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(57) Abréegée/Abstract:
Apparatus for coupling generated power to an output load. The apparatus comprises a first mounting rail, adapted for electrically
coupling a power element to the output load. The first mounting rall comprises a frame defining a cavity; an insulative material

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2745337 C 2015/03/03

anen 2 (45 337
13) C

(57) Abrege(suite)/Abstract(continued):
disposed within at least a portion of the cavity; and a first at least two conductors, encapsulated within the insulative material,
adapted for coupling power from the power element to the output load.
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MOUNTING RAIL AND POWER DISTRIBUTION SYSTEM FOR USE IN A
PHOTOVOLTAIC SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention generally relate to power distribution
and, more particularly, to a mounting rail and AC power distribution system for use In

a photovoltaic system.

Description of the Related Art

[0002] Photovoltaic (PV) systems comprise a plurality of PV modules arranged in an
array and coupled to one or more DC-to-AC Inverters. One particular type of PV
system uses a plurality of PV modules and a plurality of inverters, where each PV
module is coupled to an inverter forming an integrated PV module. In such a
system, the DC power produced by each PV module is converted to AC power at a
location proximate the PV module (e.g., on a rooftop). The AC power generated by
each Inverter iIs combined and ultimately coupled to a point of common connection
(PCC) at the installation site.

[0003] The arrangement of inverters within a rooftop array necessitates running wire,
cable, and conduit across the roof. A typical installation uses a rigid mounting rail to
mechanically attach the PV modules to the roof or other mounting structures. An AC
cable that couples the inverters to one another is "tie wrapped” to the mounting rail.
Since cable lengths are not exact, extra cable must be looped and tie wrapped to
prevent mechanical damage. This Installation process is complex, labor intensive,

and can lead to installation errors.

[0004] In order to simplify the installation process of a PV system, there is a need for

an integrated PV module mounting rail and AC power distribution system.

SUMMARY
[0005] Embodiments of the present invention generally relate to an apparatus for

coupling generated power to an output load. The apparatus comprises a first

1
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mounting rail, adapted for electrically coupling a power element to the output load.
The first mounting rail comprises a frame defining a cavity; an insulative material
disposed within at least a portion of the cavity; and a first at least two conductors,
encapsulated within the insulative material, adapted for coupling power from the

power element to the output load.

[0005A] Accordingly, in one aspect the invention resides in a system for coupling
generated power to an output load, comprising a first mounting rail, adapted for
electrically coupling a power element to the output load, comprising a frame
defining a cavity; an Insulative material disposed within at least a portion of the
cavity, and a first plurality of conductors, encapsulated within the insulative

material, adapted for coupling power from the power element to the output load.

[0005B] Preferably, each conductor of the first plurality of conductors comprises a

pair of bus bars extending a length of the frame.

[0005C] In another aspect, bus bars in the pair of bus bars are spaced apart such
that a connector of the power element disposed between the bus bars makes

electrical contact with the bus bars.

[0005D] In a further aspect, the first mounting rail 1Is adapted for mechanically
mounting the power element such that each connector of a plurality of connectors
of the power element is aligned for making electrical contact with a conductor of

the first plurality of conductors.

[0005E] In another aspect, each conductor of the first plurality of conductors

carries a phase of AC power or a neutral line.

[0005F] More preferably, the insulative material is capable of being penetrated by
a plurality of pins of the power element for making electrical contact with the first

plurality of conductors.

[0005G] In a more preferred aspect, the insulative material is a substantially

resilient polymer having limited moisture absorption properties.
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[0005H] In yet another aspect, the invention resides in a method for creating a
mounting rail for coupling generated power to an output load, comprising
maintaining each conductor of a plurality of conductors in a spaced apart position
within a cavity of a frame of the mounting rail, wherein the plurality of conductors
is adapted for coupling output power from a power element to the output load,;
filling at least a portion of the cavity with an insulative material such that the
insulative material encapsulates the plurality of conductors. More preferably, the
at least two conductors are maintained in the spaced apart position by at least one
stabilizing brackets.

[00051) Preferably, the frame is adapted for mounting the power element, and

more preferably the power element is an inverter.

[0005J] In yet another aspect, the invention resides in a system for coupling
generated power to an output load, comprising: a first mounting rail that
structurally supports a photovoltaic module, wherein the photovoltaic module
provides input power to a power element, for electrically coupling the power
element to the output load, comprising: a frame defining a cavity; a plurality of
conductors, disposed in the cavity, for coupling power from the power element to
the output load; and an insulative material that substantially fills the cavity to
encapsulate the plurality of conductors; wherein the frame comprises at least one
mechanical connector for mounting the power element such that at least one
power pin of the power element is aligned for piercing the insulative material and
making electrical contact with the plurality of conductors.

[0005K] In yet another aspect, the invention resides in a method for creating a
mounting rail for coupling generated power to an output load, comprising:
maintaining each conductor of a plurality of conductors in a spaced apart position
within a cavity of a frame of the mounting rail, wherein the plurality of conductors
are adapted for coupling output power from a power element to the output load,
and wherein the mounting rail structurally supports a photovoltaic module that
provides input power to the power element; and substantially filling the cavity with
an insulative material such that the insulative material encapsulates the plurality of

conductors; wherein the frame comprises at least one mechanical connector for

2a
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mounting the power element such that at least one power pin of the power
element is aligned for piercing the insulative material and making electrical contact

with the plurality of conductors.

DESCRIPTION OF THE DRAWINGS

[0006] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of this invention
and are therefore not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

[0007] Figure 1 Is a block diagram of a system for coupling generated power to an
output load in accordance with one or more embodiments of the present invention;

[0008] Figure 2 depicts a perspective view of a mounting rail in accordance with
one or more embodiments of the present invention;

[0009] Figures 3, 4 and 5 together depict a procedure for assembling a mounting
rail in accordance with one or more embodiments of the present invention; and

[0010] Figures 6 and 7 together depict a procedure for coupling an inverter to a
mounting rail in accordance with one or more embodiments of the present

invention;

[0011] Figure 8 depicts a coupling mechanism for coupling multiple mounting rails
In accordance with one or more embodiments of the present invention;

[0012] Figure 9 depicts a coupling mechanism for coupling multiple mounting rails
In accordance with one or more embodiments of the present invention; and

2b



CA 02745337 2011-05-31

WO 2010/065837 PCT/US2009/066746

PATENT
Attorney Docket No.: EEQ29PCT

[0013] Figure 10 Is a flow diagram of a method for assembling a mounting rail In

accordance with one or more embodiments of the present invention.
DETAILED DESCRIPTION

[0014] Figure 1 Is a block diagram of a system 100 for coupling generated power to
an output load In accordance with one or more embodiments of the present
invention. The system 100 comprises a building 104, a roof 102 of the building, and
a photovoltaic (PV) array 160 mounted upon the roof 102. Such rooftop mounting of
PV arrays is common; however, the PV array 160 may be mounted in other locations

utilizing various embodiments of the present invention.

[0015] The PV array 160 comprises a mounting assembly 110, integrated PV module
mounting rails 1084, 1082, 1083, and 1084, collectively referred to as mounting rails
108, and a plurality of PV panels 1504, 150, ..., 150,, collectively referred to as PV
panels 150. The mounting assembly 110 supports the mounting rails 108, upon

which the PV panels 150 are mounted in a horizontal arrangement.

[0016] Each PV panel 150 comprises a PV module 1204, 1202, 1203, and 1204,
collectively referred to as PV panels 120, arranged vertically within the PV panel
150, The PV modules 1204, 1205, 12035, and 1204 are coupled to power modules
1184, 1182, 1183, and 1184 (collectively referred to as power modules 118),
respectively; in some alternative embodiments, the PV modules 1204, 1202, 120s,
and 1204 may be coupled together to form a single DC output that is coupled to a

single power module 118.

[0017] In some embodiments, such as the embodiment described herein, the power
modules 1181, 1182, 1183, and 1184 are inverters (collectively referred to as inverters
118) mechanically mounted to a corresponding PV panel 1204, 1202, 1203, and 1204
to form integrated PV modules 1064, 106,, 10063, and 1064 (collectively referred to as
iIntegrated PV modules 106). The inverters 118 are further electrically coupled to the
PV modules 120 for inverting DC current generated by the PV modules 120 to

produce AC output current. Additionally or alternatively, a DC/DC converter may be



CA 02745337 2011-05-31

WO 2010/065837 PCT/US2009/066746

PATENT
Attorney Docket No.: EEQ29PCT

coupled between each PV module 120 and the corresponding inverter 118 (i.e., one
DC/DC converter per inverter 118). In some embodiments, the inverters 118 may be
electrically coupled to the PV modules 120 but not mechanically mounted to the PV

modules 120.

[0018] In accordance with one or more embodiments of the present invention, the
inverters 118 are coupled to the mounting rails 108 such that the generated AC
output current is distributed within the PV array 160 via the mounting rails 108, as
described In detall further below. Each mounting rail 1084, 1082, 1083, and 1084 Is
terminated into a cable 1124, 1125, 1123, and 1124 (collectively referred to as cables
112), respectively, for carrying the generated AC power to a point of common
connection (PCC) - typically, a power meter 114. The power meter 114 further

couples the AC power to commercial power grid 116 and/or to appliances within the
building 104.

[0019] Generally, mounting rails 108 are vertically arranged in a group where the
number of mounting rails 108 is equivalent to the number of integrated PV modules
106 within the mounted PV panels 150 (i.e., each integrated PV module 106 of a
particular PV panel 150 is coupled to a different mounting rail 108). Alternatively,
fewer or more mounting rails 108 than the number of integrated PV modules 106

within a particular PV panel 150 may be installed in a group of mounting rails 108.

[0020] The PV array 160 may further comprise additional groups of mounting rails
108, for example one or more additional groups of four mounting rails 108, deployed
In a vertical arrangement for supporting additional PV panels 150. In some
embodiments, multiple mounting rails 108 may be mechanically and electrically
connected In series in a horizontal direction (i.e., end-to-end) by a coupling
mechanism 122 to facilitate mounting additional PV panels 150 in a horizontal
direction. In other embodiments, the coupling mechanism 122 may be utilized to

serially couple one or more mounting rails that are vertically arranged.

[0021] In one or more alternative embodiments, DC/DC converters and/or DC

junction boxes may be utilized In place of or in addition to the inverters 102. For

4
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example, DC/DC converters or DC junction boxes may be coupled to each PV
module 120 and further coupled to the mounting rails 108 for distributing DC power
from the PV modules 120 within the PV array 160. In other alternative embodiments,
the PV modules 120 may be adapted for directly coupling the generated DC power
from the PV modules 120 to the mounting rails 108. The mounting rails 108 may
thus be coupled to a plurality of different power elements (DC/AC inverters, DC/DC
converters, DC junction boxes, PV modules) for distributing the power from the

power elements, e.g., to an output load.

[0022] Figure 2 depicts a perspective view of a mounting rail 108 in accordance with
one or more embodiments of the present invention. The mounting rail 108
comprises a frame 200, conductors 2044, 204,, 2043, and 204, (collectively referred
to as conductors 204), and an insulative fill material 202 (“insulative material 2027).
In some embodiments, the frame 200 i1s manufactured from an extruded material,
such as aluminum, a rigid plastic, or the like, and is in the form of an elongated
trough defining an open area 210 (i.e., a cavity). The frame 200 may have any cross
sectional shape - a rectangular shape is shown In Figure 2, but other shapes such as

hemispherical, triangular, or the like are also applicable.

[0023] The frame 200 comprises mounting flanges 206 and 208 upon which an
inverter 118, either by itself or as part of an integrated PV module 120, iIs mounted,
for example, as described below with respect to Figure 7. In some embodiments,
mounting flange 200 i1s U-shaped having an open trough 212 that may be used for
bracket-mounted PV modules, although the form of mounting flange 206 and/or
mounting flange 208 may be considered a design choice and can be adapted to

conform to any PV module and/or inverter mounting technique.

[0024] The conductors 204 are elongated bus bars that extend the length of the
frame 200 for coupling the AC power generated by the inverters 118 to the cables
112. The conductors 204 may be fabricated from copper, aluminum, or other
conductive materials. In one embodiment, each of the conductors 204 comprises a

pair of bus bars that carry a phase of AC power or a neutral line. In some
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embodiments, the conductors 2044, 204,, and 2043, each carry a phase of three-
phase AC power, and conductor pair 2044 forms a neutral. In other embodiments,
one or more of the conductors 204 may carry AC power (e.g. single-phase, split
phase, and the like) or DC power while one or more of the conductors 204 remain
unused (i.e., not coupled to an inverter or DC/DC converter); alternatively, the frame
200 may comprise fewer conductors 204 for carrying various types of AC power or

DC power,

[0025] The conductors 204 are sealed (i.e., encapsulated) within the Insulative
material 202 that substantially fills the open area 210 of the frame 200. The
Insulative material 202 comprises a potting material, such as polyurethane, an
iInsulative polymer having limited moisture absorption properties, or similar material,
that is generally applied as a fluid and that cures into a hard or substantially resilient
material. By sealing the conductors 204 within the insulative material 202, the
conductors 204 remain In a fixed position relative to the frame 200 and are sealed

from contact with the environment.

[0026] Figures 3, 4, and S together depict a procedure for assembling a mounting rall
108 In accordance with one or more embodiments of the present invention. Figure 3
depicts a top plan view of the frame 200 containing the conductors 204 held In a
fixed position by one or more stabilizing brackets 300. The stabilizing brackets 300
are formed of any nonconductive material, such as plastic, and are intermittently
positioned along the length of the frame 200 to hold each bus bar of the conductors
204 In spaced apart relation to one another prior to the addition of the insulative
material 202. Additionally or alternatively, other means, such as molded plastic clips,
ribs extending within the frame 202, or the like, may be utilized to maintain the
conductors 204 in a fixed position within the frame 200 prior to adding the insulative

material 202.

[0027] Figure 4 depicts a cross-sectional view 210 of Figure 3 taken along lines 4-4
of Figure 3. The stabilizing bracket 300 rests on the bottom of the frame 200. The

conductors 204 are held in a vertical orientation via an adhesive placed along the
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stabilizing bracket 300; in other embodiments, the conductors 204 may additionally
or alternatively be held in a vertical orientation by a different means, such as a slot of
each of the conductors 204. Ribs 302 protrude from a base 304 of the stabilizing
bracket 300 to maintain each bus bar of each conductor 204 in a spaced apart

relation during a fill process for adding the insulative material 202.

[0028] Figure 5 depicts the frame 200 being substantially filled with the insulative
material 202. In some embodiments, the insulative material 202 may be discharged
In an Initial fluid state from a tube 500 during the fill process and subsequently
harden. Once the insulative material 202 hardens, it maintains each conductor 204 In

a spaced apart position along the entire length of the frame 200.

[0029] Figures 6 and 7 together depict a procedure for coupling an inverter 118 to a
mounting rail 108 In accordance with one or more embodiments of the present
invention. The Inverter 118 may be part of an integrated PV module 100;
alternatively, the inverter 118 may be electrically coupled to a PV module 120
although not physically integrated with the PV module 120 to form an integrated PV
module 106. In some alternative embodiments, a DC/DC converter may be utilized

In place of the inverter 118.

[0030] The Inverter 118 comprises pins 6024, 6022, 6023, and 6024, collectively
referred to as pins 602, for presenting output power from the inverter 118. The pins
0602 are spaced similarly to spacing of the conductors 204 and are adapted to be
pointed enough to penetrate the insulative material 202 and couple the output power
to the conductors 204 (i.e., when the inverter 118 is coupled to the mounting rail 108,
the inverter is pressed toward the mounting rail 108 and the pins 602 penetrate the
iInsulative material 202 to make electrical contact with the connectors 204). Pin
alignment markings can be positioned (e.g., printed) onto the surface of the
iInsulative material 202 to ensure the pins 602 piece the insulative material 202 In
correct location to facilitate connection with the connectors 204. Other alignment

means, such as pins, slides, or the like may additionally or alternatively be utilized.
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[0031] The pins 602 are of a shape (i.e., length and thickness) to make electrical
contact with the connectors 204 via a sliding contact, where each pin 602 slides
between the bus bars of a connector 204 and maintains contact with the bus bars.
Generally, a gap between bus bars in a conductor 204 is fixed at a size that Is
slightly less than the pin diameter. As a result, the pins 602, upon contacting the bus
bars of each conductor 204, slightly displace the bus bars and are maintained in
solid contact with the bus bars due to the bus bar rigidity and the insulative material
202. When using a resilient insulative material, such as polyurethane or the like, the
iInsulative material 202 may further seal around the pins 602 and against a sealant of
the inverter 118, providing environmental protection for the electrical connections
between the inverter 118 and the AC wiring distribution that the conductors 204
provide. In other embodiments, a sealant may be applied to each of the pins 602

and/or an O-ring may be placed on each of the pins 602 prior to assembly.

[0032] In some embodiments, the inverter 118 comprises an inverter flange 604, for
example as part of the inverter's form factor, for mating with the mounting flange 206
or 208 such that the pins 602 are aligned with the conductors 204 prior to piercing
the Insulative material 202, For example, the Inverter flange 604 may have an
inverted U-shape with respect to the mounting flange 206, where the inverter flange
004 "hooks” onto the mounting flange 206 and the inverter 118 may be rotated along
the vertical direction, causing the pins 602 to pierce the insulative material 202 and
make electrical contact with the conductors 204. In some embodiments, the inverter
flange 604 and the mounting flange 206 may each comprise a hole (e.g., a screw
hole) for aligning the inverter 118 with the mounting rail 108 such that the pins 604
and the conductors 204 are properly aligned prior to the pins 602 piercing the
iInsulative material 202. Additional and/or alternative techniques for ensuring the

pins 602 and the conductors 204 are suitably aligned may also be utilized.

[0033] In some alternative embodiments, the conductors 204 may each be replaced
by a single conductor for making electrical contact with the pins 602 (i.e., a different

conductor for each of the pins 602) or with a different power output connector from

the inverter 118.
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[0034] Figure 7 depicts an inverter 118 coupled to a mounting rail 108 in accordance
with one or more embodiments of the present invention. The pins 602, after
penetrating the Iinsulative material 202, are conductively coupled to respective
conductors 204 for providing AC power from the inverter to an output load via the
conductors 204. One or more screws 700 may be used to secure the inverter flange
004 to the mounting flange 206 in order to maintain the inverter 118 Iin position on
the mounting rail 108. Other means of retaining the inverter 118 may be used, such

as clips, bolts/nuts, rivets, and the like.

[0035] In some embodiments, the Insulative material 202 is resilient (e.g.,
polyurethane) such that the insulative material 202 “self seals” when the inverter 118
IS removed and the pins 602 extracted. In other embodiments, where the insulative
material 202 is not self sealing, holes remaining following removal of the inverter 118
can be filled, for example, with a prefabricated plug or a silicone caulking material to

maintain an environment seal for the conductors 204.

[0036] Figure 8 depicts a coupling mechanism 122 for coupling multiple mounting
rails 108 In accordance with one or more embodiments of the present invention. The
coupling mechanism 122 may be utilized to mechanically and electrically connect
multiple mounting rails 108 in series (e.g., end-to-end in a horizontal direction) to

facilitate mounting an extended horizontal sequence of PV panels 150.

[0037] Figure 8A depicts an exploded, perspective view of one embodiment of the
coupling mechanism 122 for coupling mounting rails 1084 and 108,. The coupling
mechanism 122 comprises rail coupling pins 8024, 802,, 8023, and 8024, collectively
known as rail coupling pins 802. The rail coupling pins 802 are installed into
conductors 204 of each mounting rail 1081 and 1082 (i.e., one coupling pin 802 per
each bus bar pair of the conductors 204), and the mounting rails 108, and 108, are
butted together to coupled the conductors 204 of mounting rail 1081 to the
conductors 204 of mounting rail 1081 via the rail coupling pins 802. Figure 8A
depicts four rail coupling pins 802, although the number of rails coupling pins 802 is

pbased on the number of conductors 204 within a mounting rail 108. In some
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alternative embodiments, the rail coupling pins 802 may have an elongated U-shape

for coupling mounting rails 108 that are vertically aligned.

[0038] Figure 8B depicts an assembled top view of conductors 204 of mounting ralil
1084 coupled to conductors 204 of mounting rail 1082 via the rail coupling pins 802.
Additionally, each cable 112 may be coupled to the conductors 204 of a mounting

rall 108 in the same manner, or, from the top of the mounting rail 108.

[0039] Figure 9 depicts a coupling mechanism 122 for coupling multiple mounting
ralls 108 In accordance with one or more embodiments of the present
invention. Figure 9A depicts an exploded, perspective view of one embodiment of
the coupling mechanism 122 for coupling mounting rails 1084 and 108,. The
coupling mechanism 122 has a cross-sectional form substantially similar to a cross-
sectional form of the mounting rail 108. The coupling mechanism 122 comprises rall
coupling pins 9024, 902,, 9023, and 9024, collectively known as rail coupling pins
902, disposed within a non-conductive solid material, such as silicone or the like.
The rail coupling pins 902 are spaced similarly within the coupling mechanism 122
to the spacing of the conductors 204 within a mounting rail 108. The rail coupling
pins 902 extend from opposing sides of the coupling mechanism 122 such that
the rail coupling pins 902 are installed into the conductors 204 of each mounting ralil
1084 and 108, (i.e., one coupling pin 902 per each bus bar pair of the conductors
204) for coupling the corresponding conductors 204 of each mounting rail 108, and
1082. The coupling mechanism 122 generally comprises one or more flanges 904
around at least a portion of the perimeter for securing the coupling mechanism 122
to the mounting rail frame 200, for example by adhesives, screws, snaps, or the like,
and sealing the connections between the couplings pins 902 and the conductors 204
from environmental factors and foreign matter. Additionally, the insulative material
202 and the solid material within the coupling mechanism 122 may seal together

when the coupling mechanism 122 is coupling to a mounting rail 108.

[0040] In some alternative embodiments, the rail coupling pins 902 may have an

elongated U-shape, where each end (i.e., the top of the "U”) extends from the same
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side of the coupling mechanism 122 for coupling mounting rails 108 that are

vertically aligned.

[0041] Figure 9B depicts an assembled top view of conductors 204 of mounting ralil
1081 coupled to conductors 204 of mounting rail 108, via the coupling mechanism
122. Additionally, each cable 112 may be coupled to the conductors 204 of a

mounting rail 108 in the same manner, or, from the top of the mounting rail 108.

[0042] Figure 10 Is a flow diagram of a method 1000 for assembling a mounting rall
In accordance with one or more embodiments of the present invention. The method
1000 begins at step 1002 and proceeds to step 1004. At step 1004, a desired
number of conductors are maintained in a fixed position within a cavity of a mounting
rail frame, such as the mounting rail frame 200. The desired number of conductors
may be determined based on a type of power to be coupled by the conductors to an
output load; for example, two conductors may be utilized to support DC power or
single phase AC power. Alternatively, the mounting rail may be assembled with a
set number of conductors, such as four conductors, where some conductors remain
unused when the mounting rall is electrically coupled to a power element, such as a

PV module, a DC junction box, a DC/DC converter, or a DC/AC inverter.

[0043] Generally each conductor comprises two conductive bus bars, although In
some alternative embodiments each conductor may comprise a single conductive
bus bar. The bus bars are formed of any suitable conductive material, such as
copper, aluminum, or the like, and extend the length of the frame. The bus bars are
maintained In a fixed spaced-apart position, for example by one or more stabilizing
brackets as depicted in Figures 3 and 4, by ribs that are part of the form factor of the
frame, by molded plastic clips, and/or similar techniques, to allow for an output
connector (e.g., a pin connector) of a power module to be received between each
pair of bus bars. Within each pair of bus bars, the bus bars are spaced apart at a
distance slightly less than the diameter of an output pin of a power module to be

mounted to the mounted rail. Such spacing ensures that, when disposed between
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the bus bars, the power element output pin maintains solid electrical contact with the

bus bars.

[0044] The method 1000 proceeds to step 1006. At step 1000, at least a portion of
the frame cavity Is filled with an insulative material, such as the insulative material
202, such that the conductors are encapsulated within the insulative material. In
some embodiments, the insulative material may be discharged into the cavity in a
liquid state, as depicted in Figure 5, and solidify over time. The method 1000 then
proceeds to step 1008 where it ends.

[0045] While the foregoing is directed to embodiments of the present invention, other
and further embodiments of the invention may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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We claim:

1. A system for coupling generated power to an output load, comprising:

a first mounting rail that structurally supports a photovoltaic module,
wherein the photovoltaic module provides input power to a power element, for
electrically coupling the power element to the output load, comprising:

a frame defining a cavity;

a plurality of conductors, disposed in the cavity, for coupling power from the
power element to the output load; and

an insulative material that substantially fills the cavity to encapsulate the
plurality of conductors;

wherein the frame comprises at least one mechanical connector for
mounting the power element such that at least one power pin of the power
element is aligned for piercing the insulative material and making electrical contact
with the plurality of conductors. '

2. The system of claim 1, wherein the plurality of conductors comprises at least
one pair of elongated bus bars extending a length of the frame.

3. The system of claim 2, wherein bus bars in each pair of elongated bus bars are
spaced apart from one another such that a corresponding power pin of the at least
one power pin makes electrical contact with the bus bars after piercing the
iInsulative material.

4. The system of claim 1, wherein each mechanical connector of the at least one
mechanical connector is substantially U-shaped.

5. The system of claim 2, wherein the power element generates AC power and
each pair of elongated bus bars either carries a phase of the AC power or forms a
neutral line.

6. The system of claim 1, wherein the power element generates DC power and
the plurality of conductors couple the DC power to the output load.

13
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7. The system of claim 1, further comprising the power element.

8. The system of claim 7, wherein the power element is an inverter.

9. The system of claim §, wherein the power element generates single-phase AC
power.

10. The system of claim 3, further comprising a sealant for sealing the at least one
power pin with the insulative material when the power element Is coupled to the

first mounting rail.

11. The system of claim 7, further comprising a coupling mechanism adapted for
mechanically coupling a second mounting rail to the first mounting rail such that a
second plurality of conductors within the second mounting rail are electrically

coupled to the first plurality of conductors within the first mounting rail.

12. The system of claim 1, wherein the insulative matenal is a substantially
resilient polymer having limited moisture absorption properties.

13. The system of claim 1, wherein the power element is a DC junction box, a
DC/DC converter, or a DC/AC inverter.

14. A method for creating a mounting rail for coupling generated power to an
output load, comprising:

maintaining each conductor of a plurality of conductors in a spaced apart
position within a cavity of a frame of the mounting rail, wherein the plurality of
conductors are adapted for coupling output power from a power element to the
output load, and wherein the mounting rail structurally supports a photovoltaic
module that provides input power to the power element; and

substantially filling the cavity with an insulative matenal such that the
insulative material encapsulates the plurality of conductors; wherein the frame

comprises at least one mechanical connector for mounting the power eiement
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such that at least one power pin of the power element is aligned for piercing the
Insulative material and making electrical contact with the plurality of conductors.

15. The method of claim 14, wherein the plurality of conductors comprises at least
one pair of elongated bus bars extending a length of the frame.

16. The method of claim 15, wherein each mechanical connector of the at least
one mechanical connector is substantially U-shaped.

17. The method of claim 14, wherein the power element is an inverter.

18. The method of claim 14, wherein the insulative material is a substantially
resilient polymer having limited moisture absorption properties.

19. The method of claim 14, wherein the plurality of conductors are maintained in
the spaced apart position from one another by at least one stabilizing bracket.

20. The method of claim 14, wherein the insulative material is substantially liquid

during the filling process and hardens to insulate and maintain spacing of the
plurality of conductors.
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