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Description

[0001] The invention relates to a connection
circuit, for electrically connecting the solar cells of
a solar cell module.

[0002] Connection circuits for electrically
connecting the solar cells of a solar cell module are
well known in the art in various embodiments. In
the main, multiple solar cells are connected together
in solar cell modules. For this purpose, the solar
cells can be connected either in series or in parallel
in the solar cell module.

[0003] VWhen the solar cells are connected in
parallel, the total current is the sum of the individual
currents of the solar cells. Here, the solar cells
connected in parallel should have essentially the
same physical characteristics, so that parallel
connection of solar cells has not become common
practice, also in particular because an individual solar
cell alone, can deliver a current of a few amps, and
the output voltage of individual solar cells is typically
too low to power electrical equipment such as
household appliances.

[0004] Therefore when solar cell modules are
assembled from individual solar cells, they are often
connected in series. However a problem can arise
when the solar cell module is partially shaded during
operation, so that one or a majority of solar cells of the
solar cell module receive less solar radiation or none
at all. The reason for such a reduction of solar
radiation can for example be in the dirtying of the
solar cells and/or shadows from trees, building
fixtures or the buildings themselves.

[0005] Contrary to the solar cell module being
shaded evenly over its entire surface, which only
leads to an overall diminished power output, partial
shading leads to the following problem: a common
current flows through the series-connected solar
cells of the solar cell module, where each individual
solar cell with its respective voltage contributes to the
overall voltage of the solar cell module. If one solar
cell becomes shaded, it no longer produces a
voltage, and virtually becomes a diode blocking the
direction of the current flow in the solar cell module.
However, this means that the entire solar cell module
can no longer deliver current, impairing the overall
function of the solar cell module.

[0006] Furthermore, it is also the case that there is
a voltage across the shaded solar cell, which is
dependent on the position of the shaded solar cell
in the
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series circuit. If the voltage across the shaded solar
cell is greater than its blocking voltage, a breakdown
will result in the solar cell leading to permanent
damage of the solar cell.

[0007] Even if the solar cell is not damaged by a
breakdown, a large amount of power is dissipated in
the shaded solar cell, thus heating it up. This
heating-up can also lead to damaging the shaded
solar cell as well as the solar cells adjacent to it.

[0008] To avoid the problem associated with
partially shaded solar cells, protective devices are
used, generally bypass-diodes connected in anti-
parallel to the solar cells. In this way the shaded
solar cell no longer contributes to the total solar cell
voltage of the solar cell module, but the current flow is
maintained. The solar cell module thus shows only a
reduced operating voltage, but does not break down
completely. Moreover, power is no longer dissipated
in the shaded solar cell, so that damage to the
shaded solar cell can be avoided.

[0009] In principle, each solar cell of a solar module
could be assigned exactly one bypass-diode.
However, the usual procedure is that a plurality of
solar cells connected in series, i.e., a so-called string
of solar cells, is safeguarded by one common bypass-
diode.

[0010] Connection circuits for electrically connecting
the solar cells of a solar cell module, generally thus
have at least one bypass-diode, often a plurality of
bypass-diodes. This, however, is associated with
the problem that connection circuits used for
electrically connecting the solar cells of a solar cell
module are greatly heated by the power dissipated
in the bypass-diodes, which is disadvantageous
from a number of standpoints.

[0011] An electrical connection and junction box
having a housing for connecting leads inserted into
the housing to one another or to electrical and/or
electronic devices provided in the housing, is
known from patent DE 103 31 780 A1. A plug-in
module having electrical and/or electronic devices is
also provided which is plugged into the housing by
means of a plug connection, so that the electrical
and/or electronic devices of the plug-in module
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are connected to leads provided in the housing or
electrical and/or electronic devices. Such an electrical
connection and junction box is particularly suited as
a solar junction box, i. e, as a connection and
junction box for solar cells of a solar cell module.
The plug-in module is provided with bypass-diodes,
so that if the bypass-diodes are defective, they can be
easily changed without tools by changing the plug-in
module.

[0012] DE 33 07 202 A1 further describes a solar
cell module consisting of individual solar cells
arranged in series, at least some of which are
electrically connected in series. Bypass-diodes are
connected in parallel to individual strings of these
solar cells, in order to restrict the heat output of the
partially shaded solar cells. These bypass-diodes
are integrated directly into the solar cell module, so
that no complex connection box is required.

[0013] From prior art, other so-called comparator
circuits are known, for example, as separate
components. Such comparator circuits have at least
two inputs, specifically one input for the voltage to be
monitored and one input for a reference potential
(mass/earth), as well as one output, by means of
which, depending on whether the monitored voltage
is above or below a predetermined threshold, an
output signal is activated or inactivated. See for
example the "Voltage Detectors MAX 6461-MAX
6466" by MAXIM Integrated Products and the
relevant data sheets. Furthermore, such comparator
circuits can obviously also be built discretely, see the
textbook "The Art of Electronics” by Paul Horowitz
and Winfried Hill, 2nd Edition, 1989, pp. 229-232 for
reference

[0014] The object of the invention, is to provide a
connection circuit for electrically connecting the solar
cells of a solar cell module, which warms up only
slightly during operation.

[0015] This object is achieved by the subject matter
of Claim 1.

[0016] Thus it is provided according to the invention
that, to avoid the aforementioned problems related
to partially shaded solar cells, a controlled electronic
circuit arrangement is used as a protective device,
so that the use of bypass-diodes can be reduced or
avoided altogether. By replacing the bypass-diodes
with a controlled electronic circuit arrangement,
which is in essence functionally equivalent to
bypass-diodes, a decrease in heating up of the
circuit arrangement can be achieved, implemented
as follows.
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[0017] According to a preferred embodiment of the
invention provision has been made that the
controlled electronic circuit arrangement is designed
in such a way that in the case of a shaded solar cell,
it acts as a current bypass for the shaded solar cell.
This functional equivalence to bypass-diodes known
from prior art can be achieved in various different
ways.

[0018] According to a preferred further embodiment
of the invention, provision has been made for the
controlled electronic circuit arrangement to have a
control circuit and a switching device controllable by
the control circuit, the switching device being
connected in parallel to at least one solar cell,
preferably in parallel to a string of solar cells, and
being at least temporarily activated by the control
circuit if a solar cell to which it is connected in parallel
becomes shaded, so that a current-bypass for the
shaded solar cell is achieved.

[0019] Suitable switching devices can also be
implemented in various different ways. According to
a preferred further embodiment of the invention,
provision has also been made for the switching
device to have two electrical or electronic switching
elements connected in series and controlled by the
control circuit. According to a preferred further
embodiment of the invention, specific provision has
been made that two transistors with opposite
polarities, preferably MOSFETS, are provided as
switching elements. Furthermore, according to a
preferred further embodiment of the invention,
provision has been made for the current produced
by the unshaded solar cells of the solar cell module
to provide the power for the control circuit, where
according to a preferred further embodiment of the
invention, specific provision has been made to
provide the control circuit with a storage capacitor.

[0020] Furthermore, one problem in the use of
solar cell modules having a plurality of solar cells
is that the level of efficiency of the solar cell
modules as a whole is often unsatisfactory.

[0021] Consequently, another object of the
invention is to provide a connection circuit for solar
cells of a solar cell module with which greater
efficiency of the solar cell module as a whole can
be achieved.

[0022] This object is achieved by a connection
circuit having a controlled electronic circuit
arrangement for individually controlling or regulating
one individual solar cell or a plurality of solar cells of
the solar cell module.
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[0023] From this standpoint, provision has therefore
been made for individually adjusting the operating
parameters of the individual solar cells of the solar
cell module, to attain maximum overall operational
efficiency. In particular, in this way it is possible to
operate every individual solar cell at its maximum
operating level, whereas in conventional systems,
the operation of the entire solar cell module has
often been determined by the weakest unit, i.e., the
weakest solar cell. The same is true when a plurality
of solar cell modules are connected together.

[0024] The fact that the connection circuit according
to the invention, having a controlled electronic circuit
arrangement for individually controlling or regulating
one individual solar cell or a plurality of solar cells of
the solar cell module, is also advantageous in that it
is possible not only to adjust the control or regulation
to the actual state of the solar cells when the solar
installation begins operation with the appropriate
solar cells, but it rather becomes possible to
compensate for the effects of the aging of the
relevant solar cells, so that by using an "intelligent”
circuit over the entire lifetime of the solar cells or
solar installation, maximum operational efficiency can
be attained.

[0025] To achieve the last-named object, provision
has been made in addition or alternatively to the
above that bus control is performed by means of
the connection cables of the connection circuit.

[0026] In particular, provision can be made for
query and/or adjustment of operating parameters of
the solar cells and/or the solar cell modules via the
bus control. This is helpful, in particular, for achieving
maximum operational efficiency of the solar cells of
the solar cell module described above, in particular
regarding aging effects. According to a preferred
further embodiment, provision can also be made for
the bus control to include solar tracking
astronomical functions. l.e., by simply inputting
geographical location data along with the date and
time, an optimal orientation of the movable and
trackable solar cells can be achieved. Thus the solar
cells are always at the optimal angle relative to the
incident sunlight, resulting in the energy yield being
maximized.

[0027] In conclusion, in all of the aforementioned
embodiments of connection circuits for the solar
cells of a solar cell module according to a preferred
further embodiment of the invention, provision has
been made to use a surge protection element to
protect the connection circuit as well as the solar
cells against surges from a nearby
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lightning strike, for example.

[0028] There are a multitude of possibilities for
configuring and refining connection circuits
according to the invention. For this information,
please see the patent claims subordinate to the
independent patent claims, as well as a detailed
description of a preferred exemplary embodiment of
the invention below. In the drawing, the only figure
shows a schematic view of a connection circuit
according to a preferred exemplary embodiment of
the invention.

[0029] The Figure shows a solar cell 1, which has
a plurality of strings 2 connected in series, which in
turn also consist of solar cells connected in series,
not shown in the detail. The provision of three
strings 2 for solar cell module 1 is merely exemplary.
Likewise exemplary, the protection by means of a
connection circuit according to a preferred
exemplary embodiment of the invention is shown
only for a string 2. An appropriate protection can
naturally be provided for each string.

[0030] As indicated above, the purpose of such a
connection circuit is to ensure the protection of the
shaded string, by achieving a current bypass for the
shaded string, so that on the one hand, solar cell
module 1 continues to be operational, and thus
produces a current, and on the other, damage to the
shaded string 2 is prevented. To that end, the
connection circuit has a controlled electronic circuit
arrangement 3, which has a control circuit 4 and a
switching device 5. The switching device 5 consists
of two switching elements, specifically two
MOSFETS 6, 7 with opposite polarities, which can
be controlled by the control circuit 4. Moreover, the
control circuit 4 is provided with a storage capacitor 8,
so that in the case of the shading of string 2 which is
protected by the connection circuit, the following
process is made possible:

When protected string 2 is shaded, and the rest of
string 2 of solar cell module 1 continues to be
iluminated, a voltage is built up across the lower,
blocking MOSFET 7 due to the parasitic diode of the
upper MOSFET 6. The control circuit 4 is so
designed, that it limits this voltage, by a partial
activation of at least MOSFET 7 to approximately 20
V, so that damage to the protected string 2 is avoided.
In this phase, current limited storage capacitor 8 is
charged by the voltage across MOSFET 7. As soon
as storage capacitor 8 has been loaded to
approximately 15 V, MOSFETS 6, 7 are completely
activated, whereby the adjacent voltage across the
MOSFETS 6, 7 collapses. The time that elapses
between the initial
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activation of the blocking voltage and the point that the
voltage collapses is only a few microseconds.

[0031] Due to the current used by the control circuit
4, the voltage across the storage capacitor 8 and the
gates of MOSFET 6, 7, drops gradually. As soon as
the voltage drops below a certain value, where
complete control of the MOSFETS 6, 7 can no longer
be guaranteed, control circuit 4 disconnects at least
MOSFET 7. A voltage then builds up across
MOSFET 7, which in turn, as described above, is
limited. The control phase of MOSFETS 6, 7 lasts
several tens of milliseconds. Because of the very
short voltage-limited blocking phase compared to
the control phase, the momentary high performance
losses across MOSFETS 6, 7 during the blocking
phase, are negligible compared to the control losses,
so that the overall loss is clearly less than that of a
Schottky-Diode.

[0032] The control circuit 4 is moreover designed in
such a way that in case of illumination of string 2
which is protected by the control circuit, the control
circuit receives no current, so that MOSFETS 6, 7
block. Besides the small restraint currents of
MOSFETS 6, 7, no further losses occur through
controlled electronic circuit arrangement 3, so that
the overall losses are in practice even lower than
those of Schottky-Diodes. Furthermore, it is essential
for the connection circuit described here according to
a preferred exemplary embodiment of the invention,
that during the voltage-limited blocking phase, the
controlled electronic circuit arrangement is supplied
with current from the remaining, i.e., unshaded
strings 2, so that no external power supply is needed.

[0033] The result thus achieved is a connection
circuit for solar cells of a solar cell module, which
can be used just as uncomplicatedly as a
connection circuit with bypass-diodes, but has
significantly lower power losses, with significantly
less heat being generated.

Patent Claims

1. A connection circuit, for electrically
connecting the solar cells of a solar cell module (1),
having a protective device, which in the case of a
shaded solar cell acts as a current-bypass for the
shaded solar cell, characterized in that the
connection circuit has a controlled electronic circuit
arrangement (3) as protective device.

2. The connection circuit according to Claim 1,
characterized in that the controlled electronic circuit
arrangement (3) has a control circuit (4) and
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a switching device (5) controllable by the control
circuit, the switching device (5) being connected in
parallel to at least one solar cell and being activated
by the control circuit (4) at least temporarily if the
solar cell is shaded, so that a current-bypass for the
shaded solar cell is achieved.

3. The connection circuit according to Claim 2,
characterized in that the switching device (5) has two
electrical or electronic switching elements (6, 7)
connected in series and controlled by the control
circuit (4).

4. The connection circuit according to Claim 3,
characterized in that it has two transistors with
opposite polarities, preferably MOSFETS, as
switching elements (6, 7).

5. The connection circuit according to one of the
Claims 2 through 4, characterized in that the current
produced by the unshaded solar cells of the solar
cell module (1) provides the power for the control
circuit (4).

6. The connection circuit according to one of the
Claims 2 through 5, characterized in that a storage
capacitor (8) is provided for the control circuit (4).

7. The connection circuit according to one of the
Claims 1 through 6, characterized in that the
connection circuit has a controlled electronic circuit
arrangement for individually controlling or
regulating one individual solar cell or a plurality of
solar cells of the solar cell module.

8. The connection circuit according to one of the
Claims 1 through 7, characterized in that a bus
control is provided by means of the connection
cables of the connection circuit.

9. The connection circuit according to Claim 8
characterized in that a query and/or adjustment of
operating parameters occurs via the bus control.

10. The connection circuit according to Claim 8
or 9, characterized in that the bus control includes
astronomical functions, specifically for solar tracking.

11. The connection circuit according to one of
the Claims 1 through 10, characterized in that a
surge protection element is provided to protect the
connection circuit as well as the solar cells against
surges.

The next page consists of drawings
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Beschreibung

[0001] Die Erfindung betrifft eine Anschluflschal-
tung, zum elektrischen Anschluf} von Solarzellen ei-
nes Solarzellenmoduls.

[0002] AnschluBRschaltungen zum elektrischen An-
schlufk von Solarzellen eines Solarzellenmoduls sind
aus der Praxis in vielfaltiger Ausgestaltung gut be-
kannt. Dabei werden im allgemeinen mehrere Solar-
zellen zu Solarzellenmodulen zusammengeschaltet.
Dazu besteht entweder die Méglichkeit der Reihen-
schaltung oder die Mdglichkeit der Parallelschaltung
der Solarzellen im Solarzellenmodul.

[0003] Durch ein Parallelschalten der Solarzellen
addieren sich die einzelnen Stréme der Solarzellen
zu einem Gesamtstrom. Dabei sollten die parallel ge-
schalteten Solarzellen allerdings im wesentlichen die
gleichen physikalischen Eigenschaften aufweisen, so
dal} sich in der Praxis das Parallelschalten von Solar-
zellen kaum durchgesetzt hat, insbesondere auch da
eine einzelne Sclarzelle bereits einen Strom von eini-
gen Ampere liefern kann und die Ausgangsspannung
einzelner Solarzellen typischerweise zu gering ist,
um elektrische Geréate, wie Haushaltsgerate, betrei-
ben zu kénnen.

[0004] Bei der Zusammenstellung von Solarzellen-
modulen aus einzelnen Solarzellen werden diese da-
her haufig in Reihe geschaltet. Ein Problem kann sich
dabeijedoch dann ergeben, wenn ein Solarzellenmo-
dul im Betrieb partiell abgeschattet wird, also eine
Solarzelle oder eine Mehrzahl von Solarzellen des
Solarzellenmoduls weniger oder gar keine Sonnen-
bestrahlung erhalt. Der Grund fiir eine derartig verrin-
gerte Sonnenbestrahlung kann z. B. in einer Ver-
schmutzung der Solarzellen und/oder in Schatten-
wlrfen von Baumen, Gebaudeeinrichtungen oder
Gebauden selbst liegen.

[0005] Im Gegensatz zu einer Abschattung des So-
larzellenmoduls gleichmaRig Uber seine gesamte
Flache, die nur zur einer Leistungsverringerung ins-
gesamt fihrt, ergibt sich bei einer partiellen Abschat-
tung folgendes Problem: Durch die in Reihe geschal-
teten Solarzellen des Solarzellenmoduls flief3t ein ge-
meinsamer Strom, wobei jede einzelne Solarzelle mit
ihrer jeweiligen Spannung zur Gesamtspannung des
Solarzellenmoduls beitragt. Wird nun eine Solarzelle
abgeschattet, so erzeugt diese keine Spannung
mehr und setzt dem Stromflul im Solarzellenmodul
praktisch eine Diode in Sperrichtung entgegen. Dies
bedeutet jedoch, dall das gesamte Solarzellenmodul
keinen Strom mehr liefern kann, so dal} die gesamte
Funktion des Solarzellenmoduls beeintrachtigt ist.

[0006] Weiterhin gilt, dalk an der abgeschatteten
Solarzelle eine Spannung anliegt, die abhangig ist
von der Position der abgeschatteten Solarzelle in der
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Reihenschaltung. Ist diese an der abgeschatteten
Solarzelle anliegende Spannung groéfRer als ihre
Sperrspannung, so wird es in der Solarzelle zu einem
Durchschlag und damit zu einer dauerhaften Bescha-
digung kommen.

[0007] Selbst wenn es zu keiner Beschadigung der
Solarzelle durch einen Durchschlag kommen sollte,
wird in einer abgeschatteten Solarzelle eine groRe
Verlustleistung umgesetzt, so dall sich die abge-
schattete Solarzelle aufheizt. Auch eine solche Auf-
heizung kann zu Beschadigungen an der abgeschat-
teten Solarzelle sowie an den ihr benachbarten So-
larzellen fihren.

[0008] Um die mit teilweise abgeschatteten Solar-
zellen verbundene Problematik zu vermeiden, wer-
den Schutzeinrichtungen verwendet, im allgemeinen
namlich Bypass-Dioden, die antiparallel zu den So-
larzellen geschaltet werden. Auf diese Weise wird er-
reicht, dal} eine abgeschattete Solarzelle zwar kei-
nen Anteil mehr zur Gesamtspannung des Solarzel-
lenmoduls leistet, der Stromfluf} jedoch trotzdem er-
halten bleibt. Das Solarzellenmodul zeigt somit ledig-
lich eine verminderte Betriebsspannung, fallt jedoch
nicht vollstandig aus. Auflerdem wird in der abge-
schatteten Solarzelle keine Leistung mehr umge-
setzt, so dald eine Beschadigung der abgeschatteten
Solarzelle vermieden werden kann.

[0009] Grundsatzlich kénnte jeder Solarzelle eines
Solarzellenmoduls genau eine Bypass-Diode zuge-
ordnet sein. Haufig jedoch wird so vorgegangen, daf
eine Mehrzahl hintereinander geschalteter Solarzel-
len, also ein sogenannter String von Solarzellen, je-
weils durch eine gemeinsame Bypass-Diode abgesi-
chert wird.

[0010] Anschluf3schaltungen zum elektrischen An-
schlul® von Solarzellen eines Solarzellenmoduls wei-
sen somit im allgemeinen wenigstens eine By-
pass-Diode, haufig eine Mehrzahl von Bypass-Dio-
den auf. Damit ist jedoch das Problem verbunden,
dal die zum elektrischen Anschluf® von Solarzellen
eines Solarzellenmoduls verwendeten Anschlul®-
schaltungen durch die in den Bypass-Dioden umge-
setzte Leistung stark erwdrmt werden, was unter ver-
schiedenen Aspekten nachteilig ist.

[0011] Aus der DE 103 31 780 A1 ist eine elektri-
sche Anschlul3- und Verbindungsdose bekannt, die
ein Gehduse zum Anschliefien und Verbinden in das
Gehause eingefuhrter Leitungen miteinander bzw.
mit in dem Gehduse vorgesehenen elektrischen
oder/und elektronischen Einrichtungen aufweist. Fer-
ner ist ein elektrische oder/und elektronische Einrich-
tungen aufweisendes Ansteckmodul vorgesehen,
das mittels einer Steckverbindung an das Gehause
angesteckt ist, so daR die elektrischen cder/und elek-
tronischen Einrichtungen des Ansteckmoduls mit den
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in dem Gehause vorgesehenen Leitungen bzw. elek-
trischen oder/und elektronischen Einrichtungen ver-
bunden ist. Eine solche elektrische Anschluf®- und
Verbindungsdose ist insbesondere als Solardose ge-
eignet, also als Anschluf3- und Verbindungsdose flr
Solarzellen eines Solarzellenmoduls. Dabei werden
in dem Ansteckmodul Bypass-Dioden vorgesehen,
so daR bei defekten Bypass-Dioden ein Auswechseln
derselben einfach und ochne Werkzeug durch Wech-
seln des Ansteckmoduls erfolgen kann.

[0012] Die DE 33 07 202 A1 beschreibt ferner ein
Solarzellenmodul aus einzelnen, in Reihe angeord-
neten Solarzellen, die wenigstens teilweise elektrisch
in Serie geschaltet sind. Bypass-Dioden sind parallel
zu einzelnen Ketten dieser Solarzellen geschaltet,
um die Heizleistung in partiell abgeschatteten Solar-
zellen zu begrenzen. Diese Bypass-Dioden sind di-
rekt in das Solarzellenmodul integriert, so dass kein
aufwendiger AnschluRkasten erforderlich ist.

[0013] Aus dem Stand der Technik sind ferner soge-
nannte Komparatorschaltungen z. B. als separate
Bauteile bekannt. Solche Komparatorschaltungen
weisen wenigstens zwei Eingange, namlich einen
Eingang flr die zu Gberwachende Spannung und ei-
nen Eingang fur ein Referenzpotential (Masse/Erde),
sowie einen Ausgang auf, Uber den abhangig davon,
ob die Uberwachte Spannung oberhalb oder unter-
halb einer vorbestimmten Schwelle liegt, ein Aus-
gangssignal aktiviert oder deaktiviert wird. Exempla-
risch sei dazu verwiesen auf die "Voltage Detectors
MAX 6461-MAX 6466" von MAXIM Integrated Pro-
ducts und die zugehorigen Datenblatter. Im Gbrigen
kédnnen entsprechende Komparatorschaltungen na-
tirlich auch diskret aufgebaut werden, wozu auf das
Lehrbuch "The Art of Electronics" von Paul Horowitz
und Winfried Hill, 2. Edition, 1989, Seite 229-232,
verwiesen wird.

[0014] Es ist die Aufgabe der Erfindung, eine derar-
tige Anschlu3schaltung zum elektrischen Anschluf}
von Solarzellen eines Solarzellenmoduls anzugeben,
die sich im Betrieb nur gering erwarmt.

[0015] Diese Aufgabe ist geldst, durch den Gegen-
stand des Patentanspruchs 1.

[0016] Erfindungsgemal ist also vorgesehen, daf}
zur Vermeidung der oben beschriebenen, mit teilwei-
se abgeschatteten Solarzellen verbundenen Proble-
matik als Schutzeinrichtung eine gesteuerte elektro-
nische Schaltanordnung verwendet wird, so dalk die
Verwendung von Bypass-Dioden reduziert oder ganz
vermieden werden kann. Durch den Ersatz von By-
pass-Dioden durch eine gesteuerte elektronische
Schaltanordnung, die zu den Bypass-Dioden funktio-
nal im wesentlichen gleichwirkend ist, kann eine Ver-
ringerung der Erwarmung der Schaltanordnung er-
zielt werden, wie nachfolgend ausgefihrt.
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[0017] Gemal einer bevorzugten Weiterbildung der
Erfindung ist dabei vorgesehen, dal die gesteuerte
elektronische Schaltanordnung derart ausgelegt ist,
dal sie im Fall einer abgeschatteten Solarzelle als
Strom-Bypass fiir die abgeschattete Solarzelle wirkt.
Diese funktionale Gleichwirkung zu den aus dem
Stand der Technik bekannten Bypass-Dioden kann
nun auf unterschiedliche Arten und Weisen erzielt
werden.

[0018] Gemal einer bevorzugten Weiterbildung der
Erfindung ist dabei vorgesehen, dalk die gesteuerte
elektronische Schaltanordnung eine Ansteuerschal-
tung und eine von der Ansteuerschaltung ansteuer-
bare Schalteinrichtung aufweist, wobei die Schaltein-
richtung parallel zu wenigstens einer Solarzelle, vor-
zugsweise parallel zu einem String von Solarzellen,
geschaltet ist und im Falle einer Abschattung einer
der Solarzellen, zu der sie parallel geschaltet ist, von
der Ansteuerschaltung wenigstens zeitweise aufge-
steuert wird, so dal} ein Strom-Bypass fiir die abge-
schattete Solarzelle erzielt wird.

[0019] Entsprechende Schalteinrichtungen lassen
sich ebenfalls auf verschiedene Arten und Weisen
realisieren. Gemal einer bevorzugten Weiterbildung
der Erfindung ist jedoch vorgesehen, daf} die Schalt-
einrichtung zwei in Reihe geschaltete und von der
Ansteuerschaltung angesteuerte elektrische oder
elektronische Schaltelemente aufweist. Gemal einer
bevorzugten Weiterbildung der Erfindung ist dabei
insbesondere vorgesehen, dal als Schaltelemente
zwei gegeneinander gepolte Transistoren, vorzugs-
weise zwei MOSFETS, vorgesehen sind. Weiterhin
gilt, dafl gemaR einer bevorzugten Weiterbildung der
Erfindung vorgesehen ist, dal} die Stromversorgung
der Ansteuerschaltung tber den von den nicht abge-
schatteten Solarzellen des Solarzellenmoduls er-
zeugten Strom erfolgt, wobei gemaR einer bevorzug-
ten Weiterbildung der Erfindung insbesondere vorge-
sehen ist, dal die Ansteuerschaltung mit einem Spei-
cherkondensator versehen ist.

[0020] Weiterhin liegt eine Problematik beim Ein-
satz von Solarzellenmodulen mit einer Mehrzahl von
Solarzellen darin, dalb die Solarzellenmodule insge-
samt haufig nur einen unbefriedigenden Wirkungs-
grad aufweisen.

[0021] Dementsprechend liegt eine weitere Aufga-
be darin, eine AnschluBschaltung fiir Solarzellen ei-
nes Solarzellenmoduls anzugeben, mit der ein hoher
Wirkungsgrad des Solarzellenmoduls insgesamt er-
zielt werden kann.

[0022] Diese Aufgabe ist dadurch gelost, dal die
Anschlu®schaltung eine gesteuerte elektronische
Schaltanordnung zum individuellen Steuern bzw. Re-
geln einer jeweiligen Solarzelle einer Mehrzahl von
Solarzellen des Solarzellenmoduls aufweist.
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[0023] Unter diesem Aspektist also vorgesehen, die
Betriebsparameter der einzelnen Solarzellen des So-
larzellenmoduls individuell zu beeinflussen, um ins-
gesamt einen optimalen Wirkungsgrad zu erzielen.
Insbesondere ist es auf diese Weise namlich még-
lich, jede einzelne Solarzelle in ihrem optimalen Be-
triebszustand zu betreiben, wahrend bei herkémmli-
chen Systemen haufig die schwachste Einheit, also
die schwachste Solarzelle, den Betrieb des gesam-
ten Solarzellenmoduls bestimmt hat. Entsprechen-
des gilt im Obrigen auch bei dem Anschlul? einer
Mehrzahl von Solarzellenmodulen.

[0024] Die Tatsache, daR die Anschlu3schaltung er-
findungsgemal eine gesteuerte elektronische Schal-
tanordnung zum individuellen Steuern bzw. Regeln
einer jeweiligen Solarzelle einer Mehrzahl von Solar-
zellen des Solarzellenmoduls aufweist, ist auch inso-
fern vorteilhaft, als daf nicht nur eine Anpassung der
Steuerung bzw. Regelung an den jeweiligen Zustand
der Solarzellen bei Inbetriebnahme der Solaranlage
mit den entsprechenden Solarzellen méglich ist, son-
dern vielmehr auch ein Ausgleich von Alterungseffek-
ten der Solarzellen ermdglicht wird, so da3 durch den
Einsatz einer "intelligenten" Schaltung Gber die ge-
samte Lebensdauer der Solarzellen bzw. der ent-
sprechenden Solaranlage ein optimaler Wirkungs-
grad erzielt werden kann.

[0025] Zur Lésung der zuletzt genannten Aufgabe
ist zusatzlich oder alternativ zu dem zuvor ausgefihr-
ten vorgesehen, daf iiber die AnschluRkabel der An-
schlufischaltung eine Bussteuerung erfolgt.

[0026] Insbesondere kann dabei vorgesehen sein,
dald iber die Bussteuerung eine Abfrage oder/und
Einstellung von Betriebsparametern der Solarzellen
oder/und des Solarzellenmoduls erfolgt. Dies ist ins-
besondere hilfreich, um den zuvor beschriebenen
Betrieb der Solarzellen des Solarzellenmoduls mit je-
weils optimalem Wirkungsgrad, insbesondere auch
in Abhangigkeit von Alterungseffekten, zu erreichen.
GemiaR einer bevorzugten Weiterbildung kann je-
doch auch vorgesehen sein, dal die Bussteuerung
Astro-Funktionen zur Sonnennachfihrung umfaft.
Das heil3t, dalt Gber die einfache Eingabe von geo-
graphischen Ortsdaten sowie Datum und Uhrzeit
eine optimale Ausrichtung beweg- und nachflhrbarer
Solarzellen erzielt werden kann. Damit stehen die
Solarzellen immer im optimalen Winkel zum einfal-
lenden Sonnenlicht, wodurch die Energieausbeute
maximiert wird.

[0027] SchlieBlich ist bei allen zuvor genannten
Ausgestaltungen von AnschlufRschaltungen fiir So-
larzellen eines Solarzellenmoduls gemal einer be-
vorzugten Weiterbildung der Erfindung vorgesehen,
daf ein Uberspannungsschutzelement zum Schutz
der AnschluBschaltung sowie der Solarzellen vor
Uberspannungen, z. B. durch einen benachbarten
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Blitzeinschlag, verwendet wird.

[0028] Im einzelnen gibt es nun eine Vielzahl von
Moglichkeiten, die erfindungsgemaften Anschluft-
schaltungen auszugestalten und weiterzubilden.
Dazu wird auf die den unabhangigen Patentanspru-
chen nachgeordneten Patentanspriiche sowie auf
die nachfolgende detaillierte Beschreibung eines be-
vorzugten Ausfihrungsbeispiels der Erfindung ver-
wiesen. In der Zeichnung zeigt die einzige Figur
schematisch eine Anschlufischaltung gemaf einem
bevorzugten Ausflihrungsbeispiel der Erfindung.

[0029] Die Figur zeigt dabei eine Solarzelle 1, die
eine Mehrzahl von in Reihe geschalteten Strings 2
aufweist, die ihrerseits aus mehreren, im einzelnen
nicht mehr dargestellten, ebenfalls in Reihe geschal-
teten Solarzellen bestehen. Das Vorsehen von drei
Strings 2 fur das Solarzellenmodul 1 ist rein exemp-
larisch. Ebenso exemplarisch ist fur lediglich einen
String 2 die Absicherung Gber eine Anschluf3schal-
tung gemaf einem bevorzugten Ausfihrungsbeispiel
der Erfindung gezeigt. Eine entsprechende Absiche-
rung kann natirlich fir jeden String vorgesehen sein.

[0030] Wie zuvor schon ausgefiihrt, ist es das Ziel,
eine derartige AnschlufRschaltung anzugeben, die
gewahrleistet, dall im Falle einer Abschattung des
damit abgesicherten Strings ein Strom-Bypass fur
diesen abgeschatteten String erzielt wird, so daf} das
Solarzellenmodul 1 einerseits weiterhin einsatzbereit
bleibt, also einen Strom liefert, und andererseits eine
Beschadigung des abgeschatteten Strings 2 verhin-
dert wird. Dazu weist die Anschlu3schaltung eine ge-
steuerte elektronische Schaltanordnung 3 auf, die
tber eine Ansteuerschaltung 4 sowie eine Schaltein-
richtung 5 verflgt. Die Schalteinrichtung 5 wird von
zwei Schaltelementen gebildet, ndmlich von zwei ge-
geneinander gepolten MOSFETS 6, 7, die von der
Ansteuerschaltung 4 ansteuerbar sind. Im Ubrigen ist
far die Ansteuerschaltung 4 ein Speicherkondensator
8 vorgesehen, so dafd im Falle einer Abschattung des
durch die AnschluRschaltung abgesicherten Strings
2 folgender Ablauf ermdglicht wird:

Bei Abschattung des abgesicherten Strings 2 und
weiterer Beleuchtung der verbleibenden Strings 2
des Solarzellenmoduls 1 baut sich Uber den unteren,
sperrend wirkenden MOSFET 7 aufgrund der parasi-
taren Diode des oberen MOSFETS 6 eine Spannung
auf. Die Ansteuerschaltung 4 ist nun derart ausge-
legt, dal} sie diese Spannung durch teilweises Auf-
steuern wenigstens des MOSFETS 7 auf ca. 20 V be-
grenzt, so daf eine Beschadigung des abgesicherten
Strings 2 vermieden wird. In dieser Phase ladt sich
der Speicherkondensator 8 strombegrenzt aus der
Spannung Uber den MOSFET 7 auf. Sobald der Spei-
cherkondensator 8 auf ca. 15 V aufgeladen ist, wer-
den die MOSFETS 6, 7 vollstandig aufgesteuert, wo-
durch die Uber den MOSFETS 8, 7 anliegende Span-
nung zusammenbricht. Vom Auftreten der anfangli-
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chen Sperrspannung bis zu diesem Zeitpunkt des Zu-
sammenbrechens der Spannung vergehen nur weni-
ge Mikrosekunden.

[0031] Durch den Eigenstromverbrauch der Ansteu-
erschaltung 4 sinkt die Spannung Uber dem Spei-
cherkondensator 8 und an den Gates der MOSFETS
6, 7 langsam ab. Sobald eine Spannung unterschrit-
ten wird, bei der ein vollstandiges Aufsteuern der
MOSFETS 6, 7 nicht mehr gewahrleistet ist, schaltet
die Ansteuerschaltung 4 wenigstens den MOSFET 7
ab. Uber den MOSFET 7 baut sich dann eine Span-
nung auf, die wiederum, wie oben beschrieben, be-
grenzt wird. Die Leitendphase der MOSFETS 6, 7
dauert mehrere zehn Millisekunden. Aufgrund der
verglichen zur Leitendphase sehr kurzen spannungs-
begrenzten Sperrphase fallen die momentan hohen
Verlustleistungen tGber den MOSFETS 6, 7 wahrend
der Sperrphasen damit gegenuber den Leitendver-
lusten kaum ins Gewicht, so dal insgesamt Verluste
deutlich unter denen einer Schottky-Diode erreicht
wird.

[0032] Die Ansteuerschaltung 4 ist weiterhin derart
ausgelegt, dal sie bei Beleuchtung des damit abge-
sicherten Strings 2 nicht versorgt wird, so dal} die
MOSFETS 6, 7 sperren. AulRer den geringen Sperr-
stromen der MOSFETS 6, 7 treten somit durch die
gesteuerte elektronische Schaltanordnung 3 keiner-
lei Verluste auf, so dal} die Gesamtverluste in der
Praxis sogar unter denen von Schottky-Dioden lie-
gen. Dariiber hinaus ist bei der vorliegend beschrie-
benen AnschlufRschaltung gemafk einem bevorzug-
ten AusflUhrungsbeispiel der Erfindung wesentlich,
daf} sich die gesteuerte elektrische Schaltanordnung
in der spannungsbegrenzten Sperrphase aus den
verbleibenden, also noch beleuchteten Strings 2 ver-
sorgt, so daf keine Fremdversorgung erforderlich ist.

[0033] Im Ergebnis wird damit eine Anschlu3schal-
tung fir Solarzellen eines Solarzellenmoduls erzielt,
die genauso unproblematisch einsetzbar ist wie eine
AnschluRschaltung mit Bypass-Dioden, jedoch we-
sentlich geringere Verlustleistungen aufweist, so daf}
es zu deutlich geringeren Erwarmungen kommt.

Patentanspriiche

1. AnschluRschaltung, zum elektrischen An-
schlufl von Solarzellen eines Solarzellenmoduls (1),
mit einer Schutzeinrichtung, die im Fall einer abge-
schatteten Solarzelle als Strom-Bypass flr die abge-
schattete Solarzelle wirkt, dadurch gekennzeich-
net, daf} die Anschlulschaltung als Schutzeinrich-
tung eine gesteuerte elektronische Schaltanordnung
(3) aufweist.

2. Anschlufschaltung nach Anspruch 1, dadurch
gekennzeichnet, daR die gesteuerte elektronische
Schaltanordnung (3) eine Ansteuerschaltung (4) und
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eine von der Ansteuerschaltung (4) ansteuerbare
Schalteinrichtung (5) aufweist, wobei die Schaltein-
richtung (5) parallel zu wenigstens einer Solarzelle
geschaltet ist und im Falle einer Abschattung der So-
larzelle von der Ansteuerschaltung (4) wenigstens
zeitweise aufgesteuert wird, so dall ein Strom-By-
pass fur die abgeschattete Solarzelle erzielt wird.

3. AnschluBschaltung nach Anspruch 2, dadurch
gekennzeichnet, dal? die Schalteinrichtung (5) zwei
in Reihe geschaltete und von der Ansteuerschaltung
(4) angesteuerte elektrische oder elektronische
Schaltelemente (6, 7) aufweist.

4. AnschluBschaltung nach Anspruch 3, dadurch
gekennzeichnet, daf als Schaltelemente (6, 7) zwei
gegeneinander gepolte Transistoren, vorzugsweise
MOSFETS, vorgesehen sind.

5. AnschluBschaltung nach einem der Anspriiche
2 bis 4, dadurch gekennzeichnet, dal} die Stromver-
sorgung der Ansteuerschaltung (4) Gber den von den
nicht abgeschatteten Solarzellen des Solarzellenmo-
duls (1) erzeugten Strom erfolgt.

6. AnschluBschaltung nach einem der Anspriiche
2 bis 5, dadurch gekennzeichnet, daf fir die Ansteu-
erschaltung (4) ein Speicherkondensator (8) vorge-
sehen ist.

7. AnschluBschaltung nach einem der Anspriiche
1 bis 6, dadurch gekennzeichnet, daft die Anschluf-
schaltung eine gesteuerte elektronische Schaltan-
ordnung zum individuellen Steuern bzw. Regeln einer
jeweiligen Sclarzelle einer Mehrzahl von Solarzellen
des Solarzellenmoduls aufweist.

8. AnschluBschaltung nach einem der Anspriiche
1 bis 7, dadurch gekennzeichnet, dal iiber die An-
schluBkabel der AnschluRschaltung eine Bussteue-
rung vorgesehen ist.

9. Anschluschaltung nach Anspruch 8, dadurch
gekennzeichnet, daR Gber die Bussteuerung eine Ab-
frage oder/und Einstellung von Betriebsparametern
erfolgt.

10. Anschluschaltung nach Anspruch 8 oder 9,
dadurch gekennzeichnet, daf} die Bussteuerung As-
tro-Funktionen, insbesondere zur Sonnennachfih-
rung, umfafit.

11. Anschluschaltung nach einem der Anspri-
che 1 bis 10, dadurch gekennzeichnet, daB ein Uber-
spannungsschutzelement zum Schutz der Anschluf3-
schaltung sowie der Solarzellen vor Uberspannun-
gen vorgesehen ist.

Es folgt ein Blatt Zeichnungen
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shutdown of photovoltaic installations on buildings with
a generator field that is connected to an inverter through
DC cables, the switching device having a protective
device which can be activated by a control signal, which
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Exhibit 1004 (Pt. 2 of 2)
Page 13 of 270

177

2iekl



DE 10 2005 018 173 B4 2009.05.14

Description

[0001] The present invention relates to a
switching device for the safe interruption of the
operation of photovoltaic installations so that
photovoltaic installations are switched to a safe
working point in order to protect people and
prevent property damage in hazardous
situations.

[0002] Photovoltaic elements (Fig. 1) (11) have
a certain current-voltage graph (Fig. 2). The
power output of each element is the product of
the voltage and current of the working point on
the graph at which it is being operated. No
power output occurs in the case of short circuit,
the current I¢ is then stopped and the voltage
becomes zero, or in no-load operation, where
the voltage U, is stopped and the current
becomes zero.

[0003] Switching devices for shutting down
photovoltaic installations are usually located in
the vicinity of the inverter and are not reachable
in hazardous situations or the location of their
installation is unknown to rescue personnel.

[0004] Even after successful shutdown, leads
located in the building continue to conduct
hazardous DC voltages which endanger people
through current or arcing and can cause further
property damage.

[0005] From DE 40 41 672 A1, a device is
known for the monitoring of a DC circuit of a
photovoltaic installation on buildings which
includes a solar generator which is connected
through DC cables to an inverter. A printed
circuit board of a protective circuit, preferably
enclosed in a weather-proof housing, is installed
in the immediate vicinity of the output terminals
of the solar generator. The protective circuit
short circuits the solar generator when a
problem is recognized in the lead segments of
the DC cables monitored by the protective
device. For this purpose, an increased voltage
drop caused by the problem is recognized in
each of the two DC cables and subsequently
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interrupted by the protective device. Such lead
problem can, for example, be caused by loose
terminals or a cable break, resulting in the
formation of an arc and thereby an
accompanying fire hazard. The monitoring
device is therefore placed in the immediate
vicinity of the solar generator so that practically
the entire DC cable is within the lead segment
monitored. In order to be sure of recognizing this
lead problem with the monitoring device, there
are two monitoring leads connected in parallel in
addition to the actual current cables and these
monitoring leads are connected at the inverter to
the current carrying cables in a conducting
manner. The protective circuit recognizes a too-
large voltage drop between the current cable
and the appropriate monitoring lead in case of a
cable problem and interrupts the flow of current
through the DC cables by immediately short
circuiting the connecting terminals of the solar
generator with the aid of a relay so that no more
energy can be delivered to the building. The
reactivation of the solar generator after a cable
problem is carried out using a manually
operated reset by means of the switch situated
directly on the protective circuit.

[0006] Based on this background art, it is the
object of the invention to create a switching
device for the safe shutdown of photovoltaic
installations which makes possible an immediate
shutdown of the photovoltaic installation in
hazardous situations regardless of whether or
not a cable problem is present.

[0007] This object is achieved, based on a
monitoring device according to DE 40 41 672
A1, by connecting the protective circuit or
protective device by way of a control lead to an
activating device which is placed at a distance
from the protective device, through which the
protective device can be actuated.

[0008] After activating the switching device in
accordance with the invention, the generator
field is switched to short circuit or no-load and
the energy transmission into the building is
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interrupted, as a result of which no further
hazard originates from it.

[0009] Rescue personnel can actuate the
protective device remotely using key switches or
other devices; persons in the building can do
that using emergency switches. The actuation
can also be done using existing warning
systems such as fire, water or gas alarm
installations.

[0010] The reactivation after correction of the
cause of the hazard can be done automatically
or manually.

[0011] The invention serves to protect personnel
in buildings with photovoltaic installation(s) in
hazardous situations such as fire, flood, gas
leaks and other unusual events. Photovoltaic
installations (Fig. 1) (10) consist of multiple
photovoltaic elements (Fig. 1) (11), which are
connected together in varying numbers into
strings (Fig. 1) (12). Multiple strings can be
operated in parallel in a generator field (Fig. 1)
(13). The DC produced by one or more strings is
transmitted by means of DC cables (Fig. 1) (14)
to an inverter (Fig. 1) (15) and, if needed, can
be interrupted with an open switch (Fig. 1) (16)
or an appropriate plug connector. The inverter
modulates the electrical energy generated by
the generator field into a sine-wave AC voltage,
in order to provide isolated networks, or into a
sine-wave power in order to feed into the public
power grid. In hazardous situations, the
photovoltaic installation involves substantial
risks for people located in the building and for
rescue personnel.

[0012] The usually high DC voltages can, in the
case of firefighting efforts or damaged DC
cables, lead to serious power injuries or form
non-self-extinguishing arcs which can injure
personnel or cause fires. The invention includes
a protective device (Fig. 1) (17) which switches
the generator field upon demand, using a control
lead (Fig. 1) (18), into a low power working
point, so that no further hazard originates from it.

Exemplary embodiment (Eig. 3)
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[0013] The capacitor C is charged through the
resistor R from the voltage of the solar
generator. The zener diode V1 limits the voltage
across C to the value of its zener voltage. If the
switch S closes, then the thyristor V2 fires and
takes over the current from the solar generator
DC+ and DC-. The output terminals DC+ out
and DC- out remain free of current and voltage
until the generator current becomes zero after
sunset. If S remains closed, the thyristor V2
relights again at first daylight and the installation
remains in short circuit. If S is opened, the solar
installation can resume its operation.

Patent Claims

1. A switching device for the safe shutdown
of photovoltaic installations on buildings having
a generator field which is connected to an
inverter by means of DC cables, the switching
device having a protective device which can be
activated by a control signal which protection
device switches the generator field to a safe
working point, which no longer makes possible
to deliver energy into the building, the generator
field remaining at the safe working point until it is
reactivated by an intervention on the protective
device, characterized in that, the protective
device (17) is connected through a control lead
(18) to an activating unit, which is situated at a
distance from the protective device, through
which the protective device can be actuated.

2. The switching device according to Claim
1, characterized in that the activating device is a
switch which can be manually actuated, namely
an emergency switch or a key switch.

3. The switching device according to Claim
1, characterized in that the activating device is
an automatically activating sensor, namely a
smoke, water or gas sensor.

4. The switching device according to one
of the Claims 1 through 3, characterized in that
the activating device is placed outside the
building with the photovoltaic installation.
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5. The switching device according to one
of the Claims 1 through 3, characterized in that
the activating device is situated inside the
building with the photovoltaic installation.

6. The switching device according to one
of the Claims 1 through 5, characterized in that
the protective device (17) is installed in the
immediate vicinity of the generator field (13),
inside or outside the building.

7. The switching device according to one
of the Claims 1 through 6, characterized in that
the protective device is designed in such a
manner that it short circuits the generator field.

8. The switching device according to one
of the Claims 1 through 6, characterized in that
the protective device is designed in such a
manner that it switches the generator field to the
working point of no-load.

9. The switching device according to one
of the Claims 1 through 8, characterized in that
the generator field (13) can be reactivated with
the control signal without intervention at the
protective device (17) by means of the control
lead (18).

10. The switching device according to one
of the Claims 1 through 8, characterized in that
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the generator field (13) can be reactivated
through a direct intervention at the protective
device (17).

11. The switching device according to one
of the Claims 1 through 8, characterized in that
the generator field (13) can be reactivated with
the control signal without intervention at the
protective device (17) through an additional
control lead.

12. The switching device according to one
of the Claims 1 through 8, characterized in that
the reactivation of the generator field takes place
automatically after a predetermined or
adjustable time.

13. The switching device according to one
of the Claims 1 through 8, characterized in that
the reactivation of the generator field takes place
automatically after the occurrence of an event.

14. The switching device according to one
of the Claims 1 through 8, characterized in that
the reactivation of the generator field takes place
only by means of replacement of the protective
device (17) or of a part of the protective device
(17).

Three pages of drawings follow.
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Attached drawings
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(54) Bezeichnung: Schalteinrichtung zur sicheren Betriebsunterbrechung von Photovoltaikanlagen

(57) Hauptanspruch: Schalteinrichtung zur sicheren Ab-
schaltung von Photovoltaikanlagen an Gebauden mit ei-
nem Generatorfeld, das mittels Gleichstromkabeln mit ei-
nem Wechselrichter verbunden ist, wobei die Schalteinrich-
tung eine durch ein Steuersignal ausldsbare Schutzeinrich-
tung aufweist, die das Generatorfeld in einen sicheren Ar-
beitspunkt schaltet, der keine weitere Energieabgabe in
das Gebaude mehr ermdglicht, wobei das Generatorfeld
solange im sicheren Arbeitspunkt verbleibt, bis es durch
Eingriff an der Schutzeinrichtung wieder aktiviert wird, da- " S
durch gekennzeichnet, dass die Schutzeinrichtung (17)

liber eine Steuerleitung (18) mit einer entfernt von der
Schutzeinrichtung angeordneten Ausléseeinrichtung ver-

bunden ist, Giber die die Schutzeinrichtung aktivierbar ist.
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Beschreibung

[0001] Die vorliegende Erfindung betrifft eine
Schalteinrichtung zur sicheren Betriebsunterbre-
chung von Photovoltaikanlagen, so dass Photovolta-
ikanlagen zum Schutz von Menschen und zur Ver-
meidung von Sachschaden in gefdhrlichen Situatio-
nen in einen sicheren Arbeitspunkt geschaltet wer-
den.

[0002] Photovoltaikelemente (Eig. i) (11) weisen
eine bestimmte Strom-Spannungskennlinie (Eig. 2)
auf. Die Leistungsabgabe jedes Elementes ist das
Produkt aus Spannung und Strom des Arbeitspunk-
tes auf der Kennlinie in dem es betrieben wird. Keine
Leistungsabgabe erfolgt im Kurzschlussfall, es stellt
sich dann der Strom |, ein und die Spannung wird zu
Null, oder im Leerlauf, wo sich die Spannung U, ein-
stellt und der Strom zu Null wird.

[0003] Schalteinrichtungen zum Abschalten von
Photovoltaikanlagen befinden sich meist in Ndhe des
Wechselrichters und sind in Gefahrensituationen
nicht erreichbar oder der Ort ihrer Anbringung ist den
Rettungskraften unbekannt.

[0004] Auch nach erfolgreicher Abschaltung fiihren
im Gebaude befindliche Leitungen weiterhin gefahrli-
che Gleichspannungen, die Personen durch Strom
oder Lichtbégen gefahrden und weitere Sachscha-
den verursachen kénnen.

[0005] Aus der DE 40 41 672 A1 ist eine Einrichtung
zur Uberwachung eines Gleichstromkreises einer
Photovoltaikanlage an Gebauden bekannt, die einen
Solargenerator der mittels Gleichstromkabeln mit ei-
nem Wechselrichter verbunden ist, umfasst. Eine
vorzugsweise in einem witterungsfesten Gehause
untergebrachte Platine einer Schutzschaltung ist in
unmittelbarer Nahe der Ausgangsanschllsse des
Solargenerators angebracht. Die Schutzschaltung
schlieft den Solargenerator kurz, wenn eine Lei-
tungsstérung in den von der Schutzeinrichtung Uber-
wachten Leitungsabschnitten der Gleichstromkabel
erkannt wird. Zu diesem Zweck wird ein stdérungsbe-
dingt erhéhter Spannungsabfall in jeder der beiden
Gleichstromkabel erkannt und von der Schutzeinrich-
tung anschliefend unterbrochen. Eine solche Lei-
tungsstoérung kann beispielsweise durch lockere
Klemmen oder einen Kabelbruch hervorgerufen wer-
den, wodurch es dann zur Entstehung eines Lichtbo-
gens und damit einhergehender Brandgefahr kommt.
Die Uberwachungseinrichtung wird deshalb in unmit-
telbarer Nahe des Solargenerators angeordnet, da-
mit nahezu das gesamte Gleichstromkabel innerhalb
der Uiberwachten Leitungsstrecke liegt. Um diese Lei-
tungsstérung mit der Uberwachungseinrichtung si-
cher zu erkennen, sind zu den eigentlichen Stromka-
beln jeweils zwei Uberwachungsleitungen parallel
geschaltet und am Wechselrichter leitend mit den
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stromfihrenden Kabeln verbunden. Die Schutzschal-
tung erkennt einen zu grofien Spannungsabfall zwi-
schen dem jeweiligen Stromkabel und der zugeord-
neten Uberwachungsleitung im Falle einer Leitungs-
stérung und unterbricht den Stromfluss durch die
Gleichstromkabel, indem mit Hilfe eines Relais die
Anschlussklemmen des Solargenerators unmittelbar
kurzgeschlossen werden, so dass keine weitere En-
ergieabgabe in das Gebaude mehr moglich ist. Die
Reaktivierung des Solargenerators nach einer Lei-
tungsstdrung erfolgt tGber eine handbetatigte Rick-
setzung mittels des Schalters direkt an der Schutz-
schaltung.

[0006] Ausgehend von diesem Stand der Technik
liegt der Erfindung die Aufgabe zu Grunde, eine
Schalteinrichtung zur sicheren Abschaltung von Pho-
tovoltaikanlagen zu schaffen, die unabhangig davon,
ob bereits eine Leitungsstdrung vorliegt oder nicht, in
geféhrlichen Situationen eine umgehende Abschal-
tung der Photovoltaikanlage ermdglicht.

[0007] Diese Aufgabe wird ausgehend von einer
Uberwachungseinrichtung nach der DE 40 41 672 A1
dadurch gelést, dass die Schutzschaltung bzw.
Schutzeinrichtung Uber eine Steuerleitung mit einer
entfernt von der Schutzeinrichtung angeordneten
Ausldseeinrichtung verbunden ist, Uber die die
Schutzeinrichtung aktivierbar ist.

[0008] Nach Auslosung der erfindungsgemalen
Schalteinrichtung wird das Generatorfeld in den
Kurzschluss oder Leerlauf geschaltet und die Ener-
gielbertragung in das Gebaude unterbrochen, wo-
durch keine weitere Gefahr mehr von ihm ausgeht.

[0009] Rettungskréfte kdnnen die Schutzeinrich-
tung aus der Ferne Uber Schllsselschalter oder an-
dere Einrichtungen aktivieren, Personen im Gebaude
kénnen dies Uber Notschalter. Die Aktivierung kann
auch Ober vorhandene Warnsysteme wie Brand-,
Wasser- oder Gasalarmanlagen erfolgen.

[0010] Die Reaktivierung nach Beseitigung der Ge-
fahrenursache kann automatisch oder manuell erfol-
gen.

[0011] Die Erfindung dient zum Personenschutz in
Gebauden mit Photovoltaikanlage(n) in Gefahrensi-
tuationen wie Feuer, Hochwasser, Gaslecks und an-
deren aulRergewdhnlichen Ereignissen. Photovoltaik-
anlagen (Fig, 1) (10) bestehen aus mehreren Photo-
voltaikelementen (Fig. 1) (11), die in unterschiedli-
cher Anzahl zu Strings (Eig. 1) (12) verschaltet wer-
den. Mehrere Strings kénnen in einem Generatorfeld
(Fig. 1) (13) parallel betrieben werden. Der von ei-
nem oder mehreren Strings produzierte Gleichstrom
wird mittels Gleichstromkabel (Eig. 1) (14) zu einem
Wechselrichter (Eig. 1) (15) Gbertragen und kann im
Bedarfsfall mit einem Freischalter (Fig. 1) (16) oder
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einem geeigneten Steckverbinder unterbrochen wer-
den. Der Wechselrichter moduliert die vom Genera-
torfeld erzeugte elektrische Energie zur Versorgung
von Inselnetzen in eine sinusformige Wechselspan-
nung oder zur Einspeisung in das &ffentliche Strom-
netz in einen sinusférmigen Strom. In Gefahrensitua-
tionen birgt die Photovoltaikanlage erhebliche Risi-
ken fir im Gebaude befindliche Personen und Ret-
tungskrafte.

[0012] Die meist hohen Gleichspannungen kénnen
bei Loscheinsétzen oder beschadigten Gleichspan-
nungsleitungen zu erheblichen Stromverletzungen
fuhren oder nicht selbstverldschende Lichtbégen bil-
den, die Perscnen verletzen oder Brandherde erzeu-
gen kdnnen. Die Erfindung umfasst eine Schutzein-
richtung (Eig..3) (17), die das Generatorfeld auf An-
forderung Uber eine Steuerleitung (Eig. 1) (18) in ei-
nen energiearmen Arbeitspunkt schaltet, so dass kei-
ne weitere Gefahr von ihm ausgeht.

Ausfiihrungsbeispiel (Eig, 3)

[0013] Der Kondensator C wird (ber den Wider-
stand R aus der Spannung des Solargenerators auf-
geladen. Die Zenerdiode V1 begrenzt die Spannung
Uber C auf den Wert ihrer Zenerspannung. Schlief3t
der Schalter S wird der Thyristor V2 geziindet und
Ubernimmt den Strom aus dem Solargenerator DC+
und DC-. Die Ausgangsklemmen DC + out und DC -
out bleiben strom- und spannungsfrei bis der Gene-
ratorstrom nach Einbruch der Dunkelheit zu Null wird.
Bleibt S geschlossen wird der Thyristor V2 beim ers-
ten Tageslicht wieder geziindet und die Anlage ver-
bleibt im Kurzschluss. Wird S geéffnet, kann die So-
laranlage ihren Betrieb wieder aufnehmen.

Patentanspriiche

1. Schalteinrichtung zur sicheren Abschaltung
von Photovoltaikanlagen an Gebauden mit einem
Generatorfeld, das mittels Gleichstromkabeln mit ei-
nem Wechselrichter verbunden ist, wobei die Schalt-
einrichtung eine durch ein Steuersignal auslosbare
Schutzeinrichtung aufweist, die das Generatorfeld in
einen sicheren Arbeitspunkt schaltet, der keine wei-
tere Energieabgabe in das Gebaude mehr ermég-
licht, wobei das Generatorfeld solange im sicheren
Arbeitspunkt verbleibt, bis es durch Eingriff an der
Schutzeinrichtung wieder aktiviert wird, dadurch ge-
kennzeichnet, dass die Schutzeinrichtung (17) tber
eine Steuerleitung (18) mit einer entfernt von der
Schutzeinrichtung angeordneten Ausldseeinrichtung
verbunden ist, Uber die die Schutzeinrichtung akti-
vierbar ist.

2. Schalteinrichtung nach Anspruch 1, dadurch
gekennzeichnet, dass die Ausldseeinrichtung ein
manuell auslosbarer Schalter, namlich ein Notschal-
ter oder ein SchlUsselschalter ist.
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3. Schalteinrichtung nach Anspruch 1, dadurch
gekennzeichnet, dass die Ausléseeinrichtung ein au-
tomatisch auslésender Sensor, namlich ein Rauch-,
Wasser-, oder Gassensor ist.

4. Schalteinrichtung nach einem der Anspriiche 1
bis 3, dadurch gekennzeichnet, dass die Ausldseein-
richtung aufRerhalb des Gebaudes mit der Photovol-
taikanlage angeordnet ist.

5. Schalteinrichtung nach einem der Anspriiche 1
bis 3, dadurch gekennzeichnet, dass die Ausldseein-
richtung innerhalb des Gebaudes mit der Photovolta-
ikanlage angeordnet ist.

6. Schalteinrichtung nach einem der Anspriiche 1
bis 5, dadurch gekennzeichnet, dass die Schutzein-
richtung (17) in unmittelbarer Nahe des Generatorfel-
des (13) innerhalb oder auflerhalb des Gebaudes an-
gebracht ist.

7. Schalteinrichtung nach einem der Anspriiche 1
bis 6, dadurch gekennzeichnet, dass die Schutzein-
richtung derart ausgestaltet ist, dass sie das Genera-
torfeld kurzschlief3t.

8. Schalteinrichtung nach einem der Anspriiche 1
bis 6, dadurch gekennzeichnet, dass die Schutzein-
richtung derart ausgestaltet ist, dass sie das Genera-
torfeld in den Arbeitspunkt Leerlauf schaltet.

9. Schalteinrichtung nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass das Generator-
feld (13) ohne Eingriff in die Schutzeinrichtung (17)
Uber die Steuerleitung (18) mit dem Steuersignal re-
aktivierbar ist.

10. Schalteinrichtung nach einem der Anspriiche
1 bis 8, dadurch gekennzeichnet, dass das Genera-
torfeld (13) durch direkten Eingriff an der Schutzein-
richtung (17) reaktivierbar ist.

11. Schalteinrichtung nach einem der Anspriiche
1 bis 8, dadurch gekennzeichnet, dass das Genera-
torfeld (13) ohne Eingriff in die Schutzeinrichtung (17)
ber eine zusatzliche Steuerleitung mit dem Steuer-
signal reaktivierbar ist.

12. Schalteinrichtung nach einem der Anspriiche
1 bis 8, dadurch gekennzeichnet, dass die Reaktivie-
rung des Generatorfeldes nach einer bestimmten
oder einstellbaren Zeit automatisch erfolgt.

13. Schalteinrichtung nach einem der Anspriiche
1 bis 8, dadurch gekennzeichnet, dass die Reaktivie-
rung des Generatorfeldes nach Eintritt eines Ereig-
nisses automatisch erfolgt.

14. Schalteinrichtung nach einem der Anspriiche
1 bis 8, dadurch gekennzeichnet, dass die Reaktivie-
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rung des Generatorfeldes nur durch Austausch der
Schutzeinrichtung (17) oder eines Teils der Schutz-
einrichtung (17) erfolgt.

Es folgen 3 Blatt Zeichnungen

417
Exhibit 1004 (Pt. 2 of 2) /

Page 23 of 270



DE 10 2005 018 173 B4 2009.05.14

Anhdngende Zeichnungen
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(57)  Une source de puissance (10), comme un gé-
nérateur solaire, présente un graphe de la puissance
fournie en fonction de la tension & ses bornes avec un
maximum. La source alimente un convertisseur continu
/ continu. Pour conditionner la source, on applique au
convertisseur une consigne de puissance d'entrée
croissante tant que la dérivée de la tension d'entrée du
convertisseur par rapport au temps est supérieure a une
premiére valeur seuil négative et décroissante tant que

Circuit de conditionnement d’une source au point de puissance maximum

la dérivée de la tension d'entrée du convertisseur par
rapport au temps est inférieure a une deuxiéme valeur
seuil positive. Le taux de variation de la puissance
moyen lorsque la consigne est croissante est choisi in-
férieur a I'opposé du taux de variation de la puissance
moyen lorsque la consigne est décroissante.

Ce conditionnement permet de faire débiter la sour-
ce au point de puissance maximum et peut étre implé-
menté simplement.
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Description

[0001] Laprésenteinvention concerneles sources de
puissance et plus précisément I'exploitation de sources
de puissance pour lesquelles la courbe de la puissance
fournie en fonction de latension aux bornes de la source
présente un maximum.

[0002] Pour unetelle source, la puissance fournie est
maximale lorsque |a tension présente une valeur don-
née. Il est intéressant pour exploiter au mieux la source
de puissance - en tirer une puissance maximale - que
la tension aux bornes de la source soit autant que pos-
sible égale a cette valeur donnée.

[0003] Les générateurs solaires utilisés pour les sa-
tellites constituent un exemple d'une telle source de
puissance. La figure 1 montre un graphe du courant et
de la puissance en fonction de la tension aux bornes du
générateur, dans I'exemple d'un générateur formé d'un
montage série de 102 cellules Si BSR (Back Surface
Reflector) ; de telles cellules sont disponibles dans ['in-
dustrie spatiale. On a porté le long de I'axe des ordon-
nées le courant fourni par le générateur solaire, en am-
péres, ainsi que la puissance délivrée par le générateur,
en watts; on a porté le long de l'axe des abscisses la
tension auxbornes du générateur, en volts. Les courbes
1 et 2 surlafigure 1 correspondent a un fonctionnement
a une température de + 100°C; les courbes 3 et 4 cor-
respondent a un fonctionnement a une température de
-100°C. La courbe 2 sur |a figure 1 est un graphe du
couranten fonction de latension; elle montre que le cou-
rant fourni par les cellules diminue lorsque la tensien
dépasse une valeur de l'ordre de 35 V, ce qui s'explique
par un phénomeéne de saturation des cellules; la courbe
4 est similaire, a ceci prés que la tension de saturation
est de l'ordre de 75 V. La courbe 1 sur la figure 1 est un
graphe de la puissance fournie par le générateur solai-
re; elle montre que la puissance fournie présente un
maximum, qui dans I'exemple présente une valeur de
I'ordre de 100 W et est atteint pour une valeur VO de la
tension qui est de l'ordre de 38 V. La courbe 3 est simi-
laire & la courbe 2, avec des valeurs de puissance maxi-
male et de tension VO respectivement de I'ordre de 200
W et 70V. Ces courbes ne constituent qu'un exemple
particulier de générateur dans lequel le graphe de la
puissance fournie enfonction de latension de sortie pré-
sente un maximum.

[0004] Pourexploiter un tel générateur solaire ou plus
généralement une telle source de puissance, il est inté-
ressant que latension aux bornes de la source soit aussi
proche que possible de la valeur VO de la tension pour
laguelle la source délivre une puissance maximale. Ce
probléme se pose avec une acuité particuliére dans le
cas des générateurs solaires utilisés dans les satellites.
En effet, pour ces générateurs solaires, la tension VO
pour lagquelle la puissance fournie par le générateur est
maximale varie en fonction de latempérature a laquelle
le générateur est soumis, comme représenté a la figure
1; cette tension VO varie aussi en fonction
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- del'intensité du rayonnement solaire auquel le gé-
nérateur est exposé;
- duvieillissement du générateur.

[0005] Pour un satellite, la température peut typique-
ment varier dans une plage de - 100°C a +100°C, dans
I'exemple d'une orbite terrestre basse. Pour une orbite
Mercure, la variation de température serait encore plus
important et la température pourrait varier dans une pla-
ge de - 160 °C a + 250 °C. L'intensité du rayonnement
solaire peut varier en fonction de I'éloignement du soleil;
pour une mission depuis la Terre vers Mars, l'intensité
du rayonnement solaire peut varier dans un rapport de
3 a1. Levieillissement du générateur provoque la mise
en court-circuit de certaines cellules. Dans I'ensemble,
la tension VO peut typiquement varier dans un rapport
de 1 a 2, et pourrait par exemple varier de 40 a 80 V.
[0006] Il a donc été proposé d'exploiter les généra-
teurs solaires, pour en extraire une puissance maxima-
le, en recherchant que la tension aux bornes du géné-
rateur soit proche de latension V0. Ces techniques sont
connues sous le nom de "Maximum Power Point Trac-
king" (suivi du point de puissance maximal en langue
francaise).

[0007] W. Denzinger, Electrical Power Subsystem of
Globalstar, Proceedings of the European Space Power
Conference, Poitiers, France, 4-8 Septembre 1995, dé-
crit le sous-systéme de puissance des satellites Glo-
balstar. La recherche du point de puissance maximale
s'effectue en considérant que le point de puissance
maximale est atteint lorsque 'impédance dynamique du
générateur est égale a l'impédance statique, autrement
dit lorsque

V/l = dv/dl

c'est-a-dire lorsque

di/l = dV/vV

En toute rigueur, VI=max implique Vdl+ldV=0 et donc V/
I=-dV/dl. Denzinger oublie le signe -.

Ce document décrit un circuit utilisant un capteur de
courant, un capteur de tension, deux circuits échan-
tillonneurs, deux comparateurs, une bascule et un inté-
grateur.

[0008] Kevin Kyeong-ll Choi et Alphonse Barnaba,
Application of the maximum power point tracking
(MPPT) to the on-board adapitative power supply sub-
system, Note technique du CNES n°138, juillet 1998,
décrit un sous-systéeme d'alimentation electrique pour
les satellites de faible puissance. Pour le suivi du point
de puissance maximum, ce sous-systéme utilise un mi-
crocontrbleur associant une multiplication numérique
du courant par l'intensité et un algorithme de poursuite
de la puissance a partir des valeurs calculées.
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[0009] Ces solutions sont complexes a mettre en
oeuvre. Ceci conduit a centraliser le contréle de suivi du
point de puissance maximum des différents généra-
teurs solaires ; cette centralisation affecte |a fiabilité du
sous-systéme d'alimentation électrique et est incompa-
tible de points de puissance maximum différents en ten-
sion d'une section de générateur solaire a l'autre. En
outre, ces solutions exploitent les composantes directes
de courants ef/ou tensions, lesquelles quantités n'étant
pas caractéristiques du suivi de point de puissance
maximum.

[0010] Ce probléme expliqué en référence aux géné-
rateurs solaires dans les conditions des satellites se po-
se plus généralement pour toute source de puissance
pour le graphe de la puissance fournie en fonction de la
tension présente un maximum.

[0011] Il existe donc un besoin d'une solution permet-
tant I'exploitation d'une source de puissance pour la-
quelle la courbe de la puissance fournie en fonction de
la tension aux bornes de la source présente un maxi-
mum. Une telle solution devrait, avec des moyens aussi
simples etrobustes que possible, assurerque latension
aux bornes de la source de puissance est dans la me-
sure du possible aussi proche que possible de latension
pour laquelle la puissance débitée est maximale.
[0012] Dans un mode de réalisation, I'invention pro-
pose en conséquence un circuit de conditionnement
d'une source de puissance pour laquelle le graphe de
la puissance fournie en fonction de la tension aux bor-
nes de la source présente un maximum, le circuit
comprenant :

- unconvertisseur continu / continu avec une entrée
pour l'alimentation par la source de puissance et
une sortie pour alimenter une charge;

- un circuit de commande du convertisseur par une
consigne de puissance appliqué au convertisseur

- croissante tant que la dérivée de la tension d'entrée
du convertisseur par rapport au temps est supérieu-
re a une premiére valeur seuil négative et

- décroissante tant que la dérivée de la tension d'en-
trée du convertisseur par rapport au temps est in-
férieure a une deuxiéme valeur seuil positive,

le taux de variation de la puissance moyen lorsque la
consigne est croissante étant inférieur a l'opposé du
taux de variation de la puissance moyen lorsque la con-
signe est décroissante.

[0013] Avantageusement, la premiére et/ou la
deuxiéme valeur seuil sont / est constante. On peut
alors prévoir que les premiére et deuxiéme valeur seuil
sont opposées.

[0014] Dans un mode de réalisation, la consigne de
puissance croissante appliquée au convertisseur est
une consigne de dérivée constante et positive de la
puissance par rapport au temps.

[0015] Dans encore un mode de réalisation, la consi-
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gne de puissance décroissante appliquée au convertis-
seur est une consigne de dérivée constante et négative
de la puissance par rapport au temps.

[0016] On peutaussiprévoirque la dérivée constante
et positive est inférieure a l'opposé de la dérivée cons-
tante et négative.

[0017] L'invention propose aussi un générateur con-
ditionné, comprenant un tel circuit et une source de puis-
sance pour laquelle le graphe de |a puissance fournie
en fonction de la tension aux bornes de la source pré-
sente un maximum; la puissance fournie par la source
est appliquée en entrée du convertisseur continu / con-
tinu.

[0018] Dans un mode de réalisation, le générateur
comprend une capacité en paralléle & la source de puis-
sance. La source peut aussi présenter une capacité in-
trinséque. De préférence, la source de puissance est un
générateur solaire.

[0019] L'invention propose enfin un procédé de con-
ditionnement d'une source de puissance pour laquelle
le graphe de la puissance fournie en fonction de la ten-
sion aux bornes de la source présente un maximum, la
puissance fournie par la source étant appliquée a un
convertisseur continu /continu; le procédé comprend
l'application au convertisseur d'une consigne de puis-
sance d'entrée

- croissantetant que la dérivée de latension d'entrée
du convertisseur par rapport au temps est supérieu-
re a une premiére valeur seuil négative et

- décroissante tant que la dérivée de la tension d'en-
trée du convertisseur par rapport au temps est in-
férieure a une deuxiéme valeur seuil positive,

le taux de variation de la puissance moyen lorsque la
consigne est croissante étant inférieur a l'opposé du
taux de variation de la puissance moyen lorsque la con-
signe est décroissante.

[0020] On peut prévoir que la premiére valeur seuil
est constante, et / ou encore que la deuxiéme valeur
seuil estconstante. |l est alors possible que les premiére
et deuxiéme valeur seuil soient opposées.

[0021] Avantageusement, la consigne de puissance
croissante appliquée au convertisseur est une consigne
de dérivée constante et positive de la puissance par rap-
port au temps. |l est aussi possible que la consigne de
puissance décroissante appliquée au convertisseur soit
une consigne de dérivée constante et négative de la
puissance par rapport au temps. Si tel est le cas, la dé-
rivée constante et positive peut étre inférieure a I'oppo-
sé de la dérivée constante et négative.

[0022] Drautres caractéeristiques et avantages de I'in-
vention apparaitront a la lecture de la description qui
suit de modes de réalisation, donnés a titre d'exemple
et en référence aux dessins, qui montrent :

- figure 1, un graphe du courant et de la puissance
en fonction de la tension aux bornes d'une source
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de puissance a laquelle l'invention s'applique;

- figure 2, une représentation schématique d'un gé-
nérateur conditionné selon un mode de réalisation
de l'invention;

- figure 3, un graphe de la puissance délivrée par la
source de puissance en fonction de la tension a ses
bornes, dans le générateur conditionné de la figure
2;

- figure 4, une vue plus détaillée du circuit de com-
mande du générateur conditionné de la figure 2.

[0023] On donne dans la suite de la description un
exemple d'application de l'invention au suivi du point de
puissance maximum dans un générateur solaire. Com-
me expliqué ci-dessus, un tel générateur n'est qu'un
exemple d'une source de puissance pourlaquelle le gra-
phe de la puissance fournie en fonction de la tension
aux bornes de la source présente un maximum.
[0024] La figure 2 est une représentation schémati-
que d'un générateur conditionné selon un mode de réa-
lisation de l'invention, dans une application d'alimenta-
tion en tension d'un bus de satellite. Le générateur con-
ditionné présente d'une part un générateur solaire 10,
et d'autre part un circuit de conditionnement. Ce circuit
de conditionnement permet au générateur conditionné
de délivrer une puissance sous une tension fixe, autre-
ment dit de se comporter comme une source de tension,
tant que la puissance délivrée est inférieure a la puis-
sance maximale que peut fournir le générateur solaire,
alors que le générateur solaire n'est capable de fournir
une puissance variable, & concurrence du maximum de
puissance disponible, qu'a des tensions variables.
[0025] La figure montre le générateur solaire 10 - la
source de puissance - qui est monté en paralléle a une
capacité 12. La tension Vin aux bornes du générateur
solaire et de la capacité est appliquée en entrée d'un
convertisseur continu / continu (ou convertisseur DC/
DC) 14. Cette représentation de la source, de la capa-
cité et du convertisseur est schématique; de fait, un gé-
nérateur solaire présente intrinséquement une capaci-
té; le convertisseur peut aussi en entrée présenter une
capacité. La capacité 12 n'est pas nécessairement un
composant distinct du générateur et du convertisseur,
mais peut étre constituée par la capacité du générateur
et/ou du convertisseur. La capacité 12 peut aussi cor-
respondre a la combinaison de la capacité intrinséque
du générateur solaire, d'une capacité additionnelle et
d'une capacité prévue dans le convertisseur.

[0026] La tension Vout en sortie du convertisseur 14
correspond au bus de tension du satellite 16; celui-ci
comprend habituellement une batterie alimentant les
charges, mais ceci est sans incidence sur le fonction-
nement du circuit.

[0027] Le convertisseur 14 est commandé par un cir-
cuit de commande 18. Ce circuit de commande 18 recoit
en entrée la tension d'entrée Vin appliquée au conver-
tisseur ainsi que le courant lout en sertie du convertis-
seur; la figure montre schématiquement le capteur de
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tension 20 et le capteur de courant 22. Le circuit de com-
mande fournit un signal de commande appliqué a l'en-
trée de commande du convertisseur 14, comme repré-
senté en 24 sur la figure.

[0028] Comme expliqué plus haut, la puissance four-
nie par le générateur solaire 10 est fonction de la tension
Vin aux bornes du générateur; la tension pour laquelle
la puissance fournie est maximale peut varier dans une
plage [VOmin, VOmax], dans I'exemple une plage de 40
a 80 V. Une solution courante est que le bus de tension
du satellite fonctionne & une tension nominale de 28 V,
quivarie entre 23 et 37 V en fonction de la charge et de
l'alimentation du bus de tension. En pratique, la tension
nominale du bus estinférieure la borne inférieure VOmin
de la plage dans laquelle varie la tension pour laquelle
la puissance fournie est maximale. Dans une telle con-
figuration, le convertisseur 14 peut étre un convertisseur
PWM (a modulation de la largeur d'impulsion) du type
Buck. Ce convertisseur est particulierement adapté a
fonctionner avec une tension de sortie inférieure a la
tension d'entrée. Le signal d'entrée est dans un tel cas
un signal représentatif du rapport cyclique de modula-
tion de |a largeur d'impulsion.

[0029] Lecircuit de commande 18 contréle le conver-
tisseur 14, a partir des mesures de tension d'entrée Vin
et de courant de sortie lout du convertisseur, par appli-
cation de consigne de courant de sortie croissante ou
décroissante. Ces consignes de courant sont assimila-
bles & des consignes de puissance au facteur de pro-
portionnalité prés que constitue la valeur en tension du
bus. Plus spécifiquement, le circuit de commande ap-
pligue au convertisseur une consigne de puissance
croissante tant que la dérivée par rapport au temps de
la tension extraite du générateur solaire 10 et de la ca-
pacité 12 en entrée du convertisseur est supérieure a
une premiére valeur seuil négative. Le circuit de com-
mande applique au convertisseur une consigne de puis-
sance décroissante tant que |la dérivée par rapport au
temps de la tension extraite du générateur solaire 10 et
de la capacité 12 en entrée du convertisseur est infé-
rieure a une deuxiéme valeur seuil positive. Ainsi, le
convertisseur est piloté de sorte a assurer que

dP
gt >0

tant que

Aoy
dt

V', constituant la premiére valeur seuil négative. P, est
la puissance extraite de la source et de la capacité,
autrement dit la puissance appliquée en entrée du con-
vertisseur. Le convertisseur est piloté de sorte a assurer
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que
dP
IN
e <0
tant que
aviy .
Gt < V'

V'; constituant la deuxiéme valeur seuil positive.
[0030] Dans les solutions de W. Denzinger et Kevin
Kyeong-Il Choi mentionnées ci-dessus, il est proposé
d'exploiter les composantes directes de courants et/ou
tensions. Or ces quantités ne sont pas caractéristiques
du suivi de point de puissance maximum. A l'inverse, la
solution proposée par l'invention n'exploite par contre
que les dérivées temporelles de ces quantités; ces dé-
rivées sont bien caractéristiques du suivi du point de
puissance maximum, quelles que soient les valeurs des
composantes directes.
[0031] La figure 3 montre un graphe de la puissance
délivrée par le générateur solaire en fonction de la ten-
sion aux bornes de ce générateur. On a porté en ordon-
née la puissance fournie par le générateur solaire 10,
et en abscisse la tension aux bornes de ce générateur.
La figure montre en traits fins la courbe de la puissance
délivrée par le générateur solaire 10 en fonction de la
tension a ses bornes; cette courbe présente un maxi-
mum noté MPP sur la figure; en ce point, pour une ten-
sion Vypp, le générateur solaire délivre une puissance
Pmep maximum. Cette courbe en traits fins pourrait étre
qualifiée de courbe de puissance statique - dans la me-
sure ou elle est représentative d'une caractéristique
puissance /tension du générateur solaire isolé. La figure
3 montre en traits gras |le cycle de puissance suivi lors-
qu'est appliquée au convertisseur la commande définie
plus haut. La courbe en traits gras montre la puissance
extraite de I'ensemble générateur solaire 10 et capacité
12.
[0032] Dans I'exemple considéré, on a
- une consigne de puissance croissante ayant une
dérivée k. constante,
- une consigne de puissance décroissante ayant une
dérivée k; constante,
- des valeurs de seuil V', et V'; opposées.

[0033] Les deux premiéres conditions sont choisies
pour la simplicité de I'explication; la troisiéme condition
assure un fonctionnement autour du point de puissance
maximum statique, comme expliqué plus bas. On a noté
R et F sur la figure les points du cycle correspondant
aux puissances dynamiques maximale et minimale.

[0034] On suppose au départ que le générateur so-
laire fonctionne avec une puissance légérement infé-
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rieure a la puissance maximale Pypp et que la tension
estsupérieure a latension Vypp. On suppose aussi que
la consigne appliquée au convertisseur est une consi-
gne de puissance croissante. Le convertisseur continu
/ continu assure donc que la puissance totale, extraite
du générateur solaire 10 et du condensateur 12, croit.
Le point de fonctionnement du générateur solaire 10 se
déplace sur la courbe en traits fins, vers le maximum
MPP ; |a capacité 12 est déchargée pour compléter la
puissance fournie par le générateur solaire 10. La ten-
sion décroit lentement.

[0035] Lorsque lapuissance maximum du générateur
solaire 10 est atteinte, le générateur solaire ne 10 peut
pas fournir de puissance supplémentaire : la capacité
12 est alors déchargée plus rapidement pour fournir la
puissance requise par le convertisseur, sous la consi-
gne de puissance croissante. Ceci accroit la vitesse de
chute de la tension V; du fait de la chute de tension,
la puissance fournie par le générateur solaire 10 chute
aussi, ce qui accentue encore la décharge de la capa-
cité 12. La dérivée de la tension V| parrapport au temps
chute de plus en plus vite.

[0036] Lorsque cette dérivée de la tension V| atteint
la valeur seuil négative V', le circuit 18 applique au con-
vertisseur 14 une consigne de puissance décroissante.
Le basculement correspond au point R de la courbe en
traits gras.

[0037] Le convertisseur recoit alors une consigne de
puissance d'entrée décroissante. Dans un premier
temps, la tension décroft, avec une variation plus lente,
la capacité 12 continuant & se décharger. Lorsque la
puissance extraite de la source et de la capacité conti-
nue a diminuer, il arrive un moment ou la capacité cesse
de se décharger, ce qui correspend sur la courbe en
traits gras a l'intersection de la partie gauche de la cour-
be avec la courbe en traits fins et au minimum de la ten-
sion. La puissance extraite du générateur solaire 10 est
alors suffisante pour fournir la puissance requise par le
convertisseur 14. Comme la consigne appliquée au
convertisseur est encore une consigne de puissance
décroissante, la capacité se recharge; latension remon-
te; compte tenu de la consigne de puissance décrois-
sante appliquée au convertisseur, la puissance extraite
par le convertisseur continue de décroitre. Comme la
tension remonte, la puissance fournie par le générateur
solairetend a croitre, ce qui augmente encore la dérivée
de la tension par rapport au temps.

[0038] Lorsqueladérivée delatension parrapport au
temps dépasse la deuxiéme valeur seuil positive, le cir-
cuit de commande applique au convertisseur une con-
signe de puissance croissante. On revient a I'état initial
considéré plus haut.

[0039] La stabilité de la commande est assurée, dans
le cas ou I'on applique une consigne de dérivée de puis-
sance constante, par la condition

k. < -k
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Intuitivement, ceci revient a dire que le passage sur la
courbe en gras de la figure 3 du point R au point F est
plus "rapide" que le passage du point F au point R.
Autrement dit, il est expliqué plus haut que le seuil de
dV/dt négatif est atteint avec une chute de plus en plus
rapide de latension; la condition k, < - k; signifie que I'on
applique une consigne de puissance "assez" croissante
pour rapidement revenir vers une situation stable. Un
rapport de 1 entre les valeurs absolues correspond a la
limite de stabilité. Le choix d'une valeur dépend essen-
tiellement du convertisseur ; rapprocher la valeur du
rapport de 1 impose de disposer d'un convertisseur de
performances plus précises, et augmente le colt. Dans
les applications a des satellites, les variations de lacour-
be de puissance en fonction de la tension pour le géné-
rateur solaire (le passage des courbes 1 et 2 aux cour-
bes 3 et 4) sur lafigure 1, comme les vitesses de varia-
tions des caractéristiques de la batterie appliquée com-
me charge du circuit conditionné sont lentes et ne sont
donc pas généralement dimensionnantes. On peut ty-
piguement sélectionner un rapport - ky/k, voisin de 2,
avec par exemple

k, = 50 W/ms et
ki = -100 W/ms.
[0040] On notera que le fonctionnement décrit ci-des-

sus est indépendant que la valeur de la consigne de
puissance croissante ou décroissante appliquée au
convertisseur. || est plus simple, comme le montre la fi-
gure 4, d'utiliser des valeurs de consigne de puissance
constantes, mais ceci n'a pas d'incidence sur le principe
de pilotage du convertisseur. Si les consignes de puis-
sance proposées ne sont pas constantes - autrement
dit si les valeurs de dP/dt appliquées au convertisseur
ne sont pas constant, la condition de stabilité peut alors
s'exprimer en indiquant que le taux de variation de la
puissance moyen lorsque la consigne est croissante est
inférieur a l'opposé du taux de variation de la puissance
moyen lorsque la consigne est croissante. Ceci revient
a généraliser sur les intervalles temporels de consigne
de puissance croissante et décroissante la condition
instantanée k; < - k;.

[0041] L'application des consignes proposées au
convertisseur continu /continu permet ainsi de faire va-
rier latension autour de la valeur de tension pour laquel-
le la puissance extraite du générateur solaire 10 est
maximum. Le choix des valeurs de consigne appliquées
au convertisseur, comme des valeurs seuils, permet
d'adapter le fonctionnement du circuit de conditionne-
ment.

[0042] Plus spécifiguement, il est plus simple, du
point de vue de l'implémentation du circuit de comman-
de d'avoirdes valeurs de seuil V', et V'; constantes. Ceci
ne fait que faciliter la conception du circuit de comman-
de. On pourrait toutefois faire varier ces valeurs seuil en
fonction du temps - par exemple pour tenir compte des
variations du point MPP.
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[0043] Le rapport des valeurs absolues des valeurs
de seuil V', et V'; permet de déterminer le point du gra-
phe de la puissance en fonction de la tension autour du-
quel on sedéplace. Dans I'exemple considéré plus haut,
des valeurs de seuil constantes et opposées V', et V'
correspondent a un déplacement autour du point MPP
de puissance maximum. Un rapport de valeurs abso-
lues égal & 1 est donc avantageux. Toutefois, on peut
aussi choisir d'autres valeurs, ce qui conduit simple-
ment a écarter le point de fonctionnement du point de
puissance maximum. Ceci peut étre avantageux en
fonction de contraintes autres sur le circuit de condition-
nement ou sur le générateur.

[0044] Lafigure 4 montre un exemple du principe de
réalisation du circuit de commande, dans le cas d'un
convertisseur Buck. Le circuit 18 présente un dériveur
26 qui regoit la tension d'entrée du convertisseur et en
fournit la dérivée. La dérivée de latension est appliquée
a un comparateur 28. La sortie du comparateur fournit
un signal logique dont I'état dépend de la comparaison
entre la valeur de la dérivée de la tension et les valeurs
seuils V'r et V'f du comparateur. Le circuit présente un
autre dériveur 30 qui regoit le signal de courant de sortie
du convertisseur et en fournit la dérivée. Un addition-
neur 32 fournit un signal représentatif de la différence
entre le signal du comparateur 28 et le signal de dérivée
fourni par le deuxiéme dériveur 30. Le signal fourni par
l'additionneur est appliqué a un contréleur 34 dont le r6-
le est d'annuler la consigne. Le signal de sortie du con-
tréleur forme le signal de sortie du circuit de commande
18.

[0045] Le fonctionnement du circuit de la figure 4 est
le suivant. Le comparateur fournit en sortie un signal
fonction de la position de la dérivée de la tension d'en-
trée du convertisseur par rapport aux valeurs seuil V',
et V. Ce signal est comparé a la dérivée du courant de
sortie du convertisseur, aprés une mise a I'échelle non-
représentée sur la figure. Cette dérivée du courant de
sortie constitue une bonne approximation de la dérivée
de la puissance appliquée en entrée du convertisseur,
du fait que :

- lapuissance consommée par le convertisseur con-
tinu / continu est faible;

- la tension de sortie du convertisseur est sensible-
ment constante, dans la mesure ol le convertisseur
est utilisé comme source de tension.

Le contrbleur assure donc que
dlyy/dt < 0 ou > O (dans un rapport < - 1)

en fonction du résultat de la comparaison de dV/dt
avec les valeurs seuils. Avec Vg1 sensiblement cons-
tante, on a bien la consigne requise.

[0046] Le montage de lafigure 4 n'est qu'un exemple
d'un circuit de commande utilisable pour le convertis-
seur continu /continu. On peut aussi utiliser d'autres ty-
pes de circuits de commande pour comparer les déri-
vées des tensions et appliquer les consignes requises.
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On peut aussi prévoir d'autres capteurs que les cap-
teurs 20, 22 de la figure 2. Le montage des figures 2 et
4 présente néanmoins l'avantage de la simplicité; ainsi,
il n'est pas nécessaire de disposer d'un microcontréleur;
le nombre de composants est aussi plus restreint que
dans la solution proposée dans l'article de W. Denzinger
plus haut.

[0047] Bien entendu, l'invention n'est pas limitée aux
exemples décrits plus haut. Ainsi, on A mentionné un
convertisseur Buck, adapté au cas d'une tension de sor-
tie inférieure a la tension d'entrée. On pourrait aussi uti-
liser d'autres types de convertisseurs; par exemple, si
la tension d'entrée est inférieure a la tension de sortie,
on pourrait utiliser un convertisseur PWM du type Boost.
D'autres topologies de convertisseurs permettent aussi
un fonctionnement lorsque le rapport entre la tensien
d'entrée et latension de sortie varie autour de 1. Le type
de convertisseur utilisé ne change pas le principe de la
commande décrit en référence a la figure 3.

Revendications

1. Uncircuitde conditionnement d'une source de puis-
sance (10) pour laquelle le graphe de la puissance
fournie en fonction de la tension aux bornes de la
source présente un maximum, le circuit
comprenant :

- un convertisseur continu / continu (14) avec
une entrée pour I'alimentation par la source de
puissance et une sortie pour alimenter une
charge;

- un circuit de commande du convertisseur par
une consigne de puissance appliqué au con-
vertisseur

croissante tant que la dérivée de la tension
d'entrée du convertisseur par rapport au temps est
supérieure a une premiére valeur seuil négative et

décroissante tant que la dérivée de latension
d'entrée du convertisseur par rapport au temps est
inférieure a une deuxiéme valeur seuil positive,
le taux de variation de la puissance moyen lorsque
la consigne est croissante étant inférieur & l'opposé
du taux de variation de la puissance moyen lorsque
la consigne est décroissante.

2. Lecircuit de la revendication 1, caractérisé en ce
que la premiére valeur seuil est constante.

3. Le circuit de la revendication 1 ou 2, caractérisé
en ce que |la deuxieme valeur seuil est constante.

4. Lecircuit des revendications 3 et 4, caractérisé en
ce que les premiére et deuxiéme valeur seuil sont
opposeées.
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Le circuit de I'une des revendications 1 2 4, carac-
térisé en ce que la consighe de puissance crois-
sante appliquée au convertisseur est une consigne
de dérivée constante et positive de la puissance par
rapport au temps.

Le circuit de 'une des revendications 1 a 5, carac-
térisé en ce que la consigne de puissance décrois-
sante appliquée Au convertisseur est une consigne
de dérivée constante et négative de la puissance
par rapport au temps.

Le circuit des revendications 5 et 6, caractérisé en
ce que |a dérivée constante et positive est inférieu-
re a l'opposé de la dérivée constante et négative.

Un générateur conditionné, comprenant :

- uncircuit selon I'une des revendications 1 a 7;

- une source de puissance (10) pour laquelle le
graphe de la puissance fournie en fonction de
la tension aux bornes de la source présente un
maximum, |la puissance fournie par la source
étant appliquée en entrée du convertisseur
continu / continu (14).

Le générateur de la revendication 8, caractérisé
par une capacité {(12) en paralléle a la source de
puissance.

Le générateur de la revendication 8, caractérisé en
ce que la source présente une capacité intrinsé-
que.

Le générateur de la revendication 8, 9 ou 10, ca-
ractérisé en ce que la source de puissance est un
générateur solaire.

Un procédé de conditionnement d'une source de
puissance (10) pour laquelle le graphe de la puis-
sance fournie en fonction de la tension aux bornes
de la source présente un maximum, la puissance
fournie par la source (10) étant appliquée & un con-
vertisseur continu/continu (12), le procédé compre-
nant I'application au convertisseur d'une consigne
de puissance d'entrée

- croissante tant que la dérivée de la tension
d'entrée du convertisseur par rapport au temps
est supérieure & une premiere valeur seuil né-
gative et

- décroissante tant que la dérivée de la tension
d'entrée du convertisseur par rapport au temps
est inférieure & une deuxiéme valeur seuil po-
sitive,
le taux de variation de la puissance moyen lors-
que la consigne est croissante étant inférieur a
l'opposé du taux de variation de la puissance



13.

14.

15.

16.

17.

18.
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moyen lorsque la consigne est décroissante.

Le procédé de la revendication 12, caractérisé en
ce que la premiéere valeur seuil est constante.

Le procédé de la revendication 12 ou 13, caracté-
risé en ce que la deuxiéme valeur seuil est cons-
tante.

Le procédé des revendications 13 et 14, caractéri-
sé en ce que les premiére et deuxiéme valeur seuil
sont opposées.

Le procédé de I'une des revendications 12 2 15, ca-
ractérisé en ce que la consigne de puissance
croissante appliquée au convertisseur est une con-
signe de dérivée constante et positive de la puis-
sance par rapport au temps.

Le procédé de I'une des revendications 12 a2 16, ca-
ractérisé en ce que la consigne de puissance dé-
croissante appliquée au convertisseur est une con-
signe de dérivée constante et négative de la puis-
sance par rapport au temps.

Le procédé des revendications 16 et 17, caractéri-
sé en ce que la dérivée constante et positive est
inférieure & 'opposé de la dérivée constante et né-
gative.
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Médulo fotovoltaico inteligente.
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DESCRIPCION

Moadulo fotovoltaico inteligente.
Objeto de la invencion

La presente invencion se refiere a un médulo foto-
voltaico que integra medios electrénicos que permiten
realizar el seguimiento del punto de méxima potencia
individual de cada panel fotovoltaico y conectarse a
otros pancles, seguin una arquitectura distribuida que
permite reducir las pérdidas de potencia de la instala-
cion fotovoltaica.

Antecedentes de la invencion

Un sistema fotovoltaico para la transformacién de
energia solar en energia eléctrica se basa en la utili-
zacion de millples paneles folovollaicos que se co-
nectan eléctricamente entre si, obteniéndose, en con-
diciones Oplimas, una polencia eléctrica total que
corresponderia a la suma de las potencias maximas
de cada panel.

Tradicionalmente, los pancles fotovoltaicos se dis-
ponen seglin una arquitectura centralizada, conectdn-
dosc todo ¢l conjunto a un inversor quc suministra
corriente alterna a la red o instalacién que se debe ali-
mentar. El inversor rcaliza un scguimicnto del punto
de mdxima potencia de todo el conjunto.

No obstante, en cualquier sistema fotovoltaico se
producen pérdidas eléctricas, cercanas al 25% de la
potencia, que se deben principalmente a las desadap-
taciones entre los diferentes paneles fotovoltaicos que
constituyen el sistema y que estan derivadas de 1a pro-
pia arquitectura del sistema que hacen que cuando
uno de los paneles no puede suministrar toda su po-
tencia maxima, el resto de paneles se ven afectados y
tampoco pueden dar su potencia maxima.

Estas desadaptaciones se originan bien por som-
bras parciales, bien por las diferentes orientaciones e
inclinaciones de los paneles o bien por diferencias en
el proceso de [abricacién o por envejecimiento de los
mismos.

Una alternativa para tratar de solucionar estos
problemas se describe en las Patentes alemanas n°s.
19919766 y 4305326 en las cuales se propone, en lu-
gar de la arquitectura centralizada mencionada ante-
riormente, una arquitectura parcialmente distribuida
cn la cual los pancles fotovoltaicos s¢ reparten cn gru-
pOSs que se conectan en serie a respectivos convertido-
res DC-DC, siendo estos convertidores los que se co-
nectan finalmente al inversor. En este caso, cada uno
de los convertidores DC-DC realiza su propio segui-
miento del punto de mdxima potencia de los paneles
de su grupo mejorando en parte 1a eficiencia del siste-
ma.

En cualquier caso, este sistema no evita que se
produzcan importantes pérdidas de potencia que de-
penden, del ndmero de paneles conectados en cada
grupo y del mimero de grupos establecidos.

Ademds, estas arquitecturas resultan poco apro-
piadas para realizar modificaciones o ampliaciones
(uturas de la instalacién.

Descripcion de la invencion

Es objelo de la invencién el médulo [olovoltaico
que permite resolver la problematica expuesta ante-
riormente reduciendo todas las pérdidas debidas a las
desadaptaciones existentes entre los distintos pancles
fotovoltaicos.

Para ¢llo, se propone un médulo fotovoltaico que
esta compuesto por un panel fotovoltaico que inte-
gra una scric de¢ cquipos clectronicos y, en especial,

2
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un convertidor DC-DC con su correspondiente algo-
ritmo de seguimiento del punto de mdxima potencia
del médulo. El circuito electrénico incorpora también
elementos que permiten la monitorizacion del estado
del médulo y su comunicacién con un sistema de con-
trol remoto.

La incorporacion de un convertidor DC-DC en ca-
da moédulo fotovoltaico permite eliminar las pérdidas
debidas a las desadaptaciones entre los distintos mo6-
dulos del sistema y extraer la maxima potencia dis-
ponible en cada uno de ellos, con independencia de la
potencia que estén suministrando el resto de médulos.

Con estos madulos, que podriamos denominar in-
teligentes, se puede configurar un sistema completa-
menle distribuido, en el cual los médulos folovollai-
cos se conectan al inversor, a través de sus correspon-
dientes convertidores DC-DC, lo que permite reducir
todas las pérdidas debidas a las desadaptaciones entre
los modulos.

Ademas, resulta muy sencillo dimensionar la ins-
talacién y realizar ampliaciones y modificaciones fu-
turas, simplementce afiadicndo o climinando médulos
inteligentes.

Adicionalmente, ¢l circuito clectrénico del médu-
lo fotovoltaico integra sensores que permiten conocer
el estado del médulo, asi como un médulo de comuni-
caciones que envia estos datos a una unidad de control
vy supervision.

Con la informacién recogida de cada uno de los
moédulos de 1a planta o instalacién fotovoltaica, se fa-
cilitan las tareas de monitorizacion, mantenimiento y
deteccion de fallos.

Descripcion de los dibujos

Para complementar la descripcién que se esta rea-
lizando y con objeto de ayudar a una mejor compren-
sion de las caracteristicas de la invencidén, se acom-
pafia como parte integrante de dicha descripciéon, un
juego de dibujos en donde con cardcler ilustrativo y
no limitativo, se ha representado 1o siguiente:

Figura 1.- Muestra un esquema general del médu-
lo fotovoltaico inteligente objeto de la invencion.

Figura 2.- Muestra un esquema de arquitectura
de una instalacion fotovoltaica constituida a partir de
moédulos inteligentes segin objeto de la invencion.

Figura 3.- Mucstra un csquema de instalacién uti-
lizando paneles fotovoltaicos convencionales.

Figura 4.- Muestra la curva de potencia de salida
de paneles soleados y en sombra.

Figura 5.- Muestra la curva de potencia de salida
para una instalacién con 20 paneles convencionales.
Realizaciéon preferente de la invenciéon

El médulo fotovoltaico objeto de 1a invencién esta
constituido por un panel fotovoltaico (1) que integra
un circuito electrénico (2) que comprende, entre Otros
elementos, un convertidor DC-DC (3).

Con el moédulo objeto de 1a invencién, tal v como
se observa en la figura 2, se pueden configurar siste-
mas completamente distribuidos compuestos por pa-
neles (otovoltaicos (1), con sus correspondientes con-
vertidores DC-DC (3), conectdndose estos ultimos, a
un inversor (4) que alimenta la instalacién correspon-
diente.

Los convertidores DC-DC (3) integrados en cada
panel (1), incorporan un algoritmo de seguimiento del
punto de méxima potencia, lo que permite reducir to-
das las pérdidas de la instalacion debidas a desadap-
taciones entre los distintos paneles (1).

El circuito clectrénico (2) incorpora también unos
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sensores (4) capaces de determinar el estado del moé-
dulo y transmitir estos datos, a través de un moédulo
de comunicaciones (5), a una unidad de control y su-
pervision (6) de la instalacidon completa.

En la unidad de control y supervision (6) se rea-
lizan tareas de monitorizacion, mantenimiento y de-
teccién de fallos de toda la instalacién fotovoltaica.
Las comunicaciones entre médulos y la unidad (6) se
realizan a través del propio cableado de continuo em-
pleando la modulacion FSK, por 1o que no se requicre
un cableado adicional.

El protocolo de comunicacién es MODBUS-RTU,
con arquitectura maestro-esclavo, siendo el maestro la
unidad de control y supervision (6) y los esclavos ca-
da uno de los maédulos que envian a la unidad (6) los
valores de tensién y corriente, tanto a la entrada co-
mo a la salida de su convertidor DC-DC, asi como la
temperatura de funcionamiento del equipo.

A continuaciéon, se va a describir un ejemplo
dc funcionamicnto, comparando la potencia obteni-
da con un sistema centralizado, con mdédulos conven-
cionalcs, frentce a un sistcma distribuido con médulos
inteligentes de acuerdo al objeto de la invencién. Las
figuras 4 v 5 mucstran unas gréficas de potencia de
salida incluidas para ilustrar este ejemplo de funcio-
namiento.

Supongamos una instalacién fotovoltaica con 20
madulos situados por ejemplo en la azotea de un edifi-
cio. En este tipo de aplicacién resulta imposible evitar
sombras parciales, como por ejemplo, las generadas
por la chimenea del edificio.

Supongamos también que de los 20 médulos de 1a
instalacién, 5 se encuentran parcialmente en sombra
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debido a la proximidad de una chimenea.

En la figura 4, se han representado las curvas de
potencia de salida para médulos soleados y médulos
en sombra. En concreto, muestra la potencia de sali-
da méxima de un médulo soleado tipo BPS80F (900
W/m?) y de un médulo sombreado (500 W/m?). Se
puede apreciar como, mientras ¢l primero presenta un
maximo de potencia de 82 W, el segundo alcanza un
maximo de 44 W. Ademads, se puede observar como
las corrientes para las que se obtiene la méaxima po-
tencia son diferentes en cada uno de los casos.

En el caso de una instalacion compuesta por mo-
dulos fotovoltaicos convencionales, conectados en se-
ri¢ a un tnico convertidor con seguimiento del punto
de méaxima polencia, al estar coneclados en serie (0-
dos los médulos, deben conducir la misma corriente,
por lo que la polencia de salida del conjunto corres-
ponde a la curva representada en la figura 4.

En esta curva se puede observar ¢6mo esta cone-
Xi6én c¢n scric provoca la aparicién de un médximo dc
potencia relativo y un mdximo de potencia absoluto.
Por tanto, cn ¢l mecjor de los casos, s¢ podria alcan-
zar el maximo de potencia absoluto, que corresponde
a una potencia suministrada de 1213 'W.

En el caso de una arquitectura compuesta por 20
madulos fotovoltaicos inteligentes, segin el objeto de
la invencion, resulta posible obtener de cada mddulo
su potencia mdxima disponible, es decir, 44 W para
los cinco médulos sombreados y 82 W para los quince
maédulos soleados. De esta forma, la potencia maxima
de la instalacion seria de 1450 W que representa casi
un 20% mas que con la configuracién tradicional.
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REIVINDICACIONES

1. Médulo fotovoltaico, caracterizado porque es-
ta compuesto por un panel fotovoltaico (1) y un cir-
cuito electrénico (2), integrado en el propio panel (1),
que incluye un convertidor DC-DC (3) controlado por
un algoritmo de seguimiento del punto de maxima po-
tencia.

2. Médulo fotovoltaico segun reivindicacién 1, ca-
racterizado porque el circuito electronico (2) incor-
pora sensores (4) que permiten conocer ¢l estado del
moédulo fotovoltaico y, en concreto, los valores de ten-
sién y corriente, a la entrada y salida del convertidor
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(3), v la temperatura de funcionamiento del equipo;
asi como un médulo de comunicaciones (5) que envia
los datos recogidos por los sensores (4) a una unidad
de control y supervision (6), para la monitorizacion,
mantenimiento y deteccion de fallos de la instalacion
completa.

3. Médulo fotovoltaico segtn reivindicacion 1, ca-
racterizado porque se conecta a otros modulos, a tra-
vés del convertidor DC-DC (3) y éstos a su vez a un
inversor (7) que suministra la corriente alterna a la
instalacién a alimentar, consiguiendo una arquitectu-
ra de conexion distribuida entre los distintos médulos.
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ES2249147: Intelligent Photovoltaic Module

ABSTRACT

The photovoltaic module comprises a photovoltaic panel (1) and an electronic circuit (2),
integrated the module itself, which includes a converter OC-OC (3) controlled by a tracking
algorithm point maximum power. This module is connected to other modules, through the
converter OC-OC (3) And these in turn to an inverter (7) which supplies alternating current at the
feed installation, reducing losses to maladaptations between modules of the installation.

SPECIFICATION

Object of the invention

The present invention talks about a photovoltaic module that integral electronic means that allow
to make the tracking of the point of Maxima individual power of each photovoltaic patch and to
connect themselves to other patches, according to a distributed architecture that allows to
reduce the power losses of the photovoltaic installation.

Background of the invention

A photovoltaic system for the transformation of solar energy in electrical energy is based on the
use of multiple photovoltaic patches that are connected electrically to each other, obtaining itself,
in optimum conditions, an electric power total that would correspond to the sum of the maximum
powers of each patch.

Traditionally, the photovoltaic patches are arranged according to a centralized architecture,
connecting all the assembly to an inverter that provides to alternate stream to the network
octyns installation that is due to feed. The inverter makes a tracking of the point of Maxima
power of all the assembly.

However, in any photovoltaic system electrical, close losses take place 25% of the power, that
must mainly to the mismatches between the different photovoltaic patches that constitute the
system and that are derived of the own architecture of the system which they do that when one
of the patches cannot provide all its Maxima power, the remainder of patches are affected and
either they cannot give its Maxima power.

These mismatches are originated either by partial shadows, or by the different orientations and
inclinations of the patches or by differences in the manufacturing process octyns by aging of
such.

An alternative to try to solve these problems is described in Apparent German us. 19919766 and
4305326 in which one sets out, instead of the mentioned centralized architecture previously, a
partially distributed architecture in which the photovoltaic patches are distributed in groups that
are connected in series to respective converters DC-DC, being these converters those that are
connected finally to the inverter. In this case, each one of converters DC-DC makes its own
tracking of the point of Maxima power of the patches of its group improving partly the efficiency
of the system.

In any case, this system does not avoid that important power losses that depend, of the number
of connected patches in each group and of the established group number take place.
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In addition, these architectures are little appropriate to make modifications octyns future
maghnifications of the installation.

Description of the invention

The photovoltaic module is object of the invention that allows to solve problematic the exposed
one previously reducing all the due losses to the existing mismatches between the other
photovoltaic patches.

For it, a photovoltaic module sets out that this compound by integral a photovoltaic patch that
series of electronic equipments and, in special, a converter DC-DC with its corresponding
algorithm of tracking of the point of Maxima power of the module. The electronic circuit also
incorporates elements that allow to the monitoring of the state of the module and its
communication with a remote control system.

The incorporation of a converter DC-DC in each photovoltaic module allows to eliminate the due
losses the mismatches between the other modules of the system and to extract the Maxima
available power in each one of them, independently of the power who are providing the
remainder of modules.

With these modules, that we could denominate intelligent, a completely distributed system can
be formed, in which the photovoltaic modules are connected to the inverter, through their
corresponding converters DC-DC, which allows to reduce all the due losses to the mismatches
between the modules.

In addition, it turns out very simple to determine the proportions the installation and to make
future magnifications and modifications, simply adding to octyns eliminating intelligent modules.

Additionally, the electronic circuit of the integral photovoltaic module sensors that allow to know
the state the module, as well as a module of communications that send these data to a control
unit and supervision.

With the collected information of each one of the modules of the plant octyns photovoltaic
installation, the tasks of monitoring, maintenance and detection of failures are facilitated.

Description of the drawings

In order to complement the description that is being made and with object to help one better
understanding of the features of the invention, it is accompanied like integral part of mentioned
description, a game of drawings in where with illustrative and nonlimitative character, the next
thing is had shown:

Figure 1. - Sample a block diagram of the intelligent photovoltaic module object of the invention.

Figure 2. - Sample a scheme of architecture of a formed photovoltaic installation from intelligent
modules according to object of the invention.

Figure 3. - Sample an installation scheme using conventional photovoltaic patches.
Figure 4. - Sample the curve of output power of sunny patches and in shadow.

Figure 5. - Sample the curve of output power for an installation with 20 conventional patches.
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Preferred embodiment of the invention

The photovoltaic module object of the invention is in favor formed of a photovoltaic patch (1)
that integral an electronic circuit (2) that includes/understands, among other elements, a
converter DC-DC (3).

With the module object of the invention, so and as it is observed in Figure 2, are possible to be
formed systems completely distributed compounds by photovoltaic patches (1), with its
corresponding converters DC-DC (3), connecting these last ones, to an inverter (4) that feeds the
corresponding installation.

Integrated converters DC-DC (3) in each patch (1), incorporate an algorithm of tracking of the
point of Maxima power, which allows to reduce all the due losses of the installation to
mismatches between the other patches (1).

The electronic circuit (2) also incorporates capable sensors (4) to determine the state of the
module and to transmit these data, through a module of communications (5), to a control unit
and supervision (6) of the complete installation.

In the control unit and supervision (6) monitoring tasks are made, maintenance and detection of
failures of all the photovoltaic installation. The communications between modules and the unit
(6) are made through own wiring of continuous using modulation FSK, reason why an additional
wiring is not required.

The communication protocol is MODBUS-RTU, with architecture master-slave, being the master
the control unit and supervision (6) and the slaves each one of the modules that send to the unit
(6) the voltage values and stream, as much to the input as when coming out of their converter
DC-DC, as well as the operating temperature of the equipment.

Next, one is going away to describe to an operation example, comparing the obtained power with
a centralized system, with conventional modules, vs to a distributed system with intelligent
modules according to the object of the invention. Figures 4 and 5 show included graphs of output
power to illustrate this example of operation.

Let us suppose a photovoltaic installation with 20 located modules for example in the roof of a
building. In this type of application it turns out impossible to avoid partial shadows, like for
example, the generated ones by the chimney of the building.

Also let us suppose that of the 20 modules of the installation, 5 are partially in shadow due to the
vicinity of a chimney.

In Figure 4, the curves of output power for sunny modules and modules in shadow are had
shown. In particular, sample the Maxima output power of a sunny module type BP580F (900
W/m2) and of a shaded module (500 W/m2). It is possible to be appreciated like, while first W
presents/displays a maximum of power of 82, the second reaches a maximum of 44 W. In
addition, it is possible to be observed like the streams for which one obtains the different Maxima
power are in each one of the cases.

In the case of an installation composed by conventional, connected photovoltaic modules in
series to a single converter with tracking of the point of Maxima power, when being connected in
series all the modules, must lead the same stream, reason why the output power of the assembly
corresponds to the shown curve in Figure 4.
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In this curve it is possible to be observed how this series connection causes the occurrence of a
maximum of relative power and an absolute maximum of power. Therefore, in the best one of
the cases, the absolute maximum of power could be reached, that corresponds to a supplied
power of 1213 W.

In the case of an architecture composed by 20 intelligent photovoltaic modules, according to the
object of the invention, it turns out possible to obtain from each module its available Maxima
power, that is to say, 44 W for five shaded modules and 82 W for the fifteen sunny modules. Of
this form, the Maxima power of the serious installation of 1450 W that almost represents a 20%
but that with the conventional configuration.

CLAIMS

1. A photovoltaic module, comprising a photovoltaic panel (1) and an electronic circuit (2), built
into the panel (1), which includes a DC-DC converter (3) controlled by an algorithm point tracking
full potential.

2. Photovoltaic module according to claim 1, wherein the electronic circuit (2) includes sensors
(4) for the state of photovoltaic modules, in particular, the values of voltage and current, the
input and output of the converter (3) and the operating temperature of the equipment, and a
communications module (5) that sends the data collected by the sensors (4) to a control and
monitoring unit (6), for monitoring, maintenance and fault detection of complete installation.

3. Photovoltaic module according to claim 1, wherein connecting to other modules via the
converter DC-DC (3) and these in turn to an inverter (7) which supplies alternating current to
feed the plant, getting an architecture distributed connection between modules.
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Abstract of JP 4219982 (A)

PURPOSE:To prevent an electric shock accident by
a method wherein the title panel is constituted in
such a way that a short-circuit means is opened of a
connecting switch is closed so that a
photoelectromotive force can be taken out from
output terminals of the panel. CONSTITUTION:A
short-circuit means 4 is installed across both + and -
output terminals 3 from which electric power
generated at a solar battery panel 1 is taken out. A
normally-open connecting switch is installed in
series with both + and - output terminals 3 from
which the electric power generated at the solar
battery panel 1 is taken out. The solar battery panel
3 is installed outdoors; the panel is connected
electrically; after that, the short-circuit means 4 and
the connecting switch are opened and closed by
applying an external force.; Thereby, it is possible to
completely eliminate an electric shock accident
when the solar battery panel installed outdoors is
connected electrically.
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Abstract of JP 8097460 (A)

PURPOSE: To prevent the electric shock from the
installation works such as mounting of solar cell
panels on a pedestal or connection thereof, thereby
ensuring the safety. CONSTITUTION: The title
generator comprises connecting boxes 9 attached to
individual solar cell panels and having connecting
terminal bases 9, and switches 10, at least, the
boxes 9 of, at least, a part of the cell panels and
connected in series to the panels.
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]In a solar cell power plant formed by carrying out the series connection of two or more
solar panels, A solar cell power plant provided with a switch by which was formed for said
every solar panel, and was formed in a joint box which has a terminal block for connection, and
said joint box of at least some said solar panels, and the series connection was carried out to
said solar panel.

[Translation done.]
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* NOTICES * |

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]This invention relates to the solar cell power plant formed by carrying out
the series connection of two or more solar panels.

[0002]

[Description of the Prior Artjthe output per the former and solar panel -- about -- 15V and
several 10 - it is about W, and when considering it as the power supply for electric power, as
out, a solar cell power plant is formed, and load electric supply of the output of this power plant
is carried out via the breaker 2 of output port.

[0003]At this time, it is attached and fixed to the inclined stand 3 by matrix form, and each solar
panel 1 is installed in the roof etc., as shown in drawing 5. As shown in drawing 6 (a) and (b),
each solar panel 1 attaches the surface solar cell 1a to the frame 2a, and is formed, and the
joint box 4 for connection with adjoining solar panel 1 grade is formed in the back side (rear-
face side).

[0004]And this joint box 4 is formed of the case body 4a and the lid 4b which blockades this
main part 4a airtightly, as shown in drawing 7, and the terminal block 5 is formed in the main
part 4a. Two or more mounting holes 6 for a screw clamp which attach the lid 4b to the main
part 4a are formed in the main part 4a and the lid 4b. And after each solar panel 1 is attached
to the stand 3, connection work, such as terminal strapping of the joint box 4, is performed.
[0005]

[Problem(s) to be Solved by the Invention]in the case of said conventional solar cell power
plant, construction of the attachment to the stand 3 of each solar panel 1, connection, etc. is
certainly performed by an owner voltage condition, and it is dangerous.

[0006]Namely, since the voltage which these work is usually done at the daytime when rain is
not falling, and each solar panel 1 is in a power generation state at this time, and carried out
the series connection of these panels 1 is also hundreds of volts depending on a place, There
is a risk of receiving an electric shock of a constant current source, if it works by an owner
voltage condition, although the current value is small.
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[0007]And especially in the operation in height,' there is a danger that authorized personnel will
fall in response to a shock by electric shock, and there is a possibility that it may be connected
with a fatal accident. This invention aims to let construction of the attachment to the stand of
each solar panel, connection, etc. to prevent an electric shock and enable it to perform it
safely.

[0008]

[Means for Solving the Problem]in order to attain the aforementioned purpose, in the case of a
solar cell power plant of this invention, it is provided for every solar panel, is provided in a joint
box which has a terminal block for connection, and a joint box of at least some solar panels,
and has a switch by which the series connection was carried out to a solar panel.

[0009]

[Function]Since in the case of the solar cell power plant of this invention constituted as
mentioned above a switch is formed in the joint box of at least some solar panels and the
series connection of these switches is carried out to a solar panel, The electric shock under
construction accompanying power generation of each solar panel is prevented by opening
each switch wide and working the attachment to the stand of a solar panel, connection, etc.
[0010]

[Example]One example is described with reference to drawing 1 thru/or drawing 3. In those
drawings, what is the same as for drawing 4 thru/or drawing 7, and identical codes, or
corresponds is shown, 7 is the joint box provided in the back side of each solar panel 1 instead
of the conventional joint box 4, it consists of the case body 7a and the lid 7b, and two or more
of the same mounting holes 8 as the attaching hole 6 of drawing 7 are formed in the case body
7a and the lid 7b.

[0011]9 is the disconnection terminal block provided in the case body 7a, and has the two
terminals 9a and 9b for external connection provided in both ends and the ** 2 terminal 9a, and
the two terminals 9¢ and 9d for self-panels provided among 9b. 10 is the terminal 9a and the
switch by which was formed among 9c and the series connection was carried out to the solar
panel 1, it has the terminal 9a and the short body 10a which short-circuits between 9¢c and in
which a plug is free, and the control column 10b is formed in the end of this short body 10a. 11
is the plug opening formed in the lid 7b, and the short body 10a is inserted between the
terminal 9a and 9c¢ from the exterior via this opening 11.

[0012]And the short body 10a is not inserted until a series of construction of the attachment to
the stand 3 of each solar panel 1, connection, etc. is completed, but the switch 10 is held
during this work at an opened condition.

[0013]The output both ends of a solar panel (self-panel) in which this joint box 7 was formed
are connected to the terminals 9¢ and 9d of the joint box 7, and the path cord for series
connections pulled out from the terminals 9a and 9b of the neighboring solar panels 1, etc. is
connected to the terminals 9a and 9b. '

[0014]Since between the terminal 9a and 9¢ has opened wide with the switch 10 at this time,
even if between the terminal 9b and 9d has connected too hastily, the solar panel 1 can deal
with it in the state of no voltage, there is no possibility of receiving an electric shock during
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construction, and safety improves remarkably.

[0015]And if the short body 10a of each joint box 7 is inserted after the end of work, between
the terminal 9a and 9c connects too hastily and each switch 10 closes, the series circuit of
each solar panel 1 will carry out a closed circuit, and load electric supply will start by closing of
the breaker 2.

[0016]Since it can carry out at this time, without closing operation of the switch 10 demounting
the lid 7b from the joint box 7, there is also an advantage on which improvement in workability,
etc. are achieved. Also when connecting and carrying out unitization of the solar panel 1 of two
or more sheets at a factory etc., safety is secured by working opening each switch 10 wide.
[0017]And it may be made to form the switch 10 only in the solar panel 1 for every number of
sheets which is a grade which it is not necessary to establish for every solar panel for
example, and the shock by electric shock does not produce. Of course, various shape and the
switch of structure may be used as the switch 10.

[0018]

[Effect of the Invention]Since this invention is constituted as explained above, it does so the
effect indicated below. Since the switch 10 is formed in the joint box 7 of at least some solar
panels 1 and the series connection of these switches 10 is carried out to the solar panel 1, By
opening the switch 10 wide and working the attachment to the stand of a solar panel,
connection, etc., the electric shock under construction accompanying power generation of
each solar panel 1 is prevented, and safety improves.

[Translation done.]
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Abstract of JP 8116628 (A)

PURPOSE: To improve the workability of wire

connecting work to a solar disconnecting switch and

to prevent the reliability deterioration of the switch

caused by the overheating of a diode by

incorporating at least a contact for disconnection

and reverse-current preventing element in the switch

and, at the same time, fitting the heat radiating plate

of the reverse-current preventing element on the

lower surface of a case which is in close contact with B
a mounting base. CONSTITUTION: A solar )
disconnecting switch is constituted by providing at
least a contact 2 for disconnection, reverse-current
preventing element 4 composed of a diode, heat
radiating plate 5 fitted to the element 4, solar battery
unit array-side terminal 6, and inverter-side terminal
7 in a case 1 and fitting the heat radiating plate 5 of
the element 4 to the lower surface of the case 1
which is closely adhered to a mounting base 8.
Therefore, electric wires can be easily connected to
this disconnecting switch and the reliability

. o,
anirala,
Pl e

deterioration of the switch caused by the et
overheating of the diode can be prevented, because

the heat generated from the element 4 can be

smoothly radiated to the base 8.
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]The Sora disconnecting switch providing a heat sink of this prevention-of-backflow
element in the bottom of a mounting base and a case to stick while including a point of contact
and a prevention-of-backflow element for disconnections in an inside of a case at least.

[Claim 2]The Sora disconnecting switch according to claim 1 to which a heat sink was stuck
with a mounting base with an elastic body.

[Claim 3]The Sora disconnecting switch according to claim 1 which made the whole bottom of
a case a heat sink.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]This invention relates to the Sora disconnecting switch used in a solar
energy power generation system.

[0002]

[Description of the Prior Art]in the solar energy power generation system, generally 5-8 sets of
solar cell unit arrays are used, and the composition which brings together a direct current from
these solar cell unit arrays in a joint box (distribution board), and is supplied to an inverter is
taken. As shown in drawing 8, the disconnecting switch 21, the surge absorber 22, the contact
button stand 23, the prevention-of-backflow element 24, the switch 25, etc. are built into the
inside of this joint box. 26 is solar cell unit arrays and 27 is an inverter. However, since it is
necessary to build many apparatus into the inside of the conventional joint box as shown in
drawing 8, there is a fault that the enforcement nature of connection is bad, intricately [ an
assembly of a circuit ].

[0003]Then, this invention person is developing the Sora disconnecting switch which included
the point of contact 2, the surge absorber 3, and the prevention-of-backflow element 4 for
disconnections in the inside of the single case 1 as shown in drawing 1 and drawing 2. If this

corresponding to the number of solar cell unit arrays can be tidily arranged inside a joint box,
and since connection work can moreover also be simplified substantially, it will be thought that
it contributes to reduction of total cost greatly.

[0004]However, since the diode used as the prevention-of-backflow element 4 of the Sora
stored inside the case 1, it became clear that there was a possibility of a life becoming short
and reducing the reliability of apparatus by overheating.
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[0005]

[Problem(s) to be Solved by the Invention]This invention solves the above-mentioned
conventional problem, is excellent in the enforcement nature of connection work, and it is
made in order to provide the Sora disconnecting switch which moreover prevented the fall of
the reliability by overheating of a diode.

[0006]

[Means for Solving the Problem]The Sora disconnecting switch of this invention made in order
to solve above-mentioned SUBJECT was formed in the bottom of a case which sticks a heat
sink of this prevention-of-backflow element with a mounting base while it included a point of
contact and a prevention-of-backflow element for disconnections in an inside of a case at least.

[0007]

[Function]Since the Sora disconnecting switch of this invention includes the point of contact
and prevention-of-backflow element for disconnections in the inside of a case at least, it can
simplify the arrangement inside a joint box and can raise the enforcement nature of
connection. And since the heat sink of the prevention-of-backflow element was provided in the
bottom of the case and it was made to stick with a mounting base, overheating of the diode
used as a prevention-of-backflow element can be prevented, and the reliability of apparatus
can be improved.

[0008]

[Example]Working example of a graphic display explains this invention still in detail below.
and the terminal by the side of solar cell unit arrays and 7 are the terminals by the side of an
inverter the point of contact for [ 1 ] disconnections in a case and 2, the prevention-of-backflow
element which consists of diodes 4, the heat sink attached to this prevention-of-backflow
element 4 5, and 6. Such a Sora disconnecting switch is formed in the bottom of the case 1
which sticks the heat sink 5 of the prevention-of-backflow element 4 with the mounting base 8
by this invention, although fixed to the mounting base 8.

[0009]Since the heat generated with the prevention-of-backflow element 4 will move to the
mounting base 8 smoothly via the heat sink 5 if constituted in this way, it will always be cooled
and the prevention-of-backflow element 4 becomes possible [ preventing the fall of the
reliability by overheating of an element ].

[0010]Drawing 5 shows the 2nd working example that made the heat sink 5 project slightly
from the bottom of the case 1, in order to improve more the adhesion of the heat sink 5 and the
fastened too much when attaching the case 1 to the mounting base 8, excessive load may
occur in a lobe and breakage and an intensity problem [ others ] may be produced.
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[0011]So, in the 3rd working example shown in drawing 6, it has attached so that the heat sink
5 which carried the prevention-of-backflow element 4 may be projected from the bottom of the
case 1 with the elastic bodies 10, such as a spring. Thus, when the case 1 is fixed to the
mounting base 8, the heat sink 5 is pressed by the mounting base 8 by moderate power, and if
it sets, it can avoid an intensity problem while heat transfer is performed certainly.

into the heat sink 11, and the heat sink 5 of the prevention-of-backflow element 4 is stuck with
the heat sink 11. Thus, when the case 1 is fixed to the mounting base 8, the heat sink 11 will
certainly be stuck to the mounting base 8, and if it sets, it will not have a possibility that an
intensity problem may arise while heat transfer is performed certainly.

[0013]

[Effect of the Invention]As explained above, since the Sora disconnecting switch of this
invention includes the point of contact and prevention-of-backflow element for disconnections
in the inside of a case at least, if this is included in the inside of a joint box, it has an advantage
which can raise the enforcement nature of connection. And since the heat sink of the
prevention-of-backflow element was provided in the bottom of a mounting base and the case
to stick, heat can be smoothly radiated to a mounting base in the heat generated from an
element, and the fall of the reliability by overheating of an element can be prevented.
Therefore, as a Sora disconnecting switch used in a solar energy power generation system,
this invention is worthy.

[Translation done.]
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(54) SOLAR BATTERY DEVICE

(57)Abstract:

PURPOSE: To provide the safety device of the title solar
battery device capable of avoiding leak or electric shock
even if a power cord is disconnected when a module

falls down from a rack due to an earthquake etc.
CONSTITUTION: The title solar battery device is
provided with a switch 6 to make both terminals 2 and 3

of a terminal box 1 annexed to a module intermitent as

well as an operating wire 7 whose one end side is

connected e.g. to a rack and the other end side is g

W

connected to a shortcircuit lever 6a operated by shifting B 5
or breaking away from the installation position of the
module for shortcircuiting the terminals 2 and 3.
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]In a solar battery device which supplied electric power generated with a solar cell to a
power consumption part via a terminal box and a power cord, A solar battery device provided
with a safeguard which comprises an operating piece which may be made to short-circuit
between both terminals of said terminal box, and a wire for operation which operates said
operating piece and is made to short-circuit between said both terminals by movement thru/or
secession from an installed position of said solar cell.

[Claim 2]While having a connector which connects a terminal and said power cord of said
terminal box removable in a solar battery device which supplied electric power generated with
a solar cell to a power consumption part via a terminal box and a power cord, A solar battery
device provided with a safeguard which provided and constituted the power cord concerned so
that said connector might pull and separate in said power cord by movement thru/or secession
from an installed position of said solar cell.

[Claim 3]In a solar battery device which supplied electric power generated with a solar cell to a
power consumption part via a terminal box and a power cord, While having a plug which
interruption insertion is carried out between a piece of an elastic electrode of a couple which
may short-circuit between both terminals of said terminal box, and a piece of an elastic
electrode of said couple, and electrically connects electrode piece concerned and said power
cord, A solar battery device provided with a safeguard which provided and constituted the
power cord concerned so that said plug might pull and separate in said power cord by
movement thru/or secession from an installed position of said solar cell.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]This invention relates to the solar battery device which enabled it to
prevent fault current when the solar battery device was started, especially a solar cell falls from
a stand according to an earthquake or a stand moves on installation places, such as a roof,
thru/or an electrical shock.

[0002]

[Description of the Prior Art]In order to manufacture easily or to make transportation to an
installation place easy, a solar cell is formed as a module which has a suitable size, and he is
trying to install the module 102 of a required number generally, on the stand 101 installed in
the installation place, as shown in drawing 9. Electrically connect module 102 to each module
102 mutually, or, In order to take out an output, the terminal box 103 is formed, and since the
output of two or more modules 102 is accumulated and it outputs to an inverter etc. further if
needed, the terminal box called a current collection box to a house wall surface etc. is
provided.

[0003]As shown in drawing 10, one pair of terminals 104 and 105 for taking out electric power
outside are formed in the terminal box 103, and the tip of one pair of power cords 106 and 107
introduced in the terminal box 103 is fixed to these terminals 104 and 105 on a screw,
respectively.

[0004]

[Problem(s) to be Solved by the Invention]By the way, when an earthquake occurs, the module
102 is omitted from the stand 101 which supports this, or stand 101 the very thing drops out of
on a roof, There is a possibility that the power cords 106 and 107 drawn from the terminal box
103 or the current collection box may be disconnected, it may be short-circuited, or these
power cords 106 and 107 may be touched carelessly, and an electrical shock may occur.
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[0005]As for this invention, a solar cell aims at offer of the solar battery device which enabled it
to prevent the fault current thru/or the electrical shock by cutting of a power cord when a stand
to fall etc. are carried out in view of the above-mentioned situation.

[0006]

[Means for Solving the Problem]The 1st solar battery device (henceforth the 1st invention) of
this invention, In a solar battery device which supplied electric power generated with a solar
cell to a power consumption part via a terminal box and a power cord, It had a safeguard which
comprises an operating piece which may be made to short-circuit between both terminals of
said terminal box, and a wire for operation which operates said operating piece and is made to
short-circuit between said both terminals by movement thru/or secession from an installed
position of said solar cell.

[0007]The 2nd solar battery device (henceforth the 2nd invention) of this invention, While
having a connector which connects a terminal and said power cord of said terminal box
removable in a solar battery device which supplied electric power generated with a solar cell to
a power consumption part via a terminal box and a power cord, It had a safeguard which
provided and constituted the power cord concerned so that said connector might pull and
separate in said power cord by movement thru/or secession from an installed position of said
solar cell.

[0008]The 3rd solar battery device (henceforth the 3rd invention) of this invention, In a solar
battery device which supplied electric power generated with a solar cell to a power
consumption part via a terminal box and a power cord, While having a plug which interruption
insertion is carried out between a piece of an elastic electrode of a couple which may short-
circuit between both terminals of said terminal box, and a piece of an elastic electrode of said
couple, and electrically connects electrode piece concerned and said power cord, It had a
safeguard which provided and constituted the power cord concerned so that said plug might
pull and separate in said power cord by movement thru/or secession from an installed position
of said solar cell.

[0009]

[Function]In the 1st invention, if a solar cell falls from a stand according to an earthquake or a
stand moves on installation places, such as a roof, the wire for operation will be pulled by the
way outside a terminal box, an operating piece will be operated, and between both the
terminals of a terminal box will connect too hastily. Since electric power is no longer supplied
to the power cord drawn from the terminal box outside by this, even if a power cord is cut by
tension in case the above-mentioned solar cell falls, fault current and the occurrence of an
electrical shock are prevented.

[0010]If a solar cell falls from a stand according to an earthquake or a stand moves on
installation places, such as a roof, in the 2nd invention, A power cord is pulled by the way
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outside a terminal box, a connector separates, and electric power is no longer supplied to the
power cord drawn from the terminal box outside like the 1st invention.

[0011]If a module falls from a stand according to an earthquake or a stand moves on
installation places, such as a roof, in the 3rd invention, A plug is pulled by the way outside a
terminal box with a power cord, it secedes from the piece of an elastic electrode connected to
both terminals, and electric power is no longer supplied to the power cord drawn from the
terminal box outside. Since both terminals contact mutually and short-circuit via said piece of
an elastic electrode in a terminal box, double safe structure is realized.

[0012]

[Example]

(Working example 1) Working example of this invention is hereafter described concretely
based on Drawings.

screw stop of the tip part of the power cords 4 and 5 is carried out to one pair of terminals 2
and 3 provided in the terminal box 1 in this working example, respectively. The short circuit
lever (operating piece) 6a which is supported pivotable in this terminal box 1 by one terminal
(here terminal on the left-hand side of a figure top) 2 of both the terminals 2 and 3, and
attaches and detaches for the terminal 3 of another side, The switch 6 which consists of the
terminal 3 of another side is formed, and the other end of the wire 7 for operation connected
with the stand which one end does not illustrate into the portion of tip slippage of this short
circuit lever 6a is connected. In said terminal box 1, the stoppers 8 and 9 for stopping the short
circuit lever 6a to the position which is separated from the terminal 3 of another side are
formed.

[0014]If this terminal box 1 is attached to a module, an earthquake occurs, this module is
omitted from a stand and the wire 7 is pulled by the way outside the terminal box 1, as shown
in drawing 2, The short circuit lever 6a overcomes the stopper 8, moves to the terminal 3 side
of another side, the terminal 3 of another side is contacted, and both the terminals 2 and 3
short-circuit via the short circuit lever 6a. Since electric power is no longer supplied to the
power cords 4 and 5 drawn from the terminal box 1 by this, even if the power cords 4 and 5 are
cut by the above-mentioned fall, fault current and the occurrence of an electrical shock can be
prevented. Since the short condition of the short circuit lever 6a is held by said stopper 8, this
short condition is not canceled with the shock of modular fall.

[0015]The conductors 16a and 16b of the batten plate shape supported in other working
example of the 1st invention shown in drawing 3, respectively so that tip parts might overlap
each terminals 12 and 13 mutually in the terminal box 11, It is arranged between the tip parts
of both the conductors 16a and 16b, and the switch 16 which consists of the sheet shaped
insulator (operating piece) 16¢ pinched by the elasticity of both the conductors 16a and 16b is
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formed. The wire 17 for operation by which connected with the stand and the other end was
connected with this insulator 16c¢ is formed for one end.

[0016]If an earthquake occurs, this module is omitted from a stand in this working example and
the wire 17 is pulled by the way outside the terminal box 11, as shown in drawing 4, The
insulator 16¢ is drawn out from between the laps of the tip part of both the conductors 16a and
16b, the tip parts of both the conductors 16a and 16b contact mutually with such elasticity, and
both the terminals 12 and 13 short-circuit. Since electric power is no longer supplied to the
power cords 14 and 15 connected to each terminals 12 and 13 by this, a possibility that the
power cords 4 and 5 were cut by the above-mentioned fall and that fault current and an
electrical shock may occur also as ** disappears.

connector areas 26a and 27a of the one side fixed by the terminals 22 and 23 of this terminal
box 21 in the terminal box 21 attached to the module, The connectors 26 and 27 which consist
of the connector areas 26b and 27b of the other side detached and attached by these
connector areas 26a and 27a are formed, and the power cords 24 and 25 are connected to the
connector areas 26b and 27b of said other side. Here, each connectors 26 and 27 are set up
separate by the load of weight x1/2x0.8 of a module. The hauling breaking load of the power
cords 24 and 25 is greatly set up rather than the above-mentioned secession load.
[0018]Since the electrical link of modules is performed by said power cords 24 and 25
connected to the terminal box 21 of each module like the above, When only one module is
omitted from a stand, the power cords 24 and 25 connected to the module concerned are
pulled by the module which does not secede from a stand, and the connectors 26 and 27
separate from them. Since said power cords 24 and 25 are not pulled to a module, he is trying
to, fix the power cords 24 and 25 concerned to the prescribed position of a house on the other
hand, for example, when a module is [ whole stand ] omitted from on a roof.

[0019]In this working example, if an earthquake occurs, and this module is omitted from a
stand or a module is [ whole stand ] omitted from a roof, the power cords 24 and 25 will be
pulled by the way outside the terminal box 21, and as shown in drawing &, the connectors 26
and 27 will separate. Even if the electric power generated by the power cords 24 and 25 by a
module is no longer supplied by this and the power cords 24 and 25 are cut by modular fall, a
possibility that fault current and an electrical shock may occur disappears. Since a wire for
operation like working example 1 will not be provided, but the power cord itself will also commit
** in wire for operation and the connectors 26 and 27 will be removed if it is the composition of
this example, simplification of installation work can be attained.

[0020]In order to prevent storm sewage etc. from it being transmitted to the power cords 24
and 25, and invading in the terminal box 21, the grommet 28 is made to have intervened
between the power cords 24 and 25 and the terminal box 21 in this working example. And to
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the grommet 28 of a terminal box inner part. The crevice 28a made to correspond to the shape
of the code side portion of the connector areas 26b and 27b is formed, and if the connectors
26 and 27 separate, the code side portion of the connector areas 26b and 27b will fit into said
crevice 28a, respectively.

[0021]Here in the safeguard of the solar battery device of this example. In order not to short-
circuit the terminals 22 and 23 by modular fall, after said connectors 26 and 27 have
separated, when storm sewage invades in the terminal box 21, there is a possibility that fault
current may occur between connector area 26a and 27a in the terminal box 21, but. Since the
code side portion of the connector areas 26b and 27b fits into said crevice 28a like the above,
invasion of storm sewage is prevented certainly and generating of the fault current like the
above is prevented certainly.

[0022](Working example 3) In working example of the 3rd invention shown in drawing 7, one
pair of pieces 32 and 33 of an elastic electrode connected to the terminals 38 and 39,
respectively are formed in the terminal box 31 attached, for example to the module. The pieces
32 and 33 of these elastic electrodes are formed so that the electrode piece of another side
can be mutually contacted by each elasticity. And if the plug 36 by which insert and remove
are carried out from the outside of the terminal box 31 is inserted among the pieces 32 and 33
of two electrodes, the pieces 32 and 33 of two electrodes will be opened, and the conductors
36a and 36b which insulated to this plug 36 mutually and it was made to support contact each
electrode piece 32 and 33.

[0023]Also in this working example, like said working example 2, when only one module is
omitted from a stand, the power cords 34 and 35 connected to the module concerned are
pulled by the module which does not secede from a stand, and the plug 36 separates from
them. Since said power cords 34 and 35 are not pulled to a module, he is trying to, fix the
power cords 34 and 35 concerned to the prescribed position of a house on the other hand, for
example, when a module is [ whole stand ] omitted from on a roof.

[0024]Since the plug 36 will be sampled from between the pieces 32 and 33 of two electrodes
as the power cords 34 and 35 are pulled by the way outside the terminal box 31 and it is
shown in drawing 8 if an earthquake occurs and this module is omitted from a stand by this,
Even if electric power is no longer supplied to the power cords 34 and 35 and the power cords
34 and 35 are cut by fall of the above-mentioned module, etc., a possibility that fault current
and an electrical shock may occur disappears. Since 32-both terminal 33 comrades contact
mutually and connect too hastily with such elasticity, generating of fault current in the terminal
box 31 is also prevented.

[0025]In order to prevent storm sewage etc. from it being transmitted to the power cords 34
and 35, and invading in the terminal box 31, the grommet 37 is made to have intervened
between the power cords 34 and 35 and the terminal box 31 in this working example.
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JP,08-316517,A [DETAILED DESCRIPTION] Page 6 of 6

[0026]Although the terminal box attached to a module was made into the example and
explained above, this invention is applicable also to the terminal box for current collection
(current collection box) attached to the wall surface of a house.

[0027]Although the above explanation explained taking the case of the case where a solar cell
is fixed by the position, Also about the solar cell moved to what is called a solar car etc. by
carrying. When it is possible to apply this invention, for example, the whole module or panel of
a solar cell shifts from the position of the body according to a traffic accident etc., short-circuit
a terminal in a terminal box, or, Fault current and an electrical shock can be prevented from
occurring by opening connection between a terminal and a line using a connector, or using
these together.

[0028]

[Effect of the Invention]Since electric power will no longer be supplied to a power cord
according to this invention if a solar cell moves thru/or breaks away according to an
earthquake etc. as explained above, even if a power cord is disconnected, the effect that fault
current and the occurrence of an electrical shock can be prevented is done so.

[Translation done.]
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SOLAR BATTERY DEVICE
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Abstract of JP 9148611 (A)

PROBLEM TO BE SOLVED: To simplify the
switching of the wiring of a solar battery element in
series and in parallel, and to prevent poor contact of
the wiring. SOLUTION: A connector 2 is composed
of a plurality of connection stands 3, a coupling
guide 4 and stoppers 14 in this device. The coupling
guide 4 couples the connection stands 3 in such a
manner that solar battery elements 1 can be moved
to the direction where they are pinchingly attached.
The stoppers 14 fix the connection stands 3 to the
coupling guide 4. The connector 2 of the structure
connects the solar battery elements 1 between the
connection stands 3 in the state wherein the
connection stands 3 can be moved to the coupling
guide 4, and under this state, the solar battery
elements 1 and the connection stands 3 are
electrically connected by fixing the connection
stands 3, with which the solar battery elements 1 are
connected, to the coupling guide 4 by the stoppers
14. Coupling slits 6, with which the solar battery
elements 1 are coupled by inserting their end parts,
are provided on the connection stands 3, and also
external terminals 7, to be coupled to the solar
battery elements 1, are provided.
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JP,09-148611,A [CLAIMS] Page 1 of 1

*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]JHave a connector (2) which connects a solar battery element (1) of two or more
sheets, and this solar battery element (1) in series or in parallel, and a direction which
connects a solar battery element (1) with a connector (2) is changed, In a solar battery device
which is constituted and becomes so that connection of a solar battery element (1) may be
switched in series or in parallel, Two or more connection pedestals (3) with which a connector
(2) connects a solar battery element (1), A connection guide (4) connected so that this
connection pedestal (3) can be moved in the direction which fastens a solar battery element
(1), It has a stopper (14) which fixes a connection pedestal (3) to this connection guide (4), A
solar battery element (1) is connected between connection pedestals (3) as a state which can
move a connection pedestal (3) to a connection guide (4), A solar battery device being
constituted and becoming so that a connection pedestal (3) which connects a solar battery
element (1) may be fixed to a connection guide (4) by a stopper (14) and electrical connection
of a solar battery element (1) and the connection pedestal (3) may be carried out.

[Claim 2]A solar battery device indicated to Claim 1 which has a connection slit (6) with which
a connection pedestal (3) inserts and connects an end of a solar battery element (1).

[Claim 3]A solar battery device indicated to Claim 1 in which a connection pedestal (3) has an
external terminal (7) connected with a solar battery element (1).

[Translation done.]
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JP,09-148611,A [DETAILED DESCRIPTION] Page 1 of 11

*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention relates to the solar battery device used mainly for
teaching materials. Especially this invention changes the connecting direction of the solar
battery element of two or more sheets, and relates to the solar battery device which is
switched in series or in parallel and can be connected.

[0002]

[Description of the Prior Art]A solar cell changes light into the electrical and electric equipment.
The output of a solar cell will become large if incident light becomes strong. Output current and
output voltage change by the luminous intensity into which a solar cell enters. In order to
change the connected state of the output current of a solar cell, the relation of output voltage,
and further two or more solar cells, the solar battery device which switches the solar battery
element of two or more sheets to series and parallel, and is connected is developed (JP,H6-
48882,Y).

[0003]The sectional view of the solar battery device indicated in this gazette is shown in
drawing 1. In a figure, the both sides of the top chord are equipped with the + output terminal
8A, and the solar battery element 1 of this figure equips the both sides of the lower side with
the - output terminal 8B. The output terminal 8 is a metallic pin and is allocated in the center of
the crevice 9 established in the periphery of the solar battery element 1. The output terminal 8
of the adjoining solar battery element 1 is connected with the tubed connecting pin 10. The
connecting pin 10 inserts and carries out electrical connection of the output terminal 8. As
shown in a figure, the solar battery device of this figure connects the output terminal 8 of +- of
the adjoining solar battery element 1 with the connecting pin 10, and is connected in parallel.
Although not illustrated, if the solar battery element 1 is rotated 90 degrees and it connects, the
adjoining solar battery element 1 will be connected in series.
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[0004]

[Problem(s) to be Solved by the Invention]By rotating the solar battery element 1 90 degrees,
the solar battery device shown in a figure is switched in series or in parallel, and can be
connected. It is difficult for the solar battery device of this structure to connect all the solar
battery elements 1 certainly. If the connecting position of the solar battery element 1 shifts,
output terminal 8 grade will become easy to wake up loose connection. this structure -- many --
when the solar battery element 1 of several sheets is connected, there is a fault which loose
connection tends to generate. it -- many -- it is because it will become difficult for the
connecting position of some solar battery elements 1 to shift, to allocate all the solar battery
elements 1 in an exact position, and to connect the output terminal 8 certainly if the solar cell
of several sheets is connected.

[0005]In order to connect a solar battery element with the regular position, the joining structure
was projected on the surface of the standing ways 11, and has formed the connection point of
contact 12. The solar battery element 1 has provided the output terminal (not shown) which
can be inserted and connected with the connection point of contact 12. This device inserts the
output terminal of the solar battery element 1 in the connection point of contact 12, and can
equip the regular position of the standing ways 11 with the solar battery element 1. It can equip
with this structure so that the position gap of many solar battery elements 1 may not be carried
out. However, the device of this structure has a fault in which it is difficult to lessen loose
connection as the tabular solar battery element 1 can be desorbed smoothly. Since the tabular
solar battery element 1 is approached and connected with the standing ways 11, it is difficult
for it to draw out simply. It is because it connects with the standing ways 11 in the state of
being hard to hold. When the tabular solar battery element 1 is drawn out by force, bending
stress acts and there is also a fault which is easy to damage. With a parallel posture, in order
to keep power with a solar cell impossible for from acting, if the solar battery element 1 is put in
another way, balance needs to improve drawing force on either side, and it is necessary to
draw it out. For this reason, it is difficult to desorb so that power with the solar battery element
1 impossible for may not act simply. If an output terminal is strongly pressed at the connection
point of contact 12 and is connected in order to lessen loose connection especially, it will
become impossible to desorb lightly and this evil will become large.

[0006]The solar battery device of the structure shown in drawing 1 and drawing 2 also has a

fault in which it is difficult to take out an output from the middle of a solar battery element in the
state where it connected in series or in parallel. That is because it approaches mutually, a
solar battery element is connected and an output terminal cannot be expressed on the surface
by a connecting state.

[0007]This invention is developed for the purpose of solving such a fault. The important
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purpose of this invention is to provide the solar battery device which can be easy and can be
desorbed in the regular position easily and promptly about a solar battery element.
[0008]other important purposes of this invention -- in-series ** -- ** -- it is in providing the solar
battery device which lessens loose connection and can connect him certainly in the state of
connecting in parallel. It is in providing the solar battery device from which a solar battery
element can be desorbed so that impossible power may not be applied further again.

[0009]

[Means for Solving the Problem]A solar battery device of this invention is provided with the
following.

The solar battery element 1 of two or more sheets.

The connector 2 which connects this solar battery element 1 in series or in parallel.

A direction which connects the solar battery element 1 with the connector 2 is changed, and
connection of the solar battery element 1 is constituted so that it may be switched in series or
in parallel.

[0010]A solar battery device of this invention constitutes the connector 2 from two or more
connection pedestals 3, the connection guide 4, and the stopper 14. The connector 2 connects
two or more solar battery elements 1. The connection guide 4 is connected so that the
connection pedestal 3 can be moved in the direction which fastens the solar battery element 1.
The stopper 14 fixes the connection pedestal 3 to the connection guide 4. The connector 2 of
this structure connects the solar battery element 1 between the connection pedestals 3 as a
state which can move the connection pedestal 3 to the connection guide 4, and is in this state,
It constitutes so that the connection pedestal 3 which has connected the solar battery element
1 may be fixed to the connection guide 4 by the stopper 14 and electrical connection of the
solar battery element 1 and the connection pedestal 3 may be carried out.

[0011]A solar battery device indicated to Claim 2 of this invention has formed the connection
slit 6 which inserts and connects an end of the solar battery element 1 in the connection
pedestal 3, in order to connect the solar battery element 1 simply and certainly.

[0012]A solar battery device of Claim 3 of this invention has formed further again the external
terminal 7 connected with the solar battery element 1 in the connection pedestal 3, in order to
take out an output from a node of a probe for measurement connected in series or in parallel.
[0013]

[Function]The solar battery device of this invention has connected the solar battery element 1
via the connection pedestal 3. namely, -- fastening the solar battery element 1 between the
connection pedestals 3 -- the solar battery element 1 -- in-series ** -- ** -- it connects in
parallel. Without carrying out the position gap of each solar battery element 1 by a joining
segment, since it is attached in the state movable only in the fastening direction on the
connection guide 4, in the regular position, certainly, it is electrically connected and, as for the
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connection pedestal 3, loose connection can prevent the electrode terminal 17. When
connecting the solar battery element 1, a connection method can be switched easily [ in-series
and parallel ] by rotating the direction of each solar battery element 1 90 degrees. Since the
device of this structure can change connection of each element easily, it is the optimal as a
device for teaching materials. Since it can constitute so that the direction of an element, i.e.,
the connecting method of elements, can see and check by series, parallel, and eyes
especially, and a change can be done simply, electrical properties, such as a pressure value
by the difference in a connection method and a current value, can check immediately.

[0014]

[Embodiment of the Invention]Hereafter, an embodiment of the invention is described based on
Drawings. However, the embodiment shown below illustrates the solar battery device for
materializing technical idea of this invention, and this invention does not specify a solar battery
device as the following.

[0015]This Description has appended the number corresponding to the member shown in an
embodiment to the member shown in "the column of Claims", and "the column of The means
for solving a technical problem" so that it may be easy to understand Claims. However, there is
never nothing what specifies the member shown in Claims as the member of an embodiment.
[0016]An example concerning the embodiment of the solar battery device of this invention is
shown in drawing 3 and drawing 4. The solar battery device shown in drawing 3 and drawing 4

shows signs that the solar battery element 1 of two sheets is connected with the connector 2
which has three sets of the connection pedestals 3. The connector 2 shown in these figures is
provided with the connection guide 4 and the connection pedestal 3. The connection pedestal
3 is attached to the state slidable on the connection guide 4. The undersurface of the
connection pedestal 3 is equipped with the slide base 5 which can move the connection
pedestal 3 to the arbitrary positions on the connection guide 4. The connection pedestal 3 is
slid along with the connection guide 4, and in the state of fastening the solar battery element 1
between connection pedestal 3 comrades, the connection pedestal 3 is fixed as it is also with
the stopper 14 to the regular position of the connection guide 4.

[0017]The connection guide 4 shown in drawing 3 is tabular [ long and slender ], and
comprises a product made from a plastic, metal, etc. It is slidably equipped with two or more
connection pedestals 3 via the slide base 5 on the tabular connection guide 4. The slide base
5 has the insertion hole 13, and it is constituted so that the connection guide 4 may be inserted
in the insertion hole 13 and the connection pedestal 3 can slide. Therefore, the connection
pedestal 3 can be added or it can dissociate from the end of the connection guide 4.
[0018]The slide base 5 is a rectangular parallelepiped which has an opening, and establishes
the insertion hole 13 in the side according to the size of the connection guide 4, and shape. It
is made for the size of the opening of the insertion hole 13 to become large a little from the
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connection guide 4 so that it can slide, where the connection guide 4 is inserted in the insertion
hole 13. In drawing 3, since the cross section of the connection guide 4 is a rectangle, the
opening also of the insertion hole 13 of the slide base 5 is carried out to rectangular form. An
insertion hole will become cylindrical if a connection guide is made cylindrical, although not
illustrated. However, in a cylindrical connection guide, since a stopper rotates in accordance
with the circumference, it connects so that a connection pedestal may not sway right and left,
and a key and a spline may be provided and it may not rotate. Let the section of a connection
guide and an insertion hole be a rectangle, a square, or a polygon preferably.

[0019]The fixing screw which is the stopper 14 is formed in the slide base 5, and it can fix so
that it may not move on the connection guide 4. A screwhole is established in a part of slide
base 5, and the stopper 14 is inserted in here. The stopper 14 which penetrates the slide base
5 is bound tight, forces the tip of a thread part on the connection guide 4, and he can fix it so
that it may not move according to strong frictional force. The connection pedestal 3 which has
the stopper 14 of this structure can slide on the connection guide 4 top freely, and can change
a position easily, and can fix it easily in arbitrary positions. Although the connection pedestal 3
providing in two or more places of the side can also form the stopper 14 in the side or both
sides of an opposite hand. When sliding the connection pedestal 3 on the connection guide 4,
the stopper 14 is loosened, when it fixes the connection pedestal 3, the stopper 14 is bound
tight and the slide base 5 is fixed.

[0020]The structure shown in drawing 5 besides what is shown in drawing 3, and the structure

section consists reverse T character-like of in the connection guide 4. Similarly the slide base
(not shown) provided in the undersurface of the connection pedestal 3 is made into the shape
of a reverse T character, makes shape of the slit 15 and a slide base the same, and it enables
it to be freely slid on it. The connector of this figure has penetrated and formed the fixing screw
which is the stopper 14 in the connection guide 4. The stopper 14 thrusts into the screwhole
established in the connection guide 4, presses a slide base and stops. This stopper has more
than one and is formed in the position which a connection pedestal fastens a solar battery
element and can stop. The joining structure furthermore shown in drawing & makes the section
of connection guide 4 the very thing the shape of a reverse T character. The connection
pedestal 3 is provided with the tabular slide base 5 of two sheets which can slide along the
vertical plane of the connection guide 4. The side of the slide base 5 is equipped with the
stopper 14, and the slide base 5 is fixed to the connection guide 4 as it is also with the stopper
14.

[0021]The connection pedestal 3 fixed to the upper part of the slide base 5 is attached so that
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it can move slidably in the connection guide 4 top. The slide base 5 can move in a direction
parallel to the connection guide 4, and the direction to which in other words the connection
pedestal 3 fastens the solar battery element 1 in the connection guide 4 top. Therefore, the
connection pedestal 3 fixed to the slide base 5 can also be moved only in the direction which
fastens the solar battery element 1, and cannot be moved in the direction which intersects
perpendicularly with the connection guide 4. The connection pedestal 3 of this structure can
contact terminals certainly in the state where it was designed beforehand. It is because it does
not sway right and left to the move direction, so the connecting location of a terminal does not
shift.

[0022]The connection pedestal 3 is made to the transparent product made from a plastic, etc.
so that the cube type may be carried out and internal wiring can be checked from the outside.
The connection pedestal 3 shown in drawing 3 makes the end of the upper surface parallel to
a sliding direction the shape of a slant face, in order to form the external terminal 7. The
connection slit 6 which connects the solar battery element 1 is provided in the field which
intersects perpendicularly with a sliding direction so that the solar battery element 1 can be
connected in series or in parallel. The connection slit 6 is formed symmetrically with an
opposed face, as shown in drawing 7.

[0023]The contact button 16 which electrically connects the solar battery element 1 is formed
in the connection slit 6. The contact button 16 is not formed all over the connection slit 6, is
provided in two places of the both ends of the connection slit 6, and is insulated mutually. Each
contact button 16 is a copper plate almost equal to the length of the connection pedestal 3 etc.,
and is projected in the connection slit 6 of the field which counters. Therefore, the contact
button 16 is continuing to the connection slit 6 which counters, as shown in drawing 7, the
contact button 16 is electrically connected to the connection slit 6 on either side, but in the
upper part and the lower part, it has insulated mutually by using the contact button 16 as a
separate member. As shown in the sectional view of drawing 8, although the contact button 16
can also be used as the copper plate of one sheet, it can be used as a separate member to the
connection slit 6 on either side, and can also electrically connect both with a lead etc. The
portion which projects to the connection slit 6 of the contact button 16, and the portion which in
other words contacts the solar battery element 1 electrically can be bent, can be made convex,
can be pressed to the electrode terminal 17 of the solar battery element 1, and can contact
certainly.

[0024]It can branch to the omitted portion of the contact button 16, and the external terminal 7
can be formed. The exterior of the connection pedestal 3 can be made to be able to express
the external terminal 7, it can be made into the node of the probe for measurement, etc., and
can detect electrical signals, such as voltage and current, from here. The measuring probe is

made easy for the connection pedestal 3 shown in drawing 3 to make an upper surface both-
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ends edge the shape of a slant face, to make the external terminal 7 project here at about 45
degrees, respectively, and to connect even from the side from the upper part.

[0025]The end of the solar battery element 1 is inserted in the connection slit 6 provided in the
both ends of the connection pedestal 3, the both ends of the solar battery element 1 are
fastened to the connection pedestal 3, and each [ solar battery element 1 ] are connected in

comprises an amorphous silicon etc. and produces electromotive force between the electrode
terminals 17 according to photoelectromotive force. The solar battery element 1 shown in a
figure comprises a module of one sheet which provides a light sensing portion in the surface,
and even if it makes it rotate 90 degrees, it is made into shape symmetrical with square four
directions so that it can connect in the same state. The + electrode terminal 17A and the -
electrode terminal 17B are formed in the neighborhood which counters the both ends of the
solar battery element 1 so that electromotive force can be acquired. The solar battery element
1 shown in drawing 9 has written polarity as the ability of + pole and - pole to be distinguished
at a glance outside so that it may be easy to use it as teaching materials.

[0026]However, the solar battery element 1 of this invention does not make the whole of one
side the electric conduction side of the electrode terminal 17, but as shown in drawing 10, it
forms the electrode terminal 17 only in a corner. When the electrode terminal 17 provided in
the corner is inserted in the connection slit 6 of the connection pedestal 3, it is provided in the
contact button 16, and a corresponding position, width and size so that electrical connection
can be certainly carried out with the contact button 16. The solar battery element 1 of this
structure can change a connected state according to the field inserted in the connection slit 6
of the connection pedestal 3.

[0027]For example, if + pole and the right-hand side are connected for the left side of the solar
battery element 1 as a - pole as shown in drawing 11, each solar battery element 1 is
connectable in series. As shown in drawing 12, the top chord of the solar battery element 1 is
connectable with a parallel state, if + pole and the lower side are connected as a - pole. Thus,
a connected state can be easily changed by changing the field which the solar battery element
1 connects. That is because the contacting parts of the electrode terminal 17 of the solar
battery element 1 and the contact button 16 of the connection pedestal 3 are made punctiform
[ instead of a line ]. When it is made to rotate 90 degrees, it turns into a line and connection of
a point and makes a punctiform terminal short-circuit with a linear terminal in a linear electrode,
even if it can perform connection of lines. If it is a punctiform terminal, even if it will make it
rotate 90 degrees, it becomes connection of a point and a point and a short circuit does not
take place. Therefore, a connected state can be changed by arranging +- so that combination
can be changed.
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[0028]The electrode terminal 17 which is an electric conduction side can also be formed only in
the bottom of the solar battery element 1 like drawing 10. However, although not illustrated, an
electrode terminal can also be provided so that it may also be transmitted to the side as a U
shape to also provide in the upper surface of a solar battery element and to provide in the
upper surface and the bottom from the upper surface and they may follow the bottom. The
contact button of a connection pedestal is provided in the position and shape of corresponding
in these cases.

[0029]The solar battery device of this invention can connect the solar battery element 1 in
series or in parallel as follows, and can be separated.

** Equip the connection pedestal 3 with the solar battery element 1. The stopper 14 is
loosened, and as a state which can slide on the connection guide 4 top freely, an interval is
opened so that the solar battery element 1 can be fastened between connection pedestal 3
comrades. It is not necessary to connect the solar battery element 1 using all the connection
pedestals 3, and the connection pedestal 3 of the number according to the solar battery
element 1 of the required number can be used. For example, when experimenting by
connecting the five solar battery elements 1, the six connection pedestals 3 are used. The
connection pedestal 3 which is not used is brought together in the end of the connection guide
4, and is fixed suitably. In order to connect many solar battery elements 1, when the number of
the connection pedestal 3 with which it was equipped on the connection guide 4 runs short, the
connection pedestal 3 of a considerable number can be easily added from the end of the
connection guide 4.

[0030]** Next, insert the end of the solar battery element 1 in the connection slit 6 of the
connection pedestal 3. One end is inserted in the connection slit 6, another connection
pedestal 3 is made to approach to the end of another side, and the connection slit 6 is made to
insert. Since the connection pedestal 3 approaches vertically to the end face of the solar
battery element 1 which connects, the contact button 16 of the connection slit 6 is connected
with the end of the solar battery element 1 in an exact position. It is decided whether to be
which end face by whether the end of the solar battery element 1 inserted in the connection slit
6 has a parallel connection method of the solar battery element 1 in series. In other words, the
neighborhood of the solar battery element 1 inserted in the connection slit 6 provided in the
connection pedestal 3 with a wiring method is determined. When connecting in series, the
whole one-side surface of the solar battery element 1 connects with another connection
pedestal 3 the neighborhood 17B which is + pole, i.e., the neighborhood which insert the +
electrode terminal 17A in the connection slit 6, and counters, i.e., - electrode terminal.
Similarly, the connection pedestal 3 is equipped with other solar battery elements 1 one by one
towards an equal direction.

[0031]Or when connecting in parallel, it is made to rotate 90 degrees from an in-series state,
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and the neighborhood (in drawing 9, it is the lower side) which has + pole at the one end and

[0032]** Bind the stopper 14 tight from the state which carried out the temporary stop, and fix
the connection pedestal 3 to the connection guide 4. The solar battery element 1 is firmly fixed
with the connection pedestal 3 in this state, and electrical connection of the solar battery
element 1 comrades is carried out via the connection pedestal 3. The solar battery device
connected in series or in parallel produces electromotive force in response to light in a light
sensing portion. A signal can be acquired and observed from the external terminal 7 which
provided this situation in the connection pedestal 3. For example, when it connects in series,
the probe for measurement of an oscilloscope can be connected to the external terminal 7 of
the connection pedestal 3 located in both ends, the whole voltage waveform can be observed,
and the voltage of each part can be measured from the external terminal 7 of the middle
connection pedestal 3.

[0033]** When changing the connection method of the solar battery element 1, or when
decomposing, the stopper 14 is loosened, the connection pedestal 3 is shifted, and the solar
battery element 1 can be easily separated from the connection pedestal 3 by drawing out the
end of a solar battery element from the connection slit 6.

[0034]The solar battery device of this invention is the optimal if it is used as an object for
teaching materials. However, this invention does not limit a use to teaching materials. The
solar battery device of this invention can change voltage and current by changing the
connection method of the solar battery element 1, and can change electromotive force further
also by the change in the use number of sheets of the solar battery element 1. Since the
middle connection pedestal 3 can take out an output from the external terminal 7, it can
experiment in the state where the solar battery element 1 was connected in series changing
the external terminal 7, and changing voltage. Where the solar battery element 1 is connected
in parallel, it can experiment in neither output voltage nor current changing, even if it changes
connection of the external terminal 7. Thereby, output voltage can be changed from the same
light volume. With this characteristic, it can also use as an easy power supply. It can be used
for a demonstration, exhibition, etc.

[0035]

[Effect of the Invention]The solar battery device of this invention can change connection of a
solar battery element in series or in parallel easily with the device of an easy structure. That is
because a connection pedestal can be moved along with a connection guide, and a solar
battery element can be connected to a connection pedestal or it can dissociate. The device of
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this invention has the feature that the loose connection of a joining segment can be prevented,
where a solar battery element is connected in series or in parallel. That is because the
electrical connection of it can be carried out in a connection pedestal as a solar battery
element is fastened by moving a connection pedestal along with a connection guide. In the
state of fastening a solar battery element, the connection pedestal which moves to a coupling
direction and is stopped by the connection guide can prevent the position gap leading to loose
connection. Therefore, the solar battery device of this invention can carry out electrical
connection of the solar battery element in series or in parallel simply and correctly, and the
feature which can decrease the obstacle by loose connection ultimately is realized. The device
of this invention makes the position which fastens a solar battery element stop a connection
pedestal, and can connect a solar battery element with a connection pedestal. For this reason,
there is the feature that a solar battery element is easily connectable with a connection
pedestal, without caring about the position which fixes a connection pedestal.

[0036]The solar battery device furthermore indicated to Claim 2 of this invention provides a
connection slit in a connection pedestal, and inserts and connects the end of a solar battery
element here. Since the solar battery device of this structure inserts one end of a solar battery
element in a connection slit, and the other end makes a connection pedestal approach along
with a connection guide and can be inserted, electrodes are connectable with a certainly exact
position. Therefore, the feature which can connect a solar battery element with the connection
pedestal which slides on the connection guide top mentioned above, and does not move in the
direction which carries out a position gap more simply and certainly conjointly is realizable.
Since it can desorb only by taking out and inserting a solar battery element to a connection slit,
desorption can carry out very easily and can also decrease ultimately the evil of the breakage
at the time of desorption, loose connection, etc. If a solar battery element is especially made
into the shape of a square, even if it rotates this 90 degrees, it can completely connect in a
similar manner, and a wiring method can be changed easily, and there is also a merit which
can ensure connection similarly.

[0037]The solar battery device indicated to Claim 3 of this invention has provided further again
the external terminal electrically connected with the solar battery element at the connection
pedestal. Therefore, signals, such as voltage and current, can be taken out from the middle of
a terminal area with an external terminal. It becomes unnecessary troublesome the wiring
substitute for taking out the terminal for measurement which was necessity conventionally,
wearing of a terminal, etc. working the solar battery device of this structure. These work
needed to be redone when a wiring method was changed in series or in parallel, and it was the
former. It is difficult to measure the electrical property of pars intermedia in a solar battery
device without the terminal expressed especially outside in a middle terminal area. Where a
solar battery element is connected in series or in parallel, the solar battery device of this
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invention measures output voltage and current from an external terminal, and can observe the
state of the output voltage in each connected state, or output current. For this reason, the
device of this invention is easily observable in a position with various checks of output
characteristics, such as voltage by the difference in the connection method of a solar battery
element, and current. The solar battery device of this invention optimal especially as an object
for teaching materials, Since the method of wiring can see and check by the eye from the
exterior by indicating + pole and - pole to the electrode terminal of a solar battery element, and
moreover making a connection pedestal transparent, The relation between wiring and output
characteristics can understand conjointly easily that voltage, current, etc. can be easily
investigated with the external terminal of each connection pedestal, and the feature ideal as an
object for teaching materials can be realized.

[0038]In addition, since the connector equipped with a solar battery element is made with easy
composition called a connection guide and the connection pedestal which slides here, the
solar battery device of this invention can be designed compactly. If it enables it to connect a
connection guide with a connection pedestal simply, wearing and removal can be performed
easily and the number of the connection pedestals with which a connection guide is equipped
according to the number of the solar battery elements to be used can be fluctuated easily.
Since the whole of each connection pedestal can use the same thing, also when fluctuating, it
does not need to be located in a line, it does not need to care about order etc., and is still more
convenient also in a design, production, etc.

[Translation done.]
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Abstract of JP 11103538 (A)

PROBLEM TO BE SOLVED: To provide an optical
power generating system that can prevent decrease
of power generating efficiency of the whole system.
SOLUTION: An optical power generating system
100 comprises a plurality of solar battery modules
1a to 1n, and a plurality of power converters 2a to
2n respectively connected to the modules 1a to 1n
and having maximum solar energy pursuing
functions. The converters 2a to 2n are connected in
series to one another. The modules 1a to 1n have
their output current and output voltage controlled by
the maximum solar energy pursuing functions of the
converters 2a to 2n, so that the maximum power
generating efficiency can be always obtained.
Further, a common output current flows through the
output terminals of the converters 2a to 2n, and the
output voltages are automatically adjusted, so that
the ratio of any two voltages becomes equal to the
ratio of the maximum powers of the corresponding
two of the modules 1a to 1n.
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]Two or more power converters which have a maximum dissipation tailing function
which takes out the maximum dissipation from two or more optical power generation bodies
which transform light energy into electrical energy, and said optical power generation body
which is connected to each of two or more of said optical power generation bodies, and
corresponds, A preparation, an optical power generation system connecting said two or more
power converters in series.

[Claim 2]An optical power generation system which carried out multiple connection of two or
more power generation modules, comprising:

Two or more optical power generation bodies from which each of said power generation
module transforms light energy into electrical energy.

Two or more power converters which have a maximum dissipation tailing function which takes
out the maximum dissipation from said optical power generation body which an input edge is
connected to each of two or more of said optical power generation bodies, and the series
connection of the outgoing end of each other is carried out, and corresponds.

[Claim 3]An optical power generation system characterized by said optical power generation
body being the solar cell module which combined a photovoltaic cell in Claim 1 or 2.

[Claim 4]An optical power generation system characterized by said optical power generation
body being the solar panel which combined a solar cell module in Claim 1 or 2.

[Claim 5]An optical power generation system characterized by said power converter being a
direct current to direct current converter in either of the Claims 1-4.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention relates to the voltage outputted from an optical power
generation body, and the optical power generation system which converts the power of current
and is outputted to load or a battery.

[0002]

[Description of the Prior Art]In recent years, photovoltaics is spreading as an applied
technology of an optical power generation body. The output voltage-output current
characteristics of a solar cell change with natural conditions, such as solar intensity and
ambient air temperature, aging of a solar cell, etc. in photovoltaics. Therefore, in order to
maintain the output voltage and output current of a solar cell at the operating point (optimum
operating point) which the maximum dissipation can take out, what is called a maximum
dissipation tracking control (MPPT control) is indispensable.

[0003]Brawing 4 is a figure showing the composition of the conventional optical power
generation system. As shown in the figure, two or more solar cell modules 101a-101n are
connected in series, the solar panel 105 is constituted and the output is connected to load via
the power converter 102 which has an MPPT control function. To each solar cell module 101a-
101n. When electric generating capacity does not decline by interception or failure of daylight
by surface dirt, the shades, etc., such as the solar cell module 101a, etc. or it stops generating
electricity, In order to send the current outputted from other solar cell modules 101a-101n
which are operating normally, the diodes (by-pass diode) 104a-104n as a bypass element are
connected.

[0004]

[Problem(s) to be Solved by the Invention]By the way, as shown in drawing 4, in carrying out

the series connection of each solar cell modules 101a-101n and taking out electric power from
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the solar panel 105, the same current as all the solar cell modules 101a-101n flows. This is
also the same as when MPPT control is performed, and a predetermined output current value
is set up so that the maximum dissipation may be obtained as the whole solar panel 105.
However, each solar cell modules [ 101a-101n ] optimum operating points differ from the
incidence conditions of light, the difference in the characteristic, etc., respectively, and cannot
operate all the solar cell modules 101a-101n in an optimum operating point with the same
output current value. Namely, since an optimum operating point cannot be set as the ability of
the maximum dissipation to be taken out from all the solar cell modules 101a-101n which
constitute the solar panel 105, The each solar cell module [ 101a-101n ] maximum electric
generating capacity was not able to be pulled out simultaneously.

[0005]What is necessary is just to control each solar cell modules [ 101a-101n ] output voltage
V1-Vn for an optimum operating point to come in each solar cell modules 101a-101n, in order
of the power generation controller which controls to variable two or more solar cell modules

[ by which the series connection was carried out / 101a-101n ] output voltage Va-Vn. As shown
in the figure, switching elements [ 106a-106n ] each is connected to the solar cell modules
101a-101n. This power generation controller has a controllable ratio of output voltage by
changing each switching elements [ 106a-106n ] off-duty (on-off cycle [ of a switching
element ], and ratio of "off" period) Da-Dn, Between output voltage and off-duty, it is V1:V2. : --
:Vn=Da:Db : -- The relation of :Dn is materialized. Namely, by controlling the ratio of off-duty
Da-Dn, and setting up each output voltage V1-Vn so that all the solar cell modules 101a-101n
can operate in an optimum operating point, It becomes possible to take out the maximum
dissipation from each solar cell modules 101a-101n.

[0006]However, the control method becomes complicated in order that the power generation
controller mentioned above may control each switching elements [ 106a-106n ] off-duty to a
different value. If it is going to operate each solar cell modules 101a-101n in an optimum
operating point, Numbers, such as the solar cell module 101a, needed to be decided
beforehand, the ratio of off-duty also had to be changed each time in the optical power
generation system which changed numbers, such as the solar cell module 101a, and there
was a problem that the pliability of composition was missing.

[0007]this invention is created in view of such a point, and comes out. The purpose is to
provide the optical power generation system which can prevent decline in the generation
efficiency of **.

[0008]
[Means for Solving the Problem]In order to solve SUBJECT mentioned above, an optical
power generation system of this invention, It has two or more optical power generation bodies
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which transform light energy into electrical energy, and two or more power converters which
have a maximum dissipation tailing function connected to each of this optical power generation
body, and it is connected in series and these power converters are constituted. Each power
converter is performing control of voltage and current which are outputted from an optical
power generation body so that the maximum dissipation can be taken out from a connected
optical power generation body with a maximum dissipation tailing function. As mentioned
above, the operating points (optimum operating point) which can take out the maximum
dissipation from each optical power generation body differ for every optical power generation
body, but. Thus, since it is controlled so that each optical power generation body which
constitutes an optical power generation system always generates the maximum dissipation
separately, decline in generation efficiency of the optical whole power generation system can
be prevented. Since it is not what generation efficiency of each optical power generation body
is controlled by the maximum tailing function of a power converter, and is influenced in any
way by change of generation efficiency of other optical power generation bodies, Even if it is a
case so that the number of optical power generation bodies may be changed according to load
carrying capacity etc., each optical power generation body can always be operated in an
optimum operating point, and a supple optical power generation system can be realized.
[0009]A power generation module which has the composition mentioned above can be
connected in parallel, and an optical power generation system which obtains bigger generated
output can also be built. In such an optical power generation system, each power generation
module is performing power generation operation independently, and since the optical power
generation body in each power generation module operates in an optimum operating point, it
can prevent decline in generation efficiency as the optical whole power generation system.
[0010]An optical power generation body mentioned above is the solar cell module which
specifically combined a photovoltaic cell, or it is the solar panel which combined two or more
these further, and control is performed so that the maximum dissipation can be taken out by
making these into a unit. Decline in generation efficiency in the optical whole power generation
system can be suppressed to the minimum by making it operate in an optimum operating point
for every solar cell module especially. Simplification of composition is attained by making it
operate in an optimum operating point for every bigger solar panel than it.

[0011]A power converter mentioned above is a direct current to direct current converter which
has a maximum dissipation tailing function, and it can send the greatest output current,
keeping constant output voltage (total of output voltage of each power converter) of the whole
impressed to load, where each optical power generation body is operated in an optimum
operating point. Therefore, a production of electricity of an optical power generation system
always becomes total of the maximum production of electricity of each optical power
generation body, and decline in generation efficiency by the characteristic of each optical
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power generation body or difference of a sunshine state can be prevented.

[0012]

[Embodiment of the Invention]The optical power generation system of one embodiment which
applied this invention connecting to each of two or more solar cell modules the power
converter which has an MPPT control function, and controlling so that each solar cell module
operates in an optimum operating point (power generation) has the feature. Hereafter, the
optical power generation system of one embodiment which applied this invention is explained
concretely, referring to Drawings.

[0013](1) Entire configuration drawing 1 of an optical power generation system is a figure
showing the entire configuration of the optical power generation system of one embodiment
which applied this invention. As shown in the figure, the optical power generation system 100
is constituted including two or more solar cell modules 1a-1n, two or more power converters
2a-2n, and the reverse current prevention diode 3. Battery Unit 10 and other electric
appliances (not shown) are connected to the optical power generation system 100 shown in
the figure as electric load, and the greatest output current it was large enough, and such
electric loads performed MPPT control and generated explains as what always flows into such
electric loads.

[0014]Solar cell modules [ 1a-1n ] each comprises two or more photovoltaic cells (PV cell)
connected in series or in parallel. PV cell is making the form which accumulated the layer of
the thin N-type semiconductor the layer of the thin P type silicon semiconductor, for example,
and if light hits, the electromotive force of minus will occur in the P type layer side at the plus
and N type layer side. These electric power is collected through the electrode formed in the
surface and the rear face of a layer.

[0015]The solar cell modules 1a-1n are connected with the power converters 2a-2n,
respectively. As for the power converter 2a of the first rank, one output terminal is connected to
the positive terminal of Battery Unit 10 via the reverse current prevention diode 3, and the
output terminal of another side is connected to the output terminal of power converter 2b of the
next step. As for power converter 2b-2m each, one output terminal is connected to the output
terminal of the preceding paragraph, and the output terminal of another side is connected to
the output terminal of the next step. As for the power converter 2n of the final stage, one output
terminal is connected to the output terminal of the power converter 2m of the preceding
paragraph, and the output terminal of another side is connected to the negative terminal of
Battery Unit 10.

[0016]The reverse current prevention diode 3 is for preventing the current which flows
backwards, when the electric generating capacity of the optical power generation system 100
declines by interception, failure, etc. of daylight and the output voltage becomes lower than the
voltage between terminals of Battery Unit 10.
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[0017](2) Explain the detailed composition and operation of the power converters 2a-2n which
were shown in the detailed composition of a power converter and operation, next drawing 1.
Each power converters 2a-2n have the same composition, are represented and explain the
power converter 2a. Drawing 2 is a figure showing the composition of the power converter 2a.
As shown in the figure, the power converter 2a is constituted including the current sensor 21,
the voltage sensor 22, the MPPT control part 23, and the lowered type chopper-circuits unit 24
of the pressure.

[0018]The current sensor 21 outputs the current value which flows in from the solar cell
module 1a connected to the power converter 2a to the MPPT control part 23, and the voltage
sensor 22 outputs the pressure value impressed from the solar cell module 1a connected to
the power converter 2a to the MPPT control part 23. The MPPT control part 23 changes the
ratio of the ON time and OFF time of the switching element 25 of lowered type chopper-circuits
unit of the pressure 24 inside with a certain time interval.

[0019]The lowered type chopper-circuits unit 24 of the pressure is a direct-current-to-direct-
current converter, and output voltage is set up in the range below input voltage by controlling
the ratio of the ON time and OFF time of the switching element 25 according to the directions
from the MPPT control part 23. The input current of the lowered type chopper-circuits unit 24 of
the pressure, It is controllable by changing the ratio of the ON time and OFF time of the
switching element 25, and when the solar cell module 1a is operating near the optimum
operating point, input voltage (output voltage of the solar cell module 1a) also interlocks and
changes to this by changing this input current. Change of these input currents is detected by
the current sensor 21, and is told to the MPPT control part 23, and change of input voltage is
detected by the voltage sensor 22, and is told to the MPPT control part 23.

[0020]The MPPT control part 23 computes the electric power inputted into the power converter
2a from the solar cell module 1a based on such input currents and input voltage, Comparison
with the computed value of the last (before changing the ratio of the ON time and OFF time of
the switching element 25) electric power is performed, and electric power changes the ratio of
the ON time and OFF time of the switching element 25 in the direction which becomes large.
Input power is specifically measured as follows and the ratio of the ON time and OFF time of
the switching element 25 is changed.

[0021]Drawing 3 is a characteristic figure showing the output voltage of the solar cell module
1a, and the relation of output power. For example, while operating in the A point shown in the
figure, when the MPPT control part 23 controls the switching element 25 and the operating
point moves at a B point, since output power increased, it maintains the operating state in the
B point when a power value is bigger. Since output power decreased when the MPPT control
part 23 controlled the switching element 25 and the operating point moved to C point, while
operating in the B point, the MPPT control part 23 controls the switching element 25 again, in
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order to return the operating point at a B point.

[0022]Thus, by the MPPT control part's 23 changing the ratio of the ON time and OFF time of
the switching element 25 with a certain time interval, and supervising the change in the input
power of the solar cell module 1a each time, It is got blocked, and it is controlling so that the
solar cell module 1a operates in an optimum operating point, so that the output power of the
solar cell module 1a always serves as the maximum. Since the electric power inputted into the
power converter 2a serves as the maximum, the electric power outputted from the power
converter 2a also serves as the maximum.

[0023]Next, the voltage and current which are outputted from the power converters 2a-2n are
examined. In drawing 1, the maximum dissipation outputted from the solar cell modules 1a-1n,
respectively P1-Pn, The current which flows through the terminal voltage of V1-Vn, and Battery
Unit 10 into the electric load of VB and Battery Unit 10 grade the voltage outputted from P1'-
Pn' and the power converters 2a-2n, respectively in the electric power outputted from the
power converters 2a-2n, respectively is set to I.

[0024]When power loss in each power converters 2a-2n is made into zero, they are P1=P1’,
P2=P2', --, Pn=Pn'. -- (1)

¥ is realized. Voltage VB and the current | are shown by the following formula.

[0025]

VB=V1+V2+ -- +Vn -- (2)

I=P1/V1=P2/V2= -- =Pn/Vn -- (3)

This (3) type by connecting the power converters 2a-2n in series each power converters [ 2a-
2n ] output voltage V1-Vn, It is proportional to the corresponding solar cell modules [ 1a-1n ]
output power P1-Pn, and being controlled so that the ratio of each output voltage V1-Vn
moreover becomes equal to the ratio which are each solar cell modules 1a-1n is shown.
[0026]For example, when only the solar cell module 1a goes into the shade and the output
power P1 declines. Since the voltage and current which the solar cell module 1a shared till
then are unmaintainable, under the conditions that each solar cell modules [ 1a-1n ] output
current becomes fixed, The output current | common to these is automatically set to the each
power converters [ 2a-2n ] output voltage V1-Vn fill the (1) type - (3) type mentioned above.
The output voltage V1 of the power converter 2a actually connected to the solar cell module 1a
in which electric generating capacity declined declines, and output voltage V2 grades, such as
the other power converter 2b, go up. The common output current | declines so that it may
understand also from each output voltage V2 grade other than solar cell module 1a becoming
high. Although it does in this way and output voltage and output current, such as each power
converter 2b, change, since MPPT control of the solar cell module 1b connected to each input
side is carried out independently, the operation in an optimum operating point is always
maintained, and the maximum dissipation at the time is obtained.
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[0027]Thus, the optical power generation system 100 of this embodiment connects to solar cell
modules [ 1a-1n ] each the power converters 2a-2n which have an MPPT control function,
moreover carries out the series connection of the each power converters [ 2a-2n ] outgoing
end, and makes it the whole output voltage. Therefore, MPPT control of each solar cell
modules 1a-1n can be carried out independently, it can be made to be able to operate in an
optimum operating point, and decline in the generation efficiency as the optical power
generation system 100 whole can be prevented.

[0028]The common output current | flows into a power converters [ 2a-2n ] outgoing end, and
since each power converters [ 2a-2n ] output voltage Va-Vn is automatically adjusted so that it
may become equal to the ratio of the maximum dissipation outputted from each solar cell
modules 1a-1n, it is not necessary to perform complicated control. Even if the fall of aging or
the electric generating capacity by dispersion in the characteristic from the first according [ or ]
to a shadow or dirt arises in solar cell modules [ 1a-1n ] either, Since output voltage and output
current of each power converters [ 2a-2n ] are automatically adjusted so that the maximum
dissipation may be obtained in each solar cell modules 1a-1n, there is no influence of the solar
cell module on others, and the fall of the generated output as the optical power generation
system 100 whole can be suppressed to the minimum.

[0029]Since each output voltage of a power converter and output current are adjusted
automatically, this being also the same as when the number of a solar cell module and power
converters increasing or decreasing, and operating each solar cell module in an optimum
operating point, Change of the system configuration according to the size of electric load is
easy, and a supple optical power generation system can be realized.

[0030]As mentioned above, each solar cell modules 1a-1n are easy to change intentionally
each solar cell modules [ 1a-1n ] installation requirements, and to adjust the temporal change
of the power generation characteristic of the optical power generation system 100 whole, in
order to make it electric generating capacity differ mutually.

[0031]While increasing the number of the solar panels which carried out the series connection
of two or more solar cell modules in a large-scale optical power generation system, although
the same effect as the optical power generation system 100 of this embodiment is acquired by
installing a power converter for every solar panel, and carrying out multiple connection of the
output side, the optical power generation system 100 also fits the small system for home use
with few numbers, such as the solar cell module 1a.

[0032]This invention is not limited to the above-mentioned embodiment, and various
modification implementation is possible for it within the limits of the gist of this invention. for
example, -- the embodiment mentioned above -- the solar cell modules 1a-1n -- respectively,
although it was alike and the power converters 2a-2n were connected, A solar panel is
constituted, a power converter is connected for every solar panel of this, each power converter
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is connected in series, and it may be made to connect with electric load with two or more solar
cell modules.

connected to the electric load of Battery Unit 10 grade, The optical power generation system
which carried out multiple connection of two or more preparations and this for the power
generation module which has the same composition as the optical power generation system
100 shown in drawing 1 is built, and it may be made to connect with electric load. In this case,
since each power generation module can operate the solar cell module 1a etc. which are
contained in each in order to operate independently in an optimum operating point, it can
prevent decline in the generation efficiency of the optical whole power generation system.
[0034]The voltage and current which are outputted from the solar cell module 1a etc. were
supervised, and MPPT control was performed, it controlled by the embodiment mentioned
above so that the solar cell module 1a etc. were able to generate electricity with maximum
efficiency, but it may control by other methods. For example, the voltage and current which are
outputted from the power converter 2a etc. may be supervised, and MPPT control may be
performed. In this case, what is necessary is just to equip the output stage of a power
converter with the current sensor 21 and the voltage sensor 22. It notes changing sharply that
there is little change of the voltage outputted from the solar cell module 1a etc., and the current
outputted with the surrounding temperature, It may be made to perform MPPT control by
memorizing output current-temperature characteristics, such as the solar cell module 1a,
beforehand, and supervising the temperature around the solar cell module 1a etc. In the
embodiment mentioned above, although the lowered type chopper-circuits unit 24 of the
pressure was used for the power converter 2a etc., pressure-up type chopper circuits may be
used.

[0035]Although Battery Unit 10 was connected to the two or more power converters [ by which
the series connection was carried out / 2a-2n ] latter part in the embodiment mentioned above,
it may be made to connect a pressure-up type power converter (direct current to direct current
converter) to the preceding paragraph of Battery Unit 10. As mentioned above, when the
electric generating capacity of each solar cell module 1a declines, with the optical power
generation system of this embodiment, the output voltage of the power converter 2a etc.
declines relatively, but. Thus, when numbers, such as the power converter 2a in which output
voltage declines, increase, there is a possibility that the voltage impressed to Battery Unit 10
may fall, and supply of electric power may stop. However, since the fall of this output voltage is
suppliable by inserting a pressure-up type power converter, a working range can be extended.
[0036]

[Effect of the Invention]As mentioned above, according to this invention, the power converter
which has a maximum dissipation tailing function for every light power generation body which
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constitutes an optical power generation system is connected, and these power converters are
connected in series. For this reason, since it is controlled by the maximum dissipation tailing
function of a power converter so that each optical power generation body always outputs the
maximum dissipation separately, decline in the generation efficiency of the optical whole power
generation system can be prevented. Since it is not what the generation efficiency of each
optical power generation body is controlled by the maximum tailing function of the power
converter, and is influenced in any way by change of the generation efficiency of other optical
power generation bodies, Even if it is a case so that the number of optical power generation
bodies may be changed according to load carrying capacity etc., each optical power
generation body can always be operated in an optimum operating point, and a supple optical
power generation system can be realized.

[Translation done.]
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(54) PHOTOVOLTAIC POWER GENERATING APPARATUS
(57)Abstract:

PROBLEM TO BE SOLVED: To parallel off distributed
power supplies at two points by providing a controller
with a parallel-off control means, which transmits an

open command for switches for parallel-off based on

detection of a single operation of the distributed power

supplies at times of system troubles.
SOLUTION: N number of distributed power supplies #1
to #n 14 are provided with a solar cell 15 and a power

conversion section 16, and the power conversion

sections 16 are formed of inverters 17 as inversion ; S

- Mg

devices. The inverters 17 are small-capacitance

”,,,,w,,,,,,
.
,

inverters and provided on the alternating-current output

side with a first switch 18 for parallel-off. A first parallel-

off point is formed at the switch 18. A second switch 19

for parallel-off, which forms a second parallel-off point, is installed in series with the first
switch 19 for parallel-off, and the inverters 17 of the distributed power supplies 14 are
connected with a power system 1 via the switches 18 and 19 for parallel-off. Thus the
distributed power supplies 14 can be paralleled off from the power system 1.
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]Two or more dispersed-type power sources of each characterized by comprising the
following connected to a system are equipped with a solar cell and a stood [ still ] type
electronic power inverter, A photovoltaic power generation apparatus which it concentrates
with a common control device, operation of parallel off from a system of each of said
dispersed-type power source and said electronic power inverter is controlled, link operation of
said each dispersed-type power source is carried out to a system at the time of system normal,
and parallel off of said each dispersed-type power source is carried out from a system at the
time of a system abnormality, and carries out self sustaining.

The 1st switch for parallel off that consists of inner contact of said electronic power inverter,
etc., and forms the 1st parallel-off point in the system side of said electronic power inverter of
each of each of said dispersed-type power source.

A parallel-off control means which forms in series the 2nd switch for parallel off that forms the
2nd parallel-off point, and transmits open instructions of each of said switch for both parallel off
to said common control device at said each dispersed-type power source by detection of
individual operation of each of said dispersed-type power source at the time of a system
abnormality.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention links two or more dispersed-type power sources of a solar
cell with electric power system, and relates to the parallel off of each dispersed-type power
source at the time of the system abnormality in detail about the photovoltaic power generation
apparatus which carries out concentrated control of the operation of these dispersed-type
power sources by one set of a control device.

[0002]

[Description of the Prior ArtJConventionally, in the field of a photovoltaic power generation
apparatus, as indicated, for example on the Description in which these people have applied
(Tokuganhei8-327851), Drawings, etc., When the large-scale solar cell of a large size and a
big-electric-power output cannot be installed in roofs, side attachment walls, etc., such as a
factory, a building, or a general residence, use this large-scale solar cell as two or more small-
scale and small solar cells, and These small solar cells, Carrying out distributed installation of
two or more dispersed-type power sources of the solar cell composition which combined the
small size as a stood [ still ] type electronic power inverter and the inverter of small capacity at
an aforementioned roof and side attachment wall is performed.

[0003]And the conventional photovoltaic power generation apparatus of the dispersed-type
power source composition of this plurality is formed as mostly shown in drawing 2.

type power sources 2 of #n link, and each dispersed-type power source 2 is provided with the
about several kilowatts solar cell 3 and the power conversion portion 5 which the inverter 4 as
a stood [ still ] type electronic power inverter (for example, 10 kW) forms, respectively.
[0005]And the switch 6 for parallel off which is from each internal contactor on an ac output
side (system side) is formed, and the inverter 4 of each dispersed-type power source 2 is
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connected to the electric power system 1 via this switch 6.

[0006]The common system interconnection protector 8 of each dispersed-type power source 2
is formed between each dispersed-type power source 2 and the system power supplies 7,
such as a substation of the electric power system 1, This link protection instrument 8
supervises and detects the existence of system abnormalities, such as system service
interruption, based on the detection result of the system voltage of the system-interconnection
protection relay 9, etc. with the common control device 10 of each dispersed-type power
source 2.

[0007]And by the wire communication through the communication wire 11, or radio, the control
device 10 transmits the driving control signal of the inverter 4 to each dispersed-type power
source 2, carries out concentrated control of the operation of each dispersed-type power
source 2, and carries out link operation of the inverter 4 of each dispersed-type power source 2
synchronizing with system voltage at the time of system normal.

[0008]By the way, in this kind of photovoltaic power generation apparatus, being based on the
standard of the so-called guideline (system-interconnection technical requirement guideline) of
a solar energy power generation system, in order to prevent the individual operation of each
dispersed-type power source 2 when system abnormalities, such as system service
interruption, occur -- each dispersed-type power source 2 -- it is necessary to establish each
two parallel-off points

[0009]And from the switch 6 for parallel off of each dispersed-type power source 2 forming
each 1st parallel-off point. Conventionally, the common switch 12 for parallel off which forms
the 2nd parallel-off point in the system interconnection protector 8 is formed, and each
dispersed-type power source 2 is connected to the system power supply 7 via each switch 6
for parallel off, and the common switch 12 for parallel off.

[0010]According to the standard of said guideline, individual operation of each dispersed-type
power source 2 is made desirable [ detecting and preventing combining an active method and
a passive method ].

[0011]Therefore, while the control device 10 transmits open instructions of each switch 6 for
parallel off to each dispersed-type power source 2 via the control line 11 by individual-
operation detection of an active method and opens these switches 6 for parallel off, Open
instructions are transmitted to the switch 12 for parallel off via the internal control line 13 by
individual-operation detection of a passive method, and this switch 12 for parallel off is opened.

[0012]Individual-operation detection of an active method carries out forcible change of the
frequency, active power, or reactive power of an ac output of each dispersed-type power
source 2 periodically, [ of the inverter 4 ] The sudden fluctuation of the voltage of the ac output
of each inverter transmitted from each dispersed-type power source 2 by a cable or radio,
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current, or frequency is supervised, and the shift to individual operation is detected from those
sudden fluctuation.

[0013]Individual-operation detection of a passive method supervises the phase, the 3rd
harmonics, or frequency of system voltage, and detects the shift to individual operation from
those sudden fluctuation.

[0014]And if a system abnormality occurs, parallel off of each dispersed-type power source 2
will be carried out by both opening of the switch 6 for parallel off of each dispersed-type power
source 2 based on detection of individual-operation shift, and both [ either or ] of the switch 12
for parallel off of the system interconnection protector 8 from the electric power system 1.
[0015]While the inverter 4 of each dispersed-type power source 2 switches to the extraordinary
load (essential service) to which figures omitted abbreviated [ of the connection by the side of
an ac output ] was carried out at this time, the mode of operation switches to self sustaining
with the control device 10.

[0016]And electric power is supplied to the system-service-interruption middle class by the
extraordinary load by which the self sustaining output of each dispersed-type power source 2
was separated from the electric power system 1.

[0017]

[Problem(s) to be Solved by the Invention]Since the 2nd parallel-off point of each dispersed-
type power source 2 is formed by the common switch 12 for parallel off formed in the system
interconnection protector 8 in the case of the conventional device of said drawing 2, It is
necessary to form a very mass and large-sized switch in the board of the system
interconnection protector 8 as the switch 12 for parallel off depending on the capacity of each
dispersed-type power source 2, and the number.

[0018]In this case, there is a problem which the board size of the system interconnection
protector 8 becomes large, and it not only becomes on a large scale [ the switch 12 for parallel
off ] and expensive, but becomes on a large scale [ this device 8 ] and expensive.
[0019]When extending the dispersed-type power source 2, the capacity rise of the switch 12
for parallel off of the system interconnection protector 8 must be carried out simultaneously,
and there is a problem that exchange or extension of the board of the system interconnection
protector 8 is needed depending on the case.

[0020]Since the board size of the system interconnection protector 8 changes by the capacity
of the dispersed-type power source 2, and the number, there is also a problem that the whole
board size cannot be unified and improvement in productivity, a cost cut, etc. cannot be aimed
at.

[0021]In order to have to draw the power cable by the side of the ac output of each dispersed-
type power source 2 in the system interconnection protector 8 moreover, there is also a
problem of flexibility, such as board arrangement, being restricted.
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[0022]When it carries out concentrated control of the operation of two or more dispersed-type
power sources of solar cell composition with a common control device, this invention is not
based on the capacity of a dispersed-type power source, and the number, does not have
enlargement of a system interconnection protector, etc., and moreover, it makes it SUBJECT
to enable it to carry out parallel off of each dispersed-type power source by two points, without
restricting the flexibility of board arrangement.

[0023]

[Means for Solving the Problem]in a photovoltaic power generation apparatus of this invention
in order to solve aforementioned SUBJECT, The 1st switch for parallel off that consists of inner
contact of an electronic power inverter, etc., and forms the 1st parallel-off point in the system
side of an electronic power inverter of each of each dispersed-type power source, The 2nd
switch for parallel off that forms the 2nd parallel-off point is formed in series, and it has a
parallel-off control means which transmits open instructions of each switch for both parallel off
to a common control device at each dispersed-type power source by detection of individual
operation of each dispersed-type power source at the time of a system abnormality.
[0024]Therefore, a switch for parallel off of the 1st and 2nd parallel-off point is formed in each
dispersed-type power source, respectively, at the time of a system abnormality, these switches
are wide opened by each open instructions transmitted from a common control device, and
parallel off of each dispersed-type power source is carried out from electric power system.
[0025]In this case, as for each dispersed-type power source, 2 parallel-off point is individually
formed by each switch for both parallel off.

[0026]And these switches for parallel off are not based on the number of a dispersed-type
power source, but are formed with small capacity and a small switch according to capacity of
each dispersed-type power source.

[0027]And a common large-sized switch for parallel off of the conventional system
interconnection protector is excluded and formed.

[0028]Therefore, without not being based on capacity of a dispersed-type power source, and
the number, but forming a mass large-sized switch for parallel off in a system interconnection
protector etc., Small capacity of each capacity and two small switches for parallel off can be
formed and formed in each dispersed-type power source, Each board size does not become
large, and a capacity rise of a system interconnection protector by extension of a dispersed-
type power source, etc., exchange of a board, and extension are unnecessary, moreover it is
not necessary to draw a power cable of each dispersed-type power source in a system
interconnection protector, and flexibility of board arrangement is not restricted.

[0029]
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#n is provided with the solar cell 3 of drawing 2, the several same kilowatts small-scale and
small solar cell 15, and the power conversion portion 16, respectively, and this power
conversion portion 16 is formed by the inverter 17 as a stood [ still ] type electronic power
inverter.

10 kW -- it being an inverter of small capacity comparatively and to that ac output side (system
side). The 1st switch 18 for parallel off, such as an internal contactor equivalent to the switch 6
for parallel off of drawing 2, is formed, and the 1st parallel-off point is formed by this switch 18.
[0031]The 2nd switch 19 for parallel off that forms the 2nd parallel-off point in the 1st switch 18
for parallel off in series is formed, and the inverter 17 of each dispersed-type power source 14
is connected to the electric power system 1 via each switch 18 and 19 for parallel off.

[0032]At this time, the switches 18 and 19 for both parallel off consist of a switch of capacity
and a size according to the inverter 17 of each dispersed-type power source 14, The switch 19
for parallel off in particular does not have the small capacity of 1/n of the switch 12 for parallel
off of drawing 2, and enlarging, even if it is small and the number of the dispersed-type power
source 14 moreover increases, either.

[0033]On the other hand, the system interconnection protector 20 is the composition of having
excluded the common switch 12 for parallel off from the device 8 of drawing <, Based on the
detection result of the system voltage of the system-interconnection protection relay 21, etc.,
the common control device 22 controls operation of the inverter 17 of each dispersed-type
power source 14, and opening and closing of the switches 18 and 19 for both parallel off by the
wire communication through the communication wire 23, or radio.

[0034]Since the large-sized switch 12 for parallel off of drawing 2 is not formed at this time, it is
not based on the capacity of the dispersed-type power source 14, and the number, but the
system interconnection protector 20 has small board size, and it is small.

[0035]And at the time (at the time of system normal) of normal of the system power supply 7,
the control command of link operation is transmitted to each dispersed-type power source 14
from the control device 22, and link operation of the inverter 17 of each dispersed-type power
source 14 is carried out synchronizing with the system power supply 7.

[0036]moreover -- changing a control code into each dispersed-type power source 14 from the
parallel-off control means of the control device 22 based on detection of the individual

method, for example at the time of a system abnormality -- the switches 18 and 19 for both
parallel off -- each open instructions are transmitted.

[0037]And based on the arrival (reception) of these open instructions, both each both [ either
or] 14 of the switches 18 and 19 for parallel off are released, and parallel off of each

dispersed-type power source 14 is carried out from the electric power system 1.
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[0038]While the ac output side is connected to common extraordinary load via the switch for
extraordinary electric supply with which figures omitted abbreviated [ of the inverter 17 of each
dispersed-type power source 14 | was carried out, for example at this time, it is controlled by
the control device 22 by self sustaining, and electric power is supplied to the self sustaining
output of each dispersed-type power source 14 by extraordinary load with it.

[0039]And if it returns to system normal, each dispersed-type power source 14 will be
separated from extraordinary load, and the switches 18 and 19 for parallel off will close it, and
it will be returned to link operation.

[0040]In this case, each dispersed-type power source 14 forms the small capacity and the
small switches 18 and 19 for parallel off according to each capacity, and is formed in the same
board size, And the common switch 12 for parallel off mass [ conventional ] and large-sized is
not formed, and the system interconnection protector 20 is not based on the capacity of the
dispersed-type power source 14, and the number, but is small.

[0041]Therefore, even if the number of the dispersed-type power source 14 increases, the
board size of system interconnection protector 20 grade does not become large, and the
enlargement does not arise.

[0042]When extending the dispersed-type power source 14, it is unnecessary in the capacity
rise of system interconnection protector 20 grade, and those exchange and extensions are
unnecessary.

[0043]And since the board size of the dispersed-type power source 14 and system
interconnection protector 20 grade does not change by the number of the dispersed-type
power source 14, those board sizes can be unified and standardized and improvement in
productivity, a cost cut, etc. can be aimed at.

[0044]Direct continuation of the power cable of each dispersed-type power source 14 is carried
out to the electric power system 1, and since it is not necessary to draw those power cables in
the system interconnection protector 20, flexibility, such as board arrangement, is not
restricted.

[0045]And composition, an operation control means, an individual-operation detecting method
of the solar cell 15 of each dispersed-type power source 14, the capacity of the inverter 17,
and the control device 22, etc. may be how, and are not restricted to the thing of an
embodiment.

[0046]Transmission systems, such as a control command from the control device 22 to each
dispersed-type power source 14, may be any of various methods, such as wired systems, such
as power line carrier system which used the power line, and a spectrum spreading system
using the communication wire 23, or radio system by an electric wave.

[0047]And also when the control device 22 is not formed in the system interconnection
protector 20, is formed in other devices or is formed independently, of course, it is applicable
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similarly.

[0048]

[Effect of the Invention]This invention does so the effect indicated below. The switches 18 and
19 for parallel off of the 1st and 2nd parallel-off point are formed in each dispersed-type power
source 14, respectively, these switches 18 and 19 can be wide opened by each open
instructions transmitted from the common control device 22 at the time of a system
abnormality, and it can carry out parallel off of each dispersed-type power source 14 from the
electric power system 1.

[0049]In this case, 2 parallel-off point of each dispersed-type power source 14 is individually
formed by each switch 18 and 19 for both parallel off, and these switches 18 and 19 for parallel
off are not based on the number of the dispersed-type power source 14, but are formed with
the small capacity and the small switch according to the capacity of each dispersed-type power
source 14.

[0050]And the common large-sized switch for parallel off of the conventional system
interconnection protector is excluded and formed.

[0051]Therefore, without not being based on the capacity of the dispersed-type power source
14, and the number, but forming the mass and large-sized switch for parallel off in a system
interconnection protector etc., The small size of each capacity and the two switches 18 and 19
for parallel off of small capacity can be formed and formed in each dispersed-type power
source 14, The board size of each part of a device does not become large, but those large-
sized ** are prevented, and the capacity rise of other boards, such as a system interconnection
protector moreover according to extension of the dispersed-type power source 14, exchange,
extension, etc. are unnecessary, The whole board size can be unified, moreover it is not
necessary to draw the power cable of each dispersed-type power source 14 in a system
interconnection protector etc., and the flexibility of board arrangement is not restricted.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]JAn output voltage instantaneous value detection means to be a load shutdown sensing
device in a photovoltaic power generation apparatus which performs electric power system and link
operation, and to detect an instantaneous value of output voltage of a photovoltaic power generation
apparatus, A load shutdown sensing device possessing a current deviation detection means to
detect a deviation to a command value of current of said photovoltaic power generation apparatus.
[Claim 2]The load shutdown sensing device according to claim 1 characterized by presuming load
shutdown of said photovoltaic power generation apparatus when an instantaneous value of said
output voltage exceeds a predetermined level or a deviation to a command value of said current
exceeds a predetermined level.

[Claim 3]The load shutdown sensing device according to claim 1 characterized by presuming load
shutdown of said photovoltaic power generation apparatus when an instantaneous value of said
output voltage exceeds a predetermined level and a deviation to a command value of said current
exceeds a predetermined level.

[Claim 4]The load shutdown sensing device according to claim 1 providing a detection means to
presume load shutdown of said photovoltaic power generation apparatus when current which flows
although an instantaneous value of said output voltage exceeds a predetermined level and a
command value of said current is not zero is zero.

[Claim 5]4 either from Claim 1 When the state where provide a load shutdown sensing device of a
description and a gate block means to intercept a gate control signal of an inverter which transforms
a solar cell output inversely to alternating current power, and said load shutdown is presumed
happens, A photovoltaic power generation apparatus suspending said inverter by said gate block
means.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.7*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention relates to the art of detecting the load shutdown in the
photovoltaic power generation apparatus which performs electric power system and link operation.
[0002]

[Description of the Prior Art]Since unlike the power generation method of other utilization of natural
energy it can install in the roof and wall surface of a building easily and there are also no worries
about noise and other public nuisances in them, the photovoltaics by a solar cell is increasingly
expected as a pollution-free power generation system. In recent years, it becomes possible to
perform electric power system and link operation, and when performing photovoltaics in an ordinary
home, it gains popularity that the inverter for system interconnections performs commercial
alternating current power and a system interconnection.

[0003]While the photovoltaic power generation apparatus is performing electric power system and
link operation, the state of what is called load shutdown which turns into a break state suddenly at
the place of a distribution board or others, and becomes no-load [ a photovoltaic power generation
apparatus ] may happen. Since the current which was flowing until now becomes zero suddenly and
there is a possibility of the output voltage of a photovoltaic power generation apparatus carrying out
an abnormal rise, and having an adverse effect on a device when load shutdown happens, In order
to avoid this, the current of a link point is supervised, or a power surge is detected, abnormalities are
detected, and the method of suspending an inverter with a gate block is put in practical use.

[0004]

[Problem(s) to be Solved by the Invention]However, in the above-mentioned method, the detection
means for supervising the current of a link point was needed, and SUBJECT that it will be the
hindrance of the miniaturization of a device and low-cost-izing occurred. In the method of detecting a
power surge, since a power surge value became large by a detection delay, the voltage resistance
value of the inner component needed to be enlarged and SUBJECT that it will be a cost hike of a
device occurred.
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[0005]This invention was made under such a background and an object of this invention is to provide
the load shutdown sensing device which can suppress a power surge to the minimum even if load
shutdown occurs, and a photovoltaic power generation apparatus provided with it.

[0006]

[Means for Solving the Problem]An output voltage instantaneous value detection means for the
invention according to claim 1 to be a load shutdown sensing device in a photovoltaic power
generation apparatus which performs electric power system and link operation, and to detect an
instantaneous value of output voltage of a photovoltaic power generation apparatus, A load
shutdown sensing device of a photovoltaic power generation apparatus possessing a current
deviation detection means to detect a deviation to a command value of current of said photovoltaic
power generation apparatus is provided.

[0007]A means according to this invention to detect abnormalities when an instantaneous value of
output voltage of a photovoltaic power generation apparatus is supervised and it goes up to rated
voltage more than a predetermined ratio, Since it has a means to detect abnormalities and load
shutdown is detected when a deviation of actual current over a command value of current becomes
a size more than predetermined, no matter load shutdown may occur to what timing, it is detectable
at high speed.

[0008]In the load shutdown sensing device according to claim 1, the invention according to claim 2
presumes load shutdown of said photovoltaic power generation apparatus, when an instantaneous
value of said output voltage exceeds a predetermined level or a deviation to a command value of
said current exceeds a predetermined level.

[0009]Since according to this invention a deviation of a command value of current and inverter
output current is detected, load shutdown is presumed in both [ when this deviation exceeds a
predetermined value ] cases and device protection is performed when an instantaneous value of
output voltage exceeds a predetermined level and, A peak of output voltage can be suppressed
below to a certain value, and safety can be improved.

[0010]In the load shutdown sensing device according to claim 1, the invention according to claim 3
presumes load shutdown of said photovoltaic power generation apparatus, when an instantaneous
value of said output voltage exceeds a predetermined level and a deviation to a command value of
said current exceeds a predetermined level.

[0011]According to this invention, since load shutdown is presumed and device protection is
performed when an instantaneous value of output voltage exceeds a predetermined level and a
detection deviation of a command value of current and inverter output current exceeds a
predetermined value, reliability can be improved.

[0012]In the load shutdown sensing device according to claim 1 the invention according to claim 4,
An instantaneous value of said output voltage exceeds a predetermined level, and when current
which flows although a command value of said current is not zero is zero, a detection means to
presume load shutdown of said photovoltaic power generation apparatus is provided.
[0013]According to this invention, an instantaneous value of output voltage exceeds a predetermined
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level, and since load shutdown is presumed and device protection is performed when current which
flows although a command value of current is not zero is zero, reliability can be improved.

[0014]4 the invention according to claim 5 either from Claim 1 A load shutdown sensing device of a
description, A gate block means to intercept a gate control signal of an inverter which transforms a
solar cell output inversely to alternating current power is provided, and when the state where said
load shutdown is presumed happens, a photovoltaic power generation apparatus suspending said
inverter by said gate block means is provided.

[0015]According to this invention, since an inverter is stopped with a gate block when the state
where provide a gate block means to intercept a gate control signal of an inverter, and load
shutdown is presumed happens, safe and reliable photovoltaics can be carried out.

[0016]

[Embodiment of the Invention]Hereafter, it explains, referring to a figure for this embodiment of the
invention.

[0017]<1st embodiment> drawing 1 is a block diagram showing the composition of the photovoltaic
power generation apparatus by a 1st embodiment of this invention. In this figure, the numerals 1 are
solar cell outputs and output direct current power including a solar panel, a joint box, a boost
chopper, etc. After the inverter 2 transforms inversely the direct current power of the solar cell output
1 to alternating current power, it removes waveform distortion with the sine-ized filter 4, and performs
the electric power system 5 and link operation to which the load 6 was connected.

[0018]In order to link the inverter 2 with the electric power system 5, it is necessary to control output
current. The signal which the current command value creating means 12 outputs is compared with
the current signal of the current sensor 3 in the current deviation detection means 13, in the inverter
gate control means 14, a gate control signal is generated so that a deviation may become zero, and
the inverter 2 is driven. Since the current which was flowing until now will become zero suddenly if
what is called load shutdown from which suddenly [ the photovoltaic power generation apparatus by
such composition ] becomes that link with the electric power system 5 severed near a link point no-
load occurs, The output voltage of a photovoltaic power generation apparatus carries out an
abnormal rise, there is a possibility of having an adverse effect on a device, and it is necessary to
suspend the inverter 2 promptly.

[0019]For this reason, if the state where the instantaneous value of the voltage of a link point is
monitored continuously, and the instantaneous value of voltage exceeds 120% of the peak values of
rated voltage by the output voltage instantaneous value detection means 11 happens, The gate
control signal which sends out a signal to the gate block means 15, and is promptly outputted to it
from the inverter gate control means 14 is blocked, and the inverter 2 is stopped.

[0020]In the current deviation detection means 13, detect the deviation of the current command
value of the current command value creating means 12, and the current signal of the current sensor
3, set inverter gate control means 14, output a gating signal, and are driving the inverter 2 so that
this deviation may become small, but. Since said deviation will become large if load shutdown
occurs, the gate control signal which sends out a signal to the gate block means 15, and is outputted
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to it from the inverter gate control means 14 at this time is blocked, and the inverter 2 is stopped.
[0021]According to this embodiment, since either when a current deviation with a command value
becomes large suspends an inverter when output voltage rises and, the peak value of output voltage
can be held down to 150% or less, and it can be extremely considered as the high protection method
of the degree of safe.

power generation apparatus by a 2nd embodiment of this invention. In this figure, the numerals 1 are
solar cell outputs and output direct current power including a solar panel, a joint box, a boost
chopper, etc. After the inverter 2 transforms inversely the direct current power of the solar cell output
1 to alternating current power, it removes waveform distortion with the sine-ized filter 4, and performs
the electric power system 5 and link operation to which the load 6 was connected.

[0023]In order to link the inverter 2 with the electric power system 5, it is necessary to control output
current. The signal which the current command value creating means 12 outputs is compared with
the current signal of the current sensor 3 in the current deviation detection means 13, in the inverter
gate control means 14, a gate control signal is generated so that a deviation may become zero, and
the inverter 2 is driven. Since the current which was flowing until now will become zero suddenly if
what is called load shutdown from which suddenly [ the photovoltaic power generation apparatus by
such composition ] becomes that link with the electric power system 5 severed near a link point no-
load occurs, The output voltage of a photovoltaic power generation apparatus carries out an
abnormal rise, there is a possibility of having an adverse effect on a device, and it is necessary to
suspend the inverter 2 promptly.

[0024]For this reason, the instantaneous value of the voltage of a link point is continuously monitored
by the output voltage instantaneous value detection means 11, and shortly after the state where the
instantaneous value of voltage exceeds 120% of the peak values of rated voltage happens, a signal
is sent out to AND gate 16. In the current deviation detection means 13, detect the deviation of the
current command value of the current command value creating means 12, and the current signal of
the current sensor 3, set inverter gate control means 14, output a gating signal, and are driving the
inverter 2 so that this deviation may become small, but. Since said deviation will become large if load
shutdown occurs, a signal is sent out to AND gate 16 at this time.

[0025]When the signal of both the signal of the output voltage instantaneous value detection means
11 and the signal of the deviation score size from the current deviation detection means 13 is given
to AND gate 16, The gate control signal which sends out a signal to the gate block means 15, and is
outputted to it from the inverter gate control means 14 is blocked, and the inverter 2 is stopped.
According to this embodiment, output voltage rises, and since an inverter is suspended when a
current deviation with a current command value becomes large, it can be extremely considered as
the high protection method of reliability.

power generation apparatus by a 3rd embodiment of this invention, and is the same composition as
a 2nd above-mentioned embodiment. Since the current which was flowing until now will become

Exhibit 1004 (Pt. 2 of 2)
Page 151 of 270

http://wwwd.ipdl.inpit.go.jp/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.ipdLinpit.... 6/7/2010



JP,2003-134661,A [DETAILED DESCRIPTION] Page 5 of 6

zero suddenly if what is called load shutdown from which suddenly [ the photovoltaic power

system 5 severed near a link point no-load occurs, The output voltage of a photovoltaic power
generation apparatus carries out an abnormal rise, there is a possibility of having an adverse effect
on a device, and it is necessary to suspend the inverter 2 promptly.

[0027]For this reason, the instantaneous value of the voltage of a link point is continuously monitored
by the output voltage instantaneous value detection means 11, and shortly after the state where the
instantaneous value of voltage exceeds 120% of the peak values of rated voltage happens, a signal
is sent out to AND gate 16. In the current deviation detection means 13, detect the deviation of the
current command value of the current command value creating means 12, and the current signal of
the current sensor 3, set inverter gate control means 14, output a gating signal, and are driving the
inverter 2 so that this deviation may become small, but. Although a current command value is not
zero, when the signal of the current sensor 3 becomes zero, it is judged as load shutdown and a
signal is sent out to AND gate 16.

[0028]When the signal of both the signal of the output voltage instantaneous value detection means
11 and the signal of the deviation score size from the current deviation detection means 13 is given
to AND gate 16, The gate control signal which sends out a signal to the gate block means 15, and is
outputted to it from the inverter gate control means 14 is blocked, and the inverter 2 is stopped.
According to this embodiment, since output voltage rises, and an inverter is suspended when a
actual current value is zero, although a current command value is not zero, it can be extremely
considered as the high protection method of reliability.

[0029]As mentioned above, although operation of an embodiment of the invention has been
explained in full detail with reference to Drawings, this invention is not restricted to this embodiment,
and even if the design variation etc. of the range which does not deviate from the gist of this
invention occur, it is contained in this invention.

[0030]

[Effect of the Invention]As explained so far, according to this invention, the effect taken below is
acquired. A means according to the invention of Claim 1 to detect abnormalities when the
instantaneous value of the output voltage of a photovoltaic power generation apparatus is
supervised and it goes up to rated voltage more than a predetermined ratio, Since it has a means to
detect abnormalities and load shutdown is detected when the deviation of the actual current over the
command value of current becomes a size more than predetermined, no matter load shutdown may
occur to what timing, it is detectable at high speed.

[0031]When the instantaneous value of output voltage exceeds a predetermined level according to
the invention of Claim 2, And since the deviation of the command value of current and inverter output
current is detected, load shutdown is presumed in both [ when this deviation exceeds a
predetermined value ] cases and device protection is performed, the peak of output voltage can be
suppressed below to a certain value, and safety can be improved.

[0032]According to the invention of Claim 3, since load shutdown is presumed and device protection
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is performed when the instantaneous value of output voltage exceeds a predetermined level and the
detection deviation of the command value of current and inverter output current exceeds a
predetermined value, reliability can be improved.

[0033]According to the invention of Claim 4, the instantaneous value of output voltage exceeds a
predetermined level, and since load shutdown is presumed and device protection is performed when
the current which flows although the command value of current is not zero is zero, reliability can be
improved.

[0034]According to the invention of Claim 5, since an inverter is stopped with a gate block when the
state where provide a gate block means to intercept the gate control signal of an inverter, and load
shutdown is presumed happens, safe and reliable photovoltaics can be carried out.

[Translation done.]
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(57) Abstract: Maximum powerpoint tracker provided with memory means for storing information about the power produced by an
energy source at a determined incoming power in this energy source depending as desired on the output voltage or the output current
of this energy source, and with processor means for determining from this information the maximum power which can be produced

by this energy source and the output voltage or output current required for this purpose, wherein the processor means are adapted to
perform an algorithm according to which the maximum power which can be produced by an energy source and the output voltage or

output current required for this purpose at a first incoming power in this energy source is determined from information stored in the
memory means about the maximum power which can be produced and the output voltage or output current required for this purpose
at at least a second and a third incoming power in this energy source.
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MAXIMUM POWERPOINT TRACKER

The invention relates to a maximum powerpoint
tracker provided with memory means for storing
information about the power produced by an energy source
at a determined incoming power in this energy source
depending as desired on the output voltage or the output
current of this energy source, and with processor means
for determining from this information the maximum power
which can be produced by this energy source and the
output voltage or output current required for this
purpose.

Such a maximum powerpoint tracker, generally
designated with the abbreviation MPP-tracker, is a per
se known circuit which is applied to maximize the power
produced by an energy source with varying power.
Examples of such an energy source are photovoltaic
systems and wind turbines.

The known MPP-tracker "searches" for the maximum
power in the power curve of an energy source, and sends
this information to a control circuit which applies a
voltage over the output of the energy source (or draws
off a current from the energy source) such that it
produces a greater output current {(or has a higher
output voltage) as the power increases, and produces a
smaller output current (or has a lower output voltage)
as the power decreases. The power curve is defined in
the foregoing as the progression of the power produced
by the energy source as a function of the output voltage
or the output current of this energy source.

In the known MPP-tracker a search algorithm for a
so—-called extreme value adjustment is applied in order
to determine the maximum power which can be drawn off at
a given incoming power in the source, for instance
incident sunlight or intercepted wind energy. In an

extreme value adjustment the output voltage or the
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2

output current of the energy source is changed in
stepwise manner (increased or decreased), and the power
produced is compared to power produced before the
change. If the last-measured power is greater than the
previously measured power, the output voltage or the
output current is changed in stepwise manner in the same
direction (i.e. increased or decreased). If the last-
measured power is smaller than the previously measured
power, the output voltage or the output current is
changed in stepwise manner in opposing direction (i.e.
decreased or increased).

Tt is a drawback of the known MPP-tracker that when
the above described search algorithm is applied it
responds relatively slowly to acute changes in the
incoming power in the energy source. Such acute changes
occur for instance in a photovoltaic system when cloud
suddenly develops or clears away, and can occur in wind
turbines in the case of local variations in wind-force.
A slow response of the stepwise search algorithm results
in a relatively long period in which the energy source
does not produce its optimal power, and therefore in
costly energy losses.

It is an object of the invention to provide an MPP-
tracker which responds quickly to acute changes in the
incoming power in an energy source for which this MPP-
tracker is applied.

This objective is realized with a maximum
powerpoint tracker of the type specified in the
preamble, wherein according to the invention the
processor means are adapted to perform an algorithm
according to which the maximum power which can be
produced by an energy source and the ocutput voltage or
output current required for this purpose at a first
incoming power in this energy source is determined from
information stored in the memory means about the maximum

power which can be produced and the output voltage or
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output current required for this purpose at at least a
second and a third incoming power in this energy source.
In an embodiment of a maximum powerpoint tracker

according to the invention, the information stored in
the memory means about the maximum power which can be
produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in this energy source is given by a
coefficient U' of an exponential function

P _-U'e"w which describes the relation between the

mpp

maximum power P which can be produced and the output

mpp
voltage u,,, required for this purpose (expressed in a
dimensionless unit). |

The exponential function Pmpp=U’eumpp is based on an
ideal solar cell, i.e. a solar cell which, in a
simplified model, is represented by a voltage source
with a resistance—-free diode connected in parallel. It
has been found that an exponential function forms a good
approximation of the stated relation.

In a practical advantageous embodiment the
information stored in the memory means about the maximum
power which can be produced and the output voltage or
output current required for this purpose at at least a
second and a third incoming power in this energy source
is given by the coefficients a; of an n*® degree
polynomial P =£§$a¢ﬂ which describes the relation

mpp J ~ mpp

between the maximum power P,,, which can be produced and

P
the output voltage u,, required for this purpose
(expressed in a dimensionless unit), wherein n is a
whole number preferably equal to 2.

In a practical simple embodiment the information
stored in the memory means about the maximum power which
can be produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in this energy source comprises the
parameters for describing a linear interdependence of

the maximum power which can be produced and the output
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voltage or output current required for this purpose at
the incoming power.

A maximum powerpoint tracker according to the
invention is preferably adapted to perform at
predetermined time intervals a determination of the
information about the maximum power which can be
produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in this energy source and to store
this information in the memory means.

In an embodiment of an MPP-tracker according to the
invention the algorithm comprises an iteration
procedure.

In another embodiment the algorithm is followed
after a predetermined instruction by a second algorithm
for performing an extreme value adjustment, so that the
maximum power which can be produced and the associated
output voltage or output current can be determined with
great accuracy. In a case where the first algorithm
comprises an iteration procedure, the determined
instruction comprises for instance of performing a
predetermined number of iterations.

The invention will now be elucidated hereinbelow
with reference to the drawings.

In the drawings

Fig. 1 is a diagram with three curves I-III which
show the power P which can be produced by a solar cell
as a function of the output voltage U, with a first
curve IV which represents the maximum power Pyop which
can be produced by a solar cell as a function of the
output voltage U,,, at that maximum power which can be
produced,

Fig. 2 shows a part of fig. 1 in enlarged view,

Fig. 3 shows a second curve IV' representing the
maximum power P, which can be produced by a solar cell

as a function of the output voltage U, at that maximum

mpp
power which can be produced, and
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Fig. 4 shows a third curve IV" representing the

maximum power P which can be produced by a solar cell

mpp

as a function of the output voltage U at that maximum

mpp
power which can be produced.

Fig. 1 shows a diagram with three curves I-III
representing the power P which can be produced by a
solar cell as a function of the output vecltage U at
different incoming amounts of power, for instance as a
result of different amounts of incident sunlight with
varying cloud cover. The points MPP1l, MPP2 and MPP3 in
the respective curves I-III represent the maximum
amounts of power which can be produced at the respective
incoming amounts of power, and are cocnnected by curve
IV. The operation of the MPP-tracker according to the
invention can be understood as follows. The power of a
determined quantity of light incident in a solar cell
corresponds for instance to a power which can be
produced by this solar cell as according to curve I. The
maximum power Pl which can be produced at an output
voltage Ul is represented by the point MPP1 on curve I.
In the case of a sudden fall in the quantity of incident
sunlight, the power which can be produced corresponds to
another curve, in the example curve II. At the original
cutput voltage Ul a power PZ would be produced which is
lower than the maximum power which can be produced in
the conditions. According to the invention the MPP-
tracker "searches" on the curve IV for the output
voltage U2 corresponding to the power P2, then on curve
IT for the power P3 corresponding to the output voltage
U2, on the curve IV for the output voltage U3
corresponding to the power P3, on curve II for the power
P4 (not shown) corresponding to the output voltage U3
etc., until after a sufficient number of iterations
there follows a search algorithm for an extreme value
adjustment according to the prior art.

In practical situations, where the power curves of
solar cells manufactured in accordance with a standard
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process are known, the optimal power line IV can be
predetermined and can be inputted into the memory of an
MPP-tracker intended for that type of solar cells.

Fig. 2 shows an enlarged view of the part of fig. 1
enclosed by an ellipse.

Fig. 3 shows a curve IV' representing the maximum

power P which can be produced by an ideal solar cell

mpp
as a function of the output voltage U,, at that maximum
power which can be produced. Curve IV' is calculated
from the exponential function P, -U’e™ which describes
the relation between the maximum power P,,, which can be
produced and the output voltage Upg required for this
purpose (expressed in a dimensionless unit) for an ideal
solar cell.

Fig. 4 shows a curve IV" representing the maximum
power P,, which can be produced by a solar cell as a
function of the output voltage U,,, at that maximum power
which can be produced, which curve IV" is calculated
from a sixth degree polynomial Pmmégjajuém which
describes the relation between the maximum power P,
which can be produced and the output voltage Ug
(expressed in a dimensionless unit).

An MPP-tracker according to the invention is
particularly suitable for application in photovoltaic
systems, in particular solar panels assembled from solar
cells connected in series, where the shorter recovery
time following a change in radiated power results in an
increase in the produced pcower such that the extra
investment cost of an MPP-tracker according to the
invention is recouped in a relatively short time. The
MPP-tracker according to the invention can however also
be applied in other energy-generating systems, for

instance wind turbines.
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CLAIMS

1. Maximum powerpoint tracker provided with memory
means for storing information about the power produced
by an energy source at a determined incoming power in
said energy source depending as desired on the output

5 voltage or the output current of said energy source, and
with processor means for determining from this
information the maximum power which can be produced by
said energy source and the output voltage or output
current required for this purpose, characterized in that

10 the processor means are adapted to perform an algorithm
according to which the maximum power which can be
produced by an energy source and the output voltage or
output current required for this purpose at a first
incoming power in said energy source is determined from

15 information stored in the memory means about the maximum
power which can be produced and the output voltage or
output current required for this purpose at at least a
second and a third incoming power in said energy source.

2. Maximum powerpoint tracker as claimed in claim

20 1, characterized in that the information stored in the
memory means about the maximum power which can be
produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in said energy source is given by a

25 coefficient U' of an exponential function

PmmJVe%W which describes the relation between the
maximum power P, which can be produced and the output

voltage u required for this purpose.

mpp
3. Maximum powerpoint tracker as claimed in claim
30 1, characterized in that the information stored in the
memory means about the maximum power which can be
produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in said enexrgy source is given by

35 the coefficients a; of an n** degree polynomial
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P -$ing yi which describes the relation between the
mpp ~ 307 " mpp

maximum power P which can be produced and the output

mpp

voltage u required for this purpose, wherein n is a

mpp
whole number.

5 4. Maximum powerpoint tracker as claimed in claim
3, characterized in that n has the wvalue 2.

5. Maximum powerpoint tracker as claimed in claim
1, characterized in that the information stored in the
memory means about the maximum power which can be

10 produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in said energy source comprises the
parameters for describing a linear interdependence of
the maximum power which can be produced and the output

15 voltage or output current required for this purpose at
the incoming power.

6. Maximum powerpoint tracker as claimed in any of
the claims 1-5, characterized in that it is adapted to
perform at predetermined time intervals a determination

20 of the information about the maximum power which can be
produced and the output voltage or output current
required for this purpose at at least a second and a
third incoming power in said energy source, and to store
this information in the memory means.

25 7. Maximum powerpoint tracker as claimed in any of
the claims 1-6, characterized in that the algorithm
comprises an iteration procedure.

8. Maximum powerpoint tracker as claimed in any of
the claims 1-7, characterized in that the algorithm is

30 followed after a predetermined number of iterations by a
second algorithm for performing an extreme value
adjustment.
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These Notes are intended to give the basic instructions concerning the filing of amendments under Article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant’s Guide, a publication of WIPO.

In these Notes, "Article”, "Rule" and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the International
Searching Authority, one opportunity to amend the claims of the international application. It should however be emphasized
that, since all parts of the international application (claims, description and drawings) may be amended during the
international preliminary examination procedure, there is usually no need to file amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant's Guide, Volume /A, Annexes Bl and B2).

The attention of the applicant is drawn to the fact that ammendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be established
(see PCT Applicant's Guide, Volume I/A, paragraph 296).

‘What parts of the international application may be amended ?
Under Article 19, only the claims may be amended.

During the international phase, the claims may also be amended (or further amended) under Article 34 before the
International Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 before the International Preliminary Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 41.

When ? Within 2 months from the date of transmittal of the international scarch report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
been received on time if they are received by the International Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

‘Where not to file the amendments ?
The amendments may only be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for international preliminary examination has been/is filed, see below.

How ? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of
one or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the shect originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must
be renumbered consecutively (Section 205(b)).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments ?
Letter (Section 205(b)):
The amendments must be submitted with a letter.
The letter will not be published with the international application and the amended claims. It should not be
confused with the "Statement under Article 19(1)" (see below,under "Statement under Article 19(1)").
The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international
application is French, the letter must be in French.
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The letter must indicate the differences between the claims as filed and the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications concerning scveral claims may be grouped), whether
(i) the claim is unchanged;
(ii) the claim is cancelled;
(iii) the claim is new;
(iv) the claim replaces one or more claims as filed;
(v) the claim is the result of the division of a claim as filed.
The following examples illustrate the manner in which amendments must be explained in the accompanying
letter:
1. [Where originally there were 48 claims and after amendment of some claims there are 51}
"Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added."
2. [Where originally there were 15 claims and after amendment of all claims there are 11]:
"Claims 1 to 15 replaced by amended claims 1 to 11."
3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding
new claims]:
"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged."”
4. [Where various kinds of amendments are made]:
"Claims 1 - 10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

"Statement under Article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under
Article 19(1)).

The statement will be published with the international application and the amended claims.

It must be in the language in which the international application is to be published.

It must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims
as filed and as amended. It must be filed on a separate sheet and must be indentified as such by a heading,
preferably by using the words "Statement under Article 19(1).”

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed
If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the proceduer before that Authority (see Rules 55.3(a) and 62.2, first sentence).
For further information, see the Notes to the demand form (PCT/IPEA/401).

If a demand for international preliminary examination is made, the written opinion of the International Searching
Authority will, except in certain cases where the International Preliminary Examining Authority did not act as
International Searching Authority and where it has notified the International Bureau under Rule 66.15is(b), be
considered to be a written opinion of the International Preliminary Examining Authority. If a demand is made, the
applicant may submit to the International Preliminary Examining Authority a reply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43bis.1(c)).

Consequence with regard to translation of the international application for entry into the national phase
The applicant's attention is drawn to the fact that, upon entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to ,
the translation of the claims as filed.

For further details on the requirements of each designated/elected Office, see the PCT Applicant's Guide,
Volume IL.
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Copies of the documents cited in the international search report can be searched in the following Korean Intellectual
Property Office English website for three months from the date of mailing of the international search report.

http://www kipo.go.kr/en/ => Patent Search => PCT-Service

ID :PCT international application number
PW: 1,02GHMBF

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an
International Searching Authority can be answered not only by KIPO but also through IPKC (Intellectual
Property Korea Center), located in Vienna, VA, which functions as a PCT Help Desk for PCT applicants.

Homepage: http://www.ipkcenter.com
Email: ipkc@ipkcenter.com

Phone: +1 703 388 1066

Fax: +1 703 388 1064
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AVENUE, SUITE 400 EAST SANTA MONICA INTERNATIONAL SEARCHING AUTHORITY
USA : -

(PCT Rule 43bis.1)

Date of mailing

(day/month/year) 24 JUNE 2009 (24.06.2009)
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Applicant's or agent's fil rcfcrenceBY ‘{E,,Y?{% ‘:\:W'\TOR FURTHER ACTION
108144200201 . See paragraph 2 below
International application No. International filing date (day/month/vear) Priority date(day/month/year)

PCT/US2008/081827 30 OCTOBER 2008 (30.10.2008) |02 NOVEMBER 2007 (02.11.2007)

International Patent Classification (IPC) or both national classification and IPC

HOI1L 31/042(2006.01)i

Wy en 0P iaco—

Applicant
TIGO ENERGY, INC., etal

1. This opinion contains indications relating to the following items:

Box No. I Basis of the opinion

Box No. II Priority

Box No. Il  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

X
L]
[]
D Box No. IV~ Lack of unity of invention
X
[
[]

Box No. V Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

BoxNo. VI  Certain documents cited

Box No. VII  Certain defects in the international application

Box No. VIII Certain observations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply togéther, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the ISA/KR Date of completion of this opinion | Authorized officer
- Korean Intellectual Property Office

Government Complex-Daejeon, 139 :
« Seonsa-ro, Seo-gu, Dacjeon 302 24 JUNE 2009 (24.06.2009) MUN, Tae Jin

-701, Republic of Korea i
Fac51m1le No. 82-42-472-7140 Telephone No.82-42-481-8479
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International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2008/081827

Box No. I Basis of this epinion

1. With regard to the language, this opinion has been established on the basis of :

g the international application in the language in which it was filed

D a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material
|:| a sequence listing
D table(s) related to the sequence listing

b. format of material

D on paper

D in electronic form

c. time of filing/furnishing
I:l contained in the international application as filed.
D filed together with the international application in electronic form.
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additioanl copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form RGTHISARS®(Best Mo. D(April 2007)

Page 180 of 270




WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2008/081827

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims ~ 1-20 YES
Claims  None NO

Inventive step (IS) Claims 2-15,17-20 YES
Claims 1,16 NO

Industrial applicability 1A)  Claims  1-20 YES
Claims  None ' NO

2. Citations and explanations :

Reference is made to the following document from the International Search Report(ISA)

D1 © JP 2000-358330 A

1. Novelty and Inventive Step

Claim 1 relates to a photovoltaic panel, comprising (D at least one photovoltaic cell, @ a
connector to output energy from the photovoltaic panel, and @ a switch coupled between the
at least one photovoltaic cell and the connector, the switch configured to disconnect the at
least one photovoltaic cell from the connector during installation of the photovoltaic panel, the
switch configured to connect the at least one photovoltaic cell with the connector after
installation of the photovoltaic panel.

Claim 16 relates to a photovoltaic module, comprising @O a voltage module to adjust an output
of a plurality of photovoltaic cells, and @ a switch coupled the voltage module to selectively
provide the output.

D1, which is the closest art to the present invention, relates to a photovoltaic power
generating apparatus.

When D1 is compared with claim 1 and 16, the photovoltaic cell of claim 1 is corresponding
to the solar cell(15) in D1, the switch of claim 1 and 16 is corresponding to the switches(16,
18) in D1, and the voltage module of claim 16 is corresponding to the inverters(17) in D1.

Hence, claims 1 and 16 are obvious over D1. Therefore, claims 1 and 16 lack an inventive
step under PCT Article 33(3).

Claim 2-15 and 17-20 are dependent claims. But, additional features of claims 2-15 and 17—
20 are not disclose in D1. So, an inventive step can be acknowledged for the subject matter
of claims 2-15 and 17-20.
2. Industrial Applicability

Claims 1-20 meet the criteria set out in PCT Article 33(4).

Fopm PCTASAR237 (Box No. V) (April 2007)
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" ' ‘ PCT/US2008/081827
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
108144200201 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2008/081827 30 OCTOBER 2008 (30.10.2008) | 02 NOVEMBER 2007 (02.11.2007)
Applicant
TIGO ENERGY, INC., etal

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according

¥

to Article 18. A copy is being transmitted to the International Burcau. 0 E ”*1
o | EGEIY EIn
This international search report consists of a total of 3 sheets. " §
D It is also accompanied by a copy of each prior art document cited in this report. n §\\\' - ’\ . LLJ i§
[* = 1
1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of : TY 1P DEPARTMENT
GREENBERG TRAURIG LLP

x the international application in the language in which it was filed
a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.65is(a)).

c. [:l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. I:' Certain claims were found unsearchable (See Box No. IT)

3. D Unity of invention is lacking (See Box No. III)

4. With regard to the title,

g the text is approved as submitted by the applicant. ’ @
|:| the text has been established by this Authority to read as follows: S: S @ C a\c “

Gt

E:
DUE DATE"

ADLINE:
DE KETED:

oC .
&Y (NITIALSY:

5. Withregard to the abstract,
g the text is approved as submitted by the applicant.
I:I the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
)I{ as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
' D as selected by this Authority, because this figure better characterizes the invention.
b. I:' none of the figure is to be published with the abstract.

Form szzf%}gfﬁ%hrzs{’ fRer) (July 2008)
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International application No.
INTERNATIONAL SEARCH REPORT
PCT/US2008/081827

A. CLASSIFICATION OF SUBJECT MATTER

HOI1L 31/042(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC8 H011.31/042

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and Applications for Utility models since 1975
Japanese Utility models and Applications for Utility models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKIPASS(KIPO Internal)
"Keywords: solar, photovoltaic, cell, switch, connector"”

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2000-358330 A (NISSIN ELECTRIC CO LTD) 26 December 2000 1,16
A See the whole document 2-15,17-20
A JP 1996-116628 A (NITTO KOGYO KK) 7 May 1996 1-20

See the whole document

A JP 1997-148611 A (SANYO ELECTRIC CO LTD) 6 June 1997 1-20
See the whole document

A JP 1999-103538 A (MY WAY GIKEN KK) 13 April 1999 1-20
See the whole document

[:] Further documents are listed in the continuation of Box C. g See patent family annex.
* Special categorics of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date . considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
24 JUNE 2009 (24.06.2009) 24 JUNE 2009 (24.06.2009)

Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- MUN, Tae Jin
o gu, Dacjeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8479
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Information on patent family members

International application No.

PCT/US2008/081827

Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 2000-358330 A 26.12.2000 None

JP 1996-116628 A 07.05. 1996 None

JP 1997-148611 A 06.06. 1997 None

JP 1999-103538 A 13.04.1999 None
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Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
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Sir/Madam:
In response to the Notice to File Missing Parts mailed May 6, 2011, Applicant is filing
herewith a fully executed Declaration in accordance with 37 C.F.R. §1.63.

Authorization is hereby given to charge our Deposit Account No. 50-2638 for any charges

that may be due. Furthermore, if an extension is required, then Applicant hereby requests such an

extension.

Respectfully submitted,
Date: May 23, 2011 /John P. Ward/

John P. Ward

Reg. No. 40,216
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Doc Code: Oath
Document Description: Oath or declaration filed PTO/SB/01 (04-09)
Approved for use through 09/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

4 DECLARATION FOR UTILITY OR | Altorney Docke! 108144-204001/US (TGY040) )
DESIGN ,
PATENT APPLICATION First Named Inventor |Ron Hadar
(37 CFR 163) COMPLETE IF KNOWN
Declarati Declaration Application Number 13/092,783
eclaraton
i Submitted After Initial ili .
[] Submited — 5p et 1t | Filing Date April 22, 2011

Filing (37 CFR 1.16(f)) Art Unit 3749

required)

\ Examiner Name ool /

| hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name;
and (2) | believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which is claimed and
for which a patent is sought on the invention titled:

SYSTEM AND METHOD FOR ENHANCED WATCH DOG
IN SOLAR PANEL INSTALLATIONS

(Title of the Invention)

the application of which
[ ] isattached hereto
OR

was filed on (MM/DD/YYYY) 04/22/2011 as United States Application Number or PCT International

Application Number ~ 13/092,783 and was amended on (MM/DD/YYYY) (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the
Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), and
any other intellectual property offices in which a foreign application claiming priority to the above-identified patent application is
filed access to the above-identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming
priority to the above-identified patent application is filed to have access to the above-identified patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above-identified patent application with respect
to: 1) the above-identified patent application-as-filed; 2) any foreign application to which the above-identified patent application
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of

37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the above-identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

[Page 1 of 3]
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Exhibit 1004 (Pt. 2 of 2) If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/01 (04-09)

Approved for use through 09/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder's rights certificate(s), or 365(a) of any PCT international application which desighated at least one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights certificate(s), or any PCT international application having a filing date

before that of the application on which priority is claimed.

Prior Foreign Application
Number(s)

Country

Foreign Filing Date
(MM/DD/YYYY)

Priority
Not Claimed

Certified Copy Attached?

YES

NO

[]

[

[

[]

L

]

[ ]

[

[

=

[]

=

I:I Additional foreign application number(s) are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.
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PTO/SB/01 (04-09)

Approved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

) The address
Direct all ) A Correspondence
correspondence to: associated with 64494 OR [:l address below
Customer Number:
Name
Address
City State Zip
Country Telephone Email

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the
USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of
the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of
a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application
Files. Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of
COMMERCE/PAT-TM-10, System name: Deposit Accounts and Electronic Funds Transfer Profiles.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such wiliful false statements
may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: D A petition has been filed for this unsigned inventor
Given Name (first and middie [if any]) Family Name or Surmname
Ron A Hadar :
Inventor's Signature Date
/—-—\/ \/ 28 /0 2 / /4
Residence: City State Country Citizenship
Cupertino CA Us IL
Mailing Address
10337 Tula Lane
City State Zip Country
Cupertino CA 95014 us

Additional inventors or a legal representative are being named on the 1 supplemental sheet(s) PTO/SB/02A or 02LR attached hereto

[Page 3 of 3]
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L the Paj Reduction Act of 1895, no

DECLARATION

S are

uired to

. PTOISB/02A (07-07)

Approved for use through 09/30/2010. OMB 0651-0032

LS. Patent and Trademark Office; U.S: DEPARTMENT OF COMMERGE

to a collection of information unless it contains a valid OMB control number.
ADDITIONAL INVENTOR(S)

Supplemental Sheet

Page 1 of 1

Name of Additional Joint Inventor, if any:

I:] A pefition has been filed for this unsigned inventor

Glven Name (first and middle Gf any))

Family Name or Surname

Shmuel

Arditi

Inventor's

J
K

 Siraure [/ Dateﬁs’/oz/ 27
Los Gatos '/) CA us us

Residence: Ci State Country . Citizenship

104 Las Uvas Court

Malling Address
Los Gatos CA 95032 Us

City State Zip Country

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Faimily Name or Sumame

James

Bickford

Given Name (first and middle (f any))
Inventor’s:
Signature

vae t /28//]

C >y
Tacoma C/

Residence: City State

-
i

us
Country

us

1202'S. Karl Johan Avenue
|_Mailing Address

Citizenship

Tacoma WA
City

State

08465
Zip

us
Country

Name of Additional Joint Inventor, if any:

O

A petition has been filed for this unsigned inventor

Given Name (first and middie (if any))

Family Name.or Surname

Inventor's

Signature Date

Residence: City. State Country Citizenship

Mailing Address

City State _ Zip Country

This collection of Information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file

(and by-the USPTO to process) an application. Confidentiality is govemed by 35 U.S.C. 122'and 37 CFR 1.11 and 1.14. This-collection is estimated to take 21
minutes to complete, Including gathering, preparing, and submitting the completed application form to the: USPTO. Time will vary depending upon the individual
case, Any commants on the amount of time. you require to.complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissloner for Patents, P.O. Box 1460, Alexandria, VA 22313-1450.

if you need assistance in completing the form, cail 1-800-PTO-9199 (1-800-786-9199) and s&lect option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures

to opposing counsel in the course of settlement negotiations.
3. A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when
the individual has requested assistance from the Member with respect to the subject matter

of the record.
4. A record in this system of records may be disclosed, as a routine use, to a contractor of the

Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA as part of that agency's responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of
37 CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal,

State, or local law enforcement agency, if the USPTO becomes aware of a violation or
potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

13092783

Filing Date:

22-Apr-2011

Title of Invention:

System and Method for Enhanced Watch Dog in Solar Panel Installations

First Named Inventor/Applicant Name:

Ron Hadar

Filer:

John Patrick Ward/Anne Collette

Attorney Docket Number:

108144-204001/US (TGY040)

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description

Fee Code Quantity

Amount

Sub-Total in

UsD($)
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Late filing fee for oath or declaration 2051 1 65 65

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extensjop;ofiTims:. 2 or 2)
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 65
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Electronic Acknowledgement Receipt

EFSID: 10152066
Application Number: 13092783
International Application Number:
Confirmation Number: 7329

Title of Invention:

System and Method for Enhanced Watch Dog in Solar Panel Installations

First Named Inventor/Applicant Name:

Ron Hadar

Customer Number:

64494

Filer:

John Patrick Ward/Anne Collette

Filer Authorized By:

John Patrick Ward

Attorney Docket Number:

108144-204001/US (TGY040)

Receipt Date: 23-MAY-2011
Filing Date: 22-APR-2011
Time Stamp: 18:55:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $65

RAM confirmation Number 6148

Deposit Account 502638

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Ehrisie ow fretditisgrg! Fees required under 37 CF.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document L. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
. 72708
1 Applicant Response to Pre-Exam 108144-204001US_Response_t o 1
Formalities Notice o_Notice_of Missing_Parts.pdf|
3f11f30ffa3bdc2d20ea317ab323258549f57
<09
Warnings:
Information:
108144-204001US_Declarati 679947
2 Oath or Declaration filed o —veciaration, no 5
p 2bf29a9f229¢23e58d9411811f812eda1852]
dbd4
Warnings:
Information:
30287
3 Fee Worksheet (PTO-875) fee-info.pdf no 2
465e68410e09f561442d 14fe2283738fh45¢
a6bb6
Warnings:
Information:
Total Files Size (in bytes); 782942

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
13/092,783 0472272011 3749 462 108144-204001/US (TG Y040) 20 3
CONFIRMATION NO. 7329
64494 FILING RECEIPT
GREENBERG TRAURIG, LLP (SV)
c/o: Greenberg Traurig LLP - Chicago Office LTI
00000004/48010

77 West Wacker Drive, Suite 3100
Intellectual Property Department
Chicago, IL 60601

Date Mailed: 05/06/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Ron Hadar, Cupertino, CA;
Shmuel Arditi, Los Gatos, CA;
James Bickford, Tacoma, WA;
Assignment For Published Patent Application
TIGO ENERGY, Los Gatos, CA
Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 61/343,155 04/22/2010
and is a CIP of 12/254,780 10/20/2008 PAT 7,884,278
which claims benefit of 61/001,587 11/02/2007
This application 13/092,783
is a CIP of 12/411,317 03/25/2009 PAT 7,602,080
which claims benefit of 61/200,601 12/02/2008
This application 13/092,783
is a CIP of 12/628,977 12/01/2009
which claims benefit of 61/275,977 09/03/2009
and claims benefit of 61/276,753 09/16/2009

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 05/03/2011

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/092,783

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

System and Method for Enhanced Watch Dog in Solar Panel Installations
Preliminary Class
126

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/092,783 04/22/2011 Ron Hadar 108144-204001/US (TGY040)
CONFIRMATION NO. 7329
64494 FORMALITIES LETTER
GREENBERG TRAURIG, LLP (SV)
c/o: Greenberg Traurig LLP - Chicago Office O 0 A
000000047480102

77 West Wacker Drive, Suite 3100
Intellectual Property Department
Chicago, IL 60601

Date Mailed: 05/06/2011

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

ltems Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Appilication Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $65 for a small entity
+ $65 Surcharge.

page 1 of 2

Exhibit 1004 (Pt. 2 of 2)
Page 204 of 270



Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/kxaysana/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/092,783
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 82 N/A
SEARCH FEE
e o N/A N/A N/A 270 N/A
EXAMINATION FEE
it ey N/A N/A N/A 110 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= 26 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 110 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 462 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
% Independent * Minus | *** = _ OR _
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
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SYSTEM AND METHOD FOR ENHANCED WATCH DOG
IN SOLAR PANEL INSTALLATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a non-provisional application which claims the benefit of
U.S. Provisional Application Serial No. 61/343,155, filed April 22, 2010, entitled “SYSTEM
AND METHOD FOR ENHANCED WATCH DOG IN SOLAR PANEL INSTALLATIONS,”
the entire contents of which are incorporated by reference as if fully set forth herein. The present
application is a non-provisional application which is a continuation-in-part of U.S. Patent
Application Serial No. 12/254,780, filed October 20, 2008, entitled “APPARATUSES AND
METHODS TO REDUCE SAFETY RISKS ASSOCIATED WITH PHOTOVOLTAIC
SYSTEMS,” now U.S. Patent No. 7,884,278, which claims the benefit of U.S. Provisional
Application Serial No. 61/001,587, filed November 2, 2007, entitled “PHOTOVOLTAIC
SAFETY SWITCH,” the entire contents of which disclosures are incorporated by reference as if
fully set forth herein. The present application is a non-provisional application which is a
continuation-in-part of U.S. Patent Application Serial No. 12/411,317, filed March 25, 2009,
entitled “SYSTEMS AND METHODS TO BALANCE SOLAR PANELS IN A MULTI-
PANEL SYSTEM,” now U.S. Patent No. 7,602,080, which claims the benefit of U.S.
Provisional Application Serial No. 61/200,601, filed December 2, 2008, entitled “ENHANCED
SYSTEM AND METHOD FOR BALANCING SOLAR PANELS IN A MULTI-PANEL
SYSTEM,” the entire contents of which disclosures are incorporated by reference as if fully set
forth herein. The present application is a non-provisional application which is a continuation-in-
part of U.S. Patent Application Serial No. 12/628,977, filed December 1, 2009, entitled
“SYSTEMS AND METHODS FOR AN ENHANCED WATCHDOG IN SOLAR MODULE
INSTALLATIONS,” which claims the benefit of Provisional U.S. Application Serial No.
61/275,977, filed September 3, 2009, entitled “SYSTEM AND METHOD FOR ENHANCED
WATCH DOG IN SOLAR PANEL INSTALLATIONS,” and Provisional U.S. Application
Serial No. 61/276,753, filed September 16, 2009, entitled “SYSTEM AND METHOD FOR
ENHANCED WATCH DOG IN SOLAR PANEL INSTALLATIONS,” the entire contents of

which disclosures are incorporated by reference as if fully set forth herein.
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COPYRIGHT NOTICE AND PERMISSION

[0002] A portion of the disclosure of this patent document contains material which is subject to
copyright protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears in the patent and trademark

office patent file or records, but otherwise reserves all copyright rights whatsoever.

FIELD OF INVENTION

[0003] The present invention relates to the field of electrical safeguards for photovoltaic

Systems.

BACKGROUND

[0004] When a photovoltaic panel or laminate is exposed to direct or diffuse light, a lethal
voltage potential may be present. In the United States the possible voltage could be as high as
600 volts, while in Europe and the rest of the world this voltage could approach a kilovolt.
[0005] Because of this potential danger from electrical shock, solar panel manufacturers and
code and standards development organizations have made some recommendations to minimize
or eliminate this danger.

[0006] One suggestion has been to cover the photovoltaic panel with an opaque material such
as a tarpaulin. However, this approach proposes its own safety risk from having the wind catch
the tarpaulin and pull installation personnel off the roof as they try to control the unstable sheet
material against the wind.

[0007] Another recommendation is to install and/or service the photovoltaic panels at night
when there is minimal risk of the panels being energized. This approach presents the potential
safety risks associated from working in a poorly lighted environment.

[0008] In addition to the potential personnel safety issues there are also significant risks to
equipment and hardware. Connecting or disconnecting energized plugs can cause arcing and
damage to these connectors, junction boxes, and other electrical components.

[0009] Solar system installers take a large guard band (or safety margin) to make sure the
voltages don’t cross the 600V or 1000V limits in the United States and the European Union,
respectively. That limitation inhibits them from installing more solar panel modules, often
referred to as “modules” or “panels,” in series to reduce the cost of combiner boxes or string

inverters. When solar modules are connected in series or in mesh configurations, there can be a
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problem in which weaker modules not only produce less energy but also affect other modules’
capabilities to deliver energy in the same string or wiring section.

[0010] In solar panel installations it is often desirable to have additional safety for the
operating environment and for personnel involved with maintenance, etc. Of particular concern
are certain portions of the wiring. If certain wires are disconnected, through theft, vandalism,
accident, natural forces, or any other cause, voltages may rise to an unacceptable, even
dangerous, level.

[0011] In addition to locally generated problems that can affect the safety of the system and or
people working at or near the system, other, more regionally created problems may cause safety
issues, including, for example, floods, forest fires or neighborhood fires, earthquakes, landslides,

etc.

BRIEF SUMMARY OF THE INVENTION

[0012] Disclosed herein are embodiments of a system and method to monitor one or more
sensors for anomalies in the operation of a photovoltaic system. In the event of an anomaly, the
system may shut down or modify the operation of all or part of the system.

[0013] Also disclosed herein are embodiments of a watchdog system to monitor communication
signals between a central controller and a local controller. If one or more communication signals
are not properly received, the watchdog system polls the central controller to determine if the
breakdown in communication is transient. In addition, the watchdog circuit may monitor the
electrical signals to determine if there is an irregularity. The watchdog system may notify the local
controller to shut down or modify the operation of any or all solar modules if it determines that the
breakdown in communication is either not transient or if the irregularity in the electrical signals is
persistent.

[0014] These and other objects and advantages of the present invention will become clear to
those skilled in the art in view of the description of the best presently known mode of carrying

out the invention and the industrial applicability of the preferred embodiment as described

herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The embodiments are illustrated by way of example and not limitation in the figures of
the accompanying drawings in which like references indicate similar elements.

[0016] Figure 1 illustrates a solar panel having a safety switch according to one embodiment.
[0017] Figures 2-5 illustrate a spring loaded safety switch for a photovoltaic panel according to
one embodiment.

[0018] Figures 6-7 illustrate a junction box with a reed switch for a photovoltaic panel
according to one embodiment.

[0019] Figure 8 illustrates an optical sensor to control a safety switch for a photovoltaic panel
according to one embodiment.

[0020] Figure 9 illustrates a solar panel having a safety switch controlled via auxiliary wiring
according to one embodiment.

[0021] Figures 10-12 illustrate local management units according to some embodiments.
[0022] Figure 13 illustrates a photovoltaic system according to one embodiment.

[0023] Figure 14 illustrates a solar panel according to one embodiment.

[0024] Figures 15-17 show methods to improve performance of a photovoltaic system
according to some embodiments.

[0025] Figure 18 illustrates an embodiment of an energy production system including a
plurality of junction boxes each coupled between a solar module and a power bus.

[0026] Figure 19 illustrates a solar module and a detail view of an embodiment of a junction
box.

[0027] Figure 20 illustrates an embodiment of a junction box.

[0028] Figure 21 illustrates an embodiment of a method of controlling the output of a solar
module.

[0029] Figure 22 illustrates an embodiment of an energy production system including a master
management unit.

[0030] Figure 23 shows an embodiment of an exemplary process residing a master

management unit controlling the output of a solar module.

Exhibit 1004 (Pt. 2 of 2)
Page 216 of 270



Patent Application Docket No. 108144-204001/US (TGY040)

DETAILED DESCRIPTION

[0031] The following description and drawings are illustrative and are not to be construed as
limiting. Numerous specific details are described to provide a thorough understanding.
However, in certain instances, well known or conventional details are not described in order to
avoid obscuring the description. References to one or an embodiment in the present disclosure
are not necessarily references to the same embodiment; and, such references mean at least one.
[0032] The use of headings herein are merely provided for ease of reference, and shall not be
interpreted in any way to limit this disclosure or the following claims.

[0033] Reference in this specification to “one embodiment” or “an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the disclosure. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the same
embodiment, nor are separate or alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described which may be exhibited by some
embodiments and not by others. Similarly, various requirements are described which may be

requirements for some embodiments but not other embodiments.

[0034] REDUCING SAFETY RISKS

[0035] One embodiment of the disclosure provides a method and system to reduce the safety
risks during the shipment, installation and/or maintenance of photovoltaic systems, without
introducing the risks associated with other approaches, such as covering them with an opaque
material or working on them at night.

[0036] In one embodiment, safety protection is provided via the inclusion of a normally closed
switch integral to the panel junction box or integral to the panel module when alternating current
(AC) or direct current (DC) modules are used.

[0037] Figure 1 illustrates a solar panel having a safety switch according to one embodiment.
In Figure 1, a solar panel 10 (e.g., a photovoltaic panel) includes at least one solar cell 12 (e.g., a
photovoltaic cell) to generate power when exposed to direct or diffuse light, in some cases a
voltage module 14 to adjust or regulate the output voltage (or in some other cases a current

module to regulate current), and a switch 16 to selectively isolate the solar cell 12 from the
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output connectors of the solar panel. In yet other cases, the switch may be incorporated into
regulator modules, such as voltage module 14.

[0038] In one embodiment, the switch 16 is a normally closed switch. During the shipment,
installation and/or maintenance, the switch 16 is placed in an open state to isolate the solar cell
12 from the output. After the installation or maintenance, the switch 16 is placed into a closed
state to allow the solar cell 12 to energize the output connectors of the solar panel and to supply
power through the output connectors of the solar panel.

[0039] The switch 16 and the voltage module can be integrated into the junction box of the
solar panel. In some embodiment, the switch 16 is integrated with the voltage module 14 as a
panel module.

[0040] Figures 2 through 5 illustrate a spring loaded safety switch for a photovoltaic panel
according to one embodiment. In Figures 2 through 5, the switch includes two contactors 102
and 103 made of a conductive metal or plated hybrid. The contactors 102 and 103 are normally
made of a spring alloy metal or have an integral spring plunger design (not shown). The
contactors 102 and 103 are positioned or fixed in such a way that the two contacts 102 and 103
are spring loaded toward each other to maintain electrical continuity between the two contactors
102 and 103. Thus, the switch is normally closed (NC) and not in a safe mode for installation or
maintenance.

[0041] In Figure 2, a safe mode for installation or maintenance is achieved when the blade 104
is inserted between the two contactors 102 and 103. The blade 104 is manufactured from a
dielectric material and when inserted between the two contactors 102 and 103 there is no
electrical continuity between the contactors 102 and 103.

[0042] As illustrated in Figure 2, the blade 104 may also have a flag 105 attached. The flag
105 could be red or some other highly visible color, to provide a visual indicator of the state of
the panel.

[0043] In one embodiment, the panels and/or panel with integral modules would come shipped
from the factory with the blade 104 and the flag 105, where the blade 104 is inserted between the
two contactors 102 and 103. The panels would be installed and integrated with the blade 104
present and flag 105 visible. The installer would mount, secure, and plug in all of the

connections in the system, including the grounding.
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[0044] As illustrated in Figure 3, once the installation is completed the installer would remove
the blades 104 at all those places indicated by the flags 105. Once the blade 104 is removed, the
spring loaded contactors 102 and 103 contact each other to provide an electric path from the
photovoltaic cells to the output connectors of the photovoltaic panel.

[0045] If additional work or troubleshooting were needed, the blade(s) 104 and flag(s) 105
could be reinserted, aided by the tapered section 207 of the blade 104, thereby breaking the
electrical continuity between the contactors 102 and 103 at point 206.

[0046] In some embodiments, there is symmetry in contactors 102 and 103. In other
embodiments, the contactors 102 and 103 are not identical or even similar. The contactors 102
and 103 are made of electrically conductive material and configured to be in physical contact
with each so that an electrically conductive path 206 is maintained, after the blade 104 is
removed. In at least some embodiments, the electrical conductive path 206 is maintained
without the blade 104 being inserted between the contactors 102 and 103, then disrupted by the
blade 104 inserted between the contactors 102 and 103, and then reestablished by the reinsertions
of a dielectric device such as the blade 104.

[0047] In addition to the visual indication of the modes of the panels provided by the flag(s)
105, the flags could also provide information in the form of text, such as, for example, “Remove
before operation” or a warning of potentially lethal voltage.

[0048] Figure 4 illustrates a configuration of a spring loaded switch integrated with a junction
box 308 of a photovoltaic panel. The junction box 308 includes a connector to connect the solar
power generated by the photovoltaic panel to a load (e.g., an inverter, a voltage bus, etc.) via a
cable 307. Thus, when the blade 104 is inserted into the switch, with the flag 105 visible, the
voltage generated by the solar cells is isolated from the connector for the cable 307; and thus it is
safe to install the photovoltaic panel or to perform maintenance operations on the photovoltaic
panel.

[0049] Figure 5 shows the components of the spring loaded switch and the junction box of a
photovoltaic panel. As illustrated in Figure 5, the junction box 308 has an opening 409, which
provides access to remove the blade 104 and/or to re-insert the blade 104. The contactors 103 of
the switch can be attached to the junction box 308 via fastening the portion 401 to a supporting

member of the junction box 308, such as a printed circuit board (PCB).
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[0050] Figures 6 through 7 illustrate a junction box with a reed switch for a photovoltaic panel
according to one embodiment. Figure 6 shows an assembly of a reed switch 510 and magnets for
integrated into the photovoltaic junction box 308. Figure 7 shows a cut-away section illustrating
the reed switch 510 and the magnets 511 and 512 installed within the portion 509 of the junction
box 308.

[0051] In Figure 7, areed switch 510 is made normally closed by integrating a stationary
biasing magnet 511 into the junction box 308 in close proximity to the normally open reed
switch, so that the switch 510 is closed in absence of the magnet 512.

[0052] In one embodiment, the magnet 512 is inserted into the junction box well 509 so that
the reversed polarity cancels the magnetic lines of force and the reed switch 510 opens.

[0053] In one embodiment, the magnet 512 is installed in the junction box well 509 at the
factory; and a flag 105 (not shown in Figures 6 and 7) is attached to the magnet 512. The
magnet 512 is removable and/or re-insertable via the junction box well 509.

[0054] In other embodiments, normally closed (NC) reed contacts can be used to replace the
normally open (NO) reed contacts 510 and the magnet 511, avoiding the need for the additional
stationary magnet.

[0055] Once the installation and integrations are complete the magnet 512 is removed and may
be discarded. The power leads of the junction box 308 can then be energized via the
semiconductor switch or relay (not shown), when the reed switch 512 is in the closed state.
[0056] In some cases, a semiconductor switch (not shown in Figure 7) can be used to energize
the power leads of the junction box 308. The panel junction box 308 or inverter (not shown in
Figure 7) may include a controller unit with a watch dog circuit configured to send a signal
periodically (e.g., every time interval t) to maintain the connection of the panel outputs to the
string. When this signal is timed-out or is absent, the panel outputs of the panel are disconnected
via a semiconductor switch device (not shown).

[0057] Figure 8 illustrates an optical sensor to control a safety switch for a photovoltaic panel
according to one embodiment. In Figure &, an optical sensor unit 700 with an optical sensor 701
is mounted on a printed circuit board (PCB) 711. Additionally, springs 702 and 712 hold a
separator 703 in place that can be removed in direction of arrow 704 using a pull-tab similar to

the flag 105 discussed earlier. Not shown in Figure 8 is the exterior enclosure that would contain
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the mechanical elements such as the cable connections and the guide elements for guiding
separator 703 in and out of the unit.

[0058] In one embodiment, additional circuitry (not shown in Figure 8) will be on the side of
the PCB 711, such as a control circuit to affect an on/off switching either in some cases by FET
(Field-Effect Transistor) transistors or using, in other cases, a relay, such as a bi-stable relay or
another suitable circuit. The operational power may be drawn from the solar system itself, or it
may be brought up by auxiliary wiring.

[0059] In yet some other embodiments, a relay can be simply remote controlled by an auxiliary
wire to close or open the circuit. The advantage of this approach is that no pull-tabs (flags or
blades) can be forgotten on the roof.

[0060] In one embodiment, a mechanism and/or circuitry is integrated in the panel to identify
the load from the inverter and connect the panel to the panel outputs when the load is detected.
When no load is present the panel outputs is disconnected. This functionality would also be
implemented using a semiconductor switch device or other suitable device (such as a relay), and
some sensor circuitry, allowing an automatic reconnect when the loop appears to be closed and a
load connected.

[0061] Figure 9 illustrates a solar panel having a safety switch controlled via auxiliary wiring
according to one embodiment. In Figure 9, a separate wire is connected to control the switch 16
from a remote location. For example, the switch may be controlled via a signal from a watch

dog circuit, from a remote switch or controller, etc.

[0062] BALANCING SOLAR PANELS

[0063] When solar modules are connected in series or mesh configuration, there can be a
problem in which weaker modules not only produce less energy but also affect other modules in
the same string or wiring section. By measuring one can determine that a few modules are
weaker than the others in most commercially installed strings. Thus, the string is generating less
power than the sum available at each module if modules were operated separately.

[0064] At least one embodiment of the present disclosure provides methods and systems to
switch on and off weak modules in the string in a way that the current on the string bus from the

good modules won’t be affected by the weak modules.
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[0065] Figures 10 through 12 illustrate local management units according to some
embodiments. In Figures 10 through 12, local management units (1101) are used to switch on
and off the solar module (1102) periodically to improve the energy production performance of
the photovoltaic systems connected, at least in part, in series.

[0066] In Figure 10, a management unit (101) is local to the solar module (102) and can be
used to periodically couple the solar module (102) to the serial power bus (103) via the switch
Q1 (106), to improve the total power output for the string of solar modules connected to the
serial power bus in series.

[0067] The local management unit (LMU) (1101) may include a solar module controller to
control the operation of the solar module (1102) and/or a link module unit to provide
connectivity to the serial power bus (1103) for energy delivery and/or for data communications.
[0068] In one embodiment, the command to control the operation of the switch Q1 (1106) is
sent to the local management unit (1101) over the photovoltaic (PV) string bus (power line)
(1103). Alternatively, separate network connections can be used to transmit the data and/or
commands to/from the local management unit (1101).

[0069] In Figures 10 and 11, the inputs (1104a, 1104b, 1104c) to the local management unit
(1101) are illustrated separately. However, the inputs (1104a, 1104b, 1104c) are not necessarily
communicated to local management unit (1101) via separate connections. In one embodiment,
the inputs are received in the local management unit via the serial power bus (1103).

[0070] In Figure 10, the solar module (1102) is connected in parallel to the capacitor C1
(1105) of the local management unit (1101). The diode D1 (1107) of the local management unit
(1101) is connected in series in the serial power bus (1103) which may or may not be part of an
overall mesh configuration of solar modules. The switch Q1 (1106) of the local management
unit can selectively connect or disconnect the solar module (102) and the capacitor C1 (1105)
from a parallel connection with the diode D1 (1107) and thus connect or disconnect the solar
module (1102) from the serial power bus (1103).

[0071] In Figure 10, a controller (1109) of the local management unit (1101) controls the
operation of the switch (1106) according to the parameters, such as duty cycle (1104a), phase
(1104b) and synchronization pulse (1104c).

[0072] In one embodiment, the controller (1109) receives the parameters (1104a, 1104b,

1104c) from a remote management unit via the serial power bus (1103) or a separate data
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communication connection (e.g., a separate data bus or a wireless connection). In some
embodiment, the controller (1109) may communicate with other local management units
connected on the serial power bus (1103) to obtain operating parameters of the solar modules
attached to the serial power bus (1103) and thus compute the parameters (e.g., 1104a and 1104b)
based on the received operating parameters. In some embodiments, the controller (1109) may
determine the parameter (e.g., 104a and 104b) based on the operating parameters of the solar
module (1102) and/or measurements obtained by the controller (1109), without communicating
with other local management units of other solar modules, or a remote system management unit.
[0073] In Figure 11, a system (100) has a local management unit (1101) coupled to the solar
module (1102). The local management unit (1101) is connected between the solar module
(1102) and the string bus (1103) to improve the total power output for the whole string on the
serial power bus (1103). Commands to the local management unit (1101) can be sent over the
photovoltaic (PV) string bus (power line) (1103). To make the figure clearer, the inputs (1104a,
1104b, 1104c¢) to the controller (1109) of the local management unit (1101) are drawn separately,
which does not necessarily indicate that the inputs (1104a, 1104b, 1104c¢) are provided via
separate connections and/or from outside the local management unit (1101). For example, in
some embodiments, the controller (1109) may compute the parameters (1104a, 1104b, 1104c¢)
based on measurements obtained at the local management unit (1101), with or without data
communications over the serial power bus (1103) (or a separate data communication connection
with other management units).

[0074] In Figure 11, the local management unit (1101) is connected in one side to the solar
module (1102) in parallel and on the other side in series to a string of other modules, which may
or may not be part of an overall mesh configuration. The local management unit (1101) may
receive, among others, three inputs or types of input data, including a) requested duty cycle
(1104a), which can be expressed as a percentage (e.g., from 0 to 100%) of time the solar module
(1102) is to be connected to the serial power bus (1103) via the switch Q1 (1106), b) a phase
shift (1104b) in degrees (e.g., from 0 degree to 180 degree) and c) a timing or synchronization
pulse (1104c). These inputs (e.g., 1104a, 1104b and 1104c¢) can be supplied as discrete signals,
or can be supplied as data on a network, or composite signals sent through the power lines or

wirelessly, and in yet other cases, as a combination of any of these input types.
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[0075] In Figure 11, the local management unit (1101) periodically connects and disconnects
the solar module (1102) to and from the string that forms the serial power bus (1103). The duty
cycle (1104a) and the phase (1104b) of the operation of the switch Q1 (1106) can be computed
in a number of ways to improve the performance of the system, which will be discussed further
below.

[0076] In Figure 11, the local management unit (1101) includes a capacitor C1 (1105) and a
switch Q1 (1106), as well as a diode D1 (1107). In Figure 11, the diode D1 (1107) is
supplemented with an additional switch Q2 (1108), which acts as a synchronous rectifier to
increase efficiency. In one embodiment, the additional switch Q2 (1108) is open (turned off)
when the switch Q1 (1106) is closed (turned on) to attach the solar module (1102) (and the
capacitor C1 (1105)) to the serial power bus (1103).

[0077] In some cases, a filter (not shown), including a serial coil and a parallel capacitor, is
also used. The filter may be placed at the local management unit or placed just before the fuse
box or inverter, or be part of either one of those.

[0078] In Figure 11, the controller (1109) is used to process the input signals (e.g., 1104a,
1104b, 1104c) and drive the switches Q1 (1106) and Q2 (1108). In one embodiment, the
controller (1109) is a small single chip micro controller (SCMC). For example, the controller
(1109) may be implemented using Application-Specific Integrated Circuit (ASIC) or Field-
Programmable Gate Array (FPGA). The controller (1109) can even be implemented in discrete,
functionally equivalent circuitry, or in other cases a combination of SCMC and discrete circuitry.
[0079] In one embodiment, the controller (1109) is coupled to the solar module (1102) in
parallel to obtain power for processing; and the controller (1109) is coupled to the serial power
bus (1103) to obtain signals transmitted from other management units coupled to the serial power
bus (1103).

[0080] By switching the module (1102) (or groups of cells, or a cell) on and off to the string
periodically, the local management unit (1101) may lower the voltage reflected to the string bus
(1103) (e.g., a lower average voltage contributed to the string bus) and can cause the current
reflected to the string bus (1103) to be higher, nearer the level it would be if the module was not
weak, generating a higher total power output.

[0081] In one embodiment, it is preferable to use different phases to operate the switches in

different local management units on a string to minimize voltage variance on the string.
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[0082] In Figure 12, the local management unit (1101) provides two connectors (1112 and
1114) for serial connections with other local management unit (1101) to form a serial power bus
(1103) (Figure 11). The controller (1109) controls the states of the switches Q1 (1106) and Q2
(1108).

[0083] In Figure 12, when the controller (1109) turns on the switch (1106), the panel voltage
and the capacitor C1 (1105) are connected in parallel to the connectors (1112 and 1114). The
output voltage between the connectors (1112 and 1114) is substantially the same as the output
panel voltage.

[0084] In Figure 12, during the period the switch (1106) is turned off (open), the controller
(1109) turns on (closes) the switch (1108) to provide a path around the diode D1 (1107) to
improve efficiency.

[0085] In Figure 12, when the switch (1106) is turned off (open), the panel voltage charges the
capacitor C1 (1105), such that when the switch (1106) is turned on, both the solar panel and the
capacitor (1105) provides currents going through the connectors (1112 and 1114), allowing a
current larger than the current of the solar panel to flow in the string (the serial power bus
(1103)). When the switch (1106) is turned off (open), the diode D1 (1107) also provides a path
between the connectors (1112 and 1114) to sustain the current in the string, even if the switch
(1108) is off for some reasons.

[0086] In one embodiment, the controller (1109) is connected (not shown in Figure 12) to the
panel voltage to obtain the power for controlling the switches Q1 (1106) and Q2 (1108). In one
embodiment, the controller (1109) is further connected (not shown in Figure 12) to at least one
of the connectors to transmit and/or receive information from the string. In one embodiment, the
controller (1109) includes sensors (not shown in Figure 12) to measure operating parameters of
the solar panel, such as panel voltage, panel current, temperature, light intensity, etc.

[0087] Figure 13 illustrates a photovoltaic system (1200) according to one embodiment. In
Figure 13, the photovoltaic system 1200 is built from a few components, including photovoltaic
modules (1201a, 1201b, ..., 1201n), local management unit units (1202a, 1202b, ..., 1202n), an
inverter (1203), and a system management unit (1204).

[0088] In one embodiment, the system management unit (1204) is part of the inverter (1203),
the combiner box (1206), a local management unit, or a stand-alone unit. The solar modules

(1201a, 1201b, ..., 1201n) are connected in parallel to the local management unit units (1202a,
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12020, ..., 1202n) respectively, which are connected in series to form a string bus (1205), which
eventually is connected to an inverter (1203) and the system management unit (1204).

[0089] In Figure 13, the string bus (1205) can be connected to the inverter (1203) directly or as
part of a mesh network or combiner boxes or fuse boxes (not shown). An isolated local
management unit can be used as a combiner box (1206) to adjust all voltages before connecting
to the inverter (1206); or, a single or multi-string inverter can be used. To limit the changes in
the voltage of the bus, the system management unit (1204) may assign a different phase for each
of the local management units (1202a, 1202b, ..., 1202n). In one embodiment, at any given time,
a maximum of a predetermined number of solar modules (e.g., one single solar module) are
disconnected from the string bus (1205).

[0090] In one embodiment, beyond the module connection the local management units can
have the signal inputs, including but not limited to duty cycle (1104a), phase (1104b) and
synchronization pulse (1104c¢) (e.g., to keep the local management units synchronized). In one
embodiment, the phase (1104b) and the synchronization pulse (1104c) are used to further
improve performance, but the local management unit (1101) can work without them.

[0091] In one embodiment, the local management unit may provide output signals. For
example, the local management unit (1101) may measure current and voltage at the module side
and optionally measure current and voltage in the string side. The local management unit (1101)
may provide other suitable signals, including but not limited to measurements of light,
temperature (both ambient and module), etc.

[0092] In one embodiment, the output signals from the local management unit (1101) are
transmitted over the power line (e.g., via power line communication (PLC)), or transmitted
wirelessly.

[0093] In one embodiment, the system management unit (1204) receives sensor inputs from
light sensor(s), temperature sensor(s), one or more each for ambient, solar module or both, to
control the photovoltaic system (1200). In one embodiment, the signals may also include
synchronization signals. For example, a using the described methods the local management unit
can be a very non-expensive and reliable device that can easily increase the throughput of a
photovoltaic solar system by a few (e.g., signal or low double digits) percentage points. These
varied controls also allow installers using this kind of system to control the VOC (open circuit

voltage) by, for example by shutting off some or all modules. For example, by using the local
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management units of the system, a few modules can be disconnected from a string if a string is
getting to the regulatory voltage limit, thus more modules can be installed in a string.

[0094] In some embodiments, local management units can also be used within the solar panel
to control the connection of solar cells attached to strings of cells within the solar panel.

[0095] Figure 14 illustrates a solar panel according to one embodiment. In one embodiment,
the solar panel (1300) has a few strings of solar cells (e.g., three solar cell strings per module).
In Figure 14, a local management unit (1101) can be applied to a group of cells (1301) within a
string of an individual solar panel (1300), or in some cases to each cell (1301) in a solar panel
(1300).

[0096] In Figure 14, a group of solar cells (1301) that are attached to a local management unit
(1101) may be connected to each other in series, in parallel, or in a mesh configure. A number of
local management units (1101) connect the groups of the solar cells (1301) in a string to provide
output for the solar panel (1300).

[0097] Some embodiments of the disclosure includes methods to determine the duty cycles
and/or phases for local management units connected to a string or mesh of solar modules.

[0098] In some embodiments, the duty cycle of all local management units in a string or
mesh can be changed, to increase or decrease the string voltage. The duty cycles may be
adjusted to avoid exceeding the maximum voltage allowed. For example, the maximum voltage
may be limited by the combiner box (1206), the inverter (1203), or any other load connected to
the string bus (1205), or limited by any regulations applicable to that system. In some
embodiments, the duty cycles are adjusted to align the voltage of multiple strings.

[0099] In some embodiments, the duty cycle of one local management unit (1101) in a string
can be changed to cause higher current in that local management unit (1101) and overall higher
power harvesting.

[00100] In one embodiment, the duty cycles are computed for the solar modules that are
connected to a string via the corresponding local management units. The duty cycles can be
calculated based on the measured current and voltages of the solar modules and/or the
temperatures.

[00101] After an initial set of duty cycles is applied to the solar modules, the duty cycles can
be further fine tuned and/or re-adjusted to changes, such as shifting shading etc., one step at a

time, to improve power performance (e.g., to increase power output, to increase voltage, to
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increase current, etc.). In one embodiment, target voltages are computed for the solar modules,
and the duty cycles are adjusted to drive the module voltage towards the target voltages.

[00102] The methods to compute the duty cycles of the solar modules can also be used to
compute the duty cycles of the groups of solar cells within a solar module.

[00103] Figures 15 through 17 show methods to improve performance of a photovoltaic
system according to some embodiments.

[00104] In Figure 15, at least one operating parameter of a solar energy production unit
coupled to a string via a management unit is received (1401) and used to identify (1403) a duty
cycle for the management unit to connect the solar energy production unit to string. The solar
energy production unit may be a solar module, a group of solar cells within a solar module, or a
single solar cell in a string in a solar module. The duty cycle is adjusted (1405) to optimize the
performance of the solar energy production unit and/or the string.

[00105] For example, the duty cycle can be adjusted to increase the current in the string and/or
the solar energy production unit, to increase the output power of the string and/or the solar
energy production unit, to increase the voltage of the solar energy production unit, etc.

[00106] In Figure 16, the operating voltages of a plurality of solar panels connected in series
are received (1421) and used to identify (1423) a second solar panel having the highest operating
voltage (highest output power) in the string.

[00107] In Figure 16, a duty cycle of a first solar panel is computed (1425) based on a ratio in
operating voltage between the first and second solar panels. Alternatively, the duty cycle can be
computed based on a ratio in output power between the first and second solar panels.
Alternatively, the duty cycle can be computed based on a ratio between the first and second solar
panels in estimated/computed maximum power point voltage. Alternatively, the duty cycle can
be computed based on a ratio between the first and second solar panels in estimated/computed
maximum power point power.

[00108] The duty cycle of the first solar panel is adjusted (1427) to improve the performance
of the first solar energy production unit and/or the string, until a decrease in the operating voltage
of the second solar panel is detected. For example, the duty cycle of the first solar panel can be
adjusted to increase the total output power of the string, to increase the current of the string, to
increase the current of the first solar panel, to drive the voltage of the first solar panel towards a

target voltage, such as its maximum power point voltage estimated based on its current operating
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parameters, such as temperature or a voltage calculated using its estimated maximum power
point voltage.

[00109] In Figure 16, in response to the detected decrease in the operating voltage of the
second solar panel which had the highest operating voltage, the adjustment in the duty cycle of
the first solar panel that causes the decrease is undone/reversed (1429).

[00110] In Figure 16, the duty cycle of the second solar panel is optionally decreased (1431)
to increase the operating voltage of the second solar panel. In some embodiments, the strongest
solar panel (or strong panels within a threshold from the strongest panel) is not switched off line
(e.g., to have a predetermined duty cycle of 100%).

[00111] In one embodiment, the duty cycle of the second solar panel is repeatedly decreased
(1429) until it is determined (1431) that the decrease (1429) in the duty cycle of the second solar
panel cannot increase the voltage of the second solar panel.

[00112] In Figure 17, operating parameters of a plurality of solar panels connected in a string
are received (1441) and used to identify (1443) a first maximum power point voltage of a first
solar panel. A second solar panel having the highest operating voltage (or output power) in the
string is identified. A second maximum power point voltage of the second solar panel is
identified (1447) based on the received operating parameters and used to compute (1449) a target
voltage for the first solar energy production unit. In one embodiment, the target voltage is a
function of the first and second maximum power point voltages and the highest operating voltage
identified (1445) in the second solar panel in the string. The duty cycle of the first solar energy
production unit is adjusted to drive the operating voltage of the first solar panel towards the
target voltage.

[00113]  Alternatively, the target voltage may be the set as the first maximum power point
voltage of the first solar panel.

[00114] In one embodiment, to adjust voltage a same factor is applied to all modules in that
string. For example, in a case of a first module A1 that is producing only 80%, and the voltage
of the whole string needs to be 5% lower, the duty cycle of Al is 80% multiplied the duty cycle
applied to the whole string (which is Y in this example) so module A1l then has Y x 0.8 as duty

cycle.
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[00115] In some embodiments, the system management unit (1204) and/or the local
management units (e.g., 1202a, 1202b, ..., 1202n) are used solely or in combination to determine
the parameters to control the operations of the switches.

[00116] For example, in one embodiment, a system management unit (1204) is the “brain” of
the system, which decides on the duty cycle and phase parameters.

[00117] For example, in another embodiment, each local management unit broadcasts
information to the other local management units on the string to allow the individual local
management units to decide their own duty cycle and phase parameters.

[00118] In some embodiment, a local management unit may instruct one or more other local
management units to adjust duty cycle and phase parameters. For example, the local
management units on a string bus (1205) may elect one local management unit to compute the
duty cycle and phase parameters for other local management units on the string.

[00119] For example, in some embodiment, the system management unit (1204) may
determine one or more global parameters (e.g., a global duty cycle, the maximum power on the
string, the maximum voltage on the string, etc.), based on which individual local management
units adjust their own duty cycles.

[00120] In some embodiments, a local management unit may determine its own duty cycles
without relying upon communicating with other management units. For example, the local
management unit may adjust its duty cycle for connecting its solar module to the string to
operate the solar module at the maximum power point.

[00121] In one embodiment, module voltage are measured by the local management units in
the same string at substantially/approximately the same time and used to identify the strongest
solar module. A strongest solar module provides the most power in the string. Since the
modules are connected in series, the solar module having the highest module voltage in the string
can be identified as the strongest solar module. In some embodiment, the operating voltage and
current of the solar module are measured to determine the power of the solar module.

[00122] In one embodiment, after the highest module voltage Vm in the string is identified,
the duty cycle for each module can be computed as a function of a ratio between the module
voltage V of the module and the highest module voltage Vm. For example, the duty cycle for a
module can be computed as 1 - (Vm - V)/Vm) = V/Vm.
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[00123] In one embodiment, the system management (1204) may identify the highest module
voltage from the module voltages received from the local management units (1202a, 12020, ...,
1202n), and compute the duty cycles for the corresponding local management units (1202a,
1202b, ..., 1202n).

[00124] In one embodiment, the local management units (1202a, 1202, ..., 1202n) may report
their module voltages on the string bus (1205) to allow individual local management units
(1202a, 1202b, ..., 1202n) to identify the highest module voltage and compute the duty cycles,
without relying upon the system management unit (1204).

[00125] In one embodiment, one of the local management units (1202a, 1202b, ..., 1202n)
may identify the highest module voltage and/or compute the duty cycles for the other local
management units (1202a, 1202b, ..., 1202n).

[00126] In one embodiment, the duty cycles are determined and/or adjusted periodically.
[00127] In one embodiment, after the duty cycles for the solar modules on the string are set
based on the module voltage ratio relative to the highest module voltage in the string, the duty
cycles can be fine tuned to increase the power performance. The duty cycles can be fine tuned
one step at a time, until a decrease of voltage of the module with the highest power is detected.
In response to the detected decrease, the last change that caused the decrease can be reversed
(undone). The fine tuning of the duty cycles can be used to reach the peak performance point
(e.g., for maximum power point tracking).

[00128] In one embodiment, after the strongest module is identified, the duty cycles of the
solar modules on the string are adjusted until the module with the highest power in the string
decrease its voltage. Since decreasing the duty cycle of a solar module decreases the time period
the module is connected to the string and thus increases its voltage, the duty cycle of the module
with the highest power in the string can be decreased to increase its voltage, in response to the
decrease in its voltage caused by the adjustment to the duty cycles of other solar modules on the
string. For example, the duty cycle of the module with the highest power in the string can be
decreased until its voltage is maximized.

[00129] In one embodiment, the local management unit measures module and ambient
temperatures for some methods to determine the duty cycles. For example, the operating
parameters measured at the local management units (e.g., 1202a, 1202b, ..., 1202n), such as

module temperature, can be used compute the estimated voltages of the solar modules at their
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maximum power points. For example, a formula presented by Nalin K. Gautam and N.D.
Kaushika in “An efficient algorithm to simulate the electrical performance of solar photovoltaic
arrays”, Energy, Volume 27, Issue 4, April 2002, pages 347-261, can be used to compute the
voltage Vmp of a solar module at the maximum power point. Other formulae can also be used.
Once the maximum power point voltage Vmp of a solar module is computed or estimated, the
duty cycle of the solar module connected to a string can be adjusted to drive the module voltage
to the computed/estimated maximum power point voltage Vmp, since decreasing the duty cycle
of a solar module normally increases its voltage.

[00130] In one embodiment, a local management unit may adjust the duty cycle of the solar
module connected to the local management unit to change the module voltage to the
computed/estimated maximum power point voltage Vmp, without having to communicating with
other management units.

[00131] In one embodiment, a local management unit (or a system management unit) may
adjust the duty cycle of the solar module connected to the local management unit to perform
maximum power point tracking.

[00132] In one embodiment, after identifying the strongest module and computing/ estimating
the maximum power point voltage Vmpm of the strongest module, the duty cycle for each
module on a string can be computed as a function of a ratio between the maximum power point
voltage Vmp of the module and the maximum power point voltage Vmpm of the strongest
module. For example, the duty cycle for a module can be computed as 1 - (Vmpm -
Vmp)/Vmpm) = Vmp/Vmpm. The duty cycle can be periodically updated, based on the current
operating parameters measured, and/or fine tuned until a decrease in the voltage of the strongest
module is detected.

[00133] Alternatively, a target voltage for each module on the string can be computed as a
function of a ratio between the maximum power point voltage Vmp of the module and the
maximum power point voltage Vmpm of the strongest module. For example, the target voltage
for a module can be computed as Vm x Vmp/Vmpm, where Vm is the measured voltage of the
strongest module. The duty cycle of the module can be changed to drive the module voltage of
the module towards the target voltage.

[00134] In one embodiment, after identifying the strongest module and computing/ estimating

the maximum power point power Pmpm of the strongest module, the duty cycle for each module
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on a string can be computed as a function of a ratio between the maximum power point power
Pmp of the module and the maximum power point power Pmpm of the strongest module. For
example, the duty cycle for a module can be computed as 1 - (Pmpm - Pmp)/Pmpm) =
Pmp/Pmpm. The duty cycle can be periodically updated, based on the current operating
parameters measured, and/or fine tuned until a decrease in the voltage of the strongest module is
detected, since decreasing the duty cycle normally increases the module voltage.

[00135] In one embodiment, a target voltage for each module on the string can be computed
as a function of a ratio between the maximum power point power Pmp of the module and the
maximum power point power Pmpm of the strongest module. For example, the target voltage
for a module can be computed as Vm x Pmp/Pmpm, where Vm is the measured voltage of the
strongest module. The duty cycle of the module can be changed to drive the module voltage of
the module towards the target voltage, since decreasing the duty cycle normally increases the
module voltage.

[00136] In one embodiment, the duty cycle for each local management unit is changed to
increase the current of the solar module attached to the local management unit (e.g., based on the
measurement of the voltage and current of the solar module), until the maximum current is
achieved. This method assumes that string maximum power can be achieved with some
accuracy by driving each local management unit to maximum current. In one embodiment, the
voltages and currents of the solar modules are measured for tuning the duty cycles for maximum
power point tracking for the string. The measurements of the voltages and currents of the solar
modules also enable the local management units to additionally serve as a module level
monitoring system.

[00137] The duty cycles can be adjusted by the system management unit (e.g., 1204) based on
the measurements reported by the local management units (e.g., 1202a, 1202b, ..., 1202n), or
adjusted directly by the corresponding local management units (e.g., 1202a, 1202b, ..., 1202n).
[00138] In one embodiment, during the process of setting and/or tuning the duty cycles, the
maximum power point tracking operation by the inverter (1203) is frozen (temporarily stopped).
Light intensity at the solar modules is monitored for changes. When the light intensity at the
solar modules stabilizes, the voltage and current of the solar modules are measured for the
determination of the duty cycles. Then normal operation resumes (e.g., unfreezing of maximum

power point tracking operation).
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[00139] In one embodiment, the local management units measure the voltages and currents of
the solar modules to determine the power of the solar modules. After identifying the highest
power Pm of the solar module on the string, the duty cycles of the solar modules on the string are
determined by the power radio relative to the highest power Pm. For example, if a module
produces 20 percent less power, it will be disconnected from the string bus about 20 percent of
the time. For example, if a module produces power P, its duty cycle can be set to 1 - (Pm -
P)/Pm) = P/Pm.

[00140] In one embodiment, a predetermined threshold is used to select the weak modules to
apply duty cycles. For example, in one embodiment, when a module produces power less than a
predetermine percent of highest power Pm, a duty cycle is calculated and applied to the solar
module. If the module is above the threshold, the module is not disconnected (and thus having a
duty cycle of 100%). The threshold may be based on the power, or based on the module voltage.
[00141] In one embodiment, the system management unit (1204) finds the duty cycles for the
local management units (1202a, 1202b, ..., 1202n) and transmits data and/or signals representing
the duty cycles to the local management units (1202a, 1202b, ..., 1202n) via wires or wireless
connections. Alternatively, the local management units (1202a, 1202b, ..., 1202n) may
communicate with each other to obtain the parameters to calculate the duty cycles.

[00142] In one embodiment, the system management unit (1204) knows all the different duty
cycles indicated for the local management units (1202a, 1202b, ..., 1202n).

[00143] In one embodiment, during power fine tuning, the system management unit (1204)
sends the appropriate data/signal to the appropriate local management units (1202a, 1202b, ...,
1202n), and then the system management unit (1204) calculates the total power of the string and
corrects the duty cycle to produce maximum power. Once maximum power is achieved, the duty
cycles for the local management units (1202a, 1202b, ..., 1202n) may be saved in a database and
serve as a starting point for the corresponding local management units (1202a, 1202b, ..., 1202n)
at the same time of day on the next day. Alternatively, a local management may store the duty
cycle in its memory for the next day.

[00144] The stored duty cycles can be used when there is a fixed shade on the modules, such
as a chimney, a tree, etc., which will be the same shade on any day at the same time.
Alternatively, historical data may not be saved, but may be recalculated from scratch on each

run, for example every 30 minutes.
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[00145] In one embodiment, the light intensity at the solar modules is monitored for changes.
The duty cycles are calculated when the light intensity does not change significantly. If there are
changes in sun light radiation at the solar modules, the system will wait until the environment
stabilizes before applying or adjusting the duty cycles.

[00146] In one embodiment, the system management unit (1204) can communicate with the
inverter as well. When the environment is not stable (e.g., when the sun light radiation is
changing), the inverter may stop maximum power point tracking. In such a situation, the inverter
can be set up for its load, instead of tracking for maximum power point. Instead of using the
inverter to perform maximum power point tracking, the system management unit (1204) and the
local management units (1202a, 1202b, ..., 1202n) are used to set the operating parameters and
balance the string.

[00147]  Alternatively, when the environment is not stable but measurements and calculation
are done faster than the MPPT is working, there may be no need to stop the MPPT on the
inverter. Alternatively, when the environment is not stable, measurements can be taken few
times for the same radiation until a stable result is achieved.

[00148] Many variations may be applied to the systems and methods, without departing from
the spirit of the invention. For example, additional components may be added, or components
may be replaced. For example, rather than using a capacitor as primary energy store, an inductor
may be used, or a combination of inductor and capacitor. Also, the balance between hardware
and firmware in the micro-controllers or processors can be changed, without departing from the
spirit of the invention. In some cases, only some problematic modules may have a local
management unit, for example in a shaded or partially shaded or otherwise different situation. In
yet other cases, local management units of strong modules may be virtually shut off. The
methods for determining the duty cycles for the solar modules can also be used to determine the
duty cycles of groups of cells connected via local management units in a string within a solar

panel/module.

[00149] ENHANCED WATCH DOG
[00150] What is needed is a system and method for an enhanced “watch dog” device that can
implement an emergency shut down of the solar panel system when it detects a problem at the

head end or in the wiring, thus maintaining the system in a safe condition.
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[00151] Figure 18 shows an overview of an exemplary photovoltaic power system 2100 known
to the inventors. Photovoltaic solar panel (PVSP) 101 typically connects via wires 2103, such
pigtail wires, to a junction box 2102, which in turn connects the wiring 2104 to the wiring
system, typically as part of a string of panels, or a high voltage box, to a combiner box
(essentially a wiring panel) and from there on to an inverter feeding the power grid.. In this
example the watch dog is in junction box 2102; in other cases the watch dog may be in other
locations in the wiring further down the line, such as, for example, in the combiner box that
combines wires of multiple panels and/or strings, or it may be in an inverter box that combines
multiple wirings and the inverter.

[00152] Figure 19 shows an overview of an exemplary photovoltaic power system 2200 that is
known to the inventors. Wires from the panel 2103 feed into converter or adaptor 2203. A
controller 2204 is also present, which controller communicates with a central controller 2109
(shown in Figure 10) as indicated by arrow 2206, in some cases via a wire line and in other cases
wirelessly. Often a diode 2205 may be included for reversal of the panel, or if the panel has
weak cells, to avoid reversal of the panel. The configuration shown in Figure 19 is typical of a
string configuration, but similarly it may apply in ac or other similar configurations, or high-
voltage bus configurations, all of which are known to the inventors. It is clear that in the case of
an ac configuration, diode 2205 would not be included in the system, because it would create
serious problems.

[00153] Figure 20 shows an overview of an exemplary system 2300 according to one
embodiment of the current invention. System 2300 is essentially an enhancement of system
2200, wherein the controller 2204 now has additional code 2308, which code performs the shut-
down function of the current invention. Also shown are several normally open or normally
closed switches. Not all the switches are necessarily in all embodiments of the current invention.
For example, switch 2305 is used to short a panel. In this example it is shown as a normally
open switch, controlled by controller 2204 (control line not shown). However, rather than a
mechanical switch, the on/off device could be typically a suitable semiconductor device,
including but not limited to a FET or MOSFET, or it could be an IGBT type of transistor that can
take the current and short the panel. Also, in some cases, rather than shorting the panel, the
on/off device would create an active load to the panel and would allow a voltage to continue feed

to the controller, as is shown by the feeding line, even though the inverter or converter 2203 may
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be shut off. Also shown is a switch 2304, which is normally closed. Again, rather than a
mechanical switch, this could be a FET, MOSFET, or other similar suitable type of
semiconductor switch. It is normally closed to allow the power of the inverter to flow out into
the wiring; however, it could go into a normal open state and thus disconnect the panel. In some
cases, the converter or inverter 2203 may achieve the same function internally by managing
switching devices already inside a converter accordingly. Also, in some cases, switch 2307 may
short the panel bypass. In particular, in the case of an ac system, where there is no diode, a
bypass may be desirable. In other cases, no bypass is desired, or, in the case of a high-voltage
system a bypass may even be not desirable. The shut-off may be triggered by, for example, the
absence of a regular signal from the main controller (not shown). In other cases, for example, a
fault in the wiring, which can be detected by controller 2204 by comparing different voltages,
etc., may also automatically trigger a disconnect. In yet other cases, additionally, for example,
the plus or the minus may be connected to ground to add security. In some cases, system 2300
may have a local capacitor or battery to power the unit even after loss of power from both sides.
[00154] Figure 21 shows an exemplary process 2400 for implementation of the watch dog code
2308 according to one embodiment of the present invention. In operation 2402 parameters are
initialized based on data from a storage 2401 that would typically be an E2PROM in the device
itself, and hence it could even survive loss of power. After initialization, in operation 2403 the
software executes local checks, which checks may include checking that the wiring, voltages,
and other components are correct and all signals present as they should be for normal operation.
In operation 2404 the software waits for a ping from the main controller. In some cases, the
software may not wait for an incoming ping, but rather, it may issue a challenge and receive a
response to that challenge. Other, similar well known methods of two-way verification may by
used. At operation 2405, the process branches. If the software receives a response it moves to
operation 2407 to determine whether the response is a shut-down signal. If the response is not a
shutdown signal (negative), the software loops back to operation 2403. If the response is a shut-
down signal, the software moves to operation 2408, where it shuts down the system and, in
operation 2409, waits for a restart signal, after which it returns to operation 2402. If, in
operation 2405, the software does not receive a ping or other expected response within an
allotted time, it moves to operation 2406, where it checks the number of allowed skips.

Depending on the circumstances, a certain number of skips may be allowed, particularly if the
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“heartbeats” of the ping are set at a high rate, such as 100 or even 1000 per second. In such
cases, the software may allow two, five, or even 100 skips (this limit is drawn from data store
2401) before it moves to operation 2410, where the process again branches. If the software
receives a response before the limit is reached (-), the process loops back to operation 2407 and
continues as described above. If the software receives no response by the time/count the skip
limit is reached (+), the process moves to operation 2408 and proceeds as described above. If the
device has a battery, as mentioned above, it may remain in shut-down mode until it either
receives a restart signal or until the battery runs down, in which case it does a complete shut-
down.

[00155] Figure 22 shows an exemplary system 3100 according to one aspect of the system and
method disclosed herein. Solar panels 3110aa-nn are installed in multiple strings. The outputs
of the strings are typically joined in combiner box 3108, which then connects to inverter 3101,
which in turn connects to power grid 3109. As mentioned earlier, additional hardware (not
shown) such as relays or semiconductor switching elements with an additional local controller
may be provided, to allow each string to be powered up individually, thus reducing energy and
power needed to poll panels or their respective local units. This example shows, for reasons of
simplicity and clarity, only a single-phase power grid, but the power grid could be a much larger
and more complex multi-phase power grid. Also shown is a master management unit (MMU)
3102 (which is an example of a local system controller) and an auxiliary power supply 3103,
which connects directly to the power grid and which can, via feed route 3105, provide energy
into MMU 3102. MMU 3102 connects via lines 3107 to the dc wiring system and can, therefore,
feed back dc current to the solar panel array, via the combiner box(es) 3108 (only one shown) to
the panels and their respective LMUs. In other cases an auxiliary power supply may connect
directly to the dc wiring between combiner box 3108 and inverter 3101. Wiring 3106 allows the
MMU 3102 to interact with the inverter 3108 and, for example, suppress false starts of the
inverter on the auxiliary voltage. MMU 3102 or some other, similarly suitable controller, may,
for example, turn on only the dc voltage every two or three minutes for a few seconds, thus
sending just enough current to wake up the LMUSs 3111aa through 3111nn in the panels and
allow them to do a quick query, each of their respective panels. Then if, for example, two
minutes later, one of the units does not respond to the query, the system would send an alarm

indicating a possible security breach, such as a wire being cut or a panel being removed. In some
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cases, before sending an alarm, a re-test may be done, to verify that the alarm is caused by a non-
responding panel, rather than just a temporary problem polling a unit. Also shown is information
server 3121, which may belong to an operator of multiple sites with information directed to
control specific sites. Additional servers 3140a through 3140n could be, for example, emergency
servers of a public agency relevant to the location of the system, USGS earthquake monitors
(relevant cases), etc. In some cases, information server 3121 may download information from
these servers and then prepare it by location and send a signal to MMU 3102 via a network 3104.
In other cases, the MMU 3102 may pull that information directly from those servers. Controller
3130 controls multiple sensors 3131a-n, which could be, for example, smoke sensors, fire
sensors, flow sensors, or other practical emergency sensors.

[00156] Figure 23 shows an exemplary process 3200 implemented by a software instance
residing in MMU 3102, according to one aspect of the system and method disclosed herein. In
operation 3201 the program checks the operating status of the MMU 3102. In operation 3202,
the process branches. If the unit is in standby operating mode (yes), the process moves to
operation 3203, where it ends. If the unit is not in standby mode (no), the process moves to
operation 3204, where the program queries information server 3121 for applicable local
information regarding possible events that warrant a shutdown or other control changes.
Similarly, in operation 3205 the program queries emergency servers 3140a-n, and in operation
3206 it queries controller 3130 for input from sensors 3131a-n. In some cases the sensors may
be connected directly to the MMU 3102 through additional ports. In other cases there may be
multiple controllers 3130, and in yet other cases, MMU 3102 may connect to an existing fire
alarm system controller, and pulling the fire alarm could also shut off power generation, for
example, either for all or for part of a system. In operation 3207 the program checks, based on
some pre-existing values and rules, including, for example, location, ZIP code, and other
information, whether any of the query results indicate a shut down anywhere in or in all the solar
array. If no, the process moves to operation 3203, where the program ends. If yes, the process
moves to operation 3208, where the program sends out commands to the indicated units, which
commands could shut down or disconnect the inverter 3101. (In some cases, an additional
galvanic disconnect, not shown here, is provided outside the inverter.) In some cases the
program also instructs the LMUSs to shut down, or in other cases the local power remains

available but an additional disconnect shuts off the remote aspect. Also, in different cases,
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different actions may be taken. For example, if a local fire is indicated, some or all the panels in
the affected arca may be turned off as a safety measure for responding firefighters, but the
remainder of the system may be left working. In case of an earthquake, as another example, a
galvanic disconnect may shut off the connection to the power grid 40-109, but, for example only
if a sensor (not shown) determines that the supply line has been broken (i.e., no safe connection).
[00157] It is clear that many modifications and variations of this embodiment may be made by
one skilled in the art without departing from the spirit of the novel art of this disclosure. These
modifications and variations do not depart from the broader spirit and scope of the invention, and

the examples cited here are to be regarded in an illustrative rather than a restrictive sense.
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CLAIMS
What 1s claimed is:

1. A system comprising:

a master management unit (MMU); and

a local management unit (LMU) in communication with the master management unit
(MMU), the LMU controlling one or more solar modules;

wherein the MMU connected to at least one sensor, the sensor configured to detect an
anomaly; and

wherein upon detection of the anomaly by the sensor, the MMU sends a command to the
LMU to alter the state of an associated solar module; and

wherein upon receiving a command from the MMU, the LMU alters the state of the one

or more solar modules in accordance with command.

2. The system of claim 1, wherein the MMU queries the sensor for the anomaly.
3. The system of claim 1, wherein the sensor notifies the MMU of the anomaly.
4. The system of claim 1, wherein the command is selected from the group consisting of:
a command to shutdown the module;
a command to disconnect the module; and
a command to alter the output of the module.
5. The system of claim 1, wherein:
the MMU is connected to a network; and
the sensor is connected to the network.
6. The system of claim 1, further comprising:

a watchdog unit to monitor a communication in a solar array between the master

management unit (MMU) and a respective local management unit (LMU);
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wherein if the communication is interrupted between the MMU and the respective LMU,
the watchdog unit sends polls to the MMU up to a specified number of times;

wherein if the watchdog unit receives no response after completing the polls, receives a
command to modify operation of a solar module, or receives an inappropriate response, then the

watchdog unit issues an instruction to the respective LMU to modify operation of the solar

module.
7. The system of claim 6, wherein the respective LMU comprises the watchdog unit.
8. The system of claim 6, wherein the instruction is selected from the group consisting of an

instruction to shut off the solar module, an instruction to disconnect the solar module from the

solar array, and an instruction to reduce the output power of the solar module.

9. The system of claim 1, further comprising:
a watchdog unit coupled between a solar module and a power bus, the power bus
configured to connect a plurality of solar modules to an inverter, the watchdog unit having:
a local controller to monitor a communication from a central controller remote
from the solar module and determine whether the communication is interrupted,;
means to poll the central controller to determine if an interruption of the
communication is transient;
at least one switch to disconnect the solar module from the power bus if the
interruption of the communication is not transient;
wherein the watchdog unit is configured to connect the solar module to the power

bus when the communication is not interrupted.

10.  The system of claim 9, further comprising a junction box housing the watchdog unit, the

junction box to provide connectivity between the solar module and the power bus.

11.  The system of claim 10, wherein the local controller is configured to control a duty cycle
of the switch to control an output voltage from the junction box; and the local controller is

configured to operate using power from the solar module.
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12.  The system of claim 9, further comprising a bypass circuit configured to enable current in
the power bus to bypass the solar module when the switch disconnects the solar module from the

power bus.

13.  The system of claim 9, wherein the watchdog unit is configured to determine irregularity

in periodicity of the communication to determine whether the communication is interrupted.

14.  The system of claim 9, further comprising
the solar module; and
a junction box coupled with the solar module to provide connectivity to the power bus,

wherein the watchdog unit resides in the junction box.

15. A method comprising:
monitoring a sensor for an anomaly by a master control unit (MMU);
determining by the MMU if the sensor has detected an anomaly and, if the sensor has
detected an anomaly, the MMU determining if the anomaly requires a control change; and
issuing a control change command to a local management unit if the anomaly requires a

control change.

16.  The method of claim 15, wherein the monitoring comprises one of: the MMU querying

the sensor for the anomaly, and the sensor notifying the MMU of an anomaly.

17. The method of claim 15, wherein the control change command is selected from the group
consisting of:

a command to shut down one or more solar modules;

a command to disconnect one or more solar modules;

a command to shut down one or more solar module strings;

a command to alter the output of a solar module;

a command to shutdown one or more LMUs;

a command to disconnect one or more LMUSs

a command to shutdown an inverter;
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a command to disconnect an inverter;
a command to do nothing; and

no command.

18. The method of claim 15, wherein:
the MMU is connected to a network; and

the sensor 1s connected to the network.

19. A computer-implemented method comprising:

monitoring, via a computing device, a signal from a central controller remote from the
computing device;

determining, via the computing device, if there is a loss of signal;

polling, via the computing device, the central controller to determine if the loss of signal
is transient;

disconnecting, via the computing device, one or more solar modules from a power bus if
the loss of signal is not transient, the power bus configured to connect a plurality of solar
modules to an inverter;

waiting, via the computing device, for a restart signal; and

connecting, via the computing device, the one or more solar modules to the power bus

when the restart signal is received.

20. The method of claim 19, further comprising:
enabling, via the computing device, a bypass circuit when the one or more solar modules

are disconnected from the power bus, so that current continues to flow in the power bus.
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ABSTRACT

A system and method for automated shutdown, disconnect, or power reduction of solar
panels. A system of solar panels includes one or more master management units (MMUSs) and
one or more local management units (LMUs). The MMUSs are in communication with the LMUSs
with the MMUSs and LMUs “handshaking” when the system is in operation. The MMUS are
connected to one or more controllers which in turn are connected to emergency detection
sensors. Upon a sensor detection of an emergency, the associated MMU is notified which in turn
instructs associated LMUs to take appropriate action. In the event that communication with the
MMU s has been cut off, the LMUSs take the initiative to shutdown, disconnect, or reduce the

output of associated string(s) of solar panels.
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l

Receive at least one operating parameter of a solar
energy production unit coupled to a string via a
management unit 1401

!

|dentify a duty cycle for the management unit to connect
the solar energy production unit to the string 1403

!

Adjust the duty cycle to optimize the performance of the
solar energy production unit and/or the string 1405
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'

Receive operating voltages of a plurality of solar panels
connected in series 1421

!

|dentify a second solar panel having the highest operating
voltage 1423

!

Compute a duty cycle of a first solar panel based on a ratio
in operating voltage between the first and second solar
panels 1425

!

Adjust the duty cycle of the first solar panel until a
decrease in the operating voltage of the second solar panel
is detected 1427

!

Undo the adjustment in the duty cycle of the first solar
panel that causes the decrease 1429

!

Decrease the duty cycle of the second solar panel 1431

1433

Operating voltage of the
second solar panel
[ncreased?

Yes

FIGURE 16




!

Receive operating parameters of a plurality of solar panels
connected in a string 1441

!

|dentifying a first maximum power point voltage of a first

solar panel based on the received operating parameters
1443

!

|dentify a second solar panel having the highest operating
voltage (or output power) in the string 1445

'

|dentify a second maximum power point voltage of the
second solar panel based on the received operating
parameters 1447

'

Compute a target voltage for the first solar panel based on
the first and second maximum power point voltages 1449

!

Adjust the duty cycle of the first solar energy production
unit to drive the operating voltage of the first solar panel
towards the target voltage 1451

'

Exhibit 1004 (Pt. 2 of 2) F I G U RE 1 7

Page 259 of 270



00L¢

v01¢

81 3dNOld

€01

NNOFN

O O O

N 10LC Nn_m>n_

Exhibit 1004 (Pt. 2 of 2)
Page 260 of 270



00¢¢

61 34NOId

y0ce

5022 mN ]
L

v& 9072 N ¢0l¢

Exhibit 1004 (Pt. 2 of 2)

Page 261 of 270



0¢ 3dNOld

[e®)
(e
(2@
N

—

\/ nwnomm \/

ON €0ec

O

o7z | S0se

™)

. 02 yoer ' ooez
7012

’ 2062 €01

00€¢ Ld

Exhibit 1004 (Pt. 2 of 2)

Page 262 of 270



S 2402

Initialize

parameters

Shut down

!

checks

2407 l

Perform local | ¢« 2403

Wait for Ping 2404

f 2400

2401

2405

Received

A 4

Shut down

| 2408

A 4

Wait for
restart

| ¢ 2409

Exhibit 1004 (Pt. 2 of 2)
Page 263 of 270

; 2406

How many skips allowed?

+

FIGURE 21

Reached?

2410




UOpLC (eee

e0yle

-

¢¢ 34NoOld

uu-eugL e

101€

L01€

mu_ coe
wiig o
- H_H:-cvc:cw:; %
HN (L-eeriie | | L
ﬁ ]
/8:; I

i

mﬁim%

-Ue-eeQ} |¢

Exhibit 1004 (Pt. 2 of 2)

Page 264 of 270



:3201 f 3200

Check on op. status

/\< 3202
o Stand
YES \by?/ NO

3203 ?
Y 204 Y
End Query Info server(s) —X—>»{ 3121
A l
3205 77| Query Emergency
Services X 3140a...n
3206 1 l
Query Sensors | —X—» 3130
3207
Shutdown
NO indicated? > YES
S 3208
Sendout [—X">
commands |_x—»
Exhibit 1004 (Pt. 2 of 2) F I G U RE 23

Page 265 of 270



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

System and Method for Enhanced Watch Dog in Solar Panel Installations

First Named Inventor/Applicant Name:

Ron Hadar

Filer:

John Patrick Ward/Anne Collette

Attorney Docket Number:

108144-204001/US (TGY040)

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 82 82
Utility Search Fee 2111 1 270 270
Utility Examination Fee 2311 1 110 110
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Exhibit 1004 (Pt 2 of 2)

Page 266 of 270




Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 462

Exhibit 1004 (Pt. 2 of 2)
Page 267 of 270




Electronic Acknowledgement Receipt

EFSID: 9940729
Application Number: 13092783
International Application Number:
Confirmation Number: 7329

Title of Invention:

System and Method for Enhanced Watch Dog in Solar Panel Installations

First Named Inventor/Applicant Name:

Ron Hadar

Customer Number:

64494

Filer:

John Patrick Ward/Anne Collette

Filer Authorized By:

John Patrick Ward

Attorney Docket Number:

108144-204001/US (TGY040)

Receipt Date: 22-APR-2011
Filing Date:
Time Stamp: 18:09:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $462

RAM confirmation Number 3567

Deposit Account 502638

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Ehrisie ow fretditisgrg! Fees required under 37 CF.R. Section 1.17 (Patent application and reexamination processing fees)

Page 268 of 270




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CF.R.

Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
841615
1 Application Data Sheet 108144-204001US_ADS.pdf no 5
0e489f8c6¢97f1aecc793615b839c4b 19329
0238
Warnings:
Information:
108144-204001US_Applicati 152776
5 _Application, yes 34
pdf
3899da12e1171bbdc386bec5adf44b8c3bd|
7dadd
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 29
Claims 30 33
Abstract 34 34
Warnings:
Information:
. _ ) 142847
3 Drawings-only black and white line 108144-204001US_Drawings. no 20
drawings pdf
6acdfoc0cf02cc1723941184032a3ff8edd4e
Warnings:
Information:
32780
4 Fee Worksheet (PTO-875) fee-info.pdf no 2
b541¢1f237b96bc3d0b33d 1371da618cd07]
1797
Warnings:
Information:
Total Files Size (in bytes); 1170018

Exhibit 1004 (Pt. 2 of 2)
Page 269 of 270




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Exhibit 1004 (Pt. 2 of 2)
Page 270 of 270




	64494_13092783_07-19-2022_SOL.NTC.SUIT
	64494_13092783_06-12-2015_T501
	64494_13092783_06-12-2015_N417
	64494_13092783_08-13-2014_ISSUE.NTF
	64494_13092783_07-24-2014_IFEE
	64494_13092783_07-24-2014_WFEE
	64494_13092783_07-24-2014_N417
	64494_13092783_07-24-2014_LET.
	64494_13092783_04-25-2014_NOA
	64494_13092783_04-25-2014_SRNT
	64494_13092783_04-25-2014_SRNT
	64494_13092783_04-25-2014_BIB
	64494_13092783_04-25-2014_SRFW
	64494_13092783_04-25-2014_IIFW
	64494_13092783_04-25-2014_1449
	64494_13092783_04-07-2014_A...
	64494_13092783_04-07-2014_CLM
	64494_13092783_04-07-2014_REM
	64494_13092783_04-07-2014_IDS
	64494_13092783_04-07-2014_FOR
	64494_13092783_04-07-2014_WFEE
	64494_13092783_04-07-2014_N417
	64494_13092783_04-07-2014_WFEE
	64494_13092783_11-07-2013_CTNF
	64494_13092783_11-07-2013_892
	64494_13092783_11-07-2013_SRFW
	64494_13092783_11-07-2013_1449
	64494_13092783_11-07-2013_1449
	64494_13092783_11-07-2013_SRNT
	64494_13092783_11-07-2013_BIB
	64494_13092783_11-07-2013_1449
	64494_13092783_04-02-2012_IDS
	64494_13092783_04-02-2012_N417
	64494_13092783_04-02-2012_371P
	64494_13092783_01-18-2012_IDS
	64494_13092783_01-18-2012_FOR
	64494_13092783_01-18-2012_FOR
	64494_13092783_01-18-2012_FOR
	64494_13092783_01-18-2012_371P
	64494_13092783_01-18-2012_N417
	64494_13092783_09-08-2011_NTC.PUB
	64494_13092783_06-21-2011_N570
	64494_13092783_06-09-2011_PA..
	64494_13092783_06-09-2011_R3.73
	64494_13092783_06-09-2011_N417
	64494_13092783_06-01-2011_WFEE
	64494_13092783_06-01-2011_APP.FILE.REC
	64494_13092783_05-26-2011_LET.
	64494_13092783_05-26-2011_N417
	64494_13092783_05-26-2011_IDS
	64494_13092783_05-26-2011_TRAN.LET
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_FOR
	64494_13092783_05-26-2011_371P
	64494_13092783_05-26-2011_N417
	64494_13092783_05-23-2011_PEFR
	64494_13092783_05-23-2011_OATH
	64494_13092783_05-23-2011_WFEE
	64494_13092783_05-23-2011_N417
	64494_13092783_05-06-2011_APP.FILE.REC
	64494_13092783_05-06-2011_NTC.MISS.PRT
	64494_13092783_05-06-2011_WFEE
	64494_13092783_04-22-2011_ADS
	64494_13092783_04-22-2011_SPEC
	64494_13092783_04-22-2011_CLM
	64494_13092783_04-22-2011_ABST
	64494_13092783_04-22-2011_DRW
	64494_13092783_04-22-2011_WFEE
	64494_13092783_04-22-2011_N417



