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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application for

CLAMPS FOR FRAMELESS SOLAR MODULES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure is based on and claims benefit from co-pending U.S. Provisional
Application Serial No. 62/275,274 filed January 6, 2016 entitled “Clamps for Frameless Solar

Modules” the entire contents of which are herein incorporated by reference.

BACKGROUND

Field

[0002] The present disclosure relates generally to clamps for assembling solar arrays, and more

particularly to mid-clamps used to secure frameless photovoltaic modules to rail systems.

Description of the Related Art

[0003] Photovoltaic arrays are typically composed of a number of photovoltaic modules set
within a metallic frame, and a rail system that supports the photovoltaic modules. When
installing a photovoltaic array, a number of photovoltaic modules are assembled onto the rail
system, which is sometimes called rails or racking structures. The metallic frames of the
individual photovoltaic modules, and the structural pieces, e.g., the rails, on which the modules

mount are generally made out of aluminum, which is typically anodized to resist corrosion.

[0004] (ne obstacle to the general adoption of solar energy for power generation i3 the cost to
fabricate and install photovoltaic arrays. The metallic frames supporting the photovoltaic
modules are a contributor to the higher costs of using solar energy for power generation.

Recently, frameless photovoltaic modules, e.g., thin-film and crystalline photovoltaic modules,
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have been developed. Frameless photovoltaic modules eliminate the metal framing supporting
the photovoltaic modules, which reduces the manufacturing costs to build the photovoltaic
modules and thus the photovoltaic arrays. Further, the metal framing supporting the photovoltaic

modules has been found to be less aesthetic pleasing than frameless photovoltaic modules.

SUMMARY

[0005] The present disclosure provides descriptions of embodiments for clamps used to
assemble photovoltaic (PV) arrays with frameless PV modules. In one exemplary embodiment,
the clamp includes a clamp cover and a clamp grip. The clamp cover includes a base, first and
second side walls extending from the base and forming a channel, a first clamp arm extending
from the first side wall, and a second clamp arm extending from the second side wall. The clamp
cover base may also include at least one leg extending from a bottom surface of the base. The
clamp grip has a base, and first and second side walls extending from the base and forming a
channel to receive the clamp cover channel. The first side wall includes an upper wall, a lower
wall and a notch between the upper and lower walls. The notch defines a bending point for the
first side wall. The second side wall includes an upper wall, a lower wall and a notch between
the upper and lower walls. The notch defines a bending point for the second side wall. In such
an embodiment, when the clamp cover channel is inserted into the clamp grip channel the first
clamp arm engages the upper wall of the first side wall of the clamp grip such that the upper wall
of the first side wall of the clamp grip bends at the bending point away from the clamp grip
channel to form a pocket to receive at least a portion of a frameless PV module. In addition,
when the clamp cover channel is inserted into the clamp grip channel the second clamp arm
engages the upper wall of the second side wall of the clamp grip, such that the upper wall of the
second side wall of the clamp grip bends at the bending point away from the clamp grip channel

to form a pocket to receive at least a portion of a frameless PV module.

[0006] In another exemplary embodiment, the clamp according to the present disclosure
includes a clamp cover and a clamp grip. The clamp cover includes a base, first and second side

walls extending from the base and forming a channel, a first clamp arm extending from the first
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side wall, and a second clamp arm extending from the second side wall. The base may also
include at least one leg extending from an end of the base. The clamp grip has base, a first side
wall extending from the base and a second side wall extending from the base forming a channel
to receive the clamp cover channel. The first side wall includes an upper wall, a lower wall and
a notch between the upper and lower walls. The notch defines a bending point for the first side
wall. The second side wall includes an upper wall, a lower wall and a notch between the upper
and lower walls. The notch defines a bending point for the second side wall. In such an
embodiment, when the clamp cover channel is inserted into the clamp grip channel the first
clamp arm engages the upper wall of the first side wall of the clamp grip, such that the upper
wall of the first side wall of the clamp grip bends at the bending point away from the clamp grip
channel to form a pocket to receive at least a portion of a frameless PV module. In addition,
when the clamp cover channel is inserted into the clamp grip channel the second clamp arm
engages the upper wall of the second side wall of the clamp grip, such that the upper wall of the
second side wall of the clamp grip bends at the bending point away from the clamp grip channel

to form a pocket to receive at least a portion of a frameless PV module.

[0007] In another exemplary embodiment, the clamp according to the present disclosure
includes a clamp cover and a clamp grip. The clamp cover includes a clamp arm and first and
second side walls extending from the clamp arm. The clamp arm has a first clamp arm portion
and a second clamp arm portion. The clamp grip has a base and first and second side walls
extending from the base forming a channel to receive the first and second clamp cover side
walls. The first clamp grip side wall includes an upper wall, a lower wall and a notch between
the upper and lower walls. The notch defines a bending point for the first clamp grip side wall.
The second clamp grip side wall includes an upper wall, a lower wall and a notch between the
upper and lower walls. The notch defines a bending point for the second clamp grip side wall.
In such an embodiment, when the clamp cover side walls are inserted into the clamp grip
channel, the first clamp arm portion engages the upper wall of the first clamp grip side wall, such
that the upper wall of the first clamp grip side wall bends at the bending point away from the
clamp grip channel to form a pocket to receive at least a portion of a frameless PV module. In

addition, when the clamp cover side walls are inserted into the clamp grip channel, the second
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clamp arm portion engages the upper wall of the second clamp grip side wall such that the upper
wall of the second clamp grip side wall bends at the bending point away from the clamp grip

channel to form a pocket to receive at least a portion of a frameless PV module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The figures depict configurations for purposes of illustration only. One skilled in the art
will readily recognize from the following description that alternative configurations of the
structures illustrated herein may be employed without departing from the principles described

herein, wherein:

[0009] Fig. 1 is atop perspective view of an exemplary embodiment of a portion of a PV array
according to the present disclosure, illustrating clamps according to the present disclosure

securing two PV modules to a rail;
[0010] Fig. 2 is a side elevation view of the portion of the PV array of Fig. 1;
[0011] Fig. 3 is atop plan view of the portion of the PV array of Fig. 1;

[0012] Fig. 4 is atop perspective view of an exemplary embodiment of a clamp according to

the present disclosure, illustrating a clamp cover separated from a clamp grip;
[0013] Fig. 5is an end elevation view of the clamp of Fig. 4;

[0014] Fig. 6 1s a bottom perspective view of the clamp cover of Fig. 4, illustrating a clamp leg

extending from the clamp cover along the entire length of the clamp cover;

[0015] Fig. 7 is a bottom perspective view of another exemplary embodiment of the clamp

cover of Fig. 5, illustrating multiple clamp legs extending from the clamp cover;

[0016] Fig. 8 is an end elevation view of the clamp of Fig. 4, illustrating the installation of PV

modules;

[0017] Fig. 9is atop perspective view of the clamp of Fig. 4, illustrating the clamp cover
engaged with the clamp grip;
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[0018] Fig. 10is an end elevation view of the clamp of Fig. 9;

[0019] Fig. 11 is an end elevation view of the portion of the PV array of Fig. 1, illustrating a

fastener securing the clamp to a rail;
[0020] Fig. 12 is an enlarged view of a portion of the end elevation view of Fig. 11;

[0021] Fig. 13 is a bottom perspective view of another exemplary embodiment of the clamp

cover of Fig. 4, illustrating multiple bonding members extending from a base of the clamp cover;

[0022] Fig. 14 is an enlarged view of an exemplary embodiment of the bonding member of

Fig. 13;

[0023] Fig. 15is an enlarged view of another exemplary embodiment of the bonding member

of Fig. 13;

[0024] Fig. 161is a top perspective view of another exemplary embodiment of a portion of a PV
array according to the present disclosure, illustrating another exemplary embodiment of clamps

according to the present disclosure securing two PV modules to a rail;
[0025] Fig. 17 is a side elevation view of the portion of the PV array of Fig. 16;
[0026] Fig. 18is a top plan view of the portion of the PV array of Fig. 16;

[0027] Fig. 19 is a top perspective view of another exemplary embodiment of a clamp

according to the present disclosure, illustrating a clamp cover separated from a clamp grip;
[0028] Fig. 20 is an end elevation view of the clamp of Fig. 19;

[0029] Fig. 21 is an end elevation view of the clamp of Fig. 19, illustrating the installation of
PV modules;

[0030] Fig. 22 is a top perspective view of the clamp of Fig. 19, illustrating the clamp cover
engaged with the clamp grip;

[0031] Fig. 23 is an end elevation view of the clamp of Fig. 22;
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[0032] Fig. 24 is an end elevation view of the portion of the PV array of Fig. 16, illustrating a

fastener securing the clamp to a rail,
[0033] Fig. 25 is an enlarged view of a portion of the end elevation view of Fig. 24;

[0034] Fig. 26 is a bottom perspective view of another exemplary embodiment of the clamp

cover of Fig. 19, illustrating multiple bonding members extending from the clamp cover;

[0035] Fig. 27 is an enlarged view of an exemplary embodiment of the bonding member of

Fig. 26;

[0036] Fig. 28 is an enlarged view of another exemplary embodiment of the bonding member

of Fig. 26;

[0037] Fig. 29 is a top perspective view of another exemplary embodiment of a portion of a PV
array according to the present disclosure, illustrating clamps according to the present disclosure

securing two PV modules to a rail;

[0038] Fig. 30 is a top perspective view of another exemplary embodiment of a clamp

according to the present disclosure, illustrating a clamp cover separated from a clamp grip;
[0039] Fig. 31 is an end elevation view of the clamp of Fig. 30;

[0040] Fig. 32 is a bottom perspective view of the clamp cover of Fig. 30, illustrating a clamp

leg extending from the clamp cover along the entire length of the clamp cover;

[0041] Fig. 33 is a bottom perspective view of another exemplary embodiment of the clamp

cover of Fig. 30, illustrating multiple clamp legs extending from the clamp cover;

[0042] Fig. 34 is an end elevation view of the clamp of Fig. 30 illustrating the installation of
PV modules;

[0043] Fig. 35 is a top perspective view of the clamp of Fig. 30 illustrating the clamp cover
engaged with the clamp grip;

[0044] Fig. 361s an end elevation view of the clamp of Fig. 35;
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[0045] Fig. 37 is an end elevation view of the portion of the PV array of Fig. 29 illustrating a

fastener securing the clamp to a rail; and

[0046] Fig. 38 is an enlarged view of a portion of the end elevation view of Fig. 37.

DETAILED DESCRIPTION

[0047] The present disclosure provides descriptions of embodiments for clamps used to
assemble photovoltaic (PV) arrays made of frameless PV modules and a rail system. The present
disclosure also provides various embodiments of clamps used to secure frameless PV modules to
rails within a rail system. This specification and the accompanying drawings are to be regarded
in an illustrative sense rather than a restrictive sense. Various modifications may be made

thereto without departing from the spirit and scope of the present disclosure.

[0048] Referring to Figs. 1-3, a portion of a PV array 10 is shown. The PV array includes a
rail 12, one or more frameless PV modules 14 and one or more clamps 20 used to secure the
frameless PV modules 14 to the rail 12 using a fastener 16, such as a nut and bolt. The rail 12
may be any known type of rail used to support PV modules. The frameless PV modules may be
any known frameless PV modules, for example, any thin-film or crystalline type photovoltaic

modules.

[0049] Referring to Figs. 4-7, an exemplary embodiment of a clamp according to the present
disclosure is shown. In this exemplary erobodirnent, the clamp 20 includes a clamp cover 30 and
a clamp grip 50. The clamp cover 30 has a base 32 and a pair of side walls 34 and 36 extending
from the base and forming a U-shaped channel 38. A first end 34a of the first side wall 34, and a
first end 36a of the second side wall 36 extending from the base, are substantially perpendicular
to the base 32. A clamp arm 40 extends from a second end 34b of the side wall 34 in a direction
away from the channel 38 such that a module contacting surface 40a of the clamp arm 40 is
substantially perpendicular to the side wall 34, Similarly, a clamp arm 42 extends from a second
end 36b of the side wall 36 1n a direction away from the channel 38 such that a module

contacting surface 42a of the clamp arm 42 is substantially perpendicular to the side wall 36,
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The base 32 and side walls 34 and 36 of the clamp cover may be made of a material that provides
sufficient structural integrity to support a PV module. For example, materials such as stainless
steel, aluminum and/or aluminum alloy may be used to fabricate the base 32 and side walls 34
and 36, which would also be suitable for instances where electrical bonding of the clamp 20 is
needed, since such materials are also electrically conductive. However, one skilled 1n the art
would readily appreciate that the base 32 and side walls 34 and 36 of the clamp cover 30 may be
made of non-conductive materials, such as composites, or other electrically conductive materials

for instances where electrical bonding is needed.

[0050] Extending from a bottom surface 32a of base 32 are two legs 44 and 46. One end of leg
44 contacts the bottom surface 32a of base 32, and one end of leg 46 contacts the bottom surface
32a of base 32. The distal end 44a and 46a of the legs 44 and 46, respectively, are free ends.
Each leg 44 and 46 may be a singular leg extending the length of the clamp cover 30, as seen in
Fig. 6, or the legs 44 and 46 can be segmented legs that are spaced apart along the length of the
clamp cover 30, as seen in Fig. 7. The free ends of the legs 44 and 46 may end with a sharp
point as seen in Fig 5. The legs 44 and 46 of the clamp cover 30 may be made of a material that
provides sufficient structural integrity to support a PV module and to cut through the clamp grip,
as described in more detail below. For example, materials such as stainless steel, aluminum
and/or aluminum alloy may be used to fabricate the legs 44 and 46, which would also be suitable
for instances where electrical bonding of the clamp 20 is needed, since such materials are also
electrically conductive. However, one skilled in the art would readily appreciate that the legs 44
and 46 of the clamp cover 30 may be made of non-conductive materials, such as composites, or

other electrically conductive materials for instances where electrical bonding is needed.

[0051] It is noted that the base 32, side walls 34 and 36, clamp arms 40 and 42, and legs 44 and
46 can be molded as a unitary component, or they can be constructed from multiple component

parts secured together by for example welded joints.

[0052] Referringto Figs. 4 and 3, the clamp grip 50 has base 52 comprising a first base
member 54, a second base member 50 and a bridge 58 joining the first base member to the
second base member. In an exemplary erabodiment, the first base member 54 and second

member 56 have a thickness of “B1,” and the bridge has a thickness “B2” that is less the
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thickness B1. For example, the first base member 54 may have a thickness “B1” of about 3 mm
to about 5 mm and the bridge may have a thickness “B2” of about 0.5 mm to about 1 mm. The
clamp grip 50 also includes a pair of spaced apart side walls 60 and 62 extending from the base.
The side walls 60 and 62 are spaced apart a distance “G” between the inside surfaces of the side
walls 60 and 62, which is sufficient to perruit the base 32 and side walls 34 and 36 of the clarp
cover 20 to fit between the side walls 60 and 62. Side wall 60 has an upper wall 60a and a lower
wall 60b separated by a notch 60c. Simtlarly, side wall 62 has an upper wall 62a and a lower
wall 62b separated by a notch 62¢. The notches 60c and 62¢ permit the upper wall of each side
wall to bend about 90 degrees relative to the lower wall when pressure 1s applied to a camming
surface 60d and 624 of the upper side walls 60a and 62a, as shown in Figs. 9 and 10. The clamp
grip 50 15 made of a flexible, non-conductive material, such as rubber, to electrically isolate the
side walls 34 and 36 from a PV module positioned within the clamp 20 as described in more

detail below.

[0053] Referring to Figs. 8-12, a description of the assembly of a frameless PV module 14 into
a clamp 20 will be described. Initially, a base 52 of a clamp grip 50 is rested on a rail 12 so that
an aperture in the center of the bridge 58 of the base 52 is aligned with an aperture in the rail. As
seen in Fig. 8, one frameless PV module 14 1s positioned to rest on the first base member 54 of
the base 52, and another frameless PV module s positioned to rest on the second base member
56 of the base 52. The clamp cover 30 is then moved toward the clamp grip 50, in the direction
of arrow “A”, so that the module contacting surface 40a of the clamp arm 40 engages the cam
surface 60d of upper wall 60a, and so that the module contacting surface 42a of the clamp arm
42 engages the cam surface 62d of upper wall 62a. Continued downward movement of the
clamp cover 30 towards the clamp grip 50 causes the upper walls 60a and 62a to bend along the
notches 60c and 62¢ in a direction away from the channel and towards the PV module 14, as
seen int Figs. 9 and 10, forming a pocket. With the side walls 34 and 36 of the clamp cover 30
positioned between the walls 60 and 62 of the clamp grip 50, a fastener 16 (e.g., bolt and nut)
can be inserted through the aligned apertures in the clamp cover 30, clamp grip 50 and the rail 12
and tightened, as seen in Figs. 11 and 12. As the fastener 16 is tightened to a point where the

cutting edges 44a and 46a of legs 44 and 46, respectively, cut or pass through the bridge 58 in
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the clamp grip SO to engage the top surface of the rail. The cutting edges of the legs 44 and 46
engaging the rail act as a stop to prevent further tightening of the clamp 20 to the rail 12 so as not

to over tighten the clamp 20 around the frameless PV module.

[0054] Turning to Figs. 13-15, another exemplary embodiment of the clamp cover 30
according to the present disclosure is shown. In this exemplary embodiment, the base 32
includes at least one electrical bonding member 47. In the embodiment shown, a plurality of
electrical bonding members 47 extend from the base 32. Each electrical bonding member 47
may have one or more piercing surfaces 48 to cut through the bridge 58 of the clamp grip 50, and
to cut through or pierce any non-conductive coatings, e.g., oxide, paint and/or anodization, on the
rail 12 to contact the conductive metal of the rail. The piercing surfaces may be in the form of
for example a volcano, seen in Fig. 14, a serrated volcano, seen in Fig. 15, a pointed tip or other
serrated tip. However, one skilled in the art would readily appreciate that the structure of the
piercing surfaces may come in many forms or shapes sufficient to cut through the bridge 58 of

the clamp grip 50, and to cut through or pierce any non-conductive coatings on the rail.

[0055] Referring to Figs. 16-18, a portion of a PV array 10 is shown. The PV array includes a
rail 12, one or more frameless PV modules 14 and one or more clamps 90 used to secure the
frameless PV modules 14 to the rail 12 using a fastener 16, such as a nut and bolt. The rail 12
may be any known type of rail used to support PV modules. The frameless PV modules may be
any known frameless PV modules, for example, any thin-film or crystalline type photovoltaic

modules.

[0056] Referring to Figs. 19 and 20, another exemplary embodiment of a clamp 90 according
to the present disclosure is shown. In this exemiplary embodiment, the clamp 90 includes a
clamp cover 100 and a clamp grip 140, The clamp cover 100 has a base 102 and a pair of side
walls 104 and 106 extending from the base and forming a U-shaped channel 108. A first end
1044 of the first side wall 104, and a first end 106a of the second side wall 106 extending from
the base, are substantially perpendicular to the base 102, but may include rounded edges as
shown in Fig. 20. A clamp arm 110 extends from a second end 104b of the side wall 104 ina
direction away from the channel 108 such that a module contacting surface 110a of the clamp

arm 110 is substantially perpendicular to the side wall 104. Similarly, a clamp arm 112 extends

10
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from a second end 106b of the side wall 106 in a direction away from the channel 108 such that a
module contacting surface 112a of the clamp arm 112 1s substantially perpendicular to the side
wall 106, The base 102 and side walls 104 and 106 of the clamp cover may be made of a
material that provides sufficient structural integrity to support a PV module. For example,
materials such as stainless steel, aluminum and/or aluminum alloy may be used to fabricate the
base 102 and side walls 104 and 106, which would also be suitable for instances where electrical
bonding of the clamp 90 s needed since such materials are also electrically conductive.
However, one skilled in the art would readily appreciate that the base 102 and side walls 104 and
106 of the clamp cover 90 may be made of non-conductive materials, such as composites, or

other electrically conductive materials for instances where electrical bonding is needed.

[0057] Extending from each end of the base 102 are two legs 114 and 116, seen in Fig. 26.
One end of leg 114 contacts the end edge 102a of base 102, and one end of leg 116 contacts the
end edge 102a of base 102. The distal end 114a and 116a of the legs 114 and 116 are free ends
as shown. Thelegs 114 and 116 of the clamp cover 90 may be made of a material that provides
sufficient structural integrity to support a PV module, as described in more detail below. For
example, materials such as stainless steel, aluminum and/or aluminum alloy may be used to
fabricate the legs 114 and 116, which would also be suitable for instances where electrical
bonding of the clamp 90 is needed, since such materials are also electrically conductive.
However, one skilied in the art would readily appreciate that the legs 114 and 116 of the clamp
cover 90 may be made of non-conductive materials, such as composites, or other electrically

conductive materials for instances where electrical bonding is needed.

[0058] It is noted that the base 102, side walls 104 and 106, clamp arms 110 and 112, and legs
114 and 116 can be molded as a unitary component, or they can be constructed from multiple

component parts secured together by for example welded joints.

[0059] Referring to Figs. 19 and 20, the clamp grip 140 has base 142 comprising a first base
member 144, a second base member 146 and a bridge 148 joining the first base member to the
second base member. In an exemplary embodiment, the first base member 144 and second
member 146 have a thickness of “B1,” and the bridge has a thickness “B2” that 1s less the

thickness B1. For example, the first base member 144 may have a thickness “B1” of about 3 mm

11
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to about 5 mm and the bridge may have a thickness “B2” of about 0.5 mm to about 1 mm. The
clamp grip 140 also includes a pair of spaced apart side walls 150 and 152 extending from the
base. The side walls 150 and 152 are spaced apart a distance “(G” between the inside surfaces of
the side walls 150 and 152, which is sufficient to permit the base 102 and side walls 104 and 106
of the clamp cover 100 to fit between the side walls 150 and 152, Side wall 150 has an upper
wall 150a and a lower wall 150b separated by a notch 150c. Similarly, side wall 152 has an
upper wall 152a and a lower wall 152b separated by a notch 152¢. The notches 150¢ and 152¢
permit the upper wall of each side wall to bend about 90 degrees relative to the lower wall when
pressure is applied to a camming surface 150d and 152d of the upper walls 150a and 152a, as
shown in Figs. 22 and 23. The clamp grip 140 is made of a flexible, non-conductive material,
such as rubber, to electrically isolate the side walls 104 and 106 from a PV module positioned

within the clamp 90 as described in more detail below.

[0060] Referring to Figs. 21-25, a description of the assembly of a frameless PV module 14
into a clamp 90 will be described. Initially, a base 142 of a clamp grip 140 1s rested on a rail 12
50 that an aperture in the center of the bridge 148 of the base 142 is aligned with an aperture in
the rail. As seen in Fig. 21, one trameless PV module 14 is positioned to rest on the first base
member 144 of the base 142, and another frameless PV module 1s positioned to rest on the
second base member 146 of the base 142. The clamp cover 100 is then moved toward the clamp
grip 140, in the direction of arrow “A”, so that the module contacting surface 110a of the clamp
arm 110 engages the camming surface 1504 of upper wall 150a, and so that the module
contacting surface 112a of the clamp arm 112 engages the camming surface 152d of upper wall
152a. Continued downward movement of the clamp cover 100 towards the clamp grip 140
causes the upper walls 150a and 152a to bend along the notches 150c and 152¢ in a direction
away from the channel and towards the PV module 14, as seen in Figs. 22 and 23, forming a
pocket. With the side walls 104 and 106 of the clamp cover 100 positioned between the walls
150 and 152 of the clarap grip 140, a fastener 16 (e.g., bolt and nut) can be inserted through the
aligned apertures in the clamp cover 100, clamp grip 140 and the rail 12 and tightened, as seen in
Figs. 24 and 25 As the fastener 16 is tightened, the legs 114 and 116, respectively, apply

pressure to the rail 12 to compress the legs against the rail and secure the frameless PV module

12
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to the clamp 90. Further tightening of the fastener 16 causes the legs 114 and 116 to further
engage the top surface of the rail which will then act as a stop to prevent further tightening of the
clamp 90 to the rail 12 30 as not to over tighten the clamp 90 around the frameless PV modules

14.

[0061] Turning to Figs. 26-28, another exemplary embodiment of the clamp cover 100
according to the present disclosure is shown. In this exemplary embodiment, the base 102
includes at least one electrical bonding member 170. In the embodiment shown, a plurality of
electrical bonding members 170 extend from the base 102. Each electrical bonding member 170
may have one or more piercing surfaces 172 to cut through the bridge 148 of the clamp grip 140,
and to cut through or pierce any non-conductive coatings, e.g., oxide, paint and/or anodization,
on the rail 12 to contact the conductive metal of the rail. The piercing surfaces may be in the
form of for example a volcano, seen in Fig. 27, a serrated volcano, seen in Fig. 28, a pointed tip
or other serrated tip. However, one skilled in the art would readily appreciate that the structure
of the piercing surfaces may come in many forms or shapes sufficient to cut through the bridge

148 of the clamp grip 140, and to cut through or pierce any non-conductive coatings on the rail.

[0062] Referring to Fig. 29, a portion of a PV array 200 is shown. The PV array includes a rail
12, one or more frameless PV modules 14 and one or more clamps 210 used to secure the
frameless PV modules 14 to the rail 12 using a fastener 16, such as a threaded nut into threaded
hole in the rail 12. The rail 12 may be any known type of rail used to support PV modules. The
frameless PV modules may be any known frameless PV modules, for example, any thin-film or

crystalline type photovoltaic modules.

[0063] Referring to Figs. 30-32, another exemplary embodiment of a clamp according to the
present disclosure is shown. In this exemplary embodiment, the clamp 210 includes a clamp
cover 220 and a clamp grip 250. The clamp cover 220 has a clamp arm 222 and a pair of side
walls 224 and 226. The clamp arm 222 has a first clamp arm portion 230 extending generally
from the first side wall 224 in a direction away from the channel 228 such that a module
contacting surface 230a of the first clamp arm portion 230 is substantially perpendicular to the
first side wall 224 Simularly, the clamp arm 222 has a second clamp arm portion 232 extending

generally from the second side wall 226 in a direction away from the channel 228 such that a
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module contacting surface 232a of the second clamp arm portion 232 s substantially
perpendicular to the second side wall 226. The clamp arm 222 has an intermediate portion 234
between the first clamp arm portion 230 and the second clamp arm portion 232. The
intermediate portion is generally located between the side walls 224 and 226, The intermediate

portion 234 includes a mounting aperture 236 used to secure the clamp 210 to a rail 12

[0064] The first and second side walls 224 and 226 extend from and substantially
perpendicular to the clamp arm 222, which forms a U-shaped channel 228 The distal end 2243
and 226a of the side walls 224 and 226 are free ends. The distal ends 224a and 226a may
terminate with various shapes. For example, the distal ends 224a and 226a may terminate with a
tapered tip, as shown in Fig. 31, pointed tip, a flat tip or a rounded tip. Each side wall 224 and
226 may be a singular side wall extending the length of the clamp arm 222, as seen in Fig. 32, or
the side walls 224 and 226 may be segmented walls that are spaced apart along the length of the

clamp arm 222, as seen in Fig. 33.

[0065] The clamp arm 222 and side walls 224 and 226 of the clamp cover 220 may be made of
a material that provides sufficient structural integrity to support a PV module. For example,
materials such as stainless steel, aluminum and/or aluminum alloy may be used to fabricate the
clamp arm 222 and side walls 224 and 226, which would also be suitable for instances where
electrical bonding of the clamp 210 15 needed since such materials are also electrically
conductive. However, one skilled in the art would readily appreciate that the clamp arm 222 and
side walls 224 and 226 of the clamp cover 220 may be made of non-conductive matenials, such

as composites, or other electrically conductive materials for instances.

[0066] It is noted that the clamp arm 222 and side walls 224 and 226 can be molded as a
unitary component, or they can be constructed from multiple component parts secured together

by for example welded joints.

[0067] Referring to Figs. 30 and 31, the clamp grip 250 has base 252 comprising a first base
member 254, a second base member 256 and a bridge 258 joining the tirst base member to the
second base member. In an exemplary erobodirnent, the first base member 254 and second

member 256 have a thickness of “B1,” and the bridge has a thickness “B2” that is less the
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thickness B1. For example, the first base member 254 may have a thickness “B1” of about 3 mm

to about 5 mm and the bridge may have a thickness “B2” of about 0.5 mm to about 1 mm.

[0068] The clamp grip 250 also includes a pair of spaced apart side walls 260 and 262
extending from the base 250, The side walls 260 and 262 are spaced apart a distance “(3”
between the inside surfaces of the side walls 260 and 262, which is sufficient to permit the side
walls 224 and 226 of the clamp cover 220 to fit between the side walls 260 and 262. Side wall
260 has an upper wall 260z and a lower wall 260b separated by a notch 260c. Similarly, side
wall 262 has an upper wall 262a and a lower wall 262b separated by a notch 262¢. The notches
260¢ and 262¢ permit the upper wall of each side wall to bend about 90 degrees relative to the
fower wall when pressure is applied to a camming surface 260d and 262d of the upper side walls
260a and 202a, as shown in Figs. 35 and 36. The clamp grip 250 is made of a flexible, non-
conductive material, such as rubber, to electrically isolate the side walls 224 and 226 from a PV

module 14 positioned within the clamp 210 as described in more detail below.

[0069] Referring again to Figs. 34 and 36, to provide better gripping between the clamp grip
250 and a PV module 14 positioned within the clamp 210, an outer surface of the clamp grip
may include ridges that further grip the PV module 14. More spectfically, an outer surface of the
first and second base members 254 and 256 may include ridges 257, Similarly, an outer surface
of the upper wall 260a may 1nclude ridges 264, and an outer surface of the upper wall 262a may
include ridges 266. When a PV module 14 is positioned within the clamp 210, the ridges further

grip the PV module.

[0070] Referring to Figs. 34-38, a description of the assembly of a frameless PV module 14
into a clamp 210 will be described. Initially, a base 252 of a clamp grip 250 is rested on a rail 12
so that an aperture in the center of the bridge 258 of the base 252 1s aligned with an aperture in
the rail. As seen in Fig 34, one frameless PV module 14 s positioned 1o rest on the first base
member 254 of the base 252, and another frameless PV module 14 is positioned to rest on the
second base member 256 of the base 252. The clamp cover 220 s then moved toward the clamp
grip 250, in the direction of arrow “A”, so that the module contacting surface 230a of the clamp
arm portion 230 engages the cam surface 260d of upper wall 260a, and so that the module

contacting surface 232a of the clamp arm portion 232 engages the cam surface 262d of upper
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wall 262a. Continued downward movement of the clamp cover 220 towards the clamp grip 250
causes the upper walls 260a and 262a to bend along the notches 260¢ and 262¢ in a direction
away from the channel 228 and towards the PV module 14, as seen in Figs. 35 and 36, forming a
pocket. With the side walls 224 and 226 of the clamp cover 220 positioned between the walls
260 and 262 of the clarop grip 250, a fastener 16 {e.g., bolt and nut) can be inserted through the
aperture 236 in the intermediate portion 234 of the clamp arm 222, through the aperture in the
bridge 258 of the base 252 and through the threaded aperture 1o the rail 12 and tightened, as seen
in Figs. 37 and 38. As the fastener 16 is tightened to a point where the distal ends 224a and 226a
of side walls 224 and 226, respectively, cut or pass through the bridge 258 in the clamp grip 250
to engage the top surface of the rail. The distal ends of the side walls 224 and 226 engaging the
rail act as a stop to prevent further tightening of the clamp 210 to the rail 12 so0 as not to over
tighten the clamp 210 around the frameless PV module. When tightened, the distal ends 224a
and 226a of the side walls may also cut through any non-conductive coatings, e.g., oxide, paint
and/or anodization, on the rail 12 to contact the conductive metal of the rail to create a
conductive path between the rail and clamp cover 220 to facilitate bonding the clamp cover to

the rail.

[0071] While illustrative embodiment s of the present disclosure have been described and
illustrated above, it should be understood that these are exemplary of the disclosure and are not
to be considered as limiting. Additions, deletions, substitutions, and other modifications can be
made without departing from the spirit or scope of the present disclosure. Accordingly, the

present disclosure is not to be considered as limited by the foregoing description.
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CLAIMS

What is claimed is:

1. A clamp comprising:

a clamp cover having a base, first and second side walls extending from the base and
forming a channel, a first clamp arm extending from the first side wall, and a second clamp arm
extending from the second side wall; and

a clamp grip having base and first and second side walls extending from the base forming
a channel to receive the clamp cover channel, wherein the first side wall includes an upper wall,
a lower wall and a notch between the upper and lower walls, the notch defining a bending point
for the first side wall, and wherein the second side wall includes an upper wall, a lower wall and
a notch between the upper and lower walls, the notch defining a bending point for the second
side wall;

wherein when the clamp cover channel is inserted into the clamp grip channel the first
clamp arm engages the upper wall of the first side wall of the clamp grip such that the upper wall
of the first side wall of the clamp grip bends at the bending point away from the clamp grip
channel to form a pocket to receive at least a portion of a frameless PV module, and

wherein when the clamp cover channel is inserted into the clamp grip channel the second
clamp arm engages the upper wall of the second side wall of the clamp grip such that the upper
wall of the second side wall of the clamp grip bends at the bending point away from the clamp

grip channel to form a pocket to receive at least a portion of a frameless PV module.

2. The clamp according to claim 1, wherein the clamp cover base includes at least one leg
extending from a bottom surface of the clamp cover base, and wherein the at least one leg pierces
the clamp grip base when the clamp cover channel is inserted into the clamp grip channel and the

clamp cover and the clamp grip are secured to a rail.

3. The clamp according to claim 2, wherein the at least one leg pierces the rail when the
clamp cover channel is inserted into the clamp grip channel and the clamp cover and the clamp

grip are secured to the rail to form an electrically conductive path between the rail and the clamp.
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4. The clamp according to claim 1, wherein the clamp cover is made of an electrically

conductive material.

5. The clamp according to claim 4, wherein the electrically conductive material comprises

stainless steel, aluminum and aluminum alloy.

6. The clamp according to claim 1, wherein the clamp grip is made of a non-conductive
material.

7. The clamp according to claim 6, wherein the non-conductive material comprises rubber.
8. The clamp according to claim 1, wherein the clamp cover base has an aperture for

receiving a mounting fastener and the clamp grip base has an aperture for receiving the mounting

fastener, and wherein the clamp grip base aperture is aligned with the clamp cover base aperture.

0. The clamp according to claim 1, wherein the clamp cover base includes at least one

bonding member extending from a bottom surface of the clamp cover base.

10.  The clamp according to claim 9, wherein the at least one bonding member comprises a
volcano.
11.  The clamp according to claim 9, wherein the at least one bonding member comprises a

serrated volcano.

12. A clamp comprising:

a clamp cover having a base, first and second side walls extending from the base and
forming a channel, a first clamp arm extending from the first side wall, and a second clamp arm
extending from the second side wall, wherein the base includes at least one leg extending from

an end of the base; and
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a clamp grip having base and first and second side walls extending from the base forming
a channel to receive the clamp cover channel, wherein the first side wall includes an upper wall,
a lower wall and a notch between the upper and lower walls, the notch defining a bending point
for the first side wall, and wherein the second side wall includes an upper wall, a lower wall and
a notch between the upper and lower walls, the notch defining a bending point for the second
side wall;

wherein when the clamp cover channel is inserted into the clamp grip channel the first
clamp arm engages the upper wall of the first side wall of the clamp grip such that the upper wall
of the first side wall of the clamp grip bends at the bending point away from the clamp grip
channel to form a pocket to receive at least a portion of a frameless PV module, and

wherein when the clamp cover channel is inserted into the clamp grip channel the second
clamp arm engages the upper wall of the second side wall of the clamp grip, such that the upper
wall of the second side wall of the clamp grip bends at the bending point away from the clamp

grip channel to form a pocket to receive at least a portion of a frameless PV module.

13.  The clamp according to claim 12, wherein the at least one leg extending from an end of
the clamp cover base comprises a first leg extending from a first end of the clamp cover base and

a second leg extending from a second end of the clamp cover base.

14.  The clamp according to claim 12, wherein the clamp cover is made of an electrically

conductive material.

15.  The clamp according to claim 14, wherein the electrically conductive material comprises

stainless steel, aluminum and aluminum alloy.

16. The clamp according to claim 12, wherein the clamp grip is made of a non-conductive
material.
17.  The clamp according to claim 16, wherein the non-conductive material comprises rubber.
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18.  The clamp according to claim 12, wherein the clamp cover base has an aperture for
receiving a mounting fastener and the clamp grip base has an aperture for receiving the mounting
fastener, and wherein the clamp grip base aperture is aligned with the clamp cover base aperture.
19.  The clamp according to claim 12, wherein the clamp cover base includes at least one

bonding member extending from a bottom surface of the clamp cover base.

20.  The clamp according to claim 19, wherein the at least one bonding member comprises a
volcano.
21.  The clamp according to claim 19, wherein the at least one bonding member comprises a

serrated volcano.

22. A clamp comprising:

a clamp cover having a clamp arm and first and second side walls extending from the
clamp arm, the clamp arm having a first clamp arm portion and a second clamp arm portion; and

a clamp grip having base and first and second side walls extending from the base forming
a channel to receive the first and second clamp cover side walls, wherein the first clamp grip side
wall includes an upper wall, a lower wall and a notch between the upper and lower walls, the
notch defining a bending point for the first clamp grip side wall, and wherein the second clamp
grip side wall includes an upper wall, a lower wall and a notch between the upper and lower
walls, the notch defining a bending point for the second clamp grip side wall;

wherein when the clamp cover side walls are inserted into the clamp grip channel the first
clamp arm portion engages the upper wall of the first clamp grip side wall such that the upper
wall of the first clamp grip side wall bends at the bending point away from the clamp grip
channel to form a pocket to receive at least a portion of a frameless PV module, and

wherein when the clamp cover side walls are inserted into the clamp grip channel the
second clamp arm portion engages the upper wall of the second clamp grip side wall such that
the upper wall of the second clamp grip side wall bends at the bending point away from the

clamp grip channel to form a pocket to receive at least a portion of a frameless PV module.
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23.  The clamp according to claim 22, wherein a distal end of the first clamp cover side wall
pierces the clamp grip base when the first clamp cover side wall is inserted into the clamp grip
channel and the clamp cover and the clamp grip are tightened to a rail, and wherein a distal end
of the second clamp cover side wall pierces the clamp grip base when the second clamp cover
side wall 1s inserted into the clamp grip channel and the clamp cover and the clamp grip are

tightened to the rail.

24.  The clamp according to claim 23, wherein when the distal end of the first clamp cover
side wall pierces the clamp grip base, the distal end of the first clamp cover side wall pierces
non-conductive coatings on the rail when the clamp cover and the clamp grip are further
tightened to the rail, and wherein when the distal end of the second clamp cover side wall pierces
the clamp grip base, the distal end of the second clamp cover side wall pierces non-conductive

coatings on the rail when the clamp cover and the clamp grip are further tightened to the rail.

25.  The clamp according to claim 22, wherein the clamp cover is made of an electrically

conductive material.

26.  The clamp according to claim 25, wherein the electrically conductive material comprises

stainless steel, aluminum and aluminum alloy.

27. The clamp according to claim 22, wherein the clamp grip is made of a non-conductive
material.

28.  The clamp according to claim 27, wherein the non-conductive material comprises rubber.
29.  The clamp according to claim 22, wherein the clamp cover arm has an aperture for

receiving a mounting fastener and the clamp grip base has an aperture for receiving the mounting

fastener, and wherein the clamp grip base aperture is aligned with the clamp cover arm aperture.
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30.  The clamp according to claim 22, wherein a distal end of the first clamp cover side wall

comprises a tapered end, a pointed end, a rounded end or a flat end.

31.  The clamp according to claim 22, wherein a distal end of the second clamp cover side

wall comprises a tapered end, a pointed end, a rounded end or a flat end.
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