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FIG. 1

(57) Abstract: An improved interface for renewable energy systems is disclosed for interconnecting a plurality of power sources
such as photovoltaic solar panels, windmills, standby generators and the like. The improved interface for renewable energy systems
includes a multi— channel micro-inverter having novel heat dissipation, novel mountings, electronic redundancy and remote commu-
nication systems. The improved interface for renewable energy systems is capable of automatic switching between a grid-tied opera-
tion, an off grid operation or an emergency power operation. The interface provides for monitoring and for detecting performance
and/or faults in power sources such as photovoltaic solar panels.
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INTERFACE FOR RENEWABLE ENERGY SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

This mvention relates to solar energy and more particularly fo an improved mterface for

renewable energy svstens such as photovoltaie solar panels and the hike.

Descnntion of the Related Ant

The utilization of solar energy extends back to the Tth centiny B.C., where a magnifving
glass was used to make fire. Since then, the evolution of solar techmology has progressed from
strictly solar to thermal conversion svstems to the discovery of the photovoltaic effect in the
1800 s,

Advancement of the photovoltaic att continued 10 progress, and in the 195tFs the
development of the silicon photovoltaic (PV} eell became the first solar cell capable of producing
sufficient power fo run simple elecincal equipment. In 1964 NASA launched the first Numbus
spacecraft, which was powered by a 470 walt photovoliaic arvay. In 1981 the first solar powered
airorafl had solar cells capable of producing 3,008 watts, In 1983 a stand alone 4 kilowalt
powered home was completed. By 1999, the comudative worldwide installed photovoltaic
capacity reached 1,000 megawatts,

The future of PV technology is expected to produce photoveltaic power 1o be competitive
with traditional power generation sowces within 10 vears. In order 1o move toward thus goal the
cost per watl must be nunimized, This requires all elements of a solar power svstemn 1o consider
both cost and svstemn energy requirements.  Since solar power systems comprise several key
components in addition to the PV cell, Jevelopment of these components also affects the evolution
of the entire solar power systemn.

Solar panels may be roof mounied on racks and ground mouanted wath fixed racks which
ave held stationary as the sun moves across the sky. In other installations, solar trackers sense the
direction of the sun and move or il the panels fo maximize the energy prodaced per panel. When
emploving sofar fracking svstems, overall weight and weight distribution become necessary

considerations which affect system energy requirenents.
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In order to produce power aseable for most purposes, the direct current (DC) produced by
the PV cell must be converied o altemating current (AC) having the frequency of the local utiity.
This conversion 1s accomplished by an mverter. A stand alone inverter is used m totally isolated
svstems that normally do pot interface with the utility gnd. More sophisticated nverters convert
the DC to AC at the wility frequency and ensure maintaining the AC mverter cutput in phase with
the otility grid AC phase. Additionally, these mverters must be provided with an anti-islanding
feature which will ensure that the inverter swiiches off upon the loss of grid AC power,

An mnverter dedicated to a single solar cell panel s called a micro-inverter.  Tyvpically,
micro-inverters are mounted to the back of solar cell panel. The weightl and placement of the
nicro~-inverter must be considered in the overall system design. Solar panels with enabled solar
tracking require power to move or &t the panel. Therefore overall waight ax well as weight
distribution about the center of gravily of the svstem must be considered in order to ninimize the
energy required fo operate the svstem. Addittonally, the heat generated by the micro-mnverters
operation must be considered i the design of a photovollaic svstem.  Excess heat mav cause
damage to both the micro~inverter as well as the solar panel #iself. Fmnally, the mucro-inverier must
be easily adapied to mounting on solar panels having varving wadths.

There have been many in the prior art who have altempied 10 solve these problens with
varving degrees of success. The following US patents and publications are examples of attempts
i the prior art to provide an efficient micro-inverter svstem for a photovoltaic array,

US Patent 8,410,950 to Takehara. et al. discloses a photovoltaic (PV} panel monmitoring
apparatus including a monitoring modude for measuring parameter values related to PV panel
output, comparing measured values aganst nunimum and maxinwm values saved i the
monitoring modale and outpuiting an alarm signal when a measurad value is oulside o range
defined by the minimum and maximum values.  An alarm signal causes a visual indicator to
activate and an andible indicator 10 sound, thereby assisting mantenance personnel in locating a
PV panel with an owt-of-range parameter value. The montoring module further includes a PY
panel wdentification memory for saving an identificaton code for each PV panel i a PV array. The
tdentification code is transsuitted with time, date, and parameter data when the monitoring modude
detects an out-of-range panmmneter value. Data may optionally be transmitied from the monitoring
module through a communications inputfoutput port or through a wireless transmitier to an

extemal monitoring and control system.
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LIS Patent 8,106,537 1o Casey et al discloses a photo~voltaic (PV) power generating
system and a control system for PV arrav string-level control and PV modules senally-connected
o strings of PV moddes.  The system inclodes plural parallel strings of senallv-connected
power-ganerating photovoliaic modules that form a PV amay, DODC micro-converters that are
coupled to a DC voltage buss and to the output of a corresponding photovoltaic module or to the
output of a string of photovoltaic modules, a gating or central inverter, and a controf svstem. The
control svstent 15 structured and arranged to control and manage each string of photovoltale
modules, to ensure that power dehvered by the photovolime power generating system s not
affected by photovoltaic modules or sirings of photovoltaic modules that are not operating al
maximun power transfer efficiency,

US Patend publication 20120313443 to Cheng discloses a method and apparatus for
mtelligently inverting DC power from DC sources such as photovolfaic {(PV) solar modules to
single-phase or three-phase AC power to supply power for off-grid applications. A number of
regular or redundant off-grid Mini-Inverters with one, two, three, or nwliiple mput channels in a
mixed vaniely can easily connect to one. two, fhree, or mulliple DC power sources such as solar
PV modues, mvert the DC power 10 AC power, and daisy chain together fo generate and supply
AC power to elecirical devices that are not connected to the power grid including motors, pumps,
fans, lights. apphiances, and homes.

LIS Patent publication 20130012061 o Rotroll &t al. discloses a replaceable photovoltaic
mverter mounted on each of a plurality of photovoltaic mwodale for the conversion of divect carrent,
produaced by the photovollaic eells, to allernating cwrent. The inverter 13 coupled o a mounting
bracket on the photovoltaic module such that @t can be easily replaced.  Replacement of an
inchividual photovoltaic module mverter can ocow dunng continuous oparation of the photovoltae
nmodule system with mininal impact on overall power production. The mverter is also mounted
apart from the photovoltaic module to facilitate heat transfer generated by operation of the
utverter.

US Patent publication 20130002031 to Mulkey ot al. discloses an encloswre design to
accommodate and sapport the anique features and capabilities of the smart and scalable power
mverters or nuni-inveriers that have multiple input channels o easily conneet to multiple solar PV
panels, invert the DC power to AC power, and daisy chain together 1o generate AC power {o feed
the power grid or supply power 1o electrical devices. Further disclosed is a message svstem using
LEDs (hghi-emuiting diodes) mounted on the enclosure to indicate the systern status and the status

of each inpust channel of the Smart and Scalable Mim-Inverters,
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Uinfortunately, noue of the preceding prior art has completely satisfied the requirements for
a complete solution to the aforestated problemy,

Therefore, 1t is an object of the present invention to provide an improved interface for
renewable engray svstem that is a significant advancament in the solar generating elecirical art,

Another object of this invention is to provide an improved interface for renewable energy
system incorporating & micro-inverter having an improved heat dissipating system.

Another olject of this invention is 0 provide an improved nxterface for renewable energy
svstem mncorporating an improved mounting system for a photovoliaie solar array,

Another object of this invention 18 to provide an maproved interface for renewable energy
system incorporating i improved remote monitoring system.

Another object of this invention is 1 provide an voproved interface for renewable energy
svstem capable of a grid tied operation, off gnd operation and smergency power operation,

Another object of this mvention is to provide an improved interface for renewable energy
svstem incorporating an automatic transfer switkch for automatically swiichung between a grid tied
operation, an off grid operation and an emergency power operation.

Another object of his invention is to provide an improved mierface for renawable energy
system incorporating  multi-channel micro-inverter with each of the mucro-inverters operating

ndependently of the remaming nucro~-inverters.

Another object of this invention is to provide an improved interface for renswable energy
system meorporating a multi-channel macro-inverter incorporating a controlfer for monitonng and
mstructing each of the micro-nverters and a redundant power supply for the controfler

Another object of this inveniion 15 to provide an wuproved mterface for renewable energy
system incorporating that s readily mouniable on a variely of renewable energy sources such as
photovoltaie solar arvay, windmills, fuel cells and the like.

Another object of this invention is to provide an improved renevable energy svstem that is
easy 1o coxt effectively produce.

Another object of this spvention ss to provide an improved renewable energy system that 1s
easy {o install and maintain

Another object of this mvention 18 fo provide an improved renewsable energy system
mcorporating an apparates for identifving a performance andior faolt i a solar panel of a solar
panel array,

The foregomg has outlined seme of the more pertinent objects of the present invention.

These objects should be construed as being merely illustrative of some of the more promiment
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features and appheations of the mvention.  Many other beneficial results can be obtained by
applving using the disclosed mvention 1 a different manner or modifying the mventon.
Accordingly other objects m a full understanding of the invention may be had by refernng to the
sumimary of the invention and the detailed description describing the preferred embodiment of the

mvention.

SEMMARY OF THE INVENTION

The present nvention s defined by the appended claims with specific embodiments being
shown in the attached drawings. For the purpose of swmmarizing the invention, the invention
relates to an improved mudb-channel mucro-iverter for a plarahity of photovoltaic solar panels
comprising a contaimner extending between 3 first and a second end. An AC power bus is disposed
i the contamner having a plurality of mput AC power bus comnectors and a pluratity of mput data
bus connectors.  An AC bus output 15 comnected to the AC bus for connecting AC power and
electronic data extemal the contamer. A ploraldy of micro~mverter circuits each have a nucro~
mverter DC power inpul and an AC power output connector and a micro-inverter data connecior.
A DU power connector connects each of the plurality of micro-inverter circuits (o the plurality of
photovoltaic solar panels, respectively.  The plurality of micro-inverter cireuits are insertable
within the container with the micro-ipverter A{ power culput connector engaging with one of the
input AC power bus connectors and with the micro-inverter data connector engaging with one of
the plurality of mput data bus connectors.

In another embodiment of the mvention, the nvention is incorporaied info an wnproved
mouniing for a micro-inverter for a photovoltaie solar panel having a peripheral frame comprising
& micro-tnverter circuit board comprising @ micro-inverter circuit having a power stage. A
container extends between a fivst and a second end for receiving the micro-inverter circuit board
fherem. A closure seals with the container. A mounting secures the micro-inverter crcuit board
within the contamer with the power stage thermally coupled to one of the contaner and the
closwre. A phaality of mounting arms mount the closure to the peripheral frame of the solar panel
for transfernng heat from the micro-inverter cireult board to the peripheral frame of the solar
panel.

In ancther embodiment of the invention, the invention is incorporated mfo an improved
mounting for a micro-inverter for a photovoliaic solar panel having a peripheral frame comprising

a micro-inverter circwrt board comprising a micro-inverter curcull having a power sfage. A
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container extends between a fivst and a second end for receiving the micro-inverter circuit board
therein. A closure seals with the container. A mounting secures the micro-inverter circuit board
within the container with the power stage thermally coupled to one of the contamner and the
dosure. A phaality of mousiing anms mount the closuge o the peripheral frane of the sodar panel
for transfernng heat from the micro-inverter circuit board to the penipheral frame of the solar
panel. A thermal transter medium 1§ interposed between the power slage and one of the container
and the closure for thermally coupling the power stage 1o the one of the contaner and the closure.

In another embodiment of the mvention, the wmvention is incorporated nto an improved
mouniing for a micro-inverter for a photovoltaic solar panel having a peripheral frame comprising
& micro-tnverter circuit board comprising a micro-inverter circuit having a power stage. A
container extends between a first and a second end for recaiving the micro-inverler circwat board
theretn. A closure seals with the container. A mounting secures the micro-inverfer circuit board
within the contamer with the power stage thermally coupled to one of the container and the
closure. A plurality of prvots mount the phurality of mounting anms to the closure to different sizes
of the peripheral frame of the solar panel.

I another embodiment of the mnvention, the mvention s incorporated into an interface lor
renewable energy system for interconneciing a plurality of DC power sources between an extermal
AC power gnd and ap external AC load. The interface for renewable energy svstem compnses a
phuralite of micro-inverter circuits each having a micro-inverter DC power input and an AL power
outpul. A DC power connector connects each of the plurality of mucro-tnverter circuits o the
pluraity of DC power sowrces, respectively, for converting DC power from the a plurality of DO
power sources mto AC power. Each of the plurality of nucro-inverter circuits has a controlier fox
controfling the AC power from the pluralitv of micro-inverter circuts o be i phase with the
external AC power grid. A grid astomatic transfer switch connects the plurality of micro-inverter
circuits to the external AC power grid for divecting AC power from the plurality of micro-nverter

circuts o the external electrical AC power grid.  The gird antomatic transfer switch disconnects

the plurality of muicro-tverter circuits from the external AC power grid load upon the loss of

power from the external AC poweer gnd. A syachronizing generator is actuated upon the loss of

power from the external AC power grid for generating a waveforn: for phasing the AC power from

the plorality of micro-inverter circuits. The gnid awtomatic transfer switch reconnects the plarality

of micro-inverter circuits 1o the AC powaer grid upon the reestablishment of AC power from the
extemal AC power grid. The synchromzng generator is deactivated upon the reestablishment of

AL power from the external AC power gnid.



i

10

CA 02906590 2015-09-14

WO 2014/152765 PCT/US2014/027708

In another embodiment of the mvention, the wmvention is incorporated fnfo an tmproved
micro-inverter for a photovoltaie solar panel producing a DC power conprising & micto-inverter
arcutt having a micro-mverter DC power input connected for receiving the DC power from the
photovoltaic solar panel. A first BC to DC converter is connected (o the mucro-inverier BC power
mput for converting the DC power from the photovoltaic solar panel into a first elevated pulsating
DC voltage. A second DC to DC converter is connected 1o the micro-mverter DO power input for
converting the DC power from the photovoltaie solar panel nto a second elevated pulsating DC
voltage. A DC to AC converter 1s connected to the first and second DC to DC converters for
providing an elevated AC power from the fizst and second elevated pulsating DC voliages. A
regulator controls the first and second DC to DO converters for maximizing the elevated AC
power from the {irst and second elevated pusating DC voliages.

In another sinbodiment of the mvention, the invention is incorporated mio an improved
micro-inverter arrangement for a pharality of photovoltaie solar panels with each of the plurality of
photovoliaic solar panels having a peripheral frame, comywising a plurahty of micro-inverter
circuits each connected to a respective one of the plurality of photovoltaic solar panels. Each of
the plarality of micro-inverter cirowils has a power supply powered by respective one of the
plurality of photovoliaic solar panels. A controller monitors the plurality of micro-mverter circus
and for transoutting momtored mformation to a remote location.  An interconnecting cable
conuiects each of the power supply fo the coniroller for providing power to the controller i the
event of reduced power or fatlure of one of the phuralily of photovoltaic solar panels.

In another embodiment of the invention, the mvention is incorporated nto a monitoring
svstem for monitoring a plurality of photovoltaie solar panels, comprising a container having an
AL power bus disposed in the container defimng a pluality of mpul electrical power bus
connectors.  An AL output power connector is connected to the AC power bus o conneet AC
power external the container. A plurality of micro-inverters circmis are connected to a respective
one of the plurality of photovoltaie solar panels. A controller is disposed in the contamner. A data
hnk interconnects the controller for communication with the plurality of micro-inverters circuts,
A first digital-analog converter connects the controller to the AC power bas for modulating the
AC power on the AC power bus with the monitored data from the plurality of nucro-inverters
cireuits.  An electncal monitoring and connectivity device has a second digital-analog converter
focated external the container and connected to the AC output power conttector to display the
monitored data from the plurality of micro-invertars cireuits. An input device is connecled o the

electrical momtoring and connectivity device for changing the operation of each of the plurality of
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micro-mnverters cireuits through the AC output power connector.

In another embeodiment of the mvention, the invention is incorporated o an apparstus for
mapping and identifving a performance andfor fault in a solar panel of a solar panel mvay
comprising a solar array having a nuiltiphicity of solar panal groups with each solar panel groups
having a plurality of solar panels mounted in a speadic physical pattern. A pucro-iventer is
secured to a single and identifiable solar panel of each of the solar panel groups.  Each of the
nucro-inverters has a unigue wWentification numeral and a phurality of numbered inverter ports. A
plurality of cables comnect the solar panels to specific mumbered inverter ports of the macro-
wmverter for covrelating the mumbered inverter pods to specilic physical Incations of the plurality of
solar panels within each of the solar panel groups. A trunk fine connects the micro-inverters 1o a
civeust breaker. A polling circuit is connected to the circuit braaker for generating a polhing signal
uponn closing the cireuit breaker for enabling each of the micro-mverters to fransnut the
identification numeral and the pumbered mverter pors. A status and data civeuit s connected o
the polling circuit for storing values of the identification mumeral and the numberad mverter ports.
The status and data circust momitors the solar array upon closing the circuit breaker for generating
a slatus oulput containing an identification numeral and a numbered nverter port of a performance
andfor fault detected in a solar panel.  Thus enabling an operator 10 determining the phyvsical
focattion of a perfonmance andfor faulty solar panel from the dentification numeral and the
numbered mverter porls of the performance andior faulty solar panel based upon the original
specific physical pattemn of the plurality of solar panels of the solar panet groap.

The foregomg has outhined rather broadiy the more pertinent and important features of the
present mvention i order that the detailed description that follows may be betier understood so
fhat the present coninbution o the ari can be more fully appreciated. Additional features of the
invention will be described hereinafter which form the subject matter of the invention. It should
be appreciated by those skilled in the art that the conception and the specific embodiments
disclosed may be readily uttlized as a basis for modifving or designing other structures for
carrving oul the same purposes of the present imvention. It should also be realized by those skilled
i the art that such equivalent constructions do not depart from the spunit and scope of the

mvention.

BRIEF DESCRIPTION OF THE DRAWINGS
For a fuller understanding of the nature and objects of the invention, reference shoudd be

made to the following detatded description faken m connection with the accompanving deawings m
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which:

FIG. 1 1s a front view of a butlding structore having nutuple renewable energy sources
inchuding a photovoltaic solar array baving a plurality of photovoltaie solar panels and a wind
turbine;

FIG. 215 a rear view of one of the photovoltaic solar panels of FIG. 1 interconnected to an
improved mutti-channel micro-inverter of the present nvention;

FIG. 3 is an enlarged view of the photovoltaic solar panel of FIG. 2;

FIG 4 14s a view of a container shown 1 FIGS. 2 and 3 with a protective closure removed
exposing the mulli-channel micro-inveriar of the present invention;

FI1G. 5 is an enlarged sectional view along line 5-3 in FIG. 4;

FIG. 6 is an isometric view of a second embodiment of a contamer for housing the malti-
channel micro-nverier of the present mvention;

F1G. 715 an exploded isometric view of FIG. 6

FIG. 8 is an elevational view of the second embodiment of the contaner of FIG. 6;

FIG. 915 asectional view along hne 9-9 in FIG. §;

FIG. Hthis arear view of FIG. §;

FIG. 11 15 an enlarged side sectional view of the first step of mserting a nucro-inverter
cirewt unit o the contatner of FIGS. 6-14;

FIG. 12 1s an enlarged side sectional view of the second step of inserting a micro-inverter
crett wat into the container of FIGS. 6-10;

FIG. 13 15 an enlarged side sectional view of the final step of inserting a micro-inverter
cirewit unit wyo the container of FIGSK. &-10;

FEG. 14 13 a rear view of one of the photovoliale solar panels of FIG. 1 with a second
gmbodiment of a mounting securing a container of the multi-channel micro-inverter o the
photovoltaie solar panels;

FIG. 13 15 an enlarged side sectional view illustrating a mounting of one of a plurality of
arms to the contamer of the malti-channel micro-inverter of FIG. 14

FIG. 16 is an enlarged side sectional view illustrating a mounting of one of a plerality of
armis 1o the peripheral frame of the photovoltaic solar panel;

FIG. 17 13 an enlarged side sectional view illustrating one of a plurality of arms having a
vartable lengtiy

FIG 18 i a diagram ol the wierface for a renesable energy system incorporating the

mproved multimode mudti-channel micro-mverter of the present mvention mferconnecting
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multiple renewable energy sources to an electrical grid;

FIG. 19 15 a logic diagram of the operation of the interface for renewable energy system of
FIG 18,

FIG. 20 tlustrates a first example of the circut diagram of the renewable energy svstent of
FIG I8 in a first electrical grid-tied operating mode;

FIG. 21 is a cirauit diagram siular to FIG. 20 waith the mterface Tor renewable energy
svstem in 3 second electnical grid-tied operating mode;

FIG. 22 is a civcuit diagram similar to FIG. 20 with the interface for renewable energy
system in an off-grid operating mode;

FIG. 23 is a circult diagram sinnlar to FIG. 20 with the interface for renewable energy
svstem 1n an emergency operating mode;

FIG. 24 iliustrates a second example of the aircuit diagram of the renawable energy svstem
of FIG. 18;

FiG 25 is a block diagram of the nucro-inverter circant of the present invention;

FIG. 26 18 a cirowt dhagrant of the micro-mnverter circuit of FIG. 25;

FIG. 27 15 a block diagram Ulastrating a redandant power supply for the controller of the
multi-chanuel micro~-inverter;

FIG. 28 15 a block diagram sllustrating a controller communicating with the phuahity of
TG~y erters circuils;

FIG. 29 1% a block diagram dustrating a master communication system for communication
with the controller of the phwahty of nucro-inverters circuits;

FIG. 30 s a diagram of similar to FIG 18 Hustrating an apparatus for identilving a

performance and/or faull in a solar panel of a solar panel array mcorporated nto the renswable

energy svstem of the present invention;

FIG 31 s a block diagram simular to FIG 27 iHlustrating a client controller withun the
micro-invarter cireut;

FiG. 32 is a block diagram of a portion of FIG. 29 tllustrating a polling aircuit and a status
and data circwt;

FIG. 33 is a able illustrating the polhing and the identification of the micro~-mnverters of the
solar arrays.

F1G. 34 iz a table illustrating a first performance and/or fault of a solar array;

FI(: 33 is a table lustrating a second performance and/or fault of a solar array, and

FIG. 36 1s a table illustrating a third performance andfor fault of a aucro-inverter.

10
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Sirmlar reference chavacters refer to sinular parts throughout the several Figures of the
drawings,

DETAILED DISCUSSION

FIG. 1 is a front view of a building structure 5 meorporating an inferface for renewable
energy svstem 7 for miterconnecting a phurality of power sonrces © an AC power gnid 9. The
plurality of power sources mclade a photovoliaic solar array 10 and a wind turbine 20, Preferably,
the photovoltate solar amvay 10 and the wind twrbing 20 incorporate an energy storage wilt such as
a battery armav 22 andfor a fuel cell array 24 Preferably a fuel operated generator 26 is
meorporated nio the svsterm for emergency operation.

The photovoltaic solar array 14 is Hlustrated having a plurality of photovoltaic solar panels
11-18. Albough the building structure 5 has been shown as a residential building structure, it
should be understood that the photovoltaic solar arrav {0 may be mownted on virtually any tvpe of
butlding structure as well as being mounted on a ground surface.

Each of the plurality of photovoltaic solar panels 11-18 15 made from a muluplicity of
photovoltaie solar cells 19 Tymcally, each of the photovoltaic solar cells 19 generates
approximately 0.3 volts.  The photovollaic solar cells 19 are connected in serjes—paraliel 1o
provide approxumately 300 watls of power at 30 volts,

In some instances. individual photovoltaic solar panels 1118 are mounted on equatorial
mounts (not shown) for following the movement of the sun throughout the day. The structure and
operation of an equatorial mount 15 notoriously well known to those skilled in the ant,

FIGS. 2-4 are rear view of the photovoliaic solar panels 11-14 of FIG. 1. Each of the
photovoltaie solar panels 11-14 includes a junction box 11J-144 for conneciing the multiplicity of
sofar cells 19 fo positive conductor 11+ to 14 + and negative conductor 11- to 14 - The
photovoltaic solar panel 13 defines a peripheral frame 30 including opposed peripheral frame rails
31 and 32 and opposed peripberal frame rails 33 and 34,

A contamer 40 extends between a first and a second end 41 and 42, The contaiper 40
meludes mounting arms 43 and 44 shown as flanges 45 and 46 extending from opposed ends 41
and 42 of the container 40 The flanges 43 and 46 of container 49 are secared o the opposed
peripheral frame rails 31 and 32 of the photovoltaic solar panel 13, The flanges 43 and 46 make
thermal contact with the penipheral frame rails 31 and 32 of the photovoltaic solar panel 13 for

transfernng heat from the container 46 {o the penipheral frame 30 of the solar panet 13.

11
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A closure 50 engages with the container 40 o form a weather tight seal with the container
40 for housing a nuti-channel micro-inverter 60 within the contaner 4. Preferably, the closure
30 is secured to the contaner by a plurality of threaded fasteners 55 for perputting removat of the
closure 30 for servicing or re placing the multi-chanwel mucro-inverter 60 therein.

Ag best shown n FIG. 4, the multi-channel mucro-inverter 60 comprises a plurality of
independent micro-mverter beards 61-64. As will be described i greater detasl hereinafier, cach
of the micro-inverter board 61-64 18 independently mounted m the container 40 for replacement
andd repair.  The micre-mnverter boards 61-64 are secured to the container 40 by a phualitv of
threaded fasteners 66 enabling a micro-inverter board to be msarted and removed for repair oy
replacement.

Preferably, fouwr independent micro-inverter boards 61-64 are mounted in the confainer 40
enabling 30 anpeare wirg to be used o connect the multi-channgl micro-nverter 60 to an external
foad or to an external electrical gnd.

Each of the mucro-mverter boards 01-64 has a micro-mnverter DC power input 011-64] and
an AC power output 610-640. The positive conductor 11+ {o 14 + and negative conductor 1}~ 1o
14 — of the photovoltaic solar panels 11-14 are connected to the power input 611641 of the
plurality of independent micro~-inverter boards 61-64.

A plurality of micro~nverters 71-74 are disposed on the micro~mverter boards 61-64. The
micro-inverters 71-74 receive DC power from the power inputs 61-641 of the plurality of
idependent micro~inverter boards 61-64 and provide AC Power on the AC power output 610-
640 of the plurahity of independent micro-inverter boards 61-64. A phurality of regulators 81-84
are disposed on the mucro-inverter boards 61-64 for controlling the nwcro-inverters 71-74 and for
providing comumuntcaiton between the mecro-invester boards 61-64.

An AC power bus interconnects the AC power owiput 610-640 of the plurality of
mdependent micro-mverter boards 61-64 i a parallel configuration. The combined AC power
output 610-640 of the plurality of independent mucro-inverter boards 61-64 18 provided on a
mudti-channel micro-inverter power outpul conductor 130 In this embodiment, the AC povver
bus 1s shown as AC cables 71 AC-T3AC connecting the AT power outpat 610630 of the phurality
of independent micre~nverter boards 61-63 1o the AC power output 640 of the micro-inverter
board 64 An AC cable 74AC connects the AC power outpit 640 of mucro-anverter board 64 to
the multi-channel micro-mverter power output conductor 130,

A data bus interconnects the plurality of regulators 81-84 disposed on the micro-inverter

boards 61-64 for providing digital communication between the micro-mverter boards 61-64. In

12
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this embodiment, the data bus is shown as jumper cables 81D-83D connecting the plurality of
regulators 81-84

A controfler 90 is located on ong of the micro-mverter board 64, The controller
commuenicates with the pluality of regulators 81-84 for monttoring and sefting the parameters of
the operation of the independent micro-inverters 71-74. Preferably, the controller 90
communicates with the plurality of regulators 81-84 through an infer micro-inverter network
protocol such as RS-483 data link or an optical link. 1n addition, the controlier comnuumnicates with
the plurality of regulators 81-84 for momitoring the operation of the photovoltaie solar panels 11-
14 and for monitoring the operation of the micro-inverters 71-74. Furthermore, the controller 90
communicates the monitored data through multi-channel micro-inverter power output conductor
130 for transfer {0 a remote focation by power line carmmer commmunications (PLCC).  The
controfler 960 modulates the AC power with the monitored data on the AC power output 640 of
micro~-inverter board 64, The monitored data on the AC power exits the mudti-channel micro-
mverter power output conductor 130 for transter o 2 remote location. The more detailed
explanation of the operation of the plurality of regulators 81-84 and the conroller 20 will be set
forth hereafter.

FiG. 5 15 an enlarged sectional view along line 5-5 in FIG. 4. Each of the micro-inverters
71~74 has a power stage comprsing microwinverter switches 718-748 and micro-inverter
transformers 7iT-74T. A non-glectrically conductive thermal conductive medim 93 thermally
coupled the power stage of the micro~-inverter 71-74 to one of the container 40 and the closurs 50,
The container 40 {ransfers heat from the power stage of the micro-inverter 71-74 to the peripheral
frame 30 of the solar panel 13, Preferably, the thermal conductive medium 93 comprises a first
fhermal transfer mediam 96 interposed between the power stage and the container 40 and a second
thermial ransfer medium 97 interposed between the power stage and the closure 3G for thermatiy
coupling the power stage to the container 40,

The micro-inverter board 61 defines an under side and an upper side of the micro-inverter
board 61, I this embodiment, the micro-inverter switches 718-748 are mounted on the underside
of the micro-inverter boards 61-64 whereas the micro-inverter transformers 71T-74T are mounted
on the upper side of the micro-mverter boards 61-64. In the example, the micro-inverter switches
T18-748 are shown as metal oxide semiconductor Neld effect transistors (MOSFET) with the
metal component thereot mounted remote from the micro-inverter circuy board 61, A first
resilient thermal trapsfer medium 90 is interposed between the metal component of the macro-

mverter switches 718-748 and the contamer 40, A second resilient thermal transfer medium 97 18
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wterposed between the micro-inverter transformers 7UT-74T and the closure 50, The first and
second thermal transfer mediums 96 and 97 thermally couple the power stage o the peripheral
frame 30 of the solar panel 13, The thermal fransfer from the micro-inverters o the contuner 40
coupled with the thermal transter from the container 40 to the penpheral frame 30 of the solar
panel 13 eliminates the need for heat sinks and cooling fans for the mulii-channel micro-inverter
60,

H has been found that the use of four micro-inverters 61-64 in a single contamer 40 15 the
optinnun for heat dissipation and weight when the four micro-inverters 61-64 are void of any heat
sinks or cooling fans. The elimination of heat sinks and cooling fans increases the overall
efficiency and lowers the cost of the four nucro-inverters 61-64 in a single contamer 4. In
addition, the use of four micro-nverters 61-64 in a single container 40 pammts 30 ampere wire to
be used for the AC power output of the multi-channel micro-inverter 60,

FIGS. 6~10 Hustrate a second embodiment of a container 404 for the mult~channel
micro-inverter 60 of the present invention. In this embodiment, the contaner 404 extends
between a first and a second end 41A and 42A. The container 40A includes through apertures
43A. A shield 44A is secured to form a seal with the back of the contamer 40A. Flanges 43A and
46A extend from opposed ends 41A and 42A of the contaner 40A for securing fo the opposed
penpheral frame rails 31 and 32 of the photovoltaic solar panel 13 as shown in FIGS. 223, The
fanges 43A and 40A make thermal contact with the penpheral frame rails 31 and 32 of the
photovoltaic solar panel 13 for transfernng heat from the contmner 404 to the peripheral frame 30
of the solar panel 13, The container 40A defines a plurality of slots 48A the function of which will
be described in greater detail here and after,

A plurality of closures 31 A-34A includes tabs S1T-34T extending from the closures S1A-
34A. The tabs 31T-5347 of the plurality of closures 31A-54A cooperate with the ph.;raiit},-‘ of slots
48A to secure the plurality of closures S1A-34A 1o the container 404,

Each of the mucro-inverter hoards 61-64 independently engages a thermial conductive
medium or may be encapsulated in a non electrically condoctive and thermal transfer potting
compound 95A.  The micro-inverter boards 61-64 are independently housed in the phurality of
closures S1A~S4A

FIG. 11 15 an enlarged side sectional view of the first step of inserting the micro~-inverter
hoard 64 into the contaner 404 of FIGS. 6-141 The micro-inverter board 64 15 placed within the
closure 34A. The AC cables 7TAC-73AC shown in FIG. 4 are connected from the AC power

output 610-630 of the plurality of independent micro-inverter boards 61-63 through the apertures
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43A 1o the AC power output 640 of the micro-nverter board 63, Sinularly, the jumper cables
81D-83D shown m FIG, 4 extend through the apertures 43A (o connect the phurality of regulators
R1-84  An AC cable 74AC connects the AC power output 640 of mucro-inverter board 64 to the
multi-channel mucro-inverter power o conductor 130,

FIG. 12 s an enlarged side sectional view of the second step of inserting & micro-inverter
board 64 into the contamner of FIGS, 6-10. The tab 347 extending from the closure 54A15 inserted
into the slots 48A.

FIG. 13 15 an enlarged side sectional view of the final step of mserting a micro-inverter
board 64 1nto the containar of FIGS. 6-10. The closure 34A i3 rotated abowt the tab 34T enabling
the closure 34A to be secured to the contamer 40A by a plurality of threaded fasteners S5A.
When the closure 54A s fastened to the contaner 40A by the plurality of threaded fasteners 33A,
the closure S4A applies pressure 1o thermally engage the power stage of the micro-inverter 74
mcluding the mucro-inverter swilch 748 and the mucro~-inverter transformer 747 to the container
404

FIG. 1415 a rear view of photovoltaic solar panel 13 of FIG. 1 with g second embodiment
of a mounting the container 40B of the multi-chanval micro-inverter 60 to the photovoltaic solar
panel 13, The contamner 408 extends between a first and a second end 418 and 428, The
contaner 40B includes mounting arms 43B-46B extending from opposed ends 418 and 42B of the
comtaingr 408, The mounting aoms 43B-468 secure the contauner 408 1o the opposed peripheral
frame rails 31 and 32 of the photovoltaic solar panel 13, The mounting amms 43B-46B make
thermal contact with the peripheral frame rads 31 and 32 of the photovoliaic solar panel 13 for
transfernng heat from the contatner 408 (o the penipheral frame 30 of the solar panel 13.

The micro-inverters 61B-64B are approxumately minety five percent {93%) efficient
Assuming an output of 250 Watt per micro~-inverter 61B-04B, the total heat to be dissipated by the
enclosure is approximately 50 watts.  To reduce cost. the power output stages of the macro-
mverters 61B-648 are void of heat sinks and cooling fans. In this embodiment, the power cutput
stages of the micro-inverter G1B-04B are distributed about remote portions of the container 40B
for distnibuting the heat of the power output stages. Mounting the contatner 448 i the geometric

center of the solar panel frame 30 provides better heat distnbution for the power outputs and for

the photovoltate solar panel 13

The container 40B is mounted in the geometric center of the peripheral frame 30 to msure
the center of mass of the contamer 40B coincident with the center of mass of the photovoltaic solar

panel 13, The comncidence of the center of mass of the contamer 40B and the photovoliaic solar
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panel 13 provides a supenior weight distribution in the event the photovoltaie solar panel 13 s
movated on an equatorial mount {not shown).

FIG. 15 is an enlarged sectional view of a portion of FIG. 1 iflustrating the connection of
the mounting arm 468 to the contamer 40B enabling the mounting anm 438 1o pivol relative to the
container 408,

FIG. 16 is an enlarged sectional view of a portion of FIG. 1 iflustrating the connection of
the mounting amt 468 1o the peripheral frame rail 32 of the solar panel 13. The mounting arm
46B 1s connected to a bracket 578 by a threaded fastener 56B. The bracket 378 is connected to
the peripheral frame rail 32 of the solar panel 13 by mechanical fasteners shown ag self taping
serews S8B

FiG. 17 Hlustrates an alternate connection of the mouanting arm 438 fo the container 40B.
The mounting arm 438 includes a first mounting arm section 43C and a second mounting arm
section 430 A longitudinally extending slot 398 1s defined v the second mounting arm section
43D of the mounting arm 438, A mechanical fastener 32C engages with the slot 398 1o adjust the
tength of mounting arm section 43D relative to the mounting ann section 43C thereby adjusting
the length of the moenting arm 438 1o the solar panel 13. The mounting system shown in FIGS.
14-17 enables the container 4B 1o be mounted to different sizes of solar panels 13.

FIG. 18 ix a diagram of the renewable energy system 718 capable of operation in three
modes namely a gnd tied operation mode, an off gnid operation mode and an smergency operation
mode. The interface for renewable energy system 7 switches astomatically between the grid ted
operation mode, the off grid operation mode and the emergency operation mode.

The renewable energy svstern 7 comprises multiple photoveliaic areays 10A and 10B.
Each of the multipte photovoltaic solar arsavs 10A and 108 15 identical to the pholovoltaic solar
arravs 10 shown in FIGS. 2-3. Each of the mudtiple photoveltaic solar arrays 10A and 10B
mclades o molti-channel micro~-inverter 60, The molti-channel micro-inverter 60 of the
photovoltaic solar arrays HiA and 10B are connected by electrical cables 101 and 102 to 8 junction
box 103, As previously described, the preferred configuration of four micro~-inverters per muli-
channel micro~-mnverter enables 30 ampere cable to be used for electncal cables 101 and 102, The
output of junction box 103 is connected by cable 104 o a junction box 105,

The renewable energy system 7 comprises the wind torbine 20 comnected to a micro-
tverter 60. The micro-inverter 64 of the wind turbine 20 is connected by electrical cable 106 to
the yunction box 103,

The mnterface for renewable energy svstem 7 mcludes a switching matrix 110 conprising
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switches 111-114. The switches 111-114 are connected o conductors 115-118. The junction box
103 15 connected by conductor 113 to the switch 111 of the switching matnix 10,

The fuel operated generator 26 is comnected by the conductor 116 to the switch 112 of the
switching matrix 110, The fuel operated generator 26 mav be any type of generator operating on a
petroleum based fuel such as diesel, gasoline, natural gas, propane and the like. The fuel operated
generalor 26 operates only i emergency sitoation and only upon the loss of AC power from the
AC power grid 9,

The AC power gnd 9 is shown as a conventional extemal electrical gnd 120 of 120 volt at
60 Hz. I should be appreciated that the mterface for renewabls energy svstem 7 s suitable for use
with 120 to 240 volt 5060 Hz electrical systems. The external electrical grid 126 is connecied
through a conventional wattmeter 122 and conductor 117 {0 the swaich 113 of the switching matrix
110, Since the fuel operated generator 26 operates only i emergency situation and only upon the
loss of AC power from the AC power gnd 9, switch 112 and 113 may be mechanically
mterconnected to prevent the simultaneous closing of switches 112 and 113,

The battery array 22 s connected to a multi-channel micro-inverter 60W. The output of
the multi-channel micro-mverter 60W i3 connected through conductor 118 to the switch 114 of the
switching matix 118, The multi-channel nucro-inverter 60W operates in two modes. In the first
made of operation. the mutti~-channel micro-nverter 60W to convert DC power from the battery
array 22 mto AU power as previously described. 1n the second mode of operation, the multi-
channel micro~-inverter 6OW operates as batterv chavger for charging battery array 22 upon AC
power appearing on conductor 118

Prefergbly, the multi-channel micro-inverter 60W includes a waveform generator 1235,
When actuated, waveform generator 125 produces a 60 He sing wave for synchromang the phage
of the AC power produced by the nucro-inverters 64 in the absence of a AC power from the
external electrical grid 120, The operation and fonction of the waveform generator 125 will be
discussed in greater detail heremafier,

The fuel cell 24 15 connected 1o a multi~-channel macro-nverter 60, The mult~channel
micro-inverter 60 15 connected through conductor 118 to the switch 114 of the switching matrix
HG

An dectrical service circuit breaker box 140 is connected by conductor 119 to the
swiching matrix 110, The electrical service cireuil breaker box 140 powers a load 143
represented by conventional electneal outlets 146, The opening and closing of switches 111-114

connect the various power sowrces connected to the conductors 115-118 fo the elecirical service
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circutt breaker box 14O to power the load 145,

Sensors 156 represented by the sensor box are comnected (o recaive nput 131 from the
interface for renewable energy system 7. The sensors 130 momior the various parameters of the
vanous power sources comnected o the condactors 113-118. A output 152 of the sensors 130 i
comtected 1o a mmster control 160 for opening and closing the switches 111-114 as will be
described heremnafier.

An electrical monitor controller 170 1s connected to the interface for renewable energy
svster 7 for remotely monitoring the operation of the interface for renewable energy svstem 7 and
for recetving instruction from a remote location.  The electrical monitor controllar 170 i3
connected to the interface for renewable energy systemn 7 by a data conductor 172, The electrical
monilor controlier {EMC) 170 conununicates with the controllars 90 of the muldti-channel micro-
mverters 60 and the master control 160 by power line carer commmunications {(PLCCY In
addition, the electrical monitor controller {EMC) 170 provides communication with the intemet
18 for remotely monttoring, remotely alerting. or remotely entering instruction from a computer
182 or a mobile device 184 mito the controllers 90 of the multi-channel micro-nverters 60 and the
master control 160,

FIG. 19 is a logic diagram of the opergtion of the mterface for renewable energy system 7
of F1G. 18. The logic diagram llustrates the program stored 1 the master control 160 of FIG. 18
The fogic diagram iHustrates vanous alternative operations available to the interface for renewable
energy svsient 7 when operating i a grid ied mode of operation.

Furthermore, the logic diagram ifhustrates various altemative operations available to the
wterface [or renewable energy svstern 7 upon loss of AC power on the electrical grid 120, The
logic diagram Hlusirates the ability of the miterface for renewable eperpy svstem 7 o switch
automatically between the grid tied mode of operation and the off grid mode of operation. The
operation of the interface for renewable energy system 7 in accordance with the program stored in
the controlfer 160 1s further tllustrated with reference to FIGS, 20-23.

The mterface for renewable energy system 7 avtomatically operates i three modes. FIGS.
20 and 21 llustrate the ierface for renewable energy svatem 7 in a gnid tied operation mode.
FIG. 23 illustrates the interface for renewable energy system 7 i an off grid operation mode. FI1G.
24 illustrates the interface for renewable energy svstem 7 in an emergency operation mode.

FIG. 20 dlustrates a first example of the circuit diagram of the muterface for renewable
energy svatern 7 of FIG 18 Voltage sensors VI-V S sense the vollage at the switches 111-114 and

the load 145, Similarly. cuerent sensors 13-15 sense the current at the switches 111-114 and the
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foad 145, The controller 160 receives the input from sensors V1-VS and T1-15 and provides output
to switches 111-114 i accordance with the program stored in the controlier 160,

FIG. 20 ilustrates the circuit diagram of the mterface for renesvable energy syvstem 7 ina
first electrical grid-tied operating mode whersin AC power is present on the glectrical grid 120,
The swiich 113 is closed for connecting the external electrical gnd 120 to the interface for
renewable energy system 7. The switch 112 is open for disconnecting the fuel operated generator
26 from the external electnical grid 120, An merlock within the conirofler 160 prevents the
simuttaneous closing of switches 112 and 113, Furthermore, switches 112 and 113 may be
mechanically interconnected to prevent the sinudtaneous closing of switches 112 and 113,

Switch 111 s closed enabling the photovoltaic solar panel arrays 10A and 10B andfor the
wind tarbine 20 to provide renewable AC power 1o the external electrical gnid 120 through closed
switch 113, The renewable AC power generated by the nudti-channel nucro-inverters 60 is
maintarned i phase with the external electnical grid 120 by the regulators 81 and the controllers
94 within the mudti-channel micro-mverter 60 The controflers 80 within the mudti-channel miero-
mverters 60 monttor the phase of the external electrical grid 120 and control the nucro-mnverters 60
accordingty.

Switeh 114 15 closed enabling the photovoltate solar panel arrays 10A and 108 andfor the
external electrical gnid 120 to charge the batlery array 22, The multi-channel micro-inverter 60W
operates as a battery charger for charung the battery array 22, The wavelomy generator 125 is
mactive sinee the extemal electrical grid 120 provides a sine wave that is followed i phase by all
of the mudti-channel micro-inverters 60 The mudti-channel micro-inverter 60W operates to
recharge the rechargeable fuel cell 24

FEG. 21 13 a circant dragram simlar 1o FIG. 20 with the interface for renewable energy
system 7 in a second electrical grid-ied operating mode. In the event the batierv arvay 22 and/or
the fuel cell 24 has obtained maximum charge capacity as mdicated by the vollage on V4, the
canttrofer 164 opens switeh 114 to prevent funther charging of the battery arrav 22 andfor the {uel
cell 24

FIG. 22 48 a circait diagram similar to FIG. 20 with the interface for renewable energy
svstem 7 in an off-grid operating mode. Lipon the loss of AC power from the external electrical
and 129, the sensor V3 senses the loss of voltage and the controller 160 opens the switch 113 1o
disconnect the extemal electrical grid 120 from the interface for renewsble energy system 7.
Preferably, a time delay is incorporated into the controlter 160 for providing a timed durahion prior

o opening 113 fr accommodating for ransient voltage fluctuations,
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Optionatly, the master control 160 nmay open the switch 113 to disconnect the external
electrical grid 120 from the interface [or renewable energy svstem 7 in the event of an over voltage
on the external electrical gnd 120 thereby profecting the interface for renewable energy svsterm 7
from damage due to an over volage condiion.

Upon opeming the switch 113, the controller 160 closes switch 114 and activates the
waveform generator 125, The multi-channel micro-tnverters 60W converts the DC power from
the battery arrav 22 mto AC power following the phase of the waveform generator 125, The AC
power from the nudti-channel micro-fnverters 60W 1s directed to the load 145,

Switch 111 is closed enabling the photovoltaic solar panel arravs 10A and 10B andfor the
wind turbine 20 to provide renewable AC power to the load 145, The renewable AC power
generated by the mudti-channel nucro-mverters 60 13 mamnfained m phase with the wavelorm
generator 1235,

In the event the photovoltaic solar panel arravs 10A and 10B andfor the wind twbine 20
provide more electsical power than requited by the load 145, then the controller 160 enables the
multi-channel micro-inverter 60W {o charge the battery array 22 and/or the rechargeable fuel cell
24, In the event the battery array 22 and/or the fuel cell 24 has obtamed maximum charge capacity
as indicated by the voltage on V4, the controller 160 opens switch 114 o prevent further charging
of the battery array 22 and/or the fuel cell 24 In the altermative, the controller 160 may open
switch 111 to disconnect the photovoltaic sofar panel arravs 10A and [0B andfor the wind twbine
20 and close switch 114 to dissipate excessive charge in the battery array 22 andfor the fuel cell 24
to the load 145,

The photovoltaic solar panel arrays 10A and 10B andior the wud turbine 20 work m
concert with the battery arvay 22 andéor the rechargeable fuel cell 24 for providing rehiable AC
power to the load. In the event photovohiaic solar paned arrayvs 10A and 10B andior the wind
trbine 20 provide less electrical power required by the load 145 due to clouds, nightlall or the
absence of wind, the battery areay 22 andfor the rechargeable fued cell 24 provides supplemertial
AC power to the load. The switch 112 remains open keeping the fuel operated generator 26
disconnected from the interface for renewable energy svstem 7 until the depletion of the stored DC
power in the battery array 22,

FIG. 23 13 a crcuit diagram simlar to FIG 20 wath the mterface for renewable energy
svstent 7 in an emergency operating mode.  An emiergency condifion exists when the (1} the foss
of AC power from the external electrical grid 120, (2) the inability of the photovoltace solar panel

arravs 10A and 10B andfor the wind turbine 20 to provide sutficient AC power to the load 145 and
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{3) the depletion of DC power stored in the battery array 22 andfor the rechargeable fuel cell 24

simuttansousiy exists.

In the emergency operational mode, the controller 160 terminates operation of the
waveform generator 1235, The controller 1680 closes switch 112 and actuates the fuel operated
generator 26, The fuel operated generator 26 provides emergency power 1o the load 1435 as well as

AC power {o charge the battery arrav 22 andior the rechargeable fuel cell 24,

In the event, the DC power from the photovoltate solar panel arrays 1A and 10B and/or
the wind torbine 20 15 restored, the controller 160 termunates operation of the fuel operated
generator 26, opens switch 112 and activates the wavelform generator 125 1o retun to the off-gnid
operating mode as heretofore described.

When the AC power from the external electiical grid 120 18 restored, the controller 160
returns the switches 111-114 1o the positions shown in Fi(r 20 with the waveform generaior 123
i a deactivated condition. i should be appreciated that the mierface for renewable energy system
7 switches audomatically between the grid tied operation mode, an off grid operation mode and the
emergency operation mode while shll meeting electrical safety standards |

FIG. 24 1fhustrates a second example of the circuit diagram of the renawable enargy system
7 of FIG. 18, In fus example, the controller 160B is a hard wired electnical cirenit void of
programmable electromie components. The voltage sensor V3 senses the vollage from the extemnal
electrical grid 120, The output of the voliage sensor V3 13 applied to a window comparator 200
having comparators 201 and 202, The output of the window comparator 200 is connected to the
switch 113 through delay circuit 205, The delay cirewt 205 ehinunates transient vollages on the
extemnal electrical grid 120 from changing the switch 113

A proper voltage of the external elecnical gnd 120 produces a high output from the
window comparator 200 1o close switch 1130 An over voltage or an under voltage of the external
electrical grid 120 produces a zero output from the window comparator 204 1o open switch 113.

The voltage sensor V3 is also connected through an inverter 208 1o an AND gate 210, The
output of AND gate 210 18 connected 10 control switch 112, A proper voltage of the external
alectrical grid 120 produces a love output from the AND gate 210 to open switch 112

A comparator 213 compares a reference DC voltage 216 with the voltage of the batteny
array 22, The outpwt of the comparator 215 s applied through an imverter 217 to the AND gate
216, The AND gate 210 closes switch 112 ondy upon (1) the loss of voliage of the external

electrical grid 120 and (2) the voltage of the battery array 22 s below the reference voltage 216.

q.;

The output of the comparator 215 1s applied through an inverter 217 to an OR gate 220
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The OR gate 220 receives an inpat from the voltage sensor V3. The output of OR gate 220 s
connected 1o control switch 111, The OR gate 220 closes switch 111 when (1} a proper voliage
appears on the external electrical grid 120 or (2) the voltage of the baltery array 22 is below the
reference voltage 216,

The cutput of the comparator 2135 i applied through the inverter 217 and inverter 225 to
controf switch 114, The comparator 213 closes switch 114 when the voltage of the battery svay
22 is below the reference voltage 216,

An example of switching civcuit suitable for fuel operated generator switch 112 and the
external electrical grid swiich 113 is disclosed in US Patent 8,134,820 which is imcorporated by
reference as if fully set forth herein.

FIGS. 25 and 26 are a block diagram and a sumplitied circwit diagram of 8 micro-inverter
71 swtable for use with the present invention. The nucro-inverter 71 described is a gnid-connected
solar mucro-nverter reference design using a &PIC digital signal controler (ANT33R),

The micro-inverter 71 compnises a DC o DC converter 71C comprising plurd switches
71S and plural transformers 71T, The DC power mput from the solar array 10 15 apphied to
primary windings of each of the plural transtormer 71T, The phural switches 718 are connected in
series with the plural transformer 717, respectively. The plural switches 718 are controlled by the
regulator 81 Fach of the plural switches 718 produces a pulsating DC waveform in the shape of a
positive half cycle of an AC waveform.  The regulator 81 controls the plural swiiches 718 to
produce pulsating DC waveforms having an elevated voltage and one hundred and eighty degrees
ol of phase with one another. Each of the pulsating DC waveforms i3 elevated n voltage. The
regulator 81 controls the plural switches 718 10 produce maxumunt power cutput from the voltage-
current output curve of the solar array 10, A complete techmcal discussion of the dePiC digiial
signal controlfer {AN1338) munufactured by Microchp Technology Ine. mav be found in
technical bulletin for the dsPIC digital signal controller {AN1338) which is hereby incorporated by
reference as if fully ser forth herein.

The regulator 81 18 able {o throttle back the output of the mucro-tnverter 71 by the electneal
monitor controller (EMC) 170 communicating through the intemet 186 for remotely entering
mstruction imo the controlers 940 of the multi-channel micro~-inverters 60 In some Inshances, 100
much renewable energy power is introduced mto the extermal electrical grid 120 The electrical
monitor comtroller (EMC) 170 enables an external source such as an electrical power conypany to
throttle back the regulators 81 to reduce the amount of the renevwable energy power introduced

o the external electrical grid 1200
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FIG. 27 1 a block diagram ilustrating a redundant power supply 65P for the controller 90
of the multi-channel micro-mnverter 60, Each of the mverters 81-84 includes a power supply 618-
64P. Each of the power supplies 61P-64P is connected to a diode OR gate 85 to provide poser fo
the controller 90, In the gvent one or more of the power supplies 61P-64P andfor solar panels 11-
14 should fail, the remaining power supplies 61P-64P will still provide power to the controlier 90,

FIG. 28 15 a block diggram illustrating 2 controller Y0 communicates with the plurality of
nucro-inverters circuits 61-64. The controller 90 conumusicated with each of the regulators 81-84
through the data cables 81D-84D. The data cables 81D-84D yay be a PnP, RE-485 or infrared
{IR) communication svstems. The controler 20 monitors and provides imstructions to gach of the
nicro~inverters circuits 61-64.  However, each of the micro~-inverters circuits 61-64 operates
mdependently of the remaining mucro-inverters circuls 61-64,

FIG. 29 is a block diagram illustraing the elecirical momior controller (EMC} 170 for
communication with the controller 90 of the plurabity of multi~channel micro~-nverters civeuits H0.
Lines labeled “L7 (Line} and "N (neuiral) are use as media to carry analog data 1o and from the
micro-inverters 61-64 mstalled &t or near the solar collectors 11-14,

The digital signal controlfer (dsPIC33} 18 an Analog-to-Digital Converler, converting
erther a Utility Band operating at 6Kbps (kilobits per second), 72Khz (kidohertz) uitlizing Forward
Error Correcion (FEC) or a Consumer Band operating at 7.2 Kbps, 12% 6Khz with no Foreward
Error Correction.  The digital signal controller is also referred to as a Peripheral huerface
Controller or a Programmable Intethgent Conmputer.

The sucro mveriers 60 installed af or near the solar collectors send dafa such ag curvent
output, watt output i an analog form which is first received by the PLOCC Analog Front End. The
PLCC receives the signal thai has been transmitted though the power hnes to create an analog
signal that the dsPIC33 can further process. The dsPIC33 sends analog data to and from the micro
wverlers 60, Once the dsPIC33 has recetved some analog data from the micro inverlers 60, the
dsPHC33 then can send and receive digital data to and from the PIC24 via F*C. The 1*C 1s an Inter-
Integrated Circuit bus connecting the dsPIC33 to the PIC24. The PIC24 15 a muicrocontrofier where
mstructions are stored in the non-volatile memory called Program Mamory the data {rom the
dsPHC33 15 stored in the PIC24°s Data Memory. The instructions {programs} siored and executed
by the PIC24 mchude HTTP {Hyvpertext Transfer Protocol), FTP (File Transfer Protocol), SMTP
{Simple Mail Transfer Protocol), IP (Intemet Protocol), TCP (Transnussion Control Protocnt),
DHCP (Dynamic Host Configoration Prolocol), ARP (Address Resolation protocol), ICMP

{Internet Control Message Protocol), and UDP {User Datagram Protocol). The HTTP (web
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server) mstractions stored in the PIC24°s Program Memory gives technicians or homeowners the
ability 10 input and see real time mformation, such as, power owlputs, temperature, and status of
the system, using a standard web browser. The SMTP server gives the unit the ability 1o send
armails to a technician of homeovwaer when specified events bave or will ocourred, such as a fallure
m ong of the system components (solar panel, micro inverter, gnid power foss, grid power low, gnd
power restored, etc). The PIC24 is progravomed (o handle TCPAP stack winch allows for the
remote conumucation wung a Network Interface Controller (ENC2ZRI60 mn diagrany).  The
Network Interface Controller converts mstructions 1o be transmtted over a phvsical transmission
media, such as cabling {eleciric voltages), wireless {radio frequenciesy and/or infrared {pulses of
infrared or ordinary Hight) 1o be delivered to ultimately another Ethemnet controlter. The remote
computer with an installed Ethemet controller can then view the programs running on the PIC24,
such as HTTP to remotely view real fime data including curvent Volis, Current ouiput, Status of
the system, Temperature of the system, Watls and Kilowatt Hours being produced. The PIC24
also incudes a direct input and output fo and LCDMMI Message Center Display

FIG 30 is a diagram of similar to FIG. I8 iHustrating an apparatus 230 for mapping and
identifving a performance andfor fault in a solar panel of a solar panel array. The solar arravs have
a nwltiphicaty of solar panel groups with each solar panel groups having a plurality of solar panels
mownted m a specific physical pattern. In this example, three solar panel arravs 10E~10G arranged
inn alphabetical order. The first solar panel arravs 10E compuse four groups of solar panels. The
first group mnclodes solar panels P1HI-PHI, the second group includes solar panels PI21-PI24,
the third group mcludes solar panels P131-P134 and the fourth group includes solar panels Pi41-
Pldd

In a similar manner, the second solar panel arravs 1OF compnse fowr groups of solar
panels including solar panels P211-P214. the second group includes solar panels P221-P224, the
third group includes solar panels P231-P234 and the fourth group includes solar panels P241-
P44,

The third solar panel arravs 10G compnse four groups of solar panels mcludimg solar
panels P311-P314, the second group mcludes solar panels P321-P324, the third group mcludes
solar panels P331-P334 and the fourth group includes solar panels P341-P344.

Each of the groups of solar groups of solar panels includes a micro-inverter 6. The
nucro-inverters are secured to a single and 1dentifiable solar pavel of each of the solar panel
groups. In thus example, the micro-mverters 60 are secured to the first solar panel each of the

groups of each of the solar arravs 10E-10G.
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Micro-nverters 60 are secured to the first solar panel P11, P121, PI31 and P141 of the
solar panel array 10E. Micro-tnverters 60 are secured to the first solar panel P21E P221, P231
and P241 of the solar panel array 10F. Micro-inverters 60 are secured 1o the first solar panel P31,
PAZL, P331 and P341 of the solar panel asray 100,

FIG. 31 s a block diagran sinmlar to FIG. 27 lustrating the micro-inverter 60, Each of
the micro~nverters 60 has a unique identification nomeral for the mcro-inverter 60 and with each
of the micro-inverters 60 having numbered inverter ports.  In this example, each of the micro-
mverters 60 has four numbered inverter ports 611-641 for connection 1o four solar panels i the
solar pangl group.

The micro-inverter 60 includes the chient comtroller 90 that communicates with the
plurality of regulators &1-84 for monitoring and setiing the parameters of the operation of the
mndependent micro-inverters 71-74. In addition, the comtroller 94 commumicates with the plurality
of regulators 81-84 for monitoring the operation of the photovoliaic solar panels connected to the
mverter ports 611641

Refernng back to FIG 30, a plurality of cables connect the solar panels to specific
numberad mverter ports of the micro-inverter 60 for correlating the numberad inverter ports o
specific phvsical locations of the plurality of solar panels withun each of the solar panel groups.

Preferably, the solar panels of a group are mounted m a pre-established specific physical
pattern hased on a length of the cables connecting the solar panels fo the munbered mverter ports
of the micro-inverter 60. In this example. the micro-inverters 60 secure W solar panel P11 has
numbered nverter ports 611-641 (1, 2. 3 and 4) connected to solar panels (P11, P112, P113 and
PHI4Y, respectively. Thus, the cables connected o numbered inverter port 611-6H (1-4) range
fromy the shortest to the longest cable with numbered inverter port 611 {1} baing the shorted and
numbered inverter port 641 {4) being the longest. The rematung inverlers 60 secure to solar panel
P11H-P344 of the solar arrays TOE-10G and are connected in as sinular manner as shown i FIG.
30

A first trunk e 130F connects the micro-invertars 66 of the first solar array 10E to a first
circust breaker 261, Similarly, a second and a third trunk line 130F and 130G connect the micro-
mverters of the second and third solar arrays 10F and 10G to a second and a third circut breaker
262 and 263, A fowrth trunk line 130H is shown for connection to a mucro-tverter of another
renewable ensrgy source such as the windmill 20 shown on FIG 18, The first through fourth

bregkers 261-264 are connected to the EMC 170A shown and deseribed with reference 1o FIG. 20,
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FIG. 32 1s a block disgram of a portion of the electrical monstor controller (EMC) 170A of
FIG. 29 iHustrating a pothing circuit 270 and a status and data circutt 280, The conirofler 90 of the
micro~-inverters 60 of the frst, second and third arrays TOE-10G are connected through breakers
261-263 1o the polhing crcuit 27¢ and the status and data circuit 280 of the electnical monttor
controfier (EMC) 170A.

The polling circuit 270 generates a first polling signal upon closing the first circuit breaker
261 for enabling the controller 940 of each of the micro-inverters &} of the first solar array 10E o
transmit the identification numeral and the numbered inverter ports. Stmilarly, the polling circuit
274 generates a second polling signal upon closing the second circuit braaker 262 for enabling the
controller 90 of cach of the micro-inverters 60 of the second solar arrav 10F to transmit the
wdentification numeral and the numberad inverter ports.

The polling circuit 270 generates a third polling signal upon closing the thurd cirowt
breaker 263 for enabling the controlier 99 of each of the identification numeral of the third solar
array MG to transmit the identification maneral and the mumbered mverter poris.

FIG 33 15 a table ilustrates the polhing and the identification of the micro-inverters 60 of
the solar arrays 10E-10G. Column Bl, B2 and B3 comespond to ciraunt breakers 261, 262 and
263, respectively, The time column indicates the elapsed time from the closing of the respective
breaker Bi-B3. The colunns labeled solar pangl array 1 wdentify the solar panels P11 o P14
comiected to the munbered mverter ports (1, 2, 3 and 4) secure 1o the nicro-inverters 60, Below
the solar panels wdentifiers P11 to P141 are the last for digits of the identification numeral of the
respective micro-inverter 600, The columns labeled solar panel array 2 identify the solar panels
P21 to P241 connected 1o the numbered mverter ports (1, 2, 3 and 4 secure to the nucro-urveniers
60, Below the solar panels identifiers P211 to P241 ave the last for digits of the wdentification
numeral of the respective micro-tiverter 60, The colonms labeled solar panel array 3 identify the
sofar panels P311 to P341 connected to the numbered mverter ports (1, 2, 3 and 4 secure o the
micro-inverters 60, Below the solar panels wentifiers P311 1o P341 are the last for digits of the
sdentification numeral of the respective micro~inverter 60,

Uipon the closing of first breaker 261, the polimg circuit 276 generates a first polling signal
for enabling the controller 90 of each of the micro-nverters 60 of the first solar amay 10E to
fransid the identification numeral and the numbered mverter ports. Each of the micro-inverters
60 responds 1o the first polling signal based on a time elapse corresponding 1o the last four digits
of the identification numeral of the respective micro-inverter 60, In this example, the macro~

mverter 60 secured {0 solar panel P111 having the {ast four digits of the identfication numeral
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{1084} responds (R1} after an elapsed tme 1084 clock cveles after the closing of the first breaker
261,

After the mucro-inverter 60 responds to the first polling signal, the identification numeral
{10843 of the mucro-inverter 60 secwed 1o solar panel P111 is registerad (R by the states and
data circut 280,

The micro-inverter 60 secured to solar panel P121 having the last four digits of the
tdentification numeral (3187) responds (R1) after an elapsed tme 3187 clock cveles after the
closing of the first breaker 261, The micro-inverter 60 secured to solar panel P131 having the fast
four digits of the identification numeral (6123) responds (R1) affer an glapsed time 6123 clock
cycles after the closing of the first breaker 261, The micro-inverter 60 secured 1o solar panel P14
having the last four digits of the wdentification numeral (9834 responds (R1) afler an elapsed ime
9854 clock cvcles after the closing of the first breaker 261,

Upon the closing of second breaker 262, the polling arewt 270 generates a second polling
sighal tor enabling the condrolier 96 of each of the mucro-inverters 60 of the second solar array 10F
to transmit the 1dentification numeral and the numbered inverter ports. In this example, the nucro-
imverter o secured to solar panel P211 having the last four digits of the identification numeral
{1297 responds (R1} after an elapsed time 1297 clock cveles afier the closing of the second
breaker 262, Afler the nucro-inverter 60 responds to the second polling signal. the identification
numeral {1297} of the nucro-inverter 68 secured to solar panel P211 13 registered (R2} by the
status and data civenit 280 The remaining microqnverter 60 in the second panel array 10F
responds in a similar manner. The mucro-mverter 60 in the third pavel array 100G respond in a
simular manner apon closing the third breaker 263,

The sfatus and data cirouit 280 stores values of the identification numeral and the
numbered mvyerter ports 1o monitor the solar arvays 10E-10G upon closing al of the circut
breakers 261-263. The controfler 90 of each of the micro~inverters 60 communicates with the
status and data cireuit 280 for monitoring the operation of the photovoltaic solar panels 1 each of
{he solar arravs 10E-10G.

The states and data civcait 280 for generating a stalus output contaiming an identification
numeral and a numbered mverter ports of a performance andfor fault detected n a solar panel for
enabling an operator to deternuning the physical location of a performance andfor faulty solar
panel from the identification numeral and the numbered inverter ports of the performance and/or
faulty solar panel and based upon the onginal specific physical pattern of the plurality of solar

panels of the solar panel group.
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FIG. 34 15 a table of ilostrating an output of the status and data circuit 280 ilfustrating the
statos of the solar panels in the first, second and third solar arrays 16E-104. The table is shown as
a specific example of an oulput from the status and data arcuit 280 and numerous other types of
outputs are suitable for the status and data circuit 280, For example, the output from the status and
data cireuit 280 mayv be generated fron a computer screen, printer, celtular phone screen, tablet
and the hike.

In this example, the output from the status and data circwit 280 shows 3 first performance
and/or fault in sofar panel P132 in the first solar panel array 10E. Knowing solar panel P132 s
performance and/or faully, an operator can refer back o the pre-established specific phvsical
patiemn of the solar arrays 10E.-10G. The first number (1) of the solar panel P132 indicates 1o the
operator the performance and/or faulty solar panel P132 15 located in solar array 10E. The second
number (3) of the solar panel P132 indicates to the operator the performance andfor faulty solar
panel P132 1s located in group 3 and the third number(3) of the solar panel P132 indicates to the
operator the performance andfor faulty solar panel P132 is located in the second position iy the
group. The third number (3) of the solar panel PI32 also mdicates the solar panel P132 as the
second shortest length of cable to the micro-nverter 6(

F1(G. 33 13 a table iHlustrating a second performance andior fault of a solar panel P222
the second solar panel array 10F. The first number (2} of the solar panel P222 indicates 1o the
operator the performance andfor faulty solar panel P222 is located m solar array 10F. The second
number (2) of the solar panel P222 indicates to the operator the performance andfor faulty solar
panel P222 is located in group 2 and the third number(2} of the solar panel P222 indicates 1o the
operator the performance and/or faulty solar panel P222 13 located in the second posttion in the
group. The thurd number (2) of the solar panel P22 also indicates the solar panel P132 as the
seconst shortest length of cable to the micro~nverter 60,

FIG. 36 15 atable dlustrating a third performance andfor fault of a micro-inverter 60 in the
hurd array 10G. The table of FIG. 36 shows a performance andfor fault of solar panels P311-P3 14
mdicating a total loss of power from a solar cell panel group. The loss of power from a solar panel
group 18 indicative of a catastrophic fathure of the all solar panels P311-P314 and/or the loss of the
respective nucro inverter 60, In addition, the failure of a micro-inverter 60 will cease
communication betwween the control 90 1 the mucro-tnverter 60 and the e electncal monitor
controtter (EMC) 170A. The apparatus 250 for mapping and wdentifying 8 performance and/or
faulty solar panel of a solar panel amay provides a sumple and straightforward method for

determinung the physical location of the performance andfor faulty solar panel within the solar
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panel arvay.

Although the renewable energy svstem 7 has been set forth as a single phase 120 volt 60
hert electrical svstem, 1t should be understood that the present invention s suitable for use with
osther types of electrical svstems including 240 volt 30-00 hertr gnid systems. In addition, 1t should
be understood that the present mnvention s suitable for with other tvpes of renewable energy
sources such as windmills, water wheels, geothermal and is suiable for with other types energy
storages devices such as fuel cells, capacitor banks and the like.

The present disclosure inchudes that cortained 1y the appended clanms as well as that of the
foregomyg description.  Although this invention has been described in its preferred form with a
certain degree of particulariy. it is understood that the present disclosure of the preferred form has
been made only by way of example and that numerous changes in the details of construction and
the combination and arrangainent of parts may be resorted to withowt departing from the spirit and

scope of the invention.
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WE CLAIM:

1. An apparatus for mapping and identifying performance for a solar panel array, the solar
panel array comprising a plurality of solar panel groups and each solar panel group
comprising a plurality of solar panels, the apparatus comprising:

a plurality of multi-channel micro-inverters, wherein each multi-channel micro-
inverter comprises a plurality of micro-inverters corresponding to a plurality of numbered
inverter ports, wherein each multi-channel micro-inverter is assigned to one of the plurality
of solar panel groups, and wherein the numbered inverter ports of each respective multi-
channel micro-inverter are configured to be connected to a single solar panel in an assigned
solar panel group;

a trunk line connecting the plurality of multi-channel micro-inverters to a circuit
breaker;

a polling circuit connected to the plurality of multi-channel micro-inverters through
the trunk line and the circuit breaker, wherein the polling circuit is configured to generate
a polling signal transmitted to each of the multi-channel micro-inverters upon closing the
circuit breaker; and

wherein each multi-channel micro-inverter is configured to transmit data in
response to the polling signal from the polling circuit after an elapsed time corresponding

to a value associated with each of the multi-channel micro-inverters.

2. The apparatus of Claim 1, further comprising a status and data circuit connected to the
polling circuit for storing values of the plurality of numbered inverter ports to monitor the
solar panel array upon closing the circuit breaker; and

wherein the stored values enable generation of a status output comprising data
indicative of at least one of a performance and a fault detected in a solar panel connected
to one of the numbered inverter ports of one of the plurality of multi-channel micro-

inverters.
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3. The apparatus of Claim 2, wherein the status output comprises data indicative of a physical

location of each of the plurality of solar panels in each of the plurality of solar panel groups.

4. The apparatus of Claim 1, wherein the value associated with each of the plurality of multi-

channel micro-inverters is a unique identification numeral.

5. The apparatus of Claim 4, wherein the elapsed time is a product of the unique identification

numeral and a time of a single clock cycle.

6. The apparatus of Claim 1, wherein the plurality of solar panels of each of the plurality of
solar panel groups are arranged in the specific physical pattern based on a length of cables
connecting each of the solar panels to the numbered inverter ports of the multi-channel

micro-inverter.

7. The apparatus of Claim 1, further comprising:
a second plurality of multi-channel micro-inverters each of the second plurality of multi-
channel micro-inverters corresponding to one of a second plurality of solar panel groups;
a second trunk line connecting the second plurality of multi-channel micro-
inverters to a second circuit breaker;
wherein the polling circuit is connected to the second circuit breaker and is
configured to generate a second polling signal transmitted to each of the second plurality
of multi-channel micro-inverters upon closing the second circuit breaker; and
wherein the each of the second plurality of multi-channel micro-inverters are

configured to transmit data in response receiving the second polling signal.

8. The apparatus of Claim 7, wherein each of the second plurality of multi-channel micro-
inverters are configured to transmit the data in response to the second polling signal from
the polling circuit after an elapsed time corresponding to a value associated with each of

the second plurality of multi-channel micro-inverters.
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9. The apparatus of Claim 1, wherein each of the plurality of multi-channel micro-inverters

are configured to be secured to a solar panel of a corresponding solar panel group.
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