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SOLAR PANEL AND EQUIPMENT MOUNTING APPARATUS FOR ROOFS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No.
13/078,528, entitled “SOLAR PANEL AND EQUIPMENT MOUNTING
APPARATUS FOR ROOFS, and filed on April 1, 2011. The entire disclosure of
U.S. Patent Application No.13/078,528 is hereby incorporated by reference.

BACKGROUND

[0002] The present invention relates to systems or apparatus for mounting
equipment to roof structures. Specifically, the application relates to systems or
apparatus for mounting equipment, such as solar photovoltaic panels, to sheet

metal roof structures and other roof structures.

[0003] Mounting equipment on roof structures, particularly flat metal roofs,
pose certain challenges. For example, the mounting apparatus must be
economical to purchase and be easy to install. This is particularly true when
mounting solar photovoltaic panels. Reducing both cost of the installation
apparatus and simplifying the installation process can encourage the widespread
use of this clean and renewable energy by helping to reduce the overall solar
photovoltaic system cost and complexity.

[0004] Another challenge is to provide an equipment mounting apparatus
that requires minimal maintenance. For example, over time, exposed rubber or
elastomeric seals sitting on metal or other roof surfaces can age and increase the
possibility of roof leakage.

[0005] At least for the foregoing reasons, there is a need for an apparatus
for mounting equipment on metal roofs and other roof surfaces, including the
mounting of solar photovoltaic panel structures, that simplifies installation,
reduces cost, complexity and the possibility of water leakage from the mounting

apparatus.
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SUMMARY

[0006] The present invention is directed to an apparatus that satisfies the
need for mounting equipment on metal roofs and other roof structures, including
the mounting of solar photovoltaic panel structures, that simplifies installation,

reduces cost, complexity and the possibility of water leakage from the mounting

apparatus.

[0007] The inventor observed that the problem of elastomeric and other
flexible seals prematurely aging and leaking in roof equipment or solar
photovoltaic mounting systems could be reduced by minimizing exposure of the
seals to air, sunlight, and moisture. In accordance with principles of the invention,
the inventor devised an equipment mounting apparatus that includes a base plate
and an inwardly threaded cover portion where the base plate is configured to
receive a fastener through its upper surface. The base plate is disposed to
receive a first compressible annular seal, such as an elastomeric seal, by a
groove in the base plate upper surface, and a second annular seal by a
counterbore in the base plate lower surface. The fastener is seated on an
upwardly projected portion of the upper surface of the base plate and extends
through the counterbore into the roof surface. The fastener compresses the
second annular seal and secures a portion of the base plate bottom surface in
direct contact with the roof surface. This arrangement minimizes air and light
exposure to the seal and is water resistant.

[0008] The base plate and the fastener are further protected from the
elements by a combination of the inwardly threaded cover portion and the
upwardly projected portion, either directly or through an intermediary surface. The
bottom of the cover portion compresses the first annular seal either directly or
against the intermediary surface. This combination creates a water resistant seal
over the fastener.

[0009] In one aspect, the combination uses an L-bracket as an
intermediary between the cover and the base plate, with the cover portion and
base plate securing the base plate to roof structure. The L-bracket can be bolted

2
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to a slot along the side of a rail. In this arrangement, a solar photovoltaic panel or
other equipment can be attached to the rail by a clip bolted to slot along the top
edge of the rail.

[0010] In another aspect, the cover portion is in the form of a standoff with
an inward threaded cavity for receiving and holding the upwardly projected
portion directly. The top of the standoff is disposed to receive a threaded
fastener that holds the L-bracket and attaches it to the equipment in a manner

similar to that described above.

[0011] For installations where the solar photovoltaic panels or other
equipment need to be tilted with respect to the roof surface, it is possible to use a
combination of the two arrangements described above in order to achieve this.

[0012] It may be desirable to eliminate the need for a separate L-bracket.
In order to accomplish this, in one aspect, the base plate may be formed in the
shape of an L-bracket while retaining the combination of the bottom surface
counterbore, upper surface groove, and upwardly projected portion. The groove
is disposed to receive the first annular seal and counterbore is disposed to
receive the second annular seal. The base plate is configured to receive and seat
the fastener into the upwardly projected portion through the counterbore and into
the roof surface, compressing the second annular seal. This arrangement
secures a portion of the base plate bottom surface directly to the roof surface and

creates a water resistant seal.

DRAWINGS

[0013] These and other features, aspects, and advantages of the present
invention will become better understood with regard to the following description,
appended claims, and accompanying drawings where:

[0014] FIG.1 shows a metal roof mounted solar photovoltaic system

including mounting apparatus in accordance with principles of the invention.
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[0015] FIG. 2A shows a partial exploded view of the solar photovoltaic
system of FIG. 1.

[0016] FIGS. 2B and 2C show detailed view of portions of FIG. 2A.

[0017] FIG. 3 shows an exploded view of the equipment mounting

apparatus of FIG. 1.

[0018] FIG. 4 shows an alternative exploded view of the equipment

mounting apparatus of FIG. 3.

[0019] FIG. 5 shows a cross sectional view of the equipment mounting
apparatus of FIG. 3 mounted to a roof structure and wood beam.

[0020] FIG. 6 shows an assembled view of the equipment mounting

apparatus of FIG. 3.

[0021] FIG. 7 shows an exploded view of an equipment mounting
apparatus for metal roofs and other roof structures in accordance with principles
of the invention that includes a standoff to mount the equipment away from the

metal roof surface.

[0022] FIG. 8 shows an assembled view of the equipment mounting

apparatus of FIG. 7.

[0023] FIG. 9 shows an alternative exploded view of the equipment

mounting apparatus of FIG. 7.

[0024] FIG. 10 shows a cross sectional view of the equipment mounting

apparatus of FIG. 7 mounted to a roof structure and wood beam.

[0025] FIG. 11 shows an exploded view of an equipment mounting
apparatus for metal roofs and other roof structures in accordance with principles
of the invention with a plurality of fasteners and an integrated standoff separate

from the fasteners.
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[0026] FIG. 12 shows an exploded view of an equipment mounting
apparatus for metal roofs and other roof structures in accordance with principles
of the invention with a plurality of fasteners and with a removable standoff

separate from the fasteners.

[0027] FIG. 13 shows an assembled view of an equipment mounting
apparatus of either FIG. 11 or FIG. 12.

[0028] FIG. 14 shows an exploded view of an equipment mounting
apparatus for metal roofs and other roof structures, in accordance with principles
of the invention, including a plurality of fasteners and the base plate in the form of

an L-bracket.

[0029] FIG. 15 shows an assembled view of the equipment mounting

apparatus of FIG 14.

[0030] FIG. 16 shows an equipment mounting apparatus for metal roofs
and other roof structures in accordance with principles of the invention that
includes a toggle bolt for securing the structure to a metal roof.

[0031] FIG. 17 shows a cross sectional view of the equipment mounting

apparatus of FIG. 16.

DESCRIPTION

[0032] Referring now to the drawings in detail wherein like numerals
indicate like elements throughout the several views, FIG. 1 discloses a roof
mounted solar photovoltaic system 100 including mounting apparatus in
accordance with principles of the invention. FIG. 1 shows one or more solar
photovoltaic panels 102 mounted on two or more rails 104. The solar photovoltaic
panels 102 are attached to the rails 104 by mounting clips 106. The rails 104 are
attached to a flat portion of the metal roof 108 by equipment mounting assembly

110. The equipment mount assembly 110 is secured to wood beam 112.
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[0033] FIG. 2A illustrates a partially exploded view of the roof mounted
solar photovoltaic system 100 of FIG. 1. FIGS. 2B and 2C show detailed views of
sections of FIG. 2A. Referring to FIGS. 2A, 2B, and 2C, the solar photovoltaic
panel 102 is mounted to a channel 202 in the top portion of the rail 104 is
secured by a bolt 204, the mounting clip 106, and a nut 206. In FIGS. 2A, 2B,
and 2C, the equipment mounting assembly 110 of FIG. 1 includes an L-bracket
208 that is secured to the rail 104 by a bolt (not shown) and a nut 210. The L-
bracket 208 is secured to the metal roof 108 by a threaded fastener 212, a base
plate 214, and a removable cover 216. While the L-bracket 208, the threaded
fastener 212, the base plate 214, and the removable cover 216 are shown
secured to the metal roof 108, it should be noted that it is also possible to secure
this combination to shake or shingle roofs.

[0034] FIGS. 3, 4, 5, and 6 shows several detailed views of the equipment
mounting assembly 110. FIG. 3 shows a downward looking exploded view and
FIG. 4 shows an upward looking exploded view of equipment mounting assembly
110. FIG. 5 shows a cross sectional view of the equipment mounting assembly
110 mounted to the metal roof 108 and secured to a wood beam 112. FIG. 6
shows an assembled view of the mounting assembly 110.

[0035] Referring to FIG. 3 and 4, the base plate 214 includes an upper
surface that includes an outer surface 302 and an upwardly projected portion
304. The upwardly projected portion 304 includes a threaded side portion 305.
The upwardly projected portion 304 includes a top surface 306. The top surface
306 includes an aperture 308. Referring to FIG. 4, the aperture 308 extends
through the bottom of the base plate 214. Referring to FIGS. 3, 4, and 5, the
aperture 308 is disposed to receive a threaded fastener 212 and allow the body
of the threaded fastener 212 to pass through the base plate 214. The top surface
306 of the upwardly projected portion 304 is disposed to seat the threaded
fastener head 312, preventing it from sliding through the base plate 214. In FIGS.
3, 4, 5, 6 the threaded fastener 212 is a bolt with wood screw threading. Other
threaded fasteners can be used, for example, wood screws, self-tapping sheet

metal screws, self-tapping bolts, toggle bolts, or toggler bolts.
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[0036] Referring to FIG. 3, the outer surface 302 also includes a groove
314 that circumscribes the upwardly projected portion 304. The groove 314 is
inwardly defined by the outer perimeter of upwardly projected portion 304. In
other configurations, it is possible to have a surface portion between the outer
perimeter of upwardly projected portion 304 and the inner circumference of the
groove 314. The groove 314 is disposed to receive and seat a first annular seal
316. Referring to FIGS. 3, 4, and 5, the first annular seal 316 is compressible and
is typically made of an elastomeric material, synthetic or natural rubber, or from

other materials with viscoelasticity.

[0037] Referring to FIGS. 3 and 4, the L-bracket 208 includes a first
opening 318 on the bracket lower portion 320. The first opening 318 is sized and
shaped to receive the upwardly projected portion 304 of the base plate 214 and
to cover a substantial portion of the first annular seal 316. Referring to FIGS. 3,
4, and 6, the upper portion 322 of the L-bracket 208 includes a second opening
324. Referring to FIGS. 3 and 6, the second opening 324 is disposed to receive a
threaded bolt 326, the threaded bolt 326 is held in place by a washer 328 and the
nut 210. The head of the threaded bolt 326 held by the rail 104 of FIGS. 2A, 2B,
and 2C or a similar rail. The threaded bolt 326, washer 328, and nut 210
assembly secure the L-bracket 208 to the rail 104. Note other threaded fasteners
in combination with the nut 210 can be used, such as machine screws, in place of
the threaded bolt 326, as long as they can secure the L-bracket to the rail 104.

[0038] Referring to FIGS. 3, 4, and 5, a second annular seal 332 receives
the threaded fastener 212 through a central opening. The second annular seal
332 is compressible and is typically made of an elastomeric material, synthetic or

natural rubber, or from other materials with viscoelasticity.

[0039] A removable cover piece 334 is disposed to engage and hold the
upwardly projected portion 304 of the base plate 214. The removable cover is
shaped to receive a wrench or tool for turning. Typically, the side surface has a
hexagonal profile to receive a socket wrench, box wrench, or open-ended
wrench. Other shapes and profiles are possible. The removable cover portion,

the threaded fastener head 312, and the top surface 306 of the upwardly
7
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projected portion 304. Referring to FIG. 4, the removable cover piece 334
includes a threaded cavity 402. The threaded cavity 402 and threaded side
portion 305 of the upwardly projected portion 304 form a complementary
threaded pair. The removable cover piece 334 includes an outer bottom portion
404 that circumscribes the threaded cavity 402. Referring to FIG. 3, screwing the
removable cover piece 334 into the upwardly projected portion 304 compresses
the first annular seal 316 against the bottom of the L-bracket 208 and forms a
surface-to-surface contact between the bottom of the L-bracket 208 and a portion
of the outer surface 302 of the base plate 214 upper surface. Referring to FIG. 4,
the outer bottom portion 404 of the removable cover piece 334 makes surface-to-
surface contact with L-bracket 208 top surface.

[0040] The base plate 214 includes a counterbore 406 forming a portion of
the bottom surface 408. The counterbore 406 includes the bottom of the aperture
308. The counterbore 406 is disposed to receive and seat the second annular
seal 332. Referring to FIG. 5, the threaded fastener 212 compresses the second
annular seal 332 and secures the bottom surface 408 of the base plate 214 in
direct surface-to-surface contact to the metal roof 108. The threaded fastener 212
screws in to the wood beam 112 and creates a secure connection between the
base plate 214 bottom surface 408 and the metal roof 108 upper surface. This

arrangement minimizes air and light to the seal and is water resistant.

[0041] Note that while FIG. 5 illustrates the equipment assembly mounted
to the metal roof 108, the assembly can also be mounted to flat portions of other
types of roofs including shake or composite roofs using the threaded fastener 212
to secure the assembly to the wood beam 112 so that the base plate 214 and
roof surface make surface-to-surface contact.

[0042] The embodiment of FIGS. 3, 4, 5, and 6 utilize the L-bracket 208 as
an intermediary between the base plate 214 and the removable cover piece 334.
In FIGS. 7, 8, 9, and 10, there is no intermediary. FIGS. 7, 8, and 10, shows the
base plate 214, threaded fastener 212, L-bracket 208, threaded bolt 326, washer
328, and nut 210 in combination. Referring to FIG. 7, 8, 9, and 10, a standoff 702

replaces the removable cover piece 334 of FIGS. 3, 4, 5, and 6. Referring to FIG.
8
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7, the standoff 702 has a top surface 704 with a threaded aperture 706 for
receiving the L-bracket 208 through L-bracket aperture 708 with a threaded bolt
710 and washer 712.

[0043] Referring to FIG. 9, the standoff 702 bottom surface includes a
threaded cavity 902 and an outer portion 904. The threaded cavity 902 has
complementary threading to the upwardly projected portion 304 so that the
standoff 702 can be secured to the base plate 214. Referring to FIG. 9 and 10,
securing the standoff 702 to the base plate 214 compresses the first annular seal
316 and couples the outer portion 904 of the standoff 702 directly to the outer
surface 302 of base plate 214 upper surface.

[0044] Referring to FIGS. 7, 9, and 10, the described combination, creates
a water resistant seal between the standoff 702 and the base plate 214 and helps
to protect the threaded fastener 212 and the first annular seal 316 from light and
moisture. Referring to FIG. 10, the threaded cavity 902 is enclosed on the sides
and upper surface in order to help protect the threaded fastener 212 and base
plate 214 from the elements.

[0045] The base plate 214 engages the metal roof 108 in the same
manner as described for FIGS. 3, 4, 5, and 6. The threaded fastener 212
screwed into the wood beam 112 through the metal roof 108. In FIGS. 9 and 10,
the threaded fastener 212 compresses the second annular seal 332 into the
counterbore 406 and causes the bottom surface 408 of the base plate 214 into
direct surface-to-surface contact with the metal roof 108.

[0046] It may be desirable to have a standoff that does not act as a cover
for a roof fastener. In FIGS. 11, 12, and 13, a base plate 1102 receives the L-
bracket 208 with a standoff 1104. In FIGS. 11 and 12, the standoff 1104 has a
top surface 1106 with a threaded aperture 1108 for receiving the L-bracket 208
through L-bracket aperture 708 with a threaded bolt 710 and washer 712. The
second opening 324 of the L-bracket 208 is disposed to receive a threaded bolt
326 and held in place by a washer 328 and a nut 210 as previously described.
The head of the threaded bolt 326 held by the rail 104 of FIGS. 2A, 2B, and 2C or

9
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a similar rail. The threaded bolt 326, washer 328, and nut 210 assembly secure
the L-bracket 208 to the rail 104.

[0047] The standoff 1104 may be integrated into base plate 1102, as
shown in FIG. 11, for example, by machining, casting, welding, or molding.
Alternatively, it may be desirable to have the standoff 1104 as a separately
attachable piece. Referring to FIG. 12, the standoff 1104 is attached to the base
plate 1102 by a threaded fastener 1109 that screws into the base plate 1102 and
the bottom of the standoff 1104.

[0048] FIGS. 11 and 12 show two similarly configured fastening
assemblies. Each assembly shares a common base plate 1102. Each assembly
includes an upwardly projected portion 1110, an aperture 1112, a top surface
1114 of the upwardly projected portion 1110, a groove 1116 that circumscribes
the upwardly projected portion 1110, and a removable cover piece 1118. The
bottom of the base plate 1102 also includes a counterbore (not shown); the

counterbore is similar in configuration to the counterbore 406 of FIG. 4.

[0049] The groove 1116 is configured to receive a first annular seal 1120
and the counterbore is configured to receive a second annular seal 1122. The top
surface 1114 is disposed to seat a threaded fastener 1124 and receive the
fastener body through the aperture 1112. As previously described, the fastener
can be a bolt with wood screw threading, a wood screw, self-tapping sheet metal
screw, self-tapping bolt, toggle bolt, or toggler bolts. The choice of fastener
depends on the roof type and structure. For illustrative purposes, the threaded
fastener 1124 of FIGS. 11 and 12 is a self-tapping screw used to secure the base
plate 1102 to metal purlins beneath the metal roof 108 of FIG. 13.

[0050] The removable cover piece 1118 of FIGS. 11 and 12 is
similarly constructed and configured to the removable cover piece 334 of FIGS.
3,4, 5, and 6. The removable cover bottom surface includes a threaded cavity
and an outer portion. The threaded cavity has complementary threading to the
upwardly projected portion 1110 so that the removable cover piece 1118 can be
secured to the base plate 1102. Securing the removable cover piece 1118 to the

10
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base plate 1102 compresses the first annular seal 1120 and couples the bottom

surface of the removable cover piece 1118 directly to the base plate 1102 upper
surface. This combination creates a water-resistant seal between the removable
cover piece 1118 and the base plate 1102 and helps to protect the threaded

fastener 1124 and the first annular seal 1120 from air, sunlight, and moisture.

[0051] The base plate 1102 engages the metal roof 108 of FIG. 13 in the
same manner as described for FIGS. 3, 4, 5, and 6. Referring to FIGS. 11 and
12, the threaded fastener 1124 compresses the second annular seal 1122 into
the counterbore and engages the bottom surface of the base plate 1102 into
direct surface-to-surface contact with the metal roof 108.

[0052] FIGS. 14 and 15 eliminate the need for an external L-bracket by
integrating the L-bracket into the base plate. FIGS. 14 and 15 show a base plate
1402 in the form of an L-bracket. FIG. 14 shows the base plate having an upper
bracket portion 1404 and a lower bracket portion 1406. The upper bracket
portion 1404 is configured to connect the base plate to roof mounted equipment,
such as a solar photovoltaic panel 102 of FIG. 2A. The bracket secures to the
equipment in similarly as disclosed in FIG. 2A, 2B, and 2C. Referring back to
FIG. 14, the upper bracket portion 1404 of the base plate 1402 includes an
aperture 1408 for receiving receive a threaded bolt 326; the threaded bolt 326 is
held in place by a washer 328 and a nut 210. The head of the threaded bolt 326
is held by the rail 104 of FIGS. 2A, 2B, and 2C or a similar rail. In FIG. 14, the
threaded bolt 326, washer 328, and nut 210 combination secures the upper
bracket portion 1404 to the rail 104 of FIG. 2A.

[0053] FIGS. 14 shows two similarly configured fastening assembilies.
Each assembly shares a common base plate 1402. Each assembly includes an
upwardly projected portion 1410, an aperture 1412, a top surface 1414 of the
upwardly projected portion 1410, a groove 1416 that circumscribes the upwardly
projected portion 1410, and a removable cover piece 1418. The bottom of the
base plate 1402 also includes a counterbore (not shown); the counterbore is

similar in configuration to the counterbore 406 of FIG. 4.

11



10

15

20

25

30

WO 2012/134830 PCT/US2012/029344

[0054] The groove 1416 is configured to receive a first annular seal 1420
and the counterbore is configured to receive a second annular seal 1422. The top
surface 1414 is disposed to seat a threaded fastener 1424 and receive the
fastener body through the aperture 1412. As previously described, the fastener
can be a bolt with wood screw threading, a wood screw, self-tapping sheet metal
screw, self-tapping bolt, toggle bolt, or toggler bolts. The choice of fastener
depends on the roof type and structure. For illustrative purposes, the threaded
fastener 1424 of FIGS. 14 is a self-tapping screw used to secure the base plate
1402 to metal purlins through the metal roof 108 of FIG. 13.

[0055] In FIG. 14 and 15, the removable cover piece 1418 is
similarly constructed and configured to the removable cover piece 334 of FIGS.
3, 4, 5, and 6. Referring to FIG. 14, the removable cover piece 1418 includes a
bottom surface with a threaded cavity and an outer portion. The threaded cavity
has complementary threading to the upwardly projected portion 1410 so that the
removable cover piece 1418 can be secured to the base plate 1402. Securing the
removable cover piece 1418 to the base plate 1402 compresses the first annular
seal 1420 and couples the bottom surface of the removable cover piece 1418
directly to the base plate 1402 upper surface. This combination creates a water
resistant seal between the removable cover piece 1418 and the base plate 1402
and helps to protect the threaded fastener 1424 and the first annular seal 1420

from light and moisture.

[0056] Referring to both FIGS. 14 and 15, the base plate 1402 engages
the metal roof 108 in the same manner as described for FIGS. 3, 4, 5, and 6.
The threaded fastener 1424 compresses the second annular seal 1422 into the
counterbore and engages the bottom surface of the base plate 1402 into direct
surface-to-surface contact with the metal roof 108 of FIG. 15.

[0057] In some installations of solar photovoltaic structures or other roof
mounted equipment assemblies, it may not be possible or desirable to mount the
base plate to wood beams or metal purlins. FIGS. 16 and 17 shows the
configuration of FIG. 3, 4, 5, and 6 with L-bracket 208, cover portion 334, and

base plate 214, where in place of a wood threaded bolt, a toggle bolt 1602 and
12
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wing assembly 1604 secures the base plate 214 to the metal roof 108. Referring
to FIG. 17, the toggle bolt 1602 is seated to the upwardly projected portion 304 in
the same manner as the threaded fastener 212 of FIG. 5. The toggle bolt 1602
and wing assembly 1604 are mounted through a hole drilled through the metal
roof 108 in a manner know to those skilled in the art. The toggle bolt 1602 and
wing assembly 1604 secures the base plate 214 in a similar manner as
previously described. Tightening the toggle bolt 1602 compresses the second
annular seal 332 into the counterbore presses the bottom surface of the base
plate 214 into direct contact with the roof surface.

[0058] Accordingly, a solar panel and equipment mount apparatus for
metal roofs and other roof structures where the bottom of the assembly makes
direct contact with the roof surface with the herein presented objectives has been
described. Those skilled in the art should appreciate that the invention is not
intended to be limited to the above described currently preferred embodiments of
the invention. Various modifications will be apparent, particularly upon
consideration of the teachings provided herein. Thus, the invention should be
understood to extend to that subject matter as defined in the following claims,
and equivalents thereof.

13
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CLAIMS

What is claimed is:

An apparatus for mounting equipment to a roof, comprising:

a base plate (214) including a bottom surface (408) and an upper surface;
the bottom surface (408) including a portion forming a counterbore (406);
the upper surface including a projection (304) forming an upwardly
projected portion with a non-threaded aperture (308) extending through
the counterbore (406), the projection (304) including a threaded outer
circumference (305) and a top surface (306), and the upper surface further
including an outer surface (302) having a groove (314) circumscribing the
projection (304);

a first compressible annular seal (316);

a second compressible annular seal (332);

the groove (314) receives and seats the first compressible annular seal
(316);

the counterbore (406) receives and seats the second compressible
annular seal (332);

the projection (304) configured to receive a threaded fastener (212), a
portion of which passes through the aperture (308) and secures the base
plate (214) to the roof, the projection (304) further sized and shaped to
seat a head portion (312) of the fastener (212) against the top surface
(306) of the projection (304);

a cover piece (334) including a bottom portion forming an inner threaded
cavity (402), the cover piece (334) configured to receive and hold the
projection (304), cover the fastener (212), and compress the first annular
seal (316); and

the apparatus configured to provide direct contact between a portion of the

bottom surface (408) of the base plate (214) and a top surface of the roof.
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The apparatus of Claim 1, wherein the cover piece (334) is a standoff
(702), the standoff (702) including a top surface (704) with a second
aperture (706) configured to receive a second threaded fastener (710).

The apparatus of Claim 2, further including:

an L-bracket (208) including a lower portion with an opening (708) sized
and shaped to secure the L-bracket (208) to the top surface (704) of the
standoff (702) with the second threaded fastener (710).

The apparatus of Claim 3, wherein the L-bracket (208) includes an upper
portion with an second opening sized and shaped to receive a third
fastener (326) for securing the L-bracket (208) to a slotted rail (104).

The apparatus of Claim 3, further including:
a slotted rail (104);

the L-bracket (208) including an upper portion with a second opening sized
and shaped to receive a third fastener (326) for securing the L-bracket
(208) to the slotted rail (104); and

a solar photovoltaic panel (102) mounted to the slotted rail (104).

The apparatus of Claim 1, further including:

an L-bracket (208) with a lower portion (320) including a top surface, a
bottom surface, and first opening (318) sized and shaped to receive the
upwardly projected portion (304);

the cover piece (334) including a bottom surface circumscribing the inner
threaded cavity; and

the cover piece (334), L-bracket (208), and base plate (214) in
combination configured to secure a portion of the bottom surface of the
cover piece (334) against the top surface of the L-bracket (208), and
compress the first annular seal (316) against the bottom surface of the L-
bracket (208).
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10.

11.

12.

13.

The apparatus of Claim 6, wherein the L-bracket (208) includes an upper
portion with an second opening (324) sized and shaped to receive a third
fastener (326) for securing the L-bracket (208) to a slotted rail (104).

The apparatus of Claim 7, further including:
a slotted rail (104);

the L-bracket (208) including an upper portion with a second opening (324)
sized and shaped to receive a third fastener(326) for securing the L-
bracket (208) to the slotted rail (104); and

a solar photovoltaic panel (102) mounted to the slotted rail (104).

The apparatus of Claim 1, wherein:

the base plate (1402) is configured as an L-bracket with an upper bracket
portion (1404) and a lower bracket portion (1406); and

the lower bracket portion (1404) includes the upwardly projected portion
(1410), the groove (1416), and the counterbore (406).

The apparatus of Claim 9, wherein:
the upper bracket portion (1404) is configured to receive a threaded

fastener (326) for securing a slotted rail (104).

The apparatus of Claim 10, further including:

a slotted rail (104);

the upper bracket portion (1404) is configured to receive a threaded
fastener (326) for securing the slotted rail (104); and

a solar photovoltaic panel (102) mounted to the slotted rail (104).

The apparatus of Claim 1, further including:

a standoff separate from the cover piece (1104); and

the standoff (1104) including a top surface (1106) with a second aperture
(1108) configured to receive a second threaded fastener (710).

The apparatus of Claim 12 wherein the standoff (1104) is integrated into
the base plate (1102).
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14.

15.

16.

The apparatus of Claim 12 further including:

an L-bracket (208) including a lower portion with an opening (708) sized
and shaped to secure the L-bracket (208) to the top surface of the standoff
(1104) with the second threaded fastener (710).

The apparatus of Claim 14, wherein the L-bracket (208) includes an upper
portion with a second opening (324) sized and shaped to receive a third
fastener (326) for securing the L-bracket (208) to a slotted rail (104).

The apparatus of Claim 15, further including:

a slotted rail (104);

the L-bracket (208) including an upper portion with a second opening (324)
sized and shaped to receive a third fastener (326) for securing the L-
bracket (208)to the slotted rail (104); and

a solar photovoltaic panel (102) mounted to the slotted rail (104).
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