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A SOLAR PANEL
Field of thé Invention

The present invention relates in general to solar panels for use in
a roof-mounted array and, more particularly, to a solar panel that
provides environmental protection to its photovoltaic cells, is easily
installed and replaced, and that can serve as a roofing panel eliminating
the need for shingles or tar paper.

Discussion of the Related Art

It is a known practice to mount solar panel arrays on rooftops
where they are most likely to receive a maximum amount of sunlight
without interference from trees, buildings or other obstructions. One
method for mounting an array of solar panels on a roof is to first
assemble the solar panels on a support to form the array, and then to
secure the supported array on the existing rooftop. A problem with this
mounting method is the difficulty involved with lifting and mounting
the array onto the roof without damaging the solar panels. Further, in
view of the substantial weight of the assembled array, special equipment
is needed to lift the array onto the roof.

Another method for mounting an array of solar panels on a roof is
to mount the solar panels individually and directly onto the surface of
the roof to form the solar panel array. This method obviates the above
described difficulties because it enables the installers to carry the
individual solar panels up to the roof and mount them one at a time.

One need that arises in mounting an array of solar panels directly
onto a roof is a need for provision of a convenient path for running the
electrical conduits which carry the wiring that electrically interconnects

the solar panels. U.S. Patent No.4,189,881 issued to Hawley, provides a
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solution to this problem in a batten-seam roofing system constituted by
pans which longitudinally extend from the top of the roof to the bottom.
The pans are secured to the roof using clips. The clips are placed over the
lipped edges of the adjacent pans and screwed into the roof such that the
pans are spaced apart. Individual photovoltaic cell modules are
mounted on and secured to the long pans. Batten seam caps are placed
over the gaps between pans to create channels for the electrical conduits
that carry the wiring for the photovoltaie cells.

One possible drawback to such a construction method is the need
for additional hardware to secure the photovoltaic cell modules to the
pans. Also, mounting the array on the roof involves a two step process
of first mounting the pans on the roof and then mounting the
photovoltaic cell modules to the pans. Further, because the photovoltaic
cell modules must be secured to the pans directly, the likelihood that one
of the modules will be damaged is increased.

Another problem with conventional roof-mounted solar panel
arrays is their limited ability to endure outside environmental
conditions. Roof-mounted solar panels are often damaged by adverse
weather conditions, thus increasing the frequency with which they need
to be replaced and therefore the cost of maintaining the roof-mounted

array.
SUMMARY OF TEE INVENTION

The present invention has been made in view of the above
circumstances and has as an object to provide a roof-mounted solar pane!

array that is constructed to enable easy replacement of damaged solar

panels.
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A further object of the present invention is to provide a roof-
mounted solar panel array that is constructed with environmentally
protected solar panels.

Another object of the present invention is to provide a roof-
mounted solar panel array comprising solar panels that can be assembled
to provide environmental protection for the interior of a building
without the need of shingles, tar paper, or other conventional rodfing
materials.

Additional objects and advantages of the invention will be set
forth in part in the description which follows and in part will be obvious
from the description, or may be learned by practice of the invention. The
objects and advantages of the invention may be realized and attained by
means of the instrumentalities and combinations particularly pointed
out in the appended claims.

To achieve the objects and in accordance with the purpose of the
invention, as embodied and broadly described herein, the solar panel of
this invention comprises a base substrate including a front surface, a back
surface for mounting on the roof substructure, first and second
longitudinally extending side edges, a bottom edge portion having an
extending first lip, a top edge portion having an extending second lip
configured to matingly join with the first lip of the bottom edge portion
of a top-adjacent one of the solar panels, and first and second ridges
protruding from the front surface and respectively disposed parallel and
adjacent to the first and second side edges, each of the first or second
ridges being configured to receive the standing seam cap to be mounted

thereon and onto the second or first ridge, respectively, of the side-
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adjacent one of the solar panels, and a photovoltaic module mounted on
the front surface of the base substrate.

It is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory
only and are not restrictive of the invention, as claimed.

The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate several embodiments of
the invention and, together with the description, serve to explain the
principles of the invention.

BRIEE DESCRIPTION OF THE DRAWINGS
In the drawings, |

Fig. 1A is a front view of 2 solar panel constructed in accordance

with the present invention;

Fig. 1B is a section view of a photovoltaic module in accordance
with a preferred embodiment of the present invention;

Fig.2 is a perspective view of a roof-mounted solar panel array
provided in accordance with the present invention;

Fig.3 is a side view of a side edge of the solar panel illustrated in
Fig.1A;

Fig.4 is a section view taken along line B-B of Fig.1A;

Fig.5 is a side view of a bottom edge of the solar panel illustrated in

Fig.1A;
Fig.6 is a section view taken along line A-A of Fig.1A;
Fig. 7 is an exploded side view of the joint between top/bottom

adjacent solar panels in accordance with an embodiment of the present

invention;
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Fig. 8(a) is a section view of the joint between two side-adjacent
solar panels in accordance with an embodiment of the present invention;

Fig. 8(b) is a section view of the joint between two side-adjacent
solar panels in accordance with another embodiment of the present
invention;

Fig.9 is a perspective view of the joint between two side-adjacent
solar panels in accordance with the embodiment illustrated in Fig.8(a);
and

Fig.10 is an exploded view of the assembly of a solar panel array in
accordance with the present invention. |

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to the present preferred
embodiments of the invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or
like parts.

Fig.1A shows a front view of a solar panel 15 constructed in
accordance with the present invention. Solar panel 15 includes a
photovoltaic module 20 and a base substrate 30. Fig.1B illustrates possible
constructions of photovoltaic module 20. The term photovoltaic module
as used herein and embodied in module 20 broadly describes the
structure of a plurality of electrically coupled photovoltaic cells 21 and a

transparent protective substrate 22 that both covers a front, solar

radiation receiving surface of the photovoltaic cells and constitutes a

front surface of module 20. Photovoltaic cells 21 may be any type of
photovoltaic cell including amorphous silicon (a-Si) P-I-N or

polycrystalline P-N. Transparent protective substrate 22 may be formed
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of any material transparent to solar radiation, the preferred material
being glass. A barrier coating 23 is preferably applied on the back surface
of photovoltaic cells 21 when a-5i P-I-N type photovoltaic cells are used.
When polycrystalline P-N type photovoltaic cells are used, barrier coating
23 is preferably applied to both the front and back surfaces of the
photovoltaic cells 21. Barrier coating 23 is preferably a mixture of a two-
component fluorinated polyurethane with 3-glycidoxy propyltrimethoxy
silane and is preferably provided as disclosed in commonly assigned U.S.
Patent No. 4,953,577 issued to Marshall, the disclosure of which is
incorporated by reference. Preferred embodiments of barrier coating 23
particularly for polycrystalline p-n type photovoltaic cells include an
ethylene vinyl acetate (EVA) copolymer commonly applied in a vacuum
lamination process.

Base substrate 30 may be molded from polymeric materials which
incdlude crosslinkable, thermosetting, thermoplastic materials, or
foamable types of polymers, the preferred material being polyurethane.

In accordance with a preferred embodiment of the invention, solar
panel 15 is constructed by setting photovoltaic module 20 in a mold for
forming base substrate 30 to surround and support photovoltaic module
20. The mold is configured such that none of the base substrate material
is allowed to cover a central active portion of the front surface of the
photovoltaic module 20. Further, the mold is preferably designed such
that the molded material of base substrate 30 seals the back, the edges, and
a peripheral portion of the front surface of photovoltaic module 20, as
depicted in Figs. 4,6, 8(a), and 8(b). Asa result, the transparent protective

layer on the front surface of the photovoltaic module 20 and the molded
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base substrate 30 cooperate to effectively completely encapsulate and
protect the photovoltaic module 20 from weathering.

In accordance with a preferred embodiment of the invention, a
reaction injection molding (RIM) process is used to form base substrate
30. An example of a suitable method for practicing the RIM process is
disclosed in U.S. Patent No.4,830,038 issued to Anderson et al., the
disclosure of which is incorporated herein by reference.

By molding base substrate 30 in the manner described above, an
integral support can be formed for photovoltaic module 20 which can be
interlocked with the respective base substrates of adjacent solar panels 15
in a roof-mounted array to provide easy installation and replacement of
individual solar panels as well as to provide effective environmental
protection for the interior of the building upon which such roof-
mounted solar panel array is located.

As shown in Fig.1A, base substrate 30 includes a bottom edge
portion 31, a top edge portion 33, first side edge 35, second side edge 36,
and first and second ridges 37 and 38 that protrude outwardly from a
front surface of base substrate 30 and that are respectively disposed
parallel and adjacent to first and second side edges 35 and 36. Bottom
edge portion 31 includes an extending first lip 32. Top edge portion 33
includes an extending second lip 34. Wires 50 are provided for
electrically interconnecting phoiovoltaic module 20 of solar panel 15
with the other solar panels of the array.

Fig. 2 is a perspective view of a solar panel array 10 mounted
directly onto a roof substructure of a building. Solar panels 15a - 15e of
solar panel array 10 are specifically referred to hereinafter to explain the

positional relationship of the solar panels in solar panel array 10. For
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example, solar panels 15a - 15c are top-adjacent relative to solar panels
15d - 15f, respectively. Similarly, 15d - 15f are bottom-adjacent relative to
solar panels 15a - 15¢, respectively. Further, solar panels 15a, 15b and 15¢
are hereinafter respectively referred to as side-adjacent relative to each
other. Similarly, solar panels 15d, 15e and 15f are side-adjacent relative to
each other. |

The following description which refers only to these solar panels is
given for illustration only, and the description is intended to apply to all
solar panels of solar panel array 10 which have positional relationships
similar to that which is described below. Further, the description
provided herein for solar panel 15 is applicable to any one of the solar
panels of solar panel array 10.

Fig.3 shows a side view of side edge 36 of solar panel 15 as depicted
in Fig.1A and further illustrates the structure of second ridge 38 having a
tongue 47 proximate top edge portion 33 of base substrate 30 and a groove
49 proximate bottom edge portion 31 of base substrate 30. The structure
and utility of tongue 47 and groove 49 are described more fully below
with respect to Fig.10.

Fig.4 shows a section view of solar panel 15 taken along line B-B of
Fig.1A. An aspect of the construction of base substrate 30 is shown
wherein photovoltaic module 20 is sealed at its back surface and top and
bottom edges by base substrate 30. Further, a peripheral portion of the
front surface of photovoltaic module 20 is sealed by an overlapping
portion 65 of base substrate 30 thereby effecting the partial encapsulation
of photovoltaic module 20 within base substrate 30. Fig.4 also illustrates
the configuration of first lip 32 of bottom edge portion 31 of base substrate

30 and second lip 34 of top edge portion 33 of base substrate 30.
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Fig. 5 shows a side view of bottom edge portion 31 of solar panel
15, as depicted in Fig. 1A, and illustrates how a groove 48 in first ridge 37
and groove 49 in second ridge 38 are formed.

Fig.6 shows a section view of solar panel 15 taken along line A-A
of Fig. 1A. In Fig.6, an aspect of the construction of base substrate 30 is
shown wherein photovoltaic module 20 is sealed both at its back surface
and a peripheral portion of its front surface by base substrate 30.

Fig. 7 illustrates an exploded side view of the joint between a
bottom edge portion 31a of solar panel 15a (Fig.2) and a top edge portion
33d of solar panel 15d (Fig.2) which is bottom-adjacent relative to solar
panel 15a. As seen in Fig.7, a first lip 32a of bottom edge portion 31a of
solar panel 15a is positioned opposite a second lip 34d of top edge portion
33d of bottom-adjacent solar panel 15d. First lip 32a and second lip 34d
are respectively configured to matingly interlock with each other in order
to provide a watertight joint between top-adjacent and bottom-adjacent
solar panels. For completeness, Fig.7 also illustrates second ridge 38d of
solar panel 15d having tongue 47d and second ridge 38a of solar panel 15a
having groove 49a for receiving tongue 47d. It is preferred herein to .
configure first lip 32a and second lip 34d such that the first lip of a bottom
edge portion overlaps the second lip of a top edge portion of a bottom-
adjacent panel. . This preferred arrangement provides a watertight joint
that takes into consideration the downward slope of the roof. The
configuration of the first and second lips depicted in the drawings shows
both lips having horizontally extending raised portions 64a and 64d, and
recessed portions 62a and 62d for receiving raised portion 64d and 64a of

the other lip. It is preferred to configure the first and second lips such
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that the back surfaces of the base substrates are flush with one another.
This allows better protection of the roof from moisture.

First and second ridges 37 and 38 are provided on the front surface
of base substrate 30 for securing clips 42 between a first or second ridge on
one solar panel 15b and the adjacent second or first ridge, respectively, on
side-adjacent solar panel 15a or 15c. Fig.8(a) shows the assembly of solar
panel 15a (Fig.2) and a side-adjacent solar panel iSb (Fig.2) using a
standing seam cap 40. In the embodiment shown in Fig.8(a), first and
second ridges 38a and 37b of abutting solar panels 15a and 15b,
respectively, are spaced from first and second side edges 36a and 35b of
base substrates 30a and 30b. This construction results in a wiring duct 41
being defined between the first and second ridges 38a and 37b, the
standing seam cap 40, and the portion of each base substrate 30a and 30b
which extends between the ridge and the adjacent side edge. Wiring duct
41 enables easy routing of the wiring of the solar panels. Wiring duct 41
also provides an area in which the solar panels may be secured to the
substructure of the roof, as more fully described below.

Standing seam cap 40 may be made from either metal or plastic
and preferably has a length sufficient to extend the entire width (peak to
bottom edge) of a planar roof area onto which the array is being
mounted. Standing seam cap 40 provides a watertight connection
between side-adjacent solar p;nels as well as with sealed wiring duct 41.

In accordance with another embodiment shown in Fig.8(b), two
side-adjacent solar panels 15a' and 15b' may instead be spaced apart and
first and second ridges 38a' and 37b' may respectively protrude from first
and second side edges 36a' and 35b' of base substrates 302’ and 30b". This

construction allows wiring duct 41 to be defined between first and second
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ridges 38a' and 37b', standing seam cap 40, and the uncovered roof
between solar panels 15a' and 15b".

Referring next to Fig.9, each solar panel 15 is preferably secured to
the substructure of the roof by fasteners such as nails 45. Holes (not
shown) may be provided through base substrate 30 within the wiring
duct 41 to facilitate installation of the solar panels in the case where side-
adjacent panels are installed so as to abut one another, such as illustrated
in Fig.8(a). Further, retaining clips 42 are preferably provided beneath
seam cap 40, at spaced apart locations along the joint between two side-
adjacent panels, to retain the positional relation of the side-adjacent solar
panels and to provide further means for securing the side-adjacent

panels to the roof. Retaining clips 42 are preferably secured to the roof

- substructure by means of fasteners such as screws 51. Holes (not shown)

may be provided through base substrate 30 to receive screws 51.

Retaining clips 42 also serve as a means for securing standing seam cap 40
over the first and second ridges of the side-adjacent solar panels, as
shown, for example, in Figs. 8(a) and 8(b).

As shown in Fig.1A, first and second ridges 37 and 38 are
respectively provided with tongues 46 Vand 47 proximate top edge portion
33 and grooves 48 and 49 proximate bottom edge portion 31 of solar panel
15. Tongues 46 and 47 and grooves 48 and 49 are preferably provided to
prevent water leakage, into wiring duct 41, between the respective ridges
of top-adjacent and bottom-adjacent solar panels.

Fig.10 illustrates an exploded view of the portion of solar panel
array 10 (Fig.2) where the four solar panels 15a, 15b, 15d, and 15e are
joined. The reference numerals identifying respective features of each

panel are the same as shown in previous figures except that a letter "a",
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"h* "d" or "e" is appended to each reference numeral to denote its
description of a feature that is part of panel 15a, 15b, 15d or 15e,
respectively.

Referring to Fig.10, solar panels 15b and 15e are connected by the
mating interconnection of tongue 46e of first ridge 37e of bottom-adjacent
solar panel 15e with groove 48b of first ridge 37b of solar panel 15b. Solar
panels 15b and 15e are interlocked by overlapping first lip 32b of solar
panel 15b onto second lip 34e of solar panel 15e. Solar panels 15a and 15d
are connected and interlocked in the same manner as solar panels 15b
and 15e. The solar panels are secured to the roof substructure using nails,
or any other suitable fastening means, which may be hammered into the
roof through holes 53. Solar panels 152 and 15b (and similarly 15d and
15¢) are secured to the roof such that their respective ridges are effectively
spaced to receive retaining clip 42 and standing seam cap 40. The amount
of space provided between side-adjacent solar panels may vary depending
on the space between the side edge of a panel and the ridge adjacent
thereto. However, it is preferred herein that the side-adjacent panels
abut one another as illustrated in Fig. 8(a) and described above.

A plurality of retaining clips 42 are preferably provided to further
secure the solar panels to the roof substructure and further to provide a
means for securing the standing seam cap 40 to the panels. Each
retaining clip is secured to the panels using a screw 51 which preferably
also secures the side-adjacent panels to the roof substructure. In the case
in which side panels abut, hole 52 preferably receives a screw 51.

Tt will be apparent to those skilled in the art that various
modifications and variations can be made in the general shape of the

solar panels of the present invention and in construction of the disclosed
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solar panel array without departing from the scope or spirit of the
invention. As an example the solar i)anels may have the shape of a non-
rectangular parallelogram instead of the rectangular shape depicted in
the drawings.

The foregoing description of preferred embodiments of the
invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention
to the precise form disclosed, and modifications and variations are
possible in light of the above teachings or may be acquired from practice
of the inventibn. The embodiments were chosen and described in order
to explain the principles of the invention and its practical application to
enable one skilled in the art to utilize the invention in various
embodiments and with various modifications as are suited to the
particular use contemplated. It is intended that the scope of the
invention be defined by the claims appended hereto, and their

equivalents.
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WHAT IS CLAIMED IS:
1. A solar panel for use in an array of said solar panels

mounted on a roof substructure wherein each panel is secured to a
side-adjacent one of said solar panels by a standing seam cap, each of said
5 solar panels comprising:

a base substrate including a front surface, a back
surface for mounting onto the roof sub-structure, first and
second longitudinally extending side edges, a bottom edge
portion having an extending first lip which includes raised

10 and recessed portions on a back surface of the first lip, a top
edge portion having an extending second lip which includes
raised and recessed portions on a front surface of the second
lip which are configured to matingly join with the raised
and recessed portions of the first lip of the bottom edge

15 portion of a top-adjacent one of said solar panels, and first
and second ridges protruding from the front surface and
respectively disposed parallel and adjacent to said first and
second side edges, each of said first or second ridges being
configured to receive the standing seam cap to be mounted

20 thereon and onto the second or first ridge, respectively, of
the side-adjacent one of said solar panels; and

a photovoltaic module mounted on said front surface

of said base substrate.
2. The solar panel of claim 1, wherein said first lip is
25 configured to overlap the second lip of the top edge portion of a bottom-

adjacent one of said solar panels.



WO 92/21152 - PCT/US92/04041

10

15

20

25

- 15 -

3. The solar panel of claim 1, wherein said front surface of said
base substrate includes an overlapping portion that extends over a
peripheral edge of said photovoltaic module to secure said photovoltaic
module onto said front surface.

4. The solar panel of claim 1, wherein said first and second
ridges are respectively spaced apart from said first and second side edges
such that a wiring duct is formed between abutting side-adjacent ones of
said solar panels and the standing seam cap.

5. The solar panel of claim 1, wherein said first and second
ridges respectively protrude from said first and second side edges such
that a wiring duct is formed between side-adjacent ones of said solar
panels and the standing seam cap when the respective first and second
edges of the side-adjacent panels are mounted on the roof substructure to
be spaced apaft.

6. The solar panel of claim 1, wherein said first and second
ridges each include a tongue proximate said top edge portion of said base
substrate and a groove proximate said bottom edge portion of said base
substrate, said groove being configured to matingly receive the tongue of
a bottom-adjacent one of said solar panels.

7. .Asolar panel for use in an array of side-by-side solar panels
mounted on a roof, comprising:

a base substrate having a front surface, a back surface
for mounting onto a roof, a bottom edge portion, a top edge
portion, first and second longitudinally extending side
edges, and first and second ridges protruding from said front
surface and located adjacent to said first and second side

edges, each of said first or second ridges being configured to



WO 92/21152

10

15

20

25

PCT/US92/04041
- 16 -

receive a standing seam cap to be mounted thereon and

onto a ridge of another side-adjacent one of said solar

panels; and
a photovoltaic module mounted on said front surface
of said base substrate, said front surface of said base substrate

having an overlapping portion that extends over a

peripheral edge of said photovoltaic module to secure said

photovoltaic module onto said front surface.
8. The solar panel of claim 7, wherein said bottom edge
portion has an extending first lip, and said top edge portion has an
extending second lip configured to matingly join with the first lip of the
bottom edge portion of a top-adjacent one of said solar panels.

9. The solar panel of claim 8, wherein said first lip is
configured to overlap the second lip of the top edge portion of a
bottom-adjacent one of said solar panels.

10.  The solar panel of claim 7, wherein said first and second
ridges are respectively spaced apart from said first and second side edges
such that a wiring duct is formed between abutting side-adjacent ones of
said solar panels and said standing seam cap.

11. A solar panel array for mounting on a roof substructure,
comprising;:

a plurality of standing seam caps; and
a plurality of solar panels, each solar panel having:
a front surface,

a back surface for mounting onto a roof substructure,
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a bottom edge portion having an extending first lip
which includes raised and recessed portions on a back
surface of the first lip,

a top edge portion having an extending second lip
which includes raised and recessed portions on a front
surface of the second lip which are configured to matingly
join with the raised and recessed portions of the first lip of
the bottom edge portion of a top-adjacent one of said solar
panels,

first and second longitudinally extending side edges,

first and second ridges protruding from the front
surface and respectively disposed parallel and adjacent to
said first and second side edges, each of said first or second
ridges being configured to receive one of said plurality of
standing seam caps to be mounted thereon and onto the
second or first ridge, respectively, of a side-adjacent one of

said solar panels; and

a photovoltaic module mounted on said front surface of said base

The solar panel of claim 11, wherein said first and second

ridges are respectively spaced apart from said first and second side edges

such that a wiring duct is formed between abutting side-adjacent ones of

said solar panels and the standing seam cap.
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