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PHOTOVOLTAIC MOUNTING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[06001] The present application claims the benefit of priority to U.S. Patent
Application Nos. 14/839,303, filed August 28, 2015, and 14/839,252, filed August 28,
2015, each of which claims the benefit of the U 8. Provisional Application Nos.
62/112,559, filed February 5, 2015, and 62/109,659, filed January 30, 2015, Each of these
disclosures is incorporated by reference herein.

FIELD OF THE INVENTION

16002} The invention relates to photovoltaic energy generation mounting systems
and more specifically to systems and methods for installing photovoltaic modules on
composition shingle roofs.

BACKGROUND OF THE INVENTION

[0003] Residential and commercial solar power has become increasing popular as
industry costs have come down and the importance of diversifying away from fossil
fuel-based power has tncreased. Some of this is attributable to reductions in module costs
and some is attributable to innovations in mounting hardware, which in turn reduce
material costs and labor costs. Other factors, including rising CO; levels, and increased
awareness of climate change are also contributing to the rapid adoption of solar. In order to
maintain solar energy’s current momentum and for the industry to continue to scale at
current rates, additional reductions in cost-per-watt must be achieved relative to other

forms of so-calied “dirty power.”
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[0004] Solar systems have relatively few components. The primary ones are the
panels, mounting system, inverters, electrical interfaces to existing grid power, and the
fabor involved instaliation. Therefore, a reduction in any one of these will have a
measurable impact on the cost per watt of solar. Solar mounting systems in particular
effect not only hard costs associated with a solar system, but also potentially soft costs such
as labor, crew size and installation times.

6005} Traditionally, solar panels have been installed using aluminum or steel rails
and mounting brackets. These rails were laid out in a grid pattern over the desired array
location and the modules were clamped down or otherwise attached to these rails. While
functional, rail-based systems utilize large amounts of material and take a relatively long
time to install. Eventually, pioneers in the solar industry, like Jack West of San Rafael,
CA-based Zep Solar, recognized that the frames of solar panels are sufficiently rigid to
support theit own weight and withstand wind forces without requiring rails. This led many
solar mounting hardware makers and installers to eventually move towards rail-free or
so-called direct mount systems. These rail-free systems rely on solar panel mounting
brackets that are attached directly to the roof without any rails.

6606} Most modern rail-free systems, and in particular those used on composite
shingle roofs, the most prevalent residential roof-type in the United States, rely on
flashings. Flashings are flat pieces of sheet metal used to divert rainwater around
chimneys, skylights, attic fans and other structures that penetrate a roof surface. Although
low-tech in nature, flashings do provide some advantages in solar installations. First, they
are universally accepted by building inspectors for protecting roof penetrations from water
leakage. Second, because they are relatively large compared to the size of a dniil hole,

when used in solar instaliations, they cover up errant drill holes that miss a roof rafter.
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[06007] These advantages, however, come at a cost. First, flashings are expensive.
In solar applications, they are often specially manufactured with stamped features to mate
with a particular mounting bracket, they may contain rubber parts, and they require
additional installation time, materials and tools. Second, in order to properly install a
flashing, existing roofing nails holding down the surrounding shingles need to be cut or
removed so that the flashing can be tucked under the up-roof course of shingles. Every
roofing nail that is removed to accommodate a flashing is a potential point of ingress for
water requiring additional sealing. Third, because of the modifications that must be made
to the root to accommodate a flashing, all flashings and mounting supports have to be
installed first. This creates an installation bottleneck because all flashings must be
correctly positioned and permanently instalied before any solar panels can be placed.

[06008] Therefore, there exists a need for a rail-free mounting system that i1s not
dependent on flashings, and that can be installed in-step with the array, without
compromising the other benefits conventional rail-free systems.

SUMMARY OF THE INVERNTION

[6009] The present invention provides a new and improved mounting system for
root-based photovoltaic modules, and in particular those installed on composite shingle
roofs, that reduces installation times, hardware costs, and pait counts relative to existing
mounting solutions.

[6610] In vartous embodiments of the invention, these benefits are attained with a
two-ptece mounting system. The system may have a substantially plasar base portion with
at least one through-hole for accommodating a lag bolt or other mechanical fastener to
secure the base portion to a roof surface and a pivot point protruding away from a

roof-facing surface. A movable portion may be coupled to the base portion by the pivot
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point, and have a slot formed therein, wherein the pivot point passes through the slot,
allowing the movable portion to move about the pivot point laterally and rotationally. A
fastener may be attached to the pivot point to secure the movable portion in a particular
position with respect to the base portion. A two-sided coupler attached to the movable
portion by a support post, wherein a distance between the support post and the coupler is
adjustable. In various embodiments, the systern also includes a layer of butyl or other
sealing adhesive that provides a seal between the underside of the base portion and a roof
surface around the hole containing the lag bolt that attaches the base portion to the roof,
thereby preventing the ingress of water via the roof penetration.

{0011} Various embodiments may provide a mounting system for photovoltaic
panels that includes a disc-shaped base portion having a plurality of raised portions on a
tirst array-facing side and a layer of sealant material on an opposite roof-facing side. The
side having the plurality of raised portions may include an elevated support terminating in
a gasket with at least one through-hole for accommodating a lag bolt to secure the base
portion to a roof surface and to serve as a pivot point. The system may also include a
movable portion, coupled to the base portion by the pivot point, and having a channel
formed therein, wherein the ptvot point passes through the channel allowing the movable
portion to move about the pivot point laterally and rotationally while at least partially
resting on the plurality of raised portion. The system may further include a tastener,
attached to the pivot point that secures the movable portion in a particular position with
respect to the base portion via the channel. A photovoltaic module coupler may be
attached to the movable portion by a support, wherein a distance between the movable

portion and the coupler is adjustable.
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[0012] Various embodiments may provide a mounting system for photovoltaic
panels including a substantially rigid, planar base portion having a plurality of raised
portions on a first array-facing side and a layer of compressible material on an opposite
side roof-facing, with at least one through-hole passing completely through the base
portion from the first side to the opposite side. The system may also include at least one
compressible washer located on the first side of the base portion surrounding the
through-hole, and a rigid washer located over the compressible washer and adapted to
distribute a compression force across the compressible washer, thereby preventing the
ingress of water into the through-hole. The system may further include a tubular portion
having a first side, facing the base portion, an opposite facing second side, facing away
from the base portion, and two conjoining wall portions joining the first side to the second
side thereby creating a section of hollow tube, wherein the first side and the second side
each include a commonly oriented slot adapted to permit a mechanical fastener to pass
entirely there through and to allow adjustment of the tubular portion with respect to the
base portion in both the lateral and radial directions. At least one locking nut may be
adapted to mate with a top threaded portion of the mechanical fastener to compress the
tubular portion against the base portion. A photovoltaic module coupling device attached
to the base portion may be used for coupling to at least two photovoltaic modules.

[0013] Other embodiments may provide a photovoltaic mounting system having a
lower pyramid having a bottom surface, a top surface, and a pair of inwardly sloping walls
connecting the bottom surface to the top surface, and an upper pyramid, having a bottom
surface matching the width of and resting at least in part of the top surface of the base
portion, a top surface, a pair of inwardly sloping walls angled at the same angle as the pair

of inwardly sloping walls of the base portion. A pair of collinear slots formed in the top
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and bottom surfaces of the upper pyramid allows an adjustment bolt to pass through so that
the upper pyranud can move with respect to the lower pyramid while remaining attached
thereto. A photovoltaic module coupling device may be connected to the upper pyramid
for supporting the frames of at least two adjacent photovoltaic modules.

[0014] still turther embodiments may provide a photovoltaic mounting system
having a tubular base portion having a bottom surface, a top surface, and a pair of sidewalls
interconnecting the top and bottoms surfaces and defining a tube. A mechanical fastener
may be used to attach the tubular base portion to a support surface. A pivot point
protruding trom the top surface of the base portion is used to limit the movement of a
movable portion resting on the base portion. A photovoltaic module coupling device may
be attached to the movable portion for supporting the frames of at least two photovoltaic
modules.

[6015] These and other features and embodiments are illustrated and explained in
greater detail in the paragraphs that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[6016] In order to faciluate a fuller understanding of the present disclosure,
reference is now made to the accompanying drawings, in which like elements are
referenced with like numerals. These drawings should not be construed as limiting the
present disclosure, but are intended to be exemplary only.

[6617] FIGS. 1 and 2 are perspective views of a two-ptece photovoltaic module
mounting system according to one exemplary embodiment of the invention.

[0018] FIG. 3 15 an exploded view of the two-piece photovoltaic module mounting

system ilustrated in FIGS. 1 and 2.
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[06019] FIGS. 4A and 4B are perspective and top views respectively of a base
portion of the two-piece photovoltaic module mounting systern shown in FIGS. 1 and 2.

0026} FIG. 5 is another partially exploded view of the two-piece photovoltaic
module mounting system illustrated in FIG. 1.

0021} FIG. 6 is a conventional layout of a flashing-based rail-free photovoltaic
mounting system installed on a roof surface.

06022} FIG. 7 is an array of photovoltaic modules installed using a conventional
flashing-based rail-free photovoltaic mounting system.

10023] FIG. 8is a partially installed array of photovoltaic modules installed using a
two-piece mounting system according to various embodiments of the invention.

[0024] FIG. 9 is a perspective view of a photovoltaic mounting system according to
another exemplary embodiment of the invention.

[0025] FIG. 10 1s a partially exploded view of the exemplary photovoltaic
mounting system illustrated in FIG. 9.

[0026] FIGS. 11A and 11B are side and bottom perspective views respectively of a
movable portion of the photovoltaic mounting system iltustrated in FIG. 9.

16627} FIGS. 12A, 12B, and 12C are sequentially granular views of a base portion
of the photovoltaic mounting system illustrated in FIG. 9.

[06028] FIG. 13 is another partially exploded view of a photovoltaic mounting
system shown in FIG. 9.

16029] FIG. 14 1s a perspective view of a photovoltaic mounting system according
to yet another exemplary embodiment of the invention.

[6030] FIG. 15 is a partially exploded perspective view of the photovoltaic

mounting shown in FIG. 14,
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[06031] FIG. 1615 a partial close-up cut-away view of the photovoltaic mounting
system shown 1o FIG. 14 after the systern has been installed on a support surface or roof.

16632} FIGS. 17A and 178 are perspective and end views respectively of a
photovoltaic mounting system according to a further embodiment of the invention.

[0033] FIG. 18 is an exploded perspective view of the photovoltaic mounting
system shown in FIGS. 17A and 17B.

06034} FIG. 19 1s a top perspective view of the base portion of the photovoltaic
mounting system shown in FIGS. 17A and 17B.

106035 FIG. 20 1s a top perspective view of the movable portion of the photovoltaic
mounting system shown in FIGS. 17A and 178,

0036} FIG. 21 is a perspective view of a photovoltaic mounting system according
to an additional embodiment of the invention.

[6037] FIG. 22 is a side cut-away view of the photovoltaic mounting system shown
in FIG. 21.

[06038] FIGS. 23A and 23B are perspective isolation view of the base portion and
movable portions respectively of the photovoltaic mounting system shown 1n FIG. 19

16639} FIG. 24 is a perspective view of embodiment variation of the photovoltaic
mounting system of FIG. 21.

DETAILED DESCRIPTION

10040} Various exemplary embodiments of the invention will now be described in
greater detail in the context of the drawing figures. Referring now to FIG. 1, this figure
illustrates a perspective view of a two-piece photovoltaic module mounting system
according to various embodiments of the invention. Systern 100 includes base portion 110

and movable portion 150, Base portion 110 is adapted to rest on a roof surface of a
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structure (e.g., residence, barn, garage, office, or other building) and may therefore be
substantially planar in its geometry to match the substantially planer geometry of a roof
surface, such as a composite shingle roof surface.

6041} In various embodiments, and as illustrated in FIG. 1, base portion 110 may
include raised portions 115 and 116 respectively that together provide a level platform for
movable portion 150 to rest on as it is moved into the desired position with respect to base
portion 110, Base portion 110 may also have opening 118, as shown in FIGS. 2, 3, 4A, and
4B, through which a mechanic fastener, lag bolt, or lag screw, such as lag bolt 120, may
pass. It should be appreciated that although fag bolt 120 1s shown as smooth in the drawing
figures, that in various embodiments, it will be at least partially threaded so that it can be
torqued into a pre-drilled pilot hole using an impact driver or other torqueing device, as
opposed to being driven in with a hammer.

10042] In various embodiments, raised portions 115 and 116 may be sufficiently
high relative to the top of base portion 110 so that when lag bolt 120 is driven into a roof
deck or roof rafter (not shown} and rests on base portion 110, head 122 of lag bolt 120 will
be no higher than the top of raised portions 115 and 116, In this way, movable portion 150
wiil be free to slide across the top of base portion 110, along raised portions 115 and 116,
without running into head 122 of lag bolt 120. 1n other words, the height of raised portions
115 and 116 relative to base portion 150 is preferably large enough to equal or exceed the
height of lag bolt head 122 relative to base portion 110

106043} Alternatively, base portion 110 may have multiple holes 118 to
accommodate multiple lag bolts. This is particularly true in deck-mount applications
where each bolt merely penetrates the root deck but is not necessarily anchored in a roof

rafter.
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{0044} As shown in FIG. 3, as well as in FIGS. 4A and 4B, in varicus embodiments
base portion 110 may also include a stud, such as stud 125, that is used as a pivot point for
movable portion 150 to move with respect to base portion 110. In various embodiments, a
rubber grommet such as grommet 128 may surround stud 125 to prevent the ingress of
water between base portion 110 and a roof surface. Base portion 110 may also include a
pilot hole guide, such as pilot hole guide 119 depicted in FIGS. 4A and 4B, In various
embodiments, a straight line distance between pilot hole guide 119 and stud 125 will be the
same as the distance between lag bolt hole 118 and stud 125 so that an installer can drill a
pilot hole that will result in stud 125 being located at a desired position relative to opening
118 when lag bolt 120 is torqued through opening 118, As will be described in greater
detail below, this may be particularly useful in applications that include a sealant pad
underneath base portion 110, for example, to prevent the drill bit from passing through the
sealant pad, compromising the integrity of the pad and also causing the drill bit to become
gummed up with sealant.

[06045] The exploded view of FIG. 3 shows sealant pad 130 under base portion 110.
In various embodiments, sealant pad 130 15 made of a butyl, however, it should be
appreciated that butyl is just one exemplary material that could be used to seal the
underside of base portion 110 to prevent the ingress of rainwater around fag bolt 120, In
addition to sealing around lag bolt 120, sealant pad 130 may also cover nearby drill holes
resulting from failed attempts to drill a pilot hole into the roof rafter that are close enough
to the actual lag bolt hole to be covered by base portion 110 when it is correctly placed.

[0046] In various embodiments, base portion 120 may be manufactured or
preassembled with a pre-~cut sealant pad such as butyl sealant pad 130 that is pre-attached

to the underside of the base portion 110, In various embodiments, pad 130 may also
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include a release sheet (not shown} on its underside that is pulied off at the time of
installation. Alternatively, individual pre-cut sealant pads may be provided with release
sheets on both sides that can be affixed to the underside of a base portion 110 on one side
and the roof surface on the other side by an installer at the time of installation. As yet
another alternative, base portion 110 may simply be bare metal underneath and an installer
may apply a layer of sealant to the underside, to the roof surtace, or to both, using a caulk
gun, tube or other applicator.

16047} Continuing with reference to FIG. 1, exemplary system 100 also includes
movable portion 150 Like fixed portion 110, movable portion 150 may also be made of a
single piece of stamped, forged, or cast metal. In various embodiments, movable portion
150 will include slot 155 formed 1n a top surface through which stud 125 passes to enable
movable portion 150 to pivot about stud 125 both laterally (towards and away from the
stud) and rotationally (360° around the stud).

[0048] In preferred embodiments, movable portion 150 may also include
photovoltaic module coupling device or coupler 200, which is attached to an opposite end
of movable portion 150 from slot 155, Tn some embodiments, coupling device 200 may be
permanently attached to movable portion 150 with rivets 161 so that these two items are
delivered as a single assembly. In other embodiments, coupling device 200 may be a
separate part that is attached to movable portion 150 by an installer at the time of
installation, for example, with a nut on the bottorn side of movable portion 150,

[0049] As shown in the drawing figures, coupling device 200 ts preferably attached
to the movable portion 150 such that a distance between coupling device 200 and movable
portion 150 is adjustable. The mechanism for accomplishing that in the embodiments

illustrated in the drawing figures is threaded stud 160, which passes through opening 230
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tormed in the coupling device 200. In a preferred embodiment, coupling device 200 is
attached to movable portion 150 such that threaded stud 160 1s free to rotate independent of
the coupling device 200, to raise and lower coupling device 200 with respect movable
portion 150, In various embodiments, this may be accomplished with a Torx head, hex
head, slotted head, or Phillips head in the top of threaded stud 160 that is accessed with a
tool via opening 230 in the top of coupling device 200. Tu this manner, it will be possible to
adjust the height of a photovoltaic module or modules, a fire skirt, and/or other structure
attached to the coupling device 200 with respect to a roof surface, from above, after those
structures are attached to coupling device 200

[06050] It should be appreciated, however, that another mechanism could be used to
make the distance between coupling device 200 and movable portion 150 adjustable that
does not permit post-installation height adjustment. Such modifications are within the
spirit and scope of the vanous embodiments of the invention,

[0051] Once movable portion 150 is placed on base portion 110 so that stud 120
passes through slot 155, movable portion 150 can be oriented in virtually any position in
the plane above base portion 110 permitied by the length of slot 155 Ouce the movable
portion 150 has been positioned so that coupling device 200 1s located at the desired
position vis-a-vis any photovoltaic modules or other structures to be attached, movable
portion 150 and base portion 110 can be locked together, for example, with washer 126 and
tocking nut 127 to tock coupling device 200 in the desired position. An impact driver ot
other torqueing device may be used to tighten nut 127 as is well known in the art.
Adjustments to the position of coupling device 200 can be easily made by simply loosening

tocking nut 127 and moving movable portion 150 with respect to base portion 110 until

12
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coupling device 200 reaches the desired location and locking nut 127 18 again torqued
down.

[6652] With continued reference to FIGS. 1 and 2, coupling device 200 as
illustrated, is a rock-it style pivot locking coupling device, such as that manufactured by
SolarCity Corp., which is arranged to connect to a groove formed 1n the side of a pair of
adjacent PV modules. Such a coupling device 18 described and illustrated, for example, in
commonly assigned U/ S. Patent Application No. 14/615,320, Publication No.
2015/0155823-A1, the disclosure of which is herein incorporated by reference in its
entirety. It should be appreciated, however, that another type of coupling device, such as,
for example, a clamping-style coupling device that is also capable of attaching to the
frames of two or more photovoltaic modules could also be used with the various
embodiments of the invention. Such clamping-style coupling devices typically include a
fixed base portion and an upper claroping portion that clamps down on the frame of a
photovoltaic module, biasing it against the base portion of the coupling upon application of
rotational torque to a bolt or screw on the top side of the clamping portion.

[6053] In the example shown in the drawing figures, coupling device 200 includes
key side 210 (typically, though not necessarily, oriented to point down-roof), tongue side
220 (typically, though not necessarily, oriented to point up-root), and spring portion 225
that cuts into the panel frames, array skirts or other structures attached to each side of
coupling device 200 to form an integral ground bond between such components after they
are pivot locked into coupling device 200.

[0054] Reterring now to FIGS. 4A, 4B and 5, in various embodiments, drainage
channels 111, 112 circurnscribe raised portions 115, 116 respectively of base portion 110,

In a typical installation, base portion 110 will be attached to a roof so that fatter portion of
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base portion 110 points up-roof in the direction labeled “D” in FIG. 4B. By having the
fatter portion of base portion 110 point up-roof, rain water running down the roof will be
diverted around raised portions 115, 116 further down the roof and will not aggregate
around hole 118 or lag bolt head 122 after it is installed. Otherwise, the geometry would
tend to direct water around bolt head 122, where it would sit and potentially ieak into the
roof, cause base portion 110 to rust, and/or both.

[6055] One of the primary benefits of the system according to the various
embodiments of the present invention, is the ability to lay down base portion 110 as the
installer steps through the array rather than laying the base portions of the entire array first
and then installing the photovoltaic modules. This install-as-you-go technique is
sometimes referred to as “run and gun.” This benefit is explained in greater detail in the
context of FIGS. 6-8.

16056} FIG. 6, which 1s prior art, illustrates roof surface 300 with a plurality of
flashings 310 and mounting supports 315 {(sometimes calied “pucks”). The layout in FIG.
5 represents the conventional way of installing rail-free photovoltaic modules on shingle
rooftops. The first step in this process is to measure or snap a chalk line, such as line “L” in
FIG. 5 that runs parallel to and near the roof eave. This line is used to install the first row of
mounting hardware 310, 315. Usually, the remainder of the mounting hardware is then
installed in vertical rows based on the locations of the hardware in the first row and the
known dimensions of the photovoltaic modules to be used in the array. Once all the
mounting hardware has been tnstalled, photovoltate modules 320 are attached one-by-one
to mounting hardware 310, 315, and electrically interconnected to one another, to complete
the array. In some cases an array skirt such as skirt 330 of FIG. 6 may be installed to the

first row of the array as and aesthetic trim piece and also to provide a stop for persons and
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equipment sliding down the roof during installation. This may be done as soon as the first
row is installed or at some later point during the installation of the array.

0057} FIG. 7 illustrates a completed array of solar modules 320 that has been
installed using the conventional rail-free installation system of FIG. 5. It should be
appreciated that other elements may also be used in the installation of a conventional array,
as well as with arrays installed using mounting systems according to the various
embodiments of the invention, such as interlock devices to interlock two or four adjacent
solar panels at or near their corners so that forces on any one panel are distributed over the
array, and also to reduce the number of roof penetrations attributable to vertical supports.
Although such an array installs quickly after the fayout of support flashings has been laid
out and attached to the roof surface, in particular if rock-it style pivot locking coupling
devices are used, no work further work on the installation can be performed until the
supports have all been instalied. This creates a choke point during installation.

[0058] FIG. 8 illustrates a partially installed array of solar modules 320 using
mounting systems according to varicus embodiments of the invention. As with prior art
systems, the installation typically starts by snappiog or drawing a straight line “L” parallel
to and near the roof eave. This line will be used to install the first row of two-piece
mounting systems 100 according to the various embodiments of the invention. For ease of
illustration, modules 320 and array skirt 330 are shown in dotted outline so that the
two-piece mounting systerns 100 are clearly visible underneath. As seen in this drawing
figure, only the first row of mounting systems 100 needs to be installed for the installation
to proceed. Typically, base portion 110 would be installed first by drilling a pilot hole at
the desired location, inserting a drill bit through integral pilot hole guide 119 10 base

portion 110, and then following that hole with a larger hole using a bit sized near the size of
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the fag bolt 120. Then, in various embodiments, base portion 110 will be moved so that
hole 118 is co-located over the hole drilled in the roof so that the fatter end of the base
portion 110 points up-root and fag bolt 120 will be driven through hole 118 into the roof
hole, preferably into a roof rafter for maximum resistance to pullout. Aslag bolt 120 is
driven into the roof 1t will pass through the layer of sealant formed on the underside ot base
portion 110, thereby sealing the hole as base portion 110 is pulled closer to the roof surface
by head 122 of lag bolt 120. The sealant will be compressed in this process of bolting base
110 to the roof surface and some may be squeezed out around the perimeter of the base
portion 110, further protecting the roof penetration caused by lag bolt 120 from the ingress
of water.

[0059] Next, movable portion 150 will be attached to base portion 110 over
threaded pivot 125 and will be locked down with locking nut 127 using a wrench or
cordless driver. In some embodiments, however, movable portion 150 may be loosely
attached to base portion 110 prior to installation, such as, at the time of manufacture. This
process is then repeated until the first row of two-piece mounting systems has been
installed. In various embodiments, an array skirt such as skirt 330 may be attached to
coupling devices 200 of each two-piece mounting system 100, However, unlike known
rail-free mounting systems, the remaining two-piece mounting systems 100 are installed
one-by-one as the installer(s) moves through the array, rather than installing them all first.

[6060] After the first row of mounting hardware and any other desired accessories
such as an array skirt are installed, an installer can pivot or otherwise attach the frame of
module 320 to the opposite side of coupling device 200 from array skirt 330 and allow
module 320 to drop down until it touches or 15 near the roof. It may be desirable to attach

coupler 200 and movable portion 150 of the next system 100 to the frame of module 320
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and allow that to rest on the roof, serving as both a kick-stand and a location guide, while
the installer atfixes base portion 110 to the roof at the correct location using the previously
described process. After that step has been completed, movable portion 150 and module
320 can be lifted back up and movable portion 150 shid along the module frame so that slot
155 lines up with the stud 125 and then dropped back down to rest on base portion 110 so
that washer 126 and locking nut 127 may be attached to lock system 100 and module 320
into place. In this way, the installer is free to attach base portions 110 as he moves through
the installation process, without any additional measuring, significantly increasing the
speed of the overall installation, and potentially reducing the number of persons required to
perform the instaliation.

[6016] Referring now to FIGS. 9, 10, 11A, 118, 12A, 12B, 12C, and 13, these
drawing figures illustrate various view of another two-piece photovoltaic mounting system
400 according to various embodiments of the invention. Movable portion 450 in these
drawing figures is similar to movable portion 150 shown in FIGS. 1-8. Movable portion
450 includes channel 455 that allows movable portion 450 to pivot about a pivot point to
adjust the position of a coupling device with respect to the frame of a photovoltaic module
or other structure. Movable portion 450, as depicted in these drawing figures also inchudes
coupling device 200 rotatably fastened to movable portion 450 by threaded stud 160
which, in a preferred embodiment and as explained in greater detail in the context of FIG.
11B, 1s able to rotate about movable portion 450 without disconnecting from it. In this
manner, coupling device 200 may be rotated around threaded stud 160 to raise and lower
coupling device 200, and any photovoltaic modules or other structures supported by it,
with respect to movable portion 450, Alternatively, stud 160 may be rotated while holding

coupling device 200 in place, accomplishing the same result. In the latter case, a rotation
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tool may be applied to the top of stud 160 via opening 230 in the top of coupling device 200
revealing a complimentary shaped head such as a slotted head, Phillips head, or Torx head.

0061} In various embodiments, and as explained in the context of the exemplary
system illustrated and described in the context of FIGS. 1-8, coupling device 200 may be a
rock-it style coupling device as shown, having key side 210 and tongue side 220, or 1t may
be another type of coupling device, such as, for exarnple, a clamping-style coupling device
that is compatible with standard photovoltaic modules or even with frameless modules.

[0062] Unlike exemplary system 100 depicted in FIGS. 1-8, system 400 of FIGS.
9,10, 11A, 118, 12A, 12B, 12C and 13 has a substantially flat and symmeirical base
portion 410 that may be a generally round shaped disk with plurality of raised portions 415
that span out radially from center 440 to the outer edge of base portion 410. These raised
portions 415 may provide a surface upon which to support and move movable portion 450
with respect to base portion 410 30 as to support movable portion 450 without creating so
nuch friction that movement of the movable portion 450 is impeded. They may also
prevent water from getting between base portion 410 and movable portion 450,

10063] Base portion 410 may further include generally conical center portion 440
that rises upwards toward movable portion 450, Conical center portion 440 may have a
gasket such as gasket 445 with opening 446 that passes through gasket 445 and also
through base portion 410 to permit passage of lower threaded portion 425 of hanger bolt
420 for attachment to a roof surface or roof rafter.

106064} FIG. 10 dlustrates how all the components of the exemplary system
depicted in FIG. 9 may fit together. After a pilot hole has been drilled and followed by a
hole large enough to accommodate hanger bolt 420, base portion 410 is positioned so that

the hole in the roof surface is directly under hole 446 in base portion 410, Then, movable
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portion 450 is positioned over base portion 410 so that slot 455 1s at least partially aligned
over hole 446, Bottom threaded portion 423 of hanger bolt 420 1s inserted down through
slot 455 and into hole 446 and 1s driven into the roof surface and/or roof rafter using an
electric or manual driver, most but not all the way down, so as to hold base portion 410 in
place but still allow movable portion 450, and by extension coupler 200, to be positioned at
adesired location. After coupler 200 has been positioned at the desired location, bolts 423
and 424 may be further tightened compressing the bottom side of movable portion 450 to
raised portions 415 in the top surface of base portion 410, A washer, such as washer 422
may be utilized to further distribute the corapression force of bolt 423 on the top surface of
movable portion 450, This will also compress adhesive layer 430 against the roof.
Adhesive layer 430 in combination with gasket 445 will preferably prevent water from
penetrating the roof surface around threaded portion 423 of hanger bolt 420, As discussed
above, adhesive layer 430 may 1nclude a release sheet that is pulled off at the time of
installation to keep the adhesive layer intact prior to installation. Alternatively, adhesive
laver 430 may be completely separate from base portion 410 and have a release sheet on
both sides so that it can be first attached to the bottom side of base portion 410 and then to
the roof surface around the hanger bolt hole. In still a further embodiment, adhesive layer
430 may be a laver of foam, rubber, or other compressible material that when compressed
between base portion 410 and a roof surface, will create a watertight seal that will prevent
water from entering the roof penetration around the lag bolt.

106065} Referring now to FIGS. 11A and 11B, these drawing figures illustrate one
exemplary way of attaching coupling device 200 to base portion 150 so that threaded stud
160 1s able to rotate with respect to movable portion 450 without disengaging from

movable portion 450. In other words, in a preferred embodiment, rotation of threaded stud



WO 2016/123452 PCT/US2016/015583

160 will not cause stud 160 to move up or down with respect to movable portion 450
Referring specifically to FIG. 108, in various embodiments, the underside of movable
portion may include recess 452 that accommodates a plate and set of rivets that collar the
bottom of threaded stud 160 so that it is able to rotate freely without disengaging from
movable portion 450, It should be appreciated that a different attachment mechanism than
that shown in FIG. 11B may be used with the various embodiments of the invention.

06066} Referring now to FIGS. 12A-12C, these drawing figures illustrate in greater
detail, the components and features of base portion 410 according to various exemplary
embodiments of the invention. As seen in FIG. 12A, base portion 410 may be a
symmetrical disk-like shape with raised portions 415 that fan out radially from center
portion 440. As discussed herein, when movable portion 450 sits on top of base portion
410, these raised portions will engage the bottom edge of movable portion 450 and allow it
move across the top of base portion 410, These raised portions 415 or ridges, also provide
additional strength to base portion 410 to give it extra strength to handle the forces that
base portion 410 will be subject to when it is torqued down to the roof surface and/or roof
rafter, mated with the movable portion 450, and when coupling device 200 of movable
portion 450 i3 supporting a portion of a photovoltaie array.

{60671 FIG. 12B illustrates a side cross-sectional view of base portion 410
according to various exemplary embodiments. Raised portions 415 fan out around hollow
center portion 440 and the entire assernbly sits on sealant layer 430, Rubber gasket or
grominet 445 sits at the top of raised portion 440, held in place by a flange that
circumscribes the top of raised portion 440. Opening 446 formed in the center of gasket
445 1s aligned to be over the opening formed in the bottom of base portion 410 and sealant

layer 430,
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[0068] FIG. 13 15 a partially exploded view of the two-piece mounting system
shown in FIG. 10, illustrating in particular how the system can be deconstructed, for
example, in the event of a repair. Unlike in the embodiment of FIG. 10, in this example,
hanger bolt 420 is installed into the roof deck first, and base portion 410 is placed over it,
such as by pushing top threaded end 421 through opening 446 so that gasket 445 fits snugly
around it. In this embodiment, movable portion 450 may be removed or repositioned by
removing locking nut 424 and nut 423, The photovoltaic panel or other structure attached
to the coupling device 200 can then be lifted upward, away from the roof, releasing upper
threaded portion 421 from slot 455 so that it can be rotated away and then disconnected
from the photovoltaic panel or other structure. In vartous situations, it may be desirable to
let base portion 410 remain in the roof so as not to break the water tight seal around the
lower threaded portion 420 of the lag bolt. Further, if movable portion 450 is not going to
be re-installed, a cover, shield or other device may be attached to upper threaded portion
421 so as to render this protrusion safer for future workers on the roof.

[06069] Referring now to FIGS. 14 and 15, these drawing figures iHustrate various
view of another photovoltaic mounting system according to various embodiments of the
invention. This system 500 incorporates some of the features of systems shown in the
preceding drawing figures. The system 500 includees a substantially planer base portion
510 with a plurality of ridges formed on a top-facing side and a rubber laver 520 or other
compressible material. Hanger belt 530 with a lower threaded portion 532 has tip 531 that
is attached to a roof surface and preferable into a roof rafter. Base portion 510 may also
include rubber washer 525 and substantially similarly sized metal washer 526 above rubber
washer 525 1o the hanger bolt stack starting at base portion 510 and moving upwards to

movable portion 550, Movable portion 550 may be a unibody structure with pair of
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aligned slots 555 that allow movable portion 550 to be positioned with respect to base
portion 510 while pivoting about upper threaded portion 535 of lag bolt 530 joining these
two components. At least one nut 536 and washer 537 may be utilized to compress
movable portion 550 against base portion 510,

{6076} It should be appreciated that, although in the exemplary embodiment
depicted in FIGS. 14 and 15, roovable portion 550 is a four-sided tapered rolled form metal
structure, a different cross-sectional geometry may be utilized such as rectangular or
square. As with the other embodiments, once movable portion 550 has been positioned
with respect to base 510, nut 536 may be used to secure movable portion 550 in place via
hanger bolt 530. Movable portion 550 may also include coupling device 200 near the
opposite end of movable portion 550 from slot 555, Coupling device 200 as depicted in
these drawing figures 1s a rock-it style coupling device, however, it should be appreciated
that a clamping-style coupling device may be substituted for rock-it style coupling device
200 without departing from the spirit or scope of the invention.

0071} Referring now specitically to FIG. 16, this figure shows a close-up partial
cut-away view of system 500, giving particular detail to the fitment of the system
components when movable portion 550 is compressed to base portion 510 after lower
threaded portion 532 of hanger bolt 530 has been driven into a support surface such as a
roof or roof rafter, and nut 536 has been torqued down against the top surface of movable
portion 550, In various embodiments, metal washer 526 will corupress rubber washer 525
creating a seal that prevents the ingress of water from the sides as well as from above. In
various embodiments, rubber base 520 will prevent water from penetrating under base
portion 510 and leaking into the roof penetration caused by lower threaded portion 532 of

hanger bolt 530, Alternatively, as discussed above, rubber base 520 may be replaced with
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a layer of pre-formed sealant material such as butyl that contains a release sheet on the
roof-facing side that is remnoved just prior to installation. In still further alternatives, rubber
base may be omitted and an installer will instead apply a layer of sealant to the underside of
base portion 510 using a caulk gun, tube or other dispenser.

06072} FIGS. 17A, 178, 18, 19 and 20 show a photovoltaic mounting system
according to a further erabodiment of the invention. System 600 in the embodiment shown
in these drawing figures is generally pyramid-shaped and formed out of a pair of tapered
extrusions. It consists of base 610 having bottom portion 611, top portion 612 and tapered
sidewalls 613A, 613B. Layer of rubber, sealant or other compressible, water resistant
material 620 may be formed on bottom portion 611 of base 610. In various embodiments,
this may be a peel and stick sealant pad. Base portion 610 may alsc have pair of concentric
openings 614, 615 for receiving a screw, lag bolt or other mechanical fastener, such as lag
bolt 650, and 1n the case of opening 614, to accommodate a torque tool for torqueing such a
fastener to securely attach base portion 610 to a support surface such as a roof.

[06073] As seen in the exploded view of FIG. 18, system 600 also includes movable
upper portion 630, having bottom 631, top, 632 and tapered sidewalis 633 A, 6338, which,
in various embodiments, may be tapered at the same angle as sidewalls 613 A, 6138 of base
portion 610. Moreover, the width of top portion 612 and bottom portion 631 may be
substantially the same so that side portions 613A, 631A, and 6138, 631B are aligned in
common plaves respectively. Movable upper portion 630 includes pair of slotted openings
034, 635 for recetving adjustment bolt 640, Adjustment bolt 640 permits movable portion
630 to be moved with respect to base portion 610 both laterally and rotationally with

respect to base portion 610.
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[06074] Movable upper portion 630 also supports a photovoltaic module coupling
device such as device 200 for connecting to the frames of two or more photovoltaic
modules. Coupling device s supported by upper portion 630 via threaded stud 660, which
is in various embodiments may be permanently attached to upper portion 630. Ina
preferred embodiment, threaded stud 660 may be free to rotate about movable upper
portion 660 without becoming detached frorn upper portion 630 so that, as with other
embodiments of the invention, the height of coupling 200 relative to movable upper
portion 630, and by extension, with respect to the roof surface, may be adjusted even after
photovoltaic modules, fire skirt, or other structures have been connected to coupling 200.
In various emboduments, this type of post-instaliation adjustment is facilitated by inserting
a tool into the top of threaded stud 660 via opening 230 in the top of coupling 200.

[6075] FIGS. 21,22, 23A, 23B, and 24 are directed to a photovoltaic mounting
system according to yet a further embodiment of the invention. This embodiment may
provide a less expensive alternative to previous embodiments, relying on rolled form steel
rather than aluminum extrusions. As with systerns corresponding to the other
embodiments of the invention, system 700 is also a two-piece mounting system comprising
base portion 710 and movable top portion 730, In this example, base portion 710 is a tube
of material having a rectangular cross section composed of bottom 711, top 712, and sides
713A and 713B. As with base portion 610 in system 600, base portion 710 includes layer
of sealant material 720 attached to its bottom 711 and has concentric holes 714, 715 formed
on top 712 and bottom 711 portions respectively, for receiving a lag bolt or other
mechanical fastener.

16076} Movable upper portion 730 1s a disk of material having slot 734 and

through-hole 738, both of which cut through the entire thickness of upper portion 730 from
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top surface 732 to bottom surface 731, Movable upper portion 730 is supported by top
surface 712 of base portion 710 and held in place by bolt 735, which passes through slot

34 and is locked in pace with corresponding nut 736 and washer 737, Loosening of nut
736 allows upper portion 730 to be moved with respect to base portion 710.

6077} Photovoltaic module coupling device 200 is also connected to upper portion
730 via threaded stud 750, In a preferred embodiment, as iHustrated in FIG. 20, upper
portion 730 has a raised portion around opening 738 to permit a base of threaded stud 750
to rest on top surface 711 while remaining captured between base portion 710 and upper
portion 730, This will permut rotation of threaded stud 750 to raise and lower coupling 200
without stud 750 coming disconnected from the assembly due to over rotation.

(6078} As with the other embodiments of the invention, although coupling 200 is
illustrated as a rock-it coupling device, it should be appreciated that a clamping-style
coupling could be substituted for the rock-it without departing from the spirit or scope of
the invention. Such medification would be foreseeable to a person of ordinary skill in the
art.

[6079] As discussed herein, a common problem in the photovoltaic installation
industry is finding a roof rafter when drilling pilot holes so that the mounting system can be
sufficiently well anchored to stay on a roof for 20 to 30 vears. It is common for installers to
miss the rafter on the first or the second attempt each time a base mounting is attached to
the roof. The relatively small size of the base portion in the various embodiments may be
insufficient to cover up miss-drilied pilot holes, depending on how far away they are from
the desired position of the base portion. In order to address this concern, various
embodiments of the invention include a flashing plate, such as plate 760 illustrated in FIG.

22. This plate may be constructed similarly to base portion 710, having a layer of sealant
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material or rubber pad on the bottom side, as well as lag bolt through-hole 763 opening in
the top surface 761 of flashing plate 760. Tn various embodiments, through-hole 763 may
be centered in flashing plate 760. Alternatively, through-hole 763 may be located closer to
either end of plate 760 so as to maximize the coverage distance from base portion 710
when a lag bolt is installed through base portion 710 and flashing plate 760 via openings
714,715, and 763, Also, more than one through-hole may be incloded in flashing plate
760, In still further embodiments, tlashing plate 760 may include one or more punch-outs
or other features indicating a potential lag bolt position.

[6080] The erabodiments of the present inventions are not to be lirnited in scope by
the specific embodiments described heretn. Indeed, various modifications of the
embodiments of the present inventions, in addition to those described herein, will be
apparent to those of ordinary skill in the art from the foregoing description and
accompanying drawings.

[0081] The present invention have been described herein in the context of a
particular implementation in a particular environment for a particular purpose, those of
ordinary skill in the art will recognize that its usefulness is not hmited thereto and that the
embodiments of the present inventions can be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the disclosure should be
construed in view of the full breath and spirit of the embodiments of the present invention

as disclosed herein.
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CLAIMS
1. A mounting systern for photovoltaic panels comprising:

a base portion having at least one through-hole for accommeodating a mechanical
fastener to secure the base portion to a roof surface and a pivot point protruding away from
a roof facing surface;

a movable portion, coupled to the base portion by the pivot point, and having a
channel formed therein, wherein the pivot point passes through the channel allowing the
movable portion to move on the base portion about the pivot point laterally and
rotationally;

a fastener, attached to the pivot point, that secures the movable portion ina
particular position with respect to the base portion; and

a photovoltaic module coupler attached to the movable portion by a support,
wherein a distance between the movable portion and the coupler is adjustable.

2. The mounting system according to claim 1, wherein the mechanical fastener
securing the base portion to the roof surface is a lag bolt.

3. The mounting system according to claim 1, wherein the base portion comprises
pilot hole guide formed in an outer edge thereof, wherein a straight-line distance between
the pilot hole guide and the pivot point is the same as the straight-line distance between the
through-hole and the pivot point.

4. The mounting system according to claim 1, wherein the base portion includes at
least one raised surface for supporting the movable portion at a hetght at or above a head of
the mechanical fastener.

5. The mounting system according to claim 1, wherein the pivot point comprises a

threaded stud and the fastener is a nut that attaches to the threaded stud.
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6. The mounting system according to claim 1, wherein the support attaching the
two-sided coupler to the movable portion comprises a threaded post rotatably fixed to the
movable portion and comprising a female opening at the distal end for receiving a rotation
tool.
7. The mounting system according to claim 6, wherein the distance between the
support and the coupler 13 adjustable by rotating the threaded post with a rotation tool so
that the coupler does not rotate but moves towards or away from the movable portion
depending on the direction of rotation of the threaded post.
8. The mounting system according to claim 1, further comprising a layer of sealant
material formed on a bottom, roof-facing surface of the base portion for preventing the
ingress of water into a roof via the mechanical fastener.
9. The mounting system according to claim 8, further comprising a removable release
sheet, formed over the layer of sealant material and removable prior to attachment of the
base portion to a roof surface.
10. A photovoltaic mounting system comprising:

a lower pyramid having a bottom surface, a top surface, and a pair of inwardly
sloping walls connecting the bottom surface to the top surface;

a mechanical fastener passing through a through-hole in the lower pyramid for
attaching the lower pyramid to a roof surface;

an upper pyramid, baving a bottom surface matching the width of and resting at
least in part of the top surface of the base portion, a top surface, a pair of inwardly sloping
walls angled at the same angle as the pair of inwardly sloping walls of the base portion, and

a pair of collinear slots formed in the top and bottom surfaces to allow an adjustment bolt to
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pass there through so that the upper pyramid can move with respect to the lower pyranuid
while remaining attached thereto; and

a photovoltaic module coupling device connected to the upper pyramid for
supporting the frames of at least two adjacent photovoltaic modules.
11 The system according to claim 10, further comprising a pad of sealant material
formed on the bottom surface of the lower pyramid.
12. The system according to claim 10 wherein the lower pyramid comprises a pair of
concentric through holes formed in top surface and bottom surface for accommodating the
mechanical fastener,
13, The mounting system according to claim 10, wherein the photovoltaic module
coupling device is connected to the upper pyramid by a threaded stud, and distance
between the photovoltaic coupling device and the upper pyramid is adjustable by rotating
either the threaded stud or the photovoltaic module coupling device.
14. A photovoltaic mounting system comprising;

a tubular base portion having a bottom surface, a top surface, and a pair of sidewalls
interconnecting the top and bottoms surfaces and defining a tube;

a mechanical fastener for attaching the tubular base portion to a support surface;

a pivot point protruding from the top surtace of the base portion;

a movable portion resting on the base portion and movable about the pivot point of
the base portion via a slot formed therein; and

a photovoltaic module coupling device attached to the movable portion for

supporting the frames of at least two photovoltaic modules.
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1S, The mounting system according to claim 14, wherein the movable portion
comprises a through-hole for receiving a threaded stud connected to the photovoltaic
module coupling device, the threaded stud being secured to the movable portion by a nut.
16.  The mounting system according to claim 14, wherein a distance between the
photovoltaic coupling device and the movable portion is adjustable.

17.  The mounting system according to claim 16, wherein a distance between the
photovoltaic module coupling device and the moveable portion is adjustable by rotating
either the threaded stud or the photovoltaic module coupling device.

18.  The mounting system according to claim 14, further comprising a first layer of
sealant material formed on the bottom, roof-facing side of the base portion for preventing
the ingress of water into a roof via the lag bolt.

19, The mounting system according to claim 18, further comprising a removable
release sheet formed under the layer of sealant material.

20. The mounting system according to claim 14, further comprising a flashing plate
positioned under the base portion and having a greater surface area than the bottom surface
of the base portion.

2. A mounting system for photovoltaic panels comprising:

a substantially disc-shaped base portion having a plurality of raised portions on a
first array-facing side and a layer of sealant material on an opposite roof-facing side, the
side having the plurality of raised portions comprising an elevated support terminating in a
gasket with at least one through-hole for accommodating a hanger bolt to secure the base
portion to a roof surface and to serve as a pivot point;

a movable portion, coupled to the base portion by the pivot point, and having a

channel formed therein, wherein the pivot potnt passes through the channel allowing the
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movable portion to move about the pivot point laterally and rotationally while at least
partially resting on the plurality of raised portion;

a fastener, attached 1o the pivot point, that secures the movable portionin a
particular position with respect to the base portion via the channel; and

a photovoltaic module coupler attached to the movable portion, wherein a distance
between the movable portion and the coupler is adjustable.
22, The mounting system according to claim 21, wherein the fastener comprises at least
one nut that attaches to the hanger bolt compressing the movable portion to the base
portion.
23, The mounting system according to claim 21, wherein the photovoltaic module
coupler 1s attached to the movable portion by a threaded post fixed to the movable portion
so that it can rotate with respect to the movable portion while remaining connected to the
movable portion and further comprising a fernale opening at one end for receiving a
rotation tool.
24, The mounting system according to claim 23, wherein a distance between the
movable portion and the coupler 1s adjustable by rotating the threaded post with a rotation
tool via the female opening so that the coupler moves towards or away from the movable
portion depending on the direction of rotation.
25, The mounting system according to claim 21, further comprising a layer of sealant
material formed on the bottom, roof-facing side of the base portion for preventing the
ingress of water into a roof via the lag bolt.
26.  The mounting system according to claim 25, further comprising a removable
release sheet formed under the layer of sealant material.

27. A mounting systern for photovoliaic modules comprising:
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a hanger bolt, having a bottom roof penetrating portion and an opposing array
facing portion;

a substantially planar base portion having a conical center with an opening formed
therein to receive the array facing portion of the hanger bolt;

a movable portion, over the base portion and movable about the conical center and
the array facing portion of the hanger bolt, the movable portion comprising an elongated
slot for receiving the array facing portion of the hanger bolt;

a mechanical fastener attached to the array facing portion of the hanger bolt
securing the movable portion to the base portion; and

a photovoltaic module coupling device attached to the movable portion.

28. The system according to claim 27, wherein the photovoltaic module coupling
device is attached to the movable portion by a threaded post fixed to the movable portion so
that 1t can rotate with respect to the movable portion while remaining connected to the
movable portion and further comprising a female opening at one end for receiving a
rotation tool.

29, The system according to claim 27, wherein a distance between the coupling device
and the movable portion is adjustable by rotating the threaded stud.

30.  The mounting system according to claim 27, further comprising a layer of sealant
material formed on a bottom, roof-facing side of the base portion for preventing the ingress
of water 10to a roof via the hanger bolt.

31 The mounting system according to claim 29, further comprising a removable
release sheet formed under the layer of sealant material.

32, A mounting system for photovoltaic panels comprising:
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a substantially planar base portion having a plurality of raised portions on a first
array-facing side and a layer of compressible material on an opposite side roof-facing, with
at least one through-hole passing completely through the base portion from the first side to
the opposite side;

a hanger bolt, passing through a center portion of the substantially planar base
portion;

a tubular portion having a first side, facing the base portion, an opposite facing
second side, facing away from the base portion, and two conjoining wall portions joining
the first side to the second side thereby creating a section of hollow tube, wherein the first
side and the second stde each include a commonly oriented slot adapted to permit the
hanger bolt to pass entirely there through and to allow adjustment of the tubular portion
with respect to the base portion in both the lateral and radial directions;

at least one locking nut adapted to mate with a top threaded portion of the hanger
bolt to compress the tubular portion against the base portion; and

a photovoltaic module coupling device attached to the base portion for coupling to
at least two photovoltaic modules.

33 The mounting system according to claim 32, further comprising at least one
compressible washer located on the first side of the base portion surrcunding the
through-hole; and

a rigid washer located over the compressible washer and adapted to distribute a
compression force across the compressible washer, thereby preventing the ingress of water
into the through-hole.

34, The mounting system according to claim 32, wherein the photovoltaic module

coupling device is connected to the tubular portion by a threaded stud.
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35, The mounting system according to claim 34, wherein a distance between the
photovoltaic coupling device and the tubular portion 1s adjustable.

36.  The mounting system according to claim 35, wheretn a distance between the
photovoltaic module coupling device and the tubular portion is adjustable by rotating
either the threaded stud or the photovoltaic module coupling device.

37.  The mounting system according to claim 32, wherein the base portion further
comprises a pilot hole guide formed in an outer edge of the base portion that extended
outward beyond the layer of compressible material.

38, The mounting system according to claim 32, wherein the layer of cormpressible
material comprises a layer of rubber.

39, The mounting system according to claim 32, wherein the layer of compressible
material comprises a layer of sealant.

40.  The rmounting system according to claim 39, wherein the layer of sealant comprises

a release sheet that is removed prior to attaching the base portion to a roof surface.
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