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MOUNTING BRACKET FOR PHOTOVOLTAIC MODULES

FIELD OF THE INVENTION

This invention relates generally to mounting or attachment bracket or structure for
photovoltaic modules or panels which is assembled in coplanar array and mounted on a
rooftop of a building, and more specifically, to polymeric mounting means which allow
for rapid and easy mounting and installation of photovoltaic panel assemblies onto

installation site support structures such as a rooftop of a building .
BACKGROUND OF THE INVENTION

Photovoltaic (PV) panel or module assemblies are used to convert sunlight into
electricity. Traditional photovoltaic panels typically comprise polycrystalline and/or
monocrystalline silicon solar cells mounted on a support structure of the frame element
with a rigid glass top layer to provide environmental and structural protection to the
under-lying silicon based cells. These PV panels can be mounted into a support structure
such as a rigid aluminum or metal frame that supports the glass and provides attachment
points for securing the photovoltaic panels to the installation site support structure by
means of brackets. PV panels may also include additional components such as junction
boxes, bypass diodes, sealants, and/or multi-contact connectors used to complete the PV
panel assembly and allow for electrical connection to other photovoltaic modules.

There is a need of increasing design flexibility over the installation because the
PV panels may be installed over a wide range of conditions.

Commercially available PV module attachment designs, however, are labor
intensive and limit the ability to install large numbers of PV modules in a cost-effective
manner because of such support structure and brackets being not integrated with cach
other. |

US 2010/0236610 employs polymeric brackets which have openings for the

photovoltaic modules. The module must be inserted into the opening of the polymeric
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bracket. A fastener and bolt system is then used to secure the module to the frame
assembly,

EP 1775777A2 (equivalent to US 2007/0084504 ) uses polymeric mounting
systems for unframed panels comprising a so-called zipper gasket to secure the panels by
sliding the panels therein between panel grooves to which a strong pressing force is
applied in the direction narrowing the widths of the grooves to pinch the panels strongly.
This is accomplished by manually or mechanically prying open the panel grooves so the
PV panel can be inserted.

The present invention fills a need for improved zipper gaskets for unframed
photovoltaic panel assemblies which are adapted to mate with and be integrated in the

support structure and provide for easy and cost effective installation of the PV modules.

SUMMARY OF THE INVENTION
According to the invention, a photovoltaic panel assembly, comprising a zipper

gasket having length /, comprising: (a) a body having a groove; (b) a receiving pad; (c ) a
clamp having a pivot, the pivot connecting the clamp to the body, enabling the clamp to
be placed in an open or a closed position, and capable of pivoting the clamp relative to
the receiving pad from an angle that ranges from 1° to 90°; (d) a zipper having a body
surface adapted to be complementary to and received by the groove, and being either
integral with the body at a pivotable joint or detached from the body; and (e) a base;
wherein: when in an open position, the clamp is disposed relative to the receiving pad at
an angle that ranges from 1° to 90°, and when in a closed position, the clamp is disposed
relative to the receiving pad at an angle that ranges from 0° to 30° and the body surface
of the zipper has been received by the clamp surface

According to the invention, a photovoltaic panel assembly comprises at least one
photovoltaic module and a zipper gasket accommodating said module inside and a
support structure being configured to be able to be mated with said zipper gasket to form
the integrated structure for attaching the module on installation site support structure; the
zipper gasket comprising: (a) a body having a clamp surface; (b) a receiving pad; (¢ ) a
clamp having a pivot, the pivot connecting the clamp to the body, enabling the clamp to

be placed in an open or a closed position, and capable of pivoting the clamp relative to
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the receiving pad from an angle that ranges from 1° to 90°; (d) a zipper having a body
surface adapted to be complementary to and received by the groove, and being either
integral with the body at a pivotable joint or detached from the body ; and (€) a base;
wherein: when in an open position, the clamp is disposed relative to the receiving pad at
an angle that ranges from 1° to 90°, and when in a closed position, the clamp is disposed
relative to the receiving pad at an angle that ranges from 0° to 30° and the body surface
of the zipper has been received by the groove.

According to the invention, process for attaching a photovoltaic assembly to an
installation site comprises: I} disposing a first side and a second side of a PV panel into a
configuration of each of at least two zipper gaskets, said gaskets having length |,
comprising: (a) a body having a groove; (b) a receiving pad; (¢ ) a clamp having a pivot
of a flexural modulus, the pivot connecting the clamp to the body and enabling the clamp
to be placed in an open position or a closed position; (d) a zipper having a body surface
adapted to be complementary to and received by the groove, and being either integral
with the body at a pivotable joint or detached from the body; and (e) a base; wherein:
when in an open position, the clamp is disposed relative to the receiving pad at an angle
that ranges from 1° to 90°, and when in a closed position, the clamp is disposed relative
to the receiving pad at an angle that ranges from 0° to 30° and the body surface of the
zipper has been received by the groove; 11) receiving zipper into groove to clamp the PV
panel between the receiving pad and the clamp to lock the PV panel in place on the
installation site support structure.

According to the invention, a process for attaching a photovoltaic assembly to an
installation site comprises: 1} holding at least one photovoltaic module by a zipper gasket
2) attaching said photovoltaic module with said zipper gasket by a support structure being
configured to be able to be mated with said zipper gasket to form the integrated structure
on installation site support structure; the zipper gasket comprising:(a) a body having a
groove; (b) a receiving pad; (¢ ) a clamp having a pivot, the pivot connecting the clamp to
the body, enabling the clamp to be placed in an open or a closed position, and capable of
pivoting the clamp relative to the receiving pad from an angle that ranges from 1° to 90°;
(d) a zipper having a body surface adapted to be complementary to and received by the

groove, and being either integral with the body at a pivotable joint or detached from the
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body; and (e) a base; wherein: when in an open position, the clamp is disposed relative to
the receiving pad at an angle that ranges from 1° to 90°, and when in a closed position,
the clamp is disposed relative to the receiving pad at an angle that ranges from 0° to 30°

and the body surface of the zipper has been received by the groove.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l shows a cross section of a polymeric zipper gasket, in a open position, of a
photovoltaic panel assembly according to the present invention.

Fig.2 shows a cross section of a polymeric zipper gasket in a closed position of Fig.1
installed into a guide rail.

Fig.3a shows a panel assembly according to the embodiment of the present invention
installed on a metal rooftop.

Fig.3b shows enlarged view of the panel assembly of Fig.3a.

Fig.4 shows a bracket of the panel assembly according to the embodiment of the present
invention.

DETAILED DESCRIPTION

Definitions

The term “polymeric zipper gasket ” refers to a molded or extruded zipper gasket
comprising a clamp pivotally at a body of the zipper gasket in such a way which a plane
of the clamp defining a groove in combination with a receiving pad is configured to be
potisionable relative to the receiving pad of the zipper gasket of from about 1 degrees to
about 90 degrees , which allows side edge portions of the panels to be inserted to the
groove of the zipper gasket body and be pinched between the clamp and the pad via a
zipper arrangement whereby lip formed at distal position of zipper element pivotally
mounded to the body is received in recesses provided in opposite side (to the side
defining the groove) of the clamp. When engaged in this manner, the edge portions of the
panels are pinched within the groove between the clamp and pad by the clamp being
provided a force in a downward direction with respect to the pad. . The clamp is closed
to approximately zero degrees by insertion of side edge portions of the panels into the

groove designed to pinch respective panels strongly.
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The term “as molded” refers to a polymeric zipper gasket which is manufactured
by molding or extruding the polymeric material into the desired shape. The clamp of the
molded polymeric zipper gasket is at an angle relative to the receiving pad of the molded
mounting zipper gasket of from about 1 degrees to about 90 degrees. This angle is the
result of the design of the mold or die used to make the bracket. The angle as molded is
the natural angle of the zipper gasket. The angle does not change unless changed by an
outside force such as insertion of the zipper into the groove of the zipper gasket. The
clamp does not need to be pried or held open for the angle to remain between about 1 and
90 degrees.

The term “angle” refers to the relative position between the surface of the
receiving pad and the surface of the clamp in degrees when the zipper gasket is viewed
from a cross sectional position or side view as shown in Fig.1. The receiving pad is
considered to be at zero degrees for angle measurement. A circle comprises 360 degrees.

The term “receiving pad” refers to the component of the zipper gasket upon which
a PV panel rests when the PV panel is placed or lowered into the zipper gasket. The
receiving pad, in combination with a closed clamp, applies sufficient force on the PV
panel to hold the PV panel in position in the installation site support structure.

The term “zipper” refers to the component of the polymeric mounting bracket
which, when inserted and locked into the groove for receiving the zipper, causes the
clamp to close relative to the receiving pad and clamp the PV panel in place.

The term “photovoltaic panel assembly” refers to at least one photovoltaic panel.
A photovoltaic panel assembly may also comprise multiple, interconnected, photovoltaic
panels.

A photovoltaic panel assembly are installed and used in building structures. They
are often fixed within a frame and mounted on a support structure. The frames are
commonly made of rigid materials such as metals. Metal frames have been made from
steel, aluminum, titanium, brass, lead, chrome, copper, and combinations or alloys of two
or more of these metals, for example. As a material widely used for frames, aluminum is
known.

Installation of photovoltaic (PV) modules or panels onto structures such as

building roofs is typically a very labor intensive and time-consuming process. The PV
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panels must be securely attached to the installation site support structure and be capable
of withstanding the environmental conditions to which they are routinely exposed such as
strong winds and precipitation.

PV panels are typically constructed as multilayered structures with either glass or
a rigid polymer typically being the topmost layer. As a result, PV panels comprising a
glass or rigid polymeric top layer cannot be bent, which limits the method of attachment
of the PV panel to the underlying support structure. Common mounting systems for
attaching rigid PV panels typically use either metal brackets or polymeric brackets.

One example of an existing PV assembly mounting process using metal brackets
is where the PV panel or assembly is placed onto the installation site support structure
such as a roof structure and the PV assembly is clamped into position to the roof structure.
For mounting on the installation site support structure, the PV assembly has extensions
around the perimeter of the panel which are clamped onto the installation site support
structure. The conventional mounting process allows the rigid solar panel to be placed
onto the support structure and then clamped into place using a clamp which is bolted onto
the support structure. Both systems are labor intensive.

In such a mounting system, an extruded or molded polymeric mounting bracket is
used. In this design, the angle of the clamp relative to the receiving pad as molded is
approximately zero degrees. The polymeric mounting bracket has openings created by
the receiving pad and clamp for holding the PV panel. However, the use of these type of
mounting brackets are very labor intensive when used to install PV panel assemblies onto
installation site support structures. The PV assemblies are typically inserted into the
openings from the side of the mounting bracket because of the zero degree angle of the
clamp relative to the receiving pad. Such a design does not allow for the simultaneous or
almost simultaneous placement into the polymeric mounting brackets of at least two sides
of the PV panel from above the polymeric mounting bracket because of the angle of the
clamp relative to the receiving pad unless the clamps are pried or held open. In other
words, the PV panel cannot be disposed into the receiving pad of the polymeric mounting
brackets from above the installation site support structure and then secured or clamped
into place by insertion of the zipper without the additional process step of prying open the

clamp to an angle of about 1 degrees or greater. If the PV panel assembly is to be
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inserted from the top of or above the Polymeric mounting bracket, an additional step of
prying, and holding open, the clamp of the conventional mounting bracket to allow for
insertion of the PV panel assembly onto the receiving pad is required and adds cost and
time to the installation process. Such a process could also result in damage to the
mounting bracket. As with the previous systems, such a process is very labor intensive
and requires at least one additional person to pry and hold open the clamp while the PV
panel assembly is lowered into place. Once the PV panel assembly has been inserted into
the openings, a zipper section is placed into a depression or groove for receiving the

zipper which results in the PV panel assembly being clamped into the mounting bracket.

Novel Polymeric Zipper Gasket (PZG)

In order to overcome the deficiencies of zipper gaskets for current PV panel
assembly and processes for installing PV panel assemblies, a polymeric zipper gasket
has been designed with permits for a quick and less labor intensive process for
installation of PV panels onto installation site support structures. Fig.1 is one example of
a polymeric zipper gasket (PZG) 1 of the invention.

The PZG 1 of the invention is comprised of several components. Fig.1 shows
base 10 which is used for attaching the PZG 1 to the installation site support structure,
Base 10 may be any shape which allows the PZG 1 to be securely attached to the support
structure. The structure of base 10 as shown in Fig.1 is designed to fit or slide into
groove in the support structure or into a guide rail ( as shown part 70 in Fig.2), if used, .
The shape of the receiving element or groove in the support structure or guide rail will
determine the shape of the base structure.

Base 10 is comprised of a neck portion 12 and a contact portion 14 as shown in
Fig,1. Neck portion 12 connects the base to both the body 20 and receiving pad 60,

Neck portion 12 should be of sufficient thickness to support the weight of the PV panel
on the receiving pad without undue deformation or bending of the receiving pad and to
assure the neck will not rip or fail under the stresses imposed on it by environmental
conditions.

Body 20 in Fig.1 provides the foundation upon which the remaining elements or

components are attached.
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Clamp 50 is molded to body 20 using pivotal attachment 55. Pivotal attachment
55 is capable of pivoting from about zero degrees (completely closed) to a maximum of
about 90 degrees. When the claiming arm is open about pivotal attachment 55 at about 1
degrees to about 90 degrees, the clamp 50 is considered to be in an open position. The
angle of the clamp pivotable about pivotal attachment 55 is determined relative to the
receiving pad 60 as shown in Fig.1. The angle of the clamp as shown in Fig.1 is 90
degrees. When the clamp 50 is parallel to the receiving pad, the angle of the clamp 50 is
zero degrees as shown in Fig.2. When the clamp 50 is in the closed position in which the
clamp 50 is disposed relative to the receiving pad 60 at an angle that ranges from 0° to
30°, the clamp 50 exerts a force onto the PV panel 100 sufficient to hold the PV panel
100 in place and to prevent the panel 100 from moving when the PV panel 100 is
exposed to external forces.

The pivoting action of the clamp 50 is possible due to the composition of the PZG
1 which comprises a flexible polymeric material. The thickness of pivotal attachment 55
should be sufficient to prevent failure or ripping of the pivotal attachment during normal
operation and use. If the pivot attachment 55 is too thick, then the clamp 50 may not
pivot without undue force having to be applied. If too much force is required, the process
of instailing the PV panel 100 may become more difficult. The optimum thickness of the
pivotal attachment 55 is easily determined by one of skill in the art. The clamp 50 is |
pivotally mounted on the body 20 as a single piece using methods known to those skilled
in the art, such as, for example, injection molding and extrusion.

Receiving pad 60 is used to support the PV panel 100 and to act as a bottom
clamp to hold the PV panel 100 in place when the clamp 50 is in the close position.

Zipper 40 is designed to pivot clamp 50 downward when zipper 40 is inserted into
groove 45 of the PZG 1. Groove 45 has a complementary shape to zipper 40 and
conforms to the dimensions of the zipper 40 when the zipper is inserted into the groove
45. Zipper 40, once inserted into groove 45, is interlocked in place by lip 51 (shown in
Fig.2) on the back side of clamp 50. The lip 51 is formed at distal position of zipper
element 40 pivotally mounded to the body 20. The lip 51 is received in recesses provided
in opposite side (to the side defining the groove) of the clamp 50. When engaged in this

manner, the edge portions of the panels are pinched within the groove between the clamp
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50 and receiving pad 60 by the clamp 50 being provided a force in a downward direction
with respect to the receiving pad 60 (shown in Fig 2).

Zipper 40 may be molded to body 20 using another pivotal attachment 30. In this
design, zipper 40 may be pivoted at the attachment point 30 from an open position as
shown in Fig.1 to a closed position as shown in Fig,2. The pivotal arrangement for the
pivotal attachment 30 is formed on the gasket body 20 as a single piece so as to be
positioned to engage the surface of the clamp 30 and permit the clamp 30 move between
the open and closed positions using methods known to those skilled in the art, such as, for
example, injection molding and extrusion.

Regardless of the design of the zipper, the purpose of the zipper 40 is to close
clamp 50. Closure of clamp 50 onto the PV panel results in a clamping force on the PV
panel sufficient to hold the PV panel in place. In this closed position, the clamp 50 is at
approximately zero degrees angle relative to the receiving pad 60. The PV panel 100 is
now clamped in place and is securely fastened onto the support structure, as shown in

Fig.2.

Polymeric Zipper Gasket (PZG) Composition

The polymeric material which may be used to mold or extrude the PZG lused
herein may be any elastomeric polymer which is flexible enough such that the PZG
clamp 50 can be pivoted from about a 1 to 90 degree angle to about a zero degree angle
but yet strong enough to hold a PV panel 100 securely to an installation site. The
thickness of the pivot for the clamp 50 of the PZG 1 can be varied along with the type
and hardness of polymer selected such that the clamp is pivotal from a molded angle of 1
to 90 degrees, an open position, to a closed position of about zero degrees. The
polymeric material used to prepare the PZG 1 of the invention may be foamed or
unfoamed. Selection of the thickness of the pivot, the polymer composition, and the
polymer hardness is easily determined by one skilled in the art.

The PZG 1 may also be manufactured using a combination of two different
polymers in a co-extrusion process.

Preferably, the polymeric material used to mold or extrude the polymeric

mounting bracket has a shore A hardness of about 60-120, more preferably 70-90.
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Examples of polymeric materials useful for manufacturing the PZG used herein include
ethylene-propylene-diene (EPDM) polymers, chlorinated rubber, e.g. Neoprene®
avaiabale from E.I. du Pont de Nemours and Company, Delaware, USA, thermoplastic
vulcanizates (TPV), engineering thermoplastic vulcanizates (ETPV), thermoplastic
polyolefins (TPO), copolyetherestes, and other thermoplastic elastomeric (TPE)
materials. Examples include Alcryn® melt processable rubber, DuPont™ ETPV, CR,
Santoprene™ thermoplastic vulcanizate, and DuPont ™ Hytrel ® thermoplastic
polyester elastomer.

Polymers used in the PZG of the present invention comprise polymeric materials which,
alone or as a mixture, provide the PZG with hardness, processability, weather resistance,

creep resistance.

Process for Installing PV Panel Assemblies

Figs.2, 3a and 3b depict the case where the PV panel assembly is installed on a
metal rooftop. In order to facilitate installation of a PV panel assembly onto an
installation site support structure using the PZG 1 of the invention, the PZG 1 is molded
or extruded such that the clamp 50, as molded, is at an angle of at least about | degrees to
about 90 degrees relative to receiving pad 60. The angle of the clamp 50 after removal
from the mold, or after extrusion, and after reaching room temperature (20°C), is
considered the angle of the clamp for this invention.

The optimal molded angle of the clamp 50 used for installation of a PV panel
assembly depends on the method of disposing the PV panel 100 into the PZG 1.
Typically, PV panels 100 are square or rectangular in shape and have four sides. The
first side (left or right side) is directly opposite the second side, and the third side (top or
bottom side) is directly opposite the forth side. Typically there is a first PZG 1 for
disposing the first side of a PV panel and a second PZG 1 for disposing the second side of
a PV panel 100 into an installation site support structure. However, multiple PZGs 1 may
be used for the first and second sides of a PV panel 100. If multiple PZGs 1 are to be
used for the first and second sides of the PV panel 100, they have a length (/) which is
shorter than the length of a PZG 1 when only one PZG 1 is used for each side of the PZG
i.

10
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Fig.2 illustrate one method for disposing PV panels into PZGs. In this method,
the first side of the PV panel 100 is disposed into the first PZG 1 where the angle created
by clamp 50 and receiving pad 60 of the first PZG 1is at least 1 degrees to 90 degrees ,
preferably at least 10 degrees to 60 degrees, and even more preferably at least 20 degrees
to 45 degrees. Once the first side of the PV panel 100 has been disposed into the first
PZG 1, the second side of the PV panel 100 is then disposed into the second PZG | (not
shown ). The angle created by the clamp 50 and receiving pad 60 of the second PZG
may be from zero degrees to about 90 degrees. If the angle of the second PZG is less
than about 90 degrees, clamp 50 must be pried open to an angle sufficient to allow the
second side of the PV panel to be disposed into the second PZG. Preferably, the angle of
the second PZG is at least about 10 degrees to about 60 degrees to allow for easier
disposition of the second side of the PV panel 100 into the second PZG 1. The angle
range facilitates an operation of holding and unholding the PV panles 100 in the grooves
of the PZG 1.

If the PV panel 100 is to be disposed into the PZGs where the first and second
sides of the PV panel 100 are disposed simultaneously or essentially simultaneously into
the PZGs, the molded angle of the clamps for both the first side and second side of the
PV panel 100 should be at an angle of from about 90 degrees. After disposition of the PV
panel 100 into the PZGs 1. PZG clamps are rotated into the closed position.

Typically, PV panel assemblies use PZGs 1 for only two sides of each PV panel
100 as shown in Figs.3a and 35. However, other installation variations are contemplated
in which PZGs 1 are attached to all four sides of the PV panel 100 or on only three sides.
It may also be advantageous to place mounting brackets around the outside perimeter of
the entire PV assembly.

For installation situations where PZGs 1 are installed on only two sides of the PV
panel 100, a polymeric cushion or pad can be placed between the remaining two sides of
the PV panels 100. For installations where the entire perimeter of each PV panel 100
needs to be sealed against water intrusion, PZGs 1 of the invention may be used on all
four sides of a PV panel 100 or a combination of PZGs 1 and cushions may be used.

PZGs 1 of the invention may be a continuous zipper gasket around the entire

perimeter or sides of the PV panel 100, or multiple, non-continuous PZGs may be used .

11
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When multiple PZGs 1 are used, the spacing between each individual zipper gasket is
determined based on the length / of each PZG 1 and the total clamping force desired for
the PV panel. The PZGs 1 may be any width from about 1 inch to the entire length of a
side of the PV panel 100. Typically, when PZGs 1 are used to attach one side of a PV
panel 100 to the support structure, the length of each individual PZG 1 is from about |
inch to 6 inches in length. The number and length of the PZGs to be used to élamp each
side of a PV panel 100 is easily determined by one of skill in the art.

After the PV panel 100 has been disposed into the PZGs, zipper 40 is disposed
into groove 45. As zipper 40 is disposed into groove 45, clamp 50 pivots at attachment
55 to lock the PV panel 100 into the PZGs 1(Fig,2). Zipper 40 may be attached to the
PZG 1 at the pivotal attachment 30 as shown in Fig.1 or zipper 40 may optionally be a
separate molded element of the PZG 1.

Once the PV panel 100 has been disposed into the PZG 1, zipper 40 can be
disposed into groove 45 designed for receiving zipper 40, resulting in closure of clamp 50.
Z'ipper 40 is interlocked in place by lip 51 on clamp 50. Closure of clamp 50 onto the PV
panel results in a clamping force on the PV panel 100 sufficient to hold the PV panel 100
in place. In this closed position, the clamp 50 is at approximately zero degrees angle
relative to the receiving pad 60. The PV panel is now clamped in pldce and is securely
fastened onto the support structure.

Regardless of whether or not zipper 40 is molded as part of the PZG 1, the
function of the zipper 40 is the same in both designs. The purpose of the zipper 40 is to
close the clamp 50 to about zero degrees and lock the clamp 50 in place. The zipper 40
may be disposed into groove 45 by disposing the zipper into groove 45 by hand. Zipper
45 may be disposed into groove 45 using a tool to assist in disposing the zipper 40. US
3,744,113 provides an example of an installation tool for the zipper 40.

If the PV panel 100 assembly is manufactured in an assembly plant before
shipment to the installation site, the zipper may be inserted by an automated process.

The use of a PZG 1 has the advantage of being lightweight relative to the use of
metal mounting brackets. A PZG 1 will not deteriorate due to moisture exposure and also
may perform the function of sealing the perimeter of the PV panel 100 against moisture

intrusion if installed around the entire perimeter of the PV panel 100.

12



(29) JP 2013-138040 A 2013.7.11

A PZG 1 in which clamp 50 is molded at an angle from about | degrees to about
90 degrees provides for PV panel installation processes which are superior to current PV
installation processes using PZGs 1 having clamps 50 molded at zero degrees relative to
the receiving pad 60. Installation processes of the invention do not require at least one of
the PZG 1 clamps to be pried or supported open during disposition of the PV panel 100
into the PZG 1.

The PZG 1 may be directly attached to the installation site support structure using
base 10 by means of support structures. In one embodiment, the PZG 1 may be attached
to a guide rail 70 as shown in Figs.2, 3a and 3b. The guide rail 70 may provide additional
support for the PZG 1. If a guide rail 70 is used in the design, it is preferable that the
guide rail 70 is designed with a back 15 mm, the back being approximately the same
height as the PZG 1. The guide rails 70 are made of polymeric materials. The selection of
specific type of the polymeric materials suitable for use herein depends upon the type of
application and the installation site support structure. The guide rail 70 is designed such
that is has a receiving element or groove 80 to receive base 10 of the PZG 1. The guide
rail 70 is used to attach the PV panels 100 disposed and pinched into PZG 1 on an
installation site support structure. Fig. 2 illustrates an embodiment of a guide rail 70 in a
cross-section view. Guide rail 70 includes a base rectangular frame 71 having flange
portions 71a and b which project from the frame 71 and form recesses 72 near center or
at the center of the frame 71 receiving the base 10 of PZG 1 to form a anchoring when
the PZG is snapped to the guide rail 70.The guide rail has a length m which is 30 mm to
2000 mm so as to bear the weight of PV panels and be sufficient to hold them .

To integrate the PZG 1 into such support structure such as guide rail, both being |
made of polymers, it would be advantageous to reduce the weight of the PV panels100
while maintaining a high degree of physical properties and mechanical strength.

The guide rail 100 may be directly attached to a support structure or may be
indirectly attached to the support structure. Fig.4 shows an example of a bracket 90
which attaches the guide rail 70 to a roof. For example, the brackets 90 are designed and
configured that on first side the guide rail is snapped in between two snap flanges 91a,
91b and on another side the brackets 90 have two legs 92 to clamp the roof ribs 110 as

shown in Fig.5.
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The following PV panel assembly installation processes for installing PV panel
assemblies onto an installation site support structure are nonlimiting examples

contemplated when using polymeric mounting brackets of the invention.

One PV panel installation process for mounting a photovoltaic panel assembly
onto an installation site support structure using the polymeric zipper gasket of the
invention comprises steps:

a) placing a first side and a second side of a PV panel into at least two

polymeric zipper gaskets, said polymeric zipper gaskets comprising:
i) a base structure for attaching said polymeric zipper gasket onto

said instailation site support structure;

i) a mounting body;
iii) a zipper;
iv) a groove for receiving said zipper;

v) a receiving pad for supporting a PV panel,
vi) a clamp pivotally attached to the mounting body;
wherein the angle created by the clamp relative to the receiving pad of
the polymeric zipper gasket as molded, is at least 90 degrees;
b) inserting zippers into the grooves to clamp the PV panel between the
receiving pad and clamp to lock the PV panel in place
c) attaching PV panel assembly on the installation site support structure by
said zipper gaskets. ‘
Another PV panel installation process using the polymeric zipper gaskets of the
invention comprises steps:
a) placing a first side of a PV panel into at least one polymeric zipper
gasket(s), said polymeric zipper gasket(s) comprising:
vii) a base structure for attaching said zipper gasket onto said
installation site support structure;
viii)  a mounting body;
ix) a zipper;

X) a groove for receiving satd zipper;

14
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Xi) a receiving pad for supporting a PV panel,
xiiy  aclamp pivotally attached to the mounting body;
wherein the angle created by the clamp relative to the receiving  pad of
the polymeric zipper gasket as molded, is at least about 1 ~ degree;
b) placing a second side of the VP panel into at least one zipper gaskets(s),
said polymeric zipper gasket(s) comprising:
xiii) a base structure for attaching said polymeric zipper gasket onto
said installation site support structure;
xiv) a mounting body;
Xv) azipper
xvi)  a groove for receiving said zipper;
xvii) areceiving pad for supporting a PV panel;
xviii) a clamp pivotally attached to the mounting body;
wherein the angle created by the clamp relative to the
receiving pad of the polymeric zipper gasket as molded, is at
least about 1 degrees;
c) closing the zipper(s) to clamp the PV panel between the receiving pad and
clamp to lock the PV panel in place
d) attaching PV panel assembly on the installation site support structure by

said zipper gaskets.

Installation Hardware

Installation hardware may optionally be used to attach the PZG to the installation
site. The design of the installation hardware may be any design that allows for
attachment of either the PZG or the combination of the PZG and support sub-assembly to
the installation site. The installation hardware may be made from metal or a polymeric
material as long as the installation hardware has sufficient strength and durability to hold
the PZG or the PZG and support sub-assembly to the installation site. Polymeric
materials which may be used for the support may also be used for the installation

hardware.

15
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Guide Rail Composition constituting the support structure

The support may be a polymeric material which is fairly stiff or could also be
manufactured from metal or a polymer coated metal. .For purposes of the present
invention, tensile modulus measured according to 1SO 527 for polymers or ISO 6892 for
metals is preferably 2-220GPa. When polymers are used, tensile modulus is preferably 2-
20GPa and most preferably 5-20GPa. Examples of suitable polymers for use in the
manufacture of the support include polyesters, polyamides, polyolefins such as
" polypropylene, and polyvinyl chloride. Examples of polymeric materials include DuPont
™ Rynite® polyethylene terephthalate, DuPont ™ Crastin® polybutylene terephthalate,
DuPont ™ Sorona® thermoplastic polymer, DuPont ™ Zytel® polyamide resin,
polyalpha olefins, and polyvinyl chloride. Unsaturated polyester can be also used in
fabricating the guide rails.

Nonlimiting examples of polyesters include poly(ethylene terephthalate) (PET),
poly(trimethylene terephthalate) (PTT), poly(1,4-butylene terephthalate) (PBT),
poly(ethylene 2,6-naphthoate) (PEN), poly(1,4-cyclohexyldimethylene terephthalate)
(PCT) and copolymers and blends thereof. Of these, the preferred polyesters are selected
from poly(ethylene terephthalate) (PET), poly(trimethylene terephthalate) (PTT), and
poly(1,4-butylene terephthalate) (PBT). Rynite(R) PET polyester resin available from EL
du Pont de Nemours and Company is satisfactory for most embodiments.

The guide rail may also comprise polyamides such as PA612, PA1010, orPA6T.

Processes for Manufacture

The polymeric zipper gaskets of the invention are preferably manufactured by
profile extrusion or molding processes, with profile extrusion processes being preferred.
An example of a molding process is injection molding.

Profile extrusion processes create articles of a fixed cross-sectional profile.
Temperatures used in profile extrusion and molding processes depend on the polymeric

material used and is well within the skill of one knowledgeable in the art.
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Claims

What is claimed is:

1. A photovoltaic panel assembly, comprising a zipper gasket (1) having length /,

comprising:

(a) a body (20) having a groove;

(b) a receiving pad (60);

(¢ ) a clamp (50) having a pivot (55), the pivot (55) connecting the clamp (50) to the body

(20), enabling the clamp (50} to be placed in an open or a closed position, and capable of

pivoting the clamp relative to the receiving pad (60) from an angle that ranges from 1° to

90°;

(d) a zipper (40) having a body surface adapted to be complementary to and received by
the groove, and being either integral with the body (20) at a pivotable joint (30) or
detached from the body (20); and

(e) a base (10);

wherein:

when in an open position, the clamp (50) is disposed relative to the receiving pad (60) at

an angle that ranges from 1° to 90°, and

when in a closed position, the clamp (50) is disposed relative to the receiving pad (60) at

an angle that ranges from 0° to 30° and the body surface of the zipper (40) has been

received by the groove.

2. The photovoltaic panel assembly of Claim 1, wherein the zipper (40) is integral to
the bracket at pivot (55).

3. The photovoltaic panel assembly of Claim 1 or 2, further comprising:
(f) 2 support (70) having length m, the support adapted to receive the base (10) along at
least a portion of length / of the zipper gasket (1);

wherein length m may be the same as or different from length /.

4. The photovoltaic panel assembly of Claim 1 or 2, further comprising:

(g) installation hardware (90);
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wherein the installation hardware (90) is adapted to receive the zipper gasket (1) and

attached to a photovoltaic panel assembly installation site.

5. The photovoltaic panel assembly of Claim 3, further comprising:
(g) the installation hardware (90),
wherein the installation hardware (90) is adapted to receive the support (70) and

attached to a photovoltaic panel assembly installation site.

6. The photovoltaic panel assembly of any one of Claims 1 to 5, wherein the angle

of the clamp (50) relative to the receiving pad (60) in an open position ranges from 10° to
60°.

7. The photovoltaic panel assembly of any one of Claims 1 to 6, wherein the angle

of the clamp (50) relative to the receiving pad (60) in an open position is 90°.

8. A photovoltaic panel assembly comprising at least one photovoltaic module and a
zipper gasket accommodating said module inside and a support structure being
configured to be able to be mated with said zipper gasket to form the integrated structure
for attaching the module on installation site support structure; the zipper gasket
comprising:

(a) a body (20) having a groove;

(b} a receiving pad (60);

(c) a clamp (50) having a pivot (55), the pivot (55) connecting the clamp (50) to the body

(20), enabling the clamp (50) to be placed in an open or a closed position, and capable of

pivoting the clamp relative to the receiving pad (60) from an angle that ranges from 1° to

90°;

(d) a zipper (40) having a body surface adapted to be complementary to and received by
the groove, and being either integral with the body (20) at a pivotable joint (30) or
detached from the body (20); and

(e) a base (10);

wherein:
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when in an open position, the clamp (50) is disposed relative to the receiving pad (60) at
an angle that ranges from 1° to 90°, and

when in a closed position, the clamp (50) is disposed relative to the receiving pad (60) at
an angle that ranges from 0° to 30° and the body surface (42) of the zipper has been

received by the groove.

9. A process for attaching a photovoltaic assembly to an installation site comprising:
1) disposing a first side and a second side of a PV panel into a configuration of each of at
least two zipper gaskets (1), said gaskets (1) having length I, comprising:

(a) a body (20) having a groove;

(b) a receiving pad (60);

(¢ ) a clamp (50) having a pivot (55) of a flexural modulus, the pivot (55) connecting the
clamp (50) to the body (20) and enabling the clamp (50) to be placed in an open position
or a closed position; _

(d) a zipper (40} having a body surface adapted to be complementary to and received by
the groove, and being either integral with the body (20) at a pivotable joint (30) or
detached from the body (20); and

(e) a base (10);

wherein:

when in an open position, the clamp (50} is disposed relative to the receiving pad (60) at
an angle that ranges from 1° to 90°, and when in a closed position, the clamp (50) is
disposed relative to the receiving pad (60) at an angle that ranges from 0° to 30° and the
body surface of the zipper has been received by the groove;

II) receiving zipper (40) into groove to clamp the PV panel between the receiving pad
(60) and the clamp (50) to lock the PV panel in place on the installation site support

structure.

10. The process of claim 9, wherein the angle created by the clamp (50) of the first
polymeric mounting brackets relative to the receiving pad (60) of the same mounting

bracket is from about 10 to about 60 degrees.
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11. The process of claim 9, wherein the angle created by the clamp of the first polymeric
mounting brackets relative to the receiving pad of that same mounting bracket is from

about 20 to about 45 degrees.

12. The process of any one of claims 9-11 wherein the angle created by the clamp of the
second polymeric mounting brackets relative to the receiving pad of that same mounting

bracket is from about 20 to about 45 degrees.

13. A process for attaching a photovoltaic assembly to an installation site comprising:
1) holding at least one photovoltaic module by a zipper gasket

2) attaching said photovoltaic module with said zipper gasket by a support structure being
configured to be able to be mated with said zipper gasket to form the integrated structure
on installation site support structure; the zipper gasket comprising:

(a) a body (20) having a groove;

(b) a receiving pad (60);

(¢ ) a clamp (50) having a pivot (55), the pivot (55) connecting the clamp (50) to the body
(20), enabling the clamp (50) to be placed in an open or a closed position, and capable of
pivoting the clamp relative to the receiving pad (60) from an angle that ranges from 1° to
90°;

(d) a zipper (40) having a body surface adapted to be complementary to and received by
the groove, and being either integral with the body (20) at a pivotable joint (30) or
detached from the body (20); and

(e) a base (10);

wherein:

when in an open position, the clamp (50) is disposed relative to the receiving pad (60) at
an éngle that ranges from 1° to 90°, and when in a closed position, the clamp (50) is
disposed relative to the receiving pad (60) at an angle that ranges from 0° to 30° and the

body surface of the zipper has been received by the groove.
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Abstract

A photovoltaic panel assembly is provided. The photovoltaic panel assembly
comprises a zipper gasket (1) having length /, comprising: a body (20) having a groove; a
receiving pad (60); a clamp (50) having a pivot (55), the pivot (55) connecting the clamp
(50) to the body (20), enabling the clamp (50) to be placed in an open or a closed
position, and capable of pivoting the clamp relative to the receiving pad (60) from an
angle that ranges from 1° to 90°; a zipper (40) having a body surface (42) adapted to be
complementary to and received by the groove, and being either integral with the body
(20) at a pivotable joint (30) or detached from the body (20); and a base (10).

FIG.3a
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FIG.4

FIG.3b
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