cut through a seam between four PV modules 211A, 
211B, 211C, 211D which have been interlocked together with 
coupling 50d, and FIG.38 depicts a perspective view of four 
interlocked PV modules 211A, 211B, 211C, 211D. As is 
consistent with the present invention, parallel coupling 50d 
comprises locking portions 404AC, 404BD and rotating por 
tions 400AB, 400CD which serve to compress frames 212 
upon movement of coupling 50d into locked mode. Locking 
portions 404AC, 404BD differ from locking portions 104A, 
104B in that they have been elongated with series coupling 
portions 462 to bridge between the two pairs of PV modules 
211A, 211C and 211B, 211D; thus enabling coupling 50d to 
interlock four adjacent PV modules in a similar manner to the 
second embodiment except without requiring a separate 
series coupling portion 162. Coupling 50d is deployable in 



US 2016/0043691 A1 

the field as a one-piece unit which is capable of interlocking 
four PV modules 211A, 211B, 211C, 211D together. Instead 
of utilizing two parallel coupling portions 50bb plus series 
coupling portion 162 as discussed for the second embodi 
ment, this embodiment essentially allows two coupling mem 
bers to share two locking portions 404AC, 404BD thereby 
creating a "double coupling device. 
0138 Since locking portions 404AC, 404BD can no 
longer rotate within slots 26A, 26B, 26C, 26D to tighten 
coupling 50d, threaded shaft portions 402A, 402B, 402C, 
402D (not all visible) replace shaft portions 232A, 232B and 
thread into threaded holes 490A, 490B, 490C, 490D (not all 
visible) in locking portions 404AC, 404BD. Opposite ends of 
shaft portions 402A, 402B and 402C, 402D are provided with 
opposite handed threads so that rotation of shaft portions 
402A, 402B, 402C, 402D causes locking portions 404AC, 
404BD to move horizontally in opposite directions from each 
other according to the arrow shown in FIG. 36. Rotating 
portions 400AB, 400CD replace rotating portions 100 and 
function the same except that rotating portions 400AB, 
400CD are decoupled from shaft portions 402A, 402B,402C, 
402D allowing them to move horizontally independently 
from shaft portions 402A, 402B, 402C, 402D according to the 
arrow shown on FIG. 36. Rotating portions 400AB, 400CD, 
however, cannot rotate independently from their respective 
shaft portions 402A, 402B and 402C, 402D as they are pro 
vided with hexagonal bores 492AB, 492CD to match hexago 
nal portions 494AB, 494CD which may be rigidly connected 
or formed from shaft portions 402A, 402B and 402C, 402D 
respectively. In other embodiments hexagonal parts are pro 
vided with other shapes to achieve the same functionality. 
0139 Referring specifically to FIG. 37, it is evident that a 
rotation of rotating portion 400AB with a wrench in a first 
direction causes locking portions 404AC, 404BD to pull 
frames 212A, 212B towards each other. Since rotating portion 
400AB is slidable, it slides along hexagonal shaft portion 
494AB until it is contacting both outside surfaces 216A, 
216B of PV modules 211A, 211B. Additional rotation in the 
first direction after both frames 212A, 212B have contacted 
rotating portion 400AB causes locking portion 404AC to bear 
against inside surfaces 209 AU, 209AL of slot 226A and rotat 
ing portion 400AB to bear againstan opposing frame Surface, 
outside Surface 216A. Likewise, rotation of rotating portion 
400AB causes locking portion 404BD to bear against inside 
surfaces 209BU, 209BL of slot 226B and rotating portion 
400AB to bear against an opposing frame Surface, outside 
surface 216B. Thus, PV frames 212A and 212B are locked to 
coupling 50d via rotation of rotating portion 400AB. The 
other half of coupling 50d operates in the same way to lock 
frames 212C and 212D to coupling 50d. Thus it is clear that 
coupling 50d securely interlocks PV modules 211A, 211B, 
211C, and 211D together by bearing against opposing Sur 
faces on each frame 212A, 212B, 212C, 212D upon rotation 
of rotating portions 400AB, 400CD. 
0140. Once both rotating portions 400AB and 400CD 
have been rotated into their fully tightened positions, cou 
pling 50d is in locked mode as discussed earlier. Rotation of 
rotating portion 400AB in a second direction which is oppo 
site the first direction decouples PV modules 211A and 211B. 
If both rotating portions 400AB and 400CD are rotated so as 
to decouple PV modules 211A, 211B and 211C, 211D 
respectively, then coupling 50d is shifted into sliding mode 
and is therefore free to slide completely over into the slots of 
either PV modules 211A, 211B or 211C, 211D. 
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0141 FIGS. 35 and 37 also reveal raised portions or teeth 
496 AC and 496BD on locking portions 404AC, 404BD 
which bite into frames 212A, 212B, 212C, 212D when cou 
pling 50d is tightened thereby providing a reliable electrical 
ground connection between all four PV modules 211A, 211B, 
211C, 211D and enhancing the structural properties of cou 
pling 50d. These drawings also show optional retainer por 
tions 454AC, 454BD on the top and bottom of locking por 
tions 404AC, 404BD. Retainer portions 454AC,454BD may 
comprise a flexible material which allows insertion of cou 
pling 50d into a pair of slots 226A, 226B from the end but 
prevents coupling 50d from falling back out on its own or 
from sliding around prior to being shifted into locked mode. 
Another embodiment is the same as the fourth embodiment 
except only comprises one rotating portion and is approxi 
mately half as long. This embodiment functions the same but 
is optimized to interlock two PV modules 211 together 
instead of four. 
0142. The fourth embodiment provides several advan 
tages relative to Some of the other embodiments discussed 
herein. The sliding capability of rotating portion eliminates 
the need for springs 236A, 236B, 236C, 236D, incorporation 
of a series coupling portion 462 into locking portions 404AC, 
404BD eliminates the need for series coupling portion 162; 
and manufacturing costs may be reduced. However, series 
coupling portion 462 is not as strong as series coupling por 
tion 162 since it must be contained within slots 226A, 226B. 

Additional Embodiments 

0.143 FIGS. 39-40 depict a perspective view and a cross 
section cut between two interlocked PV modules 211A, 211B 
respectively for an alternate embodiment which is similar to 
the fourth embodiment as shown in FIGS. 35-38. This 
embodiment, which helps to lower manufacturing costs, pro 
vides a parallel coupling 50e in which rotating portions 
400AB,400CD have been eliminated in favor of a plurality of 
rotating portions 500. This arrangement enables the attach 
ment of coupling 50e to frames 212 via a bearing action 
against two opposing Surfaces which are both inside of slot 
226 instead of one internal and one external as shown for the 
fourth embodiment. Locking portions 504AC, 504BD are 
almost the same as before, but now retainer portions 454AC, 
454BD and teeth 496AC, 496BD have been eliminated. 
Locking portions 504AC, 504BD are rigidly joined together 
by y-axis spacer block 574 with x-axis spacer screw 576. 
Spacer screw 576 is in place as shown during initial installa 
tion so that each module can be slid up to screw 576. But if a 
module needs to be removed from array 10 after compete 
installation, spacer screw 576 is removed and coupling 50e is 
slid completely over to the next horizontal seam 150. Locking 
portions 504AC, 504BD also comprise series coupling por 
tions 562 as before. Rotating portions 500 comprise shaft 
portions 502 which may be threaded and further provided 
with a cupped end forbiting into frames 212 to insure reliable 
electrical ground and to enhance the structural properties of 
coupling 50e. Thus, rotating portions 500 comprise a portion 
which resides inside of slots 226 and a portion which resides 
outside of frames 212. The external portion of rotating por 
tions 500 may also comprise a hexagonal or other shaped 
head portion 503 which allows rotation from above similar to 
rotating portions 400AB, 400CD. 
0144. Referring to FIG. 40 and the coupling process 
between PV modules 211A, 211B, a rotation of rotating por 
tions 500 causes them to bear against inside surfaces 507A, 
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507B of slots 226A, 226B thereby forcing locking portions 
504AC, 504BD to bear against opposing inside surfaces 
509 AU, 509 AL 509BU, 509BL, thereby securely coupling 
the sides of adjacent PV modules 211A and 211B together. 
Since coupling 50e, like coupling 50d, is designed to connect 
four adjacent PV modules together, one skilled in the art will 
recognize that the coupling of modules 212C and 212D uti 
lizes the same process as just discussed for PV modules 212A 
and 212B. Thus it is clear that coupling 50e securely inter 
locks PV modules 211A, 211B, 211C, and 211D together by 
bearing against opposing Surfaces on each frame 212A, 
212B, 212C, 212D upon rotation of rotating portions 500. 
0145. In another embodiment similar to the previous the 
half of locking portions 504AC, 504BD that interlock PV 
modules 211C, 211D together is eliminated along with series 
coupling portion 562. This leaves a two-module parallel cou 
pling which is possibly suitable for use in PV array 10 along 
with couplings 50e (like at the ends of rows). In another 
embodiment a coupling is formed out of a single locking 
portion 504AC along with associated rotating portions 500 
from coupling 50e. While this embodiment is similar to prior 
art series couplings, it differs significantly in that the coupling 
action results from a bearing on two opposing Surfaces of slot 
226 (for increased strength). Furthermore, there is no press-fit 
action and the grounding is provided by rotating portions 500. 
Another embodiment is similar to the embodiment of FIGS. 
39-40 except that spacer block 574 is slidably held between 
locking portions 504AC, 504BD via pins between locking 
portions and is taller than slot opening 227A. This variation 
works similarly to the fourth embodiment except that instead 
of rotating portions sliding to set the spacing between mod 
ules, it is the spacer block which slides. In still another 
embodiment multiple spacer blocks are utilized. 
0146 FIGS. 41-42 depict a cross section cut between two 
interlocked PV modules 11A, 11B and a perspective view 
respectively for an alternate embodiment which is similar to 
the first embodiment as shown in FIGS. 1-24, but may lower 
manufacturing costs. This embodiment provides a coupling 
50f with locking portions 604A, 604B which are threaded into 
rotating portion 600 via shaft portions 602A, 602B instead of 
being rigidly connected thereto. Rotating portion 600 has also 
been trimmed down in size so that coupling 50fcan not only 
be slid into the slots 26A, 26B of a neighboring pair of PV 
modules (in sliding mode), but so that it can also “turn the 
corner and move from an X-axis direction slot into a y-axis 
direction slot and vice versa. This feature enables removal of 
a PV module even when the slots within the PV array are not 
aligned in one direction. This may occur in some cases by 
accident, or in other cases due to tolerance issues, or for 
architectural reasons. Springs 606U, 606L on rotating portion 
600 are smaller than before but function the same. Shaft 
portions 602A, 602B are provided with opposite threading so 
that rotation of rotating portion 600 causes locking portion 
604A to bear against inside surface 109AU, 109AL of slot 
26A and rotating portion 600 to bear against an opposing 
surface, outside surface 16A of frame 12A. Likewise, locking 
portion 604B bears against inside surface 109EU, 109BL of 
slot 26B and rotating portion 600 bears against an opposing 
surface, outside surface 16B of frame 12B. Thus it is clear that 
coupling 50f securely interlocks PV modules 11A, 11B 
together by bearing against opposing Surfaces on each frame 
12A, 12B upon rotation of rotating portion 600. 
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0.147. In another embodiment similar to the previous one 
discussed, locking portion 604A and shaft portion 602A is 
replaced by locking portion 104A and shaft 102A from the 
first embodiment. 

0148 FIGS. 43-44 depict a perspective view and a cross 
section cut between two interlocked PV modules 11A, 11B 
respectively for an alternate embodiment which is similar to 
the third embodiment as shown in FIGS. 32-34. This embodi 
ment lowers the amount of installation time required by 
replacing rotating portion 300 with a shaft 750 and cams 
780A, 780 Bonaparallel coupling 50g. Cams 780A, 780B are 
rigidly connected to rotating portion 700 which is rotatable 
about axle 788 with a wrench from above. Shaft 750 com 
prises a flat, narrow portion 774 with a hole (not visible) that 
shaft 788 runs through, a medium diameter portion 775, a 
larger diameter portion 776, and aheadportion 752. A washer 
portion 706 with sides 706A, 706B is positioned on shaft 
portion 776 and comprises a bore (not viewable) larger than 
shaft portion 776 but smaller than a diameter of head portion 
752. A locking portion 704 with sides 704A, 704B is posi 
tioned on shaft portion 775 and comprises a bore (not view 
able) larger than shaft portion 775 but smaller than shaft 
portion 776. Locking portion 704 comprises thicker portions 
785A, 785B and is pushed down onto ledge 788 by retainer 
springs 756A, 756B (in direction of arrow) when not 
installed. 

0149. To operate, cams 780A, 780B are rotated so that 
they are not touching locking portion 704. Then coupling 50g 
is snapped onto frame 12A. We contemplate making springs 
756A, 756B out of a flexible material such as rubber or similar 
so that they allow locking portion 704 and washer portion 706 
to open up when pushed onto frame 12A. Thicker portions 
785A, 785B in conjunction with springs 756A, 756B prevent 
coupling from falling off, thus enabling positioning mode. 
Frame 12B and coupling 50g are wedded in the same fashion. 
Once coupling 50g is loosely positioned onto both frames 
12A, 12B, then a wrench is used to rotate rotating portion 700 
which in turn rotates cams 780A, 780B, which force locking 
portion 704 and washer portion 706 to move toward each 
other. This movement causes locking portion 704 to bear 
against inside surfaces 309AL, 309BL of slots 26A, 26B and 
washer portion 706 to bear against opposing Surfaces, bottom 
surfaces 15A, 15B of frames 12A, 12B. Thus it is clear that 
coupling 50g securely interlocks PV modules 11A, 11B 
together by bearing against opposing Surfaces on each frame 
12A, 12B upon rotation of rotating portion 700. Raised teeth 
764 bite into frames 12A, 12B upon tightening, thereby 
ensuring ground contact and enhancing structural properties 
as described earlier. In another embodiment springs 756A, 
756B comprise a resting position as depicted and therefore do 
not push locking portion down onto ledge 788 when not 
installed. Another embodiment provides a cam shape which 
sets the straight-up position as free, then rotating one direc 
tion moves to positioning mode and rotating the other way 
enables locked mode. And another embodiment provides a 
handle connected to rotating portion 700. 
0150 FIGS. 45-46 depict a perspective view and a cross 
section cut between two interlocked PV modules 11A, 11B 
respectively for an alternate embodiment which is similar to 
the third embodiment as shown in FIGS. 32-34. This embodi 
ment may provide a lower manufacturing cost by replacing 
retainer portion 354 with retainer springs 856A, 856B 
between a locking portion 804 and a nut portion 806. Similar 
to the previous embodiment, a coupling 50h comprises 
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retainer springs 856A, 856B which pull a locking portion 804 
with sides 804A, 804B down onto a ledge 888 when not 
installed (in direction of arrow). Coupling 50h is snapped 
onto frame 12A and temporarily held in place during posi 
tioning mode by springs 856A, 856B and thicker portions 
885A, 885B of locking portion 804. Thicker portions 885A, 
885B may also be sized to provide a positive engagement for 
lateral loads. Rotation of rotating portion 300 causes the 
coupling to shift to locked mode as described for the third 
embodiment. Another variation of this embodiment provides 
springs 856A, 856B which are in their resting state as shown 
so that ledge 888 is not needed. Yet another variation replaces 
thicker portions 885A, 885B with teeth that interlock with 
frame and another provides grounding spikes on locking por 
tion 804. 

0151 FIGS. 47-48 depict a cross section cut between two 
interlocked PV modules 11A, 11B and a perspective view 
respectively for an alternate embodiment which is similar to 
the first embodiment as shown in FIGS. 1-24. The primary 
distinction of the present embodiment, which describes a 
coupling 50i, is that locking portions 104A, 104B have been 
replaced by pairs of locking portions 904AU, 904AL and 
904BU, 904BL respectively. The paired locking portions 
904AU,904AL and 904BU,904BL are provided with ridged 
camming surfaces 982 AU,982AL,982BU,982BL which are 
adapted to bear against inside surfaces 909 AU, 909AL, 
909BU,909BL when a rotating portion 900 is rotated. Rotat 
ing portion 900 is rigidly connected to locking portions 
904AU, 904AL, 904BU, 904BL via a pair of shafts (not 
visible) which run through retainer portions 954A, 954B. 
Retainer portions 954A, 954B may be made of a flexible 
materialso that insertion of retainer portions 954A,954B into 
slots 26A, 26B deforms or bends retainer portion enabling 
positioning mode. Ridges on ridged camming Surfaces 
982 AU, 982AL 982BU, 982BL bite into frames 12A, 12B 
upon rotation thereby securing ground contact and increasing 
the strength of coupling 50i. Locking portions 904AU, 
904AL, 904BU, 904BL comprise flattened portions 980A, 
980B which enable insertion when properly aligned with 
slots 26A, 26B since they reduce the overall width to less than 
opening 27A, 27B. Thus, insertion of locking portions 
904AU,904AL,904BU,904BL into slots 26A, 26B followed 
by a rotation of nut portion 900 causes locking portions 
904AU, 904AL, 904BU, 904BL to bear against opposing 
surfaces 909AU, 909AL, 909BU, 909BL, thereby securely 
coupling the sides of adjacent PV modules 11A and 11B 
together. In another embodiment locking portions 904AU, 
904AL,904BU, 904BL are rotated 90 degrees from the ori 
entation shown so that rotation of rotating portion 900 causes 
a camming action between the back of slot 26 and inside 
surfaces 109AL, 109AU. In another embodiment retainer 
portions 954A,954B are eliminated in favor of an offset cam 
arrangement similar to the first embodiment where one cam is 
insertable in both first position 91 and second position 92. 
0152 FIGS. 49-50 depict an embodiment which is similar 
to the second embodiment discussed above except that a 
spacer block 274 has been added. FIG. 49 is the same as 26 
except spacer block 274 is shown installed onto series cou 
pling portion 162 via a slot 276 on the bottom side. FIG. 50 
provides a perspective view of spacerblock 274 which further 
reveals slot 276 and a bottom mounted wire clip 285 for 
securing PV module 11 output wires 22neg, 22poS. Securing 
wiring in this way is a Substantial improvement over prior 
systems since wire clip 285 provides a means of preventing 
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wires from unsightly and unsafe drooping onto roof surfaces. 
Furthermore, the horizontal seam 150 between PV modules 
211A, 211B and 211C, 211D is set for this embodiment 
slightly wider than the width of wiring plugs 24neg, 24pos; 
therefore troubleshooting and maintenance of PV array 10 
wiring systems is greatly simplified since one can easily Snap 
spacerblock 274 up and off from the top and pull wires 22neg, 
22pos right up through seam 150 for inspection and repair. No 
decoupling of PV modules 11A, 11B is required in order to 
maintain the wiring system between them. In another 
embodiment a wire clip comprises a spring clip which Snaps 
into slot 26Athereby allowing the strapping of wires substan 
tially along the whole length of frame 26A. In still another 
embodiment a hinged wire clip 285 snaps into slot 26A and 
swings underneath module 11 to hide it, then backup into the 
gap between modules 11 to allow access. 
(O153 FIGS. 51-52 depict an embodiment of the present 
invention which is similar to the second embodiment dis 
cussed above except that PV array 10 is installed on an open 
canopy structure 144C instead of roof 144R. Installation on a 
different mounting surface 144 for PV array 10 requires 
minor changes to brackets 132 and series coupling portions 
162 as will be discussed below. 

0154 FIGS.51 and 52 depict a perspective view and a side 
view respectively of PV array 10 installed on canopy structure 
144C. Canopy 144C comprises purlins 180 which are sup 
ported by girders 182 which in turn are supported by vertical 
columns 184. We contemplate vertical columns 184 of 
approximately the same height for this embodiment in order 
to demonstrate that Substantially any tilt angle (from flat to 
vertical) for PV array 10 is suitable. For example, many prior 
art systems require a specific slope to a PV array in order for 
the interlocking or mounting systems to function properly, 
but the coupling and framing systems described herein do not 
place any such limitations on PV array 10. PV array 10, as 
shown in FIG. 51, comprises a total of sixteen PV modules 
which are mechanically interlocked in groups of four with 
couplings 50b in the same manner described in FIGS. 25-28. 
Use of a different mounting surface 144 in this embodiment 
requires slight changes to the brackets and the layout of series 
coupling portions 162. The detail in FIG. 51 shows a double 
bracket 186 which is utilized to directly connect two frames 
212 to purlins 180 in the central vertical seam 152 where the 
groups of four PV modules 211A, 211B, 211C, 211D come 
together. Double bracket 186 comprises vertical portions 
187L, 187R with vertical adjustment slots 188 for connecting 
to frames 212 in the same way as bracket 132 only this bracket 
connects to two adjacent PV modules 211. Each horizontal 
row along the central vertical seam 152 comprises one double 
bracket 186, but not all are visible here. Double bracket 186 
further comprises U-bolt slots 190L, 190R (not all visible), 
U-bolt 192, nut and washer 193 for securing double bracket 
186 to purlin 180, and a series coupling portion 962. PV 
modules 211 are secured to the other two purlins by means of 
a bracket 132U which is similar to double bracket 186 except 
that there is only one vertical portion 187 since this is the last 
row of PV modules 211. 

0155 Regarding the present embodiment under discus 
sion, it is also important to note that there are no strut or PV 
frame Support members required as would be the case for 
most prior art systems. For example, PV array 10 as shown in 
FIG. 51 would normally require an additional layer of PV 
frame support members 131PA between purlins 180 and PV 
frames 212 or as an alternative Some prior art systems allow 
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increasing the number of purlins shown to 8 (two per row) 
instead of adding another layer of structural Support (thus the 
purlins become the PV frame support members). The inven 
tive system of this embodiment however creates a parallel 
interlock Support system 160 which only requires connection 
of PV frames 212 to the three purlins 180 as shown. In other 
embodiments it is desired to minimize the size of frames 212, 
therefore additional purlins may be used, but still not as many 
prior art systems require. In other embodiments brackets 132 
are formed in different shapes to facilitate connection to the 
shape of mounting Surface 144. For example, some are 
shaped to compress a portion of an I-shaped beam whereas 
others are adapted for connection to circular pipe. Still others 
are formed as “legs' to allow tilting up one side of an array10. 
One skilled in the art will recognize that there are many 
different types of brackets which make up the entire scope of 
the inventive device. Thus, any bracket which has one portion 
shaped to optimize connection to a mounting Surface 144 and 
another portion which is shaped to optimize connection to at 
least one PV frame 212, is a suitable bracket 132 for use with 
the present invention. 
0156 FIGS. 53-54 show an alternate embodiment of PV 
array 10 which further comprises a snap-in conduit box 195. 
FIG. 53 depicts a perspective view of two interlocked PV 
modules 12A, 12B which are at the end of a row. FIG. 54 
shows a perspective view of conduit box 195. Conduit box 
195 snaps into slots 26A, 26B via spring clips 197. Hole 196 
in the rear of conduit box 195 allows wiring from array 10 to 
pass into box 195, then out through conduit 198 connected to 
box 195. An optional cover plate for conduit box 195, as are 
typical in the art, is not shown here. Use of conduit box 195 
along with PV array 10 greatly simplifies wiring since all 
wiring can be routed through gaps between PV modules 12, 
then into conduit box 195 and out through conduit 198 to 
inverters or other system equipment. PV installers commonly 
fashion means for connecting junction boxes to PV array 
Support structures via strut and other materials. However, a 
ready-made box saves time in cutting strut and custom rig 
ging for each job. Conduit box 195 may also enhance the 
aesthetics of array 10 since it may be manufactured to match 
PV modules frames. In other embodiments conduit box 195 is 
more firmly attached to frames 12A, 12B by connecting it via 
bolts or couplings 50i instead of spring clips 197, in a similar 
way to the connection of series coupling portions as shown in 
the second embodiment above. In still other embodiments 
conduit box is replaced by a simple plate for receiving a strain 
relief or conduit coupling. 
(O157 FIG.55 depicts a perspective view of an alternate 
embodiment of PV module 11 as shown in FIG. 1. A PV 
module 411 witha PV laminate 420 and a frame 412 is shown. 
Frame 412 comprises two frame members 413 with slots 426 
on opposite sides of a laminate back plane or base 409. 
Devices such as base 409, as are known in the art, may serve 
to insulate a roof or provide structural support to PV laminate 
20 or both. Base 409, however, is not rigid enough to fully 
support PV laminate 420, and thus frame members 413 are 
glued, fastened, or otherwise adhered to base 409 or laminate 
420 or both in order to provide structural support to PV 
module 411 and to provide a means for interlocking the sides 
of an array of PV modules 411 together. Base 409 may be 
adhered to the underside of PV laminate 420. Since PV lami 
nate 420 is supported by frame members 413 and base 409, it 
may overhang frame members 413 as shown. In another 
embodiment frame members 413 enclose base 409. 
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0158 Other embodiments add different features. For 
example, one embodiment adds a ball and detent to locking 
portion 104A, 104B to prevent locking portion 104A, 104B 
from disengaging or working its way free and provide a 
position location stop. Another provides a quick-release 
handle attached to rotating portion 100. The handle is tucked 
just lower than laminate 20 height when in locked mode and 
can be rapidly rotated by use of a finger-hold. Such a feature 
may be of use to firemen in an emergency. Another embodi 
ment provides a locking portion which comprises an expan 
sion bolt. Other embodiments provide various devices which 
Snap into or connect to slot 26 Such as: tool holders, tools, 
string line holders, lights, fasteners, cosmetic flashings, archi 
tectural features, Snow guards, debris Screens, rodent Screens, 
signs, cable clips, bird deterrents, and electrical connector 
housings. 
0159. While a number of exemplary aspects and embodi 
ments 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, permuta 
tions, additions, and Sub-combinations as are within their true 
spirit and scope. 
What is claimed as invention is: 
1. A photovoltaic array comprising: 
first, second, third, and fourth photovoltaic modules, each 

module comprising a frame Surrounding a photovoltaic 
laminate; and 

a coupling engaging the frames of the first and second 
photovoltaic modules on a first side of the coupling, and 
engaging the frames of the third and fourth photovoltaic 
modules on a second side of the coupling, thereby inter 
locking the four photovoltaic modules in a series-paral 
lel connection; 

wherein the coupling interconnects the four photovoltaic 
modules above a Support Surface without any load bear 
ing connection between the coupling and a Support Sur 
face other than through the respective frames of the four 
photovoltaic modules. 

2. The array according to claim 1, wherein said coupling 
forms a ground bond between said coupling and one or more 
of said first, second, third and fourth photovoltaic modules. 

3. The photovoltaic array of claim 2, wherein said coupling 
forms a ground bond by penetrating a surface of the frame of 
at least one of the first, second, third or fourth photovoltaic 
modules with a protrusion integral to said coupling. 

4. The photovoltaic array of claim 1, wherein the coupling 
engages a groove formed in the frame of at least one of the 
first, second, third, and fourth photovoltaic modules. 

5. The photovoltaic array of claim 4, wherein the coupling 
engages the groove formed in the frame of at least one of the 
first, second, third, and fourth photovoltaic modules with a 
rotatable portion that is rotatable to lock the coupling into the 
groove. 

6. The photovoltaic array of claim 1, wherein said coupling 
transfers a downward force applied on the first photovoltaic 
module to the second, third, and fourth photovoltaic modules. 

7. The photovoltaic array of claim 1, wherein the coupling 
forms a gap between the photovoltaic modules on the first 
side and the photovoltaic modules on the second side of the 
coupling. 

8. A coupling device for interconnecting four photovoltaic 
modules in a series-parallel layout, comprising: 
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a coupling that engages respective frames of a first and a 
second photovoltaic module on a first side of the cou 
pling to connect the first and second photovoltaic mod 
ules together in series, and that engages respective 
frames of a third and a fourth photovoltaic module on a 
second side of the coupling to connect the third and 
fourth photovoltaic modules together in series, thereby 
interlocking the four modules above a Support Surface so 
that the first and third photovoltaic modules are con 
nected in parallel and the second and fourth photovoltaic 
modules are connected in parallel; 

wherein the coupling does not have any load bearing con 
nection between the coupling and the Support Surface 
other than through the frames of the four photovoltaic 
modules. 

9. The coupling device according to claim 8, wherein the 
coupling forms a ground bond with at least one of the first, 
second, third, and fourth photovoltaic modules when attached 
to the respective photovoltaic modules frames. 

10. The coupling device according to claim 9, said cou 
pling forms a ground bond by penetrating a surface of a frame 
of at least one of the first, second, third, and fourth photovol 
taic modules with a protrusion integral to said coupling. 

11. The coupling device according to claim 8, wherein 
when attached to respective frames of the first, second, third 
and fourth photovoltaic modules, said coupling transfers a 
downward force applied on any one of the four photovoltaic 
modules to each of the remaining photovoltaic modules. 

12. The coupling device of claim8, wherein when attached 
to respective frames of the first, second, third and fourth 
photovoltaic modules, the coupling engages a groove formed 
in the frame of at least one of each of the first, second, third, 
and fourth photovoltaic modules. 

13. The coupling device of claim 12, wherein the coupling 
engages the groove formed in each of the four frames with a 
rotatable portion that is rotatable to lock the coupling into the 
groove formed in each frame. 
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14. A method of interlocking four photovoltaic modules 
with a coupling comprising: 

attaching the coupling to respective frames of a first and 
second photovoltaic module on one side of the coupling 
So that an outward facing Surface of the respective 
frames of the first and second photovoltaic modules 
faces a first side of the coupling; and 

attaching respective frames of a third and fourth photovol 
taic module to a second side of the coupling so that an 
outward facing surface of the respective frames of the 
third and fourth photovoltaic modules faces the attached 
frames of the first and second photovoltaic modules and 
such that all four photovoltaic modules are intercon 
nected in a two-by-two layout, wherein the coupling 
interconnects the four modules elevated above a Support 
Surface without any load bearing connection between 
the coupling and the Support Surface other than via the 
photovoltaic modules. 

15. The method according to claim 14, wherein attaching 
the frames of the first, second, third and fourth photovoltaic 
modules comprises forming a ground bond between at least 
one of the module frames and the coupling. 

16. The method of claim 15, wherein forming a ground 
bond comprises penetrating a Surface of the frame of at least 
one of the four photovoltaic modules with a protrusion inte 
gral to said coupling. 

17. The method of claim 14, wherein attaching the cou 
pling to respective frame members of a first and second pho 
tovoltaic module comprises engaging a groove formed in 
respective frames of each of the first and second photovoltaic 
modules. 

18. The method of claim 17, wherein engaging a groove 
comprises rotating a locking connector of the coupling into 
the groove formed in the respective frames of each of the first 
and second photovoltaic modules. 
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